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I A   STATISTICAL  STUDY  OF  THE  IXTESTINAL  PARASITES  OF 

j   500  WHITE  MALE  PATIENTS  AT  THE  UNITED  STATES 
GOVERNMENT  HOSPITAL  FOR  THE  INSANE. 

By  Philip  E.  Garrison,  A.  B.,  Brayton  H.  Eansom,  ]\L  A.,  and  Earle  C. 
Stevenson,  B.  Sc., 

Assistants  in  the  Division  of  Zoology,  Hygienic  Laboratory ,   U.  S.  Public  Health  and 

Marine-Hospital  Service. 

I   Summary  of  results. — (1)  The  results  show  13.2  per  cent  of  the 
patients  examined  infected  with  intestinal  parasites.  The  parasites 

found  were  hookworms  ( Uncinaria  americana  or  Agcliylostoma  duo- 

denale^^)^  whipworms  {Trichuris  trichnira)^  seatworms  {Oxyuris  mr~ 

micularis)^  Cochin-China  worms  {Strongyloides  stercoralis).^  and  eel- 

worms  {Ascaris  limibricoides).  No  evidence  of  infection  with  tape- 

worms, flukes,  or  coccidia  was  found.  (2)  Our  results  differ  from 

those  of  most  foreign  investigators  principally  in  the  lower  rate  of 

infection,  in  the  absence  of  tapeworms,  and  in  the  presence  of  hook- 

worms and  of  the  Cochin-China  worms.  (3)  The  results  show  that 

the  percentage  of  infection  tends  to  A^^ary  inversely  with  the  age  and 
with  the  duration  of  institutional  life  of  the  patients.  (1)  They  also 

indicate  that  army  life  is  conducive  to  parasitic  infection  of  the 

intestine,  and,  moreover,  that  a   high  percentage  of  the  United  States 

soldiers  returning  from  seryflce  in  the  Philippine  Islands  have  intes- 

tinal parasites.  (5)  The  presence  of  a   moderate  number  of  worms  in 

the  intestine  seems  to  have  no  relation  to  the  presence  of  undigested 

starch  and  meat  in  the  dejecta  or  to  the  litmus  reaction  of  the  feces. 

Introduction. — By  the  courtesy  of  Dr.  A.  B.  Richardson,  superin- 

tendent of  the  Government  Hospital  for  the  Insane,  a   microscopic  exam- 

ination of  the  feces  of  the  patients  in  that  institution  was  begun  early  in 

0   It  could  not  be  ascertained  with  certainty  in  some  cases,  from  measurement  of  the 

ova,  that  the  hookworms  belonged  to  the  species  Uncinaria  americana,  as  the  number 

of  the  eggs  xvas  small  and  their  size  somewhat  varying.  In  the  great  majority  of 

infections,  however,  the  eggs  were  found  to  be  full  64  by  40  u   or  larger,  and  we 

would  have  little  hesitation  in  calling  them  Uncinaria  americana  rather  than  Agchy- 
lostoma  duodenale  in  every  case,  were  it  not  for  the  fact  that  most  of  the  patients  had 
been  in  the  Philippines,  where  the  Old  World  form  {Agcliylostoma  duodenale)  has 

been  found.  Final  judgment  as  to  the  species  of  the  hookworms  must  be  reserved, 
therefore,  until  the  adult  worms  can  be  obtained  and  examined. 
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September,  1902,  by  the  Division  of  Zoology  of  the  Hygienic  Laboratory 

under  the  direction  of  Dr.  Ch.  lY ardell  Stiles,  chief  of  the  Division. 

The  examinations  were  for  the  purpose  of  determining  the  percentage 

of  intestinal  infections  with  animal  parasites  and  of  demonstrating  the 

value  of  microscopic  examination  of  the  feces  in  general  clinical  diag- 

nosis. The  following  results  have  been  obtained  from  500  white  male 

patients,  and  include  the  number  and  kinds  of  infection  found  with 

regard  to  age,  length  of  residence  of  the  patients  within  the  institution, 

and  character  of  life  previous  to  admission,  together  with  an  investiga- 

tion of  the  effects  of  parasitic  infection  of  the  intestine  upon  digestion 

and  upon  the  litmus  reaction  of  the  feces. 

Frequency  of  infection. — Of  the  500  patients  examined,  66 

patients,  or  13.2  jier  cent,  showed  parasitic  infection  of  the  intestines. 

Ten  patients  had  a   double  infection,  and  in  one  case  three  different 

parasites  were  present,  making  a   total  of  78  infections.  These  were 

distributed  among  five  parasites,  as  follows: 

Parasites  present. — 

Uncinm^ia  americana  or  Agchylostoma  duodenale^  (hookworms),  15 
cases,  or  3   per  cent  of  the  cases  examined. 

TricJiuris  trichmra  (whipworms),  51  cases,  or  10.8  per  cent. 

Oxyuris  ve'rmicidaris  (seatworms),  1   cases,  or  0.8  per  cent. 

Strongyloides  stercoralis  (Cochin-China  worms),  3   cases,  or  0.6  per 
cent. 

Ascaris  lumbricoides  (eelworms),  2   cases,  or  0.1  per  cent. 

Xo  evidence  of  parasitic  infection  of  the  liver,  stomach,  lungs,  or 

other  organs  was  present.  No  tapeworms,  fiukes,  or  coccidia  were 
found. 

Severity  of  infections. — In  general  it  ma}’'  be  said  that  the  cases 
of  infection  with  intestinal  parasites  found  by  us  at  the  Government 

Hospital  were  not  severe.  In  one  or  two  cases  of  hookworm  disease 

several  eggs  were  present  under  a   single  cover-glass,  but  in  the 

majority  of  cases  we  found  onl^^  5   or  6   eggs  under  the  10  covers 
examined,  and  in  no  case  were  the  ova  so  numerous  as  in  the  severe 

infections  with  this  parasite  found  by  Dr.  Stiles  in  the  Southern  States.^ 
In  some  cases  of  infection  with  the  eggs  were  veiy  numerous 

in  the  feces  and  indicated  the  presence  of  a   great  number  of  worms  in 

the  intestine,  but  as  a   rule  not  more  than  5   or  6   eggs  were  found 

in  examining  10  preparations.  In  one  of  the  infections  with  Strongy- 

loides the  feces  were  rather  heavily  infested  with  the  embryos.  The 

number  of  eggs  found  in  the  infections  with  Oxyuris  and  Ascaris  was 
small. 

«See  footnote  page  5. 

&   Report  upon  the  prevalence  and  geographic  distribution  of  hookworm  disease 
(uncinariasis  or  anchylostomiasis)  in  the  United  States,  byCh.  Wardell  Stiles,  Ph.  D,, 

Bull.  10,  Hyg.  Lab.,  U.  S.  Pub.  Health  &   Har.-Hosp.  Serv.,  Wash.,  pp.  1-121,  figs. 
1-86. 
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The  thorough  and  repeated  treatment  with  purgatives  which  the 

patients  at  the  Government  Hospital  receive  may  explain  the  com- 

paratively, small  number  of  worms  which  seem  to  be  present  in  the 

infected  cases,  for  in  all  probability  many  of  the  worms  are  eliminated 

by  repeated  purgation. 

CoMPAEisox  WITH  FOEEiGX  STATISTICS. — We  have  at  present  no 

American  statistics  of  parasitic  infection  in  adults  with  which  to  com- 

pare these  general  results.  Following  (Table  1)  are  the  tabulated 

results  of  similar  investigations  in  Europe  and  Asia,  together  with 

those  obtained  from  the  work  at  the  Government  Hospital. 

Table  1. — Statistics  of  intestinal  itvrms,  in  United  States,  Europe,  and  India. 

Authority  and  locality. 
Xumber 

;   of  subjects ,   examined. 

Hookworms. Trick  iir  is. 
Oxyuris. 

Xum- 

ber. Per  cent. 

Xum- 

ber. 
Per  cent. 

Xum- 

ber. Per  cent. 

United  States  Government 
Hospital.  1902    

Heisig,  Germany,  1893   

! 
500 
230 73 

1.249 

'600 

2, 629 
752 

972 
611 

1, 755 
1,939 

15 3 

54 
104 
28 

55 
30 

521 
178 

313 
187 
159 
50 

10.8 

45.2 

38.3.5 4.41 

5 19.8 
23.  67 

32.  20 30.6 

9.05 
2.  57 23.7 

8.3 

4 
0.8 

Cima,  Italy,  1893, 1896   
Dobson,  India,  1893  o   
Kesler,  St.  Petersburg,  1888.. 
Sievers,  Germany,  1887   

Both,  Germany,  1877-1880  ft. . 
Gribbohm,  Germany,  1872- 

1877  &   

944 
i   ;   ; 

75. 58 
3 

192 
43 

326 

4.1 
15. 37 
7.16 12.  4 

226 

142 
213 43 

23. 24 
23.2 12.13 
2.21 

20 

30.6 

Heller,  Kiel,  1872-1875   
Muller,  Germany,  1862-1873  b. 
Muller,  Germany,  1852-1862 
Zaeslein.  German vc   

Banik,  Germany  c   

Strcnigyloides. Ascaris  lu/iribri- 
coides. 

Tsenia. Total. 

Xum- ber. Per  cent. 

Xum- 
ber. 

Per  cent. 

Xum- 

ber. Per  cent. 
i 

Xum- 

ber. Per  cent. 

United  States  Government 
Hospital,  1902   3 0.6  : 2 

0.4 

78 

15.6 
Heisig,  Germany,  1893    
Cima,  Italy.  1893,  1896    

34 
22 

14.7 
30. 13 

2 
5 

0.87 
6.84 

140 
58 60. 77 

79.42 
Dobson,  India,  1893  a   

131 10. 49 

18 

1.44 

1, 340 

107. 29 
Kesler,  St.  Petersburg,  1888  . 
Sievers,  Germany,  1887   

35 5.83 
14.  51 436 

16. 56 8 
.   30 

1, 291 
264 

49.06 

Roth,  Germany,  1877-1880&. 86 11.43 35.1 

Gribbohm,  Germany,  1872- 
1877  b     178 18. 30 717 73. 76 

Heller,  Kiel,  1872-1875    

j   108 

17.73 437 71. 17 

Muller, Germany,1862-1873  b 
Muller.  Germany,  1852-1862  b 
Zaeslein,  Gcrmanv  c 

227 12.  93 
599 

84.11 

'   180 

9. 28 

273 

14. 07 

11.4 

Banik,  Germany  c   
7.  3 

a   Dobson  found  also  13  cases  of  distomatosis  (1.04  per  cent). 
bHeisig,  1893.  Beitrag  zur  Statistik  menschlieher  Entozoen.  Greifswald. 
fSievers,  1887,  Schmarotzer-Statistik  aus  den  Sections-Befunden  des  pathologiscben  Instituts  zu 

Kiel. 

rf  It  will  be  noted  that  the  figures  in  the  total  column  represent  the  number  of  infections  found 
per  100  cases,  not  the  number  of  cases  infected. 

In  every  case  but  one  the  foreign  results  show  a   higher  percentage 

of  infection  with  all  parasites  than  was  found  in  our  examinations. 

In  no  case  was  mention  made  of  St  rang  yl  aides  ̂   and  the  only  statistics 

for  hookworms  are  those  of  Dobson  in  India,  who  found  there  75.58 

per  cent  of  infection  with  Aachi/lostoma  duodenale  in  examining  over 

1,200  natives. 
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Age. — The  average  age  of  the  men  in  whom  parasites  were  found 

was  37.75  years;  of  the  uninfected  cases,  47.9  years.  The  average 

age  of  those  infected  with  hookworms  was  32.8  years;  with  Trichuris, 

36.1  years;  with  Oxyuris^  66  years;  with  Strongyl aides ^   45.66  years; 

with  Ascaris^  41.5  years. 

Dividing  the  patients  into  classes  according  to  age,  we  obtain  the 

following  results : 

Table  2. — Frequency  of  infection  ivith  regard  to  age  of  patients. 

Age  (years). 

Number 

exam- ined. 

Hook- 
worms. Trichurig. 

Oxyuris. 
Strongy- 
loides. 

Ascaris 

himbri- 
coides. 

!   Total, 

No. Per 

cent. 

No. 
i   Per 

1   cent. 

No. Per 
cent. 

No. Per 

cent. 
No. Per 

cent. 
No. Per 

cent. 

18-30   
93 - 7. 53 17 18.28 0 0 0 

i   0 

0 0 21 

25. 8 

31-50   181 1 2. 17 

26 i   11.13 
0 0 2 

1.09 
2 

1.09 

31 

18.12 
51  -f   191 1 

0.52 5 

'   2.53 

1 2.01 i 0.52 0 0 11 5. 67 
Unknown    

29 
3 10.31 

1   6 

20.69 0 0 0 0 0 0 9 31.03 

Total   ; 500 

15 
3.00 51 10.8 1 0.8 3 0.6 2 

0.1  I 
78 

15. 6 

a   See  footnote  rf,  table  1. 

The  rate  of  infection  decreases  as  the  age  of  the  patients  increases. 

Heisig  found  similar  results  in  Germany,  though  his  percentages  were 

higher  and  his  patients  included  both  men  and  women. 

Table  3. 

15  (18)-30  years. 31-50  years. 

51 

-!-  years. 

Number Infected. Number 
1   Infected. 
t 

Number Infected. 

exam- 
exam- 

exam- 

ined. No. Per  cent. ined. No. 
Per  cent. ined. 

No. 
Per  cent. 

Heisig   17 / 11.5 
28 

9 
32.1 

23 

3 

13. 

Government  hospital. 93 

21 
25.8 

ISl 
33 17.9 191 

11 

5. 87 

Length  of  residence  in  the  hospital. — Considering  the  amount 

of  infection  found  with  regard  to  the  length  of  residence  of  the  patients 

within  the  hospital,  the  results  are  as  follows:  Admitted  within  one 

year,  162  men;  infected,  28  men,  or  17.28  per  cent.  With  from  one 

to  three  years’  residence,  154  men;  infected,  20,  or  12.99  per  cent. 
From  three  to  eight  years,  57  men;  infected,  5,  or  8.77  per  cent  From 

eight  to  fifteen  years,  45  men;  infected,  3,  or  6.66  per  cent.  More 

than  fifteen  years,  71  men;  infected,  7,  or  9.86  per  cent. 

The  rate  of  infection  decreases  as  the  length  of  residence  in  the 

hospital  increases,  except  in  the  class  which  had  spent  fifteen  years  or 

more  in  the  institution,  where  the  percentage  rises. 
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The  following  table  gives  the  frequency  of  infection  with  each 

parasite  in  each  of  the  above  classes: 

Table  4. — Frequency  of  infection  u'ith  reyard  to  length  of  residence  in  the  hospital. 

Number  of  years. Num- ber 

exam- ined. 

Hook- 

'worms. Trichuris. 
Oxyuris. 

Sirongy- 
loides. 

{   Ascaris 
lumhri- 

'   coides. 

Total,  a 

No. Per 
cent. 

No. Per 

cent. 
No. Per 

cent. cent. 

No. Per 
cent. 

No. Per 
cent. 

-1   162 9 
5. 5 

26 
16. 09 0 0 0   0 1 

0. 62 
36 

22. 22 

1-3   154 4 2.57 
18 

11.69 0 0 3   1.95 0 0 25 16.23 

4-8   
57 

1 1.  75 5 
8.  77 

0 0 0   0 1 1.75 7 
12. 28 

9-15   45 1 2.22 1 2.  22 1 2.22 
0   ,   0 

0 0 3 6.66 
15+   71 0 0 4 5.  63 3 4. 23 

0   ;   0 
0 0 7 

9.86 

No  record   11 0 0 0 0 0 0 
0   '   0 

0 0 0 0 

Total   500 
15 

3.00 54 10.8 

!  
 ̂ 

0.8 3   0.6 2 
0.4 

78 

15.6 

a   See  footnote  rf,  table  1. 

Chaeacter  of  life  previous  to  admission. — Considering  the 

patients  examined  with  regard  to  the  character  and  conditions  of  their 

life  immediately  previous  to  admission  to  the  hospital,  they  fall  into 

four  main  groups — those  admitted  from  the  Arm}y  those  admitted 

from  the  United  States  Soldiers’  Homes,  those  admitted  from  the  Dis- 
trict of  Columbia,  and  those  admitted  from  the  Nav}L  A   fifth  or 

miscellaneous  class  contains  a   small  number  of  United  States  convicts, 

patients  admitted  from  the  United  States  Territories,  and  a   few  men 

concerning  whose  previous  life  no  data  were  obtainable.  The  Army 

group  is  naturall}"  subdivided  into  three  classes:  First,  men  admitted 
before  the  outbreak  of  the  Spanish-American  war  (1898),  composed 
of  soldiers  from  the  regular  army  posts;  second,  soldiers  engaged  in 

that  war  who  served  within  the  States;  and,  a   third  and  important 

class,  soldiers  who  had  returned  from  service  in  the  Philippine  Islands.® 

Boldiers  admitted  Ijefore  1898. — This  class  included  30  men,  1   of 
whom,  or  10  per  cent,  had  intestinal  parasites.  Three  infections  were 

with  Trichuris  trichiura  and  1   with  Oxyuris  vermicularis. 

Soldiers  admitted  after  1898. — This  class  also  contained  10  men,  9 

of  whom,  or  22.5  per  cent,  were  infected  with  parasites.  Eight  infec- 
tions were  with  Trichuris  trichiura  and  1   with  hookworms. 

Soldiers  returned  from  the  Philippines. — FifU-nine  men  were  exam- 

ined who  had  returned  from  service  in  the  Philippines.  Twenty-five 
of  these,  or  12.16  per  cent,  had  intestinal  parasites.  Fifteen  men  were 

infected  with  Trichuris  alone,  1   with  hookworms  alone,  T   with  hook- 
worms and  Trichuris.^  1   with  hookworms  and  Strong yloides.,  and  1 

with  hookworms,  Trichuris.  and  Ascaris.  Thus  in  the  59  soldiers 

«   Of  the  soldiers  admitted  to  the  Government  hospital  after  service  in  Cuba  and 
Porto  Rico  nearly  all  had  been  discharged  before  these  investigations  were  begun, 
so  that  the  interesting  statistics  which  might  be  expected  from  this  class  were  not 
obtainable. 
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there  were  10  infections  with  hookworms,  23  infections  with  Trichu- 

rls ^   1   infection  with  Strong yloicles^  and  1   infection  with  Ascaris^  or  a 
total  of  35  infections. 

2Ten  admitted  f   rom  the  United  States  Soldiers’  Hornes. — Of  the  124 

men  admitted  from  the  United  States  Soldiers’  Homes  8   men,  or  6.45 
per  cent,  were  infected.  Hookworms,  Oxyuris^  Strong yloides.  and 

Ascaris  were  each  found  once,  while  Trichuris  was  present  four  times. 

2Ten  admitted  from  the  District  of  Coluinhia. — This  class  included 

13T  men,  11  of  whom,  or  8.03  per  cent,  were  infected,  namely,  9   with 

Trichuris^  1   with  Oxyuris^  and  1   with  Strong  yloides. 

Hen  admitted  from  the  Havy. — Forty-two  patients  were  admitted 
from  the  Navy  or  from  naval  hospitals.  Of  this  number  4   men,  or  9.5 

per  cent,  had  intestinal  parasites.  Hookworms  were  found  once  and 
Trichuris  was  found  three  times. 

Hiscellaneous. — Of  the  58  patients  not  classified,  7   men,  or  12.07  per 
cent,  showed  infection,  namely,  2   with  hookworms,  4   with  Trichuris., 

and  1   with  Oxyuris. 

These  results  arc  summarized  in  the  following  table: 

Table  5. — Frequency  of  infection  uyith  regard  to  character  of  life  jrrevious  to  admission  to 
the  hospital. 

Previous  history. 

No. 

exam- ined. 

Hook- 
worms. Trichuris. 

j   Oxyuris. 

1   Strongy- 
!   loides. 1 

Ascaris 

lumbri- 
coides. Total.a 

No. Per 
cent. 

No. 
Per 
cent. 

No. Per 

cent. 

No. Per 
cent. 

No. Per 
cent. 

No. Per 
cent. 

Army  before  1898   40 0 0 3 7. 5 1 
2.5 

0 0 0 0 4 
10.0 

Army  after  1898    
40 

1 2.5 
8 20.0 0 0 0 0 0 0 9 22.5 

Philippine  Islands   
59 

10 16. 95 23 38.98 0 0 1 1.7 1 1.7 

35 

59.32 
Soldiers’  Homes   124 1 0. 81 4 3.23 1 0. 81 1 0. 81 1 0. 81 8 

6. 45 District  of  Columbia   137 0 0 9 6.57 1 0.  73 1 0.73 0 0 

11 

8. 03 
Navy   42 1 2.  38 3 

7.14 
0 0 0 0 0 0 4 9.52 

Others   
58 

2 3.47 4 6.9 1 1.72 0 0 0 0 
12.09 

Total   500 15 3.00 

54 

10.8 

1   ̂ 

0.8 
0.6 2 0.4 

78  : 

15.6 

«   See  footnote  d,  Table  1. 

The  significance  of  age,  institutional  life,  and  the  condi- 

tions OF  PREVIOUS  LIFE  AVITH  REGARD  TO  THE  AMOUNT  OF  INFECTION 

AviTH  INTESTINAL  PARASITES. — The  soldiers  admitted  after  seiwice  in 

the  Philippine  Islands,  among  AApom  was  found  a   percentage  of  infec- 
tion more  than  twice  as  high  as  in  any  other  class,  were  for  the  most 

part  young  men,  their  aA^erage  age  being  30.5  A^ears.  They  were  also 

patients  of  recent  admission,  none  haA^ing  been  in  the  hospital  longer 

than  three  }"ears.  We  may  discoA^er  the  relatiA^e  significance  of  Phil- 
ippine seiwice  as  a   condition  favorable  to  infection  with  intestinal 

parasites  by  comparing  the  Philippine  men  with  that  class  of  patients 

Avho  during  the  late  war  served  in  the  reserve  camps  situated  princi- 

pally in  the  Southern  States.  The  average  age  of  this  latter  class  of 

men  was  34.8  years,  and  all  but  four  had  been  admitted  to  the  hospital 
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within  three  }’ears,  thus  presenting  conditions  about  the  same  as  found 
among  the  Philippine  men.  The  frequency  of  infection,  however, 

was  only  20  per  cent,  as  compared  with  42.16  per  cent  among  the  sol- 
diers returned  from  the  Philippine  Islands.  The  much  higher  rate  of 

infection  in  the  Philippine  men  can  be  accounted  for  by  the  greater 

prevalence  of  the  parasites  in  the  Philippines  and  by  the  poor  sanitary 
conditions  under  which  it  was  necessaiy  for  the  men  to  live  during 
active  service  in  the  islands. 

The  results  obtained  in  these  examinations  at  the  Government  hos- 

pital would  indicate  that  a   large  number  of  the  United  States  soldiers 

returning  from  service  in  the  Philippine  Islands  return  with  a   para- 
sitic infection  of  the  intestines.  While  the  percentage  of  infection 

with  hookworms  (16.95  per  cent)  among  these  soldiers  was  not  so 

high  as  that  with  whipworms  (39. 98  per  cent),  its  clinical  importance 

is  much  greater,  because  of  the  severe  anemic  and  nervous  symptoms 

which  the  hookworm  is  capable  of  producing;  and  the  danger  of  this 

parasite  being  spread  in  this  country,  especially  the  danger  of  its  being 

carried  to  parts  of  the  countiy  where  it  does  not  now  exist,  makes 

the  presence  of  hookworm  infection  among  the  soldiers  returning  from 

the  Philippines  a   matter  of  moment  from  the  view-point  of  public 
health.  ® 

The  patients  admitted  from  the  Army  after  the  outbreak  of  the 

Spanish- American  war  show  a   much  higher  rate  of  infection  (20  per 
cent)  than  do  those  admitted  from  the  Regular  Army  before  1898  (10 

per  cent).  In  the  former  class  we  find  an  average  age  of  34.8  years 

and  only  four  men  who  had  been  in  the  hospital  longer  than  three 

years.  In  the  latter  class  the  average  age  was  45.6  years,  and  all 

except  six  of  the  men  had  been  in  the  hospital  longer  than  eight  3’^ears. 

According!}",  the  lower  percentage  of  infection  among  the  soldiers 
admitted  before  the  war  seems  to  be  due  to  a   combination  of  three 

factors,  namely,  greater  age,  longer  period  of  institutional  life,  and 

the  better  sanitary  a;id  hygienic  conditions  found  at  the  Regular 

Army  posts  than  in  the  temporary  reserve  camps  established  during 
the  war. 

Considering  the  124  patients  who  had  been  admitted  to  the  Govern- 

ment hospital  from  the  United  States  Soldiers’  Homes,  we  find  the 
highest  average  age  (62.9  years)  of  any  of  the  classes  studied,  and 

while  97  of  the  124  men  had  been  received  at  the  hospital  within  three 

years  prior  to  our  examination,  all  of  them  had  resided  for  a   longer 

or  shorter  period  at  the  Soldiers’  Homes,  so  that  we  have  a   combina- 

« Since  this  report  was  prepared  the  feces  of  9   soldiers  newly  arrived  at  the  Gov- 
ernment hospital  from  the  Philippines  have  been  examined  for  parasites.  Six  of 

the  9   men  Avere  infected,  1   Avith  hookAvorms  alone,  1   with  hookworms  and  Tri- 

churis,  2   with  Trichuris  alone,  1   Avith  Ascaris  lumbricoides  alone,  and  1   Avith  Ascaris 
lumbricoides  and  Trichuris. 
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tion  of  old  age  and  a   long  period  of  institutional  life.  In  this  class  we 

found  the  lowest  rate  of  infection  (6. do  per  cent). 

The  137  civilians  admitted  to  the  hospital  from  the  District  of 

Columbia  were  rather  evenly  distributed  both  with  regard  to  age  and 

to  length  of  residence  in  the  institution.  Their  averag'e  age  was  12.5 

years.  Seventy-four  men  had  been  admitted  within  four  years,  and  59 

had  had  longer  than  four  years'  residence  in  the  hospital.  Of  the  137 
men  8.03  per  cent  were  found  infected.  The  71  patients  who  had 

been  admitted  within  four  years  showed  9.16  per  cent  of  infection, 

while  the  59  patients  with  a   longer  residence  showed  only  6. 78  per  cent. 

These  results  are  lower  than  those  obtained  by  Sommer  in  the  Dis- 

trict of  Columbia  in  1895.  (Southern  J ournal  of  Homoeopathy.  Decem- 

ber. 1895.  pp.  353-351.)  In  examining  36  children,  ranging  from  1 

month  to  11  years  in  age.  in  the  Children's  Hospital  of  the  District,  he 
found  11.11  per  cent  to  have  intestinal  parasites.  All  the  infections 

were  with  TricJniris.  The  difference  in  age  and  in  condition  between 

his  patients  and  those  exammed  at  the  Government  hospital  may  well 

explain  the  disparity  in  results. 

In  the  12  patients  admitted  from  the  United  States  Xavy  we  ffnd 

again  a   younger  class  of  men.  averaging  31.6  years,  and  men  of  com- 

paratively recent  admission  to  the  hospital,  25  of  the  12  having  been 

received  within  three  years  prior  to  our  examination.  Although  the 

average  age  and  the  average  length  of  institutional  life  are  lower  in 0^5  CO 

this  class  than  in  the  soldiers  admitted  from  the  Eegular  Army,  the 

percentage  of  infection  is  lower,  for  which  we  must  hold  accountable 

the  conditions  of  their  life  prior  to  admission. 

Digestiox. — In  the  investigation  of  the  relation  of  parasitic  infec- 
tion of  the  intestines  to  the  presence  of  undigested  food  in  the  feces 

our  results  were  entirely  negative.  In  28  cases  large  quantities  of 

undigested  starch  granules  were  found  in  the  stools  and  in  7   cases  a 

large  quantity  of  undigested  meat  fibers.  Of  these  35  cases  only  6 

were  infected  with  parasites.  On  the  other  hand  there  were  61  men 

with  parasites  present  in  the  intestine  who  did  not  show  this  evidence 

of  poor  digestion  of  starch  or  meat. 

Litmus  eeactiox  of  feces. — The  litmus  test  was  made  of  the  feces 

of  321  patients.  Of  the  270  uninfected  cases  tested  79.26  per  cent 

were  alkaline,  15.93  per  cent  acid,  and  1.81  jier  cent  gave  no  reaction. 

Of  51  cases  tested  where  parasites  were  present  81.18  per  cent  were 

alkaline,  12.77  per  cent  acid,  and  5.55  per  cent  gave  no  reaction. 

About  the  same  results  were  obtained  by  considering  the  infections 

with  each  parasite  separately,  alkaline  and  acid  reaction  being  present 

in  practically  the  same  proportions  as  in  the  uninfected  feces.  The 

results,  therefore,  must  be  considered  as  entirely  negative. 

Technique. — Some  difficulty  was  anticipated  in  obtaining  the  fecal 

specimens  and  in  conveying  them  from  the  hospital  into  the  city  to 
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the  laboratory,  y’here  the  examinations  were  to  be  made,  but  as  the 
work  progressed  the  following  methods  were  developed  and  veiy  little 

trouble  was  experienced: 

The  attendants  on  the  wards  were  provided  with  aluminum  cham- 
bers into  which  the  stools  were  passed  in  the  morning  before  or 

immediately  after  breakfast,  when  the  patients  generally  desire  to 

defecate.  The  stubbornness  and  the  suspicious  ideas  of  the  patients 

in  many  cases  were  difficult  to  overcome,  but  there  were  very  few 

cases  where  by  patience  and  persistence  on  the  part  of  the  attendants 

the  specimen  could  not  be  obtained.  The  chambers  containing  the 

feces  were  set  aside  in  a   vacant  room  by  the  attendants. 

From  one  to  two  grams  was  taken  from  each  specimen  (preferably 

from  the  surface)  and  wrapped  in  a   piece  of  common  wrapping  paper. 

These  papers  being  thoroughly  wrapped  together  in  a   large  piece  of 

paper  made  a   small  package  which  could  be  carried  handily  and  with- 
out odor.  In  case  the  excrement  were  fluid,  small  glass  jars  with 

screw  tops  were  used.  To  transfer  the  specimen  to  the  paper  or  jar 

we  made  use  of  1   by  3   inch  glass  slides,  which  were  cleanl}^  and  could 

be  readily  washed  and  reused,  or  of  stifi"  cardboard  slips. 
Ten  preparations  were  made  from  each  specimen  for  examination 

with  the  microscope,  using  the  following  technique:  The  large  2   by 

3   inch  glass  slides  were  used,  these  being  cleaner  and  more  easily 

handled  than  the  ordinary  1   by  3   inch  slide.  A   drop  of  distilled 

water  was  placed  on  each  slide,  and  with  this  a   portion  of  the  feces 

little  larger  than  a   pin  head  was  thoroughly  mixed  by  rubbing  with 

the  end  of  a   glass  rod.  On  this  preparation  was  placed  a   three-quarter 

inch  cover  glass  (square  preferred)  of  medium  thickness.  Two  prep- 
arations were  made  on  each  slide  and  then  examined  with  the  micro- 

scope while  fresh  without  staining,  using  a   lens  of  moderate  power, 

such  as  the  Zeiss  8   mm.  or  the  Zeiss  C.  To  insure  greater  accuracy 

at  least  two  men  examined  preparations  from  each  specimen.  The 

examination  of  ten  specimens  (100  preparations)  is  an  average  daj^’s 
work  for  one  person. 





A   PARASITIC  ROUXDWORM  (AGAMOMERMIS  CULICIS  X.  G..  X. 

SP.)  IX  AMERICAX  MOSQUITOES  (CULEX  SOLLICITAXS). 

By  Ch.  ’\\"ardell  Stiles,  Ph.  D. 
Chief  o   f   Division  of  Zoology,  Hygienic  Laboratory,  United  States  Public  Health  and 

Marine-Hospital  Service. 

At  a   time  when  mosquitoes  are  subjected  to  such  careful  study, 

because  of  the  important  relations  they  bear  to  public  health,  espe- 

cially in  connection  with  malaria,  yellow  fex^er,  etc.,  it  is  of  interest 

to  determine  what  parasites  naturalh"  infest  them.  This  determina- 

tion has  its  practical  as  well  as  its  scientific  x’alue,  for  it  enables  us  to 
eliminate  certain  nonpathogenic  parasitic  organisms  from  the  life  cycle 

of  pathogenic  organisms,  stages  of  which  may  be  found  in  mosquitoes. 

It  further  has  its  direct  practical  bearing  in  that  the  parasites  of  mos- 
quitoes may  multiply  to  such  an  extent  as  to  become  important  factors 

in  killing  the  insects,  or  at  least  in  rendering  them  less  fertile. 

Quite  recently  several  parasites  have  been  described  for  the  Culi- 
cidfe.  Eoss  (1895)  has  found  intestinal  gregarines  in  mosquito  larvae 

in  India.  Perroncito  (1899)  has  found  a   filamentous  phytoparasite  in 

Atiojjhdes  collected  near  Turin,  Italy.  Lax’eran  (1902)  has  described 
a   pathogenic  yeast  in  the  abdominal  cavity  of  Anopheles  maculipetmis 

collected  in  Spain,  and  he  reports  various  acarines  as  external  para- 
sites of  the  Culicid^e.  Leger  (1902)  has  described  a   parasitic  flagellate 

{Crithidia  fasciculata)  in  the  intestine  of  the  adult  female  of  Ano- 
pheles macidijgeimis.  Herbert  Johnson  (1902)  has  described  a   sporozoon 

as  infecting  about  8   per  cent  of  the  females  of  Anopheles  maculipennis 

collected  in  a   certain  locality-  in  Massachusetts  in  which  tertian  malaria 
is  endemic.  Martirano  (1901)  has  described  a   minute  trematode 

{Agamodlstomum  fMartiranoi^  Stiles,  1903  [new  name])  found  in  the 

bodx"  cavity  of  Anopheles  claviger  (   =   A.  maculipennis)  taken  in  Italy. 
G.  IV.  Mueller  found  an  undetermined  sporozoon  of  the  genus  Glugea 
in  Culex. 

To  these  cases  of  parasitism  I   am  now  able  to  add  another  of  con- 
siderable interest.  Prof.  John  B.  Smith,  of  Rutgers  College,  has 

« Martirano,  1901,  Centralbl.  f.  BakterioL,  Parasitenk.  [etc.],  Jena,  xl  30  (23),  24. 

Dec.,  pp.  849-852,  figs.  1-4. 15 
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kindl}^  forwarded  to  me  for  examination  two  worms  taken  from  the 
abdominal  cavity  of  Culex  sollicitans.  One  specimen  was  hardly  in 

condition  to  be  of  use  in  study,  but  it  represented  a   larval  round- 

worm,  probably  either  a   Merrnis  or  a   Parameiinis.  The  second  speci- 
men was  determined  as  a   larval  roundworm,  but  owing  to  the  fact 

that  its  genital  organs  were  not  developed,  its  exact  generic  position 

could  not  be  recognized.  It  apparently  belongs  in  the  family  Mermi- 
thidse,  either  to  Merrnis  or  to  Para nier mis.  It  will  be  convenient  to 

recognize  for  these  larval  forms  a   special  biological  group,  for  which 

I   propose  the  name  Agamomermis. 

The  characters  of  the  groups  in  question  may  be  summarized  as 
follows: 

Family  MERMITHID^. 

Family  diagnosis. — Thread-like  ^YO^ms,  quite  similar  to  Filaria  in  general  appear- 

ance. Mouth  ̂ Yith  6   papillae.  In  adults,  the  posterior  end  of  the  intestinal  canal 
is  more  or  less  atrophied.  Male  with  1   or  2   spicules  and  with  numerous  caudal 

papillae  aranged  in  three  or  four  rows.  Larvae  parasitic,  especially  in  the  abdom- 
inal cavity  of  arthropods;  adults  free  living. 

Type  genus. — Merrnis  Dujardin,  1842. 

Genus  MERMIS  Dujardin,  1842. 

Geneeic  diagnosis. — Mermithidae:  Male  with  two  equal  spicules. 

Type  species. — Merrnis  nigrescens  Dujardin,  1842. 

Genus  PARAMERMIS  von  Linstow,  1898. 

Generic  diagnosis. — Mermithidae:  Male  with  one  spicule. 

Type  species. — Not  determined — either  P.  crassa  (von  Linstow,  1889)  or  P.  aqua- 

tilis  (Dujardin,  1845). 

Group  AGAMOMERMIS  Stiles,  1903. 

Generic  diagnosis. — Mermithidae:  An  artificial  collective  group  containing  larval 

forms  which  can  not  be  more  definitely  determined  because  of  lack  of  genital  organs. 
As  such  a   group  is  artificial  it  should  have  no  type  species. 

Species  AGAMOMERMIS  CULICIS  Stiles,  1903. 

Specific  diagnosis. — Agamomeixiis:  About  11  mm.  long;  240 /On  diameter.  Cau-  ' 
dal  spine  88  u   long. 

Habitat. — Abdominal  cavity  of  mosquitoes  {Culex  sollicitans),  New  Jersey. 

Type  specimen. — Collection  V.  S.  P.  H.  &   M.-H.  S.,  No.  9401, «   in  poor  condition; 

collected  by  Dr.  John  B.  Smith,  New  Brunswick,  N.  J. 

«   Important  notice  to  helminthologists. — In  order  to  prevent  confusion,  and 

following  the  precedent  of  the  United  States  Bureau  of  Animal  Industry,  the  speci- 

mens of  parasites  and  of  other  objects  in  medical  zoology  'which  become  property  of 

the  Division  of  Zoology,  Hygienic  Laboratory,  L'nited  States  Public  Health  and 
Marine-Hospital  Service,  M'ill  be  given  numbers  in  the  series  of  the  Helminthological 
Collection  of  the  United  States  National  IMuseum. 

Nos.  1   to  4700  have  been  set  aside  for  the  United  States  Bureau  of  Animal  Industry. 
Nos.  4701  to  9400  have  been  set  aside  for  the  miscellaneous  specimens  of  jiarasites 

deposited  in  or  presented  to  the  United  States  National  Museum  or  sent  to  the 
Museum  for  determination. 

Nos.  9401  to   have  been  set  aside  for  the  United  States  Public  Health  and 

Marine-Hospital  Service. 
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In  the  summer  of  1889  I   collected  a   number  of  specimens  of  Agam- 
omerrnis  sjp.  from  mosquitoes  of  the  species  Culex  nemoralis  taken  in 

the  vicinity  of  Leipzig,  Saxon}\  Whether  they  were  identical  with 

the  present  form  I   am  unable  to  state.  The  interesting  fact  may  be 

mentioned,  however,  that  the  Leipzig  Agamomermis  was  decidedly 

injurious  to  the  mosquitoes.  It  was  found  in  the  abdominal  cavity  of 

larvae,  pupae,  and  adults,  so  that  infection  must  have  taken  place  in  the 

water,  namely,  in  the  larval  and  pupal  stages  of  the  Gulex.  The 

infested  insects  were  very  sluggish  in  their  movements  and  could 

usually  be  easil}"  recognized  as  diseased.  Many  of  them  died  from  the 
effects  of  the  parasite,  and  the  ovaries  of  infected  females  were  under- 

developed. Professor  Leuckart  informed  me  at  that  time  that  he  had 

frequent!}^  found  Culex  nemoralis  infected  with  this  worm,  and  that 
during  the  years  that  the  worms  were  most  common  the  mosquitoes 
seemed  to  be  less  numerous. 

These  cases  represent  interesting  instances  in  nature,  where  a   pest 

is  subject  to  other  pests  which  tend  to  hold  the  former  in  check. 

At  least  two  other  species  of  Afermis  should  be  placed  in  the  collec- 

tive group  Agamomermis^  namely,  Agamomermis  gammari  (von  Lin- 
stow,  1892),  parasitic  in  Gammarus  jmlex,  and  A.  sialidis  {von  Linstow, 

1892),  parasitic  in  Sialis  lutaria. 

Bibliography. — Bibliographic  citations  follow  the  references  in 

Stiles  &   Hassall,  Index-Catalogue  of  Medical  and  Veterinary  Zoology, 
Bull.  39,  Bureau  Animal  Industry,  U.  S.  Dept.  Agile.,  Wash. 

24316— No.  13—03   2 
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THE  TYPE  SPECIES  OF  THE  CESTODE  GENUS  HYMEXOLEPIS. 

By  Ch.  Waedell  Stiles,  Ph.  D., 

Chief  of  Diiision  of  Zoology,  Hygienic  Laboratory,  U.  S.  Public  Health  and  Marine- 

Hospital  Service, ' 

The  determination  of  type  species  for  certain  genera  is  not  unattended 

with  difficulties  and  with  differences  of  opinion.  Hymenolejns^  for 

example,  presents  an  instance  in  regard  to  which  helminthologists  are 

not  in  accord.  The  premises  of  the  case  are  these: 

(1)  Weinland  (1858,  §   68,  pp.  49  to  5T)  proposed  the  genus  Ilyinen- 
olepis.  (2)  He  did  not  specifically  state  that  any  particular  species  was 

chosen  as  a   type;  (3)  but  he  combined  only  one  specific  name,  namely, 

flavop>un€tata  {—Tsenia  dimhiuta) ,,  Ilymenolejns  (see  Weinland, 
1858,  pp.  X,  16,  49,  52,  53,  55,  57,  58,  75,  85,  92).  (4)  His  discussion 

of  the  genus  is  based  on  this  form.  (5)  In  a   footnote,  pp.  50  to  53,  to 

this  discussion,  he  reviews  the  classification  of  certain  tapeworms  and, 

p.  52,  he  mentions  Hyinenolepis.  (6)  This  genus  he  there  dixfides  into 

two  subgenera,  namely,  (7)  Subgenus  1.  Lepidotrim^  stating  "•As 
the  type,  we  may  consider  Tsenia  murina  Dujardin;  and  besides  this 

belong  here  Tdenia  scalcrns^   ,   and  Hymenolejyisdavojyunctata.^'  (8) 

Subgenus  2.  Dilepis   ,   “and  we  may  consider  Tdenia  angidata 

Rudolphi  as  its  type.”  (9)  In  Dilepis  he  also  placed,  besides  other 

species,  “the  Teenioid  of  the  golden-winged  woodpecker,  mentioned 

abox^e,  §   28.”  (10)  The  latter  form  is  evidently  Liya  punctata,  de- 
scribed in  1857  as  new  species  from  Picus  auratus  (=the  dicker,  Colaptes 

aumtus  (Linnaeus,  1758),  Vigors,  1827),  as  is  seen  from  the  description 

of  the  testicles.  (11)  Liya  punctata  is  type  and  only  species  of  Liya 

Weinland,  1857. 

In  this  case,  therefore,  at  the  date  of  1858  we  hax’e  four  generic 
names  1858;  Lepidotrias^  1858:  Dilep>is,lSb^\  2a\d,LJya, 

1857)  to  deal  with,  and  of  these  Weinland  should  undoubtedly  hax^e 
used  Liya  instead  of  proposing  ILyinenolep>is. 

Types  were  definitely  fixed  for  Lepidotrias.  namely,  Tdenia  murina 

Dujardin,  1845  (not  Gmelin,  1789)=  /a  nana  x’on  Siebold,  1852, 
which  is  also  type  of  Diplacanthus  Weinland,  1858  (not  Agassiz,  1842); 

for  Dilepis^  namely,  T.  anyidata;  and  for  Liya^  namely,  Z.  punctata. 

As  the  subgenus  Dilepis.  1858,  contained  the  older  genus  Liya.  1857, 

Weinland  should  not  hax^e  proposed  but  since  he  definitely 
19 
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proposed  T.  angulata  as  type,  the  case  comes  under  §   7   of  the  Strick- 

landian  code,  which  states:  ‘‘  Provided,  however,  that  if  these  authors 
select  their  respective  types  from  different  sections  of  the  genus,  and 

these  sections  be  afterward  raised  into  separate  genera,  then  these 

names  may  be  retained  in  a   restricted  sense  for  the  new  genera,  respec- 

tively.” Thus  as  long  as  Liga  and  Dilejns  are  considered  generically 
or  subgenerically  identical,  Liga^  1857,  takes  precedence  over  Dilepis^ 

1858;  but  if  Liga  and  Dilepis  are  recognized  as  generically  distinct, 

both  names  are  available  (but  not  necessarily  valid)  for  the  respective 

genera  or  subgenera. 

In  determining  the  type  of  ILymenolepis  we  have  before  us  a   case 

of  practically  the  same  nature.  Weinland  has  definitely  designated 

Tdenia  omirina  as  type  of  Lepidotrias^  but  he  has  placed  Ilymenolepis 

ilavopunctata  in  this  subgenus.  The  genus  Ilymenolepis  itself  is 

based  directly  wpon  fiavopunctata^  as  is  clearly  shown  by  the  reference, 

‘‘Gen.  1.  Hymenolepis  Weinland  (see  §   68),”  for  §   68  is  the  discussion 

of  II,  jlavop>unctata,,  and  this  reference  “   (see  §   68)”  can,  and  I   believe 
it  should,  be  interpreted  as  designation  of  the  type.  Thus,  if  Ilymen- 

olepis jiavopunctata  l^—T.  diminuta)  and  Tsenia  murina  {—T  nano)  are 
congeneric,  lepidotrias  is  synonym  of  Ilymenolepis;  but  should  these 

two  species  ever  be  recognized  as  generically  distinct,  both  names  are 

available  in  determining  the  valid  names  of  the  respective  genera. 

In  1896 1   ilavopunctata— diminxita  as  type  of  Ilymenolepis,, 
basing  my  action  on  the  above  interpretation,  but  not  publishing  the 
details. 

At  that  time* the  fact  had  escaped  my  attention  that  Blanchard  (1891a) 
had  mentioned  T.  murmct=T.  nana  as  type.  Blanchard’s  reasoning 
was  apparently  based  on  the  view  that  Ilymenolepis  had  been  divided 

into  two  subgenera,  both  of  the  latter  having  type  species;  hence  either 

murina  or  angidata  should  be  type  of  Ilymenolepis. 

There  is  a   certain  amount  of  justice  in  this  point  of  view,  and  it 

must  be  admitted  that  one  of  Weinland’s  (1861,  pp.  1-21)  papers  lends 
considerable  support  to  it.  Still  this  interpretation  does  not  appear 

to  correspond  altogether  with  Weinland’s  earlier  publications  or  inten- 

tions. In  chronological  sequence  Weinland’s  text  (§  68)  was  surely 
written  before  his  footnote.  The  fact  that  he  consistently  combined 

ilavopunctata^  but  no  other  species,  with  IIymenolep>is  is  significant. 

Further,  if  Jlavojntnctata  is  taken  as  type  of  Ilymenolepis^  the  name 

lepidotrias  is  not  hopelessly  suppressed,  while  if  murina— nana  is 

taken  as  type  of  Ilymenolepis  we  needlessly  forfeit  all  use  of  Lepido- 
trias unless  Hymenolepis  should  eventually  prove  to  be  a   homonym. 

In  order  to  obtain  the  views  of  other  zoologists  who  have  made  a 

special  study  of  the  principles  involved  in  determining  type  species,  I 

have  laid  this  case,  with  the  original  literature  in  question,  before  Drs. 

Merriam  and  Palmer  (mammalogists  and  ornithologists),  Dr.  Stejneger 
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(ornithologist  and  herpetologist).  Dr.  Gill  (ichthyologist),  Dr.  Dall^ 

(conchologist),  and  Dr.  Benedict  and  Miss  Rathbun  (both  of  whom 

have  given  especial  attention  to  the  types  of  Crustacea).  Of  these  7 

specialists,  none  of  whom  knew  which  position  Blanchard  supported 

and  which  one  I   adopted.  Dr.  Palmer  inclined  to  the  view  that  murina 

(=z  nana)  should  be^the  type  of  Ilymenole])u\  Dr.  Benedict  thought  that 

it  might  be  either  murina  or  flavojmnctata^  and  all  the  other  5   thought 

that  no  question  could  be  raised  since  it  seemed  so  evident  that  W ein- 

land  himself  looked  Jlavo punctata  as  type  of  Ilymenolepis. 

Braun  (1900a,  pp.  1669,  ITIT)  accepts  Tsenia  cUminuta  as  tj^pe  of 
Hyinenoleyyis^  thus  adopting  the  ruling  I   made  in  1896. 

.   BiUiograjjhy. — Bibliographic  citations  follow  the  references  in 

Stiles  &   Hassall,  Index-Catalogue  of  Medical  and  Veterinary  Zoology,. 

Bull.  39,  Bureau  Animal  Industry,  U.  S.  Dept.  Agric.,  Wash. 
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Spotted  ftvER  (Tick  Fever)  of  the  Rocky  Mountains. 

A   NEIV  DISEASE. 

By  JOHN  F.  ANDERSON. 



NOTICE  TO  LIBRARIANS  AND  BIBLIOGRAPHERS,  CONCERNING  THE  SERIAL 

PUBLICATIONS  OF  THIS  SERVICE. 

The  Hygienic  Laboratory  was  established  in  New  York,  at  the  Marine  Hospital  on 
Staten  Island,  August,  1887.  It  was  transferred  to  Washington,  with  quarters  in  the  . 
Butler  Building,  June  11,  1891,  and  a   new  laboratory  building,  to  be  located  in 
Washington,  was  authorized  by  act  of  Congress,  March  3,  1901. 

The  following  hulletins  [Bulls.  Nos.  1-7,  1900  to  1902,  Hyg.  Lab.,  U.  S.  Mar.-Hosp.  ' 
Serv.,  Wash.]  have  been  issued: 

No.  1. — Preliminary  note  on  the  viability  of  the  Bacillus  pestis.  By  M.  J.  Rosenau. 
No.  2. — Formalin  disinfection  of  baggage  without  apparatus.  By  M.  J.  Rosenau. 

No.  3. — Sulphur  dioxide  as  a   germicidal  agent.  By  H.  D.  Geddings. 
No.  4. — Viability  of  the  Bacillus  pestis.  By  M.  J.  Rosenau. 

No.  5. — An  investigation  of  a   pathogenic  microbe  {B.  typhi  murium  Danyz)  applied 
to  the  destruction  of  rats.  By  M.  J.  Rosenau. 

No.  6. — Disinfection  against  mosquitoes  with  formaldehyd  and  sulphur  dioxide. 
By  M.  J.  Rosenau. 

No.  7. — Laboratory  technique:  Ring  test  for  indol,  by  S.  B.  Grubbs  and  Edward 
Francis;  Collodium  sacs,  by  S.  B.  Grubbs  and  Edward  Francis;  Microphotography 

with  simple  apparatus,  by  H.  B.  Parker. 

By  act  of  Congress,  approved  July  1, 1902,  the  name  of  the  “United  States  Marine- 
Hospital  Service”  was  changed  to  the  “Public  Health  and  Marine-Hospital  Service 
of  the  United  States,”  and  three  new  divisions  were  added  to  the  Hygienic  Laboratory. 

Since  the  change  of  name  of  the  service  the  bulletins  of  the  Hygienic  Laboratory 
have  been  continued  in  the  same  numerical  order,  as  follows: 

No.  8. — Laboratory  course  in  bacteriology  and  pathology.  By  M.  J.  Rosenau. 
No.  9. — Presence  of  tetanus  in  commercial  gelatin.  By  John  F.  Anderson. 

No.  10. — Report  upon  the  prevalence  and  geographic  distribution  of  hookworm  ^ 
disease  (uncinariasis  or  anchylostomiasis)  in  the  United  States.  By  Ch.  Wardell 
Stiles. 

No.  11. — Experimental  investigation  of  Trypanosoma  Lewisi.  By  Edward  Francis. 
No.  12. — The  bacteriological  impurities  of  vaccine  virus;  an  experimental  study. 

By  M.  J.  Rosenau. 

No.  13. — A   statistical  study  of  the  intestinal  parasites  of  500  white  male  patients  at 
the  United  States  Government  Hospital  for  the  Insane;  by  Philip  E.  Garrison,  Bray- 
ton  H.  Ransom,  and  Earle  C.  Stevenson.  A   parasitic  roundworm  {Agamomermis 

culicis  n.  g. ,   n.  sp. )   in  American  mosquitoes  ( Culex  solUcitans) ;   by  Ch.  Wardell  Stiles. 
The  type  species  of  the  cestode  genus  Ilymenolepis ;   by  Ch.  Wardell  Stiles. 

No.  14. — Spotted  fever  (tick  fever)  of  the  Rocky  Mountains;  a   new  disease.  By 
John  F.  Anderson. 

In  citing  these  bulletins,  beginning  with  No.  8,  bibliographers  and  authors  are  i 

requested  to  adopt  the  following  abbreviations:  Bull.  No.    ,   Hyg.  Lab.,  U.  S.  j 
Pub.  Health  &   l\Iar.-Hosp.  Serv.,  Wash.,  pp.   .   j 

MAILING  LIST.  ; 

The  Laboratory  will  enter  into  exchange  of  publications  with  medical  and  scientific 
organizations,  societies,  laboratories,  journals,  and  authors.  Its  publications  will  also 
Be  sent  to  nonpublishing  societies  and  individuals  in  case  suABcient  reason  can  be 
shown  why  such  societies  or  individuals  should  receive  them.  All  applications  for 

these  publications  should  be  addressed  to  the  “Surgeon-General,  U.  S.  Public  Health 

and  Marine-Hospital  Service,  Washington,  D.  C.” 
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SPOTTED  FEVER  (TICK  FEA'ER)  OF  THE  ROCKY MOUXTAIXS:  A   XEW  DISEASE. 

By  JoHX  F.  Axdeesox, 

Pmsed  Assistant  Surgeon  and  Assistant  Director  Hygienic  Lahoratory,  P.  S.  Puhlic  Health 

and  Marine- Hosjjital  Service. 

INTRODUCTION. 

In  obedience  to  instructions  of  April  '1'2.  1903.  to  proceed  to  Mon- 

tana to  investigate  the  so-called  spotted  fever  which  has  prevailed  at 

times  in  the  Bitter  Root  Valley.  1   left  Washington  April  21. 

I   first  visited  Great  Falls.  Mont.,  for  the  purpose  of  conferring 

with  Dr.  A.  F.  Longeway.  secretary  of  the  Montana  State  Board  of 

Health;  from  there  1   went  to  Missoula,  situated  at  the  foot  of  the' 

Bitter  Root  Valley,  and  made  that  place  my  headquarters.  The  Mon- 

tana State  University  very  courteously  ofl'ered  me  the  use  of  its 
laboratory.  Dr.  J.  J.  Buckley,  chief  surgeon  of  the  Xorthern  Pacific 

Railroad,  also  ofi'ered  me  the  use  of  his  laboratory,  which  was  accepted. 
As  is  .shown  in  the  report,  the  disease  is  not  confined  to  the  Bitter 

Root  ̂ ^alley.  but  exists  in  Xevada  and  Idaho;  and  since  writing  my 
report  I   have  been  informed  of  cases  in  Wyoming. 

The  good  results  that  have  followed  the  administration  of  large 

doses  of  quinine — the  five  cases  in  which  it  was  used  having  recovered — 
give  much  hope  that  this  disease,  which  is  so  much  dreaded,  may  in 

the  future  be  robbed  of  many  of  its  terrors. 

I   have  suggested  as  a   name  for  the  disease  "Tick  Fever.**  as  there 

are  already  two  diseases  sometimes  called  ** spotted  fever.*’ 
I   desire  to  express  to  Dr.  J.  J.  Buckley,  of  Missoula,  for  the  use  of 

his  laboratory,  and  to  the  physicians  of  Missoula  and  the  Bitter  Root 

Valley,  my  sincerest  thanks  for  their  kind  assistance  in  m}*  investiga- 
tion of  the  disease  and  for  many  personal  courtesies;  also,  to  Dr.  L.  B. 

^Vilson,  of  the  University  of  Minnesota,  for  help  and  data  in  regard 
to  the  disease. 

To  Surg.  Gen.  Walter  Wyman  I   am  much  indebted  for  the  detail 

and  resulting  opportunity  to  study  this  new  and  most  interesting 
disease. 
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ETIOLOGY. 

1.  GEOGRAPHIC  DISTRIBUTION. 

Montana. — The  disease  has  been  known  in  the  vallev  of  the  Bitter 

Hoot  River  in  western  Montana  for  about  twenty  years.  It  is  sharply 

localized  on  the  west  hank  of  the  Bitter  Root  River,  no  cases  havino- 
been  known  to  occur  in  persons  on  the  east  side  of  the  river  who  had 

not  a   short  time  previously  visited  the  west  side.  The  infected  local- 

ity extends  from  Loo  Loo  to  Como,  a   distance  of  about  50  miles.  Cer- 

tain places  in  the  valley  seem  to  be  more  heavily  infected  than  others. 

Nine  cases  have  also  occurred  in  the  canyon  of  Rock  Creek,  about  10 
miles  south  of  Bonito  and  20  miles  east  of  the  Bitter  Root. 

This  year  information  was  obtained  from  Dr.  L.  A.  Gates,  of  Bridger, 

Mont.,  about  100  miles  east  of  the  Bitter  Root,  of  the  prevalence  of 

the  disease  in  that  locality.  A   report  of  two  cases  described  by  him 

will  be  seen  in  the  appendix. 

Idaho. — The  disease  has  also  been  known  clinically  in  Idaho  for 

many  y^ears,  the  tirst  published  description  having-  been  made  by  Dr. 
E.  E.  Maxev,  in  the  Portland  ^Medical  Sentinel  for  October,  1899  (1). 

An  unpublished  symposium  on  the  disease  hi'  various  Idaho  physi- 

cians was  made  by  Maj.  M.  M.  Mood,  L.  S.  Army,  1898,  to  the  Sur- 

geon-General of  the  Army.  In  Idaho  the  disease  prevails  throughout 

almost  the  entire  valley  of  the  Snake  River,  its  tributaries,  and  the 

foothills  of  the  neighboring  mountains. 

Mevada. — I   am  informed  by  Maj.  W.  R.  Kendall,  U.  S.  Army,  that 

the  disease  also  prevails  in  the  valley  of  the  Quinn  River  in  northern 
Nevada. 

Wyoming. — Cases  have  lieen  reported  this  spring  at  Cody  and 
Meeteetse. 

Oregon. — The  mild  form  of  the  disease  has  lieen  reported  in  eastern 

Oregon. 
2.  CLIMATE. 

The  disease  does  not  prevail  south  of  l(h  or  north  of  47°.  It  pre- 
vails at  an  average  elevation  of  about  3.U00  to  4,00<)  feet  above  sea 

level. 

o.  SEASON. 

The  disease  prevails  exclusively  in  the  spring  and  early  summer. 

In  the  Bitter  Root  cases  the  earliest  was  March  IT  and  the  latest  July 
20. 

4.  OCCUPATION. 

All  occupations  that  cause  the  person  to  be  exposed  to  the  bite  of 

ticks,  such  as  stockmen,  and  especially  sheep  herders,  miners,  pros- 

pectors, lumbermen,  ranchmen,  and  those  whose  duties  take  them  into 

the  brush,  are  subject  to  the  disease. 
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5.  AGE. 

Persons  from  15  to  50  3mars  of  age  more  often  contract  the  disease, 

as  during  that  period  they  are  more  activeh^  engaged  in  outdoor  work. 
The  youngest  case  was  18  months  and  the  eldest  Tl  years  old. 

0.  SEX. 

In  121  cases,  7G  were  males  and  15  females,  the  difference  being 

probably  due  to  the  greater  liability  to  exposure  of  men  on  account 

of  occupation. 
7.  THE  PARASITE. 

In  the  spring  of  1902  Dr.  A.  F.  Longewa}",  secretary  of  the  Mon- 
tana State  Board  of  Health,  engaged  the  seryices  of  Drs.  L.  B.  Wilson 

and  W.  M.  Chowning,  of  the  Uniyersit}"  of  Minnesota,  to  inyestigate 

the  ‘‘spotted  (tick)  feyer’’  then  preyailing  in  the  Bitter  Root  Yalley. 
These  gentlemen  published  the  results  of  their  work  in  the  Journal 

of  the  American  Medical  Association  July  19,  1902,  and  in  the 

report  of  the  Montana  State  Board  of  Health  for  1901-2. 

Surgeon-General  lV3mian,  of  the  Marine-Hospital  Seryice,  detailed 

Surg.  J.  O.  Cobb  to  also  inyestigate  the  disease,  and  his  report  was 

published  in  the  Public  Health  Reports,  yolume  17,  No.  33,  August 

15,  1902. 

The  same  }"ear  Dr.  F.  F.  IVesbrook,  of  the  Uniyersity  of  Minne- 
sota, yisited  Missoula  and  conlirnied  the  ffndings  of  Drs.  Wilson  and 

Chowning.  His  report  will  be  found  in  the  biennial  report  of  the 

Minnesota  State  Board  of  Health  for  1901-2. 

Wilson  and  Chowning  noticed  oyoid  intracorpuscular  bodies  in 

stained  preparations  of  the  blood  from  their  earlier  cases.  The}"  did 
not  determine  the  character  or  signiffcance  of  these  bodies  until  they 

examined  the  fresh  blood  of  case  No.  91,  when  they  found  oyoid  intra- 

corpuscular bodies  showing  amoeboid  moyements.  These  obseryations 

they  contirmed  in  all  the  later  cases  which  they  examined.  To  IVilson 

and  Chowning,  then,  belongs  the  credit  of  discoyering  a   parasite  which 

is  yery  the  cause  of  spotted  (tick)  feyer. 

Parasites  in  the  red-blood  cells  are  rather  common  in  the  animal 

kingdom.  The  two  which  I   desire  to  mention  especially  are  those  of 

malaria  and  of  Texas  cattle  feyer.  The  parasite  found  in  the  red- 

blood  corpuscles  of  persons  suffering  from  spotted  feyer  apparently 

lies  between  these  two.  nlike  most  malarial  parasites,  it  is  not  pig- 

mented, but,  like  them,  it  shows  amoeboid  moyements,  thus  differing 

from  the  Pyrosoma  Ingeminum^  which  is  nonpigmented  and  without 

motion.  Again,  one  form  of  the  parasite  found  in  spotted  feyer  is 

arranged  in  pairs  in  the  red- blood  cells,  closely  resembling  the  double 

form  of  Pyrosoma  higeminum. 
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In  my  studies  upon  the  cause  of  spotted  (tick)  fever  1   had  the  opportu- 

nity of  examining  the  blood,  both  fresh  and  stained,  in  a   number  of  cases. 

Two  cases  were  in  hospital  in  Missoula,  and  daily  examinations  were 

made.  In  the  fresh  blood  a   few  cells  were  found  to  contain  j^arasites. 

Three  forms  were  seen.  The  most  common  was  a   single  ovoid  bodv. 

retractile,  situated  within  the  cell,  usually  near  its  edge.  IVhen  the 

slide  is  warmed  this  body  possesses  the  power  of  projecting  cpiite  rap- 

idly pseudopodia  and  a   slight  change  of  position.  This  form,  which 

is  apparently  an  early  or  young  form,  is  about  1..5  to  '2  micra  in 
length,  and  0.5  to  1   micron  in  width  at  its  widest  part.  It  closely 

resembles  the  earliest  intracorposcular  parasites  of  a?stivo-autumnal 

malaria.  (See  PI.  II,  tigs.  I,  5.) 

Another  form,  not  so  common,  was  larger,  being  about  2   to  2.o  by 

I   to  1.5  micra.  larger  at  one  end  and  showing  in  the  larger  end  a   dark 

granular  spot;  this  was  also  amoeboid.  (See  PI.  II,  tig.  6.) 

The  third  form  noted  was  arranged  in  pairs,  distinctly  pyriform, 

with  the  smaller  end  approaching,  and  in  two  cases  a   tine  thread  unit- 

ing the  small  ends  was  seen.  Motion  was  not  observed  in  this  form, 

but  the  spot  mentioned  in  the  second  form  was  seen.  (See  PL  II, 

%•  _ 
Great  difficulty  was  experienced  in  staining  the  organism.  A   num- 

ber of  stains  were  used,  but  the  most  satisfactory  results  were 

oi)tained  by  the  use  of  lYright's  stain,  followed  by  Loeffler's  l)lue. 

Carbolized  Unna's  polychrome  methylene  blue  also  gave  fair  results, 
heat  fixation  at  120°  C.  for  twenty  minutes  being  used.  1   was  unable 
to  find  the  paired  forms  in  stained  preparations,  though  Drs.  Wilson 

and  Chowning  informed  me  that  thev  had  no  difficultv  in  doing  so. 

By  a   reference  to  PL  I,  figs.  1   and  2.  it  will  be  seen  that  the  parasite 

takes  the  stain  more  deeply  at  one  end  and  is  only  faintly  outlined  in  its 

periphery.  Sometimes  it  has  only  a   central  stained  spot  surrounded 

by  a   clear  unstained  space.  (See  PL  I,  fig.  3.) 

The  parasites  ai’e  never  found  in  very  large  numbers,  it  being  usu- 

ally necessary  to  search  several  fields  of  the  slide  to  find  one.  Some- 

times they  occur  in  groups,  two  or  three  infected  cells  being  found  in 

one  field.  In  both  fresh  and  stained  preparations  extracorpuscular 

bodies  closely  resembling  the  small  single  intracorpuscular  form  were 

seen.  I   was  unable  to  definitely  decide  the  character  of  these  bodies, 

but  am  strongly  inclined  to  think  that  they  are  the  young  form  of  the 

parasite  which  has  not  yet  invaded  the  red  cells. 

I   had  the  opportunit}^  to  examine  the  fresh  and  stained  blood  from 
cases  in  the  Bitter  Boot  Valley  of  smallpox,  typhoid  fever,  measles, 

scarlet  fever,  rheumatic  fever,  pneumonia,  pernicious  anaemia,  some 

surgical  cases,  and  from  healthy  persons,  but  did  not  note  in  any  of 

them  any  bodies,  either  intra  or  extra  corpuscular,  resembling  in  an\^ 
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wa}"  the  bodies  above  described  as  being  found  in  the  fresh  and  stained 

ijlood  of  persons  sutfering'  from  spotted  (tick)  fever. 
In  the  cases  of  spotted  (tick)  fever  which  1   had  the  opportunity  of 

examining-  I   had  no  great  difficult}^  in  finding  both  in  fresh  and  stained 

preparations  the  bodies  above  described.  Their  constanc^^in  the  blood 
of  persons  sufiering  with  spotted  fever,  their  persistence  for  some  time 

in  the  blood  of  these  persons  after  recoveiw,  their  absence  from  the 

blood  of  pei’sons  sufiering  from  other  diseases  and  of  health}^  persons 

makes  it  very  probable  that  the}"  are  the  cause  of  the  disease,  and  that 

one  more  has  been  added  to  the  rapid!}"  growing  list  of  diseases  of  man 
due  to  animal  parasites. 

Cultures  were  made  by  Wilson  and  Chowning  and  by  myself  from 

the  blood  of  patients  during  life  and  from  the  organs  and  tissues  at 

autopsy,  and  the  onl}"  bacterial  growth  obtained  was  Staphylococcus 
epidermidis  albus^  Staphylococcus  pyogenes  aureus  and  alhus^  Bacillus 

coli^  and  in  one  case  an  anaerobic  spore-bearing  organism  was  obtained 

from  the  spleen.  No  one  organism  was  constant,  and  from  some  cases 

no  growth  at  all  was  obtained. 

In  the  table  which  follows  is  gathered  a   complete  collection  of  all 

the  cases  which  have  been  reported  by  the  physicians  of  western  Mon- 

tana since  1885,  when  the  disease  first  attracted  attention.  Cases  1   to 

IIT  were  compiled  by  Wilson  and  Chowning  and  the  remaining  cases 

by  myself. 
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Physician’s  name  and address. 

1   J.  F.  Coughenour,  Corvallis. 

2     do. 
3     do. 

4   R.  Gwinn,  Missoula 
5     do   

6 
7 
8 
9 

10 

11 

  do   
  do   
  do   
J.  F.  Coughenour,  Corvallis. 
  do   
E.  A,  Crain,  Missoula  . . . 

12  "W.  B.  Parsons,  Missoula   

13 
14 
15 
16 

  do   
  do   
  do   
J.  F.  Coughenour, Corvallis. 

1

7

 

 

 
 

do. 

18  E.  Crain,  Missoula 

19    do   

20 Geo.  McGrath,  Hamilton  . . . 

21 
22 
23 
24 

  do   
J.  T.  Brice,  Stevensville   
  do   
Geo.  McGrath,  Hamilton . . . 

25  J.  T.  Brice.  Stevensville   
26  !   J.  J.  Buckley,  Missoula   

27  :   G.  T.  McCullough,  Missoula 

28  '   W.  B.  Parsons,  Missoula   29    do   
30  ,   do   
31  J.  T.  Brice,  Stevensville   
32    do   

33  I   do   
34  t   do   

35  '   J.  J.  Buckley,  Missoula   
3

6

 

 

 
 

do. 

37  J.  W.  Howard,  Hamilton  . . 

I 

38  J.  T.  Brice,  Stevensville   
39  .....do   
40  C.  A.  Crain,  Missoula   

Table  shou'ing  cases  of  spotted  {tich)  fever 

Year. 

Date  of 
onset  of 

symp- 
toms. 

Patient’s 
initials. Sex. 

'   Age. 

Occupation. 

1885 June  25 J.  M   Male  ... 
i 

'   36 

Pro.spector   

1886 Mav  3 

'   H.  T   

  do  ... 30 Lumberman   
1888 May  7 Mrs.W   Female . 37 Housekeeper   

1888 F   Male  . . . 35 
1888 . .   r.do  . . .   do  . . . 

25 

Laborer    

1889   do  . . . Half-breed  . . . ....do ... 

i   20 

1889   do  . . . Female. 6 
1889 

  do  . . . 

1  
 

Male  ... 

1   12 

1890 June  22 W.  J     do  . . . 

!   30 

Laborer   

1891 D.  S     do  . . . 

'   40 

Farmer   
1891 L.  D   Female . 

«17 

Farmer's  daugh- ter. 

1891 May  .... 
Z.  H   Male  ... 35 Hotel   

1891 Mav  20 F.C     do  . . . 

48 

Trapper   
1891 Mav  26 C.  M     do  . . . 51   do   
1891 Julv  20 L.  P     do  . . . 10 
1892 

Apr.  27 
Mrs.  J.  C   Female. 26 Housekeeper   

1892 June  2 Mrs.  C.’s  babe. 
Male  ... 

2d 

Name  for-  do  . . . 

'   a   30 

Laborer   

gotten. 
1 Mrs.  M.  G Female. 

1   <•(28 

Housewife   

1893 
June   Male  ... 

1   all 

1893 Mav ..do ... 

1   a   40 

Laborer    
1895 

  do  ... 0.  0     do  . . . 

'   45 

'   Farmer       
1895 

  do  ... Mrs.  A   A   Female. 

40 

Housewife   
1895   do  . . . Male  ... 

a   8 

1896 do 
J.  S   .   .   do   

1 
44 

1896 June   do  . . . 

26 

Lumberman   

1896 Mav  1 Ed.  W     do ... 

26 

Ranchman   
1896 

May  .... 
,   G.  B   

  do ... 

32 

1896   do   F.  L   . Female . 

18 

1896   do   
i   — P 

Male  ... 
1897   do . .. 

1   J.  F.  W   
  do ... 

60 

Farmer   
1897   do . 

j   J.  X   

«   60 

  do   

1897 Ap^   i   R.  C     do  . . . 

21 

  do   
1897 June  ... Mrs.  C.  M   

Female. 

40 

Housewife   

1897 

SDrins" 

Male  ... 

30 

Lumberman   

1897   do  ... 

i 
1 

J.  H     do  ... Farmer   

i 
1898 

i 

June  27 
A.  1)   ; 

....do... 43   do   

i 

1899  ! 

i 

1 

May  19  ! D.  M   . . .   .do   

14 

Schoolbov   1899  , 
June  ...i W.  H     do ... 30 

Farmer. .'   

1899  ' 

H.  M   Female .   i 

12 

  j 

1 

! 

'(About. 
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reported  by  pJiysIciom  of  western  Montana. 

! 

'   About  what  day  of  ill- 
ne.ss  did  spots  appear. 

Death  on  what  day  of 

disease,  or  convales- 
cencebeginningabout 
what  day. 

Died  eleventh  dav   

Foiirth         do   
Sixth   Beginning  of  lysis  on 

fifteenth  day. ' Died  sixth  dav   Third   
Convalesced  eighteenth day. 

Died  fifth  dav   Third   
  do   Died  seventh  dav   
  do   

  do   '.   Fifth   Died  eleventh  dav   
Fourth   Died  tenth  dav     

Recovered     

Third   Died  sixth  day   

Died  seventh  dav   
  do   Died  sixth  dav      
  do   2   or  3   weeks  .   i   
  do   Died  eighth  day   

Began  to  get  better  on 
ninth  or  tenth  day. 

Recovered   

Had  but  little  eruption . 

  do     do   

Third   Died  about  thirteenth day. 

Died  twelfth  dav   do   
  do   Died  eighth  dav. 
  do   Died  twelfth  dav . 

Don’t  remember   Died  about  eleventh day. 

Died*  tenth  dav   
Fourth   
Can  not  sav. Died  about  eighth  day  . 

Died  eighth  dav   

Died  in  a   few  d'avs     do   :   
  do   

Fourth   
About  third  dav   

  do   '     do     1 
Third   Died  ninth  dav   
  do   Died  eighth  dav   
  do   Died  tenth  dav   
  do   Died  eighth  dav   
  do ...   do     

1 
i 
1 

Fourth   Recoverv   

A.bout  fourth   Recovered  at  the  end 
of  the  fourth  week 

after  attack.  Dis- 
missed at  end  of  five 

and  a   half  weeks 
from  date  of  attack. 

Recovered. 
Died  tenth  day. 
Recovered  after  about 

3   weeks  treatment. 

Third   
Fourth   
No  record   

Remarks. 

Made  3   visits— July  2,  3,  4,  1885.  Spots  present  at 

my  first  visit.  Diagnosed  case  ‘   ‘   typhoid  fever.’  ’ 

This  case  occurred  in  a   year  when  there  were 
many  deaths  from  spotted  fever  from  Carlton 
to  Corvallis.  It  was  then  called  by  the  valley 

physicians  “black  measles.” This  man  lived  in  Stevensville.  A   short  time 
before  he  was  taken  sick  he  was  on  the  west 
side  of  the  river  and  slept  out  in  the  mountains. 

Mrs.  C.  had  been  delivered  of  male  babe  4   days 
before  her  death.  Early  in  the  second  morning 

after  birth  the  babe’s  grandmother  called  my 
attention  to  the  child’s  fever  and  jaundiced 

appearance. Had  but  few  spots;  began  to  get  better  on  ninth 
or  tenth  day  of  his  sickness. 

[I  can  give  no  good  account  of  them.  The  man, 
as  near  as  I   can  remember,  was  under  my  care 

f   for  about  3   weeks,  then  went  to  his  relations 
at  Wausau,  Wis.  The  case  of  the  female  was 

I   slight. 

Considerable  swelling  of  legs  and  face  last  day 
or  two. 

Impossible  to  find  any  records  in  this  case  in  St. 

Patrick’s  Hospital  records. 

Case  came  from  Hamilton  and  taken  to  St.  Pat- 

rick’s Hospital;  only  lived  2   days.  Was  broken 
out  thoroughly  on  arrival;  could  get  no  history 
from  him.  A   post-mortem  held;  only  thing 
apparently  abnormal  was  spleen  largely  in- 

creased in  size. 
This  man  was  seen  by  me  in  consultation  with 

the  late  Dr.  G.  F.  Mills,  who  had  charge  of  the 
case.  It  presented  the  usual  type.  He  had 

marked  delirium,  was  abundantly  “spotted,” but  made  a   good  recovery. 
Was  called  to  see  this  case  on  July  9,  he  having 
been  attended  by  others  prior  to  this.  Found 
him  entirely  comatosed  and  learned  that  had 
existed  for  3   days  prior.  Respirations  hurried. 
Temperature  biit  slightly  above  normal  and 
the  peteehic  abundant,  many  of  which,  by 
their  coalescence,  made  a   spot  as  large  as  1 
inch  in  width  and  2   or  3   in  length,  all  of  which, 
later  bn,  formed  dry  gangrene  and  sloughed 
to  a   depth  including  deep  fascia. 

Child  from  ‘   ‘   Big  Blackf  oot  ’   ’   country,  after  disease 
was  well  developed.  The  spots  were  not  as 
general  as  in  the  cases  I   had  before,  and  were 
only  general  in  distribution  over  the  region  of 
shoulders  and  spine. 
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TahJe  shoving  cases  of  spotted  {tkJ:)  fever  reported 

Physician's  name  and address. 

'   Date  of 

Tear  
Olivet  

of  1 

symp- toms. : 

Patient's 
initials. Sex. 

Age. 
Occupation. 

41 
i 

1899  Jime   

. 

M..'.   
Male  . . . 

30 

Farmer   

42   do   1899  ....do... 
W.,  Mrs   

Female. 39 Housewife   
43   do   1899  ....do... B   Male  ... 

18 

Farmer   
44   do   1899  ....do... F   

  do... 45   do   
45 

l....do   1899    do... T.  (2  children) 
Maleand 

3, 5   i 

46 J 
female. 

47   do   1899    do... J.  T   Male  . . . 

50 

Prospector  .   .   . 48   do   1899  ....do...i Mrs.  J.  A   Female. 

40 

Housewife   

49   do   

1899  ....do...' 

Mrs.  S   ....do... 
45  i 

j   do   ' 
50   do   1899    do... M.  V     do  . . . 

9   ! 

1       ■   do   1899    do... Male  ... 30 

j   Taimberman  ' 
  do   1899    do     do  . . . 30 

!   do.  ...  ■ 53   do   1899    do... 
....do...l 

!   33 

  do  ! 

1899  Apr.  24 L.  IV   Female. 

!   12 

1   Schoolgirl   ! 55 1899  May  4 Mrs.  B.  W   . . . .   do ... 18 

'   Housekeeper   ' 

56 J.  IV.  HoAvard,  Hamilton  . . 1899  Julv   

  J   

Male  ... 

21 

57   do   1899    do... H.  M..  .   do ... 

2- 

1 

58  * 

i 

do    

i 
:   1 

1 

1899  .Tune  ‘>5 

1 
I-
 

  do ... 
35 Sawmill  man   

59 J.  T.  Brice,  Stevensville   

• 

!   1899  Mav  .... B.  R.   Female . 3 

j 

1   None   60 .   .do   1899  '   Apr   Mrs.  J.  IV   do ... 

1   22 

'   Housekeeper   

61 R.  Gwinn,  Missoula   1900  j   Jmie  . . . 
!   F.  T   Male  ... 70 Farmer   

62 

1    
 

  '....do... 

^Mr.s.  L   

Female . 

'   35 

1 
Housekeeper   

63 do        Male  ... 

30 

Laborer    W   ! T.  H.  Hanbridge,  Victor   1900  1   Apr.  30  j 1   Mrs.  4   Female . 

1   12 

Housekeeper   
65   do   

1900  i   Mav  13  ' 
K     Male  ... 

1   4 

66 '   do       1900  May  18  ' 
1   Babv   Female . 

'   Is 

67 do 1900  Apr.  15 R.  B   Male  ... 

1 

40 

Stone  mason   
68 Geo.  McGrath,  Hamilton  .. 1900  Mav  2   i T do 

1   a   9 

69   do   1900  Mav  8 

i   B 

do  - 

a   2^ 

70   do   1900  Mav  6 Female. 

a   10 

71   do   1900  Apr   !   Mrs.  tv     do  . . . 

a   40 

Houseivif  e   

72   do   1900  Apr.  16 

j   Virs.  AI 

.   do 

'   a   55 

  do   1900  June   
—   X   

Male  ... 

«17 

74 Geo.  Putuev.  Missoula   1900  Mar.  30 1   F.  L   Female. 

a   20 

None   

75 ILF. Brethnour,  Hamilton.  1901 
May  6 

S Male  ... 115  Lumber  jack 

70  J.  T.  Brice,  Stevensville     1901 
77    do     1901 
78    do   I   1901 

Mav 

May 
May 

24 

B       
J.  P   —   K   

Female. 
Male  ... 

  do ... 

3   None   
25  Laborer  .. 
12  Schoolboy 

n   About. 



hy  physicians  of  irestern  Montana — Continued. 

1 

:   About  Avhat  day  of  ill- 
'   ness  did  spots  appear. 

Death  on  what  day  of  : 

disease,  or  convales-  | 
cencebeginningabout , AA’hat  day.  

j 

Third    Died  tenth  day     1 

Died  eighth  dav   i 
Died  fourth  dav   

Third   Died  seventh  dav   

  do   

Second   Died  third  dav   
Third   ConA'alescent  tAventy-  , 

first.  *   !   do     do   
Fourth   Convalescent  forty-  i 

second. 
Third   Died  sixth  dav   

  do       
Third   Died  fifth  dav   

Died  sixth  daA* .   ... 
Fourth   Convalescence  set  in  on 

twelfth  day.  Fever 
dropped  entirely  out 

tAventy-second  d'ay. Fourth  or  fifth   
Recovered.  ConA-ales- 

cence  began  ten  days 
after  coming  under 
my  observation  and 
Avas  dismissed  at  the 
end  of  three  and  a 
half  weeks. 

Do  not  knoAv   ■ Recovered.  Convales- 
cence began  at  about 

the  end  of  third  Aveek 
after  attack,  but  not 
dismissed  for  about 
four  and  a   half  Aveeks 
from  the  date  of 
attack. 

Third  or  fourth   ! Died.  SaAV  patient  first 
at  about  9   p.  m.,  and 
he  died  at  about  8   the 
next  a.  m. 

Third   
Died  ninth  daA-   '   do   ‘ 

i 
Recovered   '   

Seventh   ' Died  about  seventh  day . 
Third   Died  about  fourteenth  ] day. 

  do   Diedabout  seventh  day. ! 
1   do   

Died  eleventh  daA'   '. . Second   
Died  sixth  daA* . .'   Third   
Died  eighth  daA'   | 1 

Fourth   Dieri  seA'cntb  rlaA' 
Third     

Last  visit  May  2o,  1899  . . ' Can  not  tell  at  first  visit. Last  visit  Mav  20   | 
i   About  fifth  day   Last  visit  May  23, 1902  . .   i 
Third,  so  .says  husband . Died  on  third  day  of  j 

eruption.  '   1 Fourth,  so  says  her  son . Died  on  tenth  day  of  ̂  
disease.  ^ 

Do  not  knoAv   Died  about  thirteenth  i 

i   day. About  one  Aveek  after 

first  symptoms  a   p   - 
peared,  but  the  symp- 

toms came  on  gradu- 
ally and  I   did  not 

see  her  during  first 
6   or  7   days,  so  I   can 
not  say  definitely. 

1   Died  on  eleA'enth  day  . . 

Sixth   ConA'alescent  si.xteenth  | 
day.  1 

Third   
Died  tenth  daA'    ' 
Died  ninth  daA' Recovered   

I   do  
 

Remarks. 

Complicated  Avith  pneumonia. 

Very  violent  attack  after  exposure. 

Mild  and  prolonged  attack. 

Relapsed  after  abortive  treatment. 

Temperature  about  103;  pulse  exceedingly  rapid; 
respiration  between  40  and  .oO;  petechia  well 
defined  and  abundant;  extreme  prostration 
and  marked  jactitation.  The  foregoing  symp- 

toms continued  until  beginning  convalescence. 

SjTnptoms  same  as  case  Xo.  56,  but  in  a   more  ad- 
vanced stage,  with  a   correspondingly  increased 

state  of  petechia. 

Sent  to  Sister’s  Hospital,  Missoula.  Sick  about 
24  days,  2   months  before  recovery  was  com- 

plete. Treated  by  Dr.  W.  P.  Mills 'at  hospital. Had  a   low  fever  record;  eruption  well  marked. 

Complicated  by  gangrene. 

No.  66  is  a   niece  of  Xo.  82  and  died  the  year  be- fore. 

Recovered. 
Do. 
Do. 

First  and  last  visit  the  morning  of  day  she  died. 

Considerable  swelling  of  legs  and  face  the  last  2 
or  3   days. 

In  this  ease  the  s\-mptoms  Avere  about  3   days 
in  reaching  their  height.  She  became  slightly 
more  ill  Avith  malarial  fever,  etc.,  each  da>^ 

A*ery  much  as  a   A'ery  malignant  case  of  typhoid 
AA’Ould  do.  Delirium  about  fourth  day.  Hy- 

postatic pneumonia  beginning  at  this  time.  I 
saAV  her  first  at  the  end  of  the  first  AA*eek,  Avhen 
she  had  been  delirious  for  3   days.  She  is  sup- 

posed to  have  contracted  the  disease  at  Quig- 
ley, Avhere  she  Avas  visiting  just  preAdous  to  her 

illness. 

Complicated  Avith  pneumonia ;   patient  especially 
rugged. 

Sick  23  days  AA  hen  com'alescence  began.  Disease 
taken  regular  course  from  onset.  First  symp- 

tom same  as  other  cases  of  same  disease. 
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Table  showing  cases  of  spotted  {tick)  fever  reported  , 

'Z 

ai 

B 

Physician’s  name  and address. Year. 

Date  of 
onset  of 

symp- 
toms. 

Patient’s 
initials. Se.v. 

Age. 
;   Occupation. 1 
1 

79 J.  T.  Brice,  Stevensville   1901 

Mav  — 

R   Female. !   13 
,   Schoolgirl     

80 J.  J.  Bucklev.  Missoula   1901 May  17 A.  H     do ... 

i   18 

:   Attending  school. 

81 T.  H.  Hanbridge,  Victor   1901 
Apr.  20 

R.  C   Male  ... 

62 

Laborer    

82   do   1901 
Apr.  2 

G.  B     do-^.. 

1   35 

!   do     
83   do   1901 Mav  4 Mrs.  R   Female . 

62 

Housekeeper   
84   do   1901 Julv  12 M.  B     do  . . . 7 

85 G.  T.  McCullough  .Missoula . 1901 Mar.  27 B.  R   ....do  ... 

'   3 

1   86 1901 Mar.  20 J.  F   Male  ... 34 

i   T.nmberman 87 Geo.  McGrath,  Hamilton. . . 1901 July  1 Mrs.  M.  H   .... Female. 

a   37 

i   Xurse   

88 W.  B.  Parsons.  Missoula   1901 

June  — 

J.  H   Male  ... 

35 1   Lumber  jack   
89 X.  F.  Brethnour,  Ham:lton. 1902 May  13 Mrs.  J.  D   Female. 

.83
 

1   HouseAvife     
1 

90 J.  T.  Brice,  Stevensville   1902 
Apr.  20 

Mrs.  E.  B     do  ... 

a   40 

1 

j   Housekeep
er   

91   do   1902 Mav  18 A.  G   
Male  ...; 

22 Farmer     

92   do   1902 Apr.  27 
Mr.  E     do  . . . 

;   "1
 

  do   

93 1902 Mav  24 J.  A.  P     do  . . . 

!   «23 

Laborer     
94   do   1902 Mav  25 A.  R   Female . 

'   a   6 

Xone   
95   do   1902 J.  0.,  jr   !   Male.... 

'   2 

  do     
96   do   1902 June  17 D.  McD   

'   34 

Lumberman     

97 J .   C.  Burton  ( D .   0. ) ,   Missoula 1902 May  23 Mrs.  V.R.  W.. Female . 

1 

!   85 

Wife  of  farmer  . . , 

98 R.  Gwinn,  Mi-ssoula   1902 June  1 B.J.H   Male.... 

38 

Timber  inspector. 

99   do   

'   1902 

Apr.  22 

McX   
Female-. 

30 Housekeeper   

100 .do  .... 1902 
Apr.  8 

B.J   Male.... 

45 

!   Common  laborer  . 

101 '   GfciO.  McGratli,  Hamilton   1902 Mar.  17 A.  M   Female . 

12 

1 
!   Schoolgirl   

102 do 1902 Apr.  13 
W.  E   Male.... 9 

!   SchoolboA'   
103 -do 1902 

Apr.  16  1 
A.  F   ....do... 

35 

Laborer    104  [ G.T.  McCullough,  Missoula. 1902 
Apr.  20 

C.D     do ... 

20 

'   Teamster   

105 do 1902 Apr.  10 
P.  W     do  . . . 9 

106  ! Dr.  IV.  B.  Parsons  Missoula 1902 Apr.  12 
yrcG   Female . 4 Xone   

107  '   '.do   ’.   ! 
3902 May  10 H.M   Male....l 1   9 

'   do   

108 do 
J902  1 

May  25 G.R     do  ... 

52 

Farmer   

109  : E.  W.  SpottSAVOod,  Missoula. 1902 May  6 J.  W   
....do...l 40  , 

Lmnber  cruiser. . . 
110 Dr  Owen  Hamilton 1892 

Apr.  16 
Mrs.  S   

Female  .1 

55 

HouseAA’ife   

111 

! 

do    1898 May  25 R.  McF   i 
Male.... 

1 
j 

30 
112 do    1898 June  10 

Mrs.  J.  H   ' 

Female . 

24  1 

House  Avife   
113 T   O   Heine  Hntte 1893 

(b) IV.  H   Male   

a   34 

Miner   

114 .do    

1 

1893  ' 

V   J 

(c)  j Mrs.  W.  II  ... . F   emale . 

! 

a   30 

House  Avife   

115 Dr.  McGrath,  Hamilton 1903 Apr.  7   1 
O.G     do . . . 8 Child   

116 Dr.  McCullough,  Missoula . 
1903 

Apr.  19  1 
Mrs.  F.  D     do ... 18 HouseAvife   

a   About.  ft  Early  in  March.  c   Ten  days  later  than  husband. 
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hy  2)hysicians  of  u'estern  Montana — Continued. 

Death  on  what  day  of  | 

About  what  day  of  ill-  disease,  or  convales- 
ness  did  spots  appear.  ceneebeginningabouti 

I   what  day.  j 

Third   
Fifth   

Third   
Fourth   
  do   
  do   

About  fourth 
About  fifth  . . 
Third   

  do   
  do   

do 

Fourth  ... 
Unknown 

Third.. 
Second 
Third.. 
  do . 

About  fifth  day. 

A   few  third  day 

Ninth   

  do   

About  fourth  . . . 

  do   

Foiirth   
About  fifth   

About  third   
Third   
  do   
  do   

  do   
Fourth   

Death  on  eighth  day  . . , 
Death  on  ninth  day   
This  I   am  not  certain, 
but  I   think  about  8 
or  10  days. 

About  8   or  10  days     

Third   

  do   

Died  eighth  day     
Recovered     

Died  fifth  day     
Died  seventh  day     
Died  eleventh  day     
Died  eighth  day     

Died  seventh  day     
Died  tenth  day   

Recovered  twenty-first day. 

Died  sixth  day   
Died  eleventh  day   

Died  ninth  day 

Died  eighth  day   
Died  about  ninth  day  . . 

Died  seventh  day   
Died  eleventh  day   
Died  eighteenth  day  ... 
Died  thirteenth  day   

Died  sixth  day   

Convalescent  eighth day. 

Convalescent  tenth day. 

Convalescent  ninth day. 

Recovery  twenty-first day. 

Died  Apr.  23,  tenth  day. 

Died  about  twelfth  day. 

Recovered   *. . 
Died  ninth  day   
Died  sixth  dav   
  do   !   
Recovered  in  three 
weeks. 

Died  ninth  day   
Convalescence  began 

about  eighteenth  day ; 
last  medicine  given 
5   weeks  after  onset 
of  disease. 

Convalescent  a   bout 
fourth  Aveek. 

Little  earlier  than  hus- 
band. 

About  fifteenth  day   

Eighth  day   

3191— So.  11—03- 

Remarks. 

This  patient  made  a   good  recoA’ery  though  a   very 
severe  case  and  remarkably  well  spotted. 

This  patient  drank  no  ivater  during  the  season. 

This  is  a   daughter  of  No.  82,  but  was  not  living 
on  the  same  ranch. 

Aery  typical  case.  Patient  conscious  until  hour 
or  two  before  death.  Full  report  obtained 
before. 

Saiv  patient  first  in  my  office  on  second  day  of 
illness  complained  of.  Pains  in  head,  back 
upper  and  loiver  limbs,  soreness  of  muscles  in 
all  parts  of  body.  Temperature,  102;  pulse,  90; 
respiration,  24.  Temperature  did  not  raise 
above  103;  was  normal  24  hours  before  death. 

Saiv  him  first  about  3   hours  before  death.  Had 

been  alone  most  all  the  time;  could  get  no  his- 
tory. Spots  Avell  defined. 

Saw  him  first  33  hours  after  onset  of  disease. 
History  same  as  above.  Temperature,  103; 
pulse,  90;  respiration,  24.  Taken  regular  course 
of  disease.  Died  on  thirteenth  day. 

Began  Avith  chills  and  A-'orniting,  Avith  a   rapid 
rise  of  temperature.  BoAvels  Avere  loose  from 
onset  of  disease;  urine  scanty  and  highly 
colored.  At  first  Ausit,  tAvo  days  after  onset  of 
disease,  found  temperature  105;  pulse  rate  104, 
and  respiration  32.  The  temperature  Avas  kept 
under  103  by  the  use  of  baths,  the  pulse  rate 
did  not  Amry  materially,  and  the  respirations 
gradually  increased  to  45  per  minnte.  Ten 
hours  before  death  occurred  temperature  fell 
to  95  and  the  spots  all  became  darker. 

Abortive  treatment;  blood  shoAved  protozoon. 

Abortive  treatment  used  by  patient  at  first 
attack. 

AbortiA^e  treatment;  threatened  gangrene  of 
right  toes. 

Circulation  quite  rapid  at  end  of  tAvo  months. 

Delirious  much  of  the  time  after  Apr.  17  until 
death. 

Convalescence  beginning  about  tAvelfth  day  of 
disease. 

No.  108  is  the  only  one  Avhich  recovered.  He 
had  been  bitten  by  tAvo  ticks  a   fcAV  days  before 
taken  sick. 

Convales(;ence  very  sIoav  in  each  case;  it  Avas 

about  10  or  12  Av'eeks  before  they  could  work, 
and  their  health  Avas  ncA^er  so  good  afterwards Avhile  I   kneAV  them. 

Systematic  treatment  Avith  quinine;  parasites  in 
blood. 

Blood  shoAved  parasites. 

-2 
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Table  shouing  cases  of  spotted  {tick)  fever  reported 

15 
o 

0 

Physician’s  name  and address. 

1 

Year. 

Date  of 
onset  of 

sjunp- 
toms. Patient’s 

initials. 

! 

Sex. 

'   Age. 

Occupation. 

1 

117 Dr.  Brooke,  Stevensville. . . ,   1903 

Apr.  20. 

J.  H.  D   Male.... 34 Farmer   

118 Dr.  Bryce,  Steyensville   

  do       

.   1903   do ... C.  F     do ... 48 Taimherman 

119 1903 
Apr.  25 

Apr.  28 May  11 

r 

R.  S   Female . 5 Cliild 

120 Dr.  Mills,  Missoula   1903 c.  tv   Male   

28 

RflTiph  hand 
121 Drs.  Parson  and  Brown, 

Missoula. 
1903 Mrs.  L.  M   Female . 30 Housewife   
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hy  physicians  of  u'estern  Montana — Continued. 

About  what  day  of  ill- 
ness did  spots  appear. 

Fourth  . 
Third... 

  do  . . 

Seventh 
Third... 

Death  on  what  day  of 

disease,  or  convales- 
cencebeginningabout 
what  day. 

Remarks. 

Eighth  daj^   
Convalescence  began 
about  eighteenth  day. 

Convalescence  began 
twelfth  day. 

Died  fourteenth  day   
Convalescent  fifteenth day. 

Blood  showed  Parasites. 
Blood  showed  parasites.  Systematic  treatment 

with  quinine. 
Blood  examination  not  i^ermitted.  Quinine 

treatment. 
Blood  showed  parasites.  Xo  quinine. 
Blood  showed  parasites.  Quinine  treatment. 
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S.   3JLETHOD  OF  IXFECTIOX. 

The  life  history  of  the  organisms  of  malaria  and  Texas  fever  natu- 

rally suggested  that  some  insect  was  concerned  in  the  transmission  of 

the  disease.  On  investigation  it  was  found  that  the  ticks  appeared  in 

the  valley  about  the  last  of  February,  but  were  inactive  until  the 

middle  of  March  or  first  of  April,  the  first  cases  of  fever  appearing 

about  the  last  of  March.  The  ticks  begin  to  diminish  greatly  in 

number  from  about  June  1.  and  after  the  middle  of  July  very  few  are 

seen;  the  cases  of  fever  also  begin  to  diminish  about  Jime  1.  the  latest 

date  on  which  the  disease  has  been  known  to  occur  being  July  20. 

Mo>squitoes  do  not  appear  in  the  valley  until  after  the  first  cases  of 

fever  develop,  and  remain  some  time  after  the  last  cases  appear. 

Bedbugs  and  other  house  insects.  I   think,  were  well  excluded,  by  the 
fact  that  there  has  never  been  known  an  instance  in  which  two  cases 

occurred  the  same  year  in  the  same  house. 

On  a   closer  study  of  the  cases  of  spotted  (tick)  fever  it  was  always 

found  that  there  was  a   history  of  tick  bites  about  one  week  before  the 

onset.  In  four  cases  there  was  a   history  of  a   single  bite  two.  three, 

five,  and  seven  days,  respectively,  before  the  initial  symptoms.  The 
usual  time  between  the  bite  and  the  onset  of  the  fever  is  about  seven 

days.  If  the  tick  transmits  the  disease,  it  may  be  asked.  Why  do  not 

more  persons  become  infected,  and  why  is  the  infection  confined  to 

the  west  bank  of  the  Bitter  Boot  River '   I   think  this  may  be  answered 
by  the  very  obvious  fact  that  the  tick  is  unable  to  travel  any  great 

distance,  unless  carried  on  some  person  or  object.  Again,  it  is  very 

unusual  for  a   tick  to  bite  a   person  and  not  be  discovered  in  a   short 

while,  and  the  result  is  the  death  of  the  tick.  If.  as  in  Texas  fever, 

the  development  of  the  parasite  takes  place  in  the  female  tick  and  the 

young  ticks  transmit  the  infection,  the  very  small  nmnber  of  ticks 

which  escape  detection  on  persons  explains  the  small  number  of  infected 

ticks.  Where  do  the  female  ticks  get  their  infection '   I   examined  a 

recovered  case  twenty-four  days  after  discharge  by  the  physician  and 
had  no  trouble  in  finding  the  parasite  in  the  fresh  blood.  This  child 

had  been  out  of  doors  for  over  two  weeks,  and  if  a   female  tick  (ticks 

were  cpfite  numerous  near  the  hoiioc)  had  bitten  her  and  escaped 

destruction  the  parasites  in  the  blood  taken  in  by  the  tick  would  have 

undergone  development  and  the  young  ticks,  when  hatched  out,  would 

be  ready  to  infect  prospective  victims. 

While  the  above  facts  and  conclusions  tend  strongly  to  the  belief 

that  the  ticks  are  necessary  for  the  transmission  of  the  disease,  the 

actual  fact  can  not  be  proved  scientifically  until  carefully  controlled 

experiments  are  made  on  nonimmune  persons. 
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TICKS. 

As  man}"  ticks  as  it  was  possible  to  obtain  were  collected  in  the  Bit- 

ter Root  Valley;  twenty-four,  representing  what  were  thought  to  be 

different  species,  were  sent  to  the  Hygienic  Laboratory  of  the  Service 

in  Washington,  D.  C.,  for  classification.  They  W"ere  referred  by  the 
Director  to  Dr.  Ch.  Warded  Stiles,  Zoologist  of  the  Laboratory,  for 

determination,  and  he  reports  that^ — 

All  of  these  specimens  belong  to  the  genus  Dermacentor.  There  is  considerable 

variation  among  them,  hut  so  far  as  I   have  been  able  to  make  out,  this  variation  does 

not  extend  beyond  the  limits  nsually  found  in  one  and  the  same  species  in  this  group. 

Most  of  the  material  is  not  in  the  best  condition  for  determination,  but  so  far  as  I   am 

able  to  discover,  I   can  recognize  as  yet  no  specific  difference  between  these  speci- 
mens and  Dermacentor  reticulatus.  I   would  therefore  make  the  provisional  diagnosis 

of  Dermacentor  reticulatus. 

The  ticks  in  box  No.  1   have  laid  numerous  eggs,  and  I   have  developed  the  six- 

legged stage  from  them.  I   have  now  made  arrangements  to  place  these  young  ticks 

on  cattle  and  develop  all  of  the  various  stages.  "With  fresh  material  of  this  kind  I 
shall  be  able  to  determine  whether  the  variations  noticed  extend  beyond  the  limits 

of  specific  value,  and  also  whether  there  is  any  reason  for  me  to  change  my  opinion 

that  these  represent  the  species  known  to  zoologists  as  Dermacentor  reticulatus. 

SYMPTOMS. 

IXCUBATIOX. 

This  is  from  three  to  ten  days,  usually  about  seven.  For  a   few 

days  the  patient  may  have  chilly  sensations,  malaise,  and  nausea; 

finally  there  is  a   distinct  chill,  and  the  person  takes  to  bed.  There  is 

some  pain  in  the  back  and  head;  soreness  of  the  muscles  and  bones, 

causing  a   sensation  as  if  the  limbs  were  in  a   vise;  bowels  constipated; 

tongue  with  heavy  white  coat,  red  edge  and  tip;  conjunctivee  con- 

gested, becoming  yellowish:  urine  usually  small  in  amount,  with  albu- 

min and  a   few  casts;  slight  bronchitis  after  a   few  days;  nose  bleed, 

sometimes  quite  severe,  is  always  present. 

FEVEK. 

Before  the  distinct  chill  the"  ̂   is  little  or  no  fever  in  the  morning, 
with  a   slight  rise  in  the  afternoon.  After  the  chill  there  is  an  abrupt 

rise,  and  from  then  on  the  fever  gradually  rises  in  the  evening,  with 

a   slight  morning  remission.  The' maximum  is  usually  reached  on  the 
eighth  to  the  twelfth  day;  then,  in  a   favorable  case,  gradually  falls, 

becoming  normal  about  the  fourteenth  to  the  eighteenth  day,  usually 

going  to  subnormal  for  a   few  days.  In  fatal  cases  the  fever  remains 

high,  from  10T°  to  105°  or  106°,  and  the  morning  remissions  are  very 
slight  or  not  present. 
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CIRCO.ATORY  SYSTEM. 

The  pulse  appears  out  of  all  proportion  to  the  temperature,  usually 

running  from  110  to  110,  a   pulse  of  120  being  not  unusual  with  a   tem- 

perature of  102^.  It  is  rather  thready,  though  sometimes  full  and 
strong,  occasionally  dicrotic  in  the  first  week.  Ked  blood  counts  show 

a   progressive  decrease  in  red  cells,  but  as  soon  as  the  temperature 

becomes  normal  an  increase  begins.  The  white  blood  corpuscles  are 

increased  in  number,  varying  from  8.000  to  12,000.  A   differential 

count  in  two  cases  gave  an  average  of — Per  cent. 

Polymorphonuclear  leucocytes     77.  7 
Large  mononuclear  leucocytes     11. 4 

Small  lymphocytes     10.0 
Eosinophiles   9 

Total     ICO.O 

This  shows  as  its  most  interesting  feature  an  increase  in  the  large 

mononuclears. 

There  was  a   steady,  but  never  very  rapid,  decrease  in  the  percentage 

of  hemoglobin,  one  case  going  as  low  as  50  per  cent. 

The  blood  failed  at  all  times  to  agglutinate  Jxicillus  typhosm. 

Fresh  and  stained  blood  showed  the  three  forms  of  parasites  described 

under  etiology." 
THE  ERUPTIOX. 

The  emption  appears  usually  on  the  third  dai^,  ffrst  on  the  wrists 
and  ankles,  then  on  arms,  legs,  forehead,  back,  chest,  and,  last  and 

least,  on  the  abdomen.  It  is  never  very  abundant  on  the  abdomen, 

but  the  other  portions  of  the  body  in  some  cases  are  literally  covered 

by  the  eruption. 

At  first  the  spots  are  of  a   bright-red  color,  macular  at  all  times, 

from  a   pin  point  to  a   split  pea  in  size.  At  first  they  disappear  readily 

on  pressure  and  return  quickly,  but  if  the  case  is  a   severe  one  they 

soon  become  darker  and  in  some  cases  are  almost  purple.  From  about 

the  sixth  to  the  tenth  day  of  the  disease  thev  fail  to  disappear  on 

pressure  and  are  distinctly  petechial  in  character.  In  favorable  cases, 

about  the  fourteenth  day  they  begin  to  lose  their  petechial  character 

and  disappear  slowh’  on  pressure.  In  some  cases  the  eruption  con- 

sists of  small,  brownish  spots,  giving  a   turkey-egg  appearance,  well 

shown  by  the  photographs  on  pages  22  and  23. 

As  the  fever  declines  the  eruption  begins  to  fade;  but  a   slight 

return  of  fever  or  a   free  perspiration  will  cause  it  to  show  distinctA. 

I   am  informed  that,  following  a   warm  bath  in  a   case  ten  months  recov- 

«The  average  normal  red  blood  count  at  this  elevation  (3,500  feet)  gives  over 
5,500,000. 



ERUPTION  TICK  FEVER;  TWO  HOURS  AFTER  DEATH. 
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ered,  the  spots  showed  distinctly.  I   have  seen  them  in  a   case  twenty- 

four  days  after  discharge. 

When  convalescence  is  well  advanced  descpiamation  begins  and 

extends  over  the  entire  body.  In  very  severe  cases  there  may  be 

gangrene  of  the  lingers  or  toes,  and  still  more  frequently  of  the  skin 

of  the  scrotum  and  penis.  The  skin  is  always  jaundiced  to  a   greater 

or  less  degree.  This  is  usualW  first  noticed  in  the  conjunctivBe,  the 

vessels  of  which  are  congested  from  the  outset. 

DIGESTIVE  SYSTEM. 

The  tongue  at  first  has  a   heavy  whitish  coat,  with  red  edge  and  tip; 
later  the  coat  becomes  dark  brown  and  the  teeth  are  covered  with 

sordes.  At  first  there  ma}’  be  a   little  nausea,  but  the  appetite  is  often 
good  throughout  the  first  week.  In  fatal  cases  nausea  becomes  more 

persistent  during  the  second  week  and  lasts  until  the  end.  Constipa- 

tion is  present  throughout  the  course  of  the  attack.  Tympanites  is 

never  excessive;  gurgling  in  right  iliac  fossa  occasionall3^  The  liver 

is  usually  moderately  enlarged.  The  spleen  is  enlarged  early  and 

may  extend  1   or  2   inches  below  the  costal  margin. 

URINARY  SYSTEM. 

The  urine  is  decreased  to  about  one-half  its  normal  amount  for  the 

twenty-four  hours:  small  amount  of  albumin  in  all  cases  examined; 

granular,  hyaline,  and  epithelial  casts. 

RESPIRATORY  SYSTEM. 

The  respiratoiT  rate  is  always  increased,  usualh^  varying  from  26 
to  10  per  minute,  in  some  cases  reaching  50  to  60;  regular,  but  often 

shallow.  In  the  second  week  there  is  always  a   slight  bronchitis. 

Lobar  pneumonia  is  a   frequent  complication  in  fatal  cases.  Epistaxis 
is  usualW  seen  from  the  end  of  the  first  week. 

NERVOUS  SYSTEM. 

Pain  in  head  and  back  is  usually  severe  during  the  first  week. 

Soreness  of  the  muscles  and  bones  causes  the  patient  to  change  posi- 

tion often  in  the  endeavor  to  find  a   comfortable  posture.  The  muscu- 

lar soreness  is  often  very  severe,  even  in  mild  cases,  and  lasts  until 

recovery.  The  mind  is  usually  clear,  even  in  severe  cases,  until 

within  a   few  hours  of  the  end.  Pupils  react  normally  to  light  and 

distance;  no  opisthotonius  or  other  irritative  symptoms. 
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HISTORY  OF  CASES. 

Case  115,  1903. 

O.  C.,  age  8   years,  residence  about  3   miles  west  and  1   mile  south  of 

Hamilton,  about  1   mile  east  of  case  Mrs.  J.  D.,  case  89,  1902.  (See 

map,  p.  8.) 

About  April  1   two  ticks  were  removed  from  right  side  of  head, 

near  middle  line.  The  wounds  became  quite  sore  on  the  following 

da}^  and  the  child  complained  of  headache  during  the  ensuing  week. 
April  7   or  8   the  child  complained,  in  addition  to  headache,  of  soreness 

from  site  of  bite  down  the  side  of  head  behind  right  ear  and  neck  to 

shoulder.  The  post-cervical  glands  ivere  enlarged,  particularly  on 

right  side.  At  this  time  she  complained  of  being  chilly,  though  she 

did  not  have  a   marked  rigor.  She  was  feverish  April  8,  9,  and  10. 

On  April  10  spots  began  to  appear,  first  on  the  extremities. 

She  was  first  seen  by  Dr.  G.  B.  McGrath,  of  Hamilton,  on  April  13. 

Patient  was  seen  by  Drs.  McGrath  and  Wilson  April  24.  Child 

seemed  pale,  weak,  and  easily  tired,  but  otherwise  well  and  able  to 

play  outdoors.  Over  the  forearms,  legs,  thighs,  and  back  there  was 

a   distinct  mottling  of  the  skin.  Pressure  over  these  areas  increased 

the  distinctness  of  the  spots.  Examination  of  fresh  blood  showed  a 

few  ovoidal  bodies  within  red  blood  cells.  Count  showed — 

Red  blood  corpuscles     4,  720,  000 

Leucocytes       4,  500 

Hemoglobin  (Tallquist)   percent..  80 

Post-cervical  glands  on  right  side  still  enlarged. 

Patient  examined  again  May  5   by  Drs.  Anderson,  Hanbidge,  and 

Wilson.  Feeling  much  better,  not  as  pale  as  on  previous  examina- 

tion, and  able  to  play  longer  without  tiring.  Pulse,  112;  temperature 
normal. 

Red  blood  corpuscles         4,824,000 

Leucocytes     4,  450 

Hemoglobin  ( Tallquist )           per  cent . .   90 

Fresh  blood  showed  a   few  red  blood  corpuscles  which  contained  the 

ovoidal  l)odies  similar  to  those  seen  at  first  examination. 

•   -   Case  116,  1903. 

Mrs.  F.  D.,  age  18  years,  married  one  and  one-half  years,  mother 

of  7-months-old  child.  Residence  on  left  bank  of  Lolo  Creek,  1   mile 

west  of  Lolo  store.  (See  map,  p.  8.) 

On  April  12  or  13  Mrs.  D.  was  with  her  husband  with  team  in 

grove  of  small  poplars  300  }^ards  north  of  residence.  On  this  day 

she  was  perhaps  also  across  Lolo  Creek,  south  of  house;  accurate 

information  on  this  point  could  not  be  gained.  Certainly  the  horse 
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had  been  across  the  creek  only  a   da}-  or  two  previous  to  April  13. 

On  the  evening  of  April  13  a   large  red  tick’'  was  found  fast  under 

Mrs.  D.’s  left  arm  and  was  removed  with  some  difficulty.  On  the 

following  day  the  wound  was  sore  and  swollen,  as  were  also  the  glands 

in  the  axillary  space.  The  soreness  became  less  marked  after  a   few 

da3"s,  but  did  not  at  aii}^  time  complete!}"  disappear. 
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On  April  19  the  soreness  became  much  worse,  and  shooting  pains 

began  radiating  from  the  axilla  through  the  shoulder,  down  the  arm 

and  side  of  the  bod\^  Patient  had  a   severe  chill,  followed  by  high 

temperature  and  aching  pains  in  back.  These  gradually  extended  to 

the  whole  bod3^  Patient  felt  better  on  April  20  and  21  in  the  morn- 

ing, but  was  worse  again  in  the  afternoon. 

On  April  22  she  was  brought  to  St.  Patrick’s  Hospital,  Missoula, 
and  placed  under  the  care  of  Dr.  McCollough.  On  the  evening  of 

April  22  spots  began  to  appear  first  on  the  wrist  and  ankles.  On  the 

morning  of  April  24  spots  were  well  developed  all  over  bod}-,  being 

of  the  small  petechial  type  and  quite  vosy  in  appearance.  Patient’s 
mind  at  this  time  was  quite  clear  (except  for  slight  wandering  imme- 

diately" after  awakening)  and  remained  so  until  a   few  hours  before 
death. 

Patient  examined  April  24,  9   a.  m.,  by  Drs.  McCollough,  Gwinn, 

Spottswood,  and  Wilson.  Fresh  blood  showed  a   few  red  cells  which 

contained  ovoidal  bodies  with  amoeboid  movements  (an  alcohol  lamp 

was  in  front  of  concave  mirror).  Count  showed — 

Red  blood  corpuscles     4,  920,  000 

Leucocytes         7,  400 

Hemoglobin   per  cent . .   100 

Cultures  with  blood  taken  from  the  ear  were  made  on  agar  and 

serum.  These  showed  no  growth  after  three  davs  in  the  incubator. 

Patient  was  examined  again  April  26  by-  Dr.  Wilson.  Condition 

was  apparently"  the  same  as  Avhen  last  seen  except  the  patient  was 

more  restless.  Fresh  blood  showed  many"  more  infected  cells  than  that 

collected  April  24.  Count  showed — 

Red  blood  corpuscles         4,  600,  000 

Leucocytes     7,600 

Hemoglobin   percent..  80 

Patient  died  at  10  a.  m.,  April  27.  (For  temperature,  pulse,  etc., 

see  accompanying  chart.) 

On  the  afternoon  of  April  24  Dr.  Wilson,  in  company"  with  Mr. 

D.,  examined  the  latter’s  ranch  and  searched  for  ticks  in  the  locality" 
where  Mrs.  D.  was  supposed  to  have  gotten  her  infection.  No  ticks 
were  found. 

Case  117,  1903. 

J.  H.  D. ,   age  34,  residence  one-half  mile  north  and  one-fourth  mile 

west  of  Florence.  (See  map,  p.  8.) 

Was  bitten  on  top  of  the  head  and  on  left  arm  by"  ticks  on  Thurs- 

day, April  16.  Ticks,  when  removed  on  this  date,  were  partially" 
filled  with  blood,  having  evidently  been  in  place  for  some  time. 
Wounds  were  sore  before  removal  of  ticks  and  continued  so  until 

disease  was  well  developed.  On  April  20  soreness  of  wound  on  head 
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extended  over  side  of  head  and  down  neck  with  shooting  pains  to 

shoulder,  arm,  and  hand.  Patient  had  marked  chill,  followed  l)y  fever. 

On  April  2U  spots  appeared  on  hands  and  feet,  extending  up  fore- 

arms and  legs  and  appearing  on  back  in  a   few  hours.  Patient  was 

seen  on  this  day  by  Dr. Brooke,  of  Stevensville. No  record  of  pulse. 

etc.,  was  kept,  but  the  following figures  were 
obtained  from  nurse 

after  death  of  patient: 

Temperature. 

April  20       105.0 
April  24   
    103.0 

April  21     101.0 
April  25   
    100.2 

April  22       99.0 
April  26   

      100.0 

April  23       105.0 
April  27       98.0 

Pulse  ran  from  IM)  to  120  throughout  the  disease,  until  the  last 

twenty-four  hours.  Respiration  normal  at  first,  became  more  rapid 

and  labored  until  a   few  hours  before  death,  then  gradually  grew 

weaker.  Mind  was  clear  throughout  the  course  of  the  disease  until 

a   few  hours  before  death.  After  initial  constipation  bowels  were 

regular  without  medicine.  Tongue  was  coated  throughout  course 
of  disease. 

Patient  was  examined  April  27,  at  2   p.  m.,  by  Drs.  Brooke  and  Wil- 

son. Temperature  normal,  pulse  108,  respiration  30  and  labored. 

Face  and  limbs  much  swollen.  Mind  fairh"  clear,  but  some  stupor. 

Skin  over  whole  of  body,  and  especialh"  of  dependent  portions,  showed 

spots  of  dark  red  to  purple  in  color  and  from  1   mm.  to  3   cm.  in  diam- 

eter. Over  the  legs  and  forearms  a   marked  marbled  appearance  was 

produced.  Fresh  blood  showed  relatively  large  numbers  of  red  blood 

cells  which  contained  parasites.  Count  showed — 

Red  blood  corpuscles     4,  368,  000 

Leucocytes     7,  800 

Hemoglol  )in   per  cent . .   60 

Patient  died  on  .l^^ril  28,  1   a.  m.  No  autopsy  was  performed. 

Case  118,  1903. 

E.  F.,  age  18  jmars,  residence  1   miles  north  of  Stevensville,  on  main 

road.  (See  map,  p.  8.)  Had  been  bitten  many  times  by  ticks  during 

the  spring  of  1903.  Had  no  remembrance  of  any  single  severe  bite 

shortly  before  illness.  Was  not  feeling  well  on  Sunday,  April  19. 

Had  a   chill  on  April  20,  followed  by  fever  with  morning  remissions 

during  the  next  two  days.  Spots  began  to  appear  April  22,  first  on 

extremities.  Were  well  marked  April  23,  when  patient  was  first  seen 

by  Dr.  Bryce,  of  Stevensville.  Patient  at  this  time  presented  the 

usual  symptoms  of  headache,  fever  (temperature  103),  aching  pains  in 

back  and  limbs,  and  constipation.  Patient  was  given  calomel  10  grains 

and  quinine  sulphate  10  grains  l)y  the  mouth.  Patient  examined 
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April  27,* at  11  a.  m.,  by  Drs.  Biyceand  Wilson.  Spots  were  numer- 
ous, large,  and  covering  entire  body,  were  rosy  in  appearance  except 

on  dependent  portions,  where  they  were  somewhat  darker  in  color. 

Temperature  101,  pulse  101,  respiration  26.  Fresh  blood  showed  a   few 

red  cells  containing  organisms.  Count  showed — 

Eed  blood  corpuscles     4,  576,  000 

White  blood  corpuscles     7,  300 

Hemoglobin         per  cent . .   70 

At  Dr.  Wilson’s  suggestion,  the  patient’s  room  was  darkened,  with 
apparent  good  results  in  allaying  restlessness. 

Patient  examined  again  April  29  by  Drs.  Bryce,  Johnson,  and  Wil- 
son. Examinations  of  fresh  blood  showed  manv  red  blood  cells  con- 

taining organisms.  Count  showed — 

Red  blood  corpuscles         3,  820,  000 

Leucocytes     8,  000 

Hemoglobin   per  cent. .   50 

Patient  examined  again  May  2   by  Drs.  Bryce,  Anderson,  and  Wil- 

son. Patient  very  weak;  condition  otherwise  much  as  before.  Spots 

somewhat  darker  on  dependent  portions,  but  more  rosy  over  remainder 

of  body.  Temperature  102.5,  pulse  120,  respiration  28.  Patient  had 

had  onlv  strychnine  for  the  last  twent3"-four  hours.  Given  sultcuta- 
neous  injection  of  quinine  h^Mrochlorate  20  grains  at  time  of  visit. 

Examination  of  fresh  blood  showed  a   few  organisms  in  red  cells. 

Count  gave — 

Red  blood  corpuscles     3,  920,  000 

Leucocytes     8,  500 

Hemoglobin   ])er  cent . .   60 

(Specimen  taken  from  same  point  as  that  of  April  27.) 

Patient  passed  into  a   state  of  semiconsciousness,  gradualA  increas- 

ing to  total  unconsciousness,  which  gradually  passed  awav,  having 

lasted  seventy-two  hours. 

Pulse  about  120,  temperature  ran  between  102.5  in  the  morning  to 

103.5  in  the  afternoon  until  Mav  9,  then  it  dropped  to  subnormal. 

The  spots  remained  dark  until  about  the  11th,  when  they^  became  much 

lighter,  gradualh^  disappearing,  hrst  from  the  extremities  and  back. 
Recovered. 

Treatment:  Bowels  kept  open  with  calomel.  Quinine  sulphate  2.  6 

grams  b}"  mouth  ererv  twenty-four  hours,  and  quinine  lyxlrochlorate 

in  graduall}"  increasing  doses  up  to  3.  3   grams  every  twentv-four  hours 

h^^podermicallv  until  improvement  began,  then  graduall}^  decreased. 
Patient  was  frequentlv  given  hot  sponge  baths,  which  allayed  the 

restlessness  and  lessened  the  congestion  of  the  skin,  causing  spots  to 

change  from  dark  red  to  rosv  red. 
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Case  119,  1903. 

K.  S.,  female,  age  5   }"ears,  residence  1   mile  north  of  Florence  and 

about  one-eigiitli  mile  south  of  O.  G.’s  residence.  (Map,  p.  8,  case  No. 

91,  1902.)  Child’s  two  sisters  and  brother  had  been  frequently  bitten 
by  ticks  during  the  spring  of  1903.  This  child  had,  however,  been  in 

Missoula  during  most  of  the  spring  until  three  weeks  before  sickness 

began.  The  wound  remained  sore  and  some  pain  and  swelling  was 

present,  extending  down  side  of  head  behind  ear  and  to  right  neck. 

April  25  patient  appeared  dull  and  feverish.  On  April  27  spots 

began  to  appear  first  on  back  and  thighs  (child  had  been  in  bed  since 

April  25).  Dr.  Biyce,  of  Stevensville,  saw  patient  on  this  day  (April 

27).  Temperature  102.  Quinine  hydrochlorate  was  given  by  mouth 

and  room  darkened.  Patient  seen  April  29,  12  m.,  by  Drs.  Bryce, 

Johnson,  and  Wilson.  Child  feeling  well;  mind  clear.  Spots  con- 

sisted of  fine  petechia?.  Temperature  101,  pulse  120,  strong  and 

regular.  No  examination  of  blood  permitted. 

Patient  examined  May  2   by  Drs.  Bryce,  Anderson,  and  Wilson. 

Child  weaker  and  more  restless  than  on  April  29,  otherwise  condition 

much  the  same.  Pulse  120,  temperature  101.1.  Quinine  hydrochlo- 

rate was  given  in  10-grain  doses  twice  daily,  at  first  by  rectum. 

Temperature  remained  about  102° 

On  Ma}^  5   gradually  became  unconscious  and  remained  so  for  about 
five  days,  and  then  gradual  improvement  began,  which  was  interrupted 

by  an  attack  of  acute  indigestion  on  the  11th,  which  gradually  passed 

off.  Spots  remained  dark  red  until  about  the  12th,  and  then  began  to 

fade.  Recovery. 

Case  120,  1903. 

E.  M.,  Finlander,  age  28,  resident  of  cottage  where  O.  G.,  case  91, 

1902,  died;  about  1   mile  south  and  1   mile  west  of  Florence  station.  (See 

map,  p.  8.)  Had  not  often  been  bitten  b}^  ticks  during  the  spring  of  1903; 
in  fact,  does  not  remember  having  been  bitten  at  all  until  he  removed 

two  ticks  April  28,  one  from  over  left  breast  and  the  other  from  over 

left  biceps.  These  ticks  must  have  been  in  place  for  some  time,  since 
botli  were  filled  with  blood. 

Oil  the  evening  of  Monday,  April  28,  patient  had  a   chill,  followed 

b}"  fever  and  pains  in  back  and  limbs.  Pains  and  fever  continued  next 

da}"  and  patient  walked  to  a   friend’s  1^  miles  distant.  On  arrival 
there  he  examined  himself  and  found  the  two  ticks  above  mentioned. 

On  April  29,  3   p.  m.,  patient  first  seen  by  Dr.  Bryce.  Temperature 

102.5,  pulse  108,  furred  tongue,  peculiar,  sweetish  odor  of  breath, 

circulation  on  compressed  areas  and  extremities  feeble.  Mottling  of 

skin  over  palms  of  hands,  especially  thumbs.  Patient  showed  con- 
siderable mental  dullness  and  complained  of  headache,  pains  in  back 



30 

and  limbs,  and  bad  taste  in  mouth.  Diagnosis  of  beginning  spotted 

fever  was  made.  Patient  given  15  grains  of  blue  mass  and  10  grains 

of  quinine  hydrochlorate  by  mouth. 

On  the  morning  of  April  30  patient  was  brought  to  St.  Patrick  s 

Hospital  and  placed  under  the  care  of  Dr.  Hills.  (For  temperature, 

pulse,  respiration,  etc.,  from  this  time  see  chart.) 
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Symptoms  as  noted  b}"Dr.  Biyce  continued  after  initial  slight  abate- 
ment until  May  1,  when  patient  felt  worse.  On  the  morning  of  May 

5   Dr.  Mills  observed  small  red  spots  on  right  side  over  region  of  liver; 

more  spots  on  back  and  on  wrists  in  the  afternoon.  On  the  morning 

of  May  6   spots  were  quite  abundant  over  regions  noted  above  and  also 

over  thighs  and  forearms.  Specimens  of  blood  taken,  fixed,  and 

stained  by  Dr.  Charles  Pixie}"  showed  a   few  intracellular  bodies. 

At  3   p.  m.,  May  6,  patient  was  examined  by  Drs.  Mills,  Pixley, 

Ashburn,  Merritt,  Anderson,  and  Wilson.  Patient  apathetic;  tongue 

with  heavy,  white  coat,  red  margins  and  tip.  Spots  were  numerous 

on  extremities  and  back;  few  or  almost  absent  over  abdomen;  scat- 

tered, but  larger  and  more  plentiful,  over  chest;  obscured  on  face  by 

tan,  beard,  and  pockmarks.  Spots  were  2   to  5   mm.  in  diameter,  rosy 

in  color,  not  elevated,  and  disappeared  readily  on  pressure,  also  readily 

reappeared  when  pressure  was  removed.  Spleen  much  enlarged; 

liver  normal.  Considerable  gurgling  and  tenderness  in  right  iliac 

fossa.  Fresh  blood  showed  a   very  few  organisms  in  red  cells,  mostly 

of  small  type.  Count  gave — 

Ked  blood  corpuscles 
Leucocytes   

Hemoglobin   

    4,744,000 
    4, 800 

percent..  90 

Examined  again  10.30  a.  m.  May  7,  1903,  by  Drs.  Mills,  Pixley, 

Bryce,  Anderson,  and  Wilson.  Spots  more  general  over  body,  but 

somewhat  lighter  in  color  than  on  previous  day.  Patient  feeling  bet- 

ter. Spleen  and  liver  as  on  previous  day.  Gurgling  in  right  iliac 

fossa  still  present;  no  tenderness.  Fresh  blood  showed  a   few  organ- 

isms, mostly  of  small  type. 

Red  blood  corpuscles     4,  722,  000 

Leucocytes         6,  900 
Hemoglobin   per  cent. .   87 

Patient  seen  on  the  8th  of  May,  10  a.  m.,  by  Drs.  Mills  and  Ander- 

son. Patient  sleeping,  having  had  sulphonal,  grains  10,  the  night 

before.  Conjunctiv^e  much  injected.  Spots  bright  red,  very  numer- 

ous on  back,  plentiful  on  legs,  thighs,  arms,  and  especially  on  fore- 

arms; disappear  very  slowly  on  pressure  and  return  slowly.  Spleen 

and  liver  as  yesterday;  pulse  of  fair  volume. 

Red  blood  corpuscles     4,  721,  000 
Hemoglobin   l)ercent..  85 

Very  few  intracellular  bodies  seen  in  fresh  blood  preparations. 

Small  amount  of  albumin  in  urine,  heavy  deposit  phosphates;  no  casts 
or  red  blood  cells. 

May  9,  1903,  patient  seen  by  Drs.  Mills,  Wilson,  and  Anderson. 

Apparently  not  as  well  as  yesterday.  Conjunctivae  much  injected. 
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Spots  on  back  bright  red,  do  not  disappear  on  pressure;  on  arms  and 

lower  limbs  disappear  \^erv  slowly  and  return  slowh^. 

Eed  blood  corpuscles         4,458,000 
Hemoglobin   ?           per  cent . .   82 

Few  intracellular  bodies  seen  in  fresh  blood  in  red  cells.  Paired 

organisms,  united  by  fine  threads  in  two  cells,  seen  for  the  first  time. 

Albumin  present;  granular  and  epithelial  casts. 

May  10,  1903,  11  a.  m.,  patient  seen  by  Drs.  Mills,  Wilson,  and 

Anderson.  Much  weaker  than  ̂ ^esterda}".  Had  nosebleed  during 
night,  Pulse  about  102  and  of  poor  yolume.  Spots  on  back  of  a 

petechial  character  and  do  not  disappear  on  pressure;  on  hands  and 

legs  disappear  very  slowly. 

Red  blood  corpuscles     3,858,000 
Hemoglobin       per  cent. .   77 

Man}"  intracellular  bodies  seen  in  fresh  preparations.  A   few  paired 
ones  united  by  fine  thread. 

May  10,  1903,  8   p.  m.,  patient  seen  by  Drs.  Mills  and  Anderson. 

Pulse  stronger  and  fuller  than  this  morning.  Had  nosebleed  for  about 

thirty  minutes  in  afternoon  and  morning. 

May  11,  1903,  patient  seen  by  Drs.  Mills,  Wilson,  and  Anderson. 

Very  much  weaker.  The  coniunctiv^e  much  injected  and  jaundiced. 

Pulse  about  120;  very  poor  yolume.  Spots  on  back  distinctly  petech- 

ial and  dark  purple;  on  hands  and  lower  limbs  petechial  in  charac- 

ter; dark  spots  on  hands;  skin  distinctly  yellow. 

Red  blood  corpuscles     3,  672,  000 

Hemoglobin   percent.'  75 

Albumin  present  in  urine;  granular  and  epithelial  casts;  no  red- 

cells.  Blood  taken  on  the  12th  day  of  the  disease  did  not  giye  positiye 

widal  reaction  with  B.  typhosus  in  a   dilution  of  1:20. 

Patient  died  May  12  at  5   a.  m.  At  6   a.  m.  was  remoyed  to  under- 

taking rooms,  surface  of  body  cleaned  and  sponged  with  embalm- 

ing fluid  (formaldehyde).  Autopsy  at  2   p.  m.  by  Drs.  Anderson  and 

Wilson,  in  presence  of  Drs.  Mills,  Pixley,  Gwinn,  Spottswood,  and 
Olson. 

Body  that  of  a   well-nourished  man.  Panniculus  adiposis  about 

normal.  Some  edema  about  ankles,  hands,  and  face.  Rigor  mortis 

not  intense.  Small  to  large  petechial  hemorrhages  coyering  body, 

somewhat  obscured  by  tan  on  face  and  hands,  and  by  thickened  skin 

of  hands  and  feet.  Petechial  spots  oyer  chest  and  abdomen  from  pin 

point  to  5   mm.  in  diameter.  Oyer  dependent  portions  of  elbows, 

thighs,  and  back  areas  are  largest,  being  from  1   to  3   cm.  in  diameter. 

Oyer  inner  aspect  of  arm  and  forearm  petechial  spots  are  yery  thick- 
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set,  but  not  coalescent.  The  epidermis  over  the  scrotum  was  slougdied 

oti'  from  area  about  2   to  5   cm.  in  diameter.  On  the  left  chest  3   cna. 
from  middle  line  and  just  above  the  left  biceps  were  two  small  recent 

scars.  (See  history  of  tick  bite.) 

Post  mortem  lividity  on  dependent  portions  of  skin  and  thighs. 

Entire  skin  deeply  jaundiced. 

Lungs:  There  was  no  adhesion  of  the  pleura.  Lungs  were  nor- 

mally inflated,  containing  no  consolidated  areas  except  a   veiy  few 

points  resembling  emboli. 

Pericardium:  Normal;  cavity  contained  about  two  ounces  of  fluid. 

Kight  heart  half  filled  with  blood;  left  contracted.  Small  chicken-fat 

clots  in  auricles.  A   few  small  hemorrhages  over  left  ventricle  near 

inter-ventricular  groove  under  the  pericardium.  Myocardium  some- 

what pale  and  flabby. 

Endocardium  apparently  normal. 

Spleen :   Greatly  enlarged  (weight,  20  ounces)  one  hour  after  removal; 

very  soft,  dark,  and  diffluent. 

Stomach:  Apparently  normal,  except  hypostatic  congestion  over 
dorsal  surface  of  fundus. 

Small  intestine:  Empty  and  showing  no  inflammation  or  congestion 

except  hypostatic.  Peyer’s  patches  pale  and  not  congested. 
Mesenteric  and  retroperitoneal  glands  pale  and  not  enlarged. 

Liver:  Enlarged  (weight,  922-  ounces)  one  hour  after  removal.  Pale, 

fatt}^  in  appearance,  and  in  some  areas  outlined  by  engorged  i^ile 
ducts. 

Pancreas:  Normal  in  appearance,  except  enlargement  (weight  5 

ounces),  one  hour  after  removal. 

Kidneys:  Enlarged.  Weight  of  left  10  ounces  one  hour  after 

removal.  Capsule  adherent;  minute  subcapsular  hemorrhages,  espe- 

cially over  greater  curvature.  On  section,  cortex  congested:  pyra- 
mids well  outlined.  Small  hemorrhages  about  1   mm.  in  diameter  in 

pelves. 

Bladder  wall:  Apparently  normal;  cavit}"  contained  about  1   ounces 
of  urine. 

Cultures  in  broth  and  on  Lolfler’s  serum  were  made  from  pericardial 

fluid,  heart’s  blood,  spleen  pulp,  liver  and  kidney  substance.  Smear 
preparations  were  made  from  lung  substance,  heart  wall,  spleen  pulp, 

liver  and  kidney  substance,  and  red  marrow  of  rib.  Portions  of  skin, 

lung,  heart  wall,  spleen,  liver,  small  intestine  (including  Peyer’s 

patches),  pancreas,  and  kidneys  were  preserved  in  Zenker’s  fluid,  95 
per  cent  alcohol  and  10  per  cent  formalin.  Portions  of  rib  were  fixed 

in  picro-sulphuric  and  nitro-sulphuric  acid  solutions. 

3191— No.  11—03   3 
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Cultures. — After  forty-eight  hours  in  the  incubator  all  cultures 

remained  sterile,  except  one  from  the  liver  and  one  from  the  kidney. 

The  serum  culture  from  the  liver  developed  one  colon}"  of  a   staphylo- 

coccus, which  remained  white  after  seventy-two  hours’  growth  (pre- 
sumably Btapliylococcus  pyogenes  aThus). 

On  the  serum  culture  from  the  kidney  there  developed  a   few  colo- 
nies of  a   small  bacillus  which  in  broth,  on  serum,  plain  agar,  and  in 

and  on  litmus  dextrose  agar  gave  the  appearance  and  the  reaction  of 

Bacillus  coli.  c. 

Case  121,  1903. 

Mrs.  L.  M.,  age  30,  born  in  Germany,  residence  near  Rock  Creek 

clubhouse.  (See  map,  p.  8.)  Mother  of  child  H.  M.,  case  lOT, 
1902. 

Had  not  been  away  from  home  since  October,  1902,  and  there  had 

been  no  visitors  at  the  house  since  last  fall;  husband  had  not  been  to 

Missoula  since  winter.  These  details  are  mentioned  to  show  the  iso- 

lation of  the  locality  and  the  impossibility  of  infection  from  the  Bitter 

Root  Valley. 

Two  months  pregnant.  Had  been  in  good  health  for  past  year  and 

spent  considerable  time  shooting  near  home  and  clubhouse  during  the 

spring.  All  the  members  of  family  had  been  frequently  bitten  by 

ticks  during  spring  of  1903.  As  soon  as  ticks  were  discovered  they 

were  removed  by  ammonia  or  whisky,  and  lately  by  applying  carbolic 
acid. 

On  May  3   a   tick  was  removed  from  patient  over  left  breast  and 

another  over  left  scapula;  ammonia  only  was  used. 

On  May  10  she  complained  of  headache,  backache,  and  nausea;  w"ent 
to  bed  for  a   few  hours. 

May  11,  had  a   distinct  chill,  followed  by  considerable  fever. 

May  12  and  13,  felt  better  in  morning  but  worse  in  evening. 

May  11,  confined  to  bed  and  Dr.  Parson  called,  but  he  was  unable 

to  go,  and  Dr.  Brown  went  on  the  15th.  He  found  the  patient  with 

temperature  of  103°,  pulse  120,  suffering  with  severe  pain  in  back 
and  limbs,  tongue  with  a   heavy  white  coat;  nausea.  A   few  small  red 

spots  were  noticed  on  ankles,  legs,  and  knees;  none  on  face  or  chest; 

few  on  anterior  aspect  of  wrists. 

May  16,  temperature  103°,  pulse  120,  spots  beginning  to  appear  on 
back  and  arms. 

May  IT,  patient  brought  to  Missoula  and  placed  in  Dr.  Parson’s 

private  hospital.  Seen  at  8   p.  m.  by  Drs.  Brown,  Wilson,  and  Ander- 

son. Temperature  102°,  pulse  126,  full  and  strong.  Headache, 
backache,  soreness  of  muscles  of  legs  and  arms.  Tongue  with  white 

coat  in  center  and  red  tip  and  edges.  Small  scattered  red  spots,  most 

plentiful  on  thighs  and  back,  none  on  face,  few  on  chest,  a   very  few 
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on  abdomen,  some  on  forearm,  wrists,  and  ankles;  all  disappear  readily 

on  pressure  and  return  quickly  when  pressure  is  removed. 

May  18,  seen  at  9   a.  m.  by  Drs.  Brown,  Wilson,  and  Anderson. 

Had  morphine  sulphate,  one-fourth  grain,  during  night.  Condition 

much  as  yesterday.  Spleen  enlarged  and  easily  palpable;  liver  not 

enlarged.  Spots  bright  red  in  color,  and  more  distinct  than  before; 
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no  increase  in  niimbei.  Conjunctive  injected.  Xo  Kopliks  spots. 
Fresh  blood  showed  few  amceboid  oval  bodies  in  red  blood  cells. 

Count  gave — 

Red  blood  corpuscles         4,  380, 000 

Leucoc\*tes             7,  000 
Hemoglobin   -       per  cent . .   75 

Differential  white  count  gave — 
Per  cent. 

Polymorphonuclear  leucocytes     78.  7 

Large  mononuclear  leucoc\u;es   -         10.  6 

Small  lymphocytes     9.  9 

Eosinophiles         8 

Total     100.  0 

May  19.  seen  at  9   a.  m.  by  Drs.  Brown.  ^A'ilson.  and  Anderson. 
Dull  aching  pains  in  head  and  back:  muscular  soreness  more  marked. 

Mind  clear,  slight  nausea,  constipated.  Spots  darker  in  color,  but  not 

increased  in  number:  disappear  slowly  on  pressure  and  return  slowly 

when  pressure  is  removed. 

Red  blood  corpus  ?les     4,  723,  000  (?  * 

Leucocytes     10,  400 

Hemoglobin   percent..  70 

Fresh  blood  .shows  a   few  intracorpuscular  organi.-ms  of  the  single 

oval  form.  A   preparation  stained  with  Wright's  stain,  followed  by 

Loffier's  methylene  blue,  showed  a   large  single  oval  parasite  in  a   red 
cell. 

May  20,  visited  at  9   a.  ni.  by  Drs.  Cndenson  and  Wilson.  Head- 

ache and  muscular  .soreness  more  intense.  Complains  of  pain  in 

bones  and  joints.  Had  nose  bleed  during  the  night.  Conjunctivte 

congested  and  slightly  jaundiced.  Mind  clear. 

Red  blood  corpuscles     4.  452, 000 

Leucocytes     8,  400 

Hemoglobin   per  cent . .   66 

Xot  as  many  organisms  found  in  fresh  blood.  Xo  albumin  or  casts 
in  urine. 

May  21.  seen  by  Drs.  Anderson  and  Brown.  Complains  of  ringing 

in  ears.  Headache  and  muscular  soreness.  Pulse  good  volume. 

Spleen  about  1   inch  below  lower  border  of  ribs.  Liver  slightly 

enlarged.  Spots  rather  brighter  in  color  than  yesterday.  Blood 

examination  not  permitted.  Xo  albumin  or  casts  in  urine. 

May  22.  visited  at  9   a.  m.  by  Drs.  Brown.  Chowning.  and  Ander- 

son. Had  slept  fairly  well  during  night.  Felt  better.  Temperature 

lower.  Conjunctivte  more  congested  and  jaundiced.  Xosebleed  for 
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short  time  dnrino*  the  night.  Spots  brighter  in  color.  Pulse  good 
volume. 

Ke<l  blood  corpuscles 

Hemoglobin     

No  albumin  in  urine. 

May  23,  seen  at  9   a.  m.  b}"  Drs.  Brown  and  Anderson.  Says  she 
feels  much  better;  slept  well;  wants  to  eat.  Bowels  moved  naturally 

during  night.  Xo  pain  in  head  or  back.  Spots  bright,  but  still  do 

not  disappear  on  pressure.  Temperature  99^,  pulse  lOJ:. 

Red  blood  corpuscles  -   -   -     3,  772,  000 

H emoglobin   -   per  cent . .   62 

Xo  albumin  in  urine. 

May  2d,  visited  at  9   a.  m.  b}"  Drs.  Brown,  Anderson,  and  Chown- 

ing.  Sa}"s  she  feels  all  right.  Spots  bright  red  and  a   few  disappear 
slowly  on  pressure.  On  account  of  disappearance  of  tan  on  face  a 

few  were  noticed  there  for  the  first  time.  Conjunctivse  still  jaundiced. 

May  25,  seen  at  9   a.  m.  by  Drs.  Brown  and  Anderson.  Says  she  is 

hungry;  feels  stronger;  slept  well.  Xormal  temperature  for  first 
time. 

Red  blood  corpuscles     4,  200,  000 

Hemoglobin   per  cent . .   62 

Spots  beginning  to  fade.  Patient  was  visited  by  Drs.  Brown  and 

Anderson  until  May  30,  but  other  than  the  gradual  return  of  strength 

and  slow  disappearance  of  the  spots  and  jaundice,  nothing  was  noted. 

Xo  further  blood  examinations  were  permitted  after  the  25th.  Blood 

taken  on  the  seventh  and  twelfth  da}’S  of  the  illness  did  not  give  posi- 
tive Widal  reaction  in  a   dilution  of  1:20. 

Treatment:  On  admission  a   cathartic  was  given  and  l^owels  were 

kept  open  each  day  with  medicine  or  enema.  On  May  IT  treatment 

was  given  of  calcium  sulphide,  and,  at  the  suggestion  of  Drs.  Anderson 

and  MTlson,  quinine  sulphate  (2.6  grams)  every  twent}"-four  hours  was 
given  and  continued  until  recoveiw.  The  room  was  kept  dark  and 

warm  sponge  baths  given  about  three  times  daily.  These  seemed  to 

act  especially  well  in  relieving  the  congestion  of  the  skin  and  allaying 

restlessness,  and  after  each  bath  it  was  noted  that  the  spots  lost  their 

dark  appearance  and  became  much  brighter.  The  patient  was  allowed 

milk,  broths,  eggnogs,  and  occasionally  soft  toast. 

          4,  220,  000 

per  cent . .   60 
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MORBID  ANATOMY. 

The  following  summary  of  the  post-mortem  appearances  of  the 
disease  are  based  on  the  findings  in  seven  eases  from  the  Bitter  Root 

Valley. 

Rigor  mortis. — Usualh^  intense  and  appears  early. 

Skin. — Jaundiced,  sometimes  deeply.  One  or  more  wounds  appar- 

ently caused  by  tick  bites  usualh^  present.  The  skin  has  a   marbled 

appearance,  well  shown  by  the  cut  on  page  23.  On  the  non-dependent 

parts  of  the  body  spots,  petechial  in  character,  from  bright  red  to 

dark  purple  in  color  and  from  1   to  3   cm.  in  diameter;  most  abundant 

on  wrists,  ankles,  arms,  and  back.  The  capillaries  are  congested; 

minute  extravasation  in  the  rete  extending  into  the  stratum  mucosum. 

JTervous  .system. — The  cerebral  and  spinal  meninges  are  normal 

except  for  slight  h\^postatic  congestion.  Xo  increase  in  fluid.  The 
brain  and  spinal  substance  normal. 

Respiratory  organs. — Pleurae  normal  and  do  not  contain  excess  of 

fluid.  Lungs  show  h3^postatic  congestion;  occasionalh^  pneumonia. 

Circulatory  system. — Pericardium  normal.  A   few  small  petechial 
hemorrhages  under  the  epicardium  over  left  ventricle  were  constantly 

found.  The  heart  muscle  is  flabbv,  softened,  and  pale.  Right  heart 

full  of  blood;  left,  contracted  and  empt}'.  The  nuclei  are  faintlv 
stained;  libers  granular  and  fragmented. 

Digestive  6>/y/u/?6'.— Stomach  normal.  Small  and  large  intestines 

normal  in  appearance  throughout;  Pe^^er's  patches  rather  pale  in  color. 
INlesenteric  and  retroperitoneal  glands  not  enlarged.  Spleen  usaally 

dark  purple  in  color,  soft,  diffluent,  aiid  from  three  to  four  times  its 

normal  weight;  vessels  engorged  with  blood;  manv  mononuclear  leu- 

cocvtes  containing  from  one  to  four  red  corpuscles;  no  free  pigment. 

Liver  enlarged,  fattv,  and  in  portions  areas  outlined  bv  bile  pigment; 

sections  usualL  show  an  advanced  degree  of  fattv  inflltration;  bile 

capillaries  full.  Pancreas  about  twice  its  normal  weight. 

Kidneys. — Enlarged;  capsule  usualA  not  adherent.  Small  subcap- 
sular  hemorrhages  on  ventral  surface.  On  section,  congested  and 

swollen  cortex;  pvrainids  well  outlined  and  deej:)  red  color.  Small 

hemorrhages  in  pelvis.  Microscopicallv  there  are  minute  extravasa- 
tions of  blood  in  cortex  and  under  the  capsule;  veins  tilled  with  blood. 

Nuclei  of  the  convoluted  tubules  stain  poorh-  cells  granular  and  in 

some  places  detached;  newl}^  formed  casts  in  tubules.  Bladder  normal 
and  usuallv  with  small  amount  of  dark  urine. 

PROGNOSIS. 

Of  121  cases  which  have  occurred  in  or  near  the  Bitter  Root  Valiev, 

81:  died,  giving  a   case  inortaliL^  of  about  TO  per  cent.  The  mortalitv 

varies  within  narrow  limits  from  vear  to  vear,  some  }’ears  as  man^^  as 
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90  per  cent  of  those  attacked  dying.  The  cases  which  have  occurred 

near  Bridger,  Mont.,  show  about  the  same  mortality.  Death  usually 

occurs  between  the  sixth  and  the  twelfth  da}x  The  abundance  of  the 

eruption  apparently  bears  no  relation  to  the  severity  of  the  disease. 

The  disease  in  Nevada  and  Idaho  is  not  nearly  as  fatal  as  in  Montana. 

Dr.  Maxey  says  of  the  Idaho  cases: 

The  prognosis  in  spotted  fever  is,  as  a   rule,  very  favorable  if  the  patient  is  trans- 
ferred to  the  lower  valleys  where  he  can  have  home  comforts  and  proper  care.  The 

disease  seems  to  be  more  malignant  in  some  localities  than  it  is  in  others,  and  in  one 

year  than  in  another. 

DIAGNOSIS. 

Cases  occurring  in  the  infected  localities  and  presenting  a   history  of 

tick  bites,  chill,  pain  in  head  and  back,  muscular  soreness,  constipation, 

macular  eruption,  first  on  the  wrists  and  ankles,  appearing  on  the 

third  da}"  of  illness,  becoming  petechial  in  character,  do  not  present 

much  difficulty  in  diagnosing  spotted  (tick)  fever.  A   blood  examina- 

tion should  be  made  in  all  suspicious  cases.  There  are  five  diseases 

which  might  cause  some  difficulty  in  differentiating  them  from  spotted 
fever. 

DEXGUE. 

This  is  a   disease  of  tropical  and  subtropical  countries,  whereas  spot- 

ted fever  occurs  at  an  elevation  of  from  3,000  to  d,000  feet  above  sea 

level.  The  swollen  joints,  pleomorphic  eruption  over  the  joints, 

never  petechial,  apyretic  period,  and  short  course  of  the  disease  would 

differentiate  it  from  spotted  fever. 

CEREBRO-SPIXAL  MEXIXGITIS. 

The  stiffness  of  the  muscles  of  the  neck,  photophobia,  sensitiveness 

to  sudden  noises,  headache,  and  rigidity  of  the  muscles  of  the  back 

and  neck,  with  the  not  altogether  constant  irregularly  situated  rash, 
should  not  cause  much  trouble. 

PEEIOSIS  RHEUWATICA. 

In  this  disease  the  sore  throat,  multiple  arthritis  with  purpura  and 

urticaria,  and  comparative  rarity  of  the  disease,  offer  a   sufficiently 

distinct  clinical  picture. 

TYPHOID  FEVER. 

Clinically  this  disease  closely  resembles  spotted  fever,  but  the  rose 

spots  appearing  first  on  the  abdomen — papular  in  character — diarrhea, 

AVidal  reaction,  and  presence  of  the  typhoid  bacilli  in  cultures  from 

the  blood  of  typhoid  fever,  and  the  presence  of  parasites  in  the  red 

blood  cells  of  spotted  fever,  suffice  to  separate  distinct!}"  the  two 
diseases. 
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TYPHUS  FEVER. 

Spotted  (tick)  fever,  I   think,  more  closely  resembles  typhus  fever  than 

any  other  disease,  and  cases  of  typhus  fever  occurring  in  a   locality  in 

which  spotted  fever  pi’e vails  would,  without  a   blood  examination  and 
close  bedside  observation,  cause  much  trouble  in  diagnosis.  In  typhus 

we  have  the  longer  period  of  incubation,  absence  of  a   histoiy  of  tick 

bites,  the  eruption  which  first  appears  on  the  abdomen  and  chest,  its 

intensely  contagious  character,  especially  prevalent  in  the  winter 

months,  not  limited  to  a   short  time  in  the  spring,  and  marked  nervous 

symptoms.  As  before  mentioned,  two  cases  of  spotted  fever  have 

never  been  known  to  occur  in  the  same  famil}-  the  same  season,  thus 

conclusive!}"  showing  the  noncontagious  character  of  the  disease. 

TREATMENT. 

Until  the  past  season  the  treatment  of  the  disease  has  been  purel}" 
symptomatic,  but  after  the  discovery  of  the  parasite  Dr.  Wilson  and 

the  writer  suggested  the  use  of  quinine  in  large  doses,  preferabW 

hypodermatically.  In  five  cases  in  which  it  was  used  systematically 

and  in  large  doses  the  results  were  most  happy,  all  recovering.  Fiv^e 
cases  which  did  not  have  the  treatment  died.  Of  course,  10  cases  is 

too  small  a   number  on  which  to  base  very  positive  conclusions,  ))ut  I 

hope  that  the  use  of  quinine  will  be  followed  in  the  future  treatment 
of  the  disease. 

Quinine  bimuriate,  1   gram,  should  be  given  hypoderniaticall}"  eveiy 
six  hours.  If  there  is  great  objection  to  the  use  of  the  needle,  the 

sulphate,  1   gram,  every  four  hours  may  be  given  bv  mouth;  but  the 

irritable  condition  of  the  stomach  at  times  may  prevent.  The  use  of 

quinine  should  l>e  begun  as  soon  as  the  diagnosis  is  made  and  persisted 

with  in  decreasing  doses  as  convalescence  begins. 

Some  of  the  A^alley  ply^sicians  seemed  to  fear  that  quinine  depressed 
the  heart  and  caused  nervous  symptoms;  but  I   am  of  the  opinion  that 

the  great  good  the  drug  does  more  than  counterbalances  these  efi'ects. 
I   strongly  advise  the  early  and  continuous  use  of  large  doses  of 

quinine. 

Some  physicians  speak  well  of  calcium  sulphide,  and  others  of 
creosote. 

The  heart  should  be  supported  with  strychnine,  whisky,  or  other 

appropriate  cardiac  stimulants. 

For  the  severe  pain  in  the  head  and  back  during  the  first  week 

Dover’s  powders  or  morphine  sulphate  may  be  used.  The  patient 
should  be  encouraged  to  drink  large  quantities  of  water  to  flush  out 

the  kidneys.  For  the  fever,  warm  sponge  baths  or  packs  are  useful  J 

and  refreshing  to  the  patient.  After  a   bath  the  spots  lose  their  dark  ! 
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color  and  become  much  brighter.  The  room  should  be  kept  dark  and 

as  free  from  noise  as  possible. 

Milk,  buttermilk,  broths,  soft  eggs,  and  soft  toast  may  all  be 

allowed.  The  whisky  may  be  administered  in  an  eggnog. 

As  soon  as  a   person  is  bitten  by  a   tick  the  insect  should  be  removed 

and  the  place  cauterized  with  95  per  cent  carbolic  acid.  There  is 

sometimes  difficulty  in  removing  the  tick;  but  by  applying  ammonia, 

tur^Dentine,  kerosene,  or  carbolized  vaseline  it  can  usualA  be  detached 
without  trouble. 

The  disease,  considered  from  a   public-health  standpoint,  is  of  much 

greater  importance  than  was  thought  until  recently.  On  account  of 

its  high  mortality  in  the  Bitter  Boot  district  attention  has  been 

focused  there,  but  on  investigation  the  disease  was  found  to  be  spread 

over  a   large  area.  The  mortality,  for  some  unknown  reason,  is  greath^ 

higher  in  Montana  than  in  the  other  States.  The  disease  is  not  much 

dreaded  in  Idaho  or  in  Nevada,  but  the  terror  it  excites  in  the  Bitter 

Root  Yalle}^  is  great.  If,  as  seems  veiy  probable  and  almost  proved, 
the  tick  is  the  means  by  which  the  disease  is  spread,  the  question  of 

the  prevention  of  the  disease  resolves  itself  into  the  destruction  of  the 

ticks.  This  is  an  almost  impossible  task  over  such  a   large  area, 

especialh'  of  such  Availed  topography.  When  conditions  Avill  permit, 
burning  the  undergrowth  and  stubble  Avill  be  an  effectWe  method  for 

the  destruction  of  ticks.  This  ma}^  be  done  either  in  the  earW  fall  or 
preferably  in  the  early  spring,  Avhen  the  ticks  are  just  beginning  to 
move  about. 



PLATE  1. 

Drawn  with  Abbe  draM'ing  camera.  Stained  with  Wright’s  stain,  followed  by 
Loeffler’s  blue.  X   750. 

Fig.  1.  Small  form  of  the  parasite  found  in  one  field. 

Fig.  2.  The  same,  another  field. 

Fig.  3.  Showing  parasite  with  central  stained  spot  surrounded  by  vacuaole. 
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PLATE  n. 

Fresh  blood  drawn  with  Ahhe  drawing  camera. 

Figs.  4   and  5.  Small  form  of  the  parasite.  X   t)65. 

Fig.  6.  Large  form.  X   665. 

Figs.  7   and  8.  Single  form  of  the  parasite.  X   1,000. 
Fig.  9.  Double  form  of  the  parasite.  X   1,000. 
Fig.  10.  One  field  showing  two  infected  corpuscles.  X   665. 
Fig.  11.  One  field  showing  a   corpuscle  with  a   large  and  small  parasite.  X   1,000. 
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APPENDIX. 

A   REPORT  OF  TWO  CASES  OF  "SPOTTED  FEVER.” 
By  Dr.  G.  A.  Gates, 

Bi'idger,  Mont. 

CASE  I. 

On  May  29.  ̂ 898,  I   was  called  to  see  L.  M..  at  Thermopolis.  Wyo. 

Patient  was  a   male,  white,  aged  23  years,  sandy  or  red  hair,  rather 

spare  built;  had  come  from  Iowa  about  three  months  previous  to 

present  attack.  He  became  ill  while  traveling-  overland  from  Lander 
to  Thermopolis,  Myo.  Having  camped  out  several  nights  during  the 

journey,  on  one  or  two  occasions  his  bedding  became  thoroughly  wet 

from  the  heavy  rains  of  that  season. 

When  first  seen  patient's  face  was  deeply  flushed,  eyes  bright,  skin 
hot  and  dry,  with  a   beginning  petechia  on  the  forehead,  back  of  bands, 

wrists,  and  ankles.  Headache,  thirst,  slightly  sore  throat,  and  a   sore- 

ness of  muscles  and  aching  throughout  the  body  were  complained  of 

by  the  patient.  Temperature  lO-f"  F.,  pulse  120.  urine  highly  col- 
ored, no  albumin.  Complete  loss  of  appetite :   no  other  gastro-intestinal 

symptoms. 

Patient  was  given  small  doses  of  aconite  and  spirit  of  nitrous  ether 
and  small  doses  of  alcohol  until  fever  was  reduced  and  bowels  moved 

freely. 

This  was  followed  by  a   prescription  containing  salol.  hydrate  of 

chloral,  with  soda  bicarbonate,  caffein  citrate,  and  pepsin,  combined 

in  a   powder  and  gWen  ev'ery  four  or  six  hours.  Patient  was  sponged 
with  cool  or  cold  water,  as  needed  for  high  temperature,  and  placed  on 

a   diet  of  milk,  gruel,  raw  eggs,  and  whisky. 

The  fever  ran  an  irregular  course,  with  great  vwiriation.  reaching  at 

times  a   temperature  of  lOd.5^  F.  and  again  sinking  to  97'  F.  This  low 
temperature  was  observed  during  the  last  of  the  first  week  of  the 

disease,  at  which  time  patient  was  in  a   state  of  collapse,  being  almost 

pulseless  and  having  a   hard  chill  at  the  time. 

Slight  albuminuria  appeared  during  the  second  week. 

Delirium  was  very  slight:  patient  could  be  aroused  at  any  time. 

Fever  gradually  subsided  after  eighteen  days. 48 
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The  petechia  increased  in  size  and  number  very  rapidly  during  the 

first  two  weeks,  forming  large,  irregularl}"  shaped  spots  from  the  size 

of  a   little  finger  nail  to  sjjots  one-half  b}-  one-half  inch  in  size.  These 

spots  darkened  in  color,  becoming  bluish,  with  a   surrounding  j^ellow 
tinge.  The  spots  were  slow  in  disappearing,  some  traces  of  them 

being  visible  seven  months  after  recovery. 

CASE  8. 

Mrs.  H.,  white,  aged  67  years,  was  bitten  by  a   tick  May  4   and  8, 

the  tick  being  removed  from  the  left  thigh  on  May  8,  1903.  The  spe- 

cies of  ticks  to  which  this  one  belonged  is  said  to  have  been  brought 

to  this  section  of  country  by  sheep  from  Bozeman  or  vicinity.  This 

tick  is  recognized  by  having  a   grayish  or  whitish  spot  on  the  back  of 

the  head.  The  tick  which  bit  patient  came  from  near  the  mouth  of  Diy 

Creek,  on  the  west  side  of  the  Clarke  Fork  River,  7   miles  south  of 

Bridger. 

Patient  first  complained  of  feeling  ill  on  May  9.  She  complained  of 

headache,  tired  feeling,  general  soreness  of  the  muscles,  and  loss  of 

appetite. 

I   saw  patient  first  May  11.  Temperature  103,  pulse  104,  cheeks 

flushed,  tongue  white  coat  on  sides,  rather  dry.  Quite  severe  headache 

and  tired  feeling  were  the  only  subjective  symptoms.  Urine  dark; 

on  examination  showed  slight  amount  of  albumin  and  some  hyaline 

and  granular  blood  casts  and  numerous  bacteria;  the  quantit}"  for  fol- 

lowing twenty-four  hours  was  32  ounces;  the  quantity  gradually 
diminished  from  this  time  until  two  days  before  death,  when  there 

was  complete  anuria.  Red  and  white  blood  cells,  with  an  enormous 

number  of  granular,  blood,  and  epithelial  casts,  were  present  in  last 

samples  of  urine  obtained. 

During  the  12th  and  13th  temperature  varied  from  101  to  103.5  F. 

On  the  14th  it  rose  to  104.4,  slowly  dropping  to  101  on  the  morning 

of  the  17th,  where  it  remained  until  death. 

Food  and  medicine  were  taken  well  until  the  last  thirt3"-six  hours. 

Vomiting  occurred  once.  A   number  of  wateiy  evacuations  were  pro- 
duced bv  the  action  of  elaterium. 

Rectal  and  subcutaneous  injections  of  normal  saline  solution  were 

given.  The  combined  use  of  the  above  and  hot  packs,  together  with 

hot  elder  water  and  liquor  ammonii  acetatis  internalhy  produced  onh^ 
slight  diaphoresis,  and  that  niostU  about  the  head. 

On  the  loth  petechial  eruption  began  to  make  its  appearance  upon 

the  buttocks,  back,  and  thighs.  These  increased  in  number  and  size 

until  every  portion  of  the  body  was  covered,  though  but  little  show- 

ing on  the  face.  The}"  seemed  to  be  subcutaneous  or  intracutaneous 
extravasations  of  blood,  rapidU  darkening  in  color. 
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There  seemed  to  be  a   profound  impression  on  the  nervous  system 

from  the  very  first  S3miptoms  of  the  disease.  Muttering  delirium,  and 

a   semicomatose  condition,  from  vrhich  the  patient  could  be  roused  onlv 

with  much  effort,  w^ere  earh'  and  prominent  svmptoms. 
Respiration  varied  from  30  to  dO  per  minute  throughout  the  course 

of  the  disease  and  continued  until  after  all  signs  of  heart  action  had 
ceased. 

Highest  pulse  rate  observed  was  186  per  minute. 

Patient  died  on  the  morning  of  May  19  about  1   a.  m. 

This  case  was  also  seen  b}"  Dr.  elohnson,  of  this  place,  and  Dr.  Lutz, 
of  Red  Lodge,  in  consultation  wdth  me. 

o 
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NOTICE  TO  LIBRARIANS  AND  BIBLIOGRAPHERS,  CONCERNING  THE  SERIAL 

PUBLICATIONS  OF  THIS  SERVICE. 

The  Hygienic  Laboratory  was  established  in  New  York,  at  the  Marine  Hospital  on 
Staten  Island,  August,  1887.  It  was  transferred  to  Washington,  with  quarters  in  the 
Butler  Building,  June  11,  1891,  and  a   new  laboratory  building,  to  be  located  in 
Washington,  was  authorized  by  act  of  Congress,  March  3,  1901. 

The  following  bulletins  [Bull.  Nos.  1-7,  1900  to  1902,  Hyg.  Lab.,  U.  S.  Mar.-Hosp. 
Serv.,  Wash.]  have  been  issued: 

No.  1. — Preliminary  note  on  the  viability  of  the  Bacillus  pestis.  By  M.  J.  Eosenau. 
No.  2. — Formalin  disinfection  of  baggage  without  apparatus.  By  M.  J.  Eosenau. 

No.  3. — Sulphur  dioxide  as  a   germicidal  agent.  By  H.  D.  Geddings. 
No.  4. — Viability  of  the  Bacillus  pestis.  By  M.  J.  Eosenau. 

No.  5. — An  investigation  of  a   pathogenic  microbe  {B.  typhi  murium  Danyz)  applied 
to  the  destruction  of  rats.  By  M.  J.  Eosenau. 

No.  6. — Disinfection  against  mosquitoes  with  formaldehyd  and  sulphur  dioxid. 
Bv  IM.  J.  Eosenau. 

No.  7. — Laboratory  technique:  Eing  test  for  indol,  by  S.  B.  Grubbs  and  Edward 
Francis;  Collodium  sacs,  by  S.  B.  Grubbs  and  Edward  Francis;  Microphotography 
with  simple  apparatus,  bv  H.  B,  Parker. 

By  act  of  Congress,  approved  Julyl,  1902,  the  name  of  the  “L^nited  States  Marine- 
Hospital  Service”  was  changed  to  the  “Public  Health  and  Marine-Hospital  Sendee 

of  the  United  States,”  and  three  new  didsions  were  added  to  the  Hygienic  Laboratory. 
Since  the  change  of  name  of  the  service  the  bulletins  of  the  Hygienic  Laboratory 

have  l^een  continued  in  the  same  numerical  order,  as  follows:  “ 

No.  8. — Laboratory  course  in  bacteriology’  and  pathology.  By  M.  J.  Eosenau. 
No.  9. — Presence  of  tetanus  in  commercial  gelatin.  By  John  F.  Anderson. 

No.  10. — Eeport  ux>on  the  prevalence  and  geographic  distribution  of  hookworm 

disease  (uncinariasis  or  anchylostomiasis)  in  the  I'nited  States.  By  Ch.  Wardell Stiles. 

No.  11. — Experimental  investigation  of  Trypanosoma  Leivisi.  By  Edward  Francis. 

No.  12. — The  bacteriological  impurities  of  vaccine  virus;  an  experimental  study. 
By  M.  J.  Eosenau.  a 

No.  13. — A   statistical  study  of  the  intestinal  parasites  of  500  white  male  patients  at 

the  L^nited  States  Government  Hospital  for  the  Insane;  by  Philip  E.  Garrison,  Bray- 
ton  H.  Eansom,  and  Earle  C.  Stevenson.  A   parasitic  roundworm  {Agamomermis 
culicis  n.  g.,  n.  sp.)  in  American  mosquitoes  ( Cule^c  sollicitajhs) ;   by  Ch.  Wardell  Stiles. 

The  type  species  of  the  cestode  genus  Hymenolepis;  by  Ch.  Wardell  Stiles. 

No.  14. — Spotted  fever  (tick  fever)  of  the  Eocky  3Ioun tains;  a   new  disease.  By 
John  F.  Anderson. 

No.  15. — Inefficiency  of  ferrous  sulphate  as  an  antiseptic  and  germicide.  By  Allan 
J.  McLaughlin. 

In  citing  these  bulletins,  l>eginning  with  No.  8,  bibliographers  and  authors  are 

requested  to  adopt  the  following  abbreviations:  Bull.  No.    ,   Hyg.  Lab.,  U.  S. 
Pub.  Health  &   Mar.-Hosp.  Serv.,  Wash.,  pp.   . 

MAILING  LIST. 

The  Lalx>ratory  will  enter  into  exchange  of  publications  with  medical  and  scientific 

organizations,  societies,  laboratories,  journals,  and  authors.  Its  publications  will  also 

be  sent  to  nonpublishing  societies  and  indi\’iduals  in  case  sufficient  reason  can  be 
shown  why  such  societies  or  indi^’iduals  should  receive  them.  All  applications  for 

these  publications  should  be  addressed  to  the  “Surgeon-General,  U.  S.  Public  Health 
and  Marine-Hospital  Ser\’ice,  Washington,  D.  C.” 
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KEFFICIESCY  OF  FERROUS  SULPHITE  AS  AX  ANTISEPTIC  AND  GERMICIDE. 

By  Allax  J.  McLaughlin, 

Assistant  Surgeon,  Public  Health  and  Harine- Hospital  Service. 

Ferrous  sulphate,  green  sulphate  of  iron,  green  vitriol,  or  copperas, 

are  the  various  names  of  a   chemical  substance  that  has  long  been 

used  extensively  for  the  disinfection  of  animal  excreta.  It  has  been 

popular  among  the  laity  because  of  its  cheapness  and  ease  of  appli- 

cation as  a   disinfectant  and  deodorant  for  privy  vaults,  etc.  It  has 

official  recognition  in  the  French  army  as  a   disinfectant  for  latrines. 

The  literature  upon  the  subject  is  scanty  and  in  some  instances 

contradictory. 

Chevalier  reviewed  a   paper  by  Schattenman,  read  before  the  Paris 

Academy  of  Sciences  in  ISLG.  in  which  Schattenman  set  forth  that  2 

or  3   kilograms  of  ferrous  sulphate  were  necessary  to  disinfect  100 
liters  of  fecal  matter.  He  laid  stress  on  the  fact  that  an  intimate 

mixture  must  be  made  of  the  fecal  matter  and  ferrous  sulphate 
solution. 

Koch  found  that  a   5   per  cent  solution  failed  to  de.stroy  anthrax 

spores  in  six  days. 

Miquel  classes  ferrous  sulphate  as  a   moderateh^  antiseptic  substance. 
A   proportion  of  1:90  was  required  to  restrain  putrefaction. 

Rideal  .says: 

The  sulphates  are  not  perceptibly  antiseptic.  Those  of  iron,  mercury,  and  some 

other  metals  depend  for  their  power  on  the  amount  of  the  base  present,  and  not  on 
the  acid. 

Bergey  says: 

It  [ferrous  sulphate]  is  not  a   strong  disinfectant,  but  it  is  ser^uceable  as  a   deodor- 
ant. It  should  be  used  in  the  proportion  of  1   kilogram  (dissolved  in  10  liters  of 

water)  to  a   cubic  meter  of  the  contents  of  the  vault. 

Munson  says: 

The  properties  of  ferrous  sulphate  which  render  it  useful  for  purposes  of  disin- 

fection depend  upon  its  tendency  to  appropriate  oxygen  and  so  become  converted 

into  the  ferric  sulphate.  These  qualities,  however,  must  be  considered  as  antiseptic 

rather  than  disinfectant,  since,  according  to  Laveran,  the  addition  of  even  5   or  6 

per  cent  of  the  salt  to  fecal  matter  is  unable  uniformly  to  affect  the  sterilization  of 

the  latter.  Sulphate  of  iron  is  used  only  in  solution,  the  amount  of  the  iron  salt  to 

be  daily  employed  depending  upon  the  estimated  increment  of  the  fresh  fecal  matter 

rather  than  upon  any  particular  strength  of  the  solution.  Should  the  contents  of  the 

latrine  be  semifluid,  the  solution  of  sulphate  of  iron  may  with  advantage  be  made 

up  with  but  a   small  proportion  of  water,  since  for  efficiency  a   high  proportion  of 
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ferrous  sulpliate  should  be  brought  into  direct  contact  with  the  excreta.  In  practice, 

a   proportion  of  five  parts  of  the  iron  salt  in  each  hundred  of  the  total  contents  of  the 

latrine  vault  should  be  considered  as  essential  to  efficiency.  In  the  French  army 

ferrous  sulphate  is  much  used  for  the  disinfection  of  latrines  in  a   10  per  cent  solutiou  , 

It  is  officially  laid  down  that  at  least  250  c.  c.  of  such  a   solution  should  be  used  per  ; 

day  for  each  person  using  the  latrine. 

Sternberg  found  that  a   solution  of  20  per  cent  failed  to  destroy  > 

micrococci  and  putrefactive  bacteria  (18S3).  Later  he  found  that  10  i 

per  cent  failed  to  kill  pus  cocci,  but  was  fatal  to  micrococcus  tetrag-  | 

enous — two  hours'  exposure.  He  also  found  that  1:  200  prevented  the 
development  of  micrococci  and  of  putrefactive  bacteria  in  bouillon 

placed  in  the  incubator  for  forty-eight  hours. 

Jitger  ®   found  that  a   solution  of  1:  3   destroyed  the  infective  virulence  ' 
of  some  pathogenic  organisms  (fowl  cholera,  rothlauf.  glanders),  as 

tested  by  injection  into  mice,  but  failed  to  kill  anthrax  spores  and 
tubercle  bacilli. 

Leitz  ̂    found  that  a   5   per  cent  solution  required  three  days*  exposure 
for  the  destruction  of  the  typhoid  bacillus. 

In  a   series  of  experiments  bearing-  upon  the  disinfection  of  feces. 

Foote  mixed  decomposing  urine  with  feces.  1   part  feces  to  two-thirds 
of  its  bulk  of  urine.  Five  hundred  c.  c.  of  the  disinfectant  mixture 

(ferrous  sulphate  i   xviii,  water  1   gallon)  was  added  to  250  c.  c.  of 

the  feces-urine  mixture  and  the  two  thoroughly  mixed.  Inoculations 

of  one  platinum  loopful  were  made  from  the  mixture  into  gelatin  and 

bouillon  after  one  hour,  four  hours,  and  forty-eight  hours  of  action. 

The  sulphate  of  iron  solution  had  little  if  any  effect.  Even  after 

forty-eight  hours'  action  the  colonies  upon  the  gelatin  plates  were 
innimierable  and  a   profuse  growth  appeared  in  the  bouillon  tubes. 

In  order  to  ascertain  the  antiseptic  and  disinfectant  value  of  ferrous 

sulphate  a   number  of  experiments  were  carried  out  with  the  results 

shown  in  the  following  tables: 

ANTISEPTIC  POWER  OF  FERROUS  SULPHATE. 

Table  I. 

Bouillou  with  the  addition  of  ferrous  sulphate  in  various  percentages  contaminated 

by  the  addition  of  a   small  quantity  of  garden  earth.  Kept  at  room  temperature. 

Proportion  of  fer- 
rous' sulphate. 

First  day. Second  day. Third  day. Tenth  day. Twenty-first 

day. 

li-JOO   
1:1-50     
1   -lOO   
1 :   -50   
1:40   
1:30   

V erv  foul  odor. . . 
  do   
  do   
Foul  odor   
Xo  odor   
  do   

.   Verv' foul  odor 

.   Xo  odor   
    do   

Foul  odor   
  do     

t   -2n do No  odor  .   .   . Faint  odor   Foul  odor. 
1:20     do       do     do     .   Xo  odor   Xo  odor. 
1:1-5   -   do     do     do   Do. 
1.10        do       do     do   

  do   ; 
Do. 

1.5       do   
i 

  do   Do. 

«   Cited  by  Sternberg. 
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Table  IT. 

Bouillon  with  the  addition  of  ferrous  sulphate  in  various  percentages  contaminated 

i   by  the  addition  of  a   small  quantity  of  garden  earth.  Kept  in  the  incubator. 

^1  ̂   ^     
Proportion  of  fer- 

rous sulphate. 
First  day. Second  day. Third  day. Fifth  day. Fourteenth 

day. 

1   •   9on 

No  odor. 

J.  .   ZuU 
1:150    
1   •   inn 

Foul  odor 
tin 

1   •   ̂n odor Foul  odor  .... 

1   

1   .   OU      
rio do    ±   ,   oO   

1   •   ̂n do do   1 

1   •   9^ rio No  odor   Foul  odor   1   .   ZO     

1   -9n 
do        do   No  odor   Foul  odor   

  do   
No  odor   

1-9??   do  . . .   ̂     do   

hb
b 

O   O 1-90      do     do   

GERMICIDAL  ACTION  OF  FERROUS  SULPHATE. 

:   I   Forty-eight  hour  bouillon  cultures  of  B.  typhosus,  B.  coli  communis,  B.  pyocyaneus, 

II  vibrio  cholera  Asiat.,  strong  aqueous  suspensions  from  forty-eight  hour  cultures  on 
'   agar  of  B.  anthracis,  B.  subtilis,  Staphyl.  pyog.  aureus  and  albus,  and  a   strong  sus- 

pension  of  a   forty-eight  hour  growth  of  B.  diphtheria  on  blood  serum  were  used  to 

contaminate  slips  of  filter  paper,  silk  threads,  and  glass  cover  slips.  After  being  con- 

^ .   taminated  by  the  culture  the  paper  slips,  silk  thread  and  cover  slips  were  placed  in 

I,  the  incubator  until  they  were  almost  dry  (in  the  case  of  anthrax  and  subtilis  they 

i ,   were  allowed  to  dry  completely),  then  the  disinfecting  agent  was  applied  for  definite 

periods,  its  action  stopped  by  careful  washing  in  sterile  water,  the  slips  and  threads 

planted  in  bouillon  and  placed  in  the  incubator  for  forty-eight  hours. 

Table  III. — Infected  material,  filter  paper. 

Result  after  application  of  sat.  sol.  of  ferrous  sulphate. 
Organism  employed. 

1   5   minutes. 

10  minutes. ' 

20  minutes.  30  minutes. 45  minutes. 60  minutes. 

B.  anthracis     

-F 

+ + + + 

4-
 

B.  subtilis   + + 

-f- 
+ 

4-
 

4-
 

B.  tvphosus   
-f- 

+ 

-r 

4-
 

4-
 

B.  coli  communis   .'  4- 
+ + 

-f 

4-
 

4-
 

B.  pvocvaneus   

-1- 

-4 

4 

1   4- 

Yib.  cholera  Asiat   

-s 

-1- + + 

4-
 

1   
4- 

B.  diphtheria   

-r 

i   -f 

+ 

-f 

4-
 

■   4- 
Staphvl.  pvog.  aureus   

O- 

1   + 

-1- + 

4-
 

4- 

Staphvl.  epider.  albus   - 

1  
 +

 

-t- 

4-
 

4-
 

i   4- {   .   Table  IV. — Infected  material,  silk  thread^. 

Result  after  application  of  saturated  solution  of  ferrous  sulphate. 

Organism  employed. 
5   minutes. 10  minutes. 20  minutes.  30  minutes,  j 45  minutes.  60  minutes. 

B.  anthracis   
' 

j 

+   >
 

-   1 

-r  4- B.  subtilis   ; 

4- 

—   -T 

4-  4- B.  tvphosus   
— 

4-
 

•V  — 

4-
 

B.  coli  communis   

-r 

4-
 

-T  -f 

T   '   4- 
B.  pvocvaneus   

-r 

-h 

~r  “T 

4-
 

B.  diphtherise   + 

4-
 

+   + 
4-  4- Vibrio  cholera  Asiat   + 

4-
 

+ 
4-  4- Staphyl.  pyogenes  aureus   

-f 

4-
 

+   -f- 

1   T 
Staphvl.  epider.  albus   * 

1   
^ 
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Table  V. — Infected  material,  glass  cover  slips. 

Result  after  application  of  saturated  solution  of  ferrous  sulphate. 

Organism  employed. 
-5  minutes.  10  minutes.  20  minutes. 30  minutes. 45  minutes.  60  minutes. 

B.  anthracis   
B.  subtilis   -1-  X   _!_ y 

_j_  _L_ B.  tvphosus   
B.  coli  communis   

t   j   I  
 ~ 

y -f-  — 

B.  pvocvaneus   -f  -r  -r 

4- 

+   — 
B.  diph'therise   

4- 

+   — 

Vibrio  cholera  Asiat   J_  -L  -L 

Staphyl.  pyogenes  aureus   
Staphyl.  epider.  albus   

-r  +   4- 

-r  -r  -r 
-   i 

Some  of  the  pathogenic  organisms  tested  (V.  cholera?  and  B.  typho- 

sus) did  not  grow  after  one  hour  exposure  to  the  iron  solution:  but  in 

the  following  experiments  upon  feces  it  will  be  seen  that  Y.  choler^e 

was  recovered  from  feces  after  forty-eight  hours  exposure  to  a 

saturated  solution.  In  the  experiments  upon  feces  the  saturated 

solution  of  ferrous  sulphate  constituted  twice  the  bulk  of  the  feces 

and  was  intimately  mixed  with  it.  and  all  lumps  broken  up  to  make  as 

nearly  as  possible  a   homogeneous  mixture. 

Table  VI. 

Twenty-five  grams  of  feces  thoroughly  mixed  with  twice  its  bulk  (50  c.  c.)  of  a 
saturated  solution  of  ferrous  sulphate.  At  definite  intervals  a   platinum  wire  loopful 

was  planted  in  bouillon  and  placed  in  the  incubator  twenty-four  hours,  with  the 
results  given  below. 

Time  of  exposure  to  iron  solution. 
Result. 

5   minutes   
10  minutes   
20  minutes   

Good  growth. 
Do. 1   Do. 

30  minutes   Do. 
40  minutes   

Do. 

50  minutes   Do. 
1   hour   Do. 
2   hours   Do. 

18  hours   Do. 
24  hours   Do. 
48  hours   Do. 
72  hours   

Do. 

Table  VII. 

Twenty-five  grams  feces  thinned  by  the  addition  of  10  c.  c.  bouillon  culture  of 
pyocyaneus  and  thoroughly  mixed  with  twice  its  bulk  of  a   saturated  solution  of 

ferrous  sulphate.  A   platinum  wire  loopful  of  the  mixture  was  planted  at  definite 

intervals  in  bouillon  and  placed  in  the  incubator  for  twenty-four  hours,  with  the 
result  indicated  below. 

Time  of  exposure  to  iron  solution. Result. 

1   hour . 
2   hours 
3   hours 
4   hours 
5   hours 
6   hours 

24  hours 
4S  hours 
72  hours 

Good  growth. 
Do. 
Do. 
Do. 
Do. Do. 
Do. 
Do. 

Do. 

B.  pyocyaneus  recovered. 



Table  VIII. 

I   A   mixture  of  feces,  thinned  by  the  addition  of  10  c.  c.  of  a   twenty-four-hour 
I,  bouillon  culture  of  Vibrio  cholerae  Asiat.  and  mixed  with  twice  its  bulk  of  a   satu- 

l;  rated  solution  of  ferrous  sulphate,  was  tested  at  stated  intervals  by  taking  out  a 

i   platinum  wire  loopful  and  planting  in  bouillon.  The  results  are  indicated  below. 

Time  of  exposure  to  iron  solution. Result. 

6   hours   •   1 1   Good  growth.  V.  cholerae  recovered. Do. 

Do. Do. 

Do. 
Do. 

24  hours   
26  hours   1   
28  hours   
30  hours   
48  hours   

I   1   Sulphate  of  iron  does  not  show  any  restraining  influence  over  the 

“   development  of  putrefactive  changes  unless  it  constitutes  more  than  2 
per  cent  of  the  mixture.  It  does  not  permanently  restrain  the  devel- 

i-  opment  of  putrefactive  changes  unless  it  constitutes  at  least  5   per  cent 
of  the  mixture. 

'   As  a   germicide  it  has  little  or  no  action,  even  when  applied  under 
'   the  most  favorable  conditions  for  disinfection.  Where  the  material 

'   to  be  disinfected  was  flooded  with  the  agent  in  saturated  solution,  in 
I   nearly  all  experiments,  its  action  was  not  apparent,  and  it  failed  to 

I   disinfect  under  such  favorable  conditions  seven  difl'erent  varieties 
of  pathogenic  organisms  out  of  nine,  after  an  exposure  of  one  hour  to 

'   a   saturated  solution. 
Tested  upon  feces  it  failed  to  disinfect  after  three  days,  although 

I   intimately  mixed  with  the  feces^  and  when  it  was  applied  in  saturated 
i   solution  and  in  double  the  bulk  of  the  material  to  be  disinfected. 

^   It  seems  therefore  that  copperas  or  sulphate  of  iron  is  of  no  real 

.   value  as  a   disinfectant.  The  strongest  solution  has  either  no  disin- 
fectant action  at  all,  or  its  disinfectant  action  is  so  slow  and  uncertain 

that  its  demonstration  might  be  a   matter  of  interest,  but  certainly 

could  not  be  of  practical  value. 
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THE  ANTISEPTIC  AND  GERMICIDAL  PROPERTIES  OF 
GLYCERIN. 

By  Milton  J.  Rosenau,  Director  Hygienic  Laboratory,  Public  Health  and  Marine- 
Hospital  Service. 

INTRODUCTION. 

In  working  upon  the  bacteriology  of  vaccine  virus  it  became  evident 

that  too  much  confidence  was  placed  in  the  germicidal  value  of  glyc- 
erin. In  reviewing  the  literature  upon  the  subject  we  were  somewhat 

surprised  to  learn  how  meager  has  been  the  published  work  upon  this 
important  subject,  especially  in  view  of  the  almost  universal  practice 
of  using  glycerin  to  prepare  and  conserve  vaccine  virus  and  other 
organic  matter. 

Since  Copeman,  in  1891,  devised  the  method  of  mixing  glycerin 
with  vaccine  pulp,  much  work  has  been  done  in  studying  the  effect  of 
glycerin  upon  the  microbial  life  contaminating  bovine  vaccine  virus, 
but  comparatively  little  upon  the  direct  action  of  this  interesting 
substance  upon  definite  pathogenic  and  saprophytic  bacteria.  We 
therefore  made  a   careful  study  of  this  question.  It  has  engaged  our 
attention  during  the  odd  moments  of  the  past  two  years,  in  order  to 

determine  precisely  the  antiseptic  and  germicidal  powers  of  this  impor- 
tant substance.  These  studies  are  now  published  in  detail  at  the 

request  of  several  vaccine  manufacturers,  who  desire  to  make  practical 
use  of  the  results  obtained. 

Our  studies  were  considered  under  three  heads: 

(1)  We  first  determined  the  antiseptic  power  of  glycerin;  that  is, 
its  property  of  restraining  bacterial  growth  and  the  amount  required 
to  prevent  putrefaction  and  fermentation. 

(2)  We  determined  its  exact  germicidal  value;  that  is,  the  amount 
and  time  required  to  destroy  pathogenic  and  saprophytic  bacteria, 

both  spore-bearing  and  nonspore-bearing  varieties. 
(3)  On  account  of  the  great  importance  of  tetanus  as  a   contaminator 

of  vaccine  virus,  we  made  an  extensive  series  of  special  studies  to 
determine  the  effect  of  glycerin  upon  the  spores  of  this  organism. 
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HISTORICAL. 

Glycerin  was  discovered  in  1779  by  Scheele,  a   Swedish  pharmacist, 

in  the  water  which  came  from  a   simple  salve.  He  gave  it  the  name 

of  ‘‘sweet  principle  of  oils.” 
It  is  found  in  a   free  state,  but  exists  principally  in  combination  with 

the  fatty  acids,  forming  compound  ethers,  which  constitute  most  of 

the  animal  and  vegetable  solid  and  liquid  fats. 

Pasteur  showed  that  it  is  constantly  found  in  alcoholic  fermentation, 

it  being  one  of  the  natural  constituents  of  wine,  which  holds  as  much 

as  d   to  7   grams  to  50  liters.  Beer  contains  normally  2   to  3   grams  per  ; 

liter.  (A.  Catillon:  De  la  glycerine.  Paris,  1903.) 

In  1813  Chevreul,  in  a   memorable  work,  showed  that  fatty  sub-  j 
stances  on  assimilating  the  elements  of  water  split  up  into  fatty  acids 

and  glycerin.  This  action  is  brought  about  by  the  influence  of  alkalis,  < 
metallic  oxides,  hydrochloric  and  sulphuric  acids,  by  water  in  a   closed  I 

receptacle  at  a   temperature  of  220°  C.  (Berthelot,  1851),  superheated  ; 
steam,  and  by  certain  ferments,  such  as  pancreatin  (Claude  Bernard). 

In  1851  Berthelot  demonstrated  that  glycerin  is  a   triatomic  alcohol,  ' 
giving  three  series  of  ethers  and  glycerides. 

Several  }"ears  later  Wurtz  (1857)  made  glycerin,  by  synthesis,  by  . 

heating  on  an  oil  bath  at  120°  to  125°  C.  for  eight  days  tribromopro- 
pane,  silver  acetate,  and  glacial  acetic  acid. 

GENERAL  USES. 

Glycerin  is  to-day  one  of  the  most  useful  substances,  both  in  the 
sciences  and  in  the  arts.  It  is  used  in  the  preparation  of  pigments,  for 

the  extraction  of  perfumes  from  flowers,  in  lubricating  oils,  for  the 

preservation  of  animal  matter,  such  as  fresh  skins,  albumin,  vaccine 

virus,  and  animal  extracts.  Its  power  to  protect  animal  matter  against  ; 

putrefaction,  combined  with  its  bland  and  nonpoisonous  properties,  | 

renders  it  an  exceeding!}^  important  and  useful  substance. 

In  pharmacy  glycerin  has  various  uses.  It  is  used  in  making  pill  ‘ 
masses,  in  expectorant  mixtures,  and  in  the  official  glycerites  (glycerita)  , 

of  the  United  States  Pharmacopoeia. 

It  is  used  in  paper  making,  and  enters  into  the  composition  of  inks,  i 

beer,  wine,  soaps,  perfumes,  toilet  waters,  cosmetics,  and  many  arti-  i 
cles  of  manufacture,  especially  explosives  (nitroglycerin.)  , 

PROPERTIES. 

Glycerin,  CfjHgOg  or  CgH^Og,  or  C6ll5(OH)3,  is  a   colorless,  sirupy  | 

liquid,  without  odor,  and  a   sweetish  taste.  It  boils  at  290°  C.  at  a ' 
pressure  of  756  mm.  and  at  180°  C.  in  vacuum.  Heated  with  care  iti 
evaporates,  leaving  a   residue,  and  disengages  a   thick  vapor  with  an 

insipid  but  not  unpleasant  odor.  At  150°  C.  it  is  decomposed  by 
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I   losing  the  elements  of  water  into  less  volatile  compounds:  Diglycerid 

(C6H-05)2,  acrolein  (CgH^Og),  acetic  acid,  carbonic  acid,  and  inflam- 

i   I   mable  gases. 
I   Glycerin  should  be  neutral  in  reaction. 

;   The  density  of  the  anhydrous  fluid  is  1.269  (1.265,  Lyons),  but  as  it  is 

'   very  hygroscopic  it  can  not  be  kept  in  this  state  when  exposed  to  the 
air  without  absorbing  moisture,  and  therefore  commercially  the 

!   extreme  point  of  concentration  is  1.260,  which  corresponds  to  0.03  to 

I   0.01  per  cent  of  water.  The  United  States  and  British  pharmaco- 
poeias require  gUcerin  to  have  a   specific  gravity  of  1.250;  the  German 

pharmacopoeia  requires  1.225  to  1.235. 

I   Completel}"  deprived  of  water  by  several  distillations  in  vacuum, 
glycerin  crystallizes  into  orthorhombic  prisms,  having  a   densiU  of 

1   1.360,  fusible  at  15°  C. 
1   Glycerin  is  soluble  in  all  proportions  in  water  and  alcohol;  insoluble 

I   in  ether,  chloroform,  benzine,  fixed  oils,  or  volatile  oils.  It  dissolves 

I   almost  all  substances  soluble  in  water  or  in  alcohol.  Its  great  affinity 

I   for  water  is  one  of  its  best-known  properties.  Its  properties  of  dis- 

‘   solving  albumin  and  preventing  putrefaction  have  special  reference  to 
its  use  in  adding  it  to  vaccine  virus. 

The  number  of  chemical  combinations  with  glycerin  is  numerous. 

:   PKEPARATION. 
) 

■   Glycerin  is  obtained  by  decomposing  fat  into  its  proximate  con- 

j   stituents,  either  by  a   caustic  alkali,  as  in  the  manufacture  of  soap,  or 
by  lead  oxide,  as  in  the  preparation  of  lead  plaster,  or  by  the  action 

^   of  water  at  an  elevated  temperature  under  pressure.  It  is  purified  by 
i   distillation. 

I   
IIVIPURITIES. 

I   Gl}merin  is  used  more  or  less  pure,  depending  upon  the  various 

i   purposes  for  which  it  is  emplo^md.  It  may  contain  lead,  iron,  lime  as 

I   an  alkali,  or  sulphate,  carbonate,  or  chlorid;  oxalic,  formic,  or  butyric 
acid.  It  is  sometimes  adulterated  with  large  quantities  of  water, 

sugar,  glucose,  or  dextrine,  etc.  Arsenic  is  also  found  in  glycerin, 

particularly  that  which  comes  from  the  manufacture  of  soap.  Glyc- 
erin which  is  obtained  by  treating  stearine  with  lime  is  free  from 

arsenic. 
TESTS  FOR  IMPURITIES. 

A.  Catillon  (loc.  cit.,  p.  20)  gives  the  following  tests  for  impurities 

in  glycerin: 

After  testing  color,  odor,  and  taste: 
1.  Reaction  must  be  exactly  neutral. 

2.  Specific  gravity,  which  is  an  evidence  of  the  watery  contents. 

3.  On  heating  10  grams  of  glycerin  over  an  alcohol  lamp  it  should  evaporate  with- 
out disagreeable  odor,  without  carbonizing,  and  without  leaving  a   residue. 
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4.  If  a   residue  remains,  add  to  the  glveerin  some  distilled  water  and  several  drops 

of  ammonia  to  determine  the  presence  of  lime. 

5.  A   drop  of  solution  of  sulphhvdrate  of  soda  should  not  produce  a   color  in 

glycerin,  but  throws  down  a   black  precipitate  if  it  contains  lead  or  iron. 

6.  For  glucose,  treat  the  glycerin  with  Fehling’s  solution,  using  the  usual  precau- 
tions to  obtain  the  reduction  of  the  copper. 

7.  The  presence  of  chlorids  in  glycerin  is  indicated  by  silver  nitrate.  Pure  glyc- 
erin will  show  neither  opalescence  nor  precipitates. 

8.  Tribasic  acetate  of  lead  added  to  glycerin  diluted  with  distiUed  water  produces 

a   limpid  solution.  A   precipitate  or  a   cloudiness  indicates  the  presence  of  fatty  acids. 

9.  INIix  equal  parts  of  glycerin  with  sulphuric  acid.  If  carbon-dioxid  gas  is  given 
off  it  contains  oxalic  or  formic  acid. 

10.  Mix  the  glycerin  with  pure  alcohol  and  a   little  sulphuric  acid.  An  odor  of 

pineapple  is  immediately  developed,  due  to  butyric  ether  (butyric  acid). 

11.  Glycerin  heated  to  120°  should  show  no  color. 

12.  For  arsenic,  test  by  means  of  Marsh’s  apparatus. 

ackaowi.edg:viext. 

It  is  a   pleasure  to  acknowledge  the  faithful  assistance  rendered  by 

my  assistants  in  the  laboratory  in  working  out  some  of  the  details  of 

this  study  upon  glycerin,  especially  to  Drs.  John  F.  Anderson,  T.  B. 

McClintic,  Allan  J.  McLaughlin,  and  Edward  Francis. 

AXTISEPTIC  POWER  OF  GLYCERIN. 

The  first  series  of  experiments  were  made  in  order  to  deteiTuine 

the  antiseptic  properties  of  glycerin;  that  is,  its  power  to  restrain 

the  growth  and  development  of  bacteria.  This  was  tested  by  deter- 

mining the  amount  of  glycerin  necessary  to  add  to  nutrient  bouillon  in 

order  to  prevent  putrefaction,  and  the  amount  necessary  to  prevent 

the  growth  and  development  of  pure  cultures  of  various  organisms. 

Erlenmayer  flasks  of  100  c.  c.  capacity  were  partly  filled  with  the 

bouillon-glycerin  solution.  The  flasks  were  then  contaminated  with 

various  substances,  such  as  rich,  black  garden  earth,  wisps  of  hay,  or 
fresh  stable  manure. 

The  flasks  were  allowed  to  remain  in  a   dark  corner  of  the  laboratory 

at  room  temperature,  and  results  noted. 

More  or  less  growth  of  bacteria  and  mold  was  obtained  in  all  the 

flasks  containing  10  per  cent  of  glycerin.  Those  containing  50  per 

cent  or  over  remained  clear  and  showed  no  growth.  Therefore,  it 

was  plain  that  the  antiseptic  power  of  glycerin  lies  somewhere  between 

10  and  50  per  cent. 

The  next  series  of  flasks  contained  various  percentages  of  glycerin 

between  10  and  50  and  were  inoculated  in  the  same  way,  in  order  to 

determine  more  definitely  the  exact  percentage  of  glycerin  necessary 

to  restrain  growth  and  development  of  micro-organisms. 
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Nutrient  bouillon  containing  various  percentages  of  glycerin  (X),  contaminated  by  the 

addition  of  garden  earthy  and  kept  in  flasks  at  room  temperature. 

Percentage  of 
glycerin. 

Day  upon  which  growth  appeared. 

Seventh  day. Eighth  day. Tenth  day. Fifteenth  day. Twenty-first 

day. 

41  per  cent   Fluid  clear;  small 
surface  mold. 

No  growth. 

49.  per  c.erit   Small  surface 
mold. 

  do   43  per  cent   
44  per  cent     do   

45  per  cent   Small  surface 
mold. 

  do   4fl  ppr  cent   
47  per  cent     do   
48  per  cent   Small  surface 

mold. 

49  per  cent   

Nutrient  bouillon  containing  various  percentages  of  glycerin  [M.),  contaminated  by  the 

addition  of  wisps  of  hay,  and  kept  in  flasks  at  room  temperature. 

1 

Percentage  of 
glycerin. 

Day  upon  which  growth  appeared. 

Fifth  day. Sixth  day. Seventh  day. Twelfth  day. Twenty-first 

day. 

41  ppr  cent   Feathery  grrowth 
!   along  course 
i   and  adherent 

to  straw. 
1   do   42  percent   

43  percent   Feathery  growth 
along  course 
and  adherent 
to  straw. 

44  percent   Very  faint feathery 

growth 
along 

course  and 
adherent  to 
straw. 

45  percent   Very  faint 

growth 
along 

course  and 
adherent  to 
straw. 

46  per  cent No  growth. 

Nutrient  bouillon  containing  various  percentages  of  glycerin  (P.  )>  contaminated  by  the 

addition  of  stable  manure,  and  kept  in  flasks  at  room  temperature. 

Percentage  of  glycerin. 
Day  upon  which  growth  appeared. 

Sixteenth  day. Nineteenth  day. Twenty-first  day. 

41  per  cent   Small  surface  mold. . . 
42  per  cent     do    
43  per  cent   Small  surface  mold. . . 
44  per  cent   

No  growth. 
Do. 

45  per  cent   
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Nutrient  bouillon  containing  various  'percentages  of  glycerin  {S.),  contaminated  by  the 
addition  of  stable  manure,  and  kept  in  flasks  at  room  temperature. 

Percentage  of  glycerin. 

Day  upon  which  gro^vth  appeared. 

Ninth  day. Tenth  day. Thirteenth  day. Twenty-first 

day. 

41  per  cent       Small  surface 
mold. 

No  growth. 
Do. 

42  per  cent   Small  surface 
mold. 

Very  small  sur- face mold. 
43  per  cent   

44  per  cent   Small  surface 
mold. 

45  per  cent   

46  per  cent   '   

As  was  to  be  expected,  the  exact  percentage  of  glycerin  necessaiy  to 

restrain  growth  varies  within  narrow  limits  with  the  make  of  glycerin 
used  and  the  kind  of  contamination. 

To  sum  up  the  antiseptic  power  of  glycerin: 
Per  cent. 

Glycerin  X       49 

Glycerin  M     45 

Glycerin  P     43 

Glycerin  S     45 

Average   45.  5 

These  results  do  not  correspond  with  Miquel’s  work  in  1881,  who 

found  that  225  grams  of  gl3"cerin  in  1   liter  of  bouillon  was  sufficient 
to  prevent  putrefaction. 

The  above  test  having  determined  the  antiseptic  power  of  glycerin 

against  putrefactive  changes,  another  series  of  experiments  was  made 

in  order  to  determine  the  restraining  power  of  gtycerin  against  pure 

cultures  of  various  micro-organisms. 

The  different  percentages  of  gl^^cerin  were  made  as  before  with 
nutrient  bouillon  and  this  time  distributed  into  test  tubes.  Each  tube 

was  inoculated  with  a   minute  but  visible  portion  of  the  surface  growth 

of  the  organisms,  which  were  grown  for  this  purpose  upon  agar  slants 

under  favorable  conditions,  and  fresh  young  cultures  were  alwa^^s  used 
to  make  the  inoculation. 

The  test  tubes  were  incubated  at  31°  C.  and  examined  daity  for 
growth.  In  case  a   growth  appeared  it  was  tested  for  purit3^  The 

tubes  Avere  observed  dail}"  for  at  least  eleven  days  and  the  result  noted. 
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As  a   result  of  the  foregoing  experiments  glycerin  is  found  to  be 

antiseptic  in  the  following  dilutions: 

Organism. 
Glycerin. 

Average 

percent- 

age. 
P. 

X. 

S. G. 

Staphylococcus  pyogenes  aureus   
Per  cent. 

30 
Per  cent. 

32 

Per  cent. 
33 

Per  cent. 
29 

Per  cent. 

31 
Staphylococcus  pyogenes  citreus   27 

25 26 26 

27 

32 31 

30 27 

32 

28 27 
28.5 

Bacillus  typhosus   

25 
23 25 25 

24.5 

Bacillus  coli  communis   

28 

26 24 

27 

26. 25 

Bacillus  icteroides   

26 25 23 24 

24.5 

Bacillus  acidi  lax^tici   

27 
27 

25 25 25 

25.5 

Bacillus  enteritidis   24 

23 

23 

24. 25 

Bacillus  dysenterise   

27 

22 

24 

23 24 

Vibrio  cholerse   

21 

21 21 24 21.75 
Bacillus  diphtherise   

25 

22 

23 23 

23. 25 

Bacillus  anthracis   

31 

26 26 31 28.5 
Bacillus  pestis   

23 

21 

21 

22 21.75 

Bacillus  glanders   

23 23 

24 24 
23.5 

Bacillus  pyocyaneus   

25 

22 21 

25 

23.  25 

Bacillus  subtilis   26 

24 

21 

27 

24.5 

Bacillus  proteus  vulgaris   

27 

22 22 21 

23 

Bacillus  megaterium   20 20 

15 20 

18. 75 
Bacillus  prodigiosis   

20 

21 

20 20 

20.25 

Bacillus  flourescens  liquefaciens   

23 

21 

21 

20 

21.  25 

Averages   
25.3 24.1 

23.7 24.6 
24.4 

It  was  seen  from  a   stud}^  of  the  results  obtained  that  the  antiseptic 

power  of  glycerin  varies  with  the  organism  and  also  with  the  kind  of 

ghmerin  used.  For  example,  the  growth  of  cholera  and  plague  is 

retarded  by  the  presence  of  21  to  21  per  cent  of  glycerin,  while  pus 

cocci  will  grow  in  31  per  cent.  The  antiseptic  power  of  glycerin 

‘‘X”  and  ‘‘S”  is  greater  than  that  of  “P”  or  “G.” 
It  was  also  seen  that  the  molds  and  common  bacteria  of  putrefaction 

grow  in  bouillon  containing  between  10  and  50  per  cent  of  glycerin, 

while  the  pure  culture  of  the  bacteria  tested  do  not  grow  in  percent- 

ages above  31. 

Attention  is  especially  called  to  the  interesting  fact  brought  out  by 

this  series  of  tests  that  the  pus  cocci  are  able  to  grow  and  multipl}^  in 

higher  percentages  of  gl3"cerin  than  any  of  the  other  18  micro-organisms 
tested. 

THE  GEKMICIDAL  POWER  OF  GLYCERIN. 

The  following  tests  were  made  to  determine  the  time  required  for 

glycerin  to  destro}^  the  important  pathogenic  organisms.  The  work 

included  tests  with  various  percentages  of  gl}merin  at  different  tem- 

peratures. Our  object  was  to  determine  the  exact  effect  of  gljmerin 

free  from  all  other  substances  upon  pure  cultures.  Therefore  the 

bacteria  were  grown  upon  agar  slants  and  carefull}^  taken  from  the 

surface,  so  as  to  obtain  the  colonies  free  from  the  organic  matter  on 

which  they  rested. 

STAPHYLOCOCCUS  PYOGENES  AUREUS. 

The  various  percentages  of  glycerin  were  made  with  sterile  distilled  water  and 

distributed  into  test  tubes.  Each  tube  was  abundantly  inoculated  with  a   young  cul- 
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ture  of  Staphylococcus  pyogenes  aureus  taken  from  the  surface  of  an  agar  slant  free  of 

foreign  organic  matter. 

For  comparison  the  organism  was  also  inoculated  into  sterile  distilled  water  and 

upon  sterile  slips  of  filter  paper. 

Three  sets  of  tubes  were  made  and  kept  at  different  temperatures,  as  indicated  on 
the  table. 

From  time  to  time  a   small  quantity  (about  0.5  c.  c.)  of  the  test  fluids  and  also 

one  of  the  slips  of  filter  paper  was  planted  in  bouillon. 

[+  means  growth;  —   means  no  growth.] 

Kept  in — 

Filter 

paper. 
Dis- 

tilled 
water. I   Per  cent  glycerin. 

i 

20 

30 40 50 

1   60 

70 80 90 
100 

cubator,  37°  C.: 
7   days   + + — 

i   — 

— — + — _ 

.p 

_ 
13  daws   
Or\  Q   V'G 

+ - - - - - - - - - 
ZU  Ua  \   5       
27  days   

+ 
+ 

i   - 

34  days   
41  days   

T 1 1 
48  days   + 1 

I**
" 

55  days   1 

)Om,  22°  to  24°  C.: i 

7   days   + 

-e  I 

+ -1- + 

4- 

1   ~ 

+ + + + — 
13  days   + +   1 

-1- 

-f 

__ — _ — — 
20  days   -1- 

+   ; 

— — — — 

1   _ 

-   1 

- — _ 
27  days   + ! 1 1 

34  days   ; + T ! .... 

I""
 

41  days   ‘ 

3   chest*  10°  to  12°  C.:  ' 7   days   + 

-j- 

+ 

-P 

'   4- 

-1- + + -1- + + 
13  days   ; + +   1 + 

-f 

+ + + + + + + 
20  days   ' 

-f 

+ + + — — 

-P 

+ + 

.p  ! 

27  days   ^ _j_ 

-i-  1 

-p 

-p 

_i_  ' 

34  days   ' + -|-  ! 

-p 

-p 

_L 

41  days   1 
48  days   + 

1 T 

i   1 

55  days   I 
-i- -j- 

1 
62  days   + 1 

69  days   1 1 

76  days   i -!_  1 

.   .1 

  j 

83  days   ' 
+   1 90  days   

+   ! 

1 

  1 97  days   ■ 1 
111  days   

+  

 j

 

....1 
1 i 1 1 1 

STAPHYLOCOCCUS  EPIDERMIS  ALDUS. 

The  various  percentages  of  glycerin  were  made  with  sterile  distilled  water  and 

distributed  into  test  tubes.  Each  tube  was  abundantly  inoculated  with  a   young 

culture  of  Staphylococcus  epidermis  albus,  taken  from  the  surface  of  an  agar  slant,  free 

of  foreign  organic  matter. 

For  comparison  the  organism  was  also  inoculated  into  sterile  distilled  water  and 

upon  sterile  slips  of  filter  paper. 

Three  sets  of  tubes  were  made  and  kept  at  different  temperatures,  as  indicated  on 
the  table. 

From  time  to  time  a   small  quantity  (about  0.5  c.  c. )   of  the  test  fluids  and  also  one 

of  the  slips  of  filter  paper  were  planted  in  bouillon. 
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[+  means  growth;  -   means  no  growth.] 

Kept  in — 

Filter 

paper. 

Dis- 

tilled 
water. 

Per  cent  glycerin. 

10 

20 

30 

40 

50 60 70 80 

90 
100 

Incubator,  37°  C.: 
7   days   + — — 

4- 

— — — _ 

13  days   + — — — 

—   1 

— — — — _ 

20  days   

4- 

27  days   
- 

34  days   -1- 

41  days   + 

48  days   

Room,  22°  to  24°  C.: 
7   days   
IQ  Q   TTO 

- + - + - - + + - + + - 
±o  U-ciy 
20  days   

+ 

Ice  chest,  10°  to  12°  C.: 
7   days   + + + — 

-h 

— — + + — — 

13  days   + + + — + — — — — — — 

20  days   
27  days   + 1 

34  days   + 

41  days   + 

48  days   + 

55  days   + 

62  days   + 

69  days   

BACILLUS  COLI  COMMUNIS. 

The  various  percentages  of  glycerin  were  made  with  sterile  distilled  water  and 

distributed  into  test  tubes.  Each  tube  was  abundantly  inoculated  with  a   young 
culture  of  B.  coli  communis^  taken  from  the  surface  of  an  agar  slant,  free  of  foreign 

organic  matter. 
For  comparison  the  organism  was  also  inoculated  into  sterile  distilled  water  and 

upon  sterile  slips  of  filter  paper. 
Three  sets  of  tubes  were  made  and  kept  at  different  temperatures,  as  indicated  on 

the  table. 

From  time  to  time  a   small  quantity  (about  0.5  c.  c.)  of  the  test  fiuids  and  also  one 
of  the  slips  of  filter  paper  were  planted  in  bouillon. 

[+  means  growth;  —   means  no  growth.] 

Kept  in — 

Filter 

paper. 

Dis- 

tilled 

water. 

Per  cent  glycerin. 

10 

20 

30 

40 

50 60 70 80 90 
100 

Incubator,  37°  C.; 
7   days   + + -1- + — — 

4- 

+ 

4- 

+ + — 

14  days   + 

-1- 

4- 

— — — + + + 

4- 

-f- 
— 

19  days   — + + — — — — 

-h 

4- 

— — — 

29  days    

4- 

4- 

days  .   _     

-f 

4- 

42  days .     + 

4- 

49  days   

4- 

4- 

56  days   

4- 

4- 

63  days   

4- 

4- 

1   . 

70  days   

4- 

4- 

77  days   

4- 

4- 

84  davs . 

4- 

4- 

91  days   

4- 

4- 

1 

98  days   

4- 

4- 

112  davs   

4- 

4- 

133  days   

4- 

154  days   

Room,  22°  to  24°  C. ; 
7   days   — 

4- 

4- 

4- 

4- 

+ 

-f 

+ 

4- 

— + + 
14  days   — 

4- 

+ + + 

-b 

-h 

+ 

4- 

-f 

— 

-t 

19  days   — 

4- 

4- 

— — — — + — — — — 

29  days   

4- 

4- 

.3,5  days.  ...    

4- 

4- 

42  days   

4- 

49  days   

4- 

56  days   

4- 
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[+  means  growth;  —   means  no  groAvth.] 

Kept  in — 

Filter 

paper. 
i 

Dis-  1 

tilled  1 water.  | 
Per  cent  glycerin. 

10 

20 30 40 50 

60 

70 80 90 
100 

Room,  22°  to  24°  C.— Continued. 
63  davs   

t 

'   + 

;   + 

_u 

i   - 

1   + 

1   -1- 

-1- 

+ 
+ 
+ 

-h 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

! 

84  davs   

98  days   
112  days   
133  days   

Ice  chest,  10°  to  12°  C.; 7   days   
14  days   
19  days   
29  days   
35  days   

1 
+
+
+
+
+
+
 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

+   ; 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ :   -i- : 

+  
 ‘ 

+ 
+ 

4-
 

;   + 

^   +   ■ 

-f  ’ 

!   +   ! 

-1- 

-i- 

I   + 

-i- 
+ 
+ («) 

-t- 

+ 
+ ii 

_   i 

....j 

_I_ 

~r 

+ 

1 

+ 

4- 

42  days   
49  days   
56  days   1.... 
63  days   

:   ! 

1 

70  days   
77  days   
84  days   
91  days   1 

98  days   

i  
 

112  days   
L... 

133  days   
1 

154  days   

i 
! 

a   Slow.  b   Material  exhausted. 

DIPHTHEEIA. 

The  various  percentages  of  glycerin  were  made  with  sterile  distilled  water  and  dis- 
tributed into  test  tubes.  Each  tube  was  abundantly  inoculated  with  a   young  culture 

of  dipththeria,  taken  from  the  surface  of  an  agar  slant,  free  of  foreign  organic  matter. 

For  comparison,  the  organism  was  also  inoculated  into  sterile  distilled  water  and 

upon  sterile  slips  of  filter  paper. 

Three  sets  of  tubes  were  made  and  kept  at  different  temperatures,  as  indicated  on 
the  table. 

From  time  to  time  a   small  quantity  (about  0.5  c.  c. )   of  the  test  fiuids  and  also  one 

of  the  slips  of  filter  paper  were  planted  in  bouillon. 

[+  means  growth;  —   means  no  growth.] 

Kept  in— 

Filter 

paper. 

Dis-  1 

tilled  , 

water.  , 

Per  cent  glycerin. 10 

20 30 

40 50 60 

70 80 90 

100 

Incubator,  37°  C.: 
7   days   - 

+   i 
  ! 

14  days   
19  days   

....j 

Room,  22°  to  24°  C.: 
7   days   - 

1 

i 

+   i 

+   1 

- -1- - - - - - - - - 
14  days   
19  days   
29  days   

Ice  chesfi  10°  to  20°  C.: 7   days   
- 

-h 

j 1 14  days   
19  davs   1 

1 
i 

i 

It  will  be  seen  from  these  experiments  that  the  pathogenic  bacteria 

usuallv  die  within  a   week  or  ten  days  in  glycerin  when  exposed  at 

37°  C.  in  the  incubator.  At  room  temperature  (22°  C.)  glycerin  is 



15 

not  so  active,  the  organisms  sometimes  surviving  two  weeks.  In  the 

ice  chest  at  10°  to  12°  C.  the  germicidal  power  of  glycerin  is  markedly 
diminished.  Pus  cocci  live  for  several  weeks,  the  colon  bacillus  sev- 

eral months. 

It  will  be  noted  from  these  tables  that  50  per  cent  glycerin  seems  to 

be  more  actively  germicidal  than  either  stronger  or  weaker  solutions. 

The  next  experiment  was  made  to  test  the  effect  of  glycerin  upon 

spores,  with  the  following  results: 

BACILLUS  ANTHRACIS. 

The  various  percentages  of  glycerin  were  made  with  sterile  distilled  water  and  dis- 
tributed into  test  tubes.  Each  tube  was  abundantly  inoculated  with  a   growth  of 

B.  anthracis  containing  many  spores  taken  from  the  surface  of  peptoneless  agar,  care 
being  taken  to  carry  over  only  a   culture  free  from  the  organic  matter  of  the  media 
used. 

For  comparison  the  organism  was  also  inoculated  into  sterile  distilled  water  and 

upon  sterile  slips  of  filter  paper. 
Three  sets  of  tubes  were  made  and  kept  at  different  temperatures,  as  indicated  on 

the  table. 

^   From  time  to  time  a   small  quantity  (about  0.5  c.  c. )   of  the  test  fluids,  and  also  one 

of  the  slips  of  Alter  paper,  were  planted  in  bouillon.  In  adition  to  testing  the  vege- 
tability  of  the  organism  in  this  manner  its  virulence  was  tested  from  time  to  time  as 
indicated  on  the  tables  by  inoculation  into  mice. 
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•   1 

[-i-  means  growth;  —   means  no  growth.] 

Kept  in— 

I Per  cent  glycerin. Remarks. 

10 20  30 
40 

50 

60 70 
1   80 

[   90
 

100 

Incubator,  37°  C.: 
1 i 

7   davs   

“T 

a-f 

-r  '   -f 

4_ 

4_ 

4- 

i   4- 

+ 

1   -r 

4- 

14  davs ...... 

4- 

4- 

-f  i   + 

4- 

4- 

! 

4*  ' 

!   4- 

4- 

61  davs   -f- 

-f 

“T 

-r  1   -f 

4- 

4- 

-i- 1   4- 

4_ 

4- 

4_ 

97  davs   — 

4_ 

-f  4- 

4- 

+ 

4- 

:   4
- 

-f 

4- 

+ 
122  davs   _ 

4- 

4- 

+   ■   -f 

4- 

&4- 

-f 

4* 

4- 

-f 

4- 

153  davs   _ 

4- 

4- 

+   i   + 

4- 

64- 

4_ 

4- 

4- 
4- 

1&4  davs   — 
-L- 

-f  '   -h 

4_ 

ft+ 

4~ 

-U  i 
AR  cultures  were  of 

slow  growth  and rather  scanty. 
215  davs   _ _ _   — — 

!   — 

_ 

k~ 

— 
236  davs   

n— 

247  davs   1 

Room.  22°'to24°C.: 7   davs   

■   1 

-f  ■   +   ’ 

^   -r 

4- 

.f 

-t 

a. 

4- 

4- 

14  days   
-1-  1 

1 

-f 

j_  _L 

-f 

4" 

-f 

4* 

-i- 

-r 

+ 
61  davs   — 

i   “T 

+ -h  :   4- 
— + -|- 

1   4
- 

4- 

4- 

+ 
97  days   

I   4- 

-f- 

4_  __ 

_ 

4- 

4- 

1   4- 

4- 

4- 

4- 

122  davs   — 

-f 

4-  -r 

4- 

4- 

6-f 

4- 

4- 

+ 
1-53  davs   1 

■   _ 

: 

4- 

/-L 

4- 

r 

4- 

+ 
184  days   

4-  + _L 

4_ 

*■  + 

i   4
- 

4_ 

—   slow  and  scanty 

1 

growth. 
215  days   

■ \       — _ _ 

1   + 

4" 

236  davs   
1 

i   ~
 

04- 

247  davs   ....1 

|....
 

Ice  chest,  10°  to 1 1 1 
12°  C.: 

i 1 ! 
7   davs   

4- 

-h 

-r 

4- 

-r 

-r 

4- 

4-  ! 

i   4- 

4* 

12  davs   -j- 

-r 

-r  -r 

4- 

‘   4- 

4- 

4- 

+ 
61  davs   1 + 

4-  4- 

4- 

4- 

:   -b 

4- 

4" 

4- 

+ 
97  davs   

4- 

+ 

-r 

4-  4- -1- 

4- 

-j- 

4- 

4- 

4- 

4- 

122  davs   -|- -j- + 

+   4- 

4- 

4- 

4- 

d-f 

4- 

4- 

4- 

153  davs   

!   4- 

4- 

-|- 4-  ̂    4- 
+ 

94- 

4- 

-f 

4- 

4- 

“T 

184  davs   

-4 

4- 

T 
4-  -t- 

. 

J-r  i 

4- 

4- 

_i_  ' 

4- 

4-  1 
—   slow  and  scanty 

1 

growth. 
215  days   

4- 

+ -f- -r  ,   — m-f- — -j- — 

4- 

-r  1 

236  davs   

4-
 

P   + 

-4- 

_j_ 

-   1 

247  davs   

9-1- 

278  davs   - - 

-     

.u  ■ 

- - Material  exhausted. 

Xo  growth  first  time;  growth  when  replanted. 
(6)  0.5  c.  c.  of  the  bouillon  growth  obtained  from  the  50  per  cent  glycerin  kept  in  the  incubator  was 

inoculated  subcutaneously  in  a   mouse;  dead  in  six  days. 

{c)  0.5  c.  c.  of  the  broth*  growth  obtained  from  the  M   per  cent  glycerin  kept  at  room  temperature was  inoculated  subcutaneously  in  a   mouse;  dead  in  forty-eight  houK. 
(d)  0.5  c.  c.  of  the  broth  growth  obtained  from  the  70  per  cent  glycerin  kept  in  the  ice  chest  was 

inoculated  subcutaneously  in  a   mouse;  dead  in  forty -eight  hours. 
(e)  1   c.  c.  of  the  bouillon  growth  obtained  from  the  50  per  cent  glycerin  kept  in  the  incubator  was 

inoculated  subcutaneously  in  a   mouse;  dead  in  forty-eight  hours. 
(/)  1   c.  c.  of  the  houilloh  growth  obtained  from  the  60  per  cent  glycerin  kept  at  room  temperature 

was  inoculated  subcutaneously  in  a   mouse;  dead  in  forty-eight  hours. 
(a)  1   c.  c.  of  the  bouillon  growth  obtained  from  the  50  per  cent  glycerin  kept  in  the  ice  chest  was 

inoculated  subcutaneously  in  a   mouse;  dead  in  twenty-four  hours. 

(ft)  1   c.  c.  of  the  bouillon  growth  obtained  from  the  *50  per  cent  glycerin  kept  in  the  incubator  was inoculated  subcutaneously  in  a   mouse;  dead  in  seventy-two  hours. 
( 0   1   c.  c.  of  the  bouillon  growth  obtained  from  the  60  per  cent  glycerine  kept  at  room  temperature 

was  inoculated  subcutaneously  in  a   mouse;  dead  in  seventy-two  hours. 
(j)  1   c.  c.  of  the  bouillon  ̂ owth  obtained  from  the  50  per  cent  glycerin  kept  in  the  ice  chest  was 

inoculated  subcutaneously  in  a   mouse;  dead  in  forty-eight  hours. 
(ft)  1   c.  c.  of  the  bouillon  ̂ owth  obtained  from  the  90  per  cent  glycerin  kept  in  the  incubator  was 

inoculated  subcutaneously  in  a   mouse;  dead  in  eighty-four  hours. 
(01c.  c.  of  the  bouillon  growth  obtained  from  the  90  per  cent  glycerin  kept  at  room  temperature 

was  inoculated  subcutaneously  in  a   mouse;  dead  in  forty-eight  hours. 
(»i)  1   c.  c.  of  the  bouillon  growth  obtained  from  the  50  per  cent  glycerin  kept  in  the  ice  chest  w^ 

inoculated  subcutaneously  in  a   mouse;  dead  in  forty-eight  hours. 
(«)  1   c.  c.  of  the  bouillon  growth  obtained  from  the  60  per  cent  glycerin  kept  in  the  incubator  was 

inoculated  subcutaneously  in  a   mouse;  dead  in  sixty  hours. 
(o)  1   c.  c.  of  the  bouillon  growth  obtained  from  the  90  per  cent  glycerin  kept  at  room  temperature 

was  inoculated  subcutaneously  in  a   mouse:  dead  in  forty-eight  houre. 
(p)  1   c.  c.  of  the  bouillon  growth  obtained  from  the  10  per  cent  glycerin  kept  in  the  ice  chest  was 

inoculated  subcutaneously  in  a   mouse;  dead  in  forty-eight  hotirs. 
(3)  1   c.  c.  of  the  bouillon  growth  obtained  from  the  10  per  cent  glycerin  kept  in  the  ice  chest  was 

inoculated  subcutaneously  in  a   mouse;  dead  in  forty-eight  hours. 
(r)  1   c.  c.  of  the  bouillon  growth  obtained  from  the  10  per  cent  glycerin  kept  in  the  ice  chest  was 

inoculated  subcutaneously  in  a   mouse;  dead  in  forty-eight  hours. 
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It  will  be  seen  from  this  table  that  glycerin  has  practically  no  effect 

upon  spores.  They  remain  alive  and  virulent  over  two  hundred  days 

in  u.lx  percentages  of  glycerin  at  temperatures  of  37°,  22°,  and  10°  C. 
The  following  series  of  tests  were  made  to  estimate  more  precisely 

the  germicidal  power  of  glycerin  by  counting  the  colonies  from  day 

to  day  and  determining  the  rate  of  diminution. 

It  will  be  seen  from  these  studies  that  glycerin  produces  its  greatest 

germicidal  effect  during  the  first  twenty-four  hours.  The  more  resist- 

ing members  of  the  colonies  which  survive  this  first  period  are  able  to 

resist  the  action  of  the  gl3^cerin  much  longer  when  they  also  finally 
succumb. 

STAPHYLOCOCCUS  PYOGENES  AUEEUS. 

The  various  percentages  of  glycerin  (P.)  mixed  with  distilled  water  were  inocu- 
lated with  a   young  culture  of  B.  staphylococcus  pyogenes  aureus  free  of  foreign  organic 

matter  and  then  each  flask  containing  the  test  fluid  was  thoroughly  shaken  so  as  to 

make  as  uniform  an  emulsion  as  possible.  The  shaking  was  repeated  each  time 
before  the  fluid  was  withdrawn  for  the  purpose  of  making  the  counts. 

One  series  of  flasks  was  kept  in  the  ice  chest  at  10°  to  12°  C.  and  another  in  the 
incubator  at  37°  C. 

The  figures  represent  the  number  of  organisms  (i.  e.,  colonies)  per  cubic  centimeter. 

When 
counted. 

Distilled  water. 20  per  cent  glyc- erin. 50  per  cent  glyc- 
erin. 80  per  cent  glycerin. Pure  glycerin. 

Incubator. Ice  chest. Incuba- tor. 
Ice 

chest. Incuba- 
tor. 

Ice 
chest. Incubator. Ice  chest. 

Incuba- 
tor. 

Ice 
chest. 

At  once . . 
1   day  . . . 
2   days... 
3   days... 
4   days. . . 
5   days 

4, 420, 000 
104. 000 
120.000 

3, 000 

1. 290. 000 
1.050.000 

408. 000 
920. 000 
110. 000 
88,000 
60, 000 
70. 000 
89. 000 
19.000 
28. 000 
22, 000 
15,000 

464, 000 

3,000 

253,000 
12,000 

-f 

64, 000 

1,000 
1,000 

66,000 
22,000 
12, 000 

2,000 
2, 500 

25 

4,200,000 + 
+ 

75 

3, 376, 000 840, 000 

66, 000 
12, 000 -1- 

-f 
-f 

-1- 

+ 

-1- 

+ 

6   days 
8   days 

12  days 
17  days 
22  days 
27  days 
31  days 

i 

When  counted. 

Distilled  water. 50  per  cent  glycerin. Pure  glycerin. 

Incubator. Ice  chest. Incubator. Ice  chest. Incubator. Ice  chest. 

At  once   
4, 060 186 

1 

1 

/—Bouillon 
Agar  0 

—In  bouil- 
lon 0 
0 

3,900 140 

0 

fBouillon-p 

\Agar  —0 —Bouillon 

1 

—In  bouil- 
lon 0 
0 

10,400,000 110 

0 
0 

15, 750,000 
1,575,000 

630. 000 
126. 000 

1,395,000  i 100 

25  ̂ 

0 

3. 530.000 
1.200.000 

25,200 

Bouillon-t- 
Agar  —   0 -h  Bouillon  1 -FAgar  (1) 

—In  bouil- 
lon 0 
0 

1   day   
2   days   

3   days   

4   days   
—Bouillon 

0 
—In  bouil- 

lon 0 
0 

37, 800 

—Bouillon 

0 
—In  bouil- 

lon 0 

0 

5   days   15, 900 

1,980 542 150 
83 
1 
0 

6davs   
7   dflya. . 
S   fipys 
Q   (inys 

if)  (inysa 
12  days 
13  days 

1  
 

i 

a   Left  in  room. 

6917— No.  16—03   2 
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BACILLUS  TYPHOSUS.  * 

The  various  percentages  of  glycerin  (S. )   mixed  with  distilled  water  were  inoculated  | 
with  a   young  culture  of  B.  typhosus  free  of  foreign  organic  matter,  and  then  each  j 

flask  containing  the  test  fluid  was  thoroughly  shaken  so  as  to  make  as  uniform  an  I 

emulsion  as  possible.  The  shaking  was  repeated  each  time  before  the  fluid  was  ' 
withdrawn  for  the  purpose  of  making  the  counts,  ^ 

One  series  of  flasks  was  kept  in  the  ice  chest  at  10°  to  12°  0.  and  another  in  the  |j 

incubator  at  37°  C.  | 
The  figures  represent  the  number  of  organisms  (i.  e.,  colonies)  per  cubic  centi-  ! 
meter.  J 

When 
counted. 

Distilled  water. 20  per  cent 

glycerin. 

50  per  cent 

glycerin. 

80  per  cent 

glycerin. 

Pure  glycerin. 

Incubator. Ice  chest. 

Incu- 
bator. 

Ice 
chest. 

Incu- 

bator. 
Ice 

chest. 

Incu- 

bator. 

Ice 

chest. 

Incu- 

bator. 

Ice 

chest. 

At  once   
1   day   
2   days   
3   days   
4   days 

10, 710, 000 
5, 040, 000 

380, 000 
70.000 
11.000 

29 

11.655.000 
21. 630. 000 
9. 450. 000 

10. 710. 000 
10. 290. 000 
8.400.000 
4.480.000 
4.410.000 
4, 000, 000 
3. 860. 000 
4. 100.000 
6.080.000 

452. 000 
600. 000 

180, 000 
150, 000 

118, 000 

26, 000 500 
300 
80 56 

115, 000 

86, 000 

1,000 

10 
28 

124, 000 

4.000 1.000 26 
3 

2, 000 
1,000 

2 3.000 
1.000 

-f 

2, 000 + 2, 000 
+ 

5   days   
fi  days 
7   days   

10  days   
13  days   
16  days   
21  days   
26  days    
31  days   

BACILLUS  COLI  COMMUNIS. 

The  various  percentages  of  glycerin  (M.  &R. )   mixed  with  distilled  water  w^ere 
inoculated  with  a   young  culture  of  B.  coll  communis  free  of  foreign  organic  matter, 

and  then  each  flask  containing  the  test  fluid  was  thoroughly  shaken  so  as  to  make 

as  uniform  an  emulsion  as  possible.  The  shaking  was  repeated  each  time  before 

the  fluid  was  withdrawn  for  the  purpose  of  making  the  counts. 

One  series  of  flasks  was  kept  in  the  ice  chest  at  10°  to  12°  C.  and  another  in  the 
incubator  at  37°  C. 

The  figures  represent  the  number  of  organisms  fi.  e.,  colonies)  per  cubic  centimeter. 

When  counted. 

Distilled  water. 20  per  cent  glycerin. 60  per  cent  glycerin. 80  per  cent 

glycerin. 

Incu- bator. 
Ice  chest. 

Incu- 
bator. 

1   Ice  chest.
 

Incu- 

bator. 
Ice  chest. 

Incu- 

bator. 

Ice 

chest. 

At  once   
1   day   
2   days   
3   days   
4   days   
5   days   
6   days   
7   days   
8   days   

3. 760. 000 
9. 660. 000 
7,  728, 000 
6,  930,  000 
5. 670. 000 
6. 130. 000 
7. 630. 000 
4. 330. 000 
4, 250,  000 
3, 465,  000 
3. 523. 000 
2. 870. 000 
1. 600. 000 

880,  000 
515.000 
480. 000 
390. 000 
340.000 
370.000 
280. 000 
102, 000 
104, 000 

8. 064. 000 
11. 708. 000 
6. 410. 000 
8. 190. 000 
9. 450. 000 
9, 210,  000 
7. 630. 000 
8. 400. 000 
9. 800. 000 
7. 770. 000 
7. 805. 000 
8, 440,  000 
6. 440. 000 
1. 290. 000 
6.300.000 
5, 230,  000 
8. 400. 000 
4.410.000 
4, 000, 000 
5. 200. 000 
7. 500. 000 

10. 080. 000 

4, 440, 000 

19, 000 

3,000 
84 4 
2 

4,680,000 
131, 000 

66,000 

4, 200 42,  COO 
51. 000 
10. 000 

2, 000 
2, 700 
1,000 

100 
100 

40 
9 
4 
8 

2, 416, 000 
-t- + 129 

1,760, 000 
28, 000 630, 000 

28, 000 

3,  000 

12, 600 + 
1 

500,000 
+ 
+ 420 

+ 100 

2 

664.000 
181.000 

14, 000 

17,010 111,000 

1,000 
+ 

-H 

9   days.   
10  days   
12  days   
14  days   
16  days   
17  days   
19  days   
21  days   
23  days   
24  days   

1  
 

26  days   
29  days   
31  days   1 

1   1   
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BACILLUS  COLI  COMMUNIS. 

The  various  percentages  of  glycerin  (P.)  mixed  with  distilled  water  were  inoculated 
with  a   young  culture  of  B.  coli  communis  free  of  foreign  organic  matter,  and  then  each 
flask  containing  the  test  fluid  was  thoroughly  shaken  so  as  to  make  as  uniform  an 

emulsion  as  possible.  The  shaking  was  repeated  each  time  before  the  fluid  was  with- 
drawn for  the  purpose  of  making  the  counts. 

One  series  of  flasks  was  kept  in  the  ice  chest  at  10°  to  12°  0.  and  another  in  the 
incubator  at  37°  C. 

The  figures  represent  the  number  of  organisms  (i.  e.,  colonies)  per  cubic  centimeter. 

When 
counted. 

Distilled  water. 20  per  cent  glycerin. 50  per  cent  glyc- erin. 80  per  cent 

glycerin. 

Pure  glycerin. 

Incuba- 
tor. 

Ice  chest. Incuba- tor. 
Ice  chest. 

Incu- 
bator. Ice  chest. 

Incu- 

bator. 

Ice 

chest. 

Incu- 

bator. 

Ice 

chest. 

At  once . . 
1   day   
2   days . . . 
3   days... 
4   days... 
5   days... 
6   days... 
7   days... 
8   days... 

9   days 

4. 410. 000 
4.427. 000 
4.200. 000 

18, 900, 000 
8. 922. 000 
8.443. 000 
7. 700. 000 
3. 500. 000 
Flask 
broken. 

20. 700. 000 
1,610,000 
7.560.000 
9. 520. 000 
7. 376. 000 
8. 400. 000 
8. 470. 000 
9.500.000 

11,000, 000 

12,000,000 

14. 

0

0

0

.

 

 

000 

17. 000,  000 
14.280.000 
10.710.000 
13. 860. 000 
10. 290. 000 
11. 600. 000 
9. 480. 000 
8. 640. 000 

3, 632,000 

3,000 1 

11, 900, 000 
5.040.000 
4.550. 000 
4.410. 000 
2.800. 000 

110, 000 

8,000 
1,000 600 

18 
24 
15 
5 
2 

210,000 

-b 

11 
1, 582, 000 + 

500,000 
15.000 
29, 200 
16.000 
22, 000 

3, 000 

900 

200 

4 

408, 000 

4,000 

400, 000 

1,000 

8,000 

10, 000 

1,000 
2,000 

+ 

93, 000 

1 
11  days   
13  days 
15  days ! 

16  days 
18  days 
20  days   
24  days   
27  days . . . 
31  days... 

1   
1 

BACILLUS  DIPHTHERIiE. 

The  various  percentages  of  glycerin  (P. )   mixed  with  distilled  water  were  inocu- 
lated with  a   young  culture  of  B.  diphtherix  free  of  foreign  organic  matter,  and  then 

each  flask  containing  the  test  fluid  was  shaken  so  as  to  make  as  uniform  an  emulsion 

as  possible.  The  shaking  was  repeated  each  time  before  the  fluid  was  withdrawn 

for  the  purpose  of  making  the  counts. 

One  series  of  flasks  was  kept  in  the  ice  chest  at  10°  to  12°  C.  and  another  in  the 
incubator  at  37°  C. 

The  figures  represent  the  number  of  organisms  (i.  e.,  colonies)  per  cubic  centimeter. 

When 
counted. 

Distilled  water. 50  per  cent 

glycerin. 

100  per  cent 

glycerin. Remarks. 

Incuba- 
tor. 

Ice 
chest. Incuba- tor. 

Ice 
chest. Incuba- tor. 

Ice 

chest. 

At  once   
1,080 2,450 

10 

20 10 

1   dav   0 0 1 0 0 1 All  sterile  in  bouillon. 

Agar. Agar. 2   days   0 0 0 0 0 0 In  bouillon. 

It  is  again  evident  from  these  experiments  that  the  pus  cocci  in  pure 
culture  are  destroyed  by  the  action  of  glycerin  within  two  weeks. 

Glycerin  seems  to  be  an  active  poison  for  the  bacillus  of  diphtheria 
throughout  all  our  experiments. 

The  organisms  belonging  to  the  typhoid  and  colon  group  sometimes 
show  a   more,  marked  resistance  in  some  of  our  other  tests  than  the 

preceding. 
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The  next  series  of  experiments  was  designed  to  test  the  elfect  of 

glycerin  upon  the  organisms  of  pus.  both  in  pure  culture  and  the  pus 
itself. 

For  this  purpose  pus  was  obtained  from  various  sources,  abscess  of 

hand,  axillary  abscess,  abscess  of  face,  and  a   bone  felon.  The  inflam- 

matory exudate  was  immediately  planted  in  varying  percentages  of 

glycerin  and  examined  from  time  to  time.  F or  comparison  the  micro- 

cocci were  plated  out  in  pure  culture  and  exposed  to  glycerin  in  like 

manner  imder  exactly  the  same  conditions. 

PUS— STAPHVLOCOCCrS  PYOGESPS  AVREVS- 

Pn5  iDDiii  an  abscess  of  the  hand  conTaining  Staphylococcus  pyogenes  aureus  in  pure 

culture.  plante«i  in  varving  percentages  of  glycerin  (G)  in  liistiUed  water  and  kept  in 

the  incubator  at  37=  C.  Fr»Dm  time  to  time  small  portions  of  the  emulsion  were  <irawn 

off  and  plantei  upon  agar  and  tu  bouillon. 

Day?. 

Pexcenrage  of  z. 
yc-erm. 

1 

Bemarks. 
10 20 

30 
60 TO 

Sl' 

SO 

lOij _ 

- - 
- 

- - - - - - AH  marked  —   save  no  sTt-wth. 
in  broth. 

U   
21   -   ■>; 

STAPHYtOCOCCrS  rs'  PUKE  CULTUEE  FEOil  THE  ABOVE  PUS. 

A   pure  culture  of  Staphylococcus  pyogenes  aureus  isolate*!  from  the  above  pus  obtained 

from  abscess  of  the  hand  was  planted  in  various  percentages  of  glycerin  and  tested  as 

above. 

Day?- 

Percentage  of  g 

Lycerin.  j 

! 

Eemark?, 
10 20 30 4*j 

-50 

eo 

70 

SO 

90  1 

100
 ' 

I 1 

AH  marked  —   gave  no  gnovrth 
in  broth. 

11   

- 
- 

- _ m   
2S 

49   
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!   Pus  from  axillary  abscess  containing  Staphylococcus  pyogenes  aureus  in  pure  culture, 

j   planted  in  varying  percentages  of  glycerin  (G)  in  distilled  water  and  kept  in  the 

incubator  at  37°  C.  From  time  to  time  small  portions  of  the  emulsion  were  drawn 
I   off  and  planted  upon  agar  and  in  bouillon. 

Days. 
Percentage  of  glycerin. 

Remarks. 10 20 
30 

40 
50 60 

70 

80 90 
100 

7   + 

+ 
+ 

+ 
+ 1 

1 
+
+
+
+
 
 

+
 

1 
 
 1 
 
 1 
 
 1 
  

+
+
 
 

+
 

- - - - - - - All  marked  —   gave  no  growth in  broth. 

14   
21    
28   
35   
42   
49   

STAPHYLOCOCCUS  IN  PUEE  CULTUKE  FROM  ABOVE  PUS. 

A   pure  culture  of  Staphylococcus  pyogenes  aureus  isolated  from  the  above  pus 
obtained  from  axillary  abscess  Tvas  planted  in  various  percentages  of  glycerin  and 
tested  as  above. 

Days. 
Percentage  of  glycerin. 

Remarks. 10 20 
30 40  i   50 60 

70 

80 

90 
100 

7   

+
  
 
+
   +   +   1   1 

+ 

+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 

- + All  marked  —   gave  no  growth 
in  broth. 

14    
21  .     
28  .   -     
35   
42   
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Pus  from  an  acute  abscess  of  the  face,  containing  Staphylococcus  pyogenes  aureus  in 

pure  culture,  planted  in  varying  percentages  of  glycerin  (G)  in  distilled  water  and 

kept  in  the  incubator  at  37°  C.  From  time  to  time  small  portions  of  the  emulsion 
were  drawn  off  and  planted  upon  agar  and  in  bouillon. 

Days. 

Percentage  of  glycerin. 
Remarks. 

10 
20 

30 
40 50 

60 70 80 90 
100 

7   + 

+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 
+ 

1 
+
+
+
+
+
+
 
 

+
 All  marked  —   gave  no  growth in  broth. 

14   
21   
28    
35    
42   
49   
56   

STAPHYLOCOCCUS  IN  PUEE  CULTURE  FROM  ABOVE  PUS. 

A   pure  culture  of  Staphylococcus  pyogenes  aureus  isolated  from  the  above  pus  obtained 
from  acute  abscess  of  the  face  was  planted  in  various  percentages  of  glycerin  and 
tested  as  above. 

Days. 
Percentage  of  glycerin. 

Remarks. 
10 

20 
30 

40 
50 60 70 80 90 

100 

7   

+
  
 +
   +   +   1   1 

+ 

+ 
+ 
+ 
+ 

+
  
 +
   +   +   1   I 

- - - - - - - All  marked  —   gave  no  growth 
in  broth. 

14   
21   
28   
35   
42   
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Pus  from  a   bone  felon  of  the  finger,  containing  Staphylococcus  pyogenes  alhus  in  pure 

culture,  planted  in  various  percentages  of  glycerin  (G)  in  distilled  water  and  kept 

in  the  incubator  at  37°  C.  From  time  to  time  small  portions  of  the  emulsion  were 
drawn  off  and  planted  upon  agar  and  in  bouillon. 

Days. 

Percentage  of  glycerin. 
Remarks. 10 20 

30 
40 

50  60 

70 

80 

90 

100 

7   

+
 

 
 

+
+
+
+
I
 

+
 

 
 

+
 

  +
 

  +
 

  
1  
 

1 

+ 

+ 
+ 
+ 

- - - - - - - All  marked  —   gave  no  growth 
in  broth. 

14   
21   
28   
35   
42   

STAPHYLOCOCCUS  IN  PUEE  CULTUKE  FROM  ABOVE  PUS. 

A   pure  culture  of  Staphylococcus  pyogenes  alhus  isolated  from  the  above  pus  obtained 

from  a   bone  felon  of  the  finger  was  planted  in  various  percentages  of  glycerin  and 
tested  as  above. 

Days. 
Percentage  of  glycerin. 

Remarks. 10 
20  30 

40 
50 

60 
70 

80 

90 

100 

7   + 

+ 
+ 
+ 
+ 
+ 
+ 1 

1 
1 

+
+
+
+
 
 

+
 

+ 

+ 
+ 
+ 
+ 
+ 
+ 

- — — - — - — All  marked  —   gave  no  growth 
in  broth. 

14   
21   
28   
35   
42   
49   
56   

From  these  experiments  it  will  be  seen  that  glycerin  has  the  power 

of  destroying  pus  organisms  whether  in  pure  culture  or  in  the  pus 

itself  within  two  weeks  when  exposed  at  these  temperatures.  As 

these  tests  were  made  in  the  incubator  at  37°  C.  they  can  not  be  taken 
as  an  evidence  of  what  glycerin  may  always  do  in  vaccine  virus  when 

kept  cool. 
TETANUS  IN  GLYCERIN. 

VIABILITY  OP  TETANUS  IN  GLYCERIN. 

On  January  2,  1903,  tetanus  was  planted  into  1,000  c.  c.  of  ordinary  bouillon  and 

grown  two  weeks  in  a   Novy  jar  at  37°  C.  Examination  of  the  growth  showed  that 
it  was  a   pure  culture.  The  spores  and  toxin  were  then  separated  by  filtration  and 

the  toxin  was  set  aside.  ■ 

The  spores  were  diluted  with  distilled  water  and  filtered.  The  residue  was  again 

suspended  in  water  and  filtered  several  times  iii  order  to  remove  the  toxin.  1,000 

c.  c.  were  used  in  the  washing. 
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The  toxin  and  the  watery  suspension  of  spores  were  then  tested  separately  on  mice 

as  indicated  by  the  following  table: 

Remit. 

Inoculated 
into  mice — 

Tetanus  toxin Tetanus  spores. 

Jan.  22: 
0.00006  c.c. 
.0002  c.c.. 
.   0004  c.  c.. 

Jan.  23-27,  N. 
Jan.  23,  N.... 
Jan.  23,  N.... 

Jan.  28-30,  P. 
Jan. 24, P   ... 
Jan.  24-28,  P. 

Recovered.. 
Jan.  25,  dead 
Jan.  29,  dead 

Jan.  23,N . 
Jan.  23,  N. 
Jan.  23,  N . 

Jan.  24-30,  P. 
Jan.  24-31,  P. 
Jan.  24r-29,  P . 

i   Jan.  31,  recovered. '   Jan.  31,  killed, 

j   Jan.  30,  killed. 
Six  sets  of  tubes  were  prepared,  each  set  composed  of  eleven  tubes, 

each  tube  containing  10  c.  c.  of  fluid.  The  first  tube  of  each  set  con- 
tained distilled  water;  the  second  contained  10  per  cent  pure  glycerin 

in  distilled  water;  the  other  tubes  contained  20  per  cent,  30  per  cent, 

etc.,  to  100  per  cent.  0.5  c.  c.  of  toxin  was  added  to  each  tube  of 

three  sets  and  the  suspension  of  spores  was  distributed  evenly  among 

the  other  three  sets,  each  tube  getting  0.5  c.  c.  A   set  of  spores  and  a 

set  of  toxin  were  placed  at  room  temperature;  a   set  of  each  was  kept 

in  the  cool  chamber  and  the  other  two  sets  were  put  in  the  incubator 

at  37°  C. 

On  February  1   these  tubes  were  tested  on  mice  as  shown  in  the  fol- 
lowing tables,  having  been  two  days  in  glycerin,  and  thereafter  each 

month. 

TETANUS  SPORES  IN  GLYCERIN. 

The  following  tables  give  the  results  of  our  studies  of  tetanus 

spores,  washed  free  of  toxin,  in  varying  percentages  of  glycerin,  and 

at  difierent  temperatures: 
Tetanus  spores. 

ALTER  TWO  DAYS’  EXPOSURE  TO  GLYCERIN. 

[+  =   typical  symptoms  of  tetamis;  —   =   no  symptoms  of  tetanus;  k   =   killed;  d   =   died.] 

Quantity  inoculated  into  mice,  per- 
centages  of  glycerin,  and  temper- 
ature. 

1st 
day. 2d day. 

3d 

day. 

’   4th 

day. 

Incubator,  37°  C.: 

i 
1 

0. 05  c.  c.  distilled  water   

j   -
 

+   ' 

1   + 

■   +k 

20  per  cent  glvcerin   

'   + 

+k 

1   40  per  cent  glvcerin   

!   — 

+ + 

1   +k 60  per  cent  glvcerin   

'   — 
+   1 

+k 

80  per  cent  glvcerin   — 
+   1 

+ 

'   +k 

100  per  cent  glvcerin   

'   — 

—   ! 

1   + 

'   -f- 

Icechest,10°tol2°C.: 1 
0. 05  c.  c.  distilled  water   

1   _ 
+ + 

I   +k 

20  per  cent  glvcerin   + 

+   i 

+k 
1   

40  per  cent  glvcerin   — 

+   i 

+k 

60  per  cent  glvcerin   
:   — +   1 

+k 

80  per  cent  glvcerin   

■   — 

+   ! 

-r 

-pk 

100  per  cent  glycerin   

Room,  about  20°  C.: 

— + + 

+k 

0. 02  c.  c.  distilled  water   — _ 

-1- 

-1- 20  per  cent  glvcerin   
— + + + 

40  per  cent  glvcerin   — + P 
60  per  cent  glvcerin   — 1 + + 
80  per  cent  glycerin   — + + + 

100  per  cent  glycerin   
1 1 

+ + + 

I   5th 

:   day. 

I 

+ 

+k 

+ 

+k 
+k 

+ 

Result. 

6th dav. 7th 

day. 

!   +k
  ̂ 

+k'; 

8th  j   9th day.!  day. 

I 

10th  nth;  12th 
day.  day.  day. 
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Tetanus  spores — Continued. 

AFTER  THIRTY  DAYS’  EXPOSURE  TO  GLYCERIN. 

[+  =   typical  symptoms  of  tetanus;  —   =   no  symptoms  of  tetanus;  k   -   -   killed;  d   =   died.] 

Quantity  inoculated  into  mice,  per- 
centages of  glycerin,  and  temper- 

ature. 
1st  2d 
day.  day. 

Incubator,  37°  C.- 
0.05  c.  c.  10  per  cent  glycerin   

30  per  cent  glycerin   
50  per  cent  glycerin   
70  per  cent  glycerin   
90  per  cent  glycerin   

Ice  chest,  10°  to  12°  C.: 
0.05  c.  c.  10  per  cent  glycerin   

30  per  cent  glycerin   
50  per  cent  glycerin   
70  per  cent  glycerin   
90  per  cent  glycerin   

Room,  about  20°  C.: 
0.05  c.  c.  10  per  cent  glycerin   

30  per  cent  glycerin   
50  per  cent  glycerin   
70  per  cent  glycerin   
90  per  cent  glycerin   

Result. 

3d 

day 

4th day. 

5th 

day. 

6th 

day. 
7th 

day. 

8th 

day. 
9th 
day. 

10th 
day. 

11th 

day. 

12th 

day. 

+   k 

_ _ _ 

__ 

+k 
+k 

I""
' 

j 

1  
 

+k 
+k AFTER  SIXTY  DAYS’  EXPOSURE  TO  GLYCERIN. 

Incubator  37°  C. : 
0.05  c.  c.  distilled  water   

20  per  cent  glycerin   
40  per  cent  glycerin   
60  per  cent  glycerin   
80  per  cent  glycerin   

100  per  cent  glycerin   
Ice  chest,  10°  to  12°  C. : 

0.05  c.  c.  distilled  water   

- 

+d 
+k 

+k +k 
+k 

- - - - - - - - - - 

20  per  cent  glycerin   
40  per  cent  glycerin     
60  per  cent  glycerin   

1  
 

j 

80  per  cent  glycerin      1 i 

100  per  cent  glycerin   
Room,  about  20°  C.: 0.05  c.  c.  distilled  wa.ter   

1  
 

+
 

  +
 

  +
 

  +
 

  
1  
 

1 
+ 

+k 

+k +k 

+k 
+k 

+ + + + 

-1- 

+ + + 

20  per  cent  glycerin   
40  per  cent  glycerin   
60  per  cent  glycerin   

1 

80  per  cent  glycerin   
100  per  cent  glycerin   

AFTER  NINETY  DAYS’  EXPOSURE  TO  GLYCERIN. 

Incubator,  37°  C.: 
0.05  c.  c.  distilled  water   

10  per  cent  glycerin 
30  per  cent  glycerin 
50  per  cent  glycerin 
70  per  cent  glycerin 
90  per  cent  glycerin 

Ice  chest,  10°  to  12°  C.: 
0.05  c.  c.  distilled  water   

10  per  cent  glycerin 
30  per  cent  glycerin 
50  per  cent  glycerin 
70  per  cent  glycerin 
90  per  cent  glycerin 

Room,  about  20°  C.: 
0.05  c.  c.  distilled  water   

10  per  cent  glycerin 
30  per  cent  glycerin 
60  per  cent  glycerin 
70  per  cent  glycerin 
90  per  cent  glycerin 

  i 

- 

+ 
  + 

  + 
  + 

  1 

+ 

+k 
+k 

-1- + 

+   k 

+   k +   k 
- 

— 
? 

1   +
+
 
 1   1 

1 
  
1 

  
+
+
 
 

1 

+  
 1 - - - - - - 

1   - 

h 
- 
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The  spores  kept  in  various  percentages  of  glycerin  in  the  incubator 
have  apparently  died  out,  viz,  having  failed  to  produce  symptoms  when 
inoculated  directly  into  mice.  Tests  were  now  made  (May  9)  to  see 
whether  these  spores  were  really  dead  or  whether  their  virulence  was 
simply  attenuated.  Small  quantities  from  each  of  the  test  dilutions 
were  therefore  inoculated  into  freshly  prepared  bouillon  and  grown 

anserobicalh"  in  a   Xovy  jar  in  an  atmosphere  of  hydrogen  plus  pyro- 
gallic  acid  and  caustic  potash,  with  the  following  results: 

Planted  May  9. 

Mixture. Result. 

Aqueous  solution   Growth,  no  spores,  contaminated. 
Mixed,  no  spores,  contaminated. 

No  growth. 
Many  spores. 
Many  spores  and  rods. 
Many  spores  and  rods. 
Many  spores. 
Many  spores. 
Many  spores. 
Spores  and  many  rods. 
Many  spores. 

10  per  cent  glycerin    
20  per  cent  glycerin   
30  per  cent  glycerin   
40  per  cent  glycerin   
50  per  cent  glycerin   
60  per  cent  glycerin  ....    
70  per  cent  glycerin   
80  per  cent  glycerin   
90  per  cent  glycerin   

100  per  cent  glycerin   

A   few  drops  of  the  growths  thus  obtained  were  on  May  21  inocu- 
lated into  mice,  with  the  result  that  all  died  within  a   few  hours  without 

showing  characteristic  symptoms.  The  inoculations  were  repeated 

June  3   (i.  e.,  25  days’  growth  in  bouillon),  0.0005  c.  c.  was  inoculated 
subcutaneously  into  the  Hank  of  each  mouse,  with  the  following  results: 

[+  =   typical  symptoms  of  tetanus;  —   =   no  symptoms  of  tetanus;  k   =   killed;  d   =   died.] 

Quantity  inoculated  into  mice,  per- 
centage of  glycerin,  and  tempera- 

ture. 

Result. 

1st day. 2d day. 
3d 

day. 
4th 
day. 1   5th 

Ijday. 6th 

day. 7th 
day. 

8th 

day. 

9th 

day. 

10th 

day. 

11th 
day. 

12th 

day. 

Incubator: 
0.0005  c.  c.  distilled  water   

-f-k 

-^k —a 

+k 

-f-k 

+k 

-fk 
-tk 
-fd 

+d 

-f-d 

10  per  cent  glycerin. . . 
20  per  cent  glycerin. . . 
30  per  cent  glycerin. . . 
40  per  cent  glycerin. . . 
50  per  cent  glycerin. . . 
60  per  cent  glycerin. . . 
70  per  cent  glycerin. . . 
80  per  cent  glycerin. . . 
90  per  cent  glycerin. . . 

100  per  cent  glycerin. . . 

1  
 

i 1 1 

1 

 
 

1 

1   ‘i 

1   ! 
1   j 

i   ! 
a.  This  showed  no  growth.  Therefore  about  0.25  c.  c.  of  the  dilution  was  injected  into  a   mouse. 

No  symptoms. 
The  dilutions,  etc.,  for  the  others  were  as  follows:  10  c.  c.  aq.  +   0.1  c.  c.  spores  =   1:100.  0.05  c.  c.  of 

this  solution  would  contain  1/2000  of  the  original,  or  .0005. 

Showing  that  although  the  spores  had  lost  their  power  of  producing 
tetanus  when  inoclated  directly  into  mice,  they  were  not  dead,  as  they 
regained  their  original  activity  and  virulence  when  reactivated  by 
growing  under  favorable  conditions. 
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Tetanus  spores. 

AFTER  ONE  HUNDRED  AND  TWENTY  DAYS’  EXPOSURE  TO  GLYCERIN. 

[+  =   typical  symptoms  of  tetanus;  —   =   no  symptoms  of  tetanus;  k   =   killed;  d   =   died.] 

Quantity  inoculated  into  mice,  per- 
centage of  glycerin,  and  tempera- 

ture. 

Result. 

1st 
day. 2d day. 

3d 
day. 4th 

day. 5th  1   6th day.!  day. 
7th  1   8th 
day.  day. 9th 

day. 
10th 
day. 

11th 

day. 

12th 

day. 

Incubator,  37°  C.: 
0.05  c.  c.  distilled  water   

20  per  cent  glycerin   
! 

40  per  cent  glycerin   
60  per  cent  glycerin   
80  per  cent  glycerin   

100  per  cent  glycerin   
Ice  chest,  10°  to  12°  C. : 

0.05  c.  c.  distilled  water   
20  per  cent  glycerin   

- 

+ 
+ 
? 

_? 

1 
 
 1 
 
 1 
 
 1 
 
 1 
 
 1 
 
 M
   
+
   
+
   
+
 

40  per  cent  glycerin   
60  per  cent  glycerin   + + 

+k 

80  per  cent  glycerin   
100  per  cent  glycerin   

Room,  about  20°  C.: 
0.05  c.  c.  distilled  water   

20  per  cent  glycerin   
40  per  cent  glycerin   
60  per  cent  glycerin   
80  per  cent  glycerin   

100  per  cent  glycerin   

- - - - - - 

AFTER  ONE  HUNDRED  AND  FIFTY  DAYS’  EXPOSURE  TO  GLYCERIN. 

Ice  chest,  10°  to  12°  C.: 
0. 05  c.  c.  10  per  cent  glycerin   

4- 

.   + 

+   k 

30  per  cent  glycerin   

+   k 

50  per  cent  glycerin   — 

+   k 

70  per  cent  glycerin   _ 

-f 

+ + 

+   k 

90  per  cent  glycerin   
Room,  about  20°  C.: 

0. 05  c.  c.  10  per  cent  glycerin   — — — — — — — — — — — 

30  per  cent  glycerin   + ■ 

+   k 

50  per  cent  glycerin   
70  per  cent  glycerin   
90  per  cent  glycerin   “ “ 

AFTER  ONE  HUNDRED  AND  EIGHTY  DAYS’  EXPOSURE  TO  GLYCERIN. 

Ice  chest,  10°  to  12°  C.: 
0. 05  c.  c.  20  per  cent  glycerin   

- 
? 

+k 

-1- 

+k 

40  per  cent  glycerin   
60  per  cent  glycerin   

+k 

80  per  cent  glycerin   - - - - - - - 

inn  rw^T  ppTif  o'lvppri'n 

Room,  about  20°  C.: 
0. 05  c.  c.  20  per  cent  glycerin   

4n  ppr  ppnt  ̂ lyppriTi 

- - - - - - - - - - 

60  per  cent  glycerin   - - ? 

+k 

Rn  "nPT*  PPTVf  O’lvPPTITI 0\J  ̂ CX  V/CXXl»  J   V/CXXXl  ..... 

100  per  cent  glycerin   - - - - - - - - - - 

We  learn  from  these  studies  that  tetanus  spores  may  die  within 

thirty  days  in  gdycerin  at  the  body  temperature;  but  they  live  for 

months  (one  hundred  and  eighty  days)  at  room  temperature  or  in  the 

ice  chest.  The  virulence  of  the  spores  is  generally  lost  long  before 

their  power  of  growing  and  multiplying  if  placed  under  favorable 
conditions. 
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TETAmiS  TOXIN  IN  GLYCERIN. 

A   series  of  tests  was  then  made  to  determine  the  effect  of  glycerin 

upon  tetanus  toxin. 

In  each  instance  a   quantity  of  the  glycerin  containing  0.0025  c.  c.  of 
the  toxin  was  inoculated  into  the  flank  of  a   mouse  and  observed  for 

symptoms.  This  quantity  was  over  ten  times  the  M.  L.  D. 

It  was  found  that  the  toxin  exposed  to  the  glycerin  gradually  lost 

its  virulence  after  sixt}"  days  at  the  body  temperature,  but  that  it  was 
still  active  after  one  hundred  and  eighty  days  in  the  ice  chest  or  at 

room  temperature. 

If  vaccine  virus,  therefore,  was  contaminated  with  such  toxin  the 

glycerin  would  have  no  influence  upon  it. 

VIABILITY  OF  mXED  CULTURE  OF  TETANUS  IN  VARIOUS  PERCENTAGES 

OF  GLYCERIN. 

This  culture  was  the  same  as  was  used  for  testing  the  viability  of  the 

mixed  culture  of  tetanus  on  dry  points  and  in  glycerinated  virus.  ̂    It 

was  planted  into  100  c.  c.  of  bouillon  on  June  25  and  kept  at  37°  for 
two  weeks  in  a   Novy  jar.  It  contained  a   coccus,  a   slender  motile  rod 

of  good  length,  which  contained  a   central  oval  spore,  in  addition  to  a 

rich  growth  of  tetanus  organisms. 

On  July  11  the  400  c.  c.  were  subjected  to  a   Pasteur  filter  to  remove 
the  toxins.  The  residue  was  washed  several  times  with  distilled  water 

to  remove  aiw  trace  of  toxins  from  the  tetanus  organisms.  The  excess 

of  water  in  which  the  tetanus  remained  suspended  was  evaporated  in  a 

vacuum  containing  a   vessel  of  calcium  chloride  until  it  reached  a   bulk 
of  about  2   c.  c. 

Three  series  of  test  tubes  were  prepared.  Each  series  represented 

ten  different  percentages  of  pure  glycerin  in  water,  namely,  10,  20,  30 

per  cent,  etc. ,   to  100  per  cent.  Into  each  of  the  thirty  tubes  compris- 

ing the  three  series  we  put  an  equal  amount  of  the  watery  suspension 

of  mixed  tetanus  organisms  on  July  16  and  paraffined  the  cotton  plugs. 

The  three  series  were  then  put  at  different  temperatures — one  at  room 

temperature,  about  20°  C. ;   another  in  the  incubator  at  37°,  and  the 

other  in  the  ice  chest  at  10°  to  12°  C.  Before  placing  the  series  at 

different  temperatures,  however,  the}^  were  tested  on  mice. 

As  a   control,  inoculations  into  mice  were  made  from  three  tubes 

selected  at  random,  which  were  the  10  per  cent  incubator,  30  per  cent 

ice  chest,  and  60  per  cent  room  temperature.  The  three  series  were 

then  placed  in  their  appropriate  temperatures  and  tested  on  mice  at 
intervals. 

It  was  found  that  mixed  cultures  of  tetanus  in  glycerin  at  the  body 

«See  Bulletin  No.  12. — The  bacteriological  impurities  of  vaccine  virus;  an  experi- 
mental study.  By  M.  J.  Bosenau. 
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heat  began  to  lose  their  virulence  in  thirty  days,  but  at  room  tempera- 
ture were  virulent  for  mice  at  the  end  of  ninety  days,  and  in  the  ice 

chest  at  one  hundred  and  sixty-live,  when  all  of  the  material  was 
exhausted. 

RESUME  AND  CONCLUSIONS. 

This  study  was  undertaken  and  is  published  on  account  of  its  impor- 

tance from  a   public-health  standpoint,  particularly  in  view  of  the  fact 

that  glycerin  is  used  to  conserve  vaccine  virus  and  analogous  products. 

On  account  of  its  bland  and  nonpoisonous  properties  glycerin  has  long 

been  used  as  a   preservative  for  organic  matter;  but  not  until  1891, 

when  Copeman  claimed  for  it  special  virtues  as  a   germicide,  did  it 

come  into  general  use  to  purify  vaccine  virus. 

A   false  sense  of  security  arose  owing  to  an  overestimate  of  the  anti- 

septic and  germicidal  value  of  glycerin.  This  fact  we  have  brought 

out  in  previous  publications  on  the  subject  of  the  bacteriological 

impurities  of  vaccine  virus.  Other  substances,  such  as  chloroform 

vapor,  chloretone,  potassium  cyanide,  carbolic  acid,  formalin,  etc., 

have  since  been  used  as  a   substitute  for  gljmerin  with  more  or  less 

success,  and  it  is  possible  that  one  of  these  more  energetic  germicidal 

substances  may  be  found  to  be  superior  to  glycerin  for  this  particular 

purpose  in  commercial  practice. 

The  experiments  are  published  in  detail  at  the  request  of  several 

vaccine  producers  who  desire  to  know  the  exact  value  of  glycerin  as  a 

germicide  and  antiseptic. 

In  brief,  it  may  be  stated  that  glycerin  has  distinct  but  very  feeble 

germicidal  and  antiseptic  properties.  The  results  are  summarized  as 
follows: 

GLYCERIN  AS  AN  ANTISEPTIC. 

Small  quantities  of  glycerin,  less  than  10  per  cent,  added  to  nutrient 

media  have  well-known  powers  of  favoring  the  growth  and  multipli- 
cation of  many  forms  of  bacteria. 

The  presence  of  50  per  cent  of  glycerin  will  restrain  all  bacterial 

growth.  Less  than  this  amount  can  not  be  depended  upon  for  the 

preservation  of  vaccines  and  other  organic  growths.^ 

The  antiseptic  power  varies  for  the  different  glycerins.  For  in- 

stance, some  restrain  all  growth  and  development  when  present  in  the 

proportion  of  43  per  cent;  others  require  49  per  cent. 

No  evident  growth  or  multiplication  of  bacteria  takes  place  in  nutri- 

ent media  containing  32  per  cent  of  glycerin,  but  molds  grow  in 

stronger  percentages,  viz,  40  to  49  per  cent. 

In  order  to  prevent  the  growth  and  development  of  pus  cocci  at 

least  33  per  cent  of  gl}^cerin  must  be  present.  This  is  more  than  that 

«   The  percentages  throughout  this  jDaper  are  by  volumes. 
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required  to  restrain  the  growth  and  multiplication  of  the  other  eight- 

een different  pathogenic  and  saprophytic  bacteria  tested. 

GLYCERIN  AS  A   GERMICIDE. 

Glycerin  has  a   distinct,  though  exceedingly  feeble,  germicidal  action. 

It  probably  acts  by  virtue  of  its  great  affinity  for  water,  abstracting 

this  substance  from  the  germ. 

As  a   rule,  glycerin  destroys  the  micrococci  of  suppuration,  whether 

these  be  in  pure  culture  or  in  the  pus  itself,  within  two  weeks.  This 

action,  like  that  of  all  germicides,  depends  for  its  activity  upon  the 

temperature.  Pus  cocci  may  live  in  glycerin  for  months  in  the  ice 

chest.  The}^  would  die  in  a   week  at  the  bod}-  temperature. 

Gl}xerin  seems  to  be  a   selective  poison  for  the  bacillus  of  diphthe- 

ria, which  in  all  of  our  experiments  died  much  more  quickly  than  any 

of  the  other  organisms  tested. 

The  bacteria  of  the  typhoid  and  colon  group  often  show  a   marked 

resistance  to  the  effects  of  glycerin  in  strong  proportions. 

Glycerin  asserts  its  greatest  germicidal  effect  during  the  first  twenty- 

four  hours.  The  remaining  members  of  the  colonies  which  resist  its 

action  for  this  first  period  succumb  very  slowly. 

Gl}merin  in  all  proportions  has  practically  no  eff  ect  upon  endogenous 

spores.  We  have  kept  anthrax  spores  alive  and  virulent  two  hundred 

days  in  the  stronger  percentages  and  at  warm  temperatures. 

TETANUS  IN  GLYCERIN. 

Tetanus  spores  in  pure  culture,  freed  of  all  organic  matter  and  washed 

free  of  toxin,  ma3Gose  their  virulence  in  ghxerin  in  thirty  days  at  the 

body  temperature,  but  the}^  live  for  months  (one  hundred  and  eighty 
days)  at  room  temperature  or  in  the  ice  chest.  Glycerin,  therefore, 

can  not  be  depended  upon  to  purif}^  vaccine  or  other  organic  matter 
containing  this  contamination.  The  virulence  of  the  spores  is  lost 

long  before  they  actually  die,  for  they  still  retain  the  power  of  grow- 

ing and  multipl^Tng  if  placed  under  favorable  conditions.  Under  these 

circumstances  they  also  regain  their  original  pathogenic  properties. 

Glycerin  has  practically  no  effect  upon  tetanus  toxin.  We  found 

such  toxin  added  to  glycerin  to  be  active  for  sixty  days  at  the  body 

temperature  and  one  hundred  and  eighty  days  at  room  temperature 
or  in  the  ice  chest. 

O 
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ILLUSTRATED  KEY  TO  THE  TREMATODE  PARASITES 
OE  MAX. 

By  Ch.  Wardell  Stiles,  Ph.  D.,  Chief  of  Division  of  Zoology,  Hygienic  Laboratory, 

TJnited  States  Public  Health  and  IMarine-Hospital  Service. 

INTRODUCTION. 

Upon  seTeral  recent  occasions  the  writer  has  been  called  upon  for 

information  in  regard  to  the  treniatodes  xvhich  are  parasitic  in  man, 

and  it  is  in  response  to  such  reciuests  that  the  present  paper  is  pub- 
lished. This  key  is  offered  not  as  an  exhaustive  treatment  of  the 

subject,  but  as  a   ready  reference  aid  in  clinical  diagnosis. 

To  the  American  physician  the  treniatodes  or  flukes  hax’e  been  here- 
tofore chiefly  matters  of  scientific  interest,  most  men  looking  upon 

them  as  zoological  curiosities.  Hepatic  distomatosis,  caused  liy 

Fasciola  hepatica  and  F.  magna^  is  known  to  occur  in  cattle,  particu- 

larl}"  in  the  Southern  States;  F.  hepatica  is  also  found  in  sheep  in 
various  parts  of  the  country,  and  it  need  not  be  surprising  if  isolated 

cases  of  infection  with  this  parasite  should  be  found  in  man.  About 

20  cases  of  hepatic  distomatosis,  caused  by  Opristhorchis  sinensis^  hax^e 

alread}^  been  found  in  this  country,  and  it  is  strange  that  the  cases 

thus  far  seen  are  so  few  in  number.  Parasitic  hemoptysis,  caused  bx" 
Paragonimus  icesterinanii,  been  found  in  the  United  States  in 

dogs,  cats,  and  swine,  and  one  (imported)  case  in  man  has  recentl}" 

been  recognized  in  Portland,  Oreg.  Bilharziosis,  caused  by  Schisto- 

soma heematoljium^  has  been  found  in  this  country  upon  at  least  three 

occasions,  and  it  is  also  said  to  occur  in  Cuba  and  Porto  Rico.  Thus, 

for  the  American  physician,  trematode  diseases  are  becoming  some- 

thing more  than  a   mere  matter  of  curiosity,  and  their  importance  is 

increased  by  the  fact  that  about  120,000  of  our  troops  have  been  serv- 

ing in  the  Asiatic  quarter  of  the  globe,  or,  in  other  words,  in  a   part 

of  the  world  where  maladies  of  trematode  origin  are  more  common 

than  the\"  are  with  us.  Whether  the  return  of  these  troops,  together 
with  the  return  of  travelers  from  Asia,  xvill  result  in  making  these 

diseases  more  or  less  common  in  man  in  the  United  States  can  not  lie 

definitelv  prophesied,  but  the  indications  are  that  we  shall  not  entirely 

escape  infection.  It  is  difficult  to  guard  against  the  introduction  of 

the  parasites  under  consideration,  and  the  question  whether  they  will 

multiply  here  depends  primarily  upon  two  factors,  namely,  first. 



8 

whether  there  exist  in  the  United  States  species  of  snails  which  can 

serve  as  intermediate  hosts;  and.  second,  whether  these  snails  actuaily 

become  infected  by  persons  harboring  the  parasites.  From  the  fact 

that  snails  are  necessary  for  the  propagation  of  at  least  some  of  the 

trematode  maladies  of  man.  it  is  apparent  that  cases  of  infection  are 

more  likely  to  occur  in  rural  districts  than  in  cities.  In  other  words, 

they  are  more  likely  to  occur  in  the  practice  of  a   class  of  physicians 

who  as  a   rale  do  not  use  the  microscope  as  an  aid  in  diagnosis  and 

who.  therefore,  will  not  recognize  the  exact  nature  of  the  malady. 

CLINICAL  CLASSIFICATION  OF  TREMATODE  INFECTIONS 

(DISTOMATOSIS). 

Trematode  infection  is  usually  spoken  of  as  distomatosis.  The  name 

is  derived  from  Distonia,  which  has  been  used  by  many  authors  to 

designate  a   collective  genus  in  the  family  Fasciolid^e.  As  a   generic 

name,  iJistoma  is  now  suppressed,  its  species  having  been  distributed 

in  a   large  number  of  well-dehned  genera,  but  the  term  distomatGsis 

may  be  conveniently  retained  (at  least  until  the  zoologic  nomenclature 

becomes  more  settled)  to  designate  infection  by  digenetic  trematodes. 

Distomatosis  may  aflect  dilferent  parts  of  the  human  body,  as  follows: 

Ophthalmic  distomatosis:  Very  rare:  diagnosis  only  by  ophthalmo- 

scopic examination,  or  after  operation .   or  on  autopsy :   treatment  sur- 

gical: caused  by  JZh/n>5-f<9//?  (p.  l'2)r^\\^Agamodistoinu)n  (p.  Id). 
Cerebral  (Jacksonian  epilepsy):  Usually  in  connection  with 

pulmonary  distomatosis:  diagnosis  symptomatic  and  by  micro- 

scopic examination  of  sputum:  no  specific  treatment:  caused  by 

Paragon imus  (p.  14). 

Pidrnemary  distermatosis  (parasitic  hemoptysis):  Diagnosis  by  micro- 

scopic examination  of  sputum:  no  specitic  treatment:  caused  by 

Para  (jemimas  (p.  14)  and  Pasciola  (p.  18). 

Ilejjatic  distomatosis :   Diagnosis  bv  microscopic  examination  of  feces: 

no  specific  treatment:  caused  hy  Pasciola.  Pi croceeJi urn.  and  Opis- 
thorchis  (p.  dO). 

Pancreatic  distomatosis :   Occasionally  occurs  with  hepatic  infection: 

caused  by  OpisthorchU  (p.  30). 

Intestinal  distomatosis :   Diagnosis  by  microscopic  examination  of  feces: 

treatment  with  thymol,  or  same  anthelmintics  as  for  tapeworms: 

caused  by  Fascwlopjsis.  lleteropehyes.  and  Gastrodiscus  (p.  39). 

Yencd  distrrmalosis  (bilharzian  hematuria):  Diagnosis,  microscopic 

examination  of  urine  and  feces:  treatment,  male  fern  (Q:  caused 

by  Schistosoma  (p.  49). 

CLINICAL  DIAGNOSIS. 

The  clinical  diagnosis  of  distomatosis  should  be  made  by  microscopic 

examination  of  the  sputum,  urine,  and  feces.  Xo  special  technique  is 

required.  Examine  the  fresh  unstained  excretions  under  a   medium 
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power  and  later  under  a   higher  power  diy  lens.  It  will  not  always  he 

possible  to  determine  from  the  microscopic  examination  alone  w^hether 
the  infection  is  hepatic  or  intestinal,  as  the  size  of  the  eggs  varies  and 

the  exact  species  can  not  ahvays  be  definitely  determined  from  the  egg. 

KEY  TO  THE  EGGS  OF  TREMATODES  REPORTED  FOR  MAX. 

(For  species  thus  far  found  in  the  United  States,  follow  Roman  type.) 

1.  Eggs  in  sputum ;   embryo  not  developed.  Parasitic  hemoptysis...     2 

Eggs  in  feces;  embryo  developed  or  undeveloped     3 

Eggs  in  urine;  120  fi  long  by  50  //  broad;  provided  with  a   20  long  terminal 

or  subterminal  sj)ine;  contain  no  embryo  when  first  oviposited,  but 

embryo  may  develop  before  egg  is  discharged  from  the  host.  Bilhar- 
ziosis  (Egyptian  hematuria)   Schistosoma  hcematohium  (p.  50) 

2.  Egg  68  to  118/f  long  by  48  to  60/4  broad.  This  is  the  egg  usually  found  in 

parasitic  hemoptysis   Paragonimus  ivestermanii  (p.  16) 

Egg  150  to  190  ju.  long  by  75  to  90 broad.  Very  rare  in  man   
Fasciola  gigantica  (p.  19) 

EGGS  IN  FECES. 

3.  The  same  egg  also  in  the  sputum         1 

The  same  egg  may  also  be  in  the  urine         1 

The  same  egg  neither  in  the  sputum  nor  in  the  urine     4 

4.  Egg  more  than  100  ju  long     5 

Egg  less  than  50 ju  long.             6 

5.  Egg  130  to  145/4  long  by  70  to  90/4  broad;  does  not  contain  embryo  when 

discharged  in  feces.  Indicates  infection  of  the  liyer .. Fasciola  hepatica  (p.  22) 

Fgg  120  to  130  /4  long  by  77  p   broad;  does  not  contain  embryo  when  discharged 

in  the  feces.  Indicates  infection  of  the  intestine   Fasciolopsis  buskii  (p.  41) 

Fgg  150  /4  long  by  80  p   broad.  Indicates  inf ection  of  the  intestine   
Fasciolopsis  rathouisi  (p.  42) 

Egg  150  p   long  by  72  p   broad.  Indicates  inf  ection  of  the  intestine   - 
Gastrodiscus  hominis  (p.  46) 

6.  Egg  contains  embryo       7 

Xot  stated  whether  egg  contcdns  embryo;  egg  34  P   long  by  19  to  21  p   broad.  In- 

dicates infection  of  the  liver   Opisthorchis  noverca  (p.  33) 

7.  Embryo  with  two  dark  spots  in  posterior  half;  egg  dark,  38  to  45 p   long  by  22 

to  30  p   broad.  Indicates  infection  of  the  liver   Dicrocoelium  lanceatum  (p.  29) 

Embryo  without  said  spots     8 

8.  Egg  26  to  30  u   long  by  11  to  15  p   broad.  Indicates  infection  of  the  liver   
Opisthorchis  felineus  (p.  31) 

Egg  28  to  30  p   long  by  16  to  17  p   bi'oad.  Indicates  infection  of  the  liver  . . 
Opisthorchis  sinensis  (p.  35) 

Fgg  20  to  30  p   long  by  15  to  17  p   broad.  Indicates  infection  of  the  intestine   
Ileterophyes  heterophyes  (p.  45) 

THE  PARASITES  OF  DISTOMATOSIS. 

Except  ill  cases  of  intestinal  distomatosis  and  occasional!}^  in  hepatic 

infection,  the  physician  will  rarely,  if  ever,  see  the  parasite  during  the 

life  of  his  patient.  If  trematodes  are  found  on  autopsy,  they  may  be 

determined  by  use  of  the  key  given  on  p.  11. 
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ANATOMICAL  STRUCTURE  OF  TREMATODES. 

The  following  technical  description  shows  the  systematic  position 

and  general  structure  of  the  flukes  under  discussion: 

[Suborder  Malacocotylea:  Digenea.  Families  Monostomidae,  Fasciolidae,  Param- 

phistomidae,  and  Schistosomida?.  See  figs.  13-15,  18,  20,  42-47,  49-50,  64, 

67—68,  78,  85-86.] 

IVith  the  exception  of  the  blood  flukes  {Schistosoma)  they  are  all  hermaphrodites. 

They  are  flat,  cylindrical,  or  conical  worms,  always  longer  than  broad;  on  the  ante- 
rior extremitw  is  situated  the  mouth,  surrounded  by  a   muscular  organ,  known  as  the 

oral  sucher  and  curved  slightly  ventrad.  There  is  a   second  sucker  (the  acetabulum), 

which  is  situated  in  the  ventro-median  line;  in  the  Fasciolidae  the  acetabulum  is  gen- 
erally fomid  on  the  anterior  half  of  the  body,  while  in  the  family  Paramphistomidfe 

it  is  at  or  near  the  posterior  extremity.  The  surface  of  the  worms  is  generally  more 

or  less  covered  with  minute  spines  or  tubercles. 

The  digestive  tract  consists  of  the  mouth,  a   short  esophagus,  and  two  blind  sacs 

(intestinal  ceca),  which  represent  the  true  intestine.  The  anterior  portion  of  the 

esophagus  is  generally  connected  with  the  mouth  by  a   muscular  bulb  (the pharynx)', 
the  posterior  extremity  bifurcates,  one  branch  being  connected  with  each  intestinal 

cecum.  The  intestinal  sacs  are  usually  simple  elongated  tubes  (fig.  43),  but  in  the 

genus  Fasciola  they  branch  freely  (fig.  20,  i).  In  Schistosoma  the  two  ceca  unite 

after  passing  the  genital  glands.  An  anus  is  never  present. 

Genital  organs. — The  genited  pore  is  in  the  ventro-median  line  in  nearly  all  species 
here  described,  the  male  copulatory  organ  {cirrus,  or  penis,)  lying  very  close  to  the 

female  opening  {vulva).  Male  organs:  A   cirrus  is  frequently  seen  extruded  from  the 

genital  pore,  and  in  these  cases  it  appears  as  a   curved  organ,  varying  in  size  accord- 

ing to  the  ̂ pscies;  usually  the  cirrus  is  invaginated  into  the  cirrus  pouch.  Through 

its  center  runs  a   canal  (the  ductus  ejaculatoris),  which  receives  the  spermatozoa  from 

a   vesicula  seminalis.  The  latter  is  partially  or  entirely  included  in  the  pouch;  at  its 

posterior  end  it  receives  either  directly  or  indirectly  the  two  va.sa  etferentia,  through 

which  the  spermatozoa  are  conducted  from  the  testicles.  The  testicles,  generally  two 

in  number,  one  right  and  one  left,  are  more  or  less  round,  lobate,  or  branched.  Female 

orgam:  The  vulva  leads  into  a   canal,  the  anterior  portion  of  which  is  known  as  the 

metraterm;  this  is  continued  as  the  iderus,  which  forms  more  or  less  numerous  folds  in 

the  median  portion  of  the  body,  and  finally  leads  to  the  so-called  shell-gland,  which 
may  frequently  be  seen  in  fresh  specimens  {Fasciola  rnagna  and  others)  as  a   round 

body  a   short  distance  posterior  of  the  acetabulum.  In  the  center  of  the  shell-gland  is 

a   canal  (the  ootype),  in  which  four  canals  {uterus,  oviduct,  Laurer's  canal,  and  vitelloduct) 
come  together.  The  ovary  in  some  species  is  globular,  in  others  lobate,  or  branched, 

and  connects  with  the  ootype  through  the  oviduct.  The  Laureds  canal  runs  from 

the  ootype  dorsad,  and  opens  to  the  exterior  on  the  dorsal  surface.  Its  function  is 

still  doubtful,  but  homologically  it  represents  the  uterus  of  cestodes.  The  vitellogene 

glands  (vitellaria)  are  two  in  number,  and  are  situated  laterally  of  the  longitudinal 

intestinal  ceca;  they  vary  in  size  in  different  species,  are  generally  quite  elongated, 

and  are  composed  of  numerous  branches,  or  acini,  much  like  a   bunch  of  grapes  in 

form,  all  of  which  connect  with  a   longitudinal  vitelloduct  (one  on  each  side  of  the 

body);  these  longitudinal  ducts  are  in  turn  connected  by  a   pair  of  transverse  ducts 

which  unite  in  the  median  line,  immediately  posterior  of  the  shell-gland,  to  form  a 

common  reservoir;  this,  in  turn,  empties  into  the  ootype  through  the  short  vitello- 
duct mentioned  above.  The  vitellaria  produce  yolk  cells,  which  are  associated  with 

the  true  ovum  to  form  the  eggs. 

Excretory  system. — At  or  near  the  posterior  extremity,  generally  somewhat  dor- 
sally,  is  situated  a   small  pore  {porus  e.rcretorius),  which  leads  into  a   median  terminal 
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vesicle;  this  latter  gives  off  longitudinal  branches;  these  in  turn  give  off  secondary 

branches,  which  ramify  through  the  body,  each  small  branch  ending  in  an  excretory 
cell. 

Nervous  system. — A   set  of  ganglia  is  found  at  each  side  of  the  pharynx;  these  ganglia 
are  connected  by  a   dorsal  commissure  and  give  off  numerous  nerves  to  various  parts 

of  the  body.  The  largest  nerves  are  the  two  ventral  longitudinal  nerves  which  run 

antero-posteriorly,  and  can  frecpiently  be  seen  in  fresh  specimens. 

Life  history. — See  p.  2.3. 

KEY^<  TO  THE  GENERA  OP  TREMATODA  REPORTED  FOR  MAN. 

(For  species  parasitic  in  man  and  thus  far  found  in  the  United  States,  follow  roman 

type. ) 

].  Two  suckers  (acetabula)  present     2 

One  sucker  (acetabulum)  present  (Monostomidse)   Monostomulum  (p.  12) 

2.  Ventral  acetabulum  on  ventral  surface  of  anterior  half  of  body     3 

Ventral  acetabulum  at  posterior  end  of  body,  terminal  or  subterminal  {Param- 

pliistomidsc)   Gastrodiscus  (p.  45) 

3.  Monecious  (hermaphrodites)  (Fasciolidse)     4 

Diecious  (sexes  separated)  (Schistosomidfc)     Schistosoma  (p.  50) 

FASCIOLID.E. 

4.  Mature  distomes,  or  worms  developed  at  least  to  a   stage  which  permits  a 

determination  of  the  genus     5 

Immature  distomes,  or  forms  not  sufficiently  developed  to  permit  a   deter- 

mination of  the  genus   1 .   .Again odist omum  (j>.  12) 

5.  Genital  pore  not  surrounded  by  a   circular,  muscular,  acetabulum-like  struc- 
ture    6 

Genital  pore  poster o-lateral  of  acetabulum  and  surrounded  by  a   circular,  muscu- 
lar structure  tuhich  looks  like  a   third  acetabulum   Heterophyes  (p.  43) 

6.  Genital  pore  between  oral  sucker  and  acetabulum     7 

Genital  pore  postero-median  or  postero-lateral  of  acetabulum.  (p.  15) 
7.  Intestinal  ceca  dendritic     Fa.sciola  (p.  21 ) 

Intestinal  ceca  not  dendritic   8 

8.  Body  large,  usucdly  over  25  mm.  long,  and  14  mm.  broad;  ovary  branched; 

vitellogene  glands  e.vtend  to  po.sterior  end  of  body,  caudad  of  testicles. 
Fasciolo})sis  [\).  30) 

Body  usually  less  than  20  mm.  long,  and  rarely  over  5   mm.  broad;  ovary 

not  branched;  vitellogene  glands  do  not  extend  caudad  of  testicles     9 

9.  Testicles  anterior  of  ovary  and  uterine  coils   Dicrocoelium  (p.  28) 

Testicles  posterior  of  ovary  and  uterine  coils   Opisthorchis  (p.  30) 

«This  key  is  based  primarily  upoii.the  species  found  in  man,  and  on  this  account 

should  not  be  relied  upon  for  other  species  found  in  other  animals. 



OPHTHALMIC  HISTOMATOSIS. 

On  only  two  occasions  have  trematodes  been  reported  for  the  human 

eye,  but  neither  of  the  parasites  is  well  described.  For  a   full  dis- 

cussion of  these  cases,  with  Engdish  translations  of  the  original 

observations,  also  with  bibliography  and  synon}^!!}^  see  Stiles  (1902, 

pp.  2d-35,  pi.  3,  hgs.  2-5).  Cases  of  similar  infection  are  described 
for  hsh. 

Family  MONOSTOMID.E. 

Collective  group  MONOSTOMULUM  Brandes,  1892. 

Generic  diagnosis. — Monostomidie:  An  artificial  collective  group  to  contain  agamic 

monostomes  in  which  the  characters  are  not  sufficiently  developed  to  permit  of  an 

exact  generic  determination.  Such  an  artificial  group  does  not  have  any  type 

species. 

The  Eye  Monostome — MONOSTOMULUM  LENTIS«  ( Gescheidt,  1833)  Brandes, 

1892 — of  Man. 

[Xo  illustrations  published.] 

Specific  diagnosis. — Monostomulum:  One-tenth  of  a   line  (0.22  mm.)  long. 

Habitat. — In  crystalline  lens  of  eye  of  man  {Homo  sapiens),  in  Odessa. 

Family  FASCIOLID.E. 

Collective  group  AGAMODISTOMUM  Stossich,  1892. 

Generic  diagnosis. — Fasciolidie:  An  artificial  collective  group  to  contain  agamic 

distomes  in  which  the  characters  are  not  sufficiently  developed  to  permit  of  an  exact 

generic  determination.  Such  an  artificial  group  does  not  have  any  type  species. 

«   Synonyms.- — ? Fasciola  hepatica  Linmeus,  1758  [see  p.  22];  “   Honostomen  ”   Xord- 
mann,  1832;  Monostoma  lentis  Gescheidt,  1833;  Monostomum  Jentis  (Gescheidt,  1833) 

Diesing,  1850;  Festucaria,  lentis  (Gescheidt,  1833)  Moquin-Tandon,  1860;  Distoma 

ophthalmohium  Diesing,  1850”  of  Cobhold,  1864,  in  part;  Monostomulum  lentis 

(Gescheidt,  1833)  Brandes,  1892;  Agamodistomum  ophthalmohium  [see  p.  — ]; 
2 Dicroccelium  lanceatum  Stiles  &   Hassall,  1896  [see  p.  — ]. 

^Synony3is. — Agamodistomum  Stossich,  1892;  Distomulum  Brandes,  1892;  Agamo- 

distoma  Stossich,  1898. 

12 



Bulletin  No.  17,  Hygienic  Laboratory. 
Plate  1. 

Haines,  del. 

Dorsal  and  Ventral  Views  of  Agamodistomum  ophthalivtobium. 

Fig.  1.  'VQnivoX  oi  Agamodistomum  ophtlialmohiiim.  (After  von  Ammon, 1838,  pi.  12,  fig.  24.) 

Fig.  2.  “Dorsal”  (lateral?)  view  of  same.  (After  von  Ammon,  1838,  pi.  12, fig.  25.) 
Figs.  3.  4.  Two  other  views  of  same  in  different  stages  of  contraction.  (After 

von  Ammon,  1841,  pi.  14,  figs.  19,  20.) 
Note  that  in  fig.  1,  published  in  1838,  a   ventral  acetabulum  is  distinct;  in  figs.  3 

and  4,  published  in  1841,  no  ventral  acetabulum  is  evident. 
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TheEyeDistome— AGAMODISTOMUM  OPHTHALMOBIUM«  (Diesing,  1850) 

Stossich,  1892 — of  Man. 

[Figs.  1   to  4.] 

Specific  diagnosis. — Agamodistomurn:  Body  ovate-lanceolate,  variable,  one-fourth 

to  one-half  line  long,  one-sixth  of  a   line  broad.  Mouth  terminal  to  subterminal, 

orbicular.  Acetabulum  one-third  larger  than  oral  sucker,  subcentral,  with  circular 
aperture. 

Habitat. — Between  crystalline  lens  and  its  capsule,  in  eye  of  man  {Homo  sapiens), 
in  Dresden. 

<^Synonyms. — “Distomen”  Ammon,  1833;  Distoma  oculi  humani  Gescheidt,  1833; 

Distomum  ophthalmohiiun  Diesing,  1850;  Distoma  opldhedmohium  (Diesing,  1850) 
Kuchenmeister,  1855;  Dicrocoelium  oculi  humani  (Gescheidt,  1833)  Weinland,  1858; 

^Histoma  oculare  Xordmann”  of  Moquin-Tandon,  1860;  Fasciola  ocidaris  3Ioquin- 
Tandon,  1860;  Fasciola  ocuUs  Moquin-Tandon,  1861;  Distoma  ocular  de  Bonis,  1882; 

Agamodistomurn  ophthabnobium  (Diesing,  1850)  Stossich,  1892;  ‘IDicroccelium  lanceatum 
Stiles  &   Hassall,  1896  [see  p.  29];  “Distom.  ohuli  humani  Ammon”  of  Schneidemuhl, 
1896. 

t 
k 



PILMOXAEY  DIST03IAT08I8  OR  PARA8ITIC  HE310P- 
TY8I8  AAD  CEREBRAL  PI8T03IAT08I8  OR  JACK80A- 
lAA  (CORTICAL)  EPILEP8Y. 

Pulmonary  clistomatosis  is  the  primary,  cerebral  distomatosis  the 

secondary  infection,  and  while  it  is  not  excluded  that  cerebral  infec- 

tion may  take  place  in  connection  with  hepatic  or  venal  infection,  still 

Fig.  9. — Section  of  a   cyst  in  the  lower  lobe  of  a   cat’.s  left  lung  containing  two  Inng  flukes.  U,  B, 
cro.s.s-sections  of  the  two  worms;  a,  a,  parenchyma  of  the  worms;  b,  b,  cuticle,  with  spines;  c,  c, 
intestinal  ceca;  d,  a   part  of  the  ovary;  e,  vitellaria; /,  shell  gland;  g,  eggs  in  the  uterus;  h,  cyst 

wall;  i,  flattened  epithelial  cells  forming  the  lining  of  the  cyst;  j,  schleim  glands  in  the  wall  of  the 
cy.st.  X   11.  (After  Katsurada,  1900,  pi.  11,  flg.  1.) 

as  a   matter  of  fact  it  has  been  reported  oidy  in  Asia,  where  it  occurs 

in  connection  with  of  the  luno’s.  The  para- 
sites are  also  recorded  for  the  liver,  peritoneum,  testicles,  etc. 

Clixical  diagxosis. — Examine  fresh  unstained  sputum  for  eggts 

(tigs.  11-12). 

Symptoms. — Cough,  spitting  of  tenacious,  rusty,  or  bloody  sputum; 
in  cerebral  infection,  also  epileptic  attacks. 

14 



Bulletin  No.  17,  Hygienic  Laboratory. Plate  2. 

Lungs  of  Swine  Infected  with  Flukes. 

Fig.  5.  The  lungs  of  a   hog,  showing  the  cysts  caused  by  infection  with  lung 
nukes  {Paragonimus  westermanii) .   Reduced.  (After  Stiles  &   Hassall,  1900, 
pi.  23.) 





Bulletin  No.  17,  Hygienic  Laboratory. Plate  3. 

Lung  Flukes  of  Swine.  ' 

Fig.  6.  A   portion  of  hog’s  lung,  containing  a   lung-fluke  cyst,  which  is  here  cut 
open.  (After  Stiles  &   Hassall,  1900,  pi.  24,  fig.  1.) 

Fig.  7.  Six  lung  flukes  {Paragonimus  westermanii)  from  hogs.  Drawn  from 
life;  slightly  reduced ;   natural  color.  (After  Stiles  &   Hassall,  1900,  pi.  24,  fig.  2.) 

Fig.  8.  Content  of  a   lung-fluke  cyst,  containing  eggs  of  the  lung  fluke.  Greatly 
magnified.  (After  Stiles  &   Hassall,  1900,  pi.  24,  fig.  3. ) 
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Tkeatment. — Send  patient  to  noninfected  region,  thus  preventing 
reinfection;  specilic  treatment  unknown. 

For  a   detailed  discussion  of  this  subject,  with  review  of  the  medical 

literature,  see  Stiles  &   Hassall  (1900,  dp.  .560-611). 

I   Fig.  10. — Section  of  a   cyst  in  the  lower  lobe  of  the  left  lung  of  a   man  containing  a   lung  fluke.  A, 
j.  diagonal  section  of  the  worm;  a,  parenchym;  b,  cuticle,  with  spines;  c,  intestinal  ceca;  d,  testicles; 

II  r.  vitellaria;  /,  eggs  in  the  uterus;  g,  ventral  acetabulum;  h,  excretory  system;  i,  cyst  wall;  j,  cylin- 
n   der  epithelium  in  part  ciliated,  x   12.  (After  Katsurada,  1900,  pi.  14,  fig.  2.) 

ip  Famil}^  FASCIOLID^F. 
I   Genus  PARAGONIMUS  Braun,  1899. 

Ij  Generic  diagnosis. — Fascioli(be:  Body  niediuiii  large,  thick,  elongate,  frequently 
I   oval,  and  on  cross  section  more  or  less  round,  usually  somewhat  attenuate  toward 

})Osterior  extremity.  Cephalic  cone  wanting.  Skin  provided  with  scale-like  spines. 
:   Acetaliulum  near  equator.  Intestine  with  strong,  somewhat  elongate  pharynx;  very 

I   f   short  esophagus;  intestinal  ceca  zigzag,  extending  to  caudal  end  of  the  body.  Median 

j   •   excretory  stem  (or  bladder)  large  dorso-ventrally,  irregular  in  outline,  and  extending 
■j  cepbalad  to  near  the  pharynx.  Genital  pore  near  caudal  margin  of  ventral  acetahu- 
K   him,  in  median  line  or  to  the  right  or  left.  Copulatory  organs  (cirrus)  absent.  Male 

|l|  organs:  Testicles  round  (?),or  branched,  in  posterior  half  of  body,  one  each  side  of 

fi  median  line  and  one  slightly  posterior  of  the  other.  Female  organs:  Ovary  some- 

.   what  branched,  the  branches  being  thick  and  short,  and  the  organ  located  postero- 

^   f'f  Synonyms. — Paragonimas  Braun,  1899;  Polgsarciis  Looss,  1899  [not  Fieh.,  1853, 
■   orthopteron.] 

1 
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lateral  of  the  ventral  acetabulum,  on  the  side  (right  or  left)  of  the  median  line  oppo-  ! 

site  to  the  main  portion  of  the  uterus;  receptaculnm  seminis  absent;  Laurer’s  canal  ^ 
present;  vitellaria  enor- 

mously developed,  ex- 
tending from  anterior  to 

posterior  end  of  the  Irody 
and  located  (as  seen  in 

cross  section)  on  the  pe- 

riphery, nsually  leaving 
a   longitudinal  free  sj^ace 
both  in  the  dorsal  and 
ventral  median  field. 

The  transverse  vitello- 

dncts  pass  cephalad  of 
the  testicles,  hut  caudad 

of  ovary  and  uterus. 
Uterus  may  be  only 

slightly  developed,  or 

may  form  a   comjtara- 
tively  large-sized  rosette 
more  than  half  as  broad 
as  the  bodyt  it  may  be 

located  entirely  on  one 

side  (right  or  left)  of 

o   I'lG.  11.— Sputum  of  man  containing  eggs  of  the  lung  flukes,  greatly  median  line,  or  may  ex- 
enlarged.  (After  Manson,  1900,  p.  -568,  flg.  SI.)  tend  both  sides  of  median 

line,  partially  covering  the  ovary.  Eggs  rather  large,  about  80  to  US  f.i  long  by 
48  to  60  }.i  broad.  Embryo  develops  after  oviposition. 

Habitat. — Encysted,  usually  two  in  each  capsule,  in  lungs  of  mammals. 

Type  species. — Paragonimus  icestermanii  (Kerbert,  1878). 

i 

i 
! 

I 

The  Asiatic  Lung  Fluke— PARAGONIMUS  Vv  ESTERMANII  «   (Kerbert,  1878) 

Stiles  &   Hassall,  igoo — of  Man. 

[Figs.  5   to  16.]  I 

Specific  diagnosis. — Paragonimus:  8   to  16  mm.  (after  Kellicott  15  to  20  mm. )   long, 

4   to  8   mm.  broad,  2   to  5   mm.  thick;  plump,  pinkish  to  reddish-brown  (alive)  or 
slate  (preserved)  in  color;  live  specimens  are  depressed  and  with  variable  outline;  1 
preserved  specimens  often  oval  to  elongate  pyriform,  transverse  section  round  or  ^ 
nearly  so,  anterior  end  bluntly  rounded,  posterior  end  less  lilunt.  Oral  sucker  0.53 

to  nearly  0.75  mm.  (Leuckart)  or  more  (0.864  by  1.017  mm.  or  1   to  1.4  mm.)&  j 

(AVard);  or  0.80  to  1.12  by  0.80  to  0.83  mm.  (Stiles  &   Has.^all);  0.78  (Kerbert)  in  | 

«   Synonyms. — Diploma  v-estermanii  Kerbert,  1878;  Distorna  ringeri  Cobbold,  1880;  ' 
Gregarina  pulmonum  Baelz,  1880;  Gregarina  fusca  Baelz,  1880;  Pistomum  westermani  j 

Kerbert,  1881;  Distoma  pulmonis  Kiyona,  Suga,  and  Yamagate  (I881);  Disfornum  ! 
jmlmonis  Kiyona,  Suga,  and  Yamagate  (1881);  Distoma  jmlmonale  Baelz,  1883;  Distoma  | 

La  Clinica  de  Malaga,  1883;  Distoma  pulmonum  (Baelz)  Tomono  Hidekata,  ! 

1883;  Distomci  liepaticumilAmiP  of  Miura,  1889;  Distomuni  ringeri  (Cobbold,  1880)  [ 
von  Linstow,  1889;  Distomuni  icestermanni  Leuckart,  1889;  Distomuni  pulmonale 
(Baelz)  Leuckart,  1889;  Distomuni  cerebrate  Yamagiwa,  1890;  Distoma  ringers  Rev.  i 

Sci.,  1890;  Mesogonimus  u-esternianni  (Kerbert,  1878)”  Railliet,  1890;  Mesogonimus  J 
pmlmonalis  (Baelz,  1883)  Railliet,  1890;  Mesogonimus  ringeri  (Cobbold,  1880)  Railliet, 

1890;  Distoma  icestermani  (Kerbert,  1881)  Weber,  1891;  ‘^Distorna  u'estermanni  il 
(Leuckart)  Blanchard,  1891;  Mesogonimus  pulmonale  (Baelz,  1878)”  Stossich,  1892;  *4 
Distoma  {Mesogonimus)  westermanni  Kerbert,  1878,”  of  Stiles,  1894;  Distornum  sp.  '4 

of  Kellicott,  1894;  Distomi  ringeri  (Cobbold,  1880)  Simon,  1897;  Paragonimus  wester-  jfl 
manii  (Kerbert,  1878)  Stiles  &   Hassall,  1900.  ; 

^   Suckers  distorted,  measurements  not  exact. — Ward.  1 



17 

diameter,  terminal  or  subterminal  in  different  specimens 

Ventral  acetabulum  (0.6  to  at  most  0.75  mm. — Leuckart 

0.75  to  1.017  mm. — Ward;  0.88  to  1.2  by  0.86  to  1.44 

mm. — Stiles  &   Hassall)  very  slightly  larger  than  oral 
sucker;  situated  somewhat  anterior  of  equator  of  the  l)ody, 

2   to  4   mm.  back  of  oral  sucker.  Skin  provided  with  broad 

scale-like  spines. «   Pharynx  elongate;  esophagus  very 

short,  so  that  the  bifurcation  of  the  intestine  is  consider- 

ably anterior  of  the  ventral  acetabulum;  intestinal  ceca 

usually  somewhat  zigzag,  some  distance  from  each  other,  run 

from  the  same  lung. 

0.78  mm. — Kerbert; 

Fig.  13. — Ventral  view  of  a   compressed  specimen  of  a   lung 
fluke  from  a   hog.  Greatly  enlarged.  (After  Stiles  & 

Hassall,  1900,  p.  563,  fig.  24.) 

Fig.  12.— Egg  of  the  lung  fluke 

showing  the  ovic  cell  and  a 
number  of  vitelline  or  yelk 

cells.  Note  also  the  cap  or  oper- 

culum. X   1,000.  (After  Kat- 
surada,  1900,  p.  507,  fig.  3.) 

irregularly  to  posterior  ex- 
tremity, Genital  j^ore,  often 

indistinct,  close  to  the  caudal 

margin  of  ventral  acetabulum, 

may  be  in  the  median  line  or 

immediately  to  the  right  dr  loft 

of  it,  Male  organs:  Cirrus  and 

cirrus  pouch  absent;  ductus 

ejaculatorius  straight;  testicles 

tubular,  ramified,  one  slightly 

posterior  of  other,  on  each 
side  of  median  line.  Female 

organs:  Ovary  branched,  lat- 
eral, right  or  left  of  median 

line,  somewhat  posterior  of 

acetaliLilum  and  antero-ventral 

of  transverse  vitello-duct;  on 

the  opposite  side  of  median 

line,  at  about  the  same  height, 

is  situated  a   lobate  shell  gland 

and  a   rather  short,  massed 

uterus;  in  some  specimens  the 

latter  may  spread  across  the 
median  line  and  partially 

cover  the  ovary ;   folds  of  uterus 

extend  ventrally  of  shell 

gland;  vitellaria  marginal, 

highly  developed,  extending 

from  anterior  to  posterior  ex- 
tremity, often  leaving  but  a 

small  portion  of  the  dorsal  and  ventral  median  field  uncovered;  transverse  vitello- 

ducts  dorsal;  vitelline  reservoir  large;  Laurer’s  canal  present.  Fggs  oval,  80  to  100 

«   Largest  in  the  middle  of  the  liody,  after  Leuckart,  but  largest  on  anterior  portion, 

after  Kerbert;  smallest  around  mouth,  after  Stiles  &   Hassall. 

.9 
14167— Xo.  17-04- 
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long  by  56  j.i  broad  (Leuckart);  96  to  118  ji  long  by  18  to  53  }-i  broad  (IVard);  68  to  j 
96  f-i  long  by  48  to  60  //  broad  (Stiles  Hassall) ;   yellow  shell.  Miracidium  ciliated,  : 

develops  after  eggs  leave  the  host.  ; 

Sporocyst,  redia,  cercaria,  and  inter-  | 
mediate  host  undetermined. 

Habitat. — Lungs  and  brain  (occa-  | 
sionally  in  other  parts  of  the  body),  ̂  
royal  tiger  (Felis  tigris),  domesticated 
cat  {Feliscatusdomestica),  domesticated 
dog  ( Canis  fa7niliaris),svrine  {Sus scrofa 
domestica),  and  man  {Homo  sapiens). 

Geogeaphic  distkibution. — China, 

Japan,  Formosa,  occasional  imported 

cases  in  Europe,  some  cases  of  en- 
demic infection  in  the  United  States. 

Fig.  14. — Ventral  view  of  a   lung  fluke  from  man  show- 

ing anatomy:  ac,  acetabulum;  cx.  c,  excretory  ca- 
nal; f,  intestinal  ceca;  or,  ovary;  t,  testicles.  (After 

Leuckart.  1889,  p.  405,  fig.  182.) 

From  the  medical  point  of  view  this 

is  one  of  the  most  important  flukes, 

hut  from  the  ag’ricultural  standpoint 
it  is  less  important  than 

Fasciola  liepatica  (see 

p.  22).  Thus  far 
Asiatic  lung  fluke 

been  reported  for 
countrv  for  the  cat 

the 

has 

this 

(at 

Fig.  15. — Dorsal  view  of  a   lung  fluke  from  man 

showing  ovary,  shell  gland,  vitellaria,  and 

Laurer's  canal.  (After  Leuckart,  1889,  p. 
186,  fig.  428.) 

Ann  Arbor,  Mich.),  the 

Fig.  i6.-Egg  of  dog  (at  Coluiubus,  Ohio),  and  the  domesticated  hog  (at  the 

fnnn  mfn^c^m  ̂ ^battoii's  ill  Cincinnati,  Ohio).  One  (imported)  case  in  man 
taining  a   cili-  has  recently  been  found  in  Portland,  Oreg.  It  should  be 

and  shmv^ng  mind  in  connection  with  American  troops  who 

the  cap  or  oper-  return  froiu  service  in  the  Philippines. culum  at  one 

end  (After  Genus  FASCIOLA  Linneeus,  1758. Aakahama, 
1883.) 

For  diagnosis,  see  p.  21. 

Although  pulmonary  distomatosis  is  usually  caused  by  flukes  of  the 

genus  Parag animus.,  it  occasionally  happens  that  the  liver  flukes  (genus 

Fasciola)  are  found  in  the  lungs  of  various  animals.  One  case  of  such- 

infection  in  man  has  been  reported.  The  species  in  question  was — 
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The  Giant  Liver  Fluke— FASCIOLA  GIGANTICA«  Cobbold,  1856— of  Giraffes, 

Cattle,  Sheep,  Goats,  and  Man. 

[Figs.  17  to  18.] 

Specific  diagnosis. — 

Fasciola:  25  to  75  mm. 

long  by  3   to  12  mm.  broad, 

flat,  oblong,  lanceolate; 

anterior  end  cylindrical, 

attenuate;  sides  nearly 

parallel  for  greater  part 

of  length,  especially  of  the 

anterior  half;  posterior 
end  obtuse.  Oral  sucker 

1.12  mm.  in  diameter; 

ventral  acetabulum  some- 

what larger.  Skin  with 

spines.  Pharynx,  — ? — ; 
esophagus  extends  nearly 

to^cetabulum;  intestinal 
ceca  more  profusely 

branched  than  in  F.  hepa- 

tica.  Genital  pore  me- 
dian, about  halfway  between  mouth  and 

acetabulum.  Male  organs:  Similar  to 

those  of  F.  hejmtica,  but  the  testicles  are 

more  profusely  and  delicately  branched 

and  do  not  extend  so  far  caudad.  Fe- 

male organs:  In  general  similar  to  those 

of  F.  hepaticg,  but  more  profusely  and 

delicately  branched.  Fggs,  150  to  190 

u   long  by  75  to  90  p   broad.  Sporocyst, 

redia,  cercaria  and  intermediate  host 
undetermined. 

Habitat. — Liver  of  giraffe  {Giraffa 

Camelopardalis),  cattle  {Bos  tauriis),  zebu 

{Bos  iiidicus),  liuffalo  {Bos  hubalis), 

sheep  {Ovis  aries),  goats  {Capra  hircus), 

in  Africa.  One  case  reported  for  lungs 

of  man  {Homo  sapiens). 

»   Vernacular  names. — The  giant  liver 

fluke;  the  narrow  liver  fluke;  the  Egyp- 
tian liver  fluke. 

SvNONWMS. — Fasciola  gigantica  Cob- 

bold,  1856;  Bistomum  giganteum  Dies- 

ing, 1858;  Distoma  hepaticum  (in  part) 

of  Gervais&  van  Beneden,  1859;  Fasciola 

giganiea  {Diesing)  Cobbold,  1858;  Clado- 
ccelium  giganteum  (Diesing)  Stossich, 

1892,  in  part;  Fasciola  hepatica  angusta 

Pailliet,  1895;  Fasciola  hejxdica  ceggp- 
tiaca  Looss,  1896;  Fasciola  angusta. 

Bibliography. — For  bibliography 

and  technical  discussion,  see  Stiles  (1895, 

pp.  139-143) ;   Looss  (1902,  pp.  782-783). 

Fig.  17.— The 

Giant  •   Liver 

Fluke  {Fasci- 
ola gigantica 

[F'.  hepatica 
pcggptiaca]), 
drawn  from 

one  of  Looss’s 
specimens, 
natural  size. 

(After  Stiles, 
1898,  p.  49,  fig. 
25.) 



HEPATIC  HISTOMATOSIS. 

At  least  five  species  of  parasites  have  been  reported  in  connection 

with  hepatic  distomatosis  in  man;  all  are  members  of  the  family 
Fasciolidae. 

Clinical  diagnosis. — Make  microscopic  examination  of  fresh, 

unstained  feces  for  eggs;  also,  examine  sputum  and  urine  for  eggs, 

as  the  ova  in  pulmonaiy  and  venal  distomatosis  may  be  discharged 

per  anum;  hence,  finding  eggs  in  feces  without  excluding  distomatosis 

of  lungs  and  veins  may  lead  to  error  in  diagnosis  (see  pp.  Id,  49). 

Symptoms. — Best  studied  for  epizootic  distomatosis  caused  by 

Fasciola  hepatica  in  sheep:  (1)  Period  of  traumatic  inflammation  of 

liver,  symptoms  may  be  indefinite,  no  eggs  in  feces;  (2)  period  of 

anemia,  positive  diagnosis  may  be  made  by  finding  characteristic  eggs 

in  feces;  (3)  period  of  emaciation,  atroph}"  of  liver;  (4)  period  of 
emigration  of  flukes.  For  more  detailed  discussion  in  English,  see 

Stiles  (1898,  pp.  29-57). 

Ta}4or  (1884,  pp.  48-57)  gives  the  following  symptoms  for  infection 

of  man  with  f>pistliOTc]iis  sinensis: 

The  dwellers  in  these  villages  are  attacked  irrespective  of  age,  sex,  or  physical  con- 

dition. Young  children  are  among  the  sufferers.  When  one  in  a   family  is  found 

infected,  several  members  of  the  family  generally  present  the  same  symptoms  in  a 

greater  or  less  degree.  In  this  respect  this  disease  offers  a   contrast  to  Endemic 

Hpemoptysis.  A   very  large  ratio  of  the  inhabitants  of  the  villages  mentioned  are 

victims  of  the  parasite.  Some  native  practitioners  place  the  estimate  at  1   in  every 

7,  while  others  make  it  as  high  as  1   in  every  5   of  the  whole  population. 

Symptoms  and  course. — One  of  the  first  and  most  prominent  symptoms  is  the  enlarge- 

ment of  the  liver,  followed,  attended,  or  preceded  by  diarrhoea.  At  first  the  diar- 

rhoea is  irregular  and  intermittent,  the  attacks  gradually  become  more  frequent  and 

lasting  longer,  till,  after  a   period  of  from  2   to  5   years,  there  maybe  hardly  any  inter- 

val between  them.  The  stools,  which  may  or  may  not  he  dark  and  bloody,  some- 
times reach  12  in  a   day.  In  some  cases  bloody  diarrhoea  becomes  after  a   time 

almost  constant,  while  in  others  blood  appears  in  the  stools  only  at  irregular  inter- 

vals. The  liver  continues  to  increase  in  size,  though  at  times  it  apparently  dimin- 
ishes temporarily.  There  may  be  occasional  tenderness  over  the  hepatic  region,  or 

more  or  less  constant  pain.  Jaundice,  sometimes  intermittent,  is  a   frequent  symp- 
tom. There  is  generally  a   dark  ashen  discoloration  of  the  skin.  The  temperature 

varies  between  99°  and  100.5°  F.,  or  may  remain  normal.  The  pulse,  though  gen- 

erally about  normal,  frequently  rises  to  85°  or  100°.  After  a   time  anasarca,  likewise 
intermittent,  appears  and  affects  the  legs  especially.  Ascites  is  also  very  likely  to 

20 
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occur,  increase  for  a   time,  and  then  gradually  diminish,  to  appear  again  and  again. 

The  patient  is  reduced  by  diarrhoea,  becomes  emaciated,  and  grows  anaemic  and  weak, 

but  the  appetite  is  usually  preserved.  Thus  it  happens  that  the  victims  of  this  dis- 
ease are  frequently  reduced  so  low  that  their  life  is  dispared  of,  yet  they  gradually 

recover  and  become  apparently  almost  well.  By  and  by,  however,  relapse  occurs, 

and  the  same  process  is  repeated  again  and  again,  ground  being  lost  on  each  occasion, 

until  at  length,  worn  out  by  exhaustion,  the  patient  after  many  years  of  illness  dies. 

Whether  any  fully  recover  is  not  stated,  or  whether  a   change  of  locality  is  attended 

by  continuous  convalescence  is  not  yet  known.  Recovery  after  becoming  the  victim 

of  Distoma  hepaticum  [0.  sinensis']  must  at  best  be  problematic.  When  in  an  affected 
locality  a   case  of  enlargement  of  the  liver  and  diarrhoea  presents  itself,  careful  exam- 

ination of  the  feces  is  generally  rewarded  by  finding  the  ova  of  the  Distoma. 

Many  of  these  patients  are  troubled  with  skin  diseases,  but  being  of  a   poor  class 

and  living  in  a   more  or  less  filthy  condition  the  skin  disease  may  have  no  connection 
with  the  diseased  liver. 

Treatment. — No  specific  treatment;  remove  patient  to  noninfected 

area,  or  if  kept  at  home  avoid  further  infection  and  give  nourishing 

food.  Salol  has  recently  been  reported  as  effective  in  liver-fluke  dis- 
ease in  sheep,  but  the  results  obtained  are  not  yet  published  in 

sufficient  detail  to  permit  of  a   satisfactory  opinion. 

Family  FASCIOLIDiE. 

Grenus  FASCIOLA  «   Linneeus,  1768. 

Generic  diagnosis. — Fasciolidse:  Body  quite  large,  broad,  and  fiat;  the  anterior 

portion  differentiated  into  a   conical  cephalic  cone,  and  usually  quite  well  defined 

from  the  broader,  flatter,  leaf-like  portion.  Skin  provided  with  strong  spines.  Aceta- 
bulum near  base  of  cephalic  cone,  and  of  about  the  same  size  as  the  oral  sucker. 

Intestine  with  well-developed  pharynx,  short  esophagus,  and  long  intestinal  ceca; 
the  latter  extend  to  the  extreme  aboral  pole  of  the  body,  and  are  provided  with 

numerous  long  lateral  and  fewer  and  shorter  median  branches;  these  branches  may 

branch  secondarily.  Excretory  system  highly  developed.  Genital  pore  median  at 

base  of  cephalic  cone,  and  anterior  of  ventral  acetabulum.  Copulatory  organs 

present,  genital  glands  about  in  the  middle  of  the  body.  Male  organs:  Testicles 

side  by  side  or  one  diagonally  posterior  of  the  other,  both  caudad  of  the  ovary 

and  transverse  vitelloduct,  and  profusely  branched.  Female  organs:  Ovary  lateral 

of  median  line,  anterior  of  transverse  vitelloduct,  posterior  of  acetabulum,  pro- 

fusely branched.  Receptaculum  seminis  absent;  Laurer’s  canal  present.  Vitel- 
laria  very  profusely  developed,  extending  from  base  of  cephalic  cone  to  extreme 

aboral  pole,  and  occupying  nearly  the  entire  posterior  portion  of  body,  especially  the 

margins  except  the  portion  occupied  b}''  the  testicles,  ovary,  and  uterus;  uterine  coils 
form  a   rosette  between  testicles  and  acetabulum.  Eggs  not  especially  numerous,  but 

large,  with  development  after  oviposition. 

Habitat. — Liver  of  mammals,  especially  herbivorous  animals. 

Type  species. — Fasciola  hepatica  Linnaeus,  1758,  of  ruminants. 

«   Synonyms. — Fasciola  Linmeus,  1758;  Planaria  Goeze,  1782  (not  Mueller,  1776); 

Distoma  Retzius,  1782  (not  Savigny,  1816);  Distoma  {Cladocoelium)  Dujardin,  1845; 

Fasciolaria  Anonymous,  1845;  Distomum  Diesing,  1850;  Cladocalium  Pontallie,  1853; 

Distomum  [Fasciola]  Leuckart,  1863;  Cladocoelium  (Dujardin)  Stossich,  1892;  Phasci- 
ola  Wilder,  1894. 
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The  Common  Liver  Fluke — FASCIOLA  HEPATICA«  Linnaeus,  1758 — of  Rumi- 

nants, Man,  etc. 

[Figs.  19  to  38.] 

Specific  diagnosis. — Fasciola:  18  to  51  mm.  long,  4   to  13  mm.  broad;  pale  brown 

to  slate  in  color;  the  anterior  3   to  5   mm.  forms  a   rather  thick  conical  portion  which 

is  more  or  less  distinctly  defined  from  the  broad,  flat,  leaf-like  body  of  elongate-oval 

form;  this  latter  widens  rapidly  to  the  maximum  breadth,  then  decreases  gradually 

in  width  to  the  posterior  end,  which  is  bluntly  pointed.  Oral  sucker  about  1   mm.  in 

diameter,  round,  terminal,  but  inclines  ventrad.  Ventral  acetabulum  about  1.6  mm. 

in  diameter,  situated  about  3   to  4   mm.  caudad  of  oral  sucker.  Skin  provided  with 

numerous  spines  placed  side  by  side  in  alternating  rows  extending  ventrally  as  far  as 

the  posterior  border  of  the  testicles,  but  dorsally  not  so  far;  smaller  on  the  cephalic 

cone  than  on  the  body.  Pharynx  elongate  0.7  mm.  long;  esophagus  0.4  mm.  broad, 

rarely  over  1   to  1.5  times  as  long  as  the  pharynx,  so  that  the  bifurcation  of  the 

intestine  is  immediately  anterior  of  the  genital  pore;  intestinal  ceca  dendritic,  some 

branches  extending  into  the  cephalic  cone,  and  the  posterior  end  of  the  ceca  extend- 

ing to  caudal  extremity  of  worm;  lateral  branches  longer,  much  more  profuse,  and 

more  numerous  than  median  branches.  Genital  pore  median,  about  halfway 

between  the  oral  sucker  and  acetabulum.  Male  organs:  Cirrus  fre- 
quently found  extruded  from  pore,  and  then  recurved;  cirrus  pouch 

present,  containing  pars  prostatica  and  vesicula  seminalis;  testicles 

profusely  branched,  situated  for  the  greater  part  caudad  of  the  trans- 
verse vitelloduct.  Female  organs:  Vulva  at  side  of  cirrus;  uterus 

forms  a   rosette  with  numerous  coils,  and  is  frequently  visible  to  the 

naked  eye  as  a   dark-brown  spot  immediately  posterior  of  the  ventral 

acetabulum;  ovary  branched  and  anterior  of  the  transverse  vitello- 

duct; vitellaria  profusely  branched  and  occupy  the  entire  margin  of 

the  body  from  the  acetabulum  to  the  posterior  extremity;  they  lie 

dorsally  as  well  as  ventrally  of  the  intestine,  and  become  broader 

posteriorly.  Excretory  system  highly  developed.  Fggs  (fig.  21) 

oval,  130  to  145  /i  long  by  70  to  90  /i  broad;  miracidium  (figs.  22-23) 

conical,  ciliated,  with  oral  papilla,  two  cup-shaped  eye-spots,  and 
rudimentary  intestine;  metamorphosis  (sporocyst,  redia,  cercaria) 

takes  place  in  small  snails  of  the  genus  Limnsea  {L.  truncatul a   a.nd  others,  figs.  34-38); 
cercaria  (fig.  23)  whitish,  owing  to  excessive  development  of  the  capsule  glands, 

encysts  upon  plants. 

Habitat. — Gall  ducts,  occasionally  lungs,  or  other  portions  of  the  body  of  cattle 

{Bos  iaurus),  sheep  {Ovis  aries),  swine  {Sus  scrofa  domesfica),  and  other  mammals;, 

rare  in  man  {Homo  sapiens). 

Fig.  19.  — The 
Common  Liver 

Fluke  {Fascio- 
la liepatica), 

natural  size. 

(After  Stiles, 

1898,  p.  29,  fig. 

^Vernacular  names. — English,  Common  Liver  Fluke;  German,  Ijcheregel,  Leher- 

wurrn,  Schafegel;  Dutch,  Botten,  Lererworm\  Danish,  Faareflynder;  Swedish,  Lever- 
mask;  French,  Douve  hepatique,  fasciola;  Italian,  biscuola,  distoma  epatico;  Spanish, 
caracolillo. 

Synonyms. — Fasciola  hepatica  Linnteus,  1758;  Planaria  latmscula  Goeze,  1782; 

Distoma  liepaiicum  (Linnaeus)  Abildgaard  (?);  Fasciola  hurnana  Gmelin,  1790;  Dis-  ! 
torna  {Cladocoelium)  liepaticum  (Linnteus)  of  Dujardin,  1845;  Fasciolaria  hepatica  j 

(Linnaeus)  Anonymous,  1845;  Distomum  liepaticum  (Linnaeus)  Diesing,  1850;  Distomum  I 

{Fasciola)  liepaticum  Linnaeus  of  Leuckart,  1863;  Cladocaiiuni  liepaticum  (Linnaeus) 

Stossich,  1892.  | 
Bibliography. — For  bibliography,  see  Hassall  (1894)  and  Huber  (1894).  For 

more  technical  discussion  of  this  species,  see  Leuckart  (1889,  pp.  179-328). 

For  a   summary  of  the  32  cases  thus  far  reported  for  man  see  Blanchard,  1888a,  " 
pp.  589-595;  Leuckart,  1889,  pp.  313-328,  or  Moniez,  1896,  pp.  103-111.  For  a   gen-  j 

eral  discussion  of  this  parasite  in  English,  see  Stiles,  1898,  pp.  29-48. 
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This  worm  is  ̂   | 

!   yeiy  common  in  =   p 

,   Europe  and  not  |   ̂ 

uncommon  in  the  ̂  

:   United  States. 

From  an  agricul-  5   | 

I   tural  standpoint  it  | 

is  the  most  impor-  ̂    | 
taut  of  the  flukes,  ̂    % 

but  from  a   stand- 

point  of  human  '*2. 
medicine  it  is  much  ̂    ? 

less  important  ? | 
than  several  other 

forms,  notably  "g  5 

Pa  r   a   g   0   n   i   m   u   6- ,   =   | 
Ojjlsthorchis^  and  | 
Schistosoma.  |   | 

Life  history.  —   1 1 

As  an  example  of  ̂    s 
the  life  histoiy  of  1 1 
flukes,  we  may  take  f:  5 

that  of  Fasciola  | 

h   e p a   t   i ca^  which  |   | 

may  be  summa-  ? 

rized  as  follows:  ^ <   K 

{a)  The  adult  henna-  6.  § 

phrodtiic  v'orm  (figs.  ?.  p 

19-20),  the  characters  E 
of  which  are  given  on  ^   5 

p.  22,  fertilizes  itself  = 

or  a   cross  fertilization  ~ 

of  two  individuals  g   Y 

takes  jdace  in  the  bili-  p   ̂ 

ary  passages  of  the  o   2 

liver,  and  produces  a   ̂  

large  number  ( esti-  E   C. 
mated  at  37,000  to  g 

45,000)  of  eggs.  ^ 

{h)  Eggs  (tigs.  21  ||- 
and  22). — Each  egg  is  E   3 

composed  of  the  fol-  ̂    '2 
lowing  parts:  (1)  A   s- 

true  germ  cell,  which  | 

originates  in  the  ovary  S   2 

and  is  destined  to  give  H 

rise  to  the  future  em-  £   g 

bryo;  (2)  a   number  of  f   ̂ 
vitelline  or  yolk  cells,  g   5 
which  are  formed  in  a   5 
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specialized  and  independent  portion  (vitellogene  gland)  of  the  female  glands;  instead 

of  developing  into  embryos,  the  yolk  cells  form  a   follicle-like  covering  for  the  true 

germ  cell  and  play  an  important  role  in  the  nutrition  of  the  latter  as  it  undergoes 

further  development;  (3)  a   shell  surrounding 

the  germ  cell  and  the  vitelline  cells,  and  pro- 
vided at  one  end  with  a   cap  or  operculum. 

The  eggs  escape  from  the  uterus  of  the  adult 

through  the  vulva,  are  carried  to  the  intestine 

of  the  host  with  the  bile,  then  pass  through  the 

intestines  with  the  contents  of  the  latter,  and 

are  expelled  from  the  host  with  the  fecal  mat- 
ter. Many  of  them  become  dried  and  then 

undergo  no  further  development,  hut  others  are 

naturally  dropped  in  the  water  in  marshes,  or, 

being  dropped  on  dry  ground,  they  are  washed 

into  the  water  by  the  rain,  or  are  carried  to  a 

more  favorable  position  by  the  feet  of  animals 

pasturing  in  or  passing  through  the  fields.  After 

a   longer  or  shorter  period  of  incubation,  which 

varies  with  the  temperature,  a   ciliated  embryo 

Fig.  21.— Egg  of  the  Common  Liver  Fluke 

{Fasciola  hepatica)  examined  .shortly  after 
it  was  taken  from  the  liver  of  a   sheep;  at 

one  end  is  seen  the  lid  or  operculum,  o; 

near  it  is  the  segmenting  ovum,  e;  the 

rest  of  the  space  is  occupied  by  yolk  cells 

which  serve  as  food;  all  are  granular, 

but  only  three  are  thus  drawn,  x   680. 

(After  Thomas,  1883,  p.  281,  fig.  1.) 
4^... 

(miracidium)  is  developed.  At  a 

temperature  of  20°  to  26°  C.  the 
miracidium  may  lie  formed  in  10 

days  to  3   weeks;  at  a   temperature 

of  16°  C.  the  development  takes  2 

to  3   months;  at  38°  C.  it  ceases 
entirely.  Experiments  have  shown 

that  as  long  as  these  eggs  remain 
in  the  dark  the  miracidium  will  not 

escape  from  the  eggshell;  accord- 

ingly it  will  not  escape  during  the 

night.  'When  exposed  to  the  light, 
however,  or  when  suddenly  brought  into  contact  with  cold  water,  the  organism 

bursts  the  cap  from  the  eggshell,  crawls  through  the  opening  and  becomes  a — 

Fig.  22. — Egg  of  the  Common  Liver  Fluke  containing  a 

ciliated  embryo  (miracidium)  ready  to  hatch  out:  d, 

remains  of  food;  e,  cushion  of  jelly-like  substance;/, 

boring  papilla;  h,  eye-spots;  k,  germinal  cells,  x   680. 
(After  Thomas,  1883,  p.  283,  fig.  2.) 
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(c)  Free-swimming  ciliated  rniracidinm  (fig.  28). — As  already  stated,  this  organism 

is  entirely  different  from  its  mother.  It  measures  about  0.15  mm.  long.  It  is  some- 

what broader  in  its  anterior  portion  than  in  its  poste- 

rior jjortion;  on  its  anterior  extremity  we  find  a   small 

eminence  known  as  a   boring  papilla;  the  exterior  sur- 

face of  the  young  worm  is  covered  with  numerous  cilia, 

which  by  their  motion  propel 

the  animal  through  the  water; 

inside  the  body  we  find  in  the 

anterior  portion  a   simple  ves- 
tigial intestine  and  a   double 

ganglionic  mass,  provided  with 

a   peculiar  pigmented  double 

cup-shai3ed  eye-spot;  in  the 

posterior  portion  of  the  body 

cavity  is  found  a   number  of 

germ  cells,  which  develop  into 

individuals  of  the  next .   gen- 
eration. 

Swimming  around  in  the  wa- 
ter, the  miracidium  seeks  out 

certain  snails  {Limnsea  trunca- 
tida,  L.  oahiiensis,  L.  rubella,  see 

p.  38),  which  it  immediately 

The  miracid- 

Fig.  24.— Sporocyst  of  the 

Common  LiA'er  Fluke 
which  has  developed 

from  the  embryo,  and 

contains  germinal  cells. 

X   200.  (After  Leuckart, 

1889,  p.  109,  fig.  67  B.) Fig.  23. — Embryo  of  the  Common 
Liver  Fluke  {Fa.^cioIa  hepatica)  attacks  (fig.  23 

boring  into  a   snail,  x   370.  (Af-  elongates  its  papilla  and  fastens  itself  to  the ter  Thomas,  1883,  p.  285,  fig.  4.)  ,   .   i   i   ^   ^ feelers,  head,  toot,  or  other  exterior  soft  portions  of 

the  body  of  the  snail;  some  of  the  parasites  enter  the  pallial 

(lung)  cavity  and  attach  themselves  there.  After  becoming 

securely  fastened  to  the  snail  the  miracid- 
ium discards  its  ciliated  covering  and 

shortens  to  about  half  its  former  length 

(0.07  mm.  to  0.08  mm.).  The  parasites 

now  bore  their  way  into  the  body  of  the 

snail  and  come  to  rest  in  the  liver,  or  near 

the  roof  of  the  pallial  cavity,  etc.,  tlie 

movements  gradually  cease,  and  we  have 

before  us  the  stage  known  as  the — 

(cZ)  Sporocyst  (figs.  24  and  25). — The 

eye-spots,  ganglionic  swellings,  and  ves- 
tigial intestine  become  more  and  more 

indistinct  and  are  finally  lost.  The  spo- 

rocyst grows  slowly  at  first,  then  more 

raifidly,  and  at  the  end  of  14  days  or  so 

measures  0.5  mm.  The  germ  cells  men- 
tioned as  existing  in  the  posterior  portion 

of  the  miracidium  now  de\'elop  into  indi- 
viduals of  the  third  generation  known 

Fig.  25. — Sporocybt  of 
the  Common  Liver 

Fluke,  somewhat  old- 
er than  that  of  fig.  24, 

in  which  the  germi- 
nal cells  are  giving 

rise  to  rediae.  x   200. 

(After  Leuckart,  1889, 

p.  109,  fig.  67  C.) 

Fig.  26. — Redia  of  the 
Common  Liver  Fluke 

( Faxciohi  h epatica)^ 
containing  germinal 

cells  which  are  devel- 
oping into  cercaria}. 

X   150.  (After  Leuck- art, 1889,  p.  269,  fig. 129  A.) 
(e)  Redix  (figs.  26  and  27). — The  redue 

escape  from  the  sporocyst  when  the  latter 

is  from  2   weeks  (in  summer)  to  4   weeks 

(in  late  fall)  old.  Upon  leaving  the  body  of  the  sporocyst  they  wander  to  the  liver 

of  the  snail,  where  they  grow  to  about  2   mm.  long  by  0.25  mm.  broad.  Eacli  redia 
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consists  of  a   cephalic  x>ortion,  Tchich  is  extremely  motile  and  which  is  defined  from 

the  rest  of  the  young  worm  by  a   ridge: 

situated  an  ox>ening  through  which  the 

next  generation  <   cerc-arite  >   escapes.  The 
posterior  portion  of  the  Avorm  is  provided 
at  about  the  border  of  the  third  and  last 

fourths  of  the  bc>dy  with  two  projections. 

There  is  a   mouth  with  pharynx  situated 

at  the  anterior  extremity,  the  phaixiix 

leading  into  a   simple  blind  intestinal  sac. 

The  redia.  as  well  as  the  spor<x:yst.  may 

l:>e  looke<i  upon  as  a   female  organism.  an«l 

in  its  IxMjly  cavity  are  found  a   number  of 

germ  cells,  which  develop  into  imiividuals 

of  the  next  generation  known  as — 

fi  Ceroiri.se  i   figs.  2S-30  . — These  or- 
ganisms are  quite  similar  to  the  adult 

parasites  into  which  they  later  develop. 

The  body  is  flat,  more  or  less  oval.  an<l 

provided  with  a   tail  inserted  at  the  pos- 

terior extremit}-.  The  oral  sucker  and 
acetabulum  are  present  as  in  the  adult, 

but  the  intestinal  tract  is  verA'  simple;  on 
the  sides  of  the  body  are  seen  two  large 

glands,  but  the  c*omplicateii  genital  organs 
of  the  adult  are  not  visible.  The  cercaria 

Fig.  2i.— Eedia  ot  the  redia  throucrh  the  birth  open- Common  Liver  Fluke.  .   ...  •   , 

Avith  developed  cer-  i^g.  remains  m   the  snail  lor  a   longer
  or 

earite.  x   150.  i   After  shorter  time,  or  passes  out  of  the  body  of 

Leuckart.  is>9.  p.  270.  snail  and  swims  around  in  the  water. 

■   After  a   time  it  attaches  itself  to  a   blade  of 
grass  I   flg.  29  i   or  some  other  object,  and  forms  a   cyst  around 

itself  Avith  material  from  the  large  glands,  at  the  same  time 

under  the  latter  is 

Fig.  2S. — Free  cercaria 
of  the  Common  LiA  er 
Fluke,  showing  rwo 
suckers,  intestine, 

large  glands,  and  tail. 
After  Leuckart.  ISSO. 

p.  279.  fig.  1:17. 

Fig.  29. — Portion  of  a   grass  stalk  Acith  three  encapsuled  cexcari* 
of  the  Common  Liver  Fluke  i   Fasciola  hepatica).  x   10.  After 
Thomas,  1SS3,  p.  291.  fig.  13.) 

losing  its  tail.  It  now 

remains  quiet  until  swal- 
L>wed  by  some  animal. 
Then  upon  arriving  in 

the  stomach — <   >f  a   steer, 

for  instance — the  cyst 

is  destroy  el.  and  the 

F IG.  30.— Isolated  ency-ted 
cercaria  of  the  Common 
Liver  Fluke,  x   150. 
After  Leuckart.  1SS9.  p. 

2S6.  fig.  142. 

young  parasite  wanders  through  the  gall  ducts,  or,  as  some  believe,  through  the 

portal  A’eins  to  the  liver,  where  it  deA*elops  into  the  adult  hermaphm^Iite. 
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A. 

6 

-C. 

Fig.  31. — Drawing  from  a   microscopic  preparation  showing  a   hemorrhage  in  the  parenchyma  of  the 

liver  caused  by  the  Common  Liver  Fluke  {Fasciola  hepatica):  a,  atrophic  liver  tissue;  b,  round  cell 

infiltration;  c,  a   portion  of  the  parasite;  d,  hemorrhage.  (After  Schaper,  1890,  PI.  1,  fig.  1.) 

Fig.  32. — Drawing  from  a   microscopic  preparation  showing  the  glandular  hyperplasia  of  the  mucosa 

of  a   gall  duct  caused  by  the  Common  Liver  Fluke  {Fasciola  hepatica):  a,  hypertrophied  submucosa; 
b,  interstitial  connective  tissue;  c,  compressed  lobule;  d,  lumen  of  the  gall  duct;  thickened  fibrous 

wall  of  the  gall  duct.  (After  Schaper,  1890,  PI.  1,  fig.  2.) 
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Geni-is  DICROCCELIUM  «   Dujardin,  1845. 

Generic  diagnosis. — Fascioliclie:  Body  of  rather  slender  build,  elongate,  and  flat; 

anterior  and  posterior  ends  more  or  less  pointed.  Suckers  rather  approached  to  each 

other;  ventral  acetabulum  usually  more  highly  developed  than  the  oral  sucker.  Skin 

smooth.  Intestine  vith  pharynx,  moderately  long  esophagus,  and  long  simple  ceca* 

Fig.  33. — Drawing  from  a   microscopic  preparation  showing  a   fluke  in  the  tissue  of  the  liver:  a,  ' 

necrotic  liver  tissue:  b.  atrophic  liver  cells:  c,  .spines  on  the  fluke,  showing  the  outline  of  the  body,  \ 

(After  Schaper,  1890,  PI.  3,  fig.  5.) 

Excretory  system  simifle,  tubular.  Genital  pore  median,  between  the  suckers.  Copu-  : 

latory  organs  present,  but  not  highly  developed.  Male  organs:  Cirrus  pouch  lies  | 

almost  entirely  anterior  of  ventral  acetabulum;  in  its  posterior  end  is  a   more  or  less  ̂  

coiled  vesicula  seminalis,  anterior  of  this  the  moderately  developed  pars  prostatica,  \ 

Fig.  Zi.—Limnsea 

truncatula,  nat- 
ural size  and  en- 

larged. (After 
Leuckart.) 

Fig.  35. — Limnsea  pere- 

gra,  natural  size  and 
enlarged.  (After 
Leuckart. ) 

Fig.  3G. — Limnsea  humilis,  natural  size  and  enlarged. 
(After  Binney.) 

and  a   comparatively  long,  thin  cirrus  (including  ductus  ejaculatorius) ;   testicles  com-  ' 
pact,  one  quite  straight  behind  the  other,  directly  posterior  of  the  ventral  sucker. 

Female  organs:  Ovary  about  median,  smaller  than  the  testicles,  and  immediately 

«   Synonyms. — Distoma  {Dicrocoelium)  Dujardin,  1845;  Dicrocoelhini  Dujardin  of  E. 

Blanchard,  1847a;  Dicrocselium  (misprint)  of  several  authors. 



posterior  of  them,  receptaculum  seminis  and  Laurer’s  canal  present;  vitellaria  mod- 
erately developed,  lateral  of  the  intestinal  ceca;  uterine  coils  numerous,  distinctly 

i   transverse,  confined  to  space  posterior  of  genital  glands.  Eggs  quite  numerous; 

Fig.  37. — Limnxa  oahuensis,  natural  .size  and  en- 
larged. (After  Souleyet.) 

Fig.  38. — Limnsca  viator,  natural  size  and  enlarged. 
(After  d’Orbigny.) 

when  ripe  of  a   more  or  less  deep  brown  color,  and  varying  in  size  from  36  to  47  ji 

by  21  to  31m. 

Habitat. — With  one  exception,  jiarasiticin  liver  and  gall  bladder  of  warm-blooded 

animals  (mammals  and  birds). 

Type-species. — Dicroccelium  lanceatum  Stiles  Sc  Hassall,  1896. 

The  Lancet  Fluke— DICROCCELIUM  LANCEATUM «   Stiles  &   Hassall,  1896— 

of  Ruminants,  Man,  etc. 

[Figs.  39  to  41.] 

Specific  diagnosis. — Dicroccelium:  4   to  9   mm.  long,  2   to  2.4  mm.  broad;  thin, 

lanceolate,  more  pointed  anteriorally  than  posteriorly.  Acetabulum  slightly  larger 

than  oral  sucker,  the  latter  slightly  subterminal ;   distance  between  the  two,  about 

one-fifth  the  length  of  the  body.  Skin  without  spines.  Pharynx  small  (0.25  mm. ), 

globular;  esophagus  about  2.5  to  3   times  as  long  as  the  pharynx,  so  that  the  bifurca- 
tion of  the  intestine  is  immediately  anterior  of  the  genital  pore;  intestinal  ceca  extend 

to  posterior  quarter  of  body.  Genital  pore  about  halfway  between  suckers,  imme- 
diately posterior  of  bifurcation  of  intestine.  Male  organs:  Cirrus  pouch  extends  from 

genital  pore  to  ventral  acetabulum  and  contains  the  pars  prostatica  and  vesicula 

seminalis;  testicles  irregularly  lobate,  one  caudad  of  -the  other,  directly  caudad  of 

ventral  acetabulum.  Female  organs:  Ovary  small,  directly  caudad  of  posterior 

testicle,  but  anterior  of  transverse  vitelloducts;  uterus  confined  between  the  intestinal 

ceca,  but  in  posterior  fourth  of  body  there  is  a   tendency  for  the  coils  to  extend  nearer 

the  lateral  margins;  vitellaria  only  moderately  developed,  marginal,  in  equatorial 

third  of  body.  Eggs  38  to  45  m   long  by  22  to  30  m   broad,  contain  embryos  when 

oviposited.  Sporocyst,  redia,  cercaria,  and  intermediate  host  undetermined. 

Habitat. — Gall  ducts  of  cattle  {^Bos  taurus),  sheep  {Oris  aries) ,   ass  (Equus  asinus), 

man  {Homo  sapiens),  etc. 

Geographic  distribution. — Very  extended,  especially  in  Europe,  but  apparently 

not  in  England  or  Xorth  America. 

«   Vernacular  names. — English,  Lancet  fluke;  German,  der  lanzettformige  Leberegel, 

das  lanzettformige  Doppellocli;  French,  distome  lanceole;  Italian,  distoma  lanceolato. 

Synonyms. — Fasciola  lanceolat a   BudolpM,  1803  (not  Schrank,  1790);  Distoma  lance- 

olatum  (Rudolphi)  Mehlis,  1825;  Distoma  {Dicroccelium)  lanceolatum  Mehlis”  of 

Dujardin,  1845;  Distomum  lanceolatum  Mehlis”  of  Diesing,  1850;  ̂ ^Dicroccelium 

lanceolatum  Dujardin”  of  Weinland,  1858;  ‘‘Fasciola  Buchholzii  Jordens,  1801,”  mis- 
print of  Braun,  1889;  Dicroccelium  lanceatum  Stiles  &   Hassall,  1896. 

Bibliography. — Vo  extensive  bibliography  as  yet  published.  For  detailed  tech- 

nical discussion  see  Leuckart  (1889,  pp.  359-399).  For  a   re\'iew  of  seven  cases  of 

infection  compiled  for  man  consult  Blanchard,  1888a,  pp.  611-612,  Leuckart,  1899, 

pp.  391-399,  or  Moniez,  1896,  pp.  120-122. 
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Genus  OPISTHORCHIS  Blanchard, «   189S. 

Fig. 40. —Egg  of  Lan- 

cet Fluke  {Dicro- ccdium  Innceatum) , 

with  contained 

embryo,  x   700. 

(After  Leuckart, 

1889,  p.  379,  tig.171.) 

Gexeric  diagnosis. — Fasciolidse;  Body  distinctly,  often  yery  greatly,  elongated; 

anterior  end  attenuated,  posterior  end  broader.  Skin  smooth,  often  without  spines. 

Suckers  not  far  separated,  and  usually  not  especially  large.  Intestine  with  pharynx, 

short  slender  esophagus,  and  long  simple  ceca.  Excretory 

system  with  long  sigmoid  stem  usually  winding  between 

the  testicles,  and  lyith  short  branches.  Genital  pore 

median,  immediately  in  front  of  aceta- 
bulum. Copulatory  organs  absent.  Male 

organs:  Testicles  in  posterior  portion  of 

body,  one  posterior  of  the  other,  more 

or  less  distinctly  lobate,  or  eyen  branched. 

Female  organs:  Oyary  simple  or  lobate, 

anterior  of  testicles;  Laurer’s  canal  pres- 
ent; receptaculum  seminis  yery  greatly 

deyeloped;  uterine  coils  anterior  of  tes- 

ticles and  oyary,  but  not  extending  ma- 
terially oyer  the  intestinal  ceca;  yitellaria 

moderately  deyeloped,  lateral  of  intestinal 

ceca,  not  extending  anteriorly  beyond 
the  yentral  acetabulum. 

H.\bitat. — Parasitic  in  the  gall-ducts 

of  warm-blooded  animals  (mammals  and 
liirds). 

Type  species. — Opisthorchis  felineiis  (Riyolta,  1884 

KEY  TO  SPECIES  OF  OPIS- 

TIIORCrilS  REPORTED 

FOR  MAN. 

(For  species  thus  far 
found  in  the  United 

States,  follow  Roman 

}   Fig.  41. — Free  embryo  (miraciclium)  of 
1.  Testicles  branched,  Lancet  Fluke;  A,  lateral  Anew;  B, 

and  frequently  ex-  dorsal  view.  (After  Leuckart,  1889,  p. 

tending  beyond  the  385,  fig.  175  A,  B.) 
intestinal  ceca  into  the  lateral  fields;  excretory 

system  runs  dorsally  of  testicles;  Asia,  but  im- 
ported cases  elsewhere     0.  sinensis  (p.  35) 

Testicles  may  he  lobate,  hut  not  branched,  and  are  con- 
fined to  median  field  hetiueen  the  intestined  ceca; 

excretory  system  sigmoid  extending  between  the 
testicles     2 

2.  Spines  present  on  shin;  vitellaria  exieiid,  caudally  of 

first  testicle  to  about  the  anterior  border  of  posterior 

testicle;  vjorm  not  over  12  mm.  long;  ventral 

acetabidum  close  to  bifurcation  of  intestine; 

India     0.  noverca  (p.  33) 

Spines  absent;  vitellaria  not  reaching  or  barely  reach- 
ing the  first  testicle;  worm  10  to  18  mm.  long;  ventral  acetabidum  some  distance  from 

bifurcation  of  intestine;  Europe     0.  felineus  (p.  31) 

Fig.  39. — Lancet  Fluke, 
enlarged  to  show  the 

anatomic  characters:  ac, 

acetabulum;  c.  p.,  cirrus 

pouch;  i,  intestinal  ceca; 

VI,  mouth  with  oral 

sucker;  or.,  ovary;  e,  eso- 
phagus; p.  b.,  xiharyngeal 

bulb;  t,  lobate  testicle.s; 

ut.,  uterus;  va,  vagina;  vg, 
vitellogene glands.  (After 

Stiles  &   Hassall,  1894,  PI. 

4,  fig.  19.) 

« Synonyms. — Opisthorchis  Blanchard,  1895;  Opistorchis  Railliet,  1896  (misprint); 

“   Campula  Cobbold,”  of  Stiles  &   Hassall,  1898  (in  part) ;   Opisthorchic  Stiles,  1901  (mis- 
print). 
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The  European  Cat  Fluke— OPISTHORCHIS  FELINEUS^'  (Rivolta,  1884) 
Blanchard  1895 — of  Cats,  Dogs,  Man,  etc. 

[Figs.  42  to  44.] 

Specific  diagnosis. — Opisthorchis:  8   to  13  mm.,  seldom  18  mm.  long,  1.25  to  2.5 

mm.  broad;  fiat,  lanceolate,  anterior  end 

conical,  iiosterior  end  rounded;  the  ante- 
rior fifth  of  the  body  more  or  less  con- 

stricted from  the  posterior  four-fifths;  red- 

dish, transparent.  Oral  sucker  and  ven- 
tral acetabulum  of  same  size,  0.28  mm.  in 

diameter;  oral  sucker  terminal  to  subter- 

minal; ventral  sucker  at  plane  of  constric- 
tion between  anterior  fifth  and  posterior 

four-fifths  of  body.  Skin  without  spines. 

Pharynx  small,  0.204  mm.  long,  0.161 

mm.  broad,  folloM^s  the  oral  sucker;  esoph- 
agus 0.2  mm.  long;  intestinal  ceca  extend 

to  posterior  end  of  body.  Male  organs: 
Testicles  lobate.  Female  organs:  Uterus 

moderately  well  developed;  ovary  slightly 
lobate;  shell  gland  diffuse,  composed  of 
unicellular  glands;  receptaculum  seminis 

postero-lateral  of  ovary;  vitellaria  lateral 

in  equatorial  third  of  body,  and  com- 
posed of  seven  to  nine  groups  of  acini 

on  each  side;  transverse  vitelloduct  runs 

postero-median.  Fggs  oval,  26  to  30  p   by 
11  to  15  //,  with  sharply  defined  operculum 

on  the  more  acute  pole;  contain  ciliated 

embryo  at  oviposition.  Sporocyst,  redia, 

cercaria,  and  intermediate  host  undeter- 
mined. 

Habitat. — Gall  ducts  of  the  domesticated 

cat  {Felts  catus  dotnestica),  domesticated  dog 

{Cams  familiaris),  glutton  {Gulo  borealis), 
and  man  {Homo  sapiens). 

Geographic  distribution. — Europe  (Ger- 

many, Holland,  Italy,  Fiance,  and  Russia).  42, — Rivolta’s  (1884)  original  figure  of 
  ^   Opisthorchis  felineus:  ac.,  acetabulum; 

«   Synonyms. — Distoma  conus  Gurlt,  1831  car.p.,  excretory  pore;  r;.  r.,  genital  pore; 

(not  Creplin,  1825) ;   ‘ ‘ Distoma  lanceolatunC^  intestinal  ceca;  m.,  mouth;  p.  b.,  phar- 
p   c-  -U  1   1   icon  f   -r  •   1   1   7   .   yngeal  bulb;  f.,  testicles;  uterus;  v.  d., 

of  von  Siebold,  1836  (not  Fasciola  lanceolata  deferens;  r.  vitellogene gland. 
Schrank,  1790);  “   Distomum  lanceolatum 

Mehlis”  of  Hiesing,  1850  (sub  D.  truncatum) ;   Distomum  felineum  Rivolta,  1884; 
"‘Distomum  conus''  of  Sonsino,  1889  (sub  D.  trunccdum)  ;   Distomum  sihiricumWino- 
gradoff,  1902:  Distomum  {Dicroccelium)  felineum  Rivolta  of  Braun,  1893;  Distoma. 

{Dicrocoelium)  felineum  Rivolta  of  Stiles,  1894  (sub  D.  truncatum)-,  Opisthorchis 
felineus  (Rivolta,  1894)  R.  Blanchard,  1895;  Opisthorchic  felineus  (Rivolta)  Stiles, 
1901  (misprint). 

Bibliography. — Stiles  &   Hassall,  1894,  pp.  426-427. 
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This  parasite  has  been  reported  for  man  in  Prussia,  and  AVinogradoff 

found  it  in  Siberia  in  8   (or  9)  out  of  12d  post-mortem  examinations  of 
human  cadavers.  It  is  essentially  an  Old 

AA^orld  species,  but  it  may  be  found  at 
any  time  in  Europeans  who  have  immi- 

grated to  the  United  States,  and  the 

possibility  is  by  no  means  excluded  that 

it  may  be  found  in  American  ti-oops  who 
have  served  in  China  or  the  Philippines. 

AA^ard  (1895)  has  recorded  this  species 
for  cats  in  Nebraska.  l)ut  a   comparison 

of  his  s   p   e   c   i   m   e   n   s   with 
authentic  material  of  0. 

felineus  from  Europe  has 
convinced  both  him  and  me 

that  the  Nebraskan  parasite 

represents  a   distinct  form. 
Since  it  is  so  closelv  allied 

to  C. further  since  Uncus.  xsso. 

both  species  occur  in  cats 

and  the  European  form  oc-  'O'’-) cnrs  in  man  also,  it  need  occasion  no  sur- 

prise if  AATird's  parasite  is  found  sooner 
or  later  in  man.  Its  characters  may  be 

seen  from  the  following  diagnosis: 

Opisihorchis  psevdofelinevs  ^   Ward,  1901  (fig. 

45);  Opisthorchis:  12  to  20  mm.  long,  1   to  2.5 

mm.  broad;  form  somewhat  similar  to  that  of 

0.  felineus,  but  more  elongate.  Oral  sucker  0.355 

mm.  by  0.414  mm.,  terminal  to  subterminal; 

ventral  acetabulum  somewhat  smaller,  0.247  mm. 

by  0.240  mm.,  situated  slightly  anterior  of  border 

between  first  and  second  anterior  fourths  of  body. 

Skin  provided  with  minute  scale-like  spines 
which  are  lacking,  however,  on  posterior  portion 

of  body.  Pharynx  0.212  mm.  by  0.219  mm.; 

140.  4o.—0i)is(horchis  fdmeus  from  a   cat.  esopha«:us  0.175  inm.  long;  intestinal  ceca  extend 

collected  in  Prns.>.ia  by  Max  Braun.  posterior  extremitv.  Jfale  organs:  Testicles Greatly  enlarged  to  show  the  anatomy:  ^   "   t- 
or.,  ovary;  r.  receptacnlum  seminis;  round  or  lobate.  Leniale  organs:  Items  veil 

s.  g..  shell  gland:  other  letters  same  as  developed,  the  coils  often  being  quite  crowded; 

fig.42.  (After StilesWHassall,iS94.fig.6.)  ovary  globular;  receptaculum  seminis  large, 
postero-lateral  of  ovary;  vitellaria  divided  each  side  into  ati  antovarial  itortion 

i 

«Syxoxyms. — Distoma  felineurn”  of  Ward,  1895;  Opisthorchis pseudofelineus  Ward, 
1901. 

Bibliography'. — For  more  detailed  description  see  5Vard,  1895,  pp.  152-158. 
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with  about  five  acini  and  a   post- 
ovarial  portion  with  two  or  three 

acini,  each  portion  provided  with  its 

own  vitelloduct;  the  antovarial  por- 
tion extends  from  the  ovary  cephalad 

to  about  the  boundary  between  the 

anterior  and  equatorial  thirds  of  the 

body;  the  postovarial  portion  extends 

caudad  from  the  ovary  to  about  the 

anterior  plane  of  the  posterior  testi- 

cle; Laurer’s  canal  prominent.  Eggs 
25  to  35  by  12  to  15  yw.  Sporocyst, 

redia,  cercaria,  and  intermediate  host 
undetermined. 

Habitat. — Gall  ducts  of  the  domes- 

ticated cat  {Felis  catus  domestico)  and 

coyote  {Canis  latrans  Say). 

Geographic  distribution.  — U nited 

States  (Nebraska  and  Iowa). 

Winogradoff  reports  that  in 

one  of  his  nine  cases  of  Opis- 

thorchis  felineus  in  man,  he 

found  a   small  spinose  distome, 

and  as  0.  felineus  is  not  spi- 

nose, Braun  (1896)  suggests 

that  the  parasite  might  have 
been  Metorchis  albidus  or  M. 

truncatus^  species  found  in  cats 

in  Europe. 

The  Indian  Liver-Fluke  —   OPIS- 

THORCHIS  NOVERCAa  Braun, 

1903 — of  Man. 

[Figs.  46  to  48.] 

Specific  diagnosis.  —   OpisihorcMs: 

9   to  12.5  mm.  long,  2.5  mm.  broad; 

lanceolate  more  attenuate  anteriorly 

than  posteriority.  Oral  sucker  termi- 
nal. Ventral  acetabulum  much 

smaller  than  oral  sucker;  distance 

between  the  two  equal  to  about 

one-eighth  the  length  of  the  body, 
the  acetabulum  being  rather  near 
the  bifurcation  of  the  intestine. 

Skin  thickly  beset  with  spines. 

Pharynx  large;  esophagus  appar- 

Synonyms. — “   Dlstoma  conjuncium 

Cobbold”  of  Lewis  &   Cunningham 
1872. 

14167— No.  17—04- 
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ently  absent;  intestinal  ceca  extend  to  about  the  border  of  posterior  eighth  of 

body.  Male  organs:  Testicles  apparently  round  to  lobate,  situated  in  posterior 

third  of  body.  Female  organs: 

Uterus  apparently  poorly  devel- 
oped; ovary?;  receptaculum 

seminis?;  Laurer’s  canal?;  vitel- 

46 
Fig.  A^.—Opisthorchis  noverca. 

Natural  size.  (After  McCon- 
nell, 1876,  fig.  2.) 

laria  apparently  extend  from 

ventral  acetabulum  to  posterior 

testicle.  Eggs  oval,  34  ju  by  19 

to  21  ji.  Sporocyst,  redia,  cer- 
caria,  and  intermediate  host 
undetermined. 

Fig.  47. — Ventral  view  of  Opist/iurchis  noverca,  greatly 
enlarged  to  show  the  anatomy:  ac.,  acetabulum; 

ex.p.,  excretory  pore;  n.p.,  genital  pore;  i.,  intes- 
tinal ceca;  m.,  mouth  with  oral  sucker;  oi\,  ovary 

and  other  adjacent  organs;  p.  h.,  pharyngeal  bulb; 

s.  g.,  shell  gland;  t.,  testicles;  ut,  uterus;  va.,  va- 

gina; r.  d.,  vas  deferens;  r.  p.,  vitellaria;  r.  f.,vitel- 
loduct.  (After  McConnell,  1876,  fig.  1.) 

Habitat. — Gall  ducts  of  man  {Homo  sapiens) 

and  pariah  dogs  {Cams fain iliar is) . 

Geographic  distribution.  — India. 

This  parasite  has  been  confused  with 

^letorcMs  conjunctus  (Cobbold,  1862)  of 

the  American  Red  fox  {Canis  fiilvus)^ 

but  the  two  worms  are  evident!}"  distinct. 

The  above  diagnosis  is  based  chiefly  upon  iMcConnell’s  flgures.  The 

species  needs  a   careful  restud}". 
For  the  two  cases  reported  in  man,  see  McConnell,  1876  and  1878.  , 

Fig.  48. — Eggsof  Opisthorchis  noverca. 
X   1,300.  (After  McConnell,  1876, 
fig.  3.) 
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The  Asiatic  Liver  Fluke— OPISTHORCHIS  SINENSIS «   (Cobbold,  1875) 

Blanchard,  1895 — of  Man. 

[Figs.  49  to  62.] 

Specific  diagnosis. — 

OjnMhorcJw:  10  to  20  mm. 

long,  2   to  5   mm.  broad; 

flat,  lanceolate  to  oblong 

oval,  attenuate  anteriorly, 

rounded  posteriorly;  red- 
dish, nearly  transparent 

during  life.  Oral  sucker 

larger  than  ventral  ace- 
tabulum, which  is  about 

on  border  between  first 

and  second  fourths  of 

body.  Skin  without 

spines.  Pharynx  globular, 

about  0.22  mm.  in  diame- 

ter; esophagus  0.17  mm. 

long,  not  longer  than 

pharynx;  bifurcation  of 
intestine  nearer  to  oral 

to  acetabulum ;   intestinal 

extending  to  posterior  end 

of  body.  Male  organs:  Testicles  in  pos- 
terior third  of  body,  branched,  usually 

extending  beyond  intestinal  ceca  into 

the  lateral  fields  and  situated  ventrally 

of  the  sigmoid  excretory  canal.  Female 

organs:  Uterus  moderately  developed; 

ovary  trilobate;  immediately  anterior  of 

the  large  elongate  vesicula  seminalis; 

«   Synonyms. — Distoma  sinense  Cobbold, 

1875;  Distoma  sineuse  of  McConnell,  1876 

(misprint) ;   Distomum  spatlmlaturn  Leuck- 

art,  1876  (not  Creplin,  1849;  for  spatula- 

turn  Rudolphi,  1819);  Distomum  spatula- 

turn  Cobbold,  1879  (not  Eudolphi,  1819); 

Distoma  hepatis  endemicum  Baelz,  1883; 

Distoma  hepatis  innocuurn  Baelz,  1883; 

Distoma  hepatis  perniciosum  Baelz,  1883; 

Distorna  spatulatum  (Cobbold,  1879) 

Blanchard,  1888;  Distorna  japonicum  R. 

Blanchard,  1886orl888;  Distomum  sinense 

(Cobbold)  Leuckart,  1889;  Opisthorchis 

sinensis  (Cobbold,  1875)  R.  Blanchard, 

1895;  Dicrocoelium  sinense  (Cobbold)  ̂ lo- 
niez,  1896. 

Bibliography. — For  technical  zoo- 

logical discussion,  see  Leuckart  (1889, 

pp.  336  to  355,  figs.  154  to  161);  for 

medical  discussion,  with  record  of  76 

autopsie.s,  see  Katsurada  (1900,  pp.  479- 

504).  "White  (1902,  p.  523)  has  found 18  cases  in  San  Francisco. 

Fig.  49.  — The 
Asiatic  liver 

fluke  (Opi.<- 
thorchissmai- 
sis).  Natural 
size,  from 

specimen 

(U.S.P.H.  & 
M.H.S.  No. 

9410)  collect- 
ed in  San 

Francisco  by 

Asst.  Surg.  M. 
J.  W   h   i   t   e. 

Original. 

sucker  than 

ceca  slender. 

Fig.  50.— The  same,  ventral  view,  greatly  enlarged 

to  show  the  anatomy:  ac.,  acetabulum;  ex.  c.,  ex- 
cretory canal;  e.r.  p.,  excretory  pore;  p.  p.,  genital 

pore;  l,  intestinal  ceca;  L.  c.,  Laurer's  canal;  ?«., 
mouth,  with  oral  sucker;  or.,  ovary;  p.  b.,  phartm- 
geal  bulb;  s.  g.,  shell  gland;  t.,  testicles;  ut.,  uterus; 
r.  d..  vas  deferens;  r.  p.,  wtellogene  glands;  r.  s.. 
vesicula  seminalis;  r.  t.,  vitelloduct.  Original. 
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yitellaria  moderately  developed,  occupying  about  the  equatorial  third  of  the  body. 

Eggs  oval,  27  to  30  by  15  to  17  //;  dark  brown,  with  sharply  defined  operculum; 

contain  ciliated  embryo  at  oviposition.  Sporocyst,  redia,  circaria,  and  intermediate 
host  undetermined. 

Figs.  51-58. — Eggs  of  Opisthorchis  sinensis  in  different  stages  of  development,  as  found  in  the  uterus. 

Note  the  operculum  at  one  end.  Greatly  enlarged.  (After  Katsurada,  1900,  pi.  13.  figs.  2-9.) 

Habitat. — Gall  ducts,  pancreatic  ducts,  duodenum,  and  stomach  of  man  {Homo 

sajjiens)  and  cats  {Felis  catus  domestica). 

Geographic  distribution.— Asia;  sporadic  imported  cases  elsewhere. 

Several  imported  cases  of  this  parasite  have  been  found  in  the 

United  States  and  Canada.  In  some  of  the  Japanese  cases  that  have 

J-P 

Figs.  59-60. — Free  embryos  (miracidia)  of  same.  Greatly  enlarged.  (After  Kat.surada,  1900,  pi.  13, 

figs.  10-11.) 

been  recorded  several  thousand  parasites  have  been  present,  and  while 

the  hepatic  ducts  are  more  frequently  affected,  some  cases  are  recorded 

of  the  presence  of  this  fluke  in  the  pancreatic  ducts,  in  the  duodenum, 
and  in  the  stomach.  See  p.  8. 
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js.  61. — Section  through  the  left  lobe  of  the  liver,  showing  lesions  caused  by  OpistJiorchis  sinensis:  a.,  thickened  gall 
'■duct;  5.,  hyperplastic  connective  tissue;  c.,  thickened  capsule;  d.,  fatty  or  more  or  less  atrophied  liver  tissue,  x   40. 
(After  Katsurada,  1900,  pi.  13,  fig.  12.) 
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Fig.  62. — Section  through  the  right  lobe  of  the  liver,  showing  lesions  caused  by  Opisthorchis  sinensis:  a.,  hj-per- 

plastic  connective  tissue;  b.,  .small  cell  infiltration;  c.,  newly  formed  gall  ducts;  d.,  small  interacinous  gall 

duct  filled  with  gall;  e.,  fatty  degenerated  liver  tissue;  necrotic  liver  ti.s.sue.  x   40.  (After  Katsurada, 
1900,  pi.  13,  tig,  13.) 

i 

i 



INTESTINAL  DI8T0MAT0SIS. 

The  exact  extent  to  which  distomes  in  the  intestine  incommode  a 

patient  is  not  yet  determined.  It  seems  rather  doubtful  whether 

Ileterophyes  is  of  much  appreciable  medical  importance,  although  a 

heav}"  infection  should  not  be  ignored.  Fascioloi^sis^  being  much 
larger,  is  probably  of  more  importance.  Cobbold,  for  instance,  records 

it  for  two  cases  where  there  were  signs  of  intestinal  irritation,  such  as 

repeated  attacks  of  diarrhea.  The  medical  importance  of  Gastrodiscus 

is  yet  to  be  established. 

In  general,  it  may  be  said  that  the  importance  of  intestinal  as  well 

as  other  flukes  is  a   relative  question.  A   few  parasites  ma}^  do  little 
harm,  still  they  actually  must  do  some  injury,  even  if 

it  amounts  to  simph"  taking  food  which  should  go  to 
the  host;  an  increased  infection  increases  the  amount  of 

damage. 

Clinical  diagnosis. — Microscopic  examination  of 

fresh  stools  for  eggs;  examine  also  the  sputum  and  the 

urine  in  order  to  eliminate  the  lung  infection  with  Para- 

gonimus  and  the  blood  infection  with  Schistosoma. 

Symptoms. — Still  to  be  further  determined;  probably 

general  symptoms  of  intestinal  irritation.  Indigestion, 

nausea,  headache,  diarrhea,  and  bloody  stools  have  been 
observed. 

Treatment. — Favorable  results  have  been  obtained 

by  Dobson  witli  thymol.  Aloes,  followed  b}-  castor  oil, 
also  aloes  and  asafetida,  followed  by  scammoiny  have 

failed  (Cobbold’s  cases).  As  the  parasites  are  plathelminthes,  I   would 
suggest  the  use  of  same  anthelmintics  adopted  for  tapeworms. 

Family  FASCIOLID.E. 

Fig.  63.—Fasciolop- 

sis  buskii.  Natu- 
ral size.  (After 

Leuekart,1863,  p. 

586,  fig.  196.) 

Genus  FASCIOLOPSIS  Looss/^  1899. 

Generic  diagnosis. — Fasciolidte:  Body  rather  large,  flat,  about  one-third  as  broad 

as  long,  lanceolate  to  tongue-shaped.  Cephalic  cone  wanting.  Skin  without  spines. 

\"entral  acetabulum  larger  than  oral  sucker  and  nearer  anterior  end.  Intestine  with 

short  prepharynx,  strong  globular  ])harynx,  and  exceedingly  short  esophagus;  intes- 

Synonyms. — Fasciolopsis  JjOosh,  1899;  Fasciolopis  Odhner,  1902  (misprint). 

39 
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Fig.  64.— Ventral  Tiew  of  Fasciolopsis  buski\  enlarged  to  sho\\ 

the  anatomy:  <zc.,  acetabulum;  c.,  cirrus;  L.  c.,  Laurer's  canal; 
m.,  mouth  with  oral  sucker;  oi\,  ovary;  p..  pharynx;  p.  p.  s.. 

prepharyngeal  sphincter; g. ,   shell  gland;  t. ,   testicles;  ut. ,   ute- 
rus; v.g.,  vitellogene  glands,  x   6.  (After  Odhner,  1902,  tig.  1. ) 

tiiial  ceca  brancli  immediately 

anterior  of  ventral  acetabnlnm, 

are  narrow  and  long,  extend- 

ing along  inner  margin  of  vi- 
tellaria  to  the  posterior  end  of 

the  body,  and  are  not  provided 

with  secondary  branches.  Ex- 

cretory system  similar  to  that 

of  Fasci ohi .   Gen  i tal pores  emp- 

ty into  genital  sinus  which  is 
situated  in  the  ventro-median 

line  immediately  anterior  of 

acetabulum.  Copnlatory  or- 

gans present,  the  cirrus  pouch 

being  a   long,  straight,  median 

tube  extending  candad  to  a 

point  about  half  way  between 

ventral  acetabnlnm  and  shell- 

gland.  JRile  organs:  Testicles 

in  the  posterior  half  of  median 

field,  side  by  side,  or  one 

posterior  of  the  other,  both 

branched  dicotomoiisly.  Fe- 
male organs:  Ovary  moderately 

developed,  branched,  located 

at  equator,  right  of  median 

line;  receptacnlnm  seminis  ab- 

sent; Laurer’s  canal  jiresent; 
vitellaria  well  develof»ed,  with 

very  small  acini,  and  extend 

from  jilane  of  ventral  acetab- 
nlnm to  caudal  pole  of  body, 

where  the  acini  from  the  two 

sides  may  meet  in  the  median 

line;  transverse  section  of  body 

shows  acini  to  be  superficial 

both  dor.-ally  and  ventrally; 

transverse  vitello-ducts  meet 

in  median  line  of  equator  to 

form  the  vitelline  reservoir; 

shell-gland  compact,  well  de- 

veloped, globular;  uterus  ex- 
tends from  equator  forward, 

with  lateral  coils,  and  leads  to 

the  Avell-developed  metraterm 

at  caudal  border  of  acetabu- 

lum. Eggs  rather  numerous, 
similar  in  form  to  those  of 

Fasciola. 
Habitat.  —   Intestine  of 

mammals. 

Type  species. — Fasciolopsis 

buskii  (Lankester,  1857). 

I 
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« Synonyms. — Bistoma  huskii  Lankester,  1857;  Dicrocoelium  buskii  (Lankester) 

Weinland,  1858;  Distoma  crassum  Cobbold,  1860  (not  von  Siebold,  1837);  Distomum 

crassum  (Cobbold)  Leuckart,  1863;  ̂ '■Distomum  hepaticum'^  of  Leidy,  1873,  p.  364; 
Distoma  huski  Blanchard,  1888;  Dicrocoelium  buski.  Blanchard  1888;  ̂ ^Distoma  {Dicro- 

coelium) buslD’  of  Railliet,  1893;  Distomum  buski  (Blanchard)  Braun,  1895;  Distoma 
cranum  Hubei,  1896  (misprint);  Fasciolopsis  buskii  (Lankester)  Stiles,  1901;  Fascio- 
lopsis  buski  (Blanchurd)  Odhner,  1902;  Fasciolopis  buski  (Blanchard)  Odhner,  1902. 

Bibliography. — Cobbold,  1879,  pp.  20-29.  For  more  recent  technical  discus.sion 

with  historical  review,  see  Odhner,  1902,  pp.  573-581. 

Busk’s  Intestinal  Fluke — FASCIOLOPSIS  BUSKIIa  (Lankester,  1857)  Stiles, 

1901 — of  Man. 

[Figs.  63  to  66.] 

Specific  diagnosis. — Fasciolopsis:  24  to  37  mm.  (75  mm.  after  Busk)  long,  5.5  to 

Fig.  65.— Sagittal  section  of  cephalic  end  of  Fasjdolopsis  buskii,  slightly  to  the  right  of  the  median 
line:  d.  e.,  ductus  ejaculatorius;  g.  p.  m.,  male  genital  pore;  p.  pr.,  pars  prostatica;  v.  s.,  vesicula 
seminalis;  other  letters  same  as  in  fig.  64.  x   35.  (After  Odhner,  1902,  fig.  2.)  , 

12  or  14  mm.  broad,  1.5  to  2   mm.  thick;  maximal  breadth  in  equatorial  portion; 
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more  attenuate  anteriorly  than  posteriorly,  ventral  surface  flat,  dorsal  surface  slightly 

convex,  margins  very  thin.  Oral  sucker  ventro-subterminal,  small,  0.5  mm.  in  diam- 

eter, 0.33  mm.  deep.  Ventral  acetabulum  1.6  to  2   mm.  in  diameter,  but  elongated 

caudally  directly  under  the  ventral  surface  in  a   2   to  8   mm. 

long  sack;  center  of  acetabulum  1.8  to  2   mm.  from  anterior 

end  of  body.  Skin  without  spines.  Prepharynx  0.28  mm. 

long;  pharynx  0.7  mm.;  esoj)hagus  very  short  so  that  the 

bifurcation  of  the  intestine  occurs  about  on  anterior  plane 

of  acetabulum ;   ceca  with  two  characteristic  curves  toward 

median  line,  one  at  equator,  the  other  between  the  testicles. 

Male  organs. — Cirrus  pouch  cylindrical,  median,  nearly  one- 
fourth  as  long  as  the  body,  0.25  to  0.33  mm.  thick,  straight, 

extending  from  genital  pore  to  about  midway  to  shell  gland 

( equator) ;   it  contains  a   long  sinuous  vesicula  seminalis  with 

a   long  blind  sack  possessing  lateral  branches,  this  sack  reach- 
ing from  a   short  distance  caudad  of  acetabulum  to  about  0.5 

mm.  from  caudal  end  of  pouch;  pars  prostatica  0.5  mm. 

long,  ductus  ejaculatorius  rather  short,  pro'vuded  with  fine 
spines;  vasa  defferentia  near  median  line;  testicles  one 

posterior  of  tlie  other;  branches  of  posterior  testicle  extend 

to  within  about  3   mm.  of  the  caudal  end  of  the  body.  Female 

organs:  Vitelline  reservoir  rather  small;  shell  gland  1   to  1.5 

mm.  in  diameter.  Fggs  numerous,  120  to  130  ̂    long  by  77 

to  80  broad.  Sporocyst,  redia,  cercaria,  and  intermediate 
host  undetermined. 

Habitat. — Small  intestine  of  man  [Homo  sapiens);  Asia. 

This  parasite  has  ])een  reported  several  times 

for  man,  all  the  eases  being  of  Asiatic  origin. 

Judging  from  the  writings  of  Dobson  (1893a, 

1893b)  and  Giles  (1892,  1893)  this  parasite  is 

probably  more  common,  especially  in  India,  than 

is  generally  supposed. 

Rathouis’s  Intestinal  Fluke — FASCIOLOPSIS  RAT- 

HOUISIc  (Poirier,  1887)  Ward,  1903. 

[Fig.  67.] 

Specific  diagnosis. — Fasciolopsis:  25  mm.  long,  16  mm. 

broad;  Avhitish,  tinted  witli  broAvn  on  the  margins;  oblong 

oval,  obtuse,  anterior  end  appears  to  be  provided  Avith  a 

more  or  less  distinct  short  cephalic  cone,  3   to  5   mm.  broad. 

Oral  sucker  (?)  subterminal,  A'ery  small,  its  opening  not 

OA"er  0.5  mm.  in  diameter  (after  Moniez),  or  1.5  mm.  (after 
Braun ) .   Ventral  acetabulum  much  larger,  situated  about 

2   mm.  from  the  oral  sucker,  its  circular  orifice  2   mm.  in 

diameter.  Skin  Avithout  spines.  Prepharynx  (?) ;   j)harynx 

(?) ;   esophagus  (?);  intestinal  ceca  (?).  Male  organs:  Cirrus 

pouch  (?)  (apparently  long);  A^asa  deferentia  apparently 

rather  divergent;  testicles  side  liy  side.  Female  organs:  Ovary  caudad  of  transA^erse 

Fig.  66. — Dorsal  view  of  that 

portion  of  the  cirrus  pouch 

which  lies  caudallj^  of  the 

acetabulum:  ae.,  acetabu- 

lum; c.  V.  s.,  cul-de-sac  of 
the  Amsicula  seminalis;  v. 

d.,  A’as  deferens;  v.  s.,  vesic- 
ula seminalis.  (After  Odh- 

ner,  1902,  fig.  3.) 

« Sv'NONYMS. — FIstonmm  rafhouisi  Poirier,  1887;  Fisfoma  rathonisii.  Huber,  1894 

(misprint);  Fasciolopsis  rathoiiisi  (Poirier)  Ward,  1903. 
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Synonyms. — Heteropliy es  CohhoXdj  1866  (probably  earlier);  Cotylogonhnun  Liihe, 

1899;  Ccenogonimus  Looss,  1899. 

^ This  generic  diagnosis  includes  some  characters  which  in  reality  belong  to  the 
diagnosis  of  the  subfamily. 

vitello-duct.  J^ggs  ovoid,  150  //  long  by  80  p   broad.  Sporocyst,  redia,  cercaria,  and 
intermediate  host  undetermined. 

Habitat. — Intestine  or  (?)  gall  ducts  of  man  {Homo  sapiens) ;   Asia. 

The  original  description  by  Poirier  (1887)  is  not  accessible  to  me. 

Most  authors  consider  this  species  identical  with  Fasciolopsis  huskily 

but  Moniez  (1896)  has  questioned  their  identity  and  Odhner’s  (1902) 
recent  work  seems  to  prove  that  the  two  forms  are  distinct. 

Fig.  67. — Ventral  view  of  Fasciolopsis  rathouisi,  enlarged  to  show  the  anatomy:  ac.,  acetabulum; 
ex.p.,  excretory  pore;  g.  p.,  genital  pore;  m.,  mouth  with  oral  sucker;  ov.,  ovary;  s.  g.,  shell  gland; 

t.,  testicle;  w.,  uterus;  v.  g.,  vitellogene  gland;  vdt.,  vitelloduct.  (After  Poirier,  1887  [from  Railliet, 

1893,  p.  363,  fig.  243].) 

Genus  HETEROPHYES«  Cobbold,  1866. 

Generic  diagnosis. — Fasciolidse:  ^   Body  small,  contractile  neck  not  very  sharply 

defined  from  body;  anterior  end  more  contractile;  posterior  end  more  or  less  bluntly 

rounded,  plump,  and  less  motile.  Skin  thickly  beset  with  scale-like  spines,  except 

for  a   small  area  at  aboral  pole.  Oral  sucker  without  thorns;  ventral  acetabulum 

situated  at  the  border  between  the  anterior  more  contractile,  and  aboral  plumper, 

less  contractile  portion  of  body,  and  is  considerably  larger  than  oral  sucker.  Tntes- 

;r.^. 

ov 

v.g. 

V.  dt. 

t 

vdt. 
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tine  with  pharynx  closely  following  the  oral  sncker;  esophagus  moderately  long; 

ntestinal  ceca  simple,  extending  to  extreme  aboral  end  of  body.  Genital  pore  postero- 

lateral of  and  in  immediate  %'icinity  of  ventral  acetabulum;  it  is  surrounded  by  a 
muscular  ring  genital  ring),  the  outer  free  margin  of  which  is  provided  with  a   not 

quite  complete  wreath  of  bent  chitinous  rods  with  lateral  branches.  True  copulatory 

organs  absent:  male  and  female  genital  tubes  unite  before  reaching  the  pore,  thus 

forming  a   genital  cloaca,  ^fale  orgam:  Testicles  oval,  in  extreme  aboral  end  of  bcdv, 

on  same  transverse  plane,  their  longitudinal  axis  nearly  at  right  angles  to  the  lon^i- 

Fig.  66. — ^Ventral  view  of  Heterophyes  heterophye.?.  enlarged  to  show  the  anatomy:  ac..  acetabulum; 
es.,  esophagus;  cjr.  p..  excretory  pore;  y.  c..  cerebral  ganglion;  gl..  glands;  g.  p..  genital  pore; 

g.  I-.,  genital  ring;  intestinal  ceca;  L.  e..  Laurer's  canal;  m..  mouth  with  oral  sucker;  oo.,  ootyp; 
or.,  ovary;  p.  h..  pharyngeal  bulb;  p.  p..  prepharyux;  p.  pr..  pars  pn>statica;  r.  -s..  receptaculum 
seminis;  f..  testicle;  uf.,  uterus;  ra.,  vagina  imetraterm);  r.  d..  vas  deferens;  r.  g..  vitellogene 

glands:  r.  -s..  vesicula  seminalis:  r.  t..  vitelloduct.  i   After  Looss.  16^.  fig.  1. 1 

tudinal  axis  of  the  body  ;   vesicula  seminalis  flexed,  anterior  end  of  latter  forming  a 

pars  prostatica,  both  lying  free  in  the  parenchyma.  Female  organs:  Ovary  globular, 

median,  or  lateral,  anterior  of  testicles;  receptaculum  seminis  as  large  as  ovary  and 

building  a   sac-like  ev agination  of  Laurer's  canal;  vitellaria  but  shghtly  developed, 
situated  on  the  margins  of  the  posterior  ditflsion  of  the  body.  Uterine  coils  not 

numerous;  they  extend  laterally  nearly  to  the  aboral  end.  never  jKisterior  of  the 

testicles,  and  not  anterior  of  the  ventral  acetabulum.  Eggs  not  numerous,  with 

dark  colored  thick  shell,  20  to  30//  by  10  to  17//. 

Habitat. — Intestine  of  mammals  and  birds. 

Type  species. — Heterophyes  heterophyes  Siel/old,  1853)  Stiles,  1901. 



45 

The  Egyptian  Intestinal  Fluke — HETEROPHYES  HETEROPHYES «   (Sie- 

bold,  1852),  Stiles,  1901 — of  Man,  Dogs,  and  Cats. 

[Figs.  68  to  71.] 

Specific  diagnosis. — Heterophyes:  1   to  1.7  mm.  long,  0.3  to  0.7  mm.  broad;  reddish, 

elongate,  oval.  Scales  quadrate,  5   to  6   //  long  by  4   jii  broad;  distal  margin  serrate  with 

6   to  9   jioints.  Oral  sucker  0.09  mm.  in  diameter,  terminal  to  subte^'minal,  about  one- 
third  as  large  as  ventral  acetabulum 

(0.23  mm. ),  which  is  in  about  the  mid- 
dle of  the  body ;   genital  ring  0. 15  mm. 

Prepharynx  short,  may  attain  80  /i  in 

length;  pharynx  50  to  70  ju  long,  40 

to  50  jii  in  diameter;  esophagus  ex- 

tends to  a   point  about  midway  be- 
tween the  oral  pole  and  the  center  of 

the  acetabulum.  Intestinal  ceca  thin, 

extending  posteriorly  and  ending  at 

the  excretory  bladder.  The  lateral 

ends  of  the  vitellaria  extend  beyond 

the  intestinal  ceca,  and  some  follicles 

extend  ventrally.  Eggs  light  brown,  thick-shelled,  oval,  20  to  30  ju  by  15  to  17  yU, 
contain  ciliated  embryo  when  oviposited.  Sporocyst,  redia,  cercaria, 
and  intermediate  host  undetermined. 

Habitat. — Small  intestine  of  inan  {Homo  sapiens), 

dogs  {Canis  familiaris) ,   cats  {Fdis  domestica),  and  (?) 

fox  (   ). 

Geographic  distribution. — Egypt,  Japan. 

L   771 

Fig.  69. — A   portion  of  the  skin,  showing  the  peculiar 
quadrate  spines,  the  {dm.)  diagonal  muscles,  the 
(hre.)  longitudinal  muscles,  and  the  (rm.)  ring  or 
circular  muscles,  x   1060.  (After  Looss,  1894,  pi.  2, fig.  9.) 

Fig.  70.  — Chit- 
inous  rods  of 

genital  ring. 

X   700.  (After 

Looss,  1894, 

pl.l,  fig.  5.) 

Family  PARAMPHISTOMID.F. 

Genus  GASTRODISCUS  Leuekart,  1877. 
Fig.  71.  —   Ma- ture egg  of 

Heterop  hyes 
heterophyes, 

containing 

the  fully  de- 

veloped em- 
bryo. Note 

the  opercu- lum at  one 

pole.  X   700. 
(After  Looss, 

1894,  pi.  2,  fig. 

12.) 

Generic  diagnosis. — Paramphistomidte,  Cladorchinse 

(Ventral  acetabulum  at  poserior  end.  Two  pharyngeal 

pockets  present,  testicles  branched,  vas  deferens  without  pars  macu- 
losa, cirrus  pouch  present):  Body  divided  into  an  anterior  rather 

slender  conical  portion,  and  a   posterior  flattened  ventrally  concave 

disk,  acetabulum  small,  ventral. 

Type  species. — Gastrodiscus  polyrnasios 'L^noksiri,  1877. 

According  to  the  recent  revision  of  the  ainphistomes 

published  by  Fischoeder  (1902),  the  amphistome  reported 

for  man  belongs  to  the  genus  Gastrodiscus.  Stages  of  the  life  cycle  of 

the  Conical  Amphistome  {Paramphistomum  cervi)  are  here  introduced 

(figs.  79  to  83)  to  illustrate  the  biology  of  this  group. 

«   Synonyms. — Bistomum  heterophyes  \ on  Siebold,  1852;  Bicrocoelium  heterophyes  (Sie- 

bold)  AVeinland,  1858;  Distoma  heterophyes  (Siebold)  Cobbold,  1860;  Heterophyes 

segyptiaca  Cobhoid,  1866  (probably  earlier);  Mesogonimus  heterophyes  (Siebold)  Pail- 

liet,  1890;  Coenogonimus  heterophyes  (Siebold)  Looss,  1899;  Cotylogonimus  heterophyes 

(Siebold)  Braun,  1901. 

Bibliography. — For  detailed  anatomical  discussion  see  Looss  (1894,  pp.  1-42,  pi. 

1,  flgs.  1-8;  pi.  2,  flgs.  9-12). 
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^^Synoxyms. — Amphistoma  /iomua’.s Lewis  &   McConnell,  1876;  Amphistomum  hominis 
(Lewis  &   McConnell)  Davaine,  1877;  Gastrodiscus  hominis  (Lewis  &   McConnell) 
Fischoeder,  1901. 

Bibliography. — For  the  cases  thus  far  reported  see  Lewis  &   McConnell  (1876,  pp. 

182-186),  Dobson  (1893a,  18936),  and  Giles  (1892,  1893).  Judging  from  the  writings 
of  Dobson  and  Giles,  this  parasite  seems  to  be  much  more  common  in  India  than  is 
generally  supposed. 

The  Asiatic  Amphistome — GASTRODISCUS  HOMINIS«  (Lewis  &   McConnell, 

1876)  Fischoeder,  igoi — of  Man. 

[Figs.  72  to  78.] 

Specific  diagnosis. — Gastrodiscus:  5   to  8   mm.  long,  3   to  1   mm.  broad;  reddish  in 

color  (fresh  specimen).  Genital  pmre  about  in  middle  of  the  anterior  portion  at 

Fig.  72.— a   portion  ot  human  intestine  slit  open,  with  specimens  of  Gastrodiscus  hominis.  Natural 
size.  (After  Lewis  &   McConnell,  1876,  pi.  3,  fig.  1.) 

bifurcation  of  the  intestine.  Testicles  2,  lobate;  vas  deferens  yery  sinuous.  Disk 

without  papillie.  Eggs  oyal,  150  p   by  72  p   with  ojierculum. 

Habitat. — Cecum  and  colon  of  man  {Homo  sapiens). 

Geographic  distribution. — Asia. 



47 r 

Fiii.  73. — Ventral  view  of  Guf^trodisctiK  honiinis,  .showing  oral  sucker,  genital  pore,  sucking  disk,  and 
acetabulum.  x2.  (After  Lewis  A   McConnell,  1876,  pi.  3,  fig.  2a.) 

Fiu.  74. — Dorsal  view  of  same.  x2.  (After  Lewis  &   McConnell.  1876.  pi.  3,  fig.  2b.) 

Fig.  75.— The  same.  x2.  (After  Lewis  A   McConnell,  1876,  pi.  3.  fig.  2c.) 

Fig.  76. — Lateral  view  of  same.  x2.  (After  Lewis  A   McConnell.  1876,  pi.  3.  fig.  2d.) 

Fig.  77. — Eggs  of  Gastrodiscus  hominis.  x65.  (After  Lewis  A   McConnell,  1876.  pi.  3.) 

i 
f 

Fig.  78. — Gaatrodiscus  hominis,  partially  dissected  to  show  the  anatomy:  ac.._ acetabulum;  es..  esoph- 
agus; ex.  c..  excretory  canal;  g.  c.,  cerebral  ganglion;  g.jj.,  genital  pore;  i,  intestinal  ceca;  m.,  mouth 

with  oral  sucker;  ov.,  ovary;  p.  b.,  pharyngeal  bulb;  t.,  testicle;  id.,  uterus,  with  eggs;  ra.,  vagina 

'   imetraterm);  v..d.,  A’as  deferens;  r.  dt..  vitelloduct;  r.  £/.,  vitellogene  gland;  r.  ?i.,  ventral  nerve. 
Xl2.  (After  Lewis  A   McConnell,  187C).  p.  185.) 

Fig.  79.— Dorsal  view  of  the  free  embryo  (miraeidium)  of  the  Conical  Amphistome  {Faramphistumum 

cerri)  about  to  enter  the  intermediate  host:  jl,.  end  portion  of  excretory  system;  g.,  germ  cells;  gg., 

matrix  of  germ  cells;  f.,  rudimentary  intestine;  sn.,  nervous  system.  x285.  (After  Looss,  1896,  pi.  12, 
fig.  12.5.) 
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Fig.  80. — Sporocyst  of  the  Conical  Amphistome  resulting  from 
the  transformation  and  development  of  the  embryo,  age 

about^fifteendays:  e.r.p.,  excretory  pore;  (j(j.,  matrix  of  germ 

cells.  The  large  balls  of  cells  represent  developing  redise 

of  the  next  generation.  xl70.  (After  Looss,  1896,  pi.  12, 

fig.  126.) 

Fig.  81.— Adult  redia  of  the  Conical 

Amphistome  (Paramphistomuni  cervi) 

of  the  first  generation,  thirty-nine 

days  after  the  infection  of  the  inter- 
mediate host  with  embryos:  fl.,  end 

portion  of  excretory  system;  gg.,  ma- 

trix of  germ  cells;  1,  rudimentary  in- 

testine; pi7.,  birth  opening;  s/i.,  nerv- 
ous system.  (After  Looss,  1896,  pi.  12, 

fig.  129.) 

Fig.  82. — Young  redia  of 

the  Conical  Amphis- 
tome of  the  second 

generation  in  Avhich 

the  cercarise  develop. 

xl70.  (After  Looss, 

1896,  pi.  12,  fig.  130.) 

Fig.  83. — Mature  cerca- 
ria  of  the  Conical 

Amphistome  {Param- 
phistoma  cervi),  the 

stage  which  gains  ac- 
cess to  cattle  and 

sheep.  x75.  (After 
Looss,  1896,  pi.  12,  fig. 133.) 



TEINAL  DISTOMATOSIS. 

^"eIlal  distomatosis  is  known  as  bilharziosis,  or  Egyptian  hematuria. 
It  is  caused  b}"  flukes  of  the  genus  Schistosoma.  As  a   matter  of  fact, 
the  flukes  themselves  seem  to  be  comparatively  harmless;  it  is  their 

sharp-pointed  eggs  which  do  the 

injury.  At  least  three  (import- 

ed) cases  have  been  diagnosed  in 

the  United  States,  and  the  dis- 
ease is  said  to  exist  in  Cuba  and 

Porto  Kico. 

Clinical  diagnosis. — ]\lake 

microscopic  (iow  power)  exami- 
nation of  fresh  urine  and  feces 

to  find  the  characteristic  eggs 

or  embiyos;  examine  particu- 
larly the  flocculi  and  clots  found 

in  the  urine.  In  doubtful  cases, 

have  patient  micturate  and  ex- 

amine the  last  few  drops  forced 

out  b}"  straining. 
Symptoms. — If  ova  are  con- 

fined chiefly  to  urogenital  sys- 

tem :   Hematuria,  pains  in  lumbar 

region,  left  iliac  fossa,  thigh,  or 

f vulva,  either  spontaneous  or  at 

.   micturition;  cystitis,  vesical  cal- 

"   cuius,  urinary  fistulae,  vaginal 
tumors,  nephritis.  If  ova  are 

confined  chiefly  to  rectum: 

Bloody  stools,  diarrhea,  prolaps 

of  rectum,  papilliform  growth 

which  ma\"  require  surgical  in- 
terference. 

I   Treatment, — Favorable  re- 
I suits  are  claimed  from  repeated  doses  of  male  fern;  some  authors 

!.  consider  specific  treatment  futile;  practicalhy  treatment  is  the  same  as 

'   for  chronic  cystitis;  occasional^  surgical  interference  for  polj^poid 

growths. 

Fig.  84.— Male  and  female  specimens  of  the  Human 

Blood  Fluke  {Schistosoma  hsematdb\um) ,   enlarged. 

X   12.  (After  Looss,  1896,  pi.  11,  fig.  107.) 

14167— No.  17—04   4 49 
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Family  SCHISTOSOiSIlD.E. 

Genus  SCHISTOSOMA^  Weinland,  18S8. 

Genekic  diagnosis. — Schistosomidpe  (sexes  separate):  Male:  Broad  with  ven- 

trally  curved  lateral  margins,  forming  the  canalis  gymecophorns.  Intestinal  ceca 
unite  some  distance  caudad  of  the  acetabulum.  Genital  pore  median,  caudad  of 

acetabulum.  Copulatory  organs  ab- 
sent; genital  glands  confined  to  a 

small  area  at  the  anterior  end  of 

canalis  gymecophorns;  testicles  com- 
posed of  about  five  divisions;  vesic- 

ula  seminalis  small,  pars  prostatica 
not  evident.  Female:  Filiform. 

Uterus  very  long;  may  contain 

numerous  eggs,  with  terminal  or 
subterminal  spine. 

Habitat. — Veins  of  mammals. 

Type  species. — Schistosoma  lisema- 

tohium  (Bilharz,  1852). 

The  Human  Blood  Fluke — SCHIS- 

TOSOMA HiEMATOBIUM& 

(Bilharz,  1852)  Weinland,  1858. 

[Figs.  84  to  88.] 

Specific  diagnosis. — Schistosoma. 

Male:  AVhitish,  4   to  15  mm.  long,  1 

mm.  broad;  anterior  portion  of 

body  0.6  mm.  long.  Oral  sucker 
about  same  size  as  acetabulum, 
which  is  anterior,  immediately 
caudad  of  bifurcation  of  intestine. 
Skin  with  numerous  small  warts. 

Esophagus  short;  intestinal  ceca 
reunite  caudad  of  testicles;  caudal! y 

of  acetabulum,  4   to  6   glandular  tes- 

ticular bulbs.  Female:  "Whitish  to 
dark  red  brown,  15  to  20  mm.  long. 
Suckers  as  in  male.  Skin  with 

Fi(i.  85. — -\nterior  portion  of  male  Human  Blood  minute  spines.  Intestine  as  in  male. 

Fluke  (Schistosoma  haematobium) ,   showing  the  ana- 

tomical characters:  ac.,  acetabulum;  gc.,  cerebral  gan- 
glion; gl.,  glands  of  esophagus  (es):  i.,  intestine;  nda., 

dorsal  anterior  nerve;  ndj).,  dorsal  posterior  nerve: 

nla.,  lateral  anterior  nerve;  nva.,  ventral  anterior 

nerve;  nvp.,  ventral  posterior  nerve;  ph’.,  lateral 
posterior  nerve;  gp.,  genital  pore;  t..  testicles;  rs., 

vesicula  seminalis.  (After  Looss,  1895,  pi.  2,  fig.  18.) 

«   Synonyms.  —   Schistosoma  Wein- 

land, 1858;  Gynxcophorus  Diesing, 

1858;  Bilharzia  Cobbold,  1859;  TI:e- 
cosoma  Moquin-Tandon,  1860;  Schis- 
tosomurn  K.  Blanchard,  1895. 

^Synonyms.  — Distomum  hxmato- 

hiam  Bilharz,  1852;  Schistosoma 

hxmatohium  (Bilharz)  "Weinland,  1858;  Gyniecophorus  hxmatohius  (Bilharz)  Diesing, 
1858;  Bilharzia  hccmatohia  (Bilharz)  Cobbold,  1859;  (?)  Bilharzia  magna  Cobbold, 

1859;  Thecosoma  hxmatohium  (Bilharz)  Hoquin-Tandon,  1860;  F>istoma  capense  YLscr- 
ley,  1864,  nomen  nudum;  Bilharzia  capensis  Harley,  1864;  Bilharzia  hxmatobia 

hominis  Kowalewski,  1895;  (?)  Bilharzia  hxmatobia  magna  (Cobbold)  Kowalewski, 
1895;  Schistosomurn  hxrnatobium  (Bilharz)  Blanchard,  1895. 

Bibliogkaphy. — For  bibliography,  see  Huber  (1894,  jip.  29-1—305).  For  detailed 

anatomical  study,  see  Looss  (1895,  pp.  1-108)  and  Leuckart  (1894,  pp.  464-534). 
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tomic  characters:  a,  acetabulum;  es.,  esophagus;  gp, 

genital  pore;  i.,  intestine,  Avhich  is  double  for  some  dis- 
tance, but  the  two  ceca  unite  (f)  back  of  the  ovary;  oo., 

ootype;  ov.,  OAmry;  ovd.,  oviduct;  shell  gland;  m., 

nervoussystem;  ?/f.,uterus;rfd.,'\'itelloduct;  rf7.,vitello- 
geneglands.  x   38.  (After  Looss,  1896,  pi.  11,  fig.  108.) 

Fig.  87. — Egg  of  Human  Blood 

Fluke  {Schistosoma  hsemato- 

hium),  with  contained  em- 
bryos passed  in  the  urine. 

X   285.  (After  Looss,  1896,  pi. 

11,  fig.  112.) 

Fig.  88. — Ureter  of  an  Egyptian, 

with  numerous  uric-acid  con- 

cretions, as  a   result  of  blood- 

fluke  infection.  (After  Leuck- 

art,  1894,  p.  528,  fig.  231.) 
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but  the  ceca  reunite  caudally  of,  but  near  the  ovary.  Uterus  rather  straight,  ends 

posteriorly  in  a   bulb-like  ootype,  immediately  posterior  of  which  the  shell  gland, 
oviduct,  and  vitelloducts  come  together;  ovary  sacular,  elongate;  vitellaria  extend 

from  near  the  caudal  end  of  the  ovary  to  the  caudal  end  of  the  body,  and  are 

provided  with  lateral  acini.  Eggs  oval,  135  to  160  //  long  by  55  to  66  jj.  broad; 

without  operculum,  but  usually  with  terminal  or  subterminal  spine;  develop  ciliated 

embryo  in  tissue  after  oviposition. 

Habitat. — Veins  of  man  {Homo  sapiens)  and  certain  monkeys. 

Geogkaphic  distribution. — Chiefly  in  Africa;  sporadic  imported  cases  in  other 
countries. 

Washington,  D.  C.,  August,  1903. 



BIBLIOORAPHY. 

The  following  bibliography,  prepared  from  my  manuscript  b}"  m}^ 
assistant,  E.  C.  Stevenson,  contains  only  the  more  general  articles  and 
the  works  which  will  enable  the  reader  to  trace  the  literature  on  the 

parasites  in  question.  The  abbreviations  used  are  those  adopted  in 

the  Index-Catalogue  of  Medical  and  Veterinary  Zoology.  signifies 

that  the  work  may  be  consulted  in  the  library  of  the  United  States 

Department  of  Agriculture;  in  the  library  of  the  Surgeon-Gen- 

eral, United  States  Army;  Lib.  Stiles,  in  private  library  of  C.  W. 

Stiles,  at  Hygienic  Laboratory,  U.  S.  Public  Health  and  Marine- 

Hospital  Service. 

Blanchard,  Baphael.  [Prof.,  Ecole  de  med.,  Paris.] 

1888a. — Traite  de  zoologie  medical,  v.  1:  Protozoaires,  histoire  de  I’oeuf,  coelenteres, 
vers  (aneuriens,  platelminthes,  nemathelminthes).  Fasc.  3,  pp.  481-808, 

figs.  272-387.  [Published  Nov.  1.]  [W“,  Lib.  Stiles.] 
Braun,  Max.  [Prof.  Zool.,  Kdnigsberg  i.  Pr.] 

1903. — Die  thierischen  Parasiten  des  Menschen.  Fin  Handbuch  fiir  Studirende 

und  Aerzte.  3.  Auf.  xii -|- 360  pp.,  272  figs.  8°.  -   Wurzburg.  [W%  W“.] 
CoBBOLD,  Thomas  Spencer. 

1879b. — Parasites;  a   treatise  on  the  entozoa  of  man  and  animals,  including  some 

account  of  the  ectozoa.  xi -b  508  pp. ,   85  figs.  8°.  London.  [Wb] 
Davaine,  Casimir  Joseph. 

1877a. — Traite  des  entozoaires  et  des  maladies  vermineuses  de  I’homme  et  des  ani- 

maux  domestiques.  2.  ed.,  cxxxii  +   1003  pp.,  72 -f  38  figs.  8°.  Paris. 
[W^] 

Hassall,  Albert.  [Veterinary  Inspector,  U.  S.  Bureau  Animal  Ind.] 

1894. — List  of  the  chief  epizootics  of  fascioliasis  (distomatosis)  <J.  Comp.  M.  & 

Yet.  Arch.,  Phila.,  v.  15  (3),  Mar.,  pp.  162-167.  [W%  W“,  Lib.  Stiles.] 
1894.— Bibliography  of  F   [asciolal  liepatica  <7J.  Comp.  M.  &   Vet.  Arch.,  Phila., 

V.  15  (6),  Nov.,  pp.  407-417;  (7),  Dec.,  pp.  457-462.  [W%  W“,  Lib.  Stiles.] 

Huber,  J.  Ch.  [Landgerichtsarzt,  Memmingen.] 

1894. — Bibliographie  der  klinischen  Helminthologie.  Heft  7-8.  Dracunculus  per- 
sarum  Kilmpfer,  Filaria  sanguinis  liominis  Lewis  und  Trematoden.  pp. 

245-305.  8°.  Miinchen.  [W%  Lib.  Stiles.] 
1896.— Animal  parasites  and  the  diseases  caused  by  them  ̂ Twentieth  Cent.  Pract., 

N.  Y.,  V.  8,  pp.  [499]-627,  figs.  70-105,  pis.  1-2.  [W™,  Lib.  Stiles.] 
Katsurada,  Fujiro.  [Prof.  Path.,  Okayama.] 

1900.— Beitrag  zur  Kenntniss  des  Distomum  spathulatum  <[Beitr.  z.  path.  Anat.  u. 

z.  allg.  Path.,  Jena,  v.  28  (3),  pp.  479-505,  pi.  13,  figs.  1-13.  [W^] 
Lecckart,  Rudolf.  [Prof.  ZooL,  Leipzig.] 

1889. — Die  Parasiten  des  Menschen  und  die  von  ihnen  herriihrenden  Krankheiten. 

2.  ed.,  V.  1,  2.  Abt.,  4   Lief.,  pp.  i-ix -f  97-440,  figs.  61-191.  8°. 
Leipzig  &   Heidelberg.  [W'^,  W“,  Lib.  Stiles.] 

1894. — Idem.  5   Lief.,  pp.  i-viii +441-736,  figs.  192-307.  8°.  Leipzig.  [W“,  Lib. Stiles.  ] 

53 



54 

Lewis,  T.  R.,  &   McConnell,  J.  F.  P. 

1876. — Amphistoma  Jiominis  n.  sp.  A   new  parasite  affecting  man  <Proc.  Asiat. 

Soc.  Bengal,  Calcutta  (8),  Aug.,  pp.  182-186,  1   fig.,  pi.  3,  figs.  1-3.  [W^] 
Looss,  Arthur.  [Prof.,  Med.  School,  Cairo,  Egypt.] 

1894.  — Ueber  den  Ban  von  Bistomum  heterophyes  v.  Sieb.  und  Distomum  fraternum 

n.  sp.  59  pp.,  2   pis.  8°.  Cassell.  [Lib.  Stiles.] 

1895.  — Zur  Anatomie  und  Histologie  der  Bilharzia  hsematobia  (Cobbold)  <Arch.  f. 

mikr.  Anat.,  Bonn,  v.  46  (1),  15.  Oct.,  pp.  1-108,  pis.  1-3,  figs.  1-30. 

[MS.  dated  30.  Mai.]  [W“.] 
1902. — Ueber  neue  und  bekannte  Trematoden  aus  Seescbildkroten.  Xebst  Eror- 

terungen  zur  Systematik  und  Nomenclatur  <^Zool.  Jabrb.,  Jena,  Abt.  f. 

Syst.,  Y.  16  (3-6),  24.  Xov.,  pp.  411-894,  figs.  A-B,  pis.  21-32,  figs.  1-181. 

[W*'^,  Lib.  Stiles.] 
McConnell,  J.  F.  P.  [Prof.  Path.,  Calcutta  Med.  Col.] 

1876. — On  the  Bistoma  conjunctum^’  as  a   human  entozoon  <(Lancet,  Lond.,  y.  1, 

Mar.  4,  pp.  343-344,  figs.  1-3.  [\Y“.] 

1876. — Idem  <[ Veterinarian,  Lond.  (580),  y.  49,  4s.,  (256),  y.  22,  Apr.,  pp.  242-246, 

figs.  1-3.  [W^  M“.] 

1878. — Bistoma  conjunctum  <Lancet,  Lond.,  y.  1,  Mar.  30,  p.  476.  [W“.] 
Moniez,  Bomain.  [Prof.,  Paris.] 

1896.  

— Traite  de  parasitologie  animate  et  Yegetale  appliquee  a   la  medicine.  Yiii  -f 

680  pp.,  116  figs.  8°.  Paris.  [W“,  WA] 
Odhner,  Theodor.  [Epsala.] 

1902. — Fasciolopsis  Buski  {hank.)  =   Bistomum  crassum  Cobb.  Ein  bisber  wenig 
bekannter  Parasit  des  Menschen  in  Ostasien  <Centralbb  f.  Bakteriol., 

Parasitenk.  [etc.],  Jena,  1.  Abt.,  y.  31  (12),  14  Mai,  Originate,  pp.  573-581, 

1   pi.,  figs.  1-3.  [V\"*,  M™,  Lib.  Stiles.] 
Railliet,  a.  [Prof.  ZooL,  EcoleYet.,  Alfort.] 

1
8
9
3
.
 
 

— Traite  de  zoologie  medicate  et  agricole.  2.  ed.,  fasc.  1,  736  pp.,  494  figs. 

8°.  Paris.  [’W'^,  Lib.  Stiles.] 
Stiles,  Ch[arles]  AVardell.  [Zoologist,  U.  S.  Pub.  Health  &   Mar.-Hosp.  SerY.] 

1
8
9
4
.
 
 

— The  anatomy  of  the  large  American  liYer  fluke  {Fasciola  magna) ,   and  a 

comparison  with  the  other  species  of  the  genus  Fasciola,  s.  st.  <J.  Comp. 

M.  &   Vet.  Arch.,  Phila.,  y.  15  (3),  Mar.,  pp.  161-178;  (4),  Apr.,  pp. 

225-243,  pis.  1-2,  and  figs.  A-G;  (5),  Oct.,  pp.  299-313,  pis.  3-4;  (6), 

XoY.,  pp.  407-417;  (7),  Dec.,  pp.  457-462.  [W^  W'“,  Lib.  Stiles.] 

1
8
9
5
.
 
 

— Idem  [continued)  <Ibidem,  y.  16  (3),  Mar.,  pp.  139-147,  pis.  5-6;  (4), 

Apr.,  pp.  213-222,  pis.  7-8;  (5),  May,  pp.  277-282.  [W“,  Lib.  Stiles.] 
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AN  ACCOUNT  OF  THE  TAPEWORMS  OF  THE  GENUS  HYMENOLEPIS  PARA- 
SITIC IN  MAN,  INCLUDING  REPORTS  OF  SEVERAL  NEW  CASES  OF 

THE  DWARF  TAPEWORM  (HYMENOLEPIS  NANA),  IN  THE  UNITED 
STATES. 

(Prepared  under  the  direction  of  Ch.  Wardell  Stiles,  Chief  of  Division  of  Zoology.) 

By  Brayton  H.  Ransom,  M.  A.,« 
Assistant  in  Division  of  Zoology,  Hygienic  Laboratory,  United  States  Public  Health  and 

Marine- Hospital  Service. 

SUMMARY. 

The  present  paper  comprises  a   full  account,  from  both  zoological  and  medical 

standpoints,  of  the  representatives,  three  in  number,  of  the  tape^^orm  genus  Hymen- 
olepis,  parasitic  in  man.  This  genus  has  received  but  slight  attention  from  American 

authors.  Recent  indications,  however,  point  to  the  probability  that  one  species  of 

this  genus,  Hymenolepis  nana,  the  dwarf  tapeworm  of  man  and  rats  is,  compared  with 

other  tapeworms,  not  an  uncommon  parasite  of  man  in  this  country.  Owing  to  its 

small  size,  and  the  necessity  of  depending  for  a   diagnosis  of  its  presence  upon  the 
discovery  of  its  eggs  in  the  feces  by  microscopical  examination,  it  is  undoubtedly 
frequently  overlooked.  About  100  cases  altogether  of  this  parasite  have  been 

reported  from  man.&  Eleven  cases  have  been  found  in  this  country  during  1902- 

1903 — in  Texas,  Georgia,  South  Carolina,  and  the  District  of  Columbia. 
The  tapeworm  in  question  was  first  described,  upon  the  basis  of  specimens  from 

rats,  in  1845,  by  Dujardin,  as  Tsenia  murina  [not  Gmelin,  1790] ;   it  was  first  noticed 
in  man  by  Bilharz  at  Cairo,  Egypt,  in  1851,  and  a   description  under  the  name  of 

Tsenia  nana  was  published  by  Siebold  (1852).  The  earlier  name,  T.  murina,  had 

already  been  used  for  another  form  by  Gmelin  in  1790,  and  the  name  nana  is  accord- 
ingly retained  as  the  correct  specific  designation. 

It  has  been  proved  experimentally  by  Italian  investigators  that  when  eggs  of  this 
parasite  are  swallowed  by  white  rats,  the  embryos  hatch,  bore  into  the  intestinal 

«   Transferred  June  1, 1903,  to  U.  S.  Bureau  of  Animal  Industry,  as  Assistant  Zoologist. 
&   Since  the  manuscript  of  this  paper  was  finished,  six  more  cases  have  been  found 

by  this  laboratory  in  the  District  of  Columbia,  among  123  children  in  orphan  asylums. 
Several  probable  cases  have  been  reported  to  us  by  letter  by  Dr.  J.  B.  De  Veiling, 
Jackson,  Miss.  Dr.  L.  E.  Magnenat,  of  Amarillo,  Tex.,  has  found  four  cases  in  a 

single  family  (Stiles,  1903c).  Finally  Dr.  H.  M.  Hallock  (1904a),  of  the  U.  S.  Army, 
has  reported  two  cases  at  Fort  Porter,  Buffalo,  N.  Y.,  in  soldiers  recently  returned 

from  the  Philippines.  This  makes  altogether  for  the  United  States  something  over 

25  cases,  all  but.one  having  been  recorded  since  August,  1902,  and  16  of  which  have 
been  found  by  members  of  this  laboratory  in  a   systematic  examination  for  intestinal 

parasites  of  about  3,500  persons.  It  is  significant  that  in  these  examinations  only 

two  cases  of  the  beef-measle  tapeworm,  Tsenia  saginata,  and  none  of  the  pork-measle 
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villi,  become  transformed  into  an  intermediate  stage  (cercocysts) ,   and  later  fall  again 

into  the  lumen  of  the  intestine  to  become  adult.  It  is  presumed  that  a   similar  devel- 

opment occurs  in  man,  although  the  possibility  remains  that  development,  both  in 

man  and  in  the  rat,  may  also  occur  by  means  of  some  intermediate  host,  such  as  an 

insect,  not  yet  determined. 

From  the  clinical  side  abstracts  of  106  cases  are  given.  Five  of  these  are  here 

reported  for  the  first  time. 

Most  of  the  cases  have  been  in  males  and  the  large  majority  in  children,  commonly 

between  the  ages  of  5   and  10  years. 

Thirty-eight  of  the  cases  were  found  in  the  inmates  of  orphan  asylums,  a   poor- 
house,  and  an  insane  asylum,  and  more  cases  have  been  reported  from  cities  than 

from  rural  districts.  Children  in  bad  hygienic  surroundings  seem  especially  liable 

to  infection,  and  institutional  life  seems  to  favor  the  occurrence  of  the  dwarf  tape- 

worm, both  in  children  and  in  adults. 

The  prevalence  of  infection  has  been  estimated  as  10  per  cent  among  the  children 

of  Italy.  In  the  Government  Hospital  for  the  Insane,  Washington,  the  parasite  has 

been  found  in  0.3  per  cent  of  about  2,000  patients  examined.  In  about  160  fecal 

examinations  recently  made  by  Stiles  (1903a)  in  the  Southern  States,  the  percentage 

of  occurrence  of  II.  nana  was  0.25  per  cent. 

The  largest  number  of  cases  from  one  State  or  country,  65,  has  been  reported  from 

Italy;  the  District  of  Columbia  ranks  second  with  6   cases.  The  geographical  distri- 

bution of  the  parasite  as  recorded  for  man  accords  very  well  with  the  distribution  of 

the  parasite  as  recorded  for  rats,  and  is  practically  cosmopolitan  like  that  of  its  hosts. 

The  part  of  the  intestine  infected  is  the  ileum. 

The  number  of  worms  present  in  any  one  case  varies  from  a   single  specimen  to 
several  thousand. 

Simultaneous  infection  with  other  parasites  is  common.  As  many  as  four  other 

species  of  parasites  have  been  found  occurring  with  II.  nana. 

Infection  may  persist  from  2   months  to  2i  years,  perhaps  to  5   years,  and  longer, 

or  until  terminated  by  successful  treatment. 

Comparison  with  statistics  relative  to  larger  tapeworms  indicates  that  the  symp- 

toms produced  by  the  presence  of  II.  nana,  while  not  more  severe,  apparently  occur 

with  greater  frequency  in  a   severe  form  in  cases  of  II.  nana  than  in  cases  of  the 

larger  tapeworms.  This  circumstance,  however,  is  considered  not  to  indicate  a 

greater  nocuity  of  the  smaller  worm;  it  is  simply  due  to  the  fact  that  a   relatively 

greater  number  of  cases  are  overlooked. 

The  symptoms  produced  by  the  dwarf  tapeworm  are  usually  slight,  and  may  be 

absent  entirely,  even  though  the  worm  be  present  in  large  numbers.  Severe  symp- 
toms, however,  such  as  persistent  diarrhea,  epileptiform  attacks,  etc.,  occasionally 

occur.  The  most  frequent  symptoms  are  abdominal  pain,  with  or  without  diarrhea; 

convulsions  of  various  sorts,  frequently  epileptiform;  headache  and  strabismus. 

Nasal  and  anal  pruritus,  common  in  cases  of  infection  with  other  tapeworms,  are 

tapeworm.  Taenia  solium,  were  found.  These  facts  continue  not  only  to  bear  out  the 

original  assumption  of  Doctor  Stiles  that  the  dwarf  tapeworm  is  going  to  prove  a 

common  American  parasite,  but  seem  to  indicate,  furthermore,  the  likelihood  that 

it  will  turn  out  to  be  the  most  common  of  the  tapeworms  parasitic  in  man  in  this 

country. 

In  October  and  December,  1902,  the  examination  of  60  children  1   to  15  years  old. 

At  a   hospital  in  Buenos  Aires,  Argentina,  showed  11  cases  of  infection  with  II.  nana. 

(Lynch,  1904.)  On  a   prior  occasion  101  children  were  examined  and  no  cases  were 

found.  Lynch  considers  the  results  of  these  examinations  to  indicate  that  the  para- 

site is  becoming  more  common  in  Argentina,  and  suggests  the  likelihood  of  many 

cases  having  been  introduced  by  Italian  immigrants,  large  numbers  of  whom  have 

come  into  the  country  in  recent  years. 



rarely  seen  with  H.  nana.  A   predisposition  to  nervous  disease  seems  to  be  the 

important  factor  in  the  appearance  of  nervous  symptoms. 

The  local  pathological  changes  seem  to  be. slight.  The  elimination  of  a   toxin 

which  is  absorbed  by  the  host  possibly  plays  an  important  part  in  the  production  of 

morbose  phenomena. 

Diagnosis  rests  upon  the  discovery  of  eggs  in  the  feces. 

Treatment  is  with  male  fern  and  several  repetitions  are  frequently  necessary. 

Prophylaxis  consists  in  everything  which  will  avoid  the  entrance  of  the  eggs  of 

the  parasite  into  the  mouth,  as  well  as  of  insects,  some  of  which  may  be  able  to  serve 

as  intermediate  hosts  and  thus  convey  infection.  It  comprises  the  destruction  of 

rats  and  mice;  the  protection  of  food  from  contamination  by  the  excreta  of  rats;  the 

exclusion  of  insects  from  the  food;  and  general  carefulness  in  regard  to  what  is  put 

into  the  mouth;  especially  should  this  last  rule  be  enforced  in  the  case  of  children, 

who  commonly  put  into  their  mouths  all  sorts  of  objects,  some  of  which,  soiled  by 

the  excreta  of  infected  persons  or  rats,  may  carry  the  eggs. 

Hymenolepis  diminuta,  the  fiavopunctate  tapeworm  of  man  and  of  rats,  was  first 

described  by  Eudolphi,  in  1819,  from  specimens  collected  in  Brazil  from  rats.  The 

same  species  was  redescribed  by  Creplin  (1825a)  as  Tsenia  leptocephala.  It  was  first 

described  from  man  by  Weinland  (1858),  who  did  not  recognize  its  identity  and 

called  it  Hymenolepis  flavopimctata. 

Development  occurs  by  means  of  an  intermediate  host,  and  several  insects  have 

been  shown  to  act  in  this  role;  the  common  meal  moth  {Asopia  farinalis),  both  in 

larval  and  adult  stages,  is  perhaps  the  usual  intermediate  host. 

Twelve  cases  have  been  reported  from  man,  3   in  the  United  States,  2   in  South 

America,  and  the  rest  in  Europe. 

Symptoms  were  practically  absent  in  all  the  cases. 

Diagnosis  is  established  by  the  discovery  of  the  eggs  in  the  feces. 

The  worm  seems  to  be  easily  expelled,  and  may  pass  without  treatment.  A   simple 
cathartic  has  been  efficient. 

Prophylaxis  consists  in  avoiding  the  ingestion  of  any  of  the  various  insects  which 

may  act  as  intermediate  hosts. 

Hymenolepis  lanceolata,  the  lanceolate  tapeworm  of  geese  and  ducks,  has  been 
recorded  but  once  from  man. 



IXTRODUCTIOX. 

Of  the  tapeworms  parasitic  in  man  there  is  one  genus  which  is 

commonly  overlooked  in  medical  text-books,  or  at  most  passed  over 

with  only  the  slightest  mention,  namely,  Hymenolepis.  This  genus, 

composed  of  a   considerable  number  of  species,  is  mostly  restricted  in 

its  hosts  to  insectivorous  mammals  and  birds,  but  three  species,  Hymen- 

olepis  nana^  II  clirninuta^  and  H.  lanceolata  have  been  also  reported 

from  man.  The  first  of  these,  II.  nana^  is  the  most  common  of  the 

three,  and  the  most  important.  Like  the  larger  tapeworms  it  is  fre- 

quently the  cause  of  severe  symptoms,  and  indeed  has  been  alleged  by 

some  authors  to  be  productive  of  more  serious  effects  than  the  former. 

In  Italy,  particularly  Sicily,  it  seems  to  be  one  of  the  commonest  para- 

sites; some  authors  estimate  that  as  many  as  10  percent  of  the  children 

of  certain  classes  in  that  country  are  infested  b}^  it.  Its  existence  in  the 
United  States  has  been  practically  ignored  on  account  of  its  apparent 

rarity,  only  1   case  until  recentlv  having  been  reported  for  this  country. 

There  is,  however,  some  evidence  to  show  that  II  nana  is  consider- 

ably more  common  in  the  United  States  than  general!}"  supposed. 

Owing  to  the  small  size  of  the  tapeworm  in  question  and  the  conse- 

quent necessity  of  depending  for  a   diagnosis  of  its  presence  upon  the 

discovery  of  its  eggs  in  the  feces,  it  seems  very  probable  that  it  has 

been  overlooked  many  times;  and  it  is  expected  that  as  the  microscope 

comes  more  generally  into  use  as  an  aid  in  diagnosis  of  diseases,  new 

cases  of  H.  nana  will  come  to  light  from  time  to  time.  Weight  is 

given  to  these  statements  by  the  fact  within  the  past  year  11  new  cases 

have  been  added  to  the  single  one  formerly  on  record  for  the  United 

States;  namely,  1   in  Texas  by  Dr.  John  T.  Moore,  1   in  South  Caro- 

lina and  3   in  Georgia  by  Dr.  Ch.  Warded  Stiles,  and  6   in  the  District 

of  Columbia  by  members  of  this  laboratory." 
In  the  light  of  these  recent  developments  Ilymenolepis  juma  appears 

to  merit  more  attention  than  it  has  hitherto  received  in  this  country, 

and  Doctor  Stiles  has  accordingly  requested  me  to  prepare  a   paper 

upon  the  genus  Hymenoleph^  taking  into  consideration  such  species  as 

are  of  interest  in  human  medicine.  A   paper  similar  to  the  present 

also  seemed  desirable  from  another  standpoint;  most  of  the  literature 

is  not  generally  accessible,  being  scattered  in  various  foreign  journals 

and  in  several  languages;  although  Blanchard  in  1891  published  in 

French  an  excellent  paper  on  the  genus,  which  contained  a   complete 

resume  of  the  literature  then  extant,  practically  nothing  has  appeared 

10 
o   For  additional  cases  see  footnote,  p.  7. 
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in  English,  and  altogether  there  is  very  little  upon  the  group  readily 

I I   available  to  the  American  physician.  In  the  preparation  of  this  paper, 

I   i   practically  the  entire  literature  of  Ilymenolepis  in  man  has  been  con- 

sulted, with  the  intention-  of  bringing  together  everything  that  is 
known  to  date,  regarding  this  genus  in  its  relation  to  human  medicine. 

j   Genus  H YMENOLEPIS  «   Weinland,  1868. 
Generic  diagnosis. — Family  Tseniidse,  subfamily  Dipy lidiinie :   Head  generally 

j   small;  rostellum  retractile,  well  developed  and  armed,  or  rudimentary  and  unarmed; 
suckers  usually  unarmed.  Genital  pores,  single,  marginal,  unilateral.  Testes  few; 

usually  three  in  each  segment.  Uterus  sac-like;  often  filling  the  segment;  frequently 
.   with  outpocketings  and  incomplete  partitions.  Eggs  with  two,  three  or  four  mem- 
!•  branes,  the  inner  of  which  closely  invests  the  embryo  and  may  exhibit  a   small 

'   mamillate  projection  at  each  pole;  the  outer  membrane  is  separated  from  the  inner 
i|.  by  a   wide  intervening  space.  Larva  a   cercocyst  or  staphylocyst. 

III  ;   .   Type  species. — Ilymenolepis  flavopunctata 'W einlajid,  1858 =LT.  diminuta  (Rudolphi, 
I   A819). 

The  genus  Hymenolepis  was  established  by  Weinland  in  1858  with 

H.  flavopunctata  (=  H.  dmiinuta)  as  type,  but  was  neglected  almost 

|i  entirel}^  until  rehabilitated  by  Blanchard  in  1891.  The  characters  of 
the  genus  as  it  now  stands  cover  30  or  10  species,  some  of  which  in 

I   many  respects  are  widely  divergent.  It  is  therefore  likely  that  in  the 

!   course  of  time  some  of  these  species  will  be  taken  out  of  the  genus  and 

'   placed  in  new  genera.  Cohn  (1899  c,  e,  g,  1900  b,  1901  b)  has  recentl}" 
taken  a   step  in  this  direction  by  proposing  a   division  of  the  genus 

into  two  subgenera.  In  the  subgenus  Hyinenolepis  he  would  place 

those  forms  of  the  group  which  possess  either  an  unarmed  and  rudi- 

mentary rostellum,  or  a   rostellum  armed  with  20  to  30  hooks.  In  the 

second  subgenus  Drepanidotdenia\iQ  would  place  forms  possessing  8   to 

10  hooks.  According  to  this  classification,  II.  diminuta  and  II.  noma 

fall  together  in  the  first  subgenus,  and  II.  lanceolata  in  the  second. 

There  are,  however,  certain  objections  to  this  scheme  of  classification, 

one  being  that  it  is  decided!}^  artificial  and  as  such  has  been  opposed 

b}"  AVolffhugel  (1899b,  1900  b)  and  also  by  myself  in  a   former  paper 
(Ransom,  1902).  As  an  indication  of  the  artificial  nature  of  the  proposed 

classification,  it  ma}"  be  remarked  that  there  are,  in  the  group,  tape- 
worms with  8   to  10  hooks  which  resemble,  in  the  greater  part  of  their 

anatom}",  worms  with  rudimentary  rostellum  much  more  than  they 

resemble  other  worms  with  8   to  10  hooks;  consequenth",  the  use  of  a 

character,  based  upon  the  number  of  hooks,  as  a   criterion  in  classifi- 

cation would  often  result  in  placing  in  one  subgenus  a   species  which, 

in  all  essentials  except  this  one  character,  resembled  the  species  typical 

of  the  second  subgenus,  more  than  it  resembled  the  type  of  the  first, 
and  vice  versa. 

«   Synonyms. — Hymenolepis  Weinland,  1858;  Diplacanthus  AVeinland,  1858  (not 

Agassiz,  1842,  fish);  Lepidotrias  Weinland,  1858;  Ilymenoleps is  of  Osier,  1895,  and 
other  authors  (misprint);  Diplacanthus of  Cohn,  1899  (misprint). 
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Althouoli  the  plea  of  utility  is  an  argument  which  might  be  advanced 

in  favor  of  Cohn's  division  of  the  genus,  it  is,  in  fact,  about  the  only 
argimient.  and  moreover  of  little  weight,  since  it  is  questionable 

whether  such  a   division  oilers  any  advantages,  even  when  viewed  from 

a   purely  practical  standpoint.  While  the  character  selected  by  Cohn 

as  a   distinguishing  mark  is  certain!}'  an  easy  one  to  use  (though  the 

loss  of  hooks  from  the  rostellum  might  in  some  cases  proA’e  mislead- 

ing), it  does  not  seem  to  me  that  anything  is  to  be  gained  by  the  sepa- 

ration of  the  various  species  now  comprising  the  genus  into  the  purely 

artificial  groups  proposed  by  Cohn,  when  it  is  almost  certain  that  a 

revision  will  sooner  or  later  be  necessary,  which  will  break  up  the 

genus  along  altogether  ditferent  lines. 
As  there  seems  to  be  no  sufiicient  reason,  either  from  theoretical 

or  practical  considerations,  for  recognizing  Cohn's  division  into  sub- 
genera, and  as  an  attempt  to  revise  the  genus  upon  a   rational  basis  is 

beyond  the  purposes  of  the  present  paper,  if  indeed  such  a   revision 

could  successfully  be  carried  out  at  the  present  time,  the  three  forms 

to  be  discussed  will  be  regarded  simply  as  belonging  to  the  same  • 

genus.  Ilymenolejjis.  and  the  dift'erences  between  them  as  of  specific 
value  only. 

KEY  FOR  THE  DETERMIXATIOX  OF  THE  SPECIES  OF  HYMEyOLEPI^  PARASITIC  IX  MAX. 

Strobila  small,  5   to  45  mm.  long,  by  0.5  to  0.9  mm.  Avide,  filiform;  head  armed  Avith 

a   croAA'n  of  20  to  30  hooks;  eggs  generally  oA'al,  A\fith  filaments  attached  to  the 
poles  of  the  inner  membrane;  common   Hymenolepis  nana. 

Strobila  10  to  60  mm.  long  by  2.5  to  4   mm.  AA  ide;  head  unarmed;  eggs  generally  round, 

prominent  intermediate  layer  of  albuminous  substance  betA\'een  outer  and  inner 
membranes,  outer  membrane  frequently  Avith  radial  striations;  rare   

Hymenolepis  diminnta. 
Strobila  lanceolate,  30  to  130  mm.  long  by  5   to  18  mm.  broad;  head  small,  compared 

A\  ith  strobila,  armed  AA'ith  8   to  10  hooks;  eggs  OA'al,  AA  ithout  filaments  on  the  inner 

membrane;  A-ery  rare     Hymenolepis  lanceolata.  i 

The  Dwarf  Tapeworm— HYMENOLEPIS  NANA  «   (Siebold,  1852)  Blanchard, 

1891. 

Specific  diagnosis. — Hymenolepis:  Strobila  5   to  45  mm.  in  length,  and  0.5  to  0.9 

mm.  in  maximum  breadth,  composed  of  about  100  to  200  segments.  Head  sub- 

globular,  130  to  480  p   in  diameter;  rostellum  AA-ell  deA'eloped,  freely  moA’able, 
armed  A\fith  a   single  croAA  ii  of  20  to  30  hooks,  14  to  18  p   in  length;  suckers  globular, 

80  to  150  p   in  diameter.  Xeck  long.  Anterior  segments  A'ery  short;  following  seg- 
ments increase  in  length  and  breadth,  but  remain  broader  than  long,  except  that  the 

length  of  the  hindermost  segments  may  occasionally  equal  or  eA’en  slightly  exceed  J 

«   Synonyms. — Teenia  murina  Dujardin,  1845  (not  T.  murina  Gmelin,  1790=CysO'ccr- 
cus  fasciolaris  Rudolph!) ;   Teenia  nana  Siebold,  1852  (not  Van  Beneden,  1858);  T. 

segyptiaca  Bilharz,  1852  (not  Krabbe,  1869);  Diplacanthus  nanus  (Siebold)  Weinland, 

1858;  T.  {Hymenolepis)  nana  Siebold  of  Leuckart,  1863;  T.  “rana’'  of  Bell,  1886 

(misprint);  Hymenolepis  nana  B]3.nchRi'(\,lS91;  H   //utrhirt  Blanchard,  1891;  ‘^Hyme- 

nolepsis’^  nana  of  Osier,  1895,  and  other  authors  (misprint);  Tecnia  ‘■'minima'^  of  * 
Huber,  1896  (misprint  for  T.  murina). 
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their  breadth.  Genital  pores  on  the  left  margin,  near  anterior  border  of  each  seg- 
ment. Three  testes  in  each  segment;  vas  deferens  enlarged  to  form  a   seminal  vesicle 

within  the  cirrus  pouch,  while  a   seminal  reservoir  outside  cirrus  pouch  is  only 

slightly  developed  or  absent.  Gravid  uterus  occupies  nearly  the  entire  segment;  wall 

of  uterus  with  a   few  inconspicuous  infoldings,  forming  incomplete  j>artitions  extend- 

ing into  the  cavity  of  the  uterus.  Eggs  number  80  to  180  in  each  segment;  oval  or 

globular;  two  distinct  membranes;  outer  membrane  30  to  60  ft  in  diameter;  inner 

membrane  16  to  34  /<  in  diameter,  presenting  at  each  pole  a   more  or  less  conspicuous 

mamillate  projection,  provided  with  filamentous  appendages;  embryonal  hooks  10 

to  14  yu  long. 

Habitat. — Small  intestine  of  brown  or  Norway  rat  [Mus  decuinanus)-,  black  rat 

{Musrattus)',  dwarf  field  mouse  {Mus  minutus)]  house  mouse  muscuhis);  garden 
dormouse  {Eliomys  querchius);  and  man  {Homo  sapiem). 

Development. — The  embryo  is  swallowed,  and  after  hatching  enters  a   villus  of 

the  small  intestine,  Avhere  it  transforms  into  a   cercocystis,  which  in  turn  falls  into 
the  lumen  of  the  intestine  and  becomes  adult. 

Geographic  distribu'^iox.— Egypt,  England,  Italy,  Sicily,  Russia,  Germany, 

Servia,  France,  Austria,  Denmark,  Siam,  Japan,  Pennsylvania,  District  of  Columbia, 

Maryland,  South  Carolina,  Georgia,  Texas,  Brazil,  Argentina. 

The  Flavopunctate  Tapeworm — HYMENOLEPIS  DIMINUTA«  (Rudolphi, 

1819)  Blanchard,  i8gi. 

Specific  diagnosis. — Hymenolepls:  Strobila  10  to  60  mm.  in  length,  2.5  to  4 

mm.  in  maximum  breadth;  composed  of  800  to  1,300  segments.  Head  small, 

almost  globular;  200  to  600  //  in  width;  rostellum  rudimentary,  pyriform,  only 

slightly  protractile;  hooks  absent;  suckers  globular,  near  the  apical  portion  of 

the  head,  80  to  160  p   in  diameter.  Neck  usually  short.  Segments  throughout 

strobila  broader  than  long.  Genital  pores  on  left  margin,  near  the  junction  of  the 

anterior  and  middle  thirds  of  each  segment.  Three  testes  in  each  segment;  vas 

deferens  dilates  into  a   prominent  seminal  vesicle  before  entering  the  cirrus  pouch, 

within  which  also  is  a   vesicle.  Gravid  uterus  occupies  most  of  the  proglottis;  its 

cavity  is  subdivided  into  a   large  number  of  incompletely  separated  compartments 

filled  with  eggs.  Eggs  round  or  slightly  oval ;   outer  membrane  54  to  86  u   in  diam- 

eter, yellowish  in  color,  may  be  radially  striated;  inner  membrane  24  by  20  p   to  40 

by  35  p   in  diameter,  with  mamillate  projection  at  each  pole  often  not  apparent; 

between  outer  and  inner  membranes  a   jirominent  third  layer  of  albuminous  sub- 

stance, often  appearing  as  two  delicate  smooth  membranes,  with  intervening  space 

filled  by  a   granular  coagulum;  embryonal  hooks  11  to  16  p   in  length. 

Habitat. — Adults  in  small  intestine  of  brown  or  Norway  rat  {Mus  decumanus); 

black  rat  (J/.  rattus);  house  mouse  {M.  muscuhis)',  Egyptian  or  roof  rat  {M.  rattus 
alexandrinus) ;   wood  or  field  mouse  {M.  sylcaticus);  Rhipidomys  pyrrhorhinus 

[according  to  Linstow,  1878  a,  p.  23];  and  man  {Homo  saqnens). 

« Synonyms. — Tsenia  diminuta  Rudolphi,  1819;  T.  lep>tocephala  Creplin,  1825; 

Hymenolepis  flavopunctata  Weinland,  1858;  Taenia  {Hymenolepis)  Jiavopunctata  Wein- 
land,  1859;  H.  {Lepidotrlas)  davopunctata  Weinland,  1861;  T.  Jiavomaculaia  Leuckart, 

1863;  T.  ‘[davopuncta^^  Weinland  of  Cobbold,  1864  (misprint);  T.  ‘[daviopunctata”  of 

Vogt,  1878  (misprint);  T.  ‘[davopunJdato”  of  Stein,  1882  (misprint);  T   varesina  E. 

Parona,  1884;  T.  minima  Grassi,  1886;  T.  “septocephala^'  of  Perroncito  &   Airoldi,  1888 

(misprint);  Hymenolepis  diminuta  (Rudolphi,  1819)  Blanchard,  1891;  “Hymenolep- 

sis'^  flavopunctata  of  Osier,  1895,  and  other  authors  (misprint);  T.  ̂ ‘varerina'^  Parona 

of  Huber,  1896  (misprint  for  T.  varesina)',  T.  ‘flavapunctata  of  Simon,  1896  (mis- 

print) ;   T.  ̂ deptocefala"  Previtera,  1900  (misprint);  T.  ceptocephala  Lussana  &Romaro 

[?date]  (misprint);  Tenia  flavopunctata'’  of  Packard,  1900. 
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Development. — The  larval  stage  ( Cercocystis  H.  diminutse)  occurs  in  larval  and  adult 

meal  moths  {Asopia  farinalis) ;   in  young  and  adult  earwigs  {Anisolabis  annulipes) ;   and  ; 
in  adult  beetles  {Acis  spinosa  and  Scaurus  striatus).  i 

Geographic  distribution. — Massachusetts,  Pennsylvania,  Nebraska,  Iowa,  Dis- 

trict of  Columbia,  Maryland,  Brazil,  Italy,  Germany,  France,  Austria. 

The  Lanceolate  Tapeworm — KYMENOLEPIS  LANCEOLATA«  (Bloch,  1782) 
Weinland,  1858. 

Specific  diagnosis. — Hymenolepis:  Strobila  lanceolate,  30  to  130  mm.  long,  by  5   to 

18  mm.  broad.  Head  compared  with  strobila  very  small ;   rostellum  protractile,  armed  ' 
with  single  row  of  8   hooks,  31  to  35  ju  long.  Neck  short,  often  retracted  with 

head  into  anterior  portion  of  strobila.  Segments  much  broader  than  long  through- 

out the  strobila.  Genital  pores  on  right-hand  margin  of  segment  near  anterior  li 

border.  Three  testes  in  each  segment;  vas  deferens  enlarged  to  form  a   seminal  ves-  j 
icle,  frequently  S-shaped,  before  entering  cirrus  pouch;  within  latter,  a   second  vesicle; 
vas  deferens  describes  a   complete  loop  in  cirrus  pouch  before  being  transformed  into 

the  cirrus;  cirrus  freely  protrusible,  armed  with  spines.  Female  organs  on  opposite  ! 

side  of  segment  from  genital  pore;  gravid  uterus  sac-like,  with  out-pocketings,  filling 
most  of  the  segment.  Egg  oval  or  spherical,  with  two  thin  membranes  separated  by 
an  intervening  space  containing  a   small  amount  of  albuminous  substance;  inner  [ 

membrane  occasionally  with  polar  papillae;  outer  membrane  50  by  35  /u  to  100  by  ! 
100  p   in  diameter;  inner  membrane  30  by  25  p   to  40  by  25  p   in  diameter;  embryonal  ; 

hooks  8   to  15  yu  in  length. 

Habitat. — Adults  in  intestine  of  tame  duck  {Anas  boschas  domestica)  ;   black  duck  I 

{Anas  obscura) ;   tame  goose  {Anser anser  domesticus) ;   muscovy  duck  ( Cairina  moschata) ;   | 

white-headed  duck  {Erismatura,  leucocephala) ;   pochard  {Aythya  ferina);  African  i 

teal  {Aythya  nyroca) ;   red-crested  pochard  {Aythya  rufina);  fiamingo  {Phoenicopterus  i 
roseus).  Zschokke  (1902)  has  recently  reported  one  case  in  man  {Homo  sapiens). 

Development. — Not  experimentally  determined.  Larval  stage  probably  lives  in  j 

small  fresh-water  Crustacea.  { 
Geographic  distribution. — England,  Denmark,  France,  Germany,  and  Austria,  j 

The  Dwarf  Tapeworm — HYMENOLEPIS  NANA  (Siebold,  1852)  Blanchard,  1891. 

HISTORICAL  REVIEW. 

Hymenolepis  nana  was  first  discovered  in  man  by  Bilharz  in  1851  at  i 

Cairo,  Egypt,  and  the  next  year  Siebold  (1852)  published  a   descrip-  j 
tion,  based  upon  letters  from  the  discoverer,  which  translated  reads  as  i 

follows:  I 
Tsenia  nana  Sieb.  ̂  — It  will  not  surprise  us  that  among  the  many  helminths  which  ; 

are  found  in  man  in  the  Nile  countries  there  is  also  a   special  tapeworm.  Bilharz  f 

discovered  such  a   one  and  wished  to  call  it  after  its  native  country,  Tsenia  segyptiaca;  | 

^Synonyms. — Tsenia  anserurn  Frisch,  1727  [according  to  Eudolphi,  1810];  T.  anseris 

Bloch,  1779  [according  to  Eudolphi,  1810];  T.  lanceolata  Bloch,  1782  (not  T.  lanceo-  | 

lata  Chabert;  not  T.  lanceolata  Eosseter,  1891) ;   T.  acutissima  Pallas,  1781-,  in  part;  1 
T.  lanceola  Batsch,  1786;  Halysis  lanceolata  (Bloch,  1782)  Zeder,  1803;  Hymenolepis 

{Dilepis)  lanceolata  (Bloch,  1782)  Weinland,  1858;  Drepanidotsenia  lanceolata  (Bloch, 

1782)  Eailliet,  1892;  Hymenolepis  {Drepanidotsenia)  lanceolata  Cohn,  1899;  Tsenia- 

Drepanidotsenia  lanceolata  (Bloch)  Dadai,  1900.  j 
^   Tsenia  nana  Sieb. — Es  wird  uns  nicht  iiberraschen,  dass  unter  den  vielen  Hel-  | 

minthen,  welche  in  den  Nillandern  den  Menschen  bewohnen,  sich  auch  ein  besonderer  ’   I 
Bandwurm  befindet;  Bilharz  hat  einen  solchen  entdeckt  und  nach  seinem  Vaterlande 
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but,  as  it  might  develop  later  that  the  distribution  of  this  parasite  is  not  confined 

merely  to  Egypt,  I   have  proposed  for  it  the  name  of  Tsenia  nana,  as  this  tapeworm, 

through  its  smallness,  contrasts  extraordinarily  with  the  other  two  tapeworms  of 

man.  That  this  small  tapeworm  is  not  perchance  a   torn  or  mutilated  fragment  may 

be  asserted  definitely,  as  I   found  many  individuals  uninjured  and  provided  with  a 

rounded  last  segment. 

The  first  report  upon  this  parasite  I   received  fi’om  Bilharz,  under  date  of  May  1, 
1851,  in  the  following  Avords: 

‘‘In  the  body  of  a   boy  Avho  had  died  of  meningitis  there  appeared  after  the  first 
cut  into  the  intestine  a   countless  number  of  small  tapeworms,  Tsenise,  with  broad 

segments  completely  formed,  of  the  thickness  of  sewing  thread,  and  hardly  10^'^  long. 
The  head  is  large,  its  anterior  surface  smooth,  quadrangular,  and  its  corners  formed 

by  the  round  suckers  located  upon  spherical  eminences.  In  the  posterior  portion  the 

head  gradually  groAvs  narrower  and  tapers  into  the  long  slender  neck.  The  segments 

found  in  succession  behind  the  neck  become  gradually  broader,  until  at  the  posterior 

end  of  the  body  they  assume  a   breadth  3-4  times  that  of  the  head.  This  Tsenia, 

moreover,  occupied  only  a   limited  portion  of  the  ileum.” 

Tsenia  segyptiaca  benennen  Avollen,  da  es  sich  aber  spater  herausstellen  konnte,  dass 

die  Yerbreitung  dieses  Parasiten  sich  nicht  bloss  auf  Aegypten  beschriinkt,  so  habe 

ich  fiir  denselben  den  Namen  Tsenia  nana  Amrgeschlagen,  indem  dieser  Bandwurm 

gegen  die  beiden  anderen  BandAvurmarten  des  Menschen  durch  seine  Kleinheit 

ausserordentlich  absticht.  Dass  dieser  kleine  Bandwurm  nicht  etwa  ein  abgerissenes 

Oder  verstiimmeltes  Bruchstuck  ist,  liisst  sich  mit  Bestimmtheit  behaupten,  da  ich 

Auele  IndiA’iduen  unverletzt  und  mit  abgerundetem  letzten  Gliede  A”ersehen  vorfand. 
Die  erste  Nachricht  fiber  diesen  Schmarotzer  erhielt  ich  von  Bilharz  unterm  1. 

Mai  1851  mitfolgenden  Worten: 

“In  der  Leiche  eines  an  Meningitis  verstorbenen  Knaben  zeigte  sich  mir  nach dem 
ersten  Schnitt  in  den  Darm  eine  unzahlige  Menge  eines  kleinen  Bandwurmes,  einer 

Tsenia  mit  breiten  Gliedern,  Amllstandig  ausgebildet,  A’on  Nahfadendicke  und  einer 

Lange  A’on  kaum  10''^.  Der  Kopf  ist  gross,  seine  Vorderfiache  eben,  viereckig,  die 
Ecken  durch  die  runden,  auf  kugeligen  Erhabenheiten  stehenden  Saugnapfe  gebildet. 

Nach  hinten  nimmt  der  Kopf  allmalig  an  Breite  ab  und  geht  in  den  langen  schmalen 

Hals  fiber;  die  hinter  dem  Halse  sich  nach  und  nach  einfindenden  Glieder  werden 

immer  breiter,  bis  sie  am  Hinterende  des  Korpers  die  3-4  fache  Breite  des  Kopfes 

einnehmen.  Diese  Tsenia  nahm  fibrigens  nur  eine  beschriinkte  Strecke  des  Ileum  ein.  ’   ’ 
Lmterm  1.  December  schrieb  mir  Bilharz  fiber  diesen  Bandwurm  weiter  : 

‘   ‘   Tsenia  nana  ist  geAviss  ein  ausgeAvachsenes  Thier.  Ich  habe  die  Eier  am  frischen 
Thier,  das  ich  leider  seit  jenem  Male  nie  Avieder  fand,  beobachtet  und  auch  in 

Weingeistexemplaren  wieder  erkannt.  Sie  sind  kugelrund,  haben  eine  dicke 

gelbliche  Schale,  und  zwar  nur  eine,  Avie  mir  scheint,  doch  zog  sich  der  Inhalt  der  Eier 

unter  dem  Einfiuss  des  Weingeistes  kugelformig  zusammen,  es  mag  daher  noch  eine 

dfinne  Dotterhaut  Amrhanden  sein.  Die  sechs  Hiikchen  der  Taenien-Embryonen 
waren  in  den  frischen  Eiern  deutlich  zu  sehen.  Die  Cirri  finde  ich,  Avie  Sie  es 

bereits  bemerkt  haben,  alle  auf  einer  und  derselben  Seite  angebracht.  Die  Eier 

sind  lyOO'^'  [sic]  gross.” 
Als  Diagnose  ffir  diesen  BandAvurm  stellte  Bilharz  folgende  Beschreibung  hin: 

Tsenia  nana. — Corpus  filiforme,  depressum,  caput  antice  obstusum  [sic],  collum 

A'ersus  sensim  attenuatum,  acetabulis  subglobosis  rostello  pyriformi  uncinulorum 
bifidorum  corona  armato.  Articuli  transA^ersi,  cirri  ommes  unum  eundemque 

marginem  spectantes.  OAmla  globosa  testa  laeA'i  simplici  instructa. 
Long.  6   lin. 

Patria  .Egyptus,  in  hominis  intestino  tenui  semel  reperta  permagno. 
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Under  date  of  December  1   Bilharz  wrote  me  further  with  regard  to  this  tapeworm: 

Taenia  nana  is  certainly  a   full-grown  animal.  I   observed  the  eggs  in  the  fresh 

animal,  which,  unfortunately,  I   never  have  found  again  since  that  time,  and  also 

recognized  them  again  in  samples  in  alcohol.  They  are  round  like  balls,  have  a 

thick  yellowish  shell,  and  indeed  only  one,  as  it  appears  to  me;  yet  the  contents 

of  the  eggs  contract  under  the  influence  of  the  alcohol  into  a   globular  shape,  hence 

Fig.  1. — Original  type  figure  of  Tsenia  nana  Siebold  nana).  Head  and  portion  of  strobila. 

Enlarged.  (After  Siebold,  1852,  fig.  18.) 

Fig.  2. — Original  type  figure  of  Tsenia  murina  Dujardin  (=JT.  nana).  Head  and  portion  of  strobila. 

Enlarged.  (After  Dujardin,  1845a,  pi.  12,  fig.  Al.) 

Fig.  3. — Head  and  strobila  of  H.  nana.  Enlarged.  (After  Leuckart,  1863,  p.  393,  fig.  112.) 

Fig.  4. — Head  and  portion  of  strobila  of  H.  nana.  Enlarged.  (After  Railliet,  1893,  p.  293,  fig.  190). 

there  may  be  present  also  a   thin  yolk  membrane.  The  six  little  hooks  of  the 

Taenia  embryos  were  to  be  seen  distinctly  in  the  fresh  eggs.  I   find  the  cirri,  as  you 

already  have  observed,  all  placed  on  one  and  the  same  side.  The  eggs  are 

in  size.” 
As  a   diagnosis  for  this  tapeworm,  Bilharz  offered  the  following  description: 

Taenia: nana:  Body  filiform,  depressed;  head  obtuse  anteriorly,  gradually  tapering 

into  the  neck,  with  almost  globular  suckers  and  pyriform  rostellum  armed  with  a 
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crown  of  bifid  hooks.  Segments  broader  than  long,  cirri  situated  all  on  one  and  same 

margin.  Eggs  globose,  furnished  with  a   single  thin  shell.  Length,  6   lines. 

Native  country,  Egypt;  collected  once  in  large  numbers  from  the  small  intestine 

of  man.  (Translation). 

Leuckart  (1863)  added  to  this  brief  account  by  a   stud}-  of  some  of 
the  original  specimens,  and  more 

recently  our  knowledge  of  the  anat- 
omy has  been  further  increased  by 

Blanchard  (1886a,  e,  f,  1891  aj, 

Grass!  &   Calandruccio  (1887a),  Mer- 

tens  (1892),  and  a   number  of  other 
obseryers. 

Some  3"ears  earlier  than  the  first 
report  of  Ilymenolepis  nana  in  man, 

Dujardin  (1815a,  pp.  561-565,  pi. 
12,  fig.  A)  reported  from  the  rat, 

2fiis  decumamis^  a   new  tapeworm, 

Tsenia  murina  (not  Tdenia  muydna 

Gmelin,  1790=  Cysticercus  fascio- 

laris  Rudolphi,  1810),  which  seems 

in  all  respects  to  be  identical  with 

Ilymenolepis  nana^  and  is  so  con- 

sidered by  Grass!,  Lutz  (1891), 

Mingazzini  (1898),  Massari  (1898), 

and  others.  The  following  is  a   trans- 

lation of  Dujardin’s  description; 

Tsenia  mwnna  Dujardin,  nor.  spJ^ — Twenty-five  mm.  long,  from  0.55  mm.  to  0.9  mm. 
broad,  composed  of  very  numerous  segments,  four  to  eight  times  as  broad  as  they  are 

long;  head  0.32  mm.  broad,  with  a   short  thick  rostellum  surrounded  by  a   simple  crown 

of  twenty  to  twenty-four  hooks  from  0.015  mm.  to  0.017  mm.  long;  suckers  0.08 
mm.  broad;  neck  0.15  mm.  broad;  i   rst  segments  very  short;  the  following  (male) 

0.07  mm.  long,  from  0.55  mm.  to  0.6  mm.  broad;  the  last  filled  with  ripe  eggs  from 

« Tenia  murin  (   Tsenia  murina  Duj.,  nov.  sp.) . — Long  de  25  mm.,  large  de  0   mm.  55 

a   0   mm.  9,  forme  d’ articles  tres  nombreux,  quatre  a   huit  fois  aussi  larges  que  longs; 

tete  large  de  Oipm.  32,  avec  une  trompe  courte,  epaisse,  entouree  d’une  couronne  simple 
de  vingt  a   vingt-quatre  crochets  longs  de  0   mm.  015  a   0   mm.  017;  ventouses  larges  de 
0   mm.  08;  cou  large  de  0   mm.  15;  premiers  articles  tres  courts;  les  suivants  (males) 

longs  de  0   mm.  07,  larges  de  0   mm.  55  a   0   mm.  6;  les  derniers  remplis  d’oeufs  murs  longs 
de  0   mm.  15  a   0   mm.  17,  larges  de  0   mm.  8   a   0   mm.  9;  tons  les  articles  ayant  leurs  angles 

posterieurs  un  peu  saillants,  aigus,  en  dents  de  scie;  orifices  genitaux  unilateraux; 

testicule  claviforme,  etendu  transversalement  depuis  le  milieu  jusqu’au  receptacle  du 
penis  en  forme  de  cornue;  penis  lisse,  tres  grele,  peu  saillant;  ceufs  elliptiques  a 

trois  enveloppes;  I’externe  longue  de  0   mm.  065;  la  moyenne  membraneuse,  plissee, 

longue  de  0   mm.  01;  I’interne  j^lus  resistante,  un  peu  oblongue  et  terminee  par  une 
pointe  obtuse  a   chaque  extremite;  embryon  long  de  0   mm.  029  a   0   mm.  030,  avec  les 
crochets  de  0   mm.  015  a   0   mm.  016. 

Je  I’ai  trouve,  a   Rennes,  dans  un  surmulot  {Mus  decumanus) ,   dans  un  mulot  nain 

{Muspumilus)  [=M.  minutus'],  et  dans  un  lerot  {Myoxus  niteJa)  \_—Eliomysquercinus']. 
19203— No.  18—04   2 

Fig.  5.— Head  and  strobila  of  H.  nana.  A, 

natural  size;  B,  enlarged.  (After  Stein,  1882, 

pi.  12,  figs.  9-10.) 
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0.15  mm.  to  0.17  mm.  long,  from  0.8  to  0.9  mm.  broad;  all  the  segments  having 

their  posterior  angles  somewhat  salient,  sharp,  shaped  like  saw  teeth;  genital 

orifices  unilateral;  testicle  [misinterpretation  of  seminal  receptacle]  claAnform,  ex- 

tending transversely  from  the  middle  to  the  receptacle  of  the  penis  in  the  shape  of 

a   retort;  penis  smooth,  very  slender,  not  very  salient;  eggs  elliptical  with  three 

envelopes;  the  external  one  0.065  mm.  long;  the  middle  one  membranous,  in  folds, 

0.05  mm.  long;  the  internal  one  more  resistant,  somewhat  oblong  and  terminating  in 

an  obtuse  point  at  each  extremity;  embryo  from  0.029  mm.  to  0.030  mm.  long,  with 

hooks  from  0.015  mm.  to  0.016  mm.  long. 

I   found  it  at  Rennes  in  a   brown  rat  {Mus  deciimamis,) ,   in  a   dwarf  field  mouse  {Mus 

pdmilus)  [=J/.  minutus'],  and  in  a   garden  dormouse  {^[yox'as  nitela)  \^=Eliomys 
quercinus] .   ( Translation. ) 

Blanchard  (1891a).  Moniez  (1888),  and  Linstow  (1896a)  inclined  to 

the  opinion  that  the  two  forms  'Tsenia  nana  and  Tsenia  mwnna  are 

distinct  species.  Blanchard  (1896b).  however,  has  more  recent]}^  come 
to  the  conclusion  that  the  slight  inconstant  differences  which  have  been 

noted  in  the  two  forms  are  sufficiently  accounted  for  by  the  difference 

in  habitat,  and  that  the  two  worms  should  be  united  under  one  species, 

which  he  would  for  reasons  of  priority  call  Hymenolepis  murina.  But 

since  the  name  Tsenia  murina  used  by  Dujardin,  is  preoccupied,  hav- 

ing been  applied  before  181:5  to  another  form,  it  can  not  be  retained  in 

this  connection.  Tsenia  nana  Siebold.  1852  being  the  next  available 

name,  the  correct  designation  of  the  species,  placed  in  its  proper 

genus,  is  therefore  IIymenoJep>is  nana. 

Linstow  (1896a)  believed  he  found  differences  which  would  justify  a 

specific  distinction  between  the  forms  in  man  and  in  the  rat,  but,  as 

Massari  (1898)  has  pointed  out,  his  results  are  not  entireh’  free  from 
criticism,  and  his  arguments  rather  unconvincing. 

Ilyrnenolejyis  nana  may,  accordingly,  be  regarded  as  occurring  not 

only  in  man,  but  also  in  the  rat,  and  in  the  two  hosts  showing  slight 

and  variable  differences,  brought  about  by  the  action  upon  the  para- 
site of  an  environment  somewhat  different  in  the  two  cases. 

ANATOMICAL  DESCRIPTION. 

EXTERNAL  ANATOMY. 

As  is  well  indicated  by  its  name  (nana.  a   dwarf)  the  worm  under 

consideration  is  characterized  preeminently  by  its  small  size  (fig. 

5A).  Being  also  very  delicate,  and  likely  to  be  broken  in  pieces,  it 

is  thus  a   difficult  matter  to  discover  specimens  in  the  feces,  unless 

passed  in  large  numbers. 

Strobila. — Complete  strobil^e  with  gravid  segments  ina\^  be  found 
ranging  in  length  from  5   or  6   mm.  (Blanchard,  1891a)  to  a   maximum, 

as  recorded  so  far,  in  man  of  35  mm.  (Mertens,  1892).  In  the  rat  a 

length  as  great  as  15  mm.  has  been  observed  (Stossich,  1898). 

Favarcq  (1891a)  found  a   worm  75  mm.  long,  in  the  intestine  of  the 

garden  dormouse  (Eliornys  quercinns)^  which  he  believed  to  be  a 
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variet}"  of  Hymenolepis  murina  (Dujardin).  This  form  possessed 

hooks  somewhat  similar  to  those  of  Hymenolepis  nana{—  II.  murina)., 

but  as  Favarcq  made  no  careful  study  of  its  anatonn^,  not  even  so  far 
as  to  determine  whether  the  genital  pores  were  unilateral  or  alter- 

nating, the  identity  of  the  form  remains  doubtful. 

Fig.  6.— Head  of  H.  nana.  Enlarged.  (After  Leuckart,  1863,  p.  394,  fig.  113.) 

Fig.  7.— Head  of  H.  nana.  Enlarged.  (After  Blanchard,  1886e,  p.  328,  fig.  3.) 

Fig.  8. — Head  of  H.  nana  from  which  the  suckers  have  been  torn  away.  (After  Blanchard,  1886f, 
p.  333.) 

Fig.  9. — Head  and  neck  of  H.  nana.  Enlarged.  (After  Miura  &   Yamazaki,  1897,  pi.  14,  fig.  1.) 

Fig.  10. — Head  ot  H.  nana.  Enlarged.  (After  Mertens,  1896,  fig.  2.) 

Fig.  11. — Head  and  anterior  portion  of  strobila  of  H.  nana.  Enlarged.  (After  Stein,  1882,  pi.  12, fig.  11.) 

Blanchard  (1891a)  considers  12  to  15  mm.  the  normal  length  in  man, 

with  a   maximum  breadth  of  0.5  to  0.  7   mm.  The  number  of  segments 

ranges  from  about  110  to  200;  in  the  latter  case  -10  to  50  of  the  pos- 

terior segments  contain  fully  formed  embryos;  in  the  former  only  the 

last  8   to  12  segments  are  gravid.  A   complete  specimen  measuring  12.5 

mm.  possessed  162  segments. 



20 

Mertens  (1892)  found  the  average  length  of  a   number  of  specimens 

to  be  over  20  mm.,  and  the  maximum  breadth  from  O.T  to  0.9  mm. 

The  number  of  segments  varied  from  180  to  200,  and  this  character 

was  more  or  less  constant,  even  with  a   variation  of  3   to  d   mm.  in  the 

length. 

Miura  &   Yamazaki  (1897)  give  a   length  of  20  mm.,  and  a   maximum 

breadth  of  0.d8  to  0.86  mm.,  measured  in  the  fresh  state,  0.3  to  0.56 

mm.  after  preservation. 

Dujardin  (18d5a)  gives  a   length 

of  25  mm. ,   and  a   maximum 

breadth  of  0.55  to  0.9  mm.,  from 

specimens  from  rats;  Grassi  & 

Calandruccio  (1887a),  a   length  of 

33  to  40  mm. :   according  to  Lin- 

stow  (1896a),  incomplete  speci- 
mens measured  23  mm.,  with  a 

maximum  breadth  of  0.82  mm. 

Head. — The  head  (figs.  1. 

6-15)  is  more  or  less  globular, 

flattened  dorso-ventrallv,  and 

when  viewed  in  front  is  some- 

what rectangular,  with  its  suck- 

er'^ at  the  four  rounded  angles. 

Its  size  has  been  given  by  vari- 
ous observers  from  215  to  480  p. 

in  width  and  360  to  450  p   in 

length.  It  is  often  difficult,  how- 

ever, to  tell  where  the  head  ends 

Fig.  12.— Head  of  H.  nana.  Enlarged.  (After  neck  begins,  especiallv Krantz  from  Kiichenmeister  &   Ziirn,  [?1881],  pi.  5,  .   . 

fig.  2.)  in  certain  states  ot  contraction, 

Fig.  13.-Head  of  H.  nana  with  protracted  rostel-  ^hat  it  is  liot  alwaVS  pOSSible lum.  Enlarged.  (After  Krantz  from  Kiichen-  .   ,   i   i 

meister  &   ziirn,  [71881],  pi.  5,  fig.  3.)  to  determine  the  length  with  any 

Fig.  14.— Head  of  T^nia  murina  Dujardin  (=if.  degree  of  aCCUraCV.  Examples  . 
7iana^.  Enlarged.  Original  type  figure.  (After  ®   i   "   . 

Dujardin,  1845a,  pi.  12,  fig.  A3.)  ti'oiii  the  rat  give  measurements 

Fig.  15.— Head  of  T.  murina  Duj.  {=H.  naim)  Avitli  falling  within  the  Huiits  lioted protracted  rostellum.  Enlarged.  Original  type  ,   i 

figure.  (After  Dujardin,  1845a,  pi.  12,  fig.  A2.)  above.  In  SpeClllienS  both  trOUl 

man  and  from  the  rat,  measured 

in  this  laboratory,  the  head  has  ranged  in  width  from  130  to  250  p. 

Suckei^s. — The  suckers,  globular  in  shape,  measure  from  90  to  150  p 

(Mertens,  1892).  In  specimens  from  the  rat  the}"  seem  to  be  generally 

smaller — according  to  Dujardin  (1845a)  80  p,  and  after  Linstow  (1896a), 

79  /4,  in  diameter,  while  we  have  seen  them  here,  in  sizes  from  70  to 

90  /4,  measured  after  preservation.  In  the  live  worm  the\"  are  very 
protractile,  and  may  be  extruded  to  a   considerable  distance  (Grassi  & 

Calandruccio,  1887a).  When  thus  extruded  they  may  be  torn  away  and 
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give  rise  to  an  anomaly  (fig.  8)  first  described  by  Blanchard  (1886f), 

and  also  noticed  b}^  Grassi  &   Calandruccio  (1887a). 

Rostellum. — Besides  suckers  the  head  possesses  another  organ  of 
attachment,  namely  a   protractile  and  freel}^  movable  rostellum  (figs. 

6,  7,  9-15),  armed  with  hooks.  In  preserved  material  the  rostellum 
is  usually  found  retracted,  but  in  material  which  has  been  fixed  while 

still  living,  or  in  the  live  worm  itself,  is  often  seen  extruded. 

A   B 
]8 

Krabbe,  1865,  pi.  .3,  figs.  56-57.)  B.  Same  from  mouse  (ifws  mMsc■M7^^s).  Enlarged.  (After  Krabbe, 
1865,  pi.  3,  figs.  58-59.) 

Fig.  17. — Hook  of  II.  nana.  Enlarged.  (After  Leuckart,  1886a,  p.  996,  fig.  409B.) 

Fig.  18. — Hooks,  of  II.  nana.  A,  from  man;  B.  from  the  rat.  (After  Linstow,  1896a,  figs,  iii  and  3.) 
Fig.  19. — Hook  of  II.  nana.  Enlarged.  (After  Railliet,  1893,  p.  294,  fig.  191.) 

Fig.  20. — Hooks  of  H.  nana.  Enlarged.  (After  Mertens,  1892,  fig.  3) 

Fig.  21.— Hooks  of  H.  nana.  A,  complete  crown:  B,  isolated  hooks.  Enlarged.  (After  Krantz  from 
Kiichenmeister  &   Ztirn,  [?1881],  pi.  5,  fig.  4.) 

Hooks. — The  hooks  (figs.  16-21)  are  arranged  in  a   single  row  around 
the  anterior  part  of  the  protrusible  portion  of  the  rostellum.  Their 

number  seems  to  be  rather  variable,  with  a   range,  putting  together 

the  numerous  recorded  observations,  of  20  to  30.  Leuckart  (1863) 

gives  22  to  21  and  (1886a,  p.  997)  21  to  28;  Easch  (1891)  22;  Miura  & 

Yamazaki  (1897)  23;  Zograf  (1893)  23  to  28;  Grassi  &   Calandruccio 

(1887a)  21  to  28;  Linstow  (1896a)  21;  Moniez  (1888),  in  eight  specimens. 



found  seven  with  2d  to  26  hooks,  one  with  30;  Blanchard  (1891a)  gives 

21  to  ‘28  as  the  normal  number.  All  of  these  observations  were  made 

upon  specimens  from  man.  while  specimens  from  the  rat,  according  to 

Dujardin  (1815al  and  Krabbe  (1865)  possess  20  to  21:  Linstow  (1896a) 

finds  23  to  21.  The  hooks  possess  a   rather  long,  somewhat  curved 

dorsal  root,  directed  forward  on  the  rostellum.  and,  directed  backward, 

a   thick,  heavy  ventral  root  which  is  about  equal  in  length  to  the  shaiq) 

pointed  prong,  forming  ̂ vith  it  a   sort  of  fork. 

The  roots  of  the  hooks  are  more  or  less  deeply  embedded  in  the  sur- 

face of  the  rostellum,  and  according  to  Mingazzini  (1899)  possess  their 

own  musculature,  namely,  fibers  which  are  found  in  the  inner  sac  of 
the  rostellum. 

The  size  of  the  hooks  has  been  given  as  11  to  18  /^.  Krabbe  (1865) 

gives  the  size  in  worms  from  the  rat  and  mouse  as  10  to  13  yu,  but  no  , 

other  observer  has  found  them  so  small.  Linstow  (1896a)  would  draw  ' 
a   distinction  between  the  hooks  of  the  worms  as  found  in  man  and  in 

the  rat,  but  comparisons  made  in  this  laboratory  of  forms  from  both 

hosts  show  them  identical  both  in  shape  and  size. 

Xecl'. — The  neck  (fig.  11)  usually  is  slender,  and  somewhat  less  in 
diameter  than  the  head,  but  this  character  varies  with  the  state  of  con- 

traction. Its  width  may  be  defined  by  the  limits  80  and  300  /^.  and  ! 

its  length  to  the  first  appearance  of  segmentation.  80  jli  and  1   mm.  or 

more.  i 

Segi/tents. — As  usual  in  tapeworms,  segmentation  is  at  first  very  indis- 
tinct. The  segments  are  broader  than  long,  and  trapezoidal.  The 

posterior  border  of  each  segment  thus  projects  laterally  beyond  the 

anterior  border  of  the  following  segment,  making  the  edge  of  the  stro- 

bila  serrate.  The  younger  segments  are  6   to  10  times  broader  than 

long,  a   Vatio  which  decreases  toward  the  posterior  end.  Occasionally 

some  of  the  posterior  segments  are  seen  stretched  out  so  that  their 

length  exceeds  their  breadth.  The  width  of  the  strobila  gradually  { 

increases  toward  the  posterior  end.  at  or  near  which  it  reaches  the  » 

maximum  size  already  given.  The  last  few  segments  may  gradually 

decrease  in  width,  and  in  a   complete  worm  the  last  one  is  rounded  ofi‘  t 
(figs.  3,  30). 

Genital  pore. — The  genital  pores  (figs.  22-21,  28,  31-33)  are  located 
toward  the  anterior  border  of  the  segments,  one  in  each  segment,  and 

all  upon  the  left  side,  except  as  occasionally  one  is  found  upon  the 

right  side.  ^ 
INTERNAL  ANATOMY. 

As  in  all  cestodes.  the  spaces  among  the  various  org’ans  are  filled  with  1 
a   connective  tissue  known  as  jparenchyrna.  Calcareous  coipuscles.  often 

large  and  present  in  great  numbers  amid  the  parenchymatous  tissue  of 

tapeworms,  are  comparatively  small  and  few  in  II.  nana. 
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Rostellum. — The  rostellum  is  a   sac-like  body  embedded  in  the  axial 
portion  of  the  head  between  the  four  suckers.  Its  wall  is  formed 

b}"  a   membrane  which  is  continuous  with  the  cuticula  at  the  anterior 

24 

Fig.  22.— Proglottid  of  T.  viurinaDn].  {=H.nana).  Enlarged.  Copy  of  original  type  figure.  (After 
Dujardin,  1845a,  pi.  12,  fig.  A5.) 

Fig.  23. — Proglottids  of  II.  nana:  a,  showing  ovary;  b,  containing  eggs  in  course  of  formation;  c, 
gravid.  (After  Leuckart,  1863,  p.  396,  fig.  114.) 

Fig.  24.— Proglottid  of  H.  nana  showing  reproductive  organs.  Enlarged.  (After  Leuckart,  1886a, 
fig.  409A.) 

surface  of  the  head.  The  protrusible  portion  is  occupied  by  a   second 
smaller  sac  likewise  limited  by  a   membrane.  Upon  retraction  the 

anterior  part  of  the  rostellum  containing  the  inner  sac  is  drawn 
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backwai’d  into  the  posterior  part  hy  the  action  of  muscle  libers  which 
extend  longitudinally  between  the  inner  surface  of  the  outer  sac 

and  the  base  of  the  inner  sac.  The  anterior  part  of  the  rostellum 

is  thus  telescoped,  so  to  speak,  into  the  posterior  part  (fig.  10).  Both 

the  outer  and  the  inner  sac  are  filled  by  a   loose  parench}"matous  tissue; 

they  are  each  supplied  with  longitudinal  and  circular  fibers  in  imme- 

diate relation  with  their  walls,  besides  numerous  longitudinal  fibers 

extending  through  the  parenchjuiia.  Zograf  (1893)  considers  the  mass 

of  the  rostellum  to  be  made  up  of  fibers  running  in  a   spiral  direction. 

Mingazzini  (1899)  does  not  find  any  circular  fibers,  but  considers 

longitudinal  fibers  only  to  be  present,  the  relations  of  which  are 

changed  in  difi'erent  states  of  protraction  or  retraction  of  the  rostel- 

lum so  that  they^  sometimes  present  the  appearance  of  circular  or 
spiral  fibers.  Xumerous  muscle  fibers  also  extend  in  yarious  directions 

from  the  outer  sac  through  the  head.  The  size  and  relatiye  dimen- 

sions of  the  rostellum  are,  natural!}^,  somewhat  variable.  Leuckart 

(1886a,  p.  997)  giyes  its  size  as  100  long  by  88  yn  wide.  According 

to  Blanchard  (1891a)  it  measures  100  yn  long  b}^  80  to  95  yn  wide. 

iMiura  &   Yamazaki  (1897)  find  it  56  //  long,  and  Mertens  (1892)  giyes 

its  size  in  the  retracted  state  as  130  to  140  long  by  80  yn  wide.  Meas- 

urements made  in  this  laboratory  of  two  specimens,  in  one  of  which 

the  rostellum  was  protruded,  in  the  other  retracted,  are  as  follows: 

First  specimen,  protruded  portion  of  rostellum,  48  yn  long  by  60  yw 

wide;  remainder  of  rostellum  100  yu  long  b}^  80  yn  wide.  Second 

specimen,  rostellum,  124  yn  long  by  60  f-i  Avide;  protrusible  portion, 

50  yn  long  by  40  yn  wide. 

NERyous  SYSTEM. — Two  main  lateral  longitudinal  nerves^  one  on 

either  side,  may  be  distinguished  running  through  the  entire  strobila 

and  united  in  the  scolex  b}^  a   ganglionic  commissure  posterior  of  the 

rostellum.  As  Mingazzini  (1899)  noticed,  there  are  sometimes  appar- 

ent in  the  posterior  third  of  the  rostellum  two  masses  of  cells,  one  on 

either  side.  These  cells  are  eyidently  nerve  cells  and  are  similar  to 
those  found  in  the  same  situation  in  II.  diniinuta  and  II.  carioca 

(Zschokke,  1889;  Ransom,  1902).  The  position  of  the  lateral  neryesin 

the  segment  is  the  usual  one  among  the  Taeniidag,  namely,  a   short  dis- 
tance laterad  from  the  excretory  yessels  {m.  1.  7^.,  figs.  32,  33). 

Muscular  system. — The  muscular  system  is  only  weakly  deyeloped. 

Beneath  the  cuticula  lie  the  usual  suhcuticular  imiscular  fibers — an  outer 

circular  and  an  inner  longitudincd  layer. 

The  main  part  of  the  muscular  system  consists  of  a   layer  of  longi- 

tudinal jibers  lying  in  the  parenchyma,  not  far  removed  from  the 

cuticula  and  separating  the  segment  into  a   central  and  a   cortical 

portion. 

Linstow  (1896a)  maintains  that  in  Ilymenolepis  nana  from  man 

(fig.  32)  the  cortical  portion  is,  in  respect  to  the  thickness  of  the  seg- 
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j   which  is  one  of  his  reasons  for  viewing  the  forms  as  distinct  species, 

j   This  character,  however,  is  very  inconstant,  and  varies  with  the  inan- 

j   ner  of  preservation  of  the  material,  and  with  the  age  and  state  of 

r   contraction  of  the  segments.  The  la}"er  of  longitudinal  fibers  is  to  be 

[   Fig.  25.— Portian  of  strobila  of  H.  nana,  1   mm.  behind  head;  drawn  with  camera  lucida  from  fresh 
material.  Showing  formation  of  segments  begun,  and  primordia  of  reproductive  organs.  Enlarged, 

t   ■   ■   (After  Miura  &   Yamazaki,  1897,  pi.  14,  fig.  2.) 

»   ’   .   Fig.  26.— Proglottids  of  II.  nana  with  cirrus  pouch  and  ovarj-;  drawn  with  camera  lucida  from  fresh 

‘   ■   material.  Enlarged.  (After  :Miura  &   Yamazaki,  1897,  pi.  14,  fig.  3.) 
p   Fig.  27. — Proglottids  of  II  nana,  showing  cirrus  pouch,  seminal  receptacle,  ovary,  and  testes;  drawn 
,   with  camera  lucida  from  stained  preparation.  Enlarged.  (After  Miura  &   Yamazaki,  1897,  pi.  14, 

'   fig.-f-) 

!Fig.  28. — Proglottids  of  II  nana,  showing  cirrus  pouch,  seminal  receptacle,  immature  ova,  lateral longitudinal  excretory  canals;  camera  lucida  drawing  of  stained  preparation.  Enlarged.  (After 

Miura  &   Yamazaki,  1897,  pi.  14,  fig.  5.) 

I   ■   Fig.  29. — Gravid  proglottids  of  II  nana,  with  prominent  seminal  receptacles;  camera  drawing  of 
I   :   fresh  material.  Enlarged.  (After  Miura  &   Yamazaki,  1897,  pi.  14,  fig.  6.) 

I   regarded  as  derived  in  part  from  the  longitudinal  subcuticular  mus- 

cle fibers  of  the  scolex  and  neck,  in  the  manner  described  by  Liihe 

(J89d,  1896)  for  Anoiilocejiliala  jierfoliata  and  other  forms,  also  for 

I   I   Ilymenolepis  carioca  (see  Ransom,  1902).  Longitudinal  fibers,  which 
'   in  these  regions  form  part  of  the  subcuticular  muscle  system,  as  they 

pass  backward,  sink  inward  away  from  the  cuticula,  increase  in  size 
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and  in  their  new  position  make  up  the  mass  of  the  longitudinal  muscle 

layer.  Transverse  muscle  hbers.  if  present,  are  very  few  and  weaklv 

developed.  Dorso-ventral  fibers  are  likewise  insignificant. 

Excrktorv  system. — There  are  two  pairs  of  lateral  longitudinal 
excretory  vessels  (figs.  32,  33)  which  unite  in  the  scolex  to  form  an 

anastomosis  at  the  base  of  the  rostellum.  Two  small  closed  loops 

extend  into  the  latter,  one  on  either  side  (Ming'azzini,  1899),  similar 
to  the  loops  found  in  Ilyrnenolepis  diniinuta  (p.  88)  and  Hymenolefis 

30  31 

Fig.  30. — Posterior  end  of  II.  nana  -with  sterile  proglottid  (third  from  top):  camera  drawing  of 
stained  preparation.  Enlarged.  (After  Miura  ct  Yamazaki,  1897,  pi.  14,  fig.  7.) 

Fig.  31. — Portion  of  strobila  of  IL  nana.  Enlarged.  (After  Stein,  1882.  pi.  12,  fig.  12.) 

carioca  (see  Eansom.  I90i?).  The  A'entral  vessels  are  larger  than  the 
dorsal  throughout  the  strobila.  and  are  united  in  the  posterior  portion 

of  each  segment  by  a   transverse  vessel. 

Reproductive  sy'STem. — The  sexual  organs  become  evident  as 
indistinctly  defined  masses  of  cells  shortly  after  the  first  apparent 

strobilation  (fig.  25).  Toward  the  middle  of  the  worm  they  are  in  a 

state  of  active  sexual  maturity.  The  male  organs  develop  much  more 

rapidly  than  the  female  organs,  and  become  active  earlier.  As  is 

common  among  tapeworms,  they  occupy  more  especially  the  dorsal 
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part  of  the  seg'ment,  while  the  female  organs  are  more  ventral  in 
position. 

Male  organs. — Three  testes  (fig's.  24:,  32,  33)  are  present,  the  usual 

number  in  worms  of  this  genus.  The}^  are  situated  near  the  dorsal 
surface,  in  the  posterior  portion  of  the  proglottis.  When  at  the 

height  of  their  development,  in  the  ̂ munger  segments,  they  occupy 

the  greater  part  of  the  central  portion  of  the  parenchyma.  Normally 

.   two  are  on  the  right  and  one  on  the  left  of  the  median  line.  This 

position  may  be  reversed,  or  rarely  only  two  or  as  man}^  as  four  or 
five  may  be  present,  as  occurs  also  in  Hymenolepis  diminuta  (p.  89). 

Yasa  efferentia  from  the  three  testes  unite  to  form  a   vas  deferens 

which  enters  the  base  of  the  cirrus  pouch.  The  vas  deferens  just 

before  reaching  the  latter  is  often  dilated  to  form  a   small  seminal 

reservoir  (Blanchard,  1891a),  as  I   have  also  noticed  frequently  in  speci- 
mens both  from  man  and  from  the  rat. 

The  cirrus  gwucli  (figs.  22-21,  26-28,  31,  c.  ̂ 9.,  figs.  32,  33)  is  a 

club-shaped  organ  with  muscular  walls  situated  near  the  anterior 

border  of  the  segment,  with  its  long  axis  directed  transversely,  or 

often  somewhat  obliquely  backward  (caudad)  toward  the  genital 

pore.  It  lies  on  the  dorsal  side  of  the  longitudinal  nerve  and  the 

excretor}^  canals  (figs.  32,  33).  Within  the  cirrus  pouch  the  vas 
deferens  dilates  to  form  a   seminal  vesicle^  and  then  narrows  again  to 

form  a   very  slender  tube  which  may  be  protruded  through  the  genital 

pore  (Leuckart,  1863),  or,  perhaps,  as  is  common  in  tapeworms,  and  as 

occurs  in  Hymenolepis  diminuta  (p.  89),  protracted  into  the  vagina  of 

the  same  segment. 

Female  organs. — The  vagina  (figs.  32,  33)  lies  on  the  ventral  side  of 

the  cirrus  pouch,  between  it  and  the  excretory  vessels  and  longi- 
tudinal nerve.  It  is  at  first  narrow,  but  mediad  from  the  base  of  the 

cirrus  pouch,  it  is  swollen  into  a   large  oblong'  seminal  receptacle  (figs. 

22-21,  27-33),  usually  filled  in  adult  segments  Avith  a   highlv  refractive 

hair-like  mass  of  spermatozoa,  and  for  this  reason  A'eiy  apparent  and 

prominent.  It  is  easily  recognized  in  any  mature  segment  eA^en  under 
loAv  magnification,  lying  near  the  anterior  border  of  the  segment,  and 

extending  iiiAvard  toward  the  median  line  a   A^ariable  distance  in  differ- 
ent segments. 

Posterior  of  the  seminal  receptacle  lies  the  ovary  (fig.  21,  6>^^,  figs. 

32,  33)  elongated  transA^ersely  and  bilobed.  The  egg  cells  in  the  ovaiy 
measure  10  to  15  y. 

The  yolk  gland  (fig.  21,  y.  g.^  figs.  32,  33)  is  an  OAmid  bodA'  situated 

in  the  median  line,  toward  the  A^entral  surface  of  the  segment  and 

posterior  of  the  OA^ary  in  the  space  between  the  backward  prolonga- 
tions of  its  right  and  left  lobes.  The  cells  of  the  yolk  gland  are 

small,  2   to  1   yw  in  diameter,  strongly  eosinophilic. 
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The  so-called  shell  gland  (s.  g..  ligs  32.  33)  has  the  usual  position 
between  the  ovary  and  yolk  gland,  on  the  dorsal  side  of  the  latter. 

It  is  composed  of  only  a   few  cells,  and  is  very  small  and  insignificant. 

It  must  not  be  imagined  that  this  tiny  complex  of  a   few  small  cells 

Fig.  32. — Cross  section  of  proglottid  of  H.  nana  from  man:  c.  p.,  cirrus  pouch;  cort.  par.,  cortical  par- 

enchyma; €.v.  can.,  excretory  canal;  m.  1.  n.,  main  lateral  nerve;  oi’.,  ovary;  rec.  sem.,  receptaculum 
seminis;  s.  g.,  shell  gland;  t,  testis;  y.  g.,  yolk  gland.  Enlarged.  (After  Linstow,  1896a,  fig.  i.) 

cort  par. 

m. \Ln. ex.  can. 

produces  the  material  out  of  which  the  shells  of  the  hundred  or  more 

eggs,  contained  in  the  gravid  segment,  are  formed,  which  is  a   clear 

impossibility,  since  a   single  egg  with  its  fully  formed  shell  is  much 

larger  than  the  entire  shell  gland.  The  function  of  the  shell  gland  in 

tapeworms  in  general  has  never  been  satisfactorily  explained. 

rec. sem.  ^3.6.  t. 

Fig.  33. — Cross  section  of  proglottid  of  K.  nana  from  rat.  Lettering  as  in  fig.  32.  Enlarged.  (After 
Linstow,  1896a,  fig.  1.) 

The  uterus  (fig.  23)  develops  very  rapidly  after  sexual  maturity  is 

reached,  the  ovary  disappears,  and  all  the  other  organs,  except  the 

seminal  receptacle  and  the  cirrus  pouch,  degenerate  completely  or  are 

masked  and  crowded  out  of  sight  by  the  uterus  and  its  contained 

embryos.  The  uterus  in  the  oldest  segments  occupies  practically  all 
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of  the  segment  which  is  thus  transfonned  into  a   mere  egg  sac.  Blan- 

chard (1891a)  was  of  the  opinion  that  the  uterus  is  not  bounded  by  a 

membrane,  but  that  the  eggs  lie  scattered  throughout  the  entire  par- 

enchyma, so  that  the  segment  itself  is,  as  it  were,  transformed  into  a 

uterus.  That  this  idea  is  inexact,  however,  is  readily  apparent  when 

one  follows  the  development  of  the  uterus  in  well-preserved  material. 

As  in  Hyrnenolepis  carioca  the  uterus  is-  at  first  simply  a   cellular 

mass  elongated  transversely,  lying  in  front  of  the  ovarv  (Ransom, 

1902).  This  uterine  primordium  soon  hollows  out  and  takes  on  the 

appearance  of  a   sac  which  rapidly  tills  with  eggs  and  increases  in  size. 

Owing  to  the  rapid  and  continued  growth  of  the  uterine  wall,  more 

pronounced  in  some  places  than  in  others,  and  owing*  to  the  obstacles 

b}*  which  the  free  expansion  of  the  uterus  is  restricted,  a   modification 

from  the  condition  of  a   simple  sac-like  uterus  is  brought  about,  a 

modification  such  as  occurs  in  Hyrnenolepis  carioca^  and  to  a   much 

greater  degree  in  II .   dim  inuta 

(p.  91).  Instead  of  persist- 

ing as  a   simple  sac  the  fully 

developed  uterus  has  become 

a   sac  with  infoldings,  tubular 

processes,  or  invaginations 

extending  inward  among*  the 

eggs. 

According*  to  Blanch- 
ard (1891a)  there  are  about 

100  eggs  in  each  segment; 

Mertens  (1892)  states  160  to 

180;  Leuckart  (1886a,  pp.  996-997)  has  counted  80.  From  the  older 

segments  eggs  are  continually  escaping  through  ruptures  in  the  walls. 

Little  is  known  with  regard  to  the  development  of  the  eggs,  but 

as  first  seen  in  the  uterus  they  do  not  differ  essentially  in  size  (10  to 

15  p)  and  appearance  from  eggs  which  are  still  in  the  ovary.  A   very 

delicate  enveloping*  membrane  may  at  times  be  distinguished.  The 
egg  begins  to  segment  soon  after  it  enters  the  uterus,  and  embryonic 

development  proceeds  rapidly.  The  embryo  increases  in  size  and  a 
definite  shell  is  formed. 

As  found  in  gravid  segments  or  in  the  feces  the  egg*  (figs.  31—15) 

is  oval,  or  occasionally  spherical.  The  shell  is  very  clear  and  trans- 

parent, but  ma}^  take  on  a   slight  brownish  or  yellowish  tint  after 
standing  for  some  time  in  the  feces  (Grassi,  1887d;  Calandruccio,  1890a; 

Mertens,  1892).  It  consists  of  two  distinct  membranes  separated  b}’  an 

intervening*  space  which  contains  a   transparent  substance,  apparently 

fluid  or  semi-fluid  and  more  or  less  finely  granular.  The  outer  niem- 

lyrane  is  ver}"  thin,  less  than  1   p   in  thickness.  The  inner  membrane, 
which  closely  invests  the  embryo  or  onchosphere  as  it  is  called,  has 

Fig.  34. — Egg  of  T.  mnrina  Duj.  {=H.  nana).  Enlarged. 

Copy  of  original  type  figure.  (After  Dujardin,  1845a,. 
pi.  12,  fig.  A6.) 

Fig.  35. — Egg  of  II.  nana.  Enlarged.  (After  W.  H. 

Ran.som,  1856,  p.  598,  fig.  1.) 

Fig.  36. — Egg  of  II.  nana.  Enlarged.  (After  Leuckart, 

1863,  p.  397,  fig.  115.) 
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about  the  same  thickness  as  the  outer,  but  with  a   more  distinct  double 

contour  (Mertens,  1892).  At  two  opposite  points,  usually  corres- 

ponding to  the  poles  of  the  egg,  the  inner  membrane  has  a   small  marn- 

millated  j)rojection^  often  not  apparent.  To  each  of  these  projections 

are  attached  a   number  of  clear  hyaline  fibers^  resembling  elastic  fibers 

in  appearance,  which  pass  outward  through  the  intermediate  substance 

toward  the  outer  membrane.  Whether  there  is  any  constancy  in  the 

number  of  these  filaments  is  not  known.  Mertens  (1892)  in  observing 

an  egg  turned  on  end,  saw  at  one  pole  as  maiw  as  8,  converging  like 

spokes  in  a   wheel  and  attaching  to  the  papilla  of  the  inner  membrane. 

Fig.  37. — Eggs  of  H.  nana  from  mouse.  Enlarged.  (After  Krabbe,  1865,  pi.  7,  fig.  108.) 

Fig.  38.— Egg  of  H.  nana  from  man.  Enlarged.  (After  Bizzozero,  1889a,  pi.  4,  fig.  g'.) 
Fig.  39. — Eggs  of  II.  nana  from  rat.  Enlarged.  (After  Grass!  &   Rovelll,  1892a,  pi.  3,  figs.  1   and  2.) 

Fig.  40.— Egg  of  II.  nana.  Enlarged.  (After  Mertens,  1892,  fig.  1.) 

Fig.  41. — Egg  of  II.  nana  from  man.  Enlarged.  (After  Linstow,  1896a,  fig,  iv.l 

Fig.  42.— Egg  of  H.  nana  from  rat.  Enlarged.  (After  Linstow,  1896a.  fig.  4.) 

Beginning  at  the  papillie  the  filaments  pursue  an  irregular,  winding 

and  convoluted  course,  gradually  becoming  more  tenuous,  but,  so 

far  as  may  be  observed,  do  not  branch,  and  end  finally  in  the  j^eri- 

pheral  portion  of  the  intermediate  substance  directh"  underneath  the 
outer  membrane.  Two  layers  of  slightly  difierent  appearance  may 

often  be  distinguished  in  this  intermediate  substance,  an  inner  portion 

which  is  clear  and  homogeneous,  free  from  fibers  except  where  it  is 

penetrated  by  them  in  the  two  polar  regions,  and  a   thicker  outer  por- 

tion which  is  granular  and  in  which  the  distal  ends  of  the  fibers  int#r- 

lace,  forming  an  irregular  meshwork.  For  a   great  part  of  their  course 
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the  fibers  frequently  follow  the  boundary  between  the  clear  and  gran- 

ular portions  of  the  intermediate  substance  (Calandruccio,  1890a).  Ac- 

cording to  Mertens  (1892)  the  fibers  do  not  attach  to  the  outer  mem- 

brane, since  this  may  be  split  off  and  the  intermediate  layer  remain 

undisturbed.  The  peripheral  portion,  at  least,  of  the  intermediate 

substance  seems  thus  to  possess  a   certain  solidity  as  though  bounded 

externally  by  a   membrane,  which  must,  however  be  very  thin,  separat- 

ing it  from  the  outer  membrane.  Mertens  (1892),  indeed,  states  that 

Fig.  43. — Eggs  of  H.  nana  and  spherical  bodies,  perhaps  eggs  in  course  of  development.  Enlarged. 
(After  Senna,  1889,  fig.  2.) 

he  has  observed  at  times  a   very  thin  homogeneous  layer  between  the 

intermediate  substance  and  the  outer  membrane,  and  I   have  occasion- 

ally noted  a   similar  appearance.  It  frequently  happens  that  the  inter- 

mediate substance  shrinks  awa^"  from  the  outer  membrane,  or  from 
the  inner  membrane,  or  from  both.  This  results  in  the  appearance  of 

a   third  membrane  intermediate  between  the  other  two,  as  occurs  under 

similar  circumstances  in  the  egg  of  II.  dhmnuta^  (p.  93).  As  in  II. 

diminuta^  also,  there  are  3   or  1   comparativehMarge  nuclei  (visible  in 

Fig.  44.— Eggs  of  H.  nana.  Enlarged.  (After  Senna,  1889,  fig.  1.) 

sections)  present  in  the  intermediate  substance  which  seem  to  play  a 

part  in  the  formation  of  the  shell.  W.  H.  Ransom  (1856)  and  Senna 

(1889)  describe  a   concentric  striation  of  the  intermediate  substance. 

Grassi  (1886b,  1887d)  was  the  first  to  observe  the  filaments  which  he 

described  as  a   long  convoluted  thread  apparently  attaching  to  the 

poles  of  the  inner  membrane.  Blanchard  (1891a)  considers  that  Grassi 

(1886b,  1887d)  and  Senna  (1889)  were  in  error  regarding  the  presence 

of  filaments,  and  that  they  had  erroneously  interpreted  folds  or  wrinkles 

of  a   third  membrane.  That  filaments  are  present  is  a   well-established 

fact,  however,  attested  b}"  a   number  of  oliservers.  The  three  pairs  of 
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hooks  with  which  the  onchosphere  is  supplied  are  usually  found 
directed  toward  one  pole  (Mertens,  1892;  Miura  &   Yamazaki,  1897,  and 
others),  and  as  has  been  pointed  out  in  other  tapeworms  (Siebold,  1851; 

Ransom,  1900),  the  middle  pair  differ  from  the  other  by  being  more 
slender  and  without  a   definite  ventral  root. 

Various  sizes  have  been  assigned  to  the  eggs,  and  there  is,  in  fact, 
considerable  actual  variation.  Bilharz  (Siebold,  1852)  gives  a   diameter 
of  26  /^.  Leuckart  (1863,  1886a,  p.  996)  found  them  10  to  58  pi. 

Grassi  (18T9h),  33  by  33  yu  and  33  to  36  by  28  to  31  pi.  Grassi  &   Cal-  ! 

andruccio  (1887a)  13  by  35  pi  to  53  by  10  j~i.  Perroncito  &   Airoldi  i 

(1888a,  b,  c),  outer  membrane,  10  by  32  yw  to  52  by  I 

11  yu;  inner  membrane,  21  by  20  pi  to  31  by  21  pi. 

Mertens  (1892),  outer  membrane,  33  by  39  yu  to  15  | 

by  60  yu;  inner  membrane,  26  by  25  pi  to  30  by  29  i 

pi.  Senna  (1889),  10  by  36  pi  to  50  by  10  pi.  Lin-  | 
stow  (1896a),  outer  membrane,  39  by  39  pi  and  13  j 

b}"  31  yw;  inner  membrane,  28  by  28  pi.  Blanchard 
(1891a),  outer  membrane,  30  to  37  pi  by  18  to  55  pi\ 

inner  membrane,  16  to  19  pi.  According  to  my  own 

measurements  the  outer  membrane  ranges  from  36 

by  32  pi  to  56  by  12  yu;  the  inner  membrane  from 

18  Iw  20  pi  to  21  by  32  pi.  The  onchosphere  is  5   to 
10  fi  smaller  than  the  inner  membrane.  The  size 

of  the  emljryonal  hooks  has  been  given  by  A^arious  authors  from  9   to  16 
pi\  according  to  Blanchard  (1891a),  Avith  whose  figures  mine  agree, 

theA"  measure  10  to  12  pi.  From  measurements  of  9   eggs,  Miiira  & 

Yamazaki  (1897)  gAe  the  following  figures:  | 
Outer  euA^elope — Length:  Maximum,  56.7  yw;  minimum,  11.3  yw;  | 

mean,  5t).7  pi.  Breadth:  ^Maximum,  53.2  yw;  minimum,  35.1  yu;  mean,  ; 
12.9  pi.  I 

Inner  eiiA'elope — Length:  Maximum,  32.1  yw:  minimum  27 /^;  mean, 
30.1  pi.  Breadth:  Maximum,  29.7  yw;  minimum,  21.3  yu;  mean,  25.9  pi.  ! 

Hooks  of  embiyo — Maximum,  13.5  yw;  minimum,  10.8  yu;  mean, 

12.9  pi.  I 
As  to  the  eggs  of  Ilymenolepis  nana  from  the  rat,  which  some  . 

authors  have  considered  larger  than  those  of  the  form  found  in  man,  ' 

it  maA"  be  said,  in  the  first  place,  that  the  size  of  the  eggs  is  a   A^ery  i 

Available  character  as  the  figures  already  giA’en  testify,  and  it  is  conse- 
quently doubtful  if  a   satisfactory  comparison  could  be  instituted  or  J 

aiiA"  constant  difference  be  discoA’ered  between  the  tAvo  forms  in  this  • 

regard;  and  in  the  second  place,  considering  the  great  Availability  of 

this  character,  that  it  would  be  necessary  to  make  measurements  of  a   ̂ 
large  number  of  examples,  with  due  regard  to  similarity  of  conditions, 

etc.,  before  one  affirmed  that  the  eggs  were,  even  generally,  larger  or 

smaller  in  one  case  than  in  the  other.  Dujardin  (1815a)  giA^es  the  size 

Fig.  45. — Egg  of  H.  nana, 
as  seen  in  fresh  feces. 

Enlarged.  (After  Ran- 
som, from  Stiles,  1903a, 

p.  85,  fig.  85.) 
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of  the  egg  of  mnrina  {—  IL  nami)  from  the  rat  as  65  Linstow 

(1866a).  46  by  42  f.i  to  54  hy  47  yw;  measurements  which  I   have  made 

range  from  36  l)v  26  ii  to  52  by  36  yw.  With  the  exception  of  Dujar- 

diivs  figures  these  sizes  fall  within  the  limits  established  for  Tli/meiu)- 

Ipph  nana  from  man. 

Senna  (1889)  noticed  in  feces  containing  completely  developed  eggs 

of  ITynienoleph  nana,  in  six  cases,  numerous  small  rounded  bodies 

(tig.  43)  measuring  from  5   to  10  p   to  30  p   in  diameter.  The  smaller 

of  these  were  hoinogeneous  in  appearance,  tinted  like  mother-of-pearl, 

and  1)ounded  by  a   very  thin  membrane,  while  the  larger  were  more 

granular  and  tended  to  beconu'  oval,  with  a   thicker  membrane,  as  indi- 

cated by  a   distinct!}^  double  contour.  Senna  was  inclined  to  interpret 
these  as  eggs  in  course  of  development,  which  had  prematurely  escaped 

from  the  uterus,  but  since  he  found  similar  bodies  in  two  cases  in 

which  he  could  not  demonstrate  the  presence  of  TL  he  was  left 

in  doubt  with  regard  to  their  nature  and  significance. 

])KA'KLOFMKNT  AND  LIFE  HISTORY. 

The  Avell  known  and  usual  mode  of  development  of  tapeworms  of 

the  family  Tjeniidie,  to  which  Ilymenolepis  nana  belongs,  is  as  follows: 

The  eipp  containing  ̂ ie-Jioolced  embryos  pass  out  of  the  body  of  the 
definitive  host  in  the  feces.  To  develop  further  they  must  be  taken 

into  the  alimentary  canal  of  some  other  animal.  If  the  conditions  are 

suitable  in  this  animal  the  embryos,  after  hatching,  if  this  has  not 

already  taken  place,  l)ore  out  of  the  alimentary  canal,  and,  enc3^sted 
somewhere  in  the  tissues  of  the  body,  develop  into  the  intermediate 

stage,  cystwereiis  or  cysticercokl^  as  the  case  may  he.  When  this  ani- 

mal, the  intermediate  host,  is  eaten  b}-  an  animal  which  can  act  as  a 
definitive  host,  the  intermediate  stage  continues  its  development  and 

becomes  transformed  into  the  adult  which  produces  eggs,  thus 

completing  the  cvcle.  As  one  would  expect,  the  normal  intermediate 

host  is  an  animal  which  is  the  natural  food  of  the  definitive  host,  or 

otherwise  likely  to  be  taken  into  the  alimentary  canal  of  the  latter. 

Leuckart  (1863,  pj).  395,397),  upon  theoretical  grounds,  assum- 

ing that  an  interchange  of  hosts  occurred  during  the  life  histoiy  of 

Jlymeholepk  uaua  and  noticing  the  great  similarity  in  the  anatomical 

characters  of  the  Avorm  in  (piestioii,  of  certain  tapeworms  from  mice 

and  shrew-mice  and  of  a   cvsticercoid  found  Iw  Stein  in  the  meal  worm," 

expressed  the  opinion  that  the  intermediate  stage  Avas  deA^eloped  in 
some  insect.  ̂  

"   Hooks  very  similar  in  form  are  found  in  the  related  tapeworms  of  our  mice  and 

shrew-mice,  as  well  as  in  the  cvsticercoid  of  Stein  from  the  meal  worm.  (Trans- 

lation of  Leuckart,  1863,  j).  S9b. ) 

We  content  ourselves  *   *   *   with  the  supposition  that,  as  in  the  most  nearly 

related  species,  the  worm  passes  its  youth  as  a   cvsticercoid  in  some  insect.  (Trans- 
lation of  Leuckart,  1863,  j).  397. ) 

19203— No.  18—04   3 
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The  occurrence  of  the  large  numbers  in  which  the  worm  is  found  in 

the  human  intestine  lie  (Leuckart,  1886a:  1886b.  p.  661)  would  explain 

as  resulting  from  a   budding  of  the  cysticercoid  in  the  intermediate 

host  similar  to  that  which  takes  place  in  cysticercoids  {Staj>hyJocystis 

Jjilarius  and  6'.  raicraca'ntJius)  found  by  Villot  (1878)  in  certain 
myriapods.  Leuckart  (1886a.  p.  997)  also  considered  the  possibility 

of  some  snail  being  the  intermediate  host  of  H.  nana^  upon  the  basis 

of  information  that  the  children  in  the  vicinity  of  Belgrade,  where  a 

case  had  been  observed  in  a   child  (see  case  Xo.  6).  A^ery  commonly  ate 
a   kind  of  little  white  snail. 

Stein's  cysticercoid  {Cercocystis  tenehrionls  Villot,  1882=  Cysticercus^ 

tenehrionls— Scolex  decipie/is)  ot  the  meal  worm  (laiwa  of  Tenebrio  | 
m.oUior)  was  considered  by  Leuckart  (1880,  pp.  420,  457)  the  probable  | 

intermediate  stage  of  Tserua  miirina  Dujardin  {   —   Hymenolepis  nand). 

Villot  (1882),  however,  looked  upon  this  cysticercoid  as  belonging  to 

Tsenia  microstoma  Dujardin.  1845.  a   tapeAvorm  of  the  mouse,  and 

Moniez  (1888)  and  Linstow  (in  litt.  ̂ loniez,  1888)  were  of  the  same 

opinion."  Grassi  (1887d)  at  lirst  believed  that  this  cysticercoid  would  i 
prove  to  be  the  intermediate  stage  of  HymenoJeyns  naiuu  but  later 

abandoned  this  hypothesis  and  concurred  (Grassi  &   EoA^elli.  1889b, 

p.  371)  in  the  opinion  of  Villot.  iMoniez.  and  Linstow.^ 
Grassi  and  Calandruccio  (Grassi,  1887h)  attempted  numerous  times 

under  A'arying  conditions  to  infest  larvae  of  Tenebrio  molitor  with  eggs 
of  Hymenolepis  nana.  but  always  without  success.  They  also  exam- 

ined from  those  localities  of  Lombardv  and  SicilA’  in  which  thcA’  had 

found  Hymenolepis  nana  common  in  man.  hundreds  of  specimens  of 

numerous  species  of  arthropods,  molluscs,  and  Avornis,  especially  edi-  ! 

ble  molluscs,  lice,  flies,  meal  worms,  the  larvae  of  certain  beetles  living 

in  beans,  etc.,  in  the  hope  of  rinding  a   cysticercoid  to  correspond  with  : 

II.  nana.  All  of  these  iiiA^estigations  resulted  negatively  with  the  excep- 

tion that  two  cysticercoids  were  found  in  a   meal  worm.  AA'hich  were 

fed  to  a   man.  with  negatiA^e  results.  It  Avas  during  this  time  that 
Grassi  noticed  the  great  frequency  of  Hy menolepis  rnurina  (Dujardin)  | 

in  rats  in  Catania,  where  also  from  250  examinations  of  children,  rang- 

«It  cannot  be  admitted  that  the  cysticercus  of  the  meal  worm  belongs  to  Txnia  [ 

nana;  this  cysticercus  possesses  a   crown  of  30  hooks  which  have  a   length  of  12//,  | 
while  T.  nana,  as  well  as  T.  rnurina,  presents  only  24  hooks  15  to  18 //long.  In  both  i 

these  characters,  on  the  other  hand,  the  cysticercus  of  the  meal  worm  corresponds  | 
with  Tsmia  niicrostorna  of  the  mouse,  with  which  Villot  has  already  associated  it;  von 

Linstow  (in  litt.)  is  of  the  same  opinion,  with  which  we  can  only  agree  after  having 

examined  attentively  the  head  of  the  cysticercus  and  that  of  the  adult  animal.  | 

(Tran.slation  of  Moniez,  1888. ) 

?>The  few  experiments  which  Grassi  and  Rovelli  performed,  by  feeding  eggs  of 

Tsenia  microstoma  to  larvae  of  Tenebrio  molitor,  resulted  negatively,  and  this  sup- 

posed connection  between  the  adult  tapeworm  and  the  cysticercoid  in  question  is  . 

still  not  definitely  established.  (Grassi  Rovelli,  1892a,  p.  78.) 
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ing  from  4   to  14  }’ears,  20  cases  of  II.  nana  were  found,  and  noticing 

the  great  similarity  of  the  two  forms,  he  was  thus  led  to  their  identi- 

fication, as  one  and  the  same  species,  or  at  most  as  scarcel}"  distinguish- 
able varieties  of  a   single  species.  In  view  of  the  fact  that,  although 

IlymenoJepis  nana  was  so  exceedingly  common  in  these  regions,  no 

corresponding  c3^sticercoid  was  to  be  found  in  the  many  animals  exam- 

ined, belonging  to  species  which  a   ]?riori  might  be  considered  possible 

intermediate  hosts,  Grassi  then  resorted  to  the  idea  of  a   direct  develop- 

.ment;  and,  indeed,  experiments  along  this  line  resulted  in  a   demonstra- 

tion of  the  fact  that  the  eggs  of  Hynienolejns  nanalvom  one  rat  when 

fed  to  another  develop  into  mature  worms  in  the  intestine.  Develop- 

ment, however,  was  found  not  to  be  direct,  i.  e.,  the  embiyo  from  the 

egg  did  not  grow  immediate!}^  into  the  form  of  the  adult,  but  pene- 

trating into  a   villus  developed  there  into  a   c^^sticercoid,  which  in  turn 
reentered  the  alimentary  canal,  to  become  transformed  into  the  adult 

stage.  The  rat  was  thus  shown  to  act  not  onlv  as  the  definitive  host, 

but  also  as  the  intermediate  host.  In  spite  of  the  evident  exactness 

of  the  results  of  these  experiments,  and  in  spite  of  the  probabilitv  that 

the  c}"sticercoid  {Cercocystis  fenebrionis)  of  the  meal  worm  is  more 
likely  the  intermediate  stage  of  Tsenia  microstoma.^  Leuckart  (1887) 

still  considered  this  c\^sticercoid  the  intermediate  stage  in  the  normal 
life  cycle  of  Ilymenolepis  murina  nana).^  and  looked  upon  the 

development  of  an  intermediate  stage  in  the  villus  of  the  rat’s  intes- 
tine as  unusual,  and  not  of  common  occurrence  in  the  natural  order 

of  things.  The  balance  of  evidence,  however,  seems  to  indicate 

that  there  is  no  connection  between  the  above-named  cysticercoid 

and  Hymenolejyis  nana^  but  whether  the  eggs  of  the  latter  may  not 

develop  into  a   C}’sticercoid  in  some  insect,  as  well  as  in  the  intestinal 
villi  of  the  rat,  is  not  known.  So  far  as  the  direct  evidence  goes, 

however,  the  development  as  outlined  b}^  Grassi  must  be  considered 
the  normal  and  usual  method. 

The  experiments  by  which  the  life  histoiy  was  determined  are  as 

follows  (Grassi,  188Th;  Grassi  &   Rovelli,  1892a): 

Thirty-four  white  rats  were  used,  aged  from  1   to  3   months,  kept  in 

clean  cages,  closed,  except  on  one  side,  which  was  covered  with  wire 

screen.  After  weaning,  the  rats  were  fed  onh'  with  bread  and  pure 
water.  The  mothers  were  determined  to  be  free  from  tapeworm, 

during  lactation  by  examination  of  the  feces,  and  afterwards  bv  kill- 

ing and  examining  post  mortem.  The  experiments  were  repeated  11 

times,  each  time  by  feeding  1   to  3   of  the  31  rats  with  mature  segments 

of  Ilymenolepis  nana  from  infected  rats  and  placing  them  in  separate 

cages,  and  also  at  the  same  time  isolating  1   or  2   which  had  not  been 

thus  fed,  in  order  that  there  might  be  a   check  on  the  results.  Con- 

stanth"  among  the  former,  Ilymenolepis  nana  developed  in  greater 

or  less  number,  sometimes  more  than  100;  among  the  latter  no  speci- 
mens whatever  were  found. 



The  rapidity  with  which  developnient  occurred  varied  in  diherent 

individual'?.  In  general,  after  d.  5.  or  8   day.-?,  tapeworms  3.  5.  or  8   min. 

long  were  found — that  is.  either  with  simply  a   long  neck,  or  with  evi- 

dent proglottid>.  After  15  days,  tapeworms  were  found  containing 

mature  eggs:  after  30  days,  the  eggs  heg^an  to  appear  in  the  feces. 
While  the  results  in  the  experiments  with  white  rats  aged  from  1   to 

3   months  were  constant  and  positive,  when  rats  younger  than  1   month 

(suckling)  or  over  3   months  were  used  the  results  were  either  negative 

or  only  a   few  tapeworms  were  developed.  Ordinary  rats  proved  more 

refractory  to  infection  than  white  rats,  and  the  results  were  generally 

negative,  even  when  the  rats  were  of  the  favorable  age — 1   to  3   months. 

Whether  the  animal  was  fasting  or  well  fed.  or  whether  many  or  few 

segments  were  given,  had  no  effect  on  the  results.  Rats  already  har- 

boring /tana  also  proved  refractory  to  further  infection. 
It  i^  in  the  villi  of  the  last  loto  12  cm.  of  the  small  intestine  that  the 

intermediate  stage  develops.  As  in  O./yuris  rer//iicalaris,  however. 
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Fig?.  -KV49. — II.  nana.  Enlarged.  (After  Griissi  ct  Rovelli.  1892a.  pi.  3.  figs.  4-7,  respectively.) 

Figs.  -30. 51.— Hexacanth  embryos  of  H.  lunia.  with  primary  cavity:  calc.,  calcareous  corpmscle:  ottnl.. 

caudal  appendage:  pr.  cai\.  primary  cavity.  Enlarged.  '   .After  Gras^i  A-  Rovelli.  l''92ii.  pi.  3.  tig'. 
9.  respectively.  i 

the  action  of  the  digestive  juices  of  the  upper  part  of  the  alimentary 

canal  seems  necessary  liefore  the  embryo  will  hatch.  Consequently 

the  eggs,  as  they  escape  from  ripe  segments  into  the  intestine,  do  not 

vontinue  developing,  but  pass  out  unchanged  with  the  feces,  and  devel- 

opment does  not  proceed  until  they  again  come  into  the  alimentary 

canal  by  way  of  the  mouth  [ '   or  by  reverse  peristalsis  into  the  stomach]. 
The  following  observations  were  made  upon  the  development  as  it 

occurs  in  the  intestinal  villi  of  the  rat  (Grassi  &   Rovelli,  1892a).  The 

cysticercoid.  or  cercocystis.  to  use  the  name  employed  by  Villot 

(1882)  to  designate  those  cysticercoids  which  have  caudal  appendages, 

is  found  in  a   cavity,  which  represents  the  much-dilated  central  lym- 

phatic cavity  of  the  villus.  Rarely  there  are  two.  ordinarily  only  one 

cercocy.^tis  in  a   single  villus,  normally  so  oriented  that  it."  long- 
axis  corresponds  to  the  long  axis  of  the  villus,  with  its  posterior  end 

(that  bearing  the  embryonal  hooks)  directed  inward,  i.  e.,  toward  the 

lumen  of  the  intestine  (tig.  hi). 
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The  studied  was  that  of  the  hexaeanth  embryo,  as  found 

encysted  24.  8<>.  or  5o  liours  after  ingestion  (hgs.  4t>-4l>.  52.  58).  gen- 

erally oval,  or  at  times  llask  sha])ed — that  is.  with  a   body  and  a   tail. 

Ther(‘  may  be  evident  at  this  time  a   rather  ample  primary  cavity 

which  in  a   tiask-shaped  embryo  is  in  relation  with  tin'  post(‘rior  part 

Figs.  52,  . '>3. — Hexucanth  embryos  of  IL.  without  cavity,  eoiitaiiiiiiif  calcareous  corpuscles. 
Enlarged.  (After  GrasU  A   Rovelli.  1892a.  jd.  3.  figs.  10.  11.  respectively.) 

Fig.  .51.— Embryo  of  II.  vann  after  the  appearance  of  the  primordia  of  rostellum  and  suckers; 

u<".,  suckers;  pr.mr..  j>rimary  cavity;  rox..  rostellum.  Enlarged.  >   .\fter  Grassi  A;  Rovelli.  1892a, 

])1.  3,  tig.  12.) 

Fig.  55. — Longitudinal  section  of  embryo  of  ][.  naiiu:  j,r.  car..  ]irimary  cavity.  Eidarg(‘d.  Alter 

Gra.ssi  &   Rovelli.  1892a.  x>l.  3,  tig.  14.) 

Fig.  5(1. — Longitudinal  and  slightly  obliituc  section  of  embryo  of  H.  aaiai  after  the  appearance  of  pri- 

mordia of  rostellum  and  .stickers;  ac..  sucker;  r(i.<..  rostellum;  pr.  car.,  ju-imary  cavity.  Enlarged. 
(After  Grass!  Rovelli,  1892a.  pi.  3.  fig.  15.) 

Fit;.  57. — Embryo  of  II.  nann.  Same  stage  as  x'receding  figure,  in  cross-scction;  uc..  sucker;  /o.v..  ros- 

tellum. Enlarged.  (After  Grass!  A   Rovelli,  1892a.  pi.  3.  fig.  Id.  i 

Fig.  .58. — Cercocystis  of  H.  nana  completely  developed.  Enlarged.  After  Grass!  w   Rovelli.  18u2a. 

pl.  3.  fig.  13.) 

of  the  i)ody,  and  sometimes  with  the  tail  also  (tigs.  5n.  51).  The 

embryonal  hooks  are  generally  found  on  tlie  tail,  sometinu's  also  on 

the  posterior  part  of  the  liody.  arranged  in  pairs.  The  embryos  often 

show  irregularities  in  form,  prominences,  etc.  (tigs.  47-40.  58).  In 

the  middle  of  the  body  there  may  be  found  one.  two.  or  three  calcare- 
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Fi(i.  59. — Longitudinal  and  slightly  oblique  section  of  If.  nana  after  the  invagination  of  its  anterior 
portion:  ac.,  sucker;  hi.  p.,  anterior  opening  of  secondary  cavity,  1.  ext.,  external  wall;  1.  int., 
internal  wall;  pr.  cav.,  primary  cavity;  ros.,  rostellum.  Enlarged.  (After  Grass!  <k  Rovelli,  1892a, 

pi.  3,  fig.  17.) 

Fig.  60. — Embryo  of  JL  nana.  .Same  stage  as  preceding  figure,  in  cro.ss  section  at  the  level  of  the 

suckers:  sec.  cav.,  secondary  cavity.  Other  letters  as  in  preceding  figure.  Enlarged.  (After 

Grass!  A   Rovelli,  1892a,  pi.  .3,  fig.  18.) 

Fig.  61. — Longitudinal  and  slightly  oblique  section  of  an  embryo  of  II.  nana  at  a   stage  somewliat 

later  than  fig.  59:  ac.,  suckers;  pr.  cav.,  primary  cavity;  ros.,  rostellum;  sec.  cav.,  secondary  cavity. 

Enlarged,  (After  Grassi  &   Rovelli,  1892a,  pi.  3,  fig.  19.) 

Fig.  62. — Transverse  section  of  an  embryo  of  H,  nana  at  the  same  stage  as  preceding  figure.  Enlarged. 

(After  Grassi  &   Rovelli,  1892a,  pi.  3,  fig.  20.) 

The  second  stage^  as  observed  in  the  fresh  state,  still  showed  the 

cavity,  and  in  the  anterior  part  a   deep,  narrow,  invaginated  depression, 

shaped  in  longitudinal  optical  section  like  an  inverted  Y   (^g.  54).  At 

this  stage,  also,  there  are  more  or  less  noticeable  four  points  in  which 

ous  corpuscles.  The  cells  making  up  the  embryo  are  at  this  stage 

irregularly  disposed  and  all  A^ery  small,  except  a   few  which  are  in 
immediate  relation  with  the  tail  and  primary  cavity  (lig.  55).  Xeither 
in  this  nor  in  succeeding  stages  Avas  a   subcuticular  muscle  system 
obsei'A^ed. 



the  cells  are  so  disposed  as  to  indicate  four  rounded  masses.  Sections 

of  this  stage  (hgs.  56.  57)  conhrni  the  presence  of  the  four-rounded 

masses,  and  in  the  region  of  the  Y-shaped  invagmation  there  is  to  he 

distinguished  another  accumulation  of  cells,  the  primordium  of  the 

rostellum.  Accumulations  of  cells  were  occasionally  found  in  other 

regions  of  the  emhryo  similar  to  the  four  masses  mentioned,  hut  since 

ac: 
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Fig.  63. — Longitudinal  section  of  an  embryo  of  H.  nana  at  a   later  stage  than  preceding  tigures;  ac.. 

suckers;  pr.  cav.,  primary  cavity;  I'os..  rostellum;  sec.  cav..  secondary  cavity.  Enlarged.  After 
Grass!  A   Eovelli,  lS92a.  pi.  3.  fig.  21. ) 

Fig.  64.— Longitudinal  sec-tion  of  an  embryo  of  H.  nana  at  about  the  same  stage  as  the  preceding 
figure,  through  a   different  plane;  ac..  suckers;  L   e.rt..  external  wall;  L   int..  internal  wall;  pr.  cav.. 

primary  cavity;  sec.  cav..  secondary  cavity.  Enlarged.  After  Grassi  A   Rovelii,  lS92a,  pi.  3.  fig.  22.) 

Fig.  65. — Longritudinal  secrion  of  an  embryo  of  H.  nana  at  a   stage  preceding  the  appearance  of  the 
definitive  hooks;  the  rostellum  i<  retracted;  ac..  sucker;  hi.  p..  anterior  opening  of  secondary 

cavity;  p?-.  car.,  primary  ca\dty;  ra<?..  rostellum;  sco..  scolex;  sec.  car.,  secondary  cavity.  Enlarged. 
(After  Grassi  A   Rovelii.  1892a,  pi.  3.  fig.  23. 

the  latter  appeared  to  he  constant  in  many  examples,  hoth  in  the  fresh 
state  and  when  sectioned,  the  conclusion  was  arrived  at  that  the  four 

masses  in  question  were  the  primordia  of  the  suckers. 

The  second  staofe  is  therefore  characterized  liv  the  formation  of  the 

primordia  of  the  rostellum  and  suckers. 

In  the  third  stage  (tigs.  59.  60.  6iq  the  anterior  part  of  the  body  is 

invaginated  into  the  posterior,  and  the  primary  cavity  has  become 
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reduced  to  the  point  of  disappearance,  or  at  most  containing  l)ut  very 

little  fluid,  except  behind,  wliere  it  is  in  relation  with  the  tail,  in  which 

region  it  remains  large  and  ma}'  contain  cells  of  stellate  form.  The 
tail  has  not  increased  in  length,  and  still  bears  embryonal  hooks. 

AVithout  meaning  thereby  to  establish  any  homology.  Grassi  compares 

this  stage  to  a   gastrula.  The  anterior  opening  thus  corresponds  to  a 

Iflastopore.  the  secondary  cavity  formed  by  invagination  to  an  entero- 

coele.  and  the  primary  cavity  lying  between  the  outer  and  the  inner  wall 

to  a   blastocoele.  The  outer  wall,  analogous  to  the  (‘ctoderm  of  a   gas- 

trula.  is  very  thin,  consisting  of  an  irregular  layer  of  more  or  less 

flattened  cells,  and.  external  to  this,  a   thin  cuticula.  The  inner  wall, 

analogous  to  the  entoderm,  is  irregular  and  thick,  apparently  lined 

internally  with  cuticula.  The  rostellum  preserves  the  shape  it  had  in 

the  former  stage,  but  as  a   result  of  the  invagination  of  the  anterior 

part  of  the  body  now  lies  posterior  of  the  plane  of  the  suckers 

In  the  next  foUcnc tug  stagei<  (tigs.  til.  63.  64)  the  suckers  have  moved 

backward,  and  the  anterior  opening  of  the  secondary  cavity  has  closed  . 
over. 

At  later  stages  (tigs.  65.  66),  reached  4n.  5t».  or  7<>  hours  after  inges-  | 
tion,  the  scolex  is  detinitely  formed.  It  remains  attached  behind  to 

the  inner  wall  by  a   peduncle.  A   little  bridge  of  cuticula  still  indicates  i 

the  place  where  the  anterior  opening  of  the  secondary  cavitv  has  been  ‘ 
closed  over.  The  rostellum  ma\’  be  seen  in  a   state  of  extension.  The 

detinitive  hooks  have  not  yet  appeared.  The  tail  persists  unchanged  ) 

with  the  embryonal  hooks. 

In  a   still  later  stage,  reached  in  So  to  hO  hours  after  ingestion,  the 

hooks  have  appeared  on  the  rostellum.  and  tin'  ('xcretory  vessels 

become  evident  (tig.  58). 

The  next  stage  seen  was  that  of  the  young  tapeworm,  with  short 

neck  and  no  trace  of  segmentation,  attached  to  the  epithelium  of  the  ; 
villus. 

No  ol)servations  were  made  regarding  the  manner  in  which  the 

cercoc3^stis  leaves  its  positioji  in  the  villus,  and  becomes  transformed, 
into  the  adult  worm. 

Not  onlv  was  the  rapiditv  of  development  found  to  vaiw  in  diflerent 

rats,  but  various  stages  were  found  occurring  simultaneouslv  in  the  ! 
same  host. 

Attempts  were  made  to  infest  human  subjects  with  eggs  and  mature 

segments  both  from  man  and  from  rats.  Experiments  were  made 

upon  eight  persons,  but  except  in  one  case  the  results  were  negative. 

This  case  was  that  of  a   bov  live  vears  old.  who,  15  davs  after  ingesting  |j 

several  segments  of  Tlynitnolepis  nana  from  a   rat,  began  to  pass  eggs  i 

in  his  feces,  and  after  the  administration  of  an  anthelmintic,  expelled 

about  50  worms.  Another  instance  might  be  mentioned  here,  in 

which  a   boy.  who.  to  judge  from  fecal  examinations,  was  free  from 



Ilymenolejyls^  was  found  to  be  infected  after  a   month,  during  which 

,   time  he  was  accustomed  to  collect  the  feces  of  an  infected  patient  for 

use  in  (trassi’s  experiments.  As  Grass!  stated,  however,  these  tw.o 
cases  are  not  conclusive,  since  the  experiments  were  made  in  a   country 

||  where  the  parasite  is  common,  and  since,  also,  the  worms  might  have 

been  present  in  the  intestine  without  eggs  being  manifest  in  the 

feces.  As  further  evidence  of  the  occurrence  of  a   development  in 

man  similar  to  that  which  occurs  in  the  rat.  Grass!  (Grass!  &   Rovelli. 

1892a)  mentions  cases  occurring  during  th(‘  years  1890  anxl  1891  in 

;   children  of  well-to-do  families.  Some  of  the  children  belonging  to 

;   these  families  would  ])ecom(‘  infected,  and.  2   to  d   months  later,  their 
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Fig.  66.— Longitudinal  ,‘;eotion  of  an  embryo  of  H.  nana  at  about  the  same  stage  as  the  preceding 

figure;  rostellum  protracted:  />/.  p..  anterior  opening  of  secondary  cavity;  caucL,  caudal  appendage; 

pr.  car.,  primary  cavity;  sec.  cur.,  secondary  cavity.  Enlarged,  (.\fter  Grassi  &   Rovelli,  1892a.  pi.  :5, 

fig.  24.) 

Fig.  67. — Longitudinal  section  of  an  intestinal  villus  of  the  rat,  eontainiug  a   cereoeystis  of  ][.  unvu. 

Enlarged,  (.\fter  Grassi  Rovelli.  is92a.  pi.  :3,  6g  2.5.) 

brothers  and  sisters  would  also  show  infection.  In  such  cases  it  seemed 

to  Grassi  that  the  chances  are  very  much  against  the  possible  swal- 

lowing of  invertebrates  which  might  contain  cysticercoids,  and  that 

the  circumstances  are  arguments  in  favor  of  the  occurrence  of  direct 

infection,  through  the  feces,  from  one  child  to  another.  Somewhat 

similar  evidence  is  given  l)v  Venuti  (1895),  who,  according  to  Massari 

(1898),  was  able  to  explain  the  phenomena  associated  with  the  appear- 

ance of  JlymenoIep!f^  among  the  inmates  of  a   boys'  asylum  at  Catania 
ontyupon  the  assumption  that  direct  infection  occurred.  (See  p.  55.) 

In  the  absence  of  conclusive  positive  experimental  evidence,  one 

may  not,  of  course,  make  the  absolute  statement  that  Hynumolepi^  itartu 
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develops  in  man  after  the  manner  determined  by  Grassi  in  the  case  of 

the  rat,  but  it  is  safe  to  assume  that  a   similar  development  occurs  in 

both  hosts,  at  the  same  time  not  forgetting  the  possibility,  in  both 

cases,  that  development  might  occur  also  by  means  of  an  intermediate 
host. 

ABSTRACTS  OF  CASES  OF  HI  MEXOEEPIS  XAXA  IX  MAX.  « 

AFRICA. 

Cairo,  Egypt,  1851  ___    1   case. 

Case  Xo.  1. — Bilharz  (Siebold,  1852)  was  the  first  to  observe  Hymenolepis  nana 

in  man,  when  he  found  at  the  autopsy  of  an  Egyptian  boy  who  had  died  from  men- 

ingitis a   very  large  number  of  these  worms,  occupying  a   restricted  portion  of  the 
ileum. 

Cairo,  1885, 1892     .   _ 2   cases. 

Cases  Xos.  2   and  3. — Innes  (Sonsino,  1885)  found  a   single  example  in  the  intestine 

of  a   young  Mubian  girl  who  had  been  drowned,  and  in  1892  (Ixnes,  1898,  p.  65) 

encountered  the  parasite  a   second  time,  finding  20  specimens  in  the  intestines  of  an 

adult,  who  had  died  from  anemia.  The  mucous  membrane  of  the  ileum  showed  5 

or  6   little  bloody  extravasations  like  flea  bites,  and  quite  different  from  the  wounds 

produced  by  AgcliyJostoma  (not  reported  present  in  this  case),  but  whether  due  to 

the  tapeworms  the  author  could  not  say,  since  the  parasites  were  no  longer  adherent. 

EUROPE. 

Nottingham,  England,  1854-1855     1   case. 

Case  Xo.  4- — AV.  H.  Ransom  (1856,  pp.  598-599)  in  July,  1854,  found  the  eggs  of 

Hymenolepis  nana  in  the  feces  of  a   little  girl.  Their  identity,  however,  was  not  recog- 
nized until  more  than  thirty  years  later  (Grassi  &   Calandruccio,  1887a,  p.  285; 

Ransom,  1888,  pp.  109-110.)  The  girl  was  9   years  old,  of  poor  parents,  and  lived  in 

a   low,  damp  locality;  had  always  been  delicate,  but  never  seriously  ill;  was  fond 

of  fruit  and  vegetables,  especially  raw  cabbage.  In  March,  1854,  she  began  to  com- 

plain of  feeling  faint  and  weak  in  the  morning;  she  was  treated  for  M’orms  by  a 
druggist,  but  without  result;  became  gradually  weaker,  losing  flesh,  strength,  and 

color;  her  appetite  was  capricious,  but  not  ravenous;  she  suffered  occasionally  from 

a   pain  in  the  left  side.  The  ordinary  symptoms  of  helminthiasis  (such  as  vomiting, 

and  nausea,  convulsions,  and  itching  of  seat  and  nostrils;  ravenous  appetite  and 

gnawing  pains  in  the  abdomen;  round  worms,  seat  worms,  or  tapeworm  joints  in 

the  stools)  were  all  absent.  Besides  the  eggs  of  H.  nana  the  feces  contained  eggs  of 

the  whipworm.  Trichurls  trkldura.  Fecal  examinations  of  her  four  brothers  and 

sisters  showed  them  free  from  intestinal  parasites.  In  the  course  of  the  following 

year  the  patient  was  placed  under  anthelminthic  treatment  several  times;  a   specimen 

or  two  of  eelworms  {Ascarls  lumbricoides)  and  pinworms  {Oxyuris  vermicidaris)  were 

passed,  but  if  any  tapeworms  were  expelled  they  passed  unperceived.  With  careful 

diet  and  tonics  her  condition  was  much  improved,  although  the  eggs  of  the  tape- 

worm were  found  in  the  feces  at  each  examination  and  were  still  present  in  Sep- 
tember, 1855,  fifteen  months  after  the  case  first  came  under  observation. 

«The  cases  abstracted  have  been  numbered  seriatim  for  convenience  of  reference, 

after  arrangement  chronologically  by  countries. 

For  additional  cases  see  footnote,  p.  7. 
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Milan,  Italy,  1879    1   case. 

Case  No.  5. — Gkassi  (1879h,  j).  156)  reports  a   case  from  the  Milan  Hospital  of  a   girl 

41  years  old,  suffering  from  severe  nervous  troubles  with  epileptiform  attacks,  the 

symptoms  resembling  those  of  a   basilar  cerebral  tumor.  The  child  was  also  troubled 

by  an  intermittent  diarrhea.  In  her  feces,  besides  the  eggs  of  H.sc«?’rs,  Trichuris,  and 
Oxyuris,  were  some  cestode  eggs  determined  several  years  later  (Gkassi,  1886a,  b) 

as  belonging  to  Hymenolepis  nana.  Kousso  and  kamala  were  administered  with 

negative  results. 

Belgrade,  Servia,  I885-.     1   case. 

Case  No.  6. — Blanchard  (1886e)  reported  the  next  case  of  Hymenolepis  in  Europe. 

A   7-year-old  girl  of  poor  parents  came  under  the  care  of  Doctor  Holez  of  Belgrade, 

suffering  from  digestive  troubles.  Tapeworm  was  suspected  and  male  fern  adminis- 
tered. A   Tsenia  solium,  some  Oxyuris  vermicularis,  and  50  Hymenolepis  nana  were 

passed.  The  treatment  was  repeated  four  or  five  times,  about  50  examples  of  H. 

nana  being  passed  each  time,  so  that  altogether  about  250  were  expelled.  This  Dase 

was  also  reported  by  Leuckakt  (1886a,  pp.  995-997). 

Lombardy  and  Sicily,  Italy,  1886   2   cases. 

Cases  Nos.  7   and  8. — In  1886  two  cases  of  Hymenolepis  nana  were  observed  at  Milan 

by  Gkassi  (1886a,  b,  1887d.)  Two  young  Sicilians,  one  of  whom  seems  to  have  been 

a   medical  student  from  near  Catania,  Sicily  (Calandruccio,  1890a,  p.  124),  both  of 

robust  constitution,  were  affected  with  severe  nervous  troubles,  indolence,  epileptic- 
attacks  without  loss  of  consciousness,  weakening  of  the  mental  faculties,  melancholia, 

and  bulimia,  which  resisted  all  treatment,  the  symiDtoms  generally  resembling  those 

exhibited  by  the  little  Milanese  girl  in  1879  (see  case  Xo.  5).  Upon  the  discovery 

of  cestode  eggs  in  the  feces  male  fern  was  administered,  after  ineffective  trials  with 

kousso  and  kamala,  and  each  patient  expelled  several  thousand  specimens  of  Hymen- 

olepis nana.  Following  this  treatment  all  the  morbid  symptoms  disapj^eared. 

Cusago,  near  Milan,  Italy,  1886     1   case. 

Case  No.  9. — This  case  was  reported  by  Visconti  &   Segre  (1886.)  On  October  9, 
1886,  a   peasant,  aged  17,  in  a   state  of  extreme  prostration,  with  severe  dyspnea, 

entered  the  hospital  at  Milan  from  Cusago.  Toward  evening  the  dyspnea  increased, 

and  when  the  patient  was  seen  the  next  morning  he  was  unconscious,  respiration 

stertorous,  lips  blue,  extremities  cold,  and  pulse  thready.  Death  supervened  shortly. 

Upon  inquiry  it  was  found  that  for  three  years  the  patient  had  suffered  from 

an  habitual  diarrhea,  passing  several  yellowish  stools  a   day.  He  complained  con- 

stantly of  colicky  pains  in  the  abdomen,  which  often  became  very  severe.  His 

appetite  however,  remained  good,  and  was  not  perverted.  He  had  had  malaria, 

from  which  recovery  was  complete.  He  suffered  from  frequent  headaches  of  short 

duration;  always  felt  cold;  the  last  two  months  of  his  life  had  a   slight  fever  even- 

ings, upon  which  quinine  had  no  effect;  his  respiration  was  noisy,  and  light  attacks 

of  dyspnea  were  of  occasional  occurrence.  Three  days  before  entering  the  hospital 

he  was  seized  with  a   violent  attack  of  dyspnea,  and  repeated  attacks  of  clonic  con- 

vulsions, almost  epileptic  in  character,  each  lasting  for  some  time  and  followed  by 
evacuations  from  the  bowel. 

The  autopsy  revealed  4   specimens  of  Aychylostoma  duodenale  in  the  duodenum,  and 

6   Ascaris  lumhricoides  and  about  400  Hymenolepis  nana  in  the  ileum.  The  tape- 

worms, not  adherent,  were  scattered  through  the  ileum  from  its  beginning  to  about 

20  cm.  from  the  ileo-cecal  valve.  (For  pathology  of  this  case  see  p.  68. ) 

Lombardy,  Italy,  1886-1887   .   3   cases. 

Catania,  Sicily,  1886-1889         23  cases. 

Italy,  1890-1891      several  cases. 
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Cases  Nos.  10  to  15. — Grassi  (1887d)  records  6   new  cases,  3   observed  l)v  him 
in  Lombardy,  and  3   by  Calandrcccio  in  Catania,  Sicily.  In  5   of  the  cases  the 

l)arasites  were  few,  and  only  slight  nervous  troubles  were  present.  In  the  other 

(No.  12),  however  (one  of  the  cases  of  Lombardy),  the  nervous  troubles  were  very 

marked.  An  autopsy  was  performed  on  one  of  the  cases  in  Catania  (No.  15),  whicli 

showed  that  the  worms  had  bored  deeply  into  the  mucosa  and  provoked  very  con- 
siderable alterations,  of  which,  however,  no  account  is  given. 

Cases  Nos.  13  to  35. — Calaxdruccio  (1890a)  reports  for  Catania  23  cases  in  all,  3 
of  which  he  states  were  observed  by  Grassi.  It  is  possible  that  the  2   cases  of  the 

young  Sicilians  (7,8)  reported  by  Grassi  (1886  a,  b,  1887d)  are  to  be  included  in 

this  number,  but  there  seems  to  be  some  confusion  in  the  reports  of  these  two 

authors  as  to  the  identity  of  the  various  cases  and  a   certain  lack  of  definiteness,  so 

that  it  is  not  possible  to  state  the  figures  with  accuracy. 

The  persons  examined  were  mostly  young  and  of  the  male  sex;  21  cases  were 

children,  2   adults;  14  at  least  were  males,  and  3   females,  very  likely  the  other  6 

were  males.  In  the  feces  of  20  cliildren,  aged  8   to  10  years  and  attending  the  same 

rural  school  in  Catania,  the  eggs  of  ITiimenolepi.'<  nana  were  found  3   times,  together 

with  the  eggs  of  A.scer/.s-,  (Xei/uris,  and  TrlclmrC.  Of  50  boys,  aged  7   to  10  years,  in 
the  Ospizio  di  beneficenza  of  Catania,  4   harbored  the  parasite. 

Case  No.  32. — Calaxdruccio  observed  the  case  of  a   young  child,  who  suffered  from 

severe  intestinal  troubles,  which  ceased  two  days  after  the  expulsion  of  a   great  num- 

ber of  TJymenolepiM  naoa. 

C((ses  No.^f.  33  and  35. — He  also  mentions  in  some  detail  2   cases,  adults  who  luu-bored 

numerous  specimens.  They  suffered  with  alternating  diarrhea  and  constipati(»n,  not 

infrequently  with  abdominal  i)ains,  and  with  more  or  less  severe  epileptic  attacks  of 

frequent  occurrence.  After  the  elimination  of  the  parasites,  the  patients  experienced 

no  (listurl)ances  for  several  months.  The  symptoms  later  reappeared,  lint  were  less 

intense  and  less  frequent.  The  feces  were  reexamined  on  a   number  of  occasions,  but 

no  eggs  of  ILiimenolep'is  nana  could  be  found.  This  circumstaiu'e  made  it  seem  very 
probalile,  according  to  Calaxdruccio,  that  the  two  individuals  wei’e  inherently  epi- 

leptic; and  the  effect  of  the  taptuvorms  had  lieen  that  of  aggravating  the  symiitoms 

and  rendering  them  more  intense  and  more  frecjuent. 

•CW.sv^  No.  35. — The  case  of  a   female  child,  4   years  oM,  is  referred  to  by  Grassi  A 

Calaxdruccio  (1887a).  Althougli  this  patient  harbore<l  tliousands  of  HijmenolepC, 

she  showed  no  symptoms  except  0(;casional  abdominal  pains  of  transitory  nature. 

Grassi  (Grassi  A   Kovelli,  1892a)  s[)eaks  of  seveml  cases  occurring  during  1890- 

1891  among  children  of  well-to-do  families,  but  gives  nodetailed  account  of  them. 

Varese,  Italy,  1884-1881)     2   cases. 

Crust’  No.  36. — CoMixi  (1887  a,  d,  1888  a)  reports  a   case  of  Ifipnenolepis  nana  in  a 

boy,  9   years  of  age,  liorn  and  living  in  Gavirate.  The  parents  of  the  patient  were 

healthy,  l)ut  a   xiaternal  aunt  had  died  with  symptoms  of  insanity.  At  14  months 

of  age  he  had  been  treated  with  santonin  for  worms;  after  taking  the  drug  his  skin 

became  cold,  the  lips  and  face  blue,  eyes  staring,  and  body  stiffened.  After  recover- 

ing from  the  immediate  effects  of  the  santonin  he  was  left  with  a   slight  paresis  of 

the  extremities  of  the  right  side;  this  symptom,  however,  disappeared  in  a   month 

without  leaving  any  traces.  He  passed  a   great  number  of  Oxyuris  in  June,  1884, 

after  treatment  with  an  anthelminthic  clyster.  On  July  4   the  boy  was  seen  to 

liecome  suddenly  pale  and  comatose.  After  a   few  minutes  the  condition  of  coma 

was  succeeded  hy  violent  clonic  contractions,  trismus,  and  foaming  at  the  mouth. 

This  convulsive  attack  lasted  aliout  two  hours,  and  was  followed  again  by  coma  of 

several  liours’  duration. 

On  the  25th  of  August  there  were  a   couple  of  attacks  of  an  epileptic  nature, 

which  up  to  tlie  14th  of  September  were  of  daily  occurrence,  sometimes  as  many  as 

6   in  twenty-four  hours.  After  this  the  attacks  ceased. 
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In  July,  1886,-  nearly  two  years  later,  there  was  a   recurrence  of  the  nervous 

I   symptoms.  Eggs  of  J[;/nirnoIepis  nuna  were  found  in  the  feces.  E"p  till  October  the 
child  suffered  Avith  severe  cerebral  troul)les  and  epileptiform  attacks.  The  eggs  were 

still  abundant  in  the  feces.  Extract  of  male  fern  was  ‘prescribed.  Although  the 

'   ~   worms  were  not  found  in  the  stools  after  the  treatment,  the  eggs  disappeared  from 
the  feces,  and  the  attacks  ceased.  In  the  latter  part  of  December  (Comixi,  1887a, 

p.  61)  the  attacks  again  recurred  more  severe  than  l)efore,  and  the  eggs  likewise  had 

reappeared  in  the  feces.  Comini  ( 1888a)  is.  rather  doubtful  as  to  the  etiological 

importance  of  Hyjnenolepis  in  this  case,  in  which  there  was  already  an  apparent 

'   congenital  predisposition  to  nervous  disease. 

>   (\iseXo.  37. — A   second  case  was  observed  December,  1886,  by  Comini  (1887  a,  d, 

'   1888a)  at  the  hospital  in  Varese. 

The  patient,  a   little  girl  of  3   years,  with  a   tuberculous  mother,  had  suffered  for  tAvo 

years  with  a   continual  dyspnea,  Avithout  fever  or  cough,  but  often  accompanied  by 

pains  in  the  abdomen,  and  functional  gastro-intestinal  disorders.  Eggs  of  Hymeu- 

I   olepi^  n a Avere  numerous  in  the  feces  (7  to  8   in  every  preparation).  Eggs  of  Ascarn 
ji  Avere  also  present. 

'   !   After  anthelminthic  treatment  the  dyspnea  became  gradually  better  and  disappeared 
I   entirely  in  a   feAV  days.  A   year  later  the  child  Avas  in  excellent  physical  condition, 

I   and  the  feces  Avere  free  from  eggs  of  HymenoJepis. 

;   ̂   Pavia,  Italy,  1886-lSSb           6   cases. 

These  6   cases  Avere  observed  in  very  complete  detail  by  Senna  (1889)  at  'the 
•   clinic  of  Professor  Orsi,  aaJio  also  published  a   short  paper  (Orsi,  1889)  in  regard  to 
!   them. 

;   Case  Xo.  (Senn.a's  Case  1). — Epileptiform  convulsions  Avith  intestinal  helmin- 
thiasis. 

Female,  15  years  of  age,  domestic.  Ahvays  weak  and  of  a   delicate  constitution, 

she  had  suffered  for  three  years  from  convulsive  clonic  attacks,  Avith  foaming  at  the 

mouth  and  complete  loss  of  consciousness.  These  attacks  Avere  at  first  fleeting  and 

i   occurred  only  at  long  intervals,  but  as  time  Avent  on  became  more  frequent  and 

.   insistent,  especially  at  night.  There  Avere  present  also  gastric  dyspepsia  and  trouble- 

some abdominal  paresthesia,  A\dth  a   sense  of  constriction  in  the  fauces.  Anthelmin- 

tics had  been  tried  AA'ith  no  apparent  result.  She  had  also  had  at  one  time  a   convulsive 
cough  Avhich  lasted  a   year,  a   suppurating  keratitis  of  the  right  eye,  and  frequent 

inflammation  of  the  cervical  glands.  Her  father  and  brother  AAere  both  healthy, 

;   but  the  former,  a   day  laborer,  Avas  somewhat  given  to  drunkenness.  Xeither  nerv- 

ous maladies  nor  pellagra  AA'as  known  in  the  family;  a   paternal  uncle  had  died  of 

'•  consunqition. 

'   The  patient  entered  the  clinic  the  last  of  November,  1886.  The  convulsive  attacks 
continued,  occurring  almost  every  night,  and  rarely  in  the  daytime.  Some  nights 

the  attacks  Avere  very  transitory  and  passed  almost  unperceived  by  the  nurse.  The 

girl  Avas  somewhat  melancholy,  taciturn,  and  preferred  solitude.  She  Avas,  however, 

of  good  intelligence,  and  careful  physical  examination  revealed  no  morbid  organic 

conditions  of  importance.  Examination  of  the  feces  shoAved  numerous  eggs  of  eel- 
Avorms  (d.scarfs  h( mbrico ides),  b.  very  iew  ot  hookAvorms  {Agchylostoma  duodenale),  a 

feAV  of  AA'hipworms  ( Tricharis  tricJiiara),  and  of  llymenolepis  nana.  Several  eelAvorms 

Avere  passed  after  the  administration  of  santonin,  but  no  tapeAA'orms  Avere  seen,  nor 
Avere  any  of  the  latter  perceived  in  the  stools  after  treatment  Avith  ethereal  extract  of 

male  fern.  Some  tapeAvorms,  hoAA’ever,  Avere  undoubtedly  expelled,  since  the  eggs 

AA’ere  no  longer  to  be  found  in  the  feces.  The  patient  imi)roved,  and  left  the  hospital 
the  latter  part  of  December. 

Amelioration  lasted  only  a   feAv  months;  the  convulsions  came  on  again,  and  the 

patient  returned  to  the  hospital  in  April,  1888.  As  before,  she  suffered  Avith  epilepti- 

i 
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form  convulsions  almost  every  night,  more  rarely  by  day,  often  accompanied  by 
involuntary  micturition;  there  were  occasional  manifestations  of  somnambulism. 

She  was  more  taciturn  than  before,  and  somewhat  stupid.  Eggs  of  Ascaris  and 

Hymenolepis  were  again  found  in  the  feces.  INIale  fern  was  administered,  but  no 

worms  were  obtained.  The  patient,  after  a   month,  left  the  hospital. 

She  returned  a   third  time  in  the  middle  of  April,  1889.  For  some  time  after  leaving 

the  hospital  she  had  been  fairly  well,  but  more  recently  the  convulsions  had  reap- 

peared, and  occurred  almost  every  night.  She  had  menstruated  for  the  first  time  in 

August,  1888;  afterwards  only  in  October,  and  again  in  February.  The  girl  is  still 

more  melancholy  and  self-centered  than  before,  does  not  wish  to  associate  with  any 
one,  is  restless,  inclined  to  lament  over  everything,  and  is  very  slow  and  unwilling 

in  answering  questions.  Physically  she  is  fairly  well  developed,  but  is  somewhat 

pale  and  languid.  There  are  evident  scrofulous  signs — a   peculiar  softness  of  the 
skin,  tumid  lips,  scar  on  the  right  eyeball  from  keratitis,  sinistral  cervical  adenitis. 

The  head  is  of  normal  size  and  shape,  intelligence  good,  no  defects  in  the  special 

senses,  appetite  and  thirst  moderate,  tongue  coated,  breath  fetid,  digestion  difficult, 

defecation  and  uropoietic  functions  more  or  less  regular,  a   rough  diffuse  vesicular 

murmur  in  the  chest,  no  cough  nor  dyspnea.  Patient  complains  of  a   troublesome 

abdominal  paresthesia,  a   sensation  as  of  a   snake  crawling  through  the  abdomen  and  up 

to  the  fauces,  with  a   sense  of  heat  in  the  epigastrium,  and  strangulation  at  the  throat. 

This  sensation  is  often  more  intense  before  the  daily  convulsive  attack.  The  pulse  ̂  

is  regular,  urine  normal,  and  there  is  no  fever.  In  the  feces  are  eggs  of  Ascaris, 

Trichur is,  .and  a   few  of  Hymenolepis  nana  (1  to  2   per  slide). 

After  entering  the  hospital  the  patient  had  one  convulsive  attack  during  the  day- 
time. She  fell  suddenly,  Avith  diffuse  clonic  spasms,  foamed  at  the  mouth,  and  Avas 

entirely  unconscious.  When  seen  by  Senna  she  Avas  in  a   comatose  condition,  not 

responsive  to  command  nor  reacting  to  cutaneous  stimuli;  the  pupil  Avas  not  abnor- 

mally dilated  and  reacted  a   little  to  light.  Another  day  she  Avas  obserA’ed  during  an 

attack  of  diffuse  tremor,  AA'hich  she  said  Avas  of  frequent  occurrence.  Almost  every 
night  she  Avas  taken  Avith  fleeting  convulsive  attacks,  moved  arms  and  head,  foamed 

at  the  mouth,  and  uttered  a   groan  or  a   Avhistling  sound.  In  the  morning  she  had  no 
recollection  of  the  occurrence. 

FiA^e  grams  ethereal  extract  of  male  fern,  folloAved  by  a   purgatiA'e,  Avere  adminis- 
tered. In  the  copious  Avatery  stools  no  tapeAvorms  could  be  found,  but  for  several 

days  folloAving  the  patient  Avas  much  improved,  no  longer  felt  the  peculiar  sensations 
in  the  epigastrium  and  throat,  and  Avas  not  troubled  Avith  the  muscular  spasms.  The 

eggs  of  the  tapeAvorm  Avere  absent  from  the  feces.  After  a   short  time  light  convul- 
sive attacks  during  the  night  again  appeared,  but  the  patient  felt  so  much  improved 

that  she  left  the  hospital  toward  the  end  of  the  month. 
It  is  evidently  not  possible  in  this  case  to  establish  an  absolute  connection  betAveen 

the  epileptic  attacks  and  the  presence  of  Hymenolepis  nana,  since  a   complete  and  last- 
ing cure  Avas  not  attained,  and  since  the  patient  Avas  scrofulous,  debilitated,  and  the 

child  of  an  alcoholic  father.  It  is  certain,  hoAvever,  that  she  improved  after  each 

treatment,  and  it  is  justifiable  to  consider.  Senna  thinks,  that  the  presence  of  Hymen- 
olepis nana,  and  perhaps  also  of  the  other  intestinal  Avorms,  if  not  the  sole  cause,  at 

least  had  great  influence  upon  the  epileptiform  manifestations,  since  they  reappeared 
or  became  less  frequent  in  correspondence  Avith  the  presence  or  absence  of  eggs  in 
the  feces. 

Case  Xo.  39  (Senna’s  Case  II). — Epileptiform  convulsions,  Avith  intestinal  helmin- 
thiasis {Hymenolepis  nana). 

School  girl,  16  years  old,  natiA^e  of  Stradella,  Lombardy.  Mother  died  in  child- 
birth; three  brothers  and  one  sister  dead;  causes  not  knoAA.n.  One  brother  liAung; 

healthy.  Father  living;  inebriate. 

The  patient  had  ahvays  been  in  the  best  of  health  until  the  year  before,  Avhen  she 
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had  an  attack  of  typhoid  fever.  She  menstruated  for  the  first  time  in  December, 

1887,  and  since  then  only  in  the  middle  of  March.  Had  worked  for  four  years  at 

Milan  as  a   weaver;  came  to  Pavia  in  October,  1887,  to  live  with  her  grandmother 

and  attend  school.  Two  months  before  entering  the  hospital  she  began  to  suffer 

with  severe  headaches,  especially  while  working,  and  after  eating;  she  also  noted  an 

increase  of  appetite,  and  a   slight  cardiac  palpitation  on  muscular  effort.  Digestion 

and  bowels  remained  regular.  About  a   month  after  the  beginning  of  these  symp- 

toms, the  patient  was  rudely  accosted  by  some  soldiers.  She  was  not  much  frightened 

at  the  time,  but  on  reaching  home  she  was  taken  with  a   convulsive  attack.  From 

this  time  similar  attacks  were  experienced  nearly  every  day,  frequently  two  or  three 

times.  She  would  be  found  on  the  ground,  unconscious,  with  a   bloody  froth  at  the 

mouth,  and  biting  her  tongue.  Together  with  these  symptoms  there  was  an  acute 

pain  in  the  epigastrium,  a   sense  of  constriction  in  the  fauces,  and  frequently  after 

the  attacks,  diplopia. 

The  patient  came  to  the  hospital  the  middle  of  March,  1888.  She  was  physically 

well  developed,  somewhat  pale,  the  gait  was  normal,  decubitus  indifferent,  intelli- 

gence good,  character  mild  and  tranquil,  no  alteration  in  the  special  sehses,  nor  in 

the  sensibility  and  mobility  of  the  face  and  cervical  muscles.  The  eyes  appear  some- 

what salient,  react  regularly  to  light,  movements  of  the  bulb  intact,  except  occasional 

diplopia  from  insufficiency  of  the  right  rectus  internus.  Tongue  normal  in  size, 

form,  and  direction,  with  a   number  of  shallow  furrows  in  the  mucosa  of  the  anterior 

two-thirds,  irregularly  disposed  and  filled  with  a   whitish  scum.  There  is  increased 

appetite  without  malacia  or  pica,  thirst  moderate,  speech  and  deglutition  normal. 

There  are  no  abnormalities  of  neck  or  chest.  The  form  and  volume  of  the  abdo- 

men; gastric,  intestinal,  uropoietic  and  menstrual  functions;  pulse,  urine;  the 

motility,  sensibility,  and  reflexes  of  the  extremities  are  all  normal.  Complete 

apyrexia.  The  feces  contain  eggs  of  Ascaris,  Trichuris,  very  few  of  Agchylostoma 

duodenale,  and  a   great  many  of  Hi/menolepis  nana,  7   to  8   or  more  in  every  prepara- 
tion. Besides  the  severe  headache,  the  patient  complains  of  a   painful  sensation  of 

strangling,  which  is  almost  continuous,  often  more  intense  just  before  the  onset  of  a 

convulsive  attack,  and  of  a   persistent  pain  in  the  epigastrium,  exacerbating  on  palpa- 
tion. The  last  sensation  is  often  that  of  a   severe  gnawing. 

At  the  beginning  of  her  stay  at  the  hospital  she  had  a   convulsion  nearly  every 

day,  and  sometimes  two  or  three.  The  onset  of  the  attack  is  usually  sudden,  some- 

times preceded  by  an  intense  pharyngeal  spasm.  During  severe  attacks  conscious- 
ness is  entirely  lost.  The  patient  falls  with  a   groan,  the  face  is  pale  with  an 

astonished  expression,  eyes  fixed  and  expressionless,  with  a   slight  mydriasis.  The 

superior  extremities,  especially  the  right,  are  shaken  with  coarse,  irregular,  clonic 

movements,  the  trunk  is  bent  to  one  side,  frequently  the  left,  and  the  lower  extrem- 

ities exhibit  diffuse  clonic  spasms  with  vibrations  finer  and  more  rapid  than  those  of 

the  upper. 

The  pupils  are  not  affected  by  light;  there  are  no  losses  of  urine  or  feces;  some- 
times there  is  a   slight  foaming  at  the  mouth.  After  a   few  seconds  the  patient  gives 

signs  of  regaining  consciousness,  but  for  some  minutes  the  face  retains  its  look  of 

astonishment  and  the  eyes  their  expressionless  stare.  After  the  convulsive  attack 

she  complains  for  several  hours  of  headache  and  remains  somewhat  depressed;  does 

not  recall  having  had  the  attack. 

After  treatment  no  worms  were  found  in  the  feces,  but  the  eggs  were  afterwards 

absent.  The  abdominal  pains  and  the  pharyngeal  spasm  disappeared  and  the  epilep- 
tiform attacks  were  much  diminished  in  frequency.  Eggs  having  again  been  found 

in  the  feces,  treatment  was  repeated,  and  the  attacks  ceased  entirely  for  fifteen  days. 

At  the  end  of  this  time  they  returned,  but  much  less  intense  than  at  first,  and  the 

girl  left  the  hospital,  uncured,  in  June,  1888. 

More  recently  Senna  saw  the  patient,  who  told  him  that  she  suffered  from  the  con- 



48 

vulsions  for  four  montlis  after  leaving  tlie  hospital,  hut  they  then  disappeared  and 

had  not  since  returned.  She  felt  entirely  well  and  appeared  happy  and  in  the  hest 
of  health. 

<'ase  f\h.  40  (Senna’s  Case  III). — Sinistral  heiniparesia  and  other  diffuse  nervous 

disturbances  (from  '//one /).  j 
School  girl,  11  years  old,  from  Sanazzaro.  Family  history  good.  According  to  \ 

her  mother,  child  was  always  bright,  vivacious,  and  of  a   sweet  and  affectionate  <li>- 

position. 

In  the  beginning  of  February,  1889,  it  was  noticed  that  the  girl,  when  standing  or 

walking,  swayed  upon  her  legs  as  if  to  fall.  AVhen  talking,  the  angle  of  her  mouth 

was  drawn  toward  the  right  side.  She  complained  of  slight  headaches,  and  occa-  ' 
sional  vertigo;  fell  to  the  ground  one  day  while  going  to  school.  The  appetite  and 

digestion  remained  good,  there  was  no  fever,  no  vomiting,  no  spasms  of  any  sort, 

and  the  child  continued  to  go  to  school  with  iio  appreciable  change  in  character  or 

intelligence.  Little  by  little  walking  became  more  difficult,  the  left  arm  and  leg 

became  weakened,  and  there  was  often  diplopia. 

The  patient  entered  the  hospital  the  18th  of  February,  1889.  She  is  well  de- 

veloped for  her  age;  of  healthy  color.  Gait  is  uncertain  and  vacillating,  and  left  leg 

drags.  The  eyes  are  fixed,  and  she  carries  the  head  inclined  toward  the  left  shoulder  i 

with  the  chin  turned  to  the  right.  Closing  the  eyes  has  no  effect  on  the  gait.  The 

decubitus  is  indifferent,  patient  is  calm,  and  the  sleep  traiKiuil.  Form  and  size  of 

head  is  normal.  There  is  considerable  deficiency  in  the  action  of  the  muscles  on 

the  left  side  of  the  head.  Special  senses  are  normal;  pupils  somewhat  dilated,  nor- 

mal in  reflexes  and  accommodation.  Moderate  degree  of  convergent  strabismus, 

the  movement  of  the  right  ’eye  outward  being  deficient;  occasionally  there  is  a 
slight  nystagmus;  the  patient  no  longer  c-omplains  of  diplopia.  Epiphora  of  the 
left  eye,  lachrymal  duct  open;  anesthesia  of  cornea  and  conjunctiva.  No  objective 

change  in  the  sensibility  of  the  face,  no  tender  spots.  Tongue  and  uvula  deviate  to 

the  right.  Appetite  is  good,  thirst  moderate.  Phonation,  mastication,  and  deglu- 

tition normal;  no  abnormal  sensation  at  the  throat,  no  i)ainful  spots  nor  spasms  in 

the  neck.  No  pains  nor  abnormal  sensations  in  chest  or  abdomen;  digestion  and 

other  functions  regular.  Examination  of  the  S[)inal  column  negative;  attitude  of  , 

extremities  normal;  no  change  in  sensation,  no  muscular  spasms.  Weakness  of  the  ; 

extremities  of  the  left  side.  Painful  sensation  of  tingling  and  formication  on  the  left  1 

side  of  the  body  (excepting  the  face).  Electro-mu.scular  contractility  same  on  both  | 

sides;  the  cutaneous  and  tendinous  reflexes  are  regular,  with  the  left  patellar  reflex  a 

little  more  conspicuous  than  the  right.  Urine  and  pulse  are  normal.  No  fever. 

Eggs  of  Jlyrnenolepis  mwo  ju’esent  in  the  feces  to  the  number  of  5   or  more  in  every 
preparation.  After  the  administration  of  3   grams  of  ethereal  extract  of  male  fern  an  1 

extraordinary  number  of  the  ta{>eworms  were  passed.  ‘   i 
In  diagnosing  this  case  Orsi  excluded  cerebral  tumor  on  account  of  the  rather  rapid 

rise  of  the  morbose  phenomena,  unaccompanied  with  much  pain,  partial  or  general  | 

spasms,  or  vomiting.  Tubercular  meningitis  was  excluded  l)y  the  lack  of  tuber- 

cular or  scrofulous  antecedents,  and  the  absence  of  febrile  symptoms  and  of  abdomi-  j 
nal  or  thoracic  tuberculosis.  The  symptoms  were  similar  to  those  of  a   cerebral 

hemorrhage  with  multiple  foci,  but  the  age  of  the  patient  rendered  this  diagnosis 

very  doubtful.  Senna  remarks  uimn  the  possibility  of  a   reflex  paralysis  from  irrita-  ' 
tion  caused  by  the  parasite. 

After  the  elimination  of  the  worms  the  ])atient  became  no  V)etter,  although  lier 

feees  no  longer  contained  eggs.  She  left  the  hospital  the  8th  of  March,  continued  i" 
to  grow  worse,  without  the  reappearance  of  eggs  in  the  feces,  and  returned  again  to 

the  hospital  in  the  early  part  of  April.  She  was  still  intelligent,  but  appeared  to  be 

dazed  and  could  speak  only  with  great  difficulty.  The  sinistral  heiniparesia  was  - 
more  marked,  and  the  rigid  leg  had  become  weakened.  The  other  symptoms  were  | 
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as  before.  Male  fern  was  administered  without  results.  The  patient  died  a   few 

weeks  later,  in  the  early  part  of  June,  1889,  after  suffering  for  three  or  four  days  with 

a   violent  headache,  especially  on  the  right  side,  and  a   high  fever.  No  autopsy  was 
made. 

Case  X(K  41  (Senna’s  Case  IV). — Complete  paralysis  of  the  right  external  ocnlo- 
1   motor,  and  corresponding  facial  paresis,  with  Hymenolepis  nana. 

Female,  7   years  old,  daughter  of  a   fruit  vendor,  from  Borgorato  Mormorolo  (Vog- 

'   hera).  Family  history  good;  no  preceding  illness  of  any  importance.  In  September, 

1888,  the  patient  began  to  show  a   weakness  in  the  extremities  of  the  right  side;  gait 

:   became  irregular;  the  mouth  Avas  drawn  to  the  left;  Avhen  she  held  anything  in  her 

!   hands  clonic  convulsions  of  the  right  arm  were  often  observed.  Toward  the  middle 
of  February,  1889,  diplopia  and  convergent  strabismus,  affecting  the  right  eye, 

appeared.  Shortly  after  this  she  began  to  have  slight  headaches  at  intervals;  her 

intelligence  remained  good  but  speech  became  difficult.  An  anthelmintic  Avas  admin- 

istered; the  general  state  of  her  health  was  improved,  but  the  strabismus  persisted. 

The  loatient  on  examination  appeared  Avell  developed,  and  of  healthy  color.  She 

walked  very  Avell,  but  exhibited  a   little  uncertainty  in  rapid  movements,  and  held  the 

head  slightly  inclined  toAvard  the  right  shoulder.  She  no  longer  complained  of  Aveak- 

;   ness  of  the  right  arm  and  leg,  nor  of  headache.  She  Avas  quite  intelligent,  the  size 

;   an«I  form  of  the  head  Avere  normal,  there  Avas  no  objectiA^e  change  in  the  sensibility 

j   of  the  face,  senses  normal,  no  tender  spots  nor  spasms.  There  Avas  apparently  com- 

I   plete  paralysis  of  tlie  right  rectus  externus,  the  eye  could  be  moved  upAvard  or  doAvn- 
Avard,  but  lateral  movement  Avas  impossible.  Diplopia  Avas  present.  The  pupils 

i   Avere  regular  and  reacted  Avell  to  light.  The  left  angle  of  the  mouth  Avas  draAvn 

upAvard  and  outAvard.  The  appetite  Avas  good;  thirst  moderate;  the  tongue  nor- 

mal, deglutition  good;  speech  difficult,  but  according  to  the  patient,  improA^ed  some- 
Avhat  compared  Avith  its  former  condition.  There  Avas  an  occasional  dry  cough, 

someAvhat  spasmodic;  uoav  and  then  a   deep  sigh.  Neck,  chest,  and  abdomen  nor- 
mal. No  pains  nor  paresthesia  in  abdomen. 

The  gastro-intestinal  and  uropoietic  functions  AA'ere  regular.  There  Avere  no  objec- 
tive evidences  of  diminished  poAver  of  the  limbs,  and  hyperkinetic  manifestations 

and  alterations  of  sensibility  Avere  absent;  reflexes  persistent.  Urine  and  pulse  regu- 

lar. No  fever.  The  feces  contained  the  eggs  of  Hiimenolepis  nana  and  Ascaris  liim- 

f/ricoide.^  in  moderate  numV)ers.  Three  grams  of  ethereal  extract  of  male  fern  folloAA'ed 

by  a   purgative  AA’ere  administered  and  a   large  number  of  IT.  nana  Avere  expelled. 
The  sj>eech  and  gait  Avere  inuch  improved  in  a   feAV  days,  although  the  strabismus 

and  deviation  of  the  mouth  continued.  The  strabismus  finally  shoAved  signs  of 

ameliorafion,  and  the  right  eye  could  be  moved  outAvard  to  a   barely  perceptible 

degree.  The  eggs  Avere  no  longer  present  in  the  feces. 

(   'axe  No.  4~  (Senna’s  Case  V   ). — Chronic  chorea  minor  caused  by  Hymenolepis  nana. 
Boy,  11  years  old,  peasant,  from  Cervesina.  Family  history  good.  Operated  upon 

Avhen  a   baby  for  vesicular  calculus;  has  had  malaria;  and  several  times  intestinal 

helminthiasis,  Avith  violent  colic,  Avithout  re*flex  nervous  phenomena;  cured  after  the 
expulsion  of  ascarids  Avith  santonin. 

In  January,  1889,  the  patient  began  to  experience  a   difficulty  in  talking  and  in 

moving  his  tongue.  Some  days  later  he  Avas  affected  Avith  coiiAUilsive  moA’ements  of 
the  head  and  face,  then  of  the  arms.  AfterAvards  the  trunk  and  loAver  extremities 

became  similarly  affected.  His  condition  continued  to  groAv  Avorse,  and  he  entered 

the  hospital  in  the  latter  paid  of  April. 

The  patient  is  tolerably  Avell  developed,  Avith  fine  skin  and  rather  }>allid  mucous 

membranes.  Irregular,  clonic,  iiiA’oluntarA^  muscular  contractions  occur  continually, 
sometimes  involving  the  entire  body,  Avhich  render  the  erect  jiosture  and  the  gait 

uncertain  and  vacillating.  In  brief,  the  symptoms  are  those  common  to  chorea 

minor.  EA^erything  that  excites  or  stimulates  the  patient  aggraA’ates  the  muscular 
19203— No.  18—04   4 
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agitation,  which  can  not  be  controlled  in  the  least  by  the  will.  The  sleep  is  tranquil, 

and  nocturnal  muscular  spasms  are  absent.  He  is  intelligent;  the  speech,  however,  is 

incoherent,  monosyllabic,  and  at  times  almost  incomprehensible.  The  pupils  are 

unequal,  sometimes  one,  sometimes  the  other  being  the  larger,  but  they  react  well 

to  light.  Vision  is  diminished  in  the  left  eye,  there  is  diplopia,  and  unilateral  con- 

vergent strabismus,  due  to  insufficiency  of  the  left  rectus  externus.  Special  senses 

and  sensibility  of  the  face  are  normal.  Appetite  and  digestion  are  good.  Apex 

beat  of  heart  in  fourth  intercostal  space  in  the  nipple  line,  and  heart  of  normal  size. 

The  systole  is  accompanied  by  a   slight  blowing  murmur  at  base  and  apex.  Size  of 

liver  noiTual.  Spleen  very  shghtly  enlarged.  There  is  pain  and  a   sense  of  pressure 

in  the  epigastric  and  umbilical  regions.  The  abdomen  is  regular  in  form  and  volume. 

The  ga.stro-intestinal  and  uropoietic  functions  are  normal.  Examination  of  the 
spinal  column  resulted  negatively.  Excepting  the  choreic  movements,  the  nervous 

system  showed  no  abnormalities  in  the  trunk  and  extremities.  The  pulse  and  urine 

are  normal  and  there  is  no  fever.  In  the  feces  are  eggs  of  Trichuris,  Ascari.?,  and 

H.  nana  (2  to  4   per  slide) . 

The  administration  of  4   grams  of  extract  of  male  fern  was  followed  by  the  evacua- 

tion of  about  50  tapeworms.  The  next  day  the  patient  was  in  a   state  of  prostration, 

with  severe  pains  in  the  abdomen.  The  following  day  he  was  resting  much  easier; 

after  that  improved  rapidly  and  was  soon  entirely  well.  Eggs  of  Hymenolepis  nana 

were  no  longer  to  be  found  in  the  feces. 

Case  Xo.  4S  (Senna’s  Case  VI). — School  girl,  11  years  old,  from  Sommo.  Family 
history  good,  and  patient  had  always  been  in  good  health. 

In  January,  1888,  the  patient  became  taciturn  and  seemed  stupid;  weakness  and 

irregular  clonic  spasms  appeared  in  the  extremities  of  the  right  side,  and  after  a 

short  time  the  speech  was  affected  and  became  difficult.  There  was  diplopia;  the 

mouth  was  drawn  upward  on  the  right  side;  there  were  also  headache,  pharyngeal 

spasms,  paresthesia  and  pains  in  the  abdomen,  but  functional  troubles  were  absent. 

The  symptoms  became  worse,  and  by  Fall  the  spasms  had  begim  to  affect  the  left  side, 

but  with  less  intensity.  Anthelmintic  powders  containing  santonin  were  adminis- 

tered repeatedly  without  result.  In  December  a   teniafuge  of  unknown  composition 

was  given,  and  the  patient  became  much  better,  so  that  by  the  end  of  a   month  she 

was  entirely  well.  After  three  months,  however — in  March,  1889 — the  symptoms  sud- 
denlv  reappeared,  but  less  intense  and  more  intermittent.  The  child  was  brought  to 

the  hospital  in  May. 

The  patient  is  rather  slender,  with  fine  pale  skin.  She  is  reserved  and  taciturn, 

has  some  difficulty  in  moving  the  extremities  of  the  left  side,  has  headache,  and 

paresthesia  and  pain  in  the  abdomen,  with  crawling  and  gnawing  sensations.  She 

also  experiences  a   feeling  of  constriction  at  the  throat,  and  sometimes  diplopia.- 

Objective  examination  reveals  nothing  noteworthy  except  a   slight  diminution  in  the 

muscular  strength  of  the  left  arm,  possibly  also  of  the  leg.  Clonic  muscular  move- 

ments, limited  to  the  left  hand  and  forearm,  appear  at  long  intervals.  The  eggs  of  the 

H.  nana  are  present  in  the  feces.  Extract  of  male  fern  was  administered,  and, 

although  no  worms  were  seen  in  the  stools,  all  the  symptoms  disappeared  very 

shortly. 

Piedmont,  Italy,  1886-1SS7   1   case. 

Case  Xo.  44. — At  a   meeting  of  the  Academy  of  Medicine  of  Turiji,  Perroxcito 

(1887)  reported  the  first  occurrence  of  a   case  of  Hymenolepis  nana  in  Piedmont,  com- 
municated by  Doctor  Airoldi,  and  later  (1891)  gave  a   fuller  account. 

The  patient  was  a   male,  19  years  old,  peasant,  of  robust  constitution,  and  up  to 

the-  age  of  14  or  15  had  not  been  ill,  with  the  exception  of  an  occasional  abdominal 

pain  during  childhood.  He  had  a   doubtful  case  of  typhoid  fever,  lasting  a   week,  in 
the  Fall  of  1885. 



51 

At  tlie  time  of  examination,  January,  1887,  the  patient  complained  of  headache, 

sense  of  fatigue  in  the  lower  limbs,  numbness  in  the  lumbar  region,  and  malaise, 

more  pronounced  after  the  least  exertion.  Slight  pains  in  the  joints  were  attributed 

to  the  irregular  life  which  the  boy  had  led  l)etween  the  age  of  13  and  15,  when  he 

wandered  about  in  the  fields  in  all  sorts  of  weather,  hunting  for  birds.  For  two  years 

he  had  experienced  frequent  attacks  of  vertigo,  and  losses  of  consciousness  lasting 

about  a   minute.  The  physical  examination  showed  no  abnormalities.  The  feces 

contained  numerous  eggs  of  Hiimenolepis  nana. 

After  treatment  the  patient  passed  a   large  number  of  worms,  and  the  symptoms 

rapidly  subsi<led.  In  December,  1888,  he  was  in  perfect  health,  and  more  recently, 

according  to  his  father,  was  still  entirely  well,  with  no  return  of  his  former  trouble. 

Sommariva  del  Bosco,  near  Turin,  Italy,  1887-1888    1   case. 

Case  Xo.  4o. — Perroxcito  &   Airoldi  (1888  a,  b,  c)  report  the  case  of  a   boy  of  6 
years.  Two  years  before  he  came  under  observation  he  had  suffered  from  an  attack  of 

typhoid  fever  at  Turin,  and  during  convalescence  was  sent  to  the  country  and  placed 

on  a   raw-meat  diet.  Soon  afterwards  he  began  to  pass  segments  of  Tsenia  saginata. 
He  also  suffered  from  headache,  abdominal  pain,  lack  of  appetite,  and  frequent 

vomiting,  the  symptoms  altogether  indicative  of  gastro-enteric  and  nervous  disturb- 
ances due  to  helminthiasis.  The  case  was  seen  for  the  first  time  in  Xovember,  1887, 

when  the  feces  were  found  to  contain  eggs  of  Tsenia  saginata  and  large  numbers  of 

the  eggs  of  Hymenolepis  nana.  A   dose  of  4   grams  of  ethereal  extract  of  male  fern  was 

administered,  most  of  which  was  vomited;  a   number  of  pieces,  however,  of  Tsenia 

saginata  and  about  1,000  Hymenolepis  nana  were  passed. 

On  May  24,  1888,  the  case  was  again  examined.  According  to  his  parents  the  boy 

was  often  ill,  with  frequent  pains  in  head  and  abdomen,  lacked  appetite,  and  vomited 

frequently.  The  patient  appeared  rather  more  pale  than  at  the  former  examination. 

The  stools,  as  before,  contained  eggs  of  Hymenolepis  nana  and  of  Tsenia  saginata.  A 

purge  was  given  the  24th,  and  several  pieces  of  T.  saginata  were  passed.  The  next 

day  the  boy  was  placed  on  special  diet,  and  another  purgative  administered  that 

evening.  On  the  morning  of  the  26th  he  was  given  6   grams  of  ethereal  extract  of  male 

fern,  and  in  an  hour  and  a   quarter  afterwards  15  grams  of  castor  oil.  (Some  of  the 

male  fern  was  vomited  three-quarters  of  an  hour  after  administration).  At  about 

noon  the  evacuations  began;  a   Tsenia  saginata  about  4.5  meters  long  and  more  than 

1,000  Hymenolepis  nana  were  passed. 

Tuscany,  Italy,  1889-1895    5   cases. 
SoNsiNO  (1889,  1891,  1895a)  has  reported  5   cases  of  Hymenolepis  nana  from  the 

neighborhood  of  Pisa. 

Case  Xo.  46. — In  October,  1889,  the  feces  of  a   9-year-old  girl  from  the  Comune  di 

Cascina,  who  had  been  suspected  of  uncinariasis,  were  sent  to  Sonsino  for  examina- 

tion. Eggs  of  Hyynenolepis,  but  none  of  Agchylostoma,  were  found.  The  girl  died 

shortly  afterwards  of  a   febrile  malady  (Sonsino,  1889,  1891). 

Ca.se  Xo.  47. — The  second  case  (Sonsino,  1889,  1891),  which  was  that  of  a   man 

from  Pisa,  likewise  suspected  of  uncinaria'sis,  was  seen  in  the  same  month. 
Ethereal  extract  of  male  fern  gave  no  apparent  results.  The  man  was  afterwards 

treated  with  thymol,  some  Agchylostoma  were  passed,  but  he  continued  to  suffer 

from  gastro-enteric  troubles.  As  late  as  April,  1890,  his  feces  still  contained 

eggs  of  Hymenolepis,  but  less  in  number  than  at  first.  This  patient  was  again  exam- 
ined five  years  later  (Sonsino,  1895),  and  eggs  of  Agchylostoma,  evidently  from  a   new 

infection,  were  found  in  large  numbers,  but  none  at  all  of  Hymenolepis  nana. 

Case  Xo.  48. — A   7-year-old  girl  from  a   family  of  brickmakers  of  the  same  locality 

as  that  of  the  first  case  (Comune  di  Cascina)  was  brought  in  April,  1891,  to  Sonsino 

(1891,  1895a),  to  be  treated  for  possible  uncinariasis.  The  parents  of  the  child  were 

strong  and  healthy;  during  the  first  two  years  of  her  life  the  child  herself  was  per- 
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fectly  well,  but  after  that  began  exhibiting  evidences  of  a   perverte<il  appetite,  and 

would  eat  mud.  plaster,  charcoal,  and  even  feces  of  animals.  Her  health  suffered 

and  she  grew  pale.  At  about  the  age  of  6,  consequent  upon  a   change  of  habitation 

to  a   spot  where  she  no  longer  had  so  many  opportunities  of  satisfying  her  depraveil 

appetite,  ami  where  she  could  be  watched  more  closely,  she  was  cure<l  of  the  habit. 

Her  physical  condition  did  not  improve,  however,  and  she  continued  to  be  subjeet 

to  fatigue,  cardiac  palpitations,  and  dyspnea.  Her  appetite  was.  if  anything,  greater 

than  normal,  and  she  suffered  from  frequent  indigestion. 

On  examination  the  patient  appeare<l  somewhat  cachectic,  due  rather  to  the  waxy 

appearance  of  the  skin  than  to  any  actual  emaciation.  The  lungs,  heart,  liver, 

spleen,  and  kidneys  were  normal:  the  abdomen  was  not  painful  on  palpation,  but 

digestion  was  difficult,  with  frequent  acid  eructations.  The  patient  often  complained 

of  transient  pains  in  the  b<xly  and  limbs.  The  cervic-al  glands  were  slightly  enlafge<l 
and  the  voice  was  rather  hoarse.  Fecal  examinations  showecl  neither  eggs  of  Affchy- 

lo.stoma  nor  of  Ojiyuris.  Occasional  eggs  of  Tnchurl<  and  some  of  Ascoris,  and  one  or 

two  per  slide  of  Hi/menolepis  nana  were  found.  Treatment  with  santonin  and  <.-astor 
oil  expelltMl  several  0:njurls.  The  next  morning  after  this  treatment  extract  of  male 
fern  and  calomel  were  administered.  In  the  first  three  of  the  five  stools  which 

followed  during  the  day.  Ocvuris  and  more  than  100  H.  n>ina  were  passe«l.  while  in 

the  last  two  only  Oiyuris  were  expelle<i. 

Notwithstanding  the  apparent  success  of  the  treatment  the  patient  Ixc-ame  no 
Ixtter.  Eggs  of  Hymenolepis  were  no  longer  present  in  the  feces,  but  Asorri^  and 

Trlcltnri^  eggs  were  still  to  be  found.  Treatment  was  again  instituted,  and  Oxytfri.^ 

and  Asraris  were  passed,  but  neither  Hymenolepis  nor  Trkhuris. 

Several  months  later,  in  November,  1891,  Soxsixo  1895a  )   again  examined  the 

feces  of  this  patient,  and  found  the  eggs  of  Hymenokpis  more  numerous  than  before. 

Electuaries  of  male  fern  and  calomel  were  administered  twi«.-e  and  vomitwl  each 

time.  The  second  time  some  of  the  dose  undoubteilly  took  effei-t.  as  about 

H.  niiioi  in  fragments  were  expelled.  A   third  dose  a   few  days  later  exjx*lleil  about 
15  H.  nano,  and  a   large  number  of  Oxyurk. 

In  January,  1894,  the  feces  were  free  iroxn  Hymenokpl-^  eggs,  but  containeil  those  of 

Asearh,  Trlclinrls,  and  Agchylostorna,  After  two  treatments  with  santonin  and  thymol 

a   couple  of  Agchylosioma  were  expelled. 

Finally,  in.  5Iay,  1895,  the  feces  were  free  from  eggs  of  parasites,  exeept  a   few  of 

Trlrhnrls.  and  the  patient  was  in  a   state  of  comparative  health,  considering  her 
scrofulous  constitution. 

Case  Xo.  — The  fourth  case  .Soxsixo,  1895a  ,   first  observed  inOctoljer.  1892,  was 

a   lx>y,  23  months  old,  from  a   family  of  brickmakers  of  the  same  locality  as  that  of 

the  first  and  third  ca.ses.  Seven  meml>ers  of  the  family  had  ha<l  uncinariasis.  The 

child’s  feces  contained  lai-ge  numljers  of  Hymenokpis  eggs,  but  none  of  any  other 
}>arasite.  Entil  the  age  of  8   months,  mother  s   milk  had  been  his  only  fool,  and  up 

to  that  time  he  remained  jxrfectly  well.  He  then  !_>egan  to  eat  other  fixKl  also,  and 

likewise  to  suffer  from  lientenc  diarrhea,  with  frecpient  vomiting  and  motor  disor- 
«lers.  such  as  shivering,  biting  the  lips,  gritting  the  teeth,  strabi.smus,  and  an  almost 

continuous  automatic  lateral  movement  of  the  head  of  the  nature  of  a   clonic  par- 

tial spasm  spa.smus  nutans),  referable  to  a   lesion  or  functional  disorder  of  the  spinal 

accessory  nerve.  The  boy  was  weaned  entirely  and  his  symptoms  gradually  l>ecame 

woi'se. 

When  seen  by  Sousino  the  patient  exhibited  the  motor  disorders  noted  alxjve. 

complaine<l  also  of  pains  in  the  abdomen  and  head;  his  nose  itched  very  often,  ami 

he  was  suffering  from  an  intense  intestinal  catarrh.  The  abiomen  was  fiatulent,  but 

not  sensitive  to  pressur^.  There  was  some  fever,  and  the  patient  was  inclined  to 

l)e  drowsy. 

On  October  27,  after  treatment  with  male  fern  susi)ende<i  in  mucilage,  and  cak>- 
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mel,  about  1,000  H.  nana  were  passed.  The  next  day  the  boy  had  improved,  the 

fever  had  subsided,  and  the  intestinal  and  motor  troubles  showed  signs  of  dimin- 
ishing. 

When  seen  on  December  11,  the  patient  had  gained  tiesh  and  color,  but  the  diar- 

rhea had  returned.  Hi/menolepis  egga  were  again  present  in  the  feces.  On  December 

10,  male  fern  was  administered  and  over  120  worms  were  passed. 

On  January  22,  1893,  eggs  were  again  found,  and  after  another  dose  of  male  fern, 

from  a   portion  of  the  evacuations  following  200  worms  were  collected. 

Three  months  latei-  the  boy  was  feeling  fairly  well.  He  had  no  diarrhea,  and 

slept  well,  but  there  was  still  some  lateral  movement  of  the  head.  Eggs  were  found 

in  the  feces  at  this  time,  but  no  repetition  of  the  treatment  was  attempted. 

In  June  of  the  next  year  the  patient  was  seen  again.  He  was  well  nourished, 

lively,  and  intelligent,  but,  although  in  good  condition,  was  not  entirely  cured  of  his 

former  trouble.  The  strabismus  was  still  present,  and  the  lateral  movement  of  the 

head  still  occurred,  but  only  at  intervals.  For  some  days  he  had  been  suffering 

again  from  diarrhea.  Two  months  before  also  he  had  had  an  attack  of  abdominal  i>ain 

with  fever,  which  lasted  two  days.  The  feces  contained  eggs  of  Hymenolepis  and 

Trichurii^.  After  treatment  with  male  fern  and  calomel,  about  100  ILfmenoIepis  were 

passed. 

At  an  examination  made  about  one  year  later,  the  feces  were  found  entirely  free 

from  Hymenolepis  eggs,  but  containing  an  abundance  of  Ascaris  eggs.  The  clonic 

spasms  of  the  neck  still  continued,  due  perhaps  to  the  reflex  irritation  from  the 
Ascaru. 

Case  Xo.  50. — Rossini,  of  Pisa,  treated  a   well-to-do  young  man,  20  years  old,  from 
Pescia,  near  Pisa,  for  Tiimia.  Besides  a   Tamia  saginata,  about  1,000  Hymenolepis  nana 

were  passed  as  a   result  of  the  treatment,  and  the  specimens  were  referred  by  Rossini 

to  Soxsixo  (1895a)  for  determination.  An  anamnesis  of  this  case  could  not  be 

procured. 

St.  Petersburg,  Russia,  1890       1   case. 

Case  Xo.  51. — In  1890  Professor  Afaxasyeff,  according  to  Guseff  (1892a,  1898a), 
found  a   case  of  Hymenolepis  nana  at  St.  Petersburg. 

Moscow,  Russia,  1892   I   case. 

Case  Xo.  52. — Guseff  (1892a,  1893a)  reports  a   case  of  Hymenolepis  nana  in  a   child 
11  years  old  at  IMoscow.  About  200  worms  were  passed  after  treatment.  This  case 

is  also  mentioned  by  Zograf  (1893). 

Cologne,  Germany,  1892   :   i   case. 

Case  Xo.  53. — The  first  case  of  infection  with  Hymenolepis  nana  in  Germany  was 

reported  from  the  Biirger-Hospital,  at  Cologne,  by  Leichtexsterx  (1892),  and  more 

at  length  by  Hertexs  (1892). 

A   boy  6   years  old  was  brought  to  the  hospital  in  IMarch,  1892,  to  be  treated  for 

Oxynris.  According  to  his  mother  he  picked  at  his  nose  a   great  deal,  had  never 

shown,  however,  any  symptoms  of  intestinal  disorder,  nor  had  he  ever  suffered 

from  any  nervous  affection.  Examination  showed  the  patient  healthy  in  every 

respect.  Feces  were  normal  in  color  and  consistency,  with  an  occasional  Oxyuei^, 

and  eggs  of  Hymenolepis  nana.  Santonin  was  administered  for  3   days  in  doses  of 

0.025  grams  daily.  Oxynris  were  passed,  but  no  tapeworms.  Five  grams  of  male 

fern  in  2   doses,  followed  by  salts,  were  then  tried,  and  300  to  350  Hymenolepis  were 

passed.  The  patient  experienced  no  bad  effects  from  the  treatment  and  left  the 

hospital  in  a   day  or  two.  Eggs  were  not  present  in  the  feces  until  after  a   lapse  of 

about  15  days,  when  they  reappeared.  In  May  the  boy  returned  to  the  hospital. 

A   number  of  enumerations  gave  a   result  of  6,400  eggs  to  1   cc.  of  feces.  Three  doses 

of  male  fern,  2.5  grams  each,  followed  by  salts,  were  administered,  and  305  worms 
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were  passed.  An  hour  or  two  after  the  last  dose  the  child  became  very  restless,  and 

cried  on  account  of  pain  in  the  abdomen.  The  abdomen  was  hard  and  tense,  but 

not  swollen;  the  legs  were  doubled  up.  Severe  and  repeated  vomiting  occurred. 
The  first  and  second  vomiti  had  the  characteristic  odor  of  male  fern.  The  abdominal 

pains  ceased  in  the  afternoon,  but  the  vomiting  continued  until  late  in  the  night. 

On  the  13th  day  eggs  again  appeared  in  the  feces.  On  the  20th  day  there  were 

1,500  eggs  in  1   cc.  of  feces.  In  June  thymol  was  tried,  but  no  worms  were  passed, 

and  the  eggs  continued  present  in  the  same  number.  Three  days  later  8   grams  of 

male  fern  in  3   doses,  which  were  well  borne,  were  administered,  and  70  worms  were 

passed.  On  the  14th  day  eggs  again  appeared. 

Numerous  Oxyuris  were  expelled  at  each  treatment.  Charcot-Eobin  crystals  were 

not  present  in  the  feces. 

Naples,  Italy,  1892-1896            _4  cases. 

Out  of  73  children,  aged  from  1   month  to  12  years,  examined  in  the  pediatric 

hospital  at  Naples,  Cima  (1893a,  1896a,  1896b)  reports  34  cases  of  helminthiasis,  4   of 

which  were  infections  with  Hymenolepis  nana. 

Case  Xo.  55  (Cima’s  Case  33). — Boy,  aged  8   years,  from  the  city,  showed  a   slight 

trace  of  rachitis.  Feces  contained  eggs  of  H.  nana.  During  a   single  day’s  stay  at 
the  hospital  he  gave  no  signs  of  disturbances  which  could  be  traced  to  the  action  of 

parasites. 

Case  Xo.  55  (Cima’s  Case  56). — Boy,  7   years,  from  the  city,  chronic  intestinal 
catarrh.  He  was  brought  to  the  hospital  on  two  occasions.  According  to  his  father, 

the  boy  had  suffered  for  two  years  with  a   bloody  diarrhea,  and  had  grown  thin  and 

pale.  “Feces  showed  elements  common  to  those  of  anemic  patients,”  and  eggs  of 
Hymenolepis  nana  were  observed  in  every  preparation.  Rectal  injections  of  boric 

and  tannic  acids  were  prescribed,  with  what  effect  is  not  known  as  the  patient  was 

not  seen  again. 

Case  Xo.  57  (Cima’s  Case  65). — Girl,  10  years,  from  the  city,  with  nervous  disturb- 
ances. Fifteen  days  before  entering  the  hospital  the  patient  began  to  experience 

difficulty  in  walking,  and  in  four  or  five  days  the  trouble  became  so  pronounced 

that  she  was  not  able  to  leave  her  bed;  at  night  she  complained  of  pains  in  the 

shoulders,  loins,  and  legs.  The  pains  diminished  after  a   few  days  but  an  uncertainty 

in  the  gait  remained,  together  with  a   sensation  of  formication  and  itching  of  the 

trunk,  especially  in  the  mammary  region.  No  disturbances  in  the  movements  of  the 

hands  or  arms  were  observed.  The  gait  resembled  that  of  ataxic  or  choreic  subjects. 

The  left  leg  dragged  a   little  also.  When  the  eyes  were  closed,  the  gait  became  more 

incoordinated,  she  often  tottered,  and  would  fall  if  not  supported.  There  were  no 

pains  in  the  spine  or  legs,  the  general  sensibility  and  special  senses  were  intact; 

patellar  reflexes  were  a   little  exaggerated;  electrical  tests  showed  nothing  abnormal. 

The  symptoms  could  not  be  assigned  to  any  known  clinical  type,  and  rest  and  a 

hygienic  diet  were  prescribed.  In  a   day  or  two  the  symptoms  ameliorated, 

the  left  leg  was  no  longer  dragged;  blindfolded,  she  still  walked  badly,  with  a 

tendency  to  turn  to  the  right.  On  the  fourth  day  she  was  able  to  walk  more  freely 

with  the  eyes  covered,  and  in  a   few  days  more  the  gait  became  entirely  normal.  ' 
During  her  stay  at  the  hospital  the  girl  passed  about  75  grams  of  feces,  3   to  4   times  i 

per  day.  Since  every  microscopic  preparation  of  less  than  1   mg.  of  feces  contained 

2   or  3   eggs  of  Hymenolepis  nana,  an  enormous  number  of  parasites  must  necessarily 

have  been  present.  Some  T/Jc/turfcS  eggs  were  also  present.  No  special  anthelmintic  j 

treatment  was  attempted.  Cima  thought  it  very  likely  that  the  nervous  disturb-  j 
ances  were  to  be  attributed  to  the  excitation  of  the  intestinal  sympathetic  plexus 

from  the  irritation  set  up  by  the  heads  of  the  parasites  embedded  in  the  mucosa.  ' 

Case  Xo.  57  (Cima’s  Case  67). — Boy,  3   years,  from  the  city,  abdominal  tubercu-  | 
losis.  This  case  was  a   typical  one  of  -abdominal  tuberculosis,  from  which  death  | 
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finally  occurred.  Eggs  of  ̂ d.scarf.s-,  TrichurU,  and  Hymenolepis  nana  were  present  in 
the  feces. 

In  none  of  the  above  four  cases  were  Charcot-Robin  crystals  found  in  the  feces. 

Catania,  Sicily,  1895            __23  cases. 

Cases  Xos.  58  to  80. — Venuti  (1895)  (referred  toby  Massari,  1898,  p.  213)  observed 
in  the  Reale  Ospizio  di  beneficenza  di  Catania,  23  cases  of  Hymenolepis  nana  in  214 

boys  examined.  Most  of  these  cases  harbored  a   considerable  number  of  worms, 

while  in  100  boys  of  the  general  population  belonging  to  diverse  classes  and  in  widely 

•differing  conditions  of  life  he  could  not  find  a   single  case.  The  lack  of  cleanliness 

among  the  inmates,  the  intimate  association  of  some  of  those  affected  with  worms, 

the  appearance  of  subjective  disturbances  in  others  after  they  had  been  in  the 

institution  a   certain  length  of  time,  ceasing  rapidly  after  the  expulsion  of  the  para- 
sites, were  circumstances  which  Venuti  considered  indicative  of  the  occurrence  of  a 

direct  contagion  of  endemic  character. 

Cologne  ?,  Germany,  between  1892  and  1896     1   case. 

Case  Xo.  81. — Huber  (1896a,  p.  573) ,   upon  the  basis  of  a   personal  letter  from  Leich- 

tenstern,  records  a   case  of  Hymenolepis  nana  in  Germany.  A   boy  7   years  old,  suf- 
fered Ij  years  from  nocturnal  enuresis,  which  disappeared  after  the  evacuation  of 

the  parasites. 

Cologne,  Germany,  1891   1   case. 

Case  Xo.  82. — In  a   table  of  cases  of  helminthiasis.  Bucklers  (1894a)  records  the  case 
of  a   girl,  7   years  old,  in  whose  feces  a   few  eggs  of  Hymenolepis  nana  were  present. 

Charcot-Robin  crystals  were  absent.  Blood  examinations  showed  eosinophile  cells, 

7   per  cent;  polynuclear,  42  per  cent;  mononuclear,  42  per  cent;  transition  forms,  9 

per  cent. 

Rome,  Italy,  1896    1   case. 

Case  Xo.  83. — Massari  (1896,  1898,  p.  212)  in  1896  determined  the  presence  of 
Hymenolepis  nana  in  Rome  by  finding  the  eggs  in  the  feces  of  a   little  girl  7   years  of 

age. 

[?  Catania,  Sicily],  Italy   2   cases. 

Case  Xo.  84. — Galvagxo  (?  date)  found  numerous  Hymenolepis  nana  in  one  of  his 
little  girls  (referred  to  by  Massari,  1898,  p.  213). 

Case  Xo.  85. — Feletti  (Massari,  1898,  p.  213)  found  one  of  his  little  girls  infected 
with  Hymenolepis  nana. 

Cologne  and  Bonn,  Germany,  1897-98    1   case. 

Case  Xo.  86. — The  case  of  a   little  girl  21  years  old  is  reported  by  Roder  (1899) 
from  the  medical  clinic  at  Bonn. 

The  child  is  well  nourished,  the  mucous  membranes  are  perhaps  somewhat  paler 

than  usual.  The  bowels  are  regular,  and  there  is  no  apparent  organic  trouble. 

Until  4   months  before,  she  had  lived  in  Cologne.  At  13  months  she  suffered  from 

intestinal  catarrh  and  cankered  mouth,  at  18  months  passed  an  Ascaris,  and  at  2 

years  had  measles.  After  this  she  became  pale,  her  appetite  diminished,  she  grew 

dull  and  drowsy,  blue  rings  appeared  under  the  eyes,  and  she  picked  at  the  nose. 

Anthelmintics  were  administered,  but  no  worms  were  seen. 

The  patient  was  brought  to  the  hospital  and  placed  under  anthelmintic  treatment, 

August  19,  1897.  Three  0.05  gram  doses  of  calomel  were  given  and  the  next  morn- 
ing, after  80  grams  of  milk,  2.5  grams  of  ethereal  extract  of  male  fern,  followed  by  a 

purge  of  castor  oil,  were  given.  In  the  stool  which  resulted,  numerous  eggs  of 

Ascaris  and  eggs  of  Hymenolepis  nana  (3  to  4   in  each  preparation),  but  no  worms 

were  found.  For  several  days  following,  eggs  of  Ascaris.^  but  none  of  Hymenolepis', 
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were  present  in  the  feces.  .On  Septeml^er  1,  Hymenolepk  eggs  were  again  numerous. 

The  next  «lay  three  0.05  gram  doses  of  santonin  were  given  an  hour  apart,  followed 

hy  castor  oil,  hut  neither  Hymeriolepis  nor  Ascaris  was  found  in  the  passages.  Hymeu- 

olepis  eggs  were  not  found  agam  up  to  the  time  the  child  was  removed  from  the  hos- 

pital on  the  9th  of  September.  In  December  an  examination  of  feces  from  the 

child  showed  numerous  J.^cari.s  eggs,  and  an  average  <   >f  one  Hymeuohpis  egg  in  each 

preparation. 

The  child  was  returne<l  to  the  hospital  March  15.  1S9S.  At  that  time  she  was  in 

|X>or  physical  conrlition.  She  was  suffering  from  eonjunctivitis.  scrofular  keratitis, 

rhinitis,  eczema  of  the  scalp,  with  glandular  swellings  in  the  neck,  axilla,  and  groin. 

Pulse  was  120.  The  feces  as  iDefore  contained  eggs  of  ̂ Iscnris  and  IIymenohpi.<. 

During  the  afternoon  of  the  ISth  two  teasp«x*nfuls  of  castor  oil  were  administere«l. 

wliich  had  no  effect.  The  next  morning  a   tapeworm  remedy  P>and\vurmtrit<  I 

Helfenberg  I,  in  a   dose  equivalent  to  5   grams  extract  of  male  fern,  was  given.  followe^I 

in  half  an  hour  by  two  teaspoonfuls  of  castor  <   >il.  Some  of  the  remedy  was  thrown 

up,  but  -1  grams  more  of  the  extract  in  the  same  preparation  ■   was  given  with  the 

oil.  Three-quarters  of  an  hour  later  an  enema  of  10  grams  of  glycerin  was  al.-^o  given. 

In  the  stools  which  followed  no  worms,  but  only  eggs  <:»f  and  Hymt’vohy>'i.<. 
were  to  be  found. 

Xine  months  later,  in  I>ecember.  the  stcnds  were  examine<l  an«l  fouml  entirely  free 

fi'i:)m  eggs. 
Bearing  in  mind  the  possibility  of  infection  from  infeste^l  rats  or  mice,  Rbder 

examined  two  of  the  houses  at  C'ologne  in  which  the  patient  ha<I  lived,  and  found 
them  free  from  rats.  Several  examples  of  mice  which  were  caught  there  containe-I 

no  worms.  The  new  abattoir  <;>f  Cologne  was  also  free  from  rats. 

Moscow,  Russia,  lOnO   1   ca.se, 

Ca-se  Xo.  S7'. — A   curious  case,  possibly  of  Hymertolepi-^  mino,  ha.<  l)een  reporte<l  by 
Predtetschexsky  :   1900)  from  the  propaedeutic  clinic  of  M«.>scow  Univei-sity. 

The  patient  was  a   female,  33  yeai*s  old.  wife  <>f  an  othcer,  and  had  never  been  in 
the  Tropics.  She  was  suffering  from  chyluria  of  some  10  years  standing.  In  one  c*f 

the  numerous  microscopic  preparations  which  were  ma<le  '»f  the  urine  sediment 

there  were  found  about  10  sj>ecimens  of  what  appeared  t<  >   lx?  cestode  eggs,  resem- 

blingin  size  and  structure  those  of  Hyrnenolep  'i.^  nami.  These  lx)dies  were  round  Avith 
a   laminated  capsule  and  Avere  so  transparent  that  the  six  hooks,  characteristic  "f 

restode  embryos,  Avere  clearly  distinguishable  under  an  immersion  lens.  In  size  the 

eggs  measured  20  to  25  y.  In  no  other  preparation  Avere  the  eggs  seen.  Accidental 

c<jntamination  seemed,  a   priori,  A'ery  evident.  an<l  since  the  vessel  in  which  the 
urine  had  been  collected  had  been  carefully  cleaned  with  boile<I  Avater,  suspicion 

Avas  directed  toward  the  feces  of  the  patient,  Avhich  Avere  examined  .-e\  eral  times,  but 

alAA  ays  Avithout  the  discovery  of  any  tapeworm  eggs.  The  riddle  therefore  remaint-d 

unsolved.  The  remarkable  coincidence  of  the  eggs  of  the  rare  parasite  Jl.^nano.  and 

the  rare  disease,  non-tropical  chyluria,  Avas  commented  uixaii  by  the  author.  He 
further  cites  the  instance  of  a   case  of  chyluria  in  ̂ Madagascar,  observed  by  Doctor 

Ollivier,  in  the  analysis  of  Avhich  51.  Bordier  is  said  to  haA-e  demonstrated  the  pres- 
ence of  Davainea  madaga.^cariensis  in  the  ki<lneys.  and  considers  it  possible  that 

Ilymenolepjis  nona  may  also  settle  in  the  urinary  organs  and  giA'e  rise  to  a   true 
chyluria. 

There  are  a   number  of  possibilities  in  conneetion  AA'ith  this  case:  Fii-st,  that  the 
eggs  were  passed  in  the  urine:  secoinl,  that  they  came  from  the  feces  of  the  patient: 

third,  that  they  were  from  the  feces  of  another  pei'son,  or  that  they  Avere  eggs  resem- 
bling the  eggs  of  Hymenolepis  nona  from  a   tapeworm  of  some  animal,  bird,  rat.,  etc., 

and  came  by  some  fortuitous  circumstance  into  the  preparation. 

There  are  two  objections  to  thefii’st  possibility,  namely,  the  unusual  <x-currence  of 
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cestode  eggs  in  the  urine,  and  the  fact  that  tliey  were  found  in  but  one  preparation, 

so  that  this  possibility  remains  very  improbable,  notwithstanding  the  attendant  ch}  - 

Inria.  The  second  possibility  is  quite  probable,  since  the  eggs  of  HymeiKjlepis  nana 

not  only  are  often  difficult  to  find,  but  frequently  disappear  spoutaneoush’  from  the  feces 
and  later  recur  again,  so  that  even  a   large  number  of  examinations  might  fail  to  dis- 

close the  presence  of  the  parasite.  Even  the  most  extreme  care  in  technique  is 

insufficient  to  entirely  exclude  the  last-named  possibility. 

The  authenticity  of  this  case*  is  therefore  extremely  doubtful. 

Siam,  1892        1   ca.se. 

Case  Xo.  .s’, s’. — In  September,  l.St)2,  Rascu  (1894)  was  consulted  by  a   native  girl,  7 
years  of  age.  The  patient  had  suffered  for  a   long  time  with  sleeplessness.  There  was 

no  organic  trouble.  She  was  constipated,  so  that  cathartics  were  frequently  neces- 

sary. Vomiting  was  of  common  occurrence,  especially  in  the  morning,  which  was 

not  due  to  overeating,  as  she  had  but  little  appetite.  The  stools  were  usually  mixed 

with  copious  quantities  of  mucus.  Temperature,  pulse,  heart,  lungs,  abdomen  were 

normal.  The  patient  appeared  somewhat  pale  and  anemic,  and  blue  rings  were 

often  present  under  the  eyes.  Her  general  physical  condition  was  fairly  good.  An 

examination  of  her  feces  showed  the  eggs  of  JTijmenolepis  nana,  larval  nematodes 

Sfrongyloides  stercomlis']  and  a   female  Oxyuris  verrmcidaris.  After  treatment  with 
male  fern,  50  to  80  specimens  of  ITymenoleph  nana  were  isolated  from  the  stool. 

Tokyo,  Japan,  1895     2   ca.se.s. 

Cases  Xos.  89  and  90. — Miura  &   Yamazaki  (1897)  report  two  cases  from  .Japan. 

The  first  case  was  that  of  a   l)oy  of  5   years,  who  had  been  received  in  1893  at  the 

poorhouse  with  his  mother.  In  June,  1895,  he  became  ill  of  a   fever,  with  enlarge- 
ment of  the  liver  and  spleen.  The  feces  contained  eggs  of  Oxyuris,  TnchuH.s,  and 

llymenolepis,  but  the  patient  showed  no  reflex  nervous  symptoms  which  might  be 

traced  to  helminthiasis.  When  the  fever  had  improved  somewhat  the  boy  Avas  dosed 

with  a   decoction  of  pomegranate,  followed  by  castor  oil.  Many  Oxyuris  were 

}>assed,  but  no  Hymenolepis.  Two  days  later,  besides  the  pomegranate  decoction 

and  oil,  male  fern  was  also  administered.  A   large  number  of  Hymenolepis  were 

passed,  of  which  over  150  were  isolated.  After  three  weeks  the  eggs  again  appeared 

in  the  feces,  and  15  more  tapeworms  Avere  passed  after  doses  of  male  fern  and  salts. 

Case  Xo.  90. — The  second  case,  also  obserA'ed  in  1895,  Avas  a   foundling,  girl, 

aged  5   years,  aa  Iio  had  entered  the  poorhouse  the  year  before.  After  a   AA’hile  she 
became  thin  and  anemic,  suffered  from  irregular  attacks  of  remittent  feA’er  and 
diarrhea.  Examination  of  the  thoracic  and  abdominal  organs  gave  mostly  negative 

results;  the  abdomen  ^vas  rather  sensitiA'e  to  x)ressure.  The  eggs  of  Trichuris, 
O.njuris,  Ascaris,  Agehylostoma,  and  Hymenolepis  Avere  found  in  the  feces.  Hookworm 

eggs  AA’ere  seen  only  after  60  preparations  Avere  examined,  and  those  of  Hymenolepis 
only  after  70  preparations.  After  treatment  Avith  pomegranate  and  male  fern,  tAvo 

specimens  of  Hymenolepis  nana  Avere  passed. 

AMEKICA.^ 

Philadelphia,  Pa.,  1872   1   case. 

Case  Xo.  91. — Spooner  (1873a,  b),  on  September  3, 1872,  presented  to  the  College 

of  Physicians  of  Philadelphia  some  specimens  ( f   Hymenolepis  nana  from  the  first 

case  obserA'ed  in  America.  They  were  pa.ssed  by  a   young  man  Avho  had  symptoms 
of  general  debility,  occasional  colicky  attacks,  diarrhea,  severe  frontal  headache, 

disturbance  of  Ausion,  with  slight  febrile  exacerbations,  occurring  at  irregular  inter- 

«See  also  footnote,  p.  7. 
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vals  during  the  two  weeks  preceding  the  above  date.  Up  to  the  time  of  the  report 
no  marked  emaciation  had  occurred;  the  appetite  was  less  fitful,  and  the  vision  more 

perfect,  but  the  pain  in  the  head  had  not  much  abated. 

Buenos  Ayres,  Argentina,  1886    ?   1   case. 

Case  Xo.  92. — According  to  0.  Werxicke  (1890,  p.  351),  Dr.  Eoberto  Wernicke,  in 
1886,  observed  in  the  feces  of  a   little  girl  cestode  eggs,  which  he  was  miable  to 

identify  as  belonging  to  any  species  known  to  him.  He  administered  a   vermifuge, 

but  did  not  succeed  in  finding  any  worms.  After  seeing  the  eggs  from  0.  Wernicke’s 
case  (1890),  Dr.  E.  Wernicke  exj^ressed  the  opinion  that  the  eggs  found  by  him  in 
1886  were  of  the  same  species. 

Buenos  Ayres,  Argentina,  1890   1   case. 

Case  Xo.  93. — Werxicke  (1890)  found  30  to  -^0  oi  Hymenolepis  nana  in 
the  intestine,  at  the  autopsy  of  an  Argentine  sailor,  aged  28  years,  who  had  died  of 

pulmonary  tuberculosis.  This  case  was  also- reported  and  the  specific  determination 
confirmed  by  Blaxchard  (1891a). 

Sao  Paulo,  Brazil,  1893-1891   2   cases. 

Lutz  (1894)  reports  two  cases  of  Ilymenolepis  nana,  also  a   case  of  Hymenolepis  dim- 

inuta.  (Seep.  98. ) 

Case  Xo.  94- — The  first  case  was  that  of  a   21-year-old  girl  who  had  shown  symptoms 
of  nervous  and  intestinal  troubles  for  about  a   year.  Several  times  she  suffered  from 

irregular  attacks  of  fever,  and  showed  other  symptoms  common  to  the  teething  period. 

Ascarids  were  j)assed  on  several  occasions.  During  one  of  the  attacks  of  fever  the 

feces  were  examined;  encysted  flagellates  and  eggs  of  Trichiiris  and  of  Hymenolepis 

nana  were  found.  After  the  fever  had  subsided,  a   treatment  with  ethereal  extract  of 

male  fern  resulted  negatively.  A   second  attempt  Avas  made  with  freshly  obtained 

extract  in  three  doses  of  0.3  gram  each  at  intervals  of  two  hours,  and  in  the  stool  after 

the  first  dose  5   strobilae,  Avithout  recognizable  heads,  Avere  obtained.  There  AA  as  a 

slight  improA^ement  for  a   Avhile,  but  the  former  symptoms  of  abdominal  pain,  diar- 
rhea, restless  sleep,  and  jiained  expression  of  countenance,  soon  returned.  Male 

fern  Avas  again  administered  in  a   3-gram  dose,  and  about  100  Hymenolepis^  15  of 
them  Avith  heads,  and  2   female  Trichurls  Avere  expelled.  Tavo  Aveeks  later  the  child 

was  much  improA’ed,  but  not  entirely  Avell. 

Case  Xo.  95. — The  second  case  Avas  a   4-year-old  girl,  born  in  Sao  Paulo,  of  foreign 
parents.  She  had  suffered  for  tAvo  years  Avith  continual  diarrhea  and  intermittent 

attacks  of  fever.  Carefully  regulated  diet  and  treatment  in  Europe,  had  had  no 

ameliorating  effect.  There  Avere  symptoms  of  perverted  appetite,  eating  of  plaster 

from  the  Avail,  etc.,  Avhile  the  nervous  symptoms  Avere  little  pronounced.  Contrary 

to  what  one  Avould  expect  from  the  length  of  time  the  trouble  had  lasted,  the  nutri- 

tion had  not  suffered  to  an  appreciable  extent,  a   circumstance  due  perhaps  to  the 

care  Avhich  the  girl  had  received.  After  the  discoA’ery  of  eggs  of  Hymenolepis  nana 
in  the  feces  4   grams  of  ethereal  extract  of  male  fern  in  emulsion  Avere  administered, 

and  tAVO  passages  containing  an  enormous  number  of  worms  occurred.  In  an  incom- 

plete enumeration,  0A*er  2,000  indiA'iduals  were  counted,  of  which  about  10  per  cent  had 

heads.  Little  chains  of  ripe  segments  AA^ere  also  common.  About  three  Aveeks  later, 

the  extract  Avas  again  giA'en,  in  a   dose  of  2.5  grams,  and  25  Avorms  Avere  passed.  All 
symptoms  of  the  former  trouble  disappeared,  and  while  previously  the  diarrhea  had 

persisted  in  spite  of  all  carefulness  in  diet,  the  stools  became  normal  and  so  remained, 

although  the  girl  noAV  ate  anything  she  pleased. 

Galveston,  Tex.,  1902   1   case. 

Case.Xo.  96. — Moore  (1903)  «   has  reported  a   case  of  II.  nana  from  Texas,  in  a   pre- 
liminary note  read  recently  before  the  University  of  Texas  Medical  Club. 

«See  also  Moore  (1904). 
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“On  August  2,  1902,  T.  O.  C.,  a   section  foreman  of  the  Galveston,  Houston  and 
Henderson  Kaihvay,  presented  himself,  complaining  of  a   severe  diarrhea  and  cramps 

in  the  abdomen.  His  history  was  as  follows: 

“Family  history  good.  No  previous  sickness  of  any  kind.  Present  illness  began 
in  the  early  part  of  June,  1902,  with  headaches  and  a   slight  fever.  About  July  28, 

he  was  taken  with  a   severe  diarrhea  and  much  pain  in  the  bowels.  He  had  from 

ten  to  twenty  stools  per  day.  Passed  mucus  and  blood  in  the  motions.  Suffered 

great  weakness. 

“He  was  given  a   diarrhea  mixture  and  asked  to  return  in  case  he  was  not  relieved. 

He  came  back  on  August  4,  stating  that  he  was  no  better.” 
Amebic  dysentery  or  the  presence  of  some  intestinal  worm  having  been  suspected, 

an  examination  of  the  feces  was  made  which  resulted  in  the  discovery  of  the  eggs  of 

H.  nana,  and  after  the  administration  of  an  anthelmintic,  a   number  of  the  worms 

themselves  were  passed.  The  effect  upon  the  symptoms  of  the  expulsion  of  the 

worms  is  not  stated  in  Doctor  Moore’s  paper.  The  specific  determination  of  the 
parasites  in  this  case  was  confirmed  in  this  laboratory. 

Charleston,  S.  C.,  1902    1   case. 

Case  No.  97.. — Stiles  (1903a,  p.  40),  in  October,  1902,  while  examining  some  of  the 
students  of  the  Charleston,  S.  C.,  Medical  School,  found  that  the  stools  of  one  of  them 

(Mr.  T. )   contained  numerous  eggs  of  Hymenolepis  nana.  The  young  man  was  22  years 

of  age,  and  came  from  the  country.  Later  examinations  showed  that  he  was  also 

infected  with  JJncinaria  americana.  The  symptoms  in  this  case,  from  what  informa- 

tion 1   have,  seem  to  have  been  only  very  slight.  The  patient  complained  of  a   certain 

degree  of  nervousness.  Dr.  J.  L.  Dawson,  who  has  expressed  the  intention  of  pub- 

lishing a   full  clinical  history  of  this  case,  after  the  discovery  of  the  eggs,  placed  the 

patient  upon  anthelmintic  treatment.  In  a   letter  to  Doctor  Stiles  he  states  that  hun- 

dreds of  the  worms  were  passed.  Doctor  Dawson  kindly  furnished  this  laboratory 

with  specimens  from  this  case,  which  have  been  entered  in  the  Helminthological 

Collection  (No.  9402)  of  the  United  States  Public  Health  and  Marine-Hospital  Service. 

Macon,  Ga.,  1902        3   cases. 

In  November,  1902,  while  examining  39  children  in  two  orphan  asylums  at  Macon, 

Ga.,  Stiles  (1903a,  p.  41,  42)  found  3   cases  of  infection  with  H.  nana.  The  patients 
were  as  follows: 

Case  No.  98. — K.  J.,  female,  11  years  old,  from  Lumber  City,  Telfair  County,  Ga. ; 
a   case  of  light  infection. 

Case  No.  99. — M.  N.,  female,  13  years  old,  from  Taylor  County,  Ga. ;   a   case  of  very 

heavy  infection. 

Case  No.  100. — 0.  H.,  male,  16  years  old,  from  Wright,  Wilcox  County,  Ga. ;   a 
case  of  light  infection. 

We  have  no  data  as  to  the  symptomatology  of  these  cases,  nor  any  information 

with  regard  to  the  results  of  treatment,  if  such  were  tried. 

Washington,®  D.  C.,  1903   6   cases. 

In  a   series  of  about  2,000  fecal  examinations  of  patients  at  the  Government  Hospi- 

tal for  Insane  at  Washington,  made  during  1902-1903  in  this  laboratory,  the  eggs  of 
Hymenolepis  nana  were  encountered  six  times. 

Case  No.  101. — The  patient  in  this  case  was  a   woman  (white);  aged,  about  60;  an 
inmate  of  the  hospital  for  a   good  many  years.  Shortly  after  the  examination,  when 

the  eggs  were  discovered,  the  patient  was  sick  for  several  days.  We  have  had  no 

information  as  to  the  exact  nature  of  the  ailment.  Specimens  of  several  stools  taken 

during  this  time  were  liquid  in  character  and  no  eggs  were  to  be  found,  nor  were  any 

«   See  also  footnote,  p.  7. 



eggs  seen  in  preparations  of  the  stools  of  this  j)atient  examined  on  one  nr  two  ocra- 

sions  after  her  recovery. 

Case  Xo.  102  (Gov.  Hosp.  case  Xo.  9901). — I.  L.,  colored;  age,  32;  born  in  Vir- 
ginia; admitted  to  the  hospital  in  May,  1896,  suffering  with  chronic  dementia  which 

had  lasted  one  year;  supposed  cause,  masturbation.  He  has  been  an  inmate  of 

W.  L.  building  continuously  since  1900,  and  of  ward  3   of  this  building  since  April  11, 

1903.  He  is  said  to  be  in  good  physical  condition  and  works  in  the  power  houst*. 

In  July,  1900,  he  was  sick  for  a   few  days  and  lost  considerable  flesh;  but,  after  treat- 

ment for  three  days  with  an  ague  mixture,  improved  and  was  soon  back  at  work. 

In  October,  1901,  he  was  affected  with  a   skin  disease  resembling  itch,  which  disap- 

peared after  local  treatment  with  iodine.  Eggs  of  whipworm  (   Trlrlmris  trirhiura)  and 

of  Ilymenolepis  nana  were  present  in  his  feces  in  ̂ lay,  1903. 

Case  Xo.  103  (Gov.  Hosp.  case  Vo.  9376). — E.  Q.,  colored;  indigent;  age,  32:  l>orn 

in  District  of  Columbia;  admitted  to  hospital  November,  1894,  with  congenital  iml>e- 

cility.  He  has  been  an  inmate  of  W.  L.  building  continuously  since  August,  1899. 

and  of  ward  3   since  February,  1902.  His  Aveight  has  ranged  from  222  to  232.  He 

has  been  detected  at  various  times  masturbating,  and  during  these  periods  he  has 

been  more  demented.  Physically  he  remains  in  good  health.  Eggs  of  //.  n<nm 

were  seen  in  the  feces  in  5   out  of  10  preparations  examined;  Avhipworm  eggs  were 

also  present. 

Case  Xo.  104  (Gov.  Hosp.  case  Xo.  12804). — H.  J.,  colored;  sergeant  (retired), 

r.  S.  Army;  cook;  age,  51;  admited  to  hospital  from  Army  General  Hospital,  Pre- 

sidio, Cal.,  November,  1901,  with  delusional  melancholia  of  six  months'  duration, 
•■supposed  cause  organic  brain  disease.  He  has  been  an  inmate  of  ward  3   of  W.  L. 
building,  continuously  since  51arch,  1902.  At  a   physical  examination  in  November, 

1901,  he  was  found  to  be  fairly  well  developed;  his  abdomen  was  tense,  rounded, 

and  tympanitic;  his  bowels  were  constipated.  IMuscular  movements  were  slow  and 

weak;  coordination  Avas  fair.  51nscle  reflexes  were  diminished,  tendon  reflexes 

normal.  He  suffered  at  times  Avith  A'ertigo.  Opacity  of  l)Oth  crystalline  lenses  Avas 
present.  His  mental  symptoms  Avere  false  perception,  poor  memory,  false  ideation, 

poor  reasoning  and  judgment,  delusions  and  auditory  hallucinations.  In  habits  he 

is  fairly  cleanly.  An  examination  of  his  urine,  NoA^ember  11,  1901,  shoAved  a   slight 
hematuria,  Avhich  had  entirely  disappeared  ten  days  later.  He  suffered  from  malaria 

(tertian  type)  for  a   few  days  in  November,  1901,  but  recoA’ered  prom  ply  after  treat- 
ment. In  May,  1903,  the  eggs  of  JL  nana  Avere  found  in  the  feces  in  7   out  of  10 

preparations  examined. 

Case  Xo.  105  (Goa*.  Hosp.  case  No.  10953). — C.  G.,  colored;  indigent;  age  47;  born 

in  ̂ Maryland;  admitted  to  hospital  October,  1898,  with  chronic  mania  of  20  years' 
duration;  supposed  cause  prison  life.  He  has  heen  an  inmate  of  Avard  3,  W.  L., 

building  continuoush  since  February  1901.  His  health  is  repoiled  good  and  appe- 
tite excellent.  This  case  Avas  a   heavy  infection;  numerous  eggs  Avere  found  in  the 

feces,  in  all  of  10  preparations  examined,  5Iay,  1903;  AvhipAvorm  eggs  Avere  also 

present. 

Case  Xo.  106  (Gov.  Hosp.  case  No.  8857). — J.  S.,  colored;  indigent;  age  40;  born  in 

Florida;  admitted  to  hospital  July,  1893,  Avith  acute  melancholia  of  three  month>' 
duration;  suppose<l  cause,  masturbation.  He  has  been  an  inmate  of  Avard  3,  W.  L. 

building,  continuously  since  February,  1901.  In  the  fall  of  1901  he  suffered  for 

some  time  Avith  a   skin  disease  resembling  itch,  localized  in  the  neighborhood  of  the 

genital  organs.  The  eruption  became  better,  and  Anally  disappeared  after  local 

treatment  Avith  iodine.  He  is  said  to  be  in  good  health,  Avith  good  appetite,  sleeps 

Avell,  Avorks  in  the  vineyard.  In  5Iay,  1903,  fecal  examination  shoAved  eggs  of 

IT.  nana  in  7   out  of  10  preparations.  Eggs  of  Tnchnr'o<  Avere  also  jmesent. 
It  is  a   noteAvorthy  circumstance  that  of  the  six  cases  of  IT.  nana  at  the  insane  hos-  . 

})ital,  fiA'e  Avere  found  among  colored  patients,  all  inmates  of  the  same  Iniilding  and 
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tlie  same  ward.  This  fact  tits  in  very  well  with  the  assumption  that  a   direct  infec- 

tion occurs  from  one  person  to  another,  and  is  evidence  similar  to  that  hrought 

forward  by  Veniiti  (see  ]).  55). 

AN  ALYSIS  OF  CASES  AXJ>  DISCI  SSIOX  OF  SYMPT03IS. 

AGE  AND  SEX  OF  INDIVIDUALS  AFFECTED. 

In  the  106  cases  of  II.  nana^  at  least  60,  and  probably  70,  of  the 

individuals  affected  were  males;  SO  ivere  females,  while  in  the  reports 

of  the  remaining-  6   cases  the  sex  is  not  indicated.  Sixteen  and  prob- 

ably 18  were  over  '10  years  of  age,  1   at  least  being  over  50;  81  were 
younger  than  20  years;  in  1   cases  no  reference  ils  made  to  age. 

Between  1   and  5   }^ears  there  were  9   cases;  5   and  10  years,  21  cases; 
10  and  15  years.  5   cases;  15  and  20  years,  5   cases;  11  other  cases  were 

reported  simply  as  children. 

According  to  these  tigures  Ilijmentjlepix  nana  is  much  more  common 

among  children  than  among  adults,  and  males  are  more  often  infected 

than  females.  Five  to  10  years  seems  to  be  the  age  most  frequently 

affected.  The  very  large  percentages  of  males  and  children  may  be 

due  in  some  degree  to  the  fact  that  in  the  more  heavily  infected 

regions  investigations  have  been  made  more  especial!}^  among  chil- 
dren than  among  adults,  and  among  males  than  among  females. 

GENERA!.  ENVIRONMENT  AND  SOCIAL  POSITION  OF  INFECTED 

INDIVIDUALS. 

With  regard  to  the  social  position  and  general  environment  of  the 

individuals  affected,  it  is  to  be  noticed,  in  the  first  place,  that  32  of  the 

cases  were  in  orphan  asylums  or  poorhouses,  27  being  in  the  as3duni 

at  Catania,  Sicih^;  3   in  two  asylums  at  ̂ lacon,  Ga.,  and  2   in  a   poor- 
house  at  Tok}m,  Japan;  and  6   cases  were  in  an  insane  asylum  in  the 

District  of  Columbia.  Of  the  remaining  cases,  6   or  8   may  be  said  to 

belong  among  the  well-to-do  classes.  Grassi,  also  (Grass!  &   Rovelli, 

1892a),  as  alreadi^  stated,  refers  to  an  indefinite  number  of  cases  which 

occurred  among  the  children  of  well-to-do  families.  It  is  only  certain 

that  the  patients  in  about  20  of  the  62  cases  remaining  were  poor,  but 

it  is  probable,  judging  from  various  circumstances  related  in  connec- 

tion with  individual  cases,  that  the  majority  were  from  the  poorer 
classes. 

The  conclusion  does  not,  therefore,  seem  unjustified  that  the  children 

of  the  poor  are  more  liable  to  infection,  and  children  gathered  together 

in  institutions  seem  especially  likely  to  show  a   heavy  percentage  of 

infection;  the  worm,  in  fact,  seems  to  be  particularly  common  in 

orphan  as^dums.  Among  adults,  also,  institutional  life  seems  to  favor 

infection  (cases  Nos.  101  to  106). 
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There  are  about  47  cases  which  can  be  assigned  to  the  cit}^  as  against 
15  to  the  countiT  (including  the  cases  from  the  asylums  [except  the 

Macon  cases]  among  the  former).  Investigations  have  been  made, 

however,  mosth^  among  city  inhabitants. 

PREVALENCE  OF  INFECTION. 

At  many  of  the  hospitals  in  Germany  a   large  number  of  exami- 

nations for  parasites  are  made  every  year,  but  so  far  only  4   cases  of 

Ilymenolepis  nana  have  been  reported  from  that  country.  Mertens 

(1892,  p.  1136)  states  that  300  to  400  patients,  mostly  adult  however, 

are  examined  yearly  at  the  Cologne  Hospital,  and  that  formerH  the 

eggs  of  Ilymenolejyis  nana  had  never  been  found.  After  the  discovery 

of  the  eggs  of  the  parasite  in  the  feces  of  a   child  who  had  entered  the 

hospital,  100  other  children,  at  that  time  in  the  hospital,  were  carefully 

examined  for  evidences  of  parasitic  infection.  Although  14  cases  of 

helminthiasis  were  found,  II.  nana  was  not  present. 

In  Italy  the  parasite  is  decided^  common.  Calandruccio  estimates 

that  in  Sicily  10  per  cent  of  the  children  are  affected. 

Venuti  (1895),  according  to  Massari  (1898),  determined  the  ratio  of 

infection  among  214  boys  in  the  orphan  as}dum  at  Catania  to  be  over 

10  per  cent  (23  cases),  while  among  100  boys  from  various  classes  of 

the  general  population  he  was  unable  to  ffnd  a   single  case. 

Out  of  about  2,000  fecal  examinations  made  at  this  laboratoiy  dur- 

ing 1902-1903,  of  adult  patients  at  the  Government  Hospital  for  the 

Insane,  AY ashington,  I).  C.,  the  eggs  of  this  parasite  w^ere  encountered 
6   times. 

Stiles  (1903a,  pp.  41,  42),  in  about  160  fecal  examinations  made  dur- 

ing a   recent  trip  through  the  South  Atlantic  States  in  connection 

with  an  investigation  of  uncinariasis,  found  the  eggs  of  Ilyrnenolepis 

nana  4   times,  once  in  the  examinations  of  15  medical  students,  and  3 

times  among  39  children  in  2   orphan  asylums. 

GEOGRAPHIC  DISTRIBUTION  OF  Ilynienolepis  nana. 

Geographically  the  cases  of  Ilymenolepis  nana  in  man  are  distributed 
as  follows: 

Egypt,  3   cases;  England,  1   case;  Sicily,  48  cases;  Italy,  exclusive 

of  Sicily,  27  cases;  Russia,  2   cases  and  I   doubtful  case;  Germany,  4   [i 

cases;  Servia,  1   case;  Siam,  1   case;  Japan,  2   cases;  Pennsylvania,  1 

case;  District  of  Columbia,  6   cases;  South  Carolina,  1   case;  Georgia, 

3   cases;  Texas,  1   case;  Brazil,  2   cases;  Argentine,  I   case  and  1   doubtful. 

The  worm  has  been  reported  from  rats  or  mice  in  the  following 

places :   , 

Austria  (Stossich,  1898,  p.  104);  Denmark  (Krabbe,  1865,  p.  39);  ; 

Germany  (Grassi,  188Th,  p.  312;  Linstow,  1896a,  p.  579;  Moniez,  1888); 

France  (Dujardin,  1845a,  Moniez,  1888);  Italy,  including  Sicily  (Grassi,  7 
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Calandruccio) ;   United  States  (specimens  in  the  B.  A.  I.  Coll.,  U.  S. 

Dept,  of  AgT.,  collected  in  Maryland  and  the  District  of  Columbia); 

Brazil  (Lutz,  1894). 
The  fiofures  seem  to  show  that  a   rather  warm  and  moist  climate  is 

especial!}"  favorable  to  the  development  of  cases  of  Ilymenoleph  nana. 
As  would  be  expected  upon  the  assumption  that  the  forms  in  man  and 

in  the  rat  are  the  same  species,  the  statistics  indicate  a   certain  degree 

of  coincidence  in  the  occurrence  and  frequency  of  TL  nanam  man  and 

in  the  rat  for  any  locality,  modified,  it  is  true,  by  other  factors,  such 

as  the  hygienic  conditions  of  the  community,  the  habits  and  customs 

(personal  hygiene,  character  of  food)  of  the  inhabitants,  etc.  In  gen- 
eral its  distribution  may  be  considered  cosmopolitan,  like  that  of  its 

hosts,  but  more  restricted  by  certain  conditions,  among  which  are, 

perhaps,  climate  and  moisture. 

SITUATION  IN  THE  INTESTINE. 

The  results  of  a   number  of  autopsies  show  that  the  portion  of  the 

intestine  infested  is  a   greater  or  less  part  of  the  ileum,  especially  its 

upper  two-thirds  or  three-fourths. 

NUMBER  OF  SPECIMENS  PRESENT. 

The  number  of  specimens  of  II.  nana  present  in  the  various  cases 

has  ranged  from  1   to  several  thousand.  In  one  case,  1   specimen  only 

was  found  at  the  autopsy;  2   specimens  were  passed  in  one  case;  20 

were  present  in  one  case;  30  to  40,  1   case;  50,  1   case;  50  to  80, 1   case; 

between  100  and  200,  2   cases;  from  200  to  400,  4   cases;  600  to  TOO,  1 

case;  1,000,  1   case;  1,400,  1   case;  2,000,  1   case;  in  5   cases  in  which  no 

figures  were  given  there  were  said  to  be  few;  in  T   cases  a   very  large 
number  or  several  thousand. 

OTHER  PARASITES  PRESENT. 

Multiple  infection  occurred  in  27  cases.  Oxyuris  vermicularis  was 

present  12  times,  Trichuris  trichiura  19  times,  Ascaris  liunbricoides  16 

times,  Agchylostoma  diiodenale  5   times,  Uncinaria  araericana  once, 

Tdenia  saginata  2   times,  Tdenia  solium  once,  encysted  flagellates  once, 

larval  nematodes  [?  Strongyloides  stercoralis\  once.  They  were  asso- 
ciated together  with  H.  nana  as  follows: 

Trichuris.,  6   cases;  Ascaris,  3   cases;  Oxyuris,  2   cases;  Agchylostoma 

duodenale,  1   case;  Uncinaria  americana,  1   case;  Tdenia  saginata,  2 

cases;  Oxyuris  and  Trichuris,  1   case;  Oxyuris  and  Tdenia  solium,  1 

case;  Oxyuris  and  larval  nematodes  [?  Strong yloides\,  1   case;  Oxyuris, 

Trichuris,  and  Ascaris,  6   cases;  Trichuris  and  Ascaris,  2   cases; 

Trichuris,  Ascaris,  2ix\di  encysted  flagellates,  1   case;  Trichuris,  Ascaris, 

and  Agchylostoma  duodenale,  2   cases;  Ascaris  and  Agchylostoma 

duodenal e,  1   case;  Oxyuris,  Trichuris,  Ascaris,  and  Agchylostoma. 
duodenale,  1   case. 



DURATION  OF  INFECTION. 

The  diu’ation  of  infection  as  determined  by  the  actual  observation 

of  eggs  in  the  fece-  after  the  time  they  were  lirst  seen  wa>  '1  months 
in  one  case  (Xo.  To).  6   months  in  3   cases  (Xos.  36.  To.  53).  7   months  in 

'1  cases  (Tsos.  TS.  S6).  1   year  to  '1  year<.  3   ca>es  (Nos.  T.  T7.  T9).  2T 
years.  1   case  (No.  3-S). 

As  determined  also  by  the  length  of  time  the  symptoms  existeil. 

which  were  cured  or  improved  by  anthelmintic  treatment:  3   month-. 

1   case  (No.  T:?i:  7   month-.  1   case  (No.  Tli:  1   to  2   years.  7   ca.ses  (No-. 

37.  T3.  TT.  T9,  ol.  9T.  95i:  oT 'years.  1   ca-e  (No.  3S).  In  1   case  (No. 

36)  the  symptoms  disappeared  spontaneou.-ly  after  lusting  6   months, 

reappeared  after  a   lapse  of  14  year-,  then  disapjieared  again  after 

anthelmintic  treatment,  but  recurred  with  the  reappeai*ance  of  egg- 
in  the  feces. 

In  cases  which  were  not  treated  the  >ymptom-  lasted  3   years,  ending 

in  death  in  1   case  (No.  9):  and  for  '1  year-  in  another  case  (No.  55);  in 

a   third  case  (No.  T"^)  symptoms,  which  may  have  been  caused  by  the 

pre-ence  of  77.  nano,  were  exhibited  for  nearly  6   veal's. 

GENERAL  SYMITOMATOLOGY  OF  INTE-TINAL  HELMINTHIA-IS. 

Before  taking  up  the  analysi-  of  symptom-  exhibited  in  ca-es  of 

Hijinenolej'i^  nano,  it  is  considered  advi^^ble  to  review  -hortly  the 

symptomatology  of  other  intestinal  worm-,  especially  tajieworms. 

Generally  speaking,  the  injuriou-  etfects  of  inte.-tinal  worms  may  be 

looked  upon  a-  due  to  one  or  more  of  the  following  causes,  namely,  the 

mechanical  obstruction  occasioned  by  their  presence,  the  irritation  to 

the  wall  of  the  intestine,  the  intiuence  of  this  irritation  upon  the  ner- 

vous system,  the  loss  to  the  host  of  nutritive  materials  which  go  to 

supply  the  parasites,  and  tinally.  the  elminination  l\v  the  |iarasite-.  of 

toxic  principles  which  are  absorlied  by  the  host. 

In  discussing  the  phenomena  prcaluced  by  worm-.  Davaine  (ls6«ia. 

pp.  TS  et  seq.  I.  the  eminent  French  helminthologist'  suvs  in  part 
e-sentially  as  follow-: 

The  presence  of  worms  in  the  intestine  <k>es  not  alway>  result  in  appreeiable  phe- 

nomena: it  is  c*ompatible  with  the  most  i*eriet.-t  health;  l»ut  is  fre«iuentlv  manifest 

by  variable  phenomena  of  a   lo*-al  an<l  often  of  a   symp»athetic  nature. 

The  Lx-al  p>henomena  consist  of  derangements  c»f  the  intestinal  fimctions,  al»donii- 

nal  pains,  anal  i»mritns.  and  occasionally  anatomical  lesions  of  some  imp*ortance. 

Any  organ  may  l>e  affec*te«l  reflexly  by  intestinal  worms:  false  j*erveption  of  o«:lors, 
dilation  of  the  pupal,  pxrmauent  or  transitory  amaurt :*sis,  abnormal  sensitiveness  of 

hearing,  p*erversioii  of  taste,  itching  ami  formication  of  the  skin.  l>ear  witness  to  the 

sympathetic  action  <:a  the  parasites  up:»n  the  senses;  from  another  side,  ss^mnolence, 

vertigo,  frightful  dreams,  sp»asms,  vague  pains,  cough,  dyspaiea,  vanliac  palp*itations, 

irregularities  of  pulse,  insatiable  hunger  or  anorexia,  salivation.  •|iiality  of  the  urine, 
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emaciation,  witness  equally  their  action  upon  the  nervous  system,  upon  the  organs 

of  respiration,  upon  the  circulation,  upon  tiie  digestion,  upon  the  secretions,  and 

upon  the  nutrition.  While  the  sympathetic  effect  of  intestinal  worms  upon  organs 

more  or  less  remote,  and  the  functional  disorders  which  they  occasion  can  not  be 

:   denied,  one  ought  not,  on  the  other  hand,  to  display  the  ignorance  and  prejudices 

i   characteristic  of  a   former  epoch,  by  accepting  without  scrutiny  ail  the  accounts  which 

j   have  been  transmitted  to  us,  even  when  coming  from  most  eminent  men.  Although 
!   very  grave  symptoms  are  sometimes  unquestionably  determined  by  intestinal  para- 
I   sites,  doubt  and  caution  should  compel  us  to  suspend  judgment  in  very  many  cases 

where  the  presence  of  worms  and  illness  may  only  be  a   simple  coincidence. 

I   The  absence  of  appearance  of  functional  troubles,  their  frequency  or  variable  inten- 

j   sity  is  not  explained  by  differences  in  the  nature  of  intestinal  worms.  Txnia,  Botli- 

j   rioceplialus,  Ascaris,  or  Oxyuris  may  all  give  rise  to  similar  phenomena.  The  number 
j   or  the  size  of  these  entozoa  is  undoubtedly  not  without  influence  upon  the  develop- 

'   ment  of  pathologic  phenomena;  their  presence  seems  to  be  less  easily  supported  in 
j   the  stomach  than  in  the  intestine;  but  in  certain  cases,  neither  the  species  nor  their 
I   number  or  size,  nor  the  part  of  the  intestine  which  they  occupy,  accounts  for  the 

variations  or  the  intensity  of  the  symptoms,  which  often  depend  upon  bodily  pecu- 

liarities and  the  degree  of  susceptibility  of  the  individual  affected;  in  fact,  women 

experience  ordinarily  the  most  severe  derangement  of  health,  and  feeble  and  nervous 

individuals  are  also  more  affected  than  those  in  better  condition.  (Translation. ) 

Davainesays  further  (1860a,  pp.  103  et  seq.,  in  part): 

The  principal  symptons  of  Tsenia  are  giddiness,  humming  in  the  ears,  disorders  of 

vision,  nasal  and  anal  pruritus,  salivation,  disorders  of  appetite  and  digestion,  colic, 

pains  in  the  epigastrium  and  other  regions  of  the  abdomen,  cardiac  palpitation,  syn- 
cope, sensations  of  a   ball  or  weight  in  the  abdomen  rolling  about  and  following  the 

movements  of  the  body,  pains  and  lassitude  in  the  limbs,  and  emaciation. 

The  abdominal  pains  caused  by  Tsenia  may  be  of  the  nature  of  colic  or  of  gastralgia; 

frequently  their  character  is  difficult  to  appreciate.  They  are  referred  to  different 

parts  of  the  abdomen,  are  of  varying  severity,  sometimes  lively  and  intermittent, 

and  are  ordinarily  not  accompanied  nor  followed  by  diarrhea.  They  constitute  the 

most  common  symptom  of  Tsenia^. 

Anal  pruritus  is  also  a   very  common  phenomenon.  While,  in  some  cases,  it  may, 

like  nasal  pruritus,  be  attributed  to  a   sympathetic  influence,  it  is  usually  due  to 

irritation  of  the  lining  of  the  lower  part  of  the  intestine,  produced  by  the  contact 

and  movements  of  detached  segments.  Itching  of  the  nose  is  less  frequent,  but  it 
is  rare  that  an  individual  affected  with  Tsenia  does  not  suffer  from  either  nasal  or 

anal  pruritus. 

The  appetite  is  often  augmented,  sometimes  insatiable;  at  other  times  it  is  lacking 

or  subject  to  alternate  augmentation  and  diminution. 

There  exist  very  often  among  persons  affected  with  Tsenia  a   general  debility, 

lassitude,  cramps,  and  pains  in  the  extremities,  sufficiently  severe  to  interfere  with 

the  usual  occupation. 

Emaciation  is  very  common  when  the  infection  is  of  long  standing.  Sometimes  it 

is  accompanied  with  bloating  and  distension  of  the  abdomen. 

The  greater  part  of  these  phenomena  do  not  have  very  serious  effects  upon  the 

individuals  affected;  but  it  is  different  with  certain  convulsive  symptoms  which 

develop  under  the  influence  of  Tsenia.  These  consist  in  attacks  of  more  or  less  similar 

nature,  presenting  the  characteristics  of  epilepsy,  hysteria,  chorea,  etc.,  in  some  cases 

very  intense  and  severe.  These  functional  disordeis  are  the  most  frequent  among 

those  brought  about  by  the  presence  of  Tsenia  and  disappear  with  the  expulsion  of 

the  parasite.  This  coincidence  and  the  fact  that  the  symptoms  do  not  recur  leaves 

no  doubt  as  to  their  cause.  (Translation. ) 
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Numerous  cases  are  referred  to  by  Davaiue  in  which  epileptiform 

attacks,  chorea,  tremors,  paralysis,  cough,  bulimia,  perversions  of 

sense,  weakening  of  the  mental  faculties,  or  deafness  occurred,  and  in 

which  the  expulsion  of  tapeworms  marked  the  disappearance  of  the 

symptoms.  He  also  speaks  of  momentary  loss  of  speech,  loss  of 

memory,  persistent  insomnia,  frequent  epistaxis,  repeated  vomiting, 

disorders  of  the  sexual  functions,  etc.,  as  occasional  s^miptoms  deter- 
mined by  the  presence  of  tapeworm. 

Seeger  (1852,  p.  80)  gives  the  following  list  of  symptoms,  with  their 

frequency,  considered  by  him  to  be  of  diagnostic  value  and  gathered 

from  the  accounts  of  100  selected  cases  of  large  tapeworms; 

Acute  colic,  17  per  cent;  abdominal  pains  of  various  sorts,  42  per  cent;  vertigo,  15  ; 
per  cent;  periodical  and  habitual  headache,  usually  unilateral,  19  per  cent;  irregular  i 

appetite  or  bulimia,  31  per  cent;  frequent  nausea,  with  vomiting  or  feeling  of  faint- 
ness, 49  per  cent;  peculiar  sensations  of  movements  in  the  abdomen,  16  per  cent; 

vague  pains  in  different  parts  of  the  body,  11  per  cent;  digestive  troubles  and  irregu- 
larities of  the  bowels,  33  per  cent;  failure  and  derangements  of  speech  and  special 

senses,  15  per  cent;  cerebro-spinal  symptoms,  especially  local  or  general  convulsions  | 
(epilepsy,  hysteria,  melancholia,  hypochondria,  clonic  convulsions,  dyspnea,  con-  | 
vulsive  cough,  etc.),  68  per  cent. 

Hirsch  (1879a),  in  a   statistical  studv  of  100  cases  of  infection  with 

large  tapeworms  observed  by  Doctor  Hosier  in  his  practice  at  Giessen 

and  Greifswald,  Germany,  has  given  the  relative  frequency  of  such  i 

symptoms  as  were  considered  due  to  the  presence  of  the  parasites.  , 

Of  gastro-intescinal  phenomena,  colic  appeared  in  Id  cases  without  ' 
apparent  cause.  Abdominal  pains  of  various  kinds  were  present  in 

numerous  cases.  The  prevailing  gastric  symptoms  were,  matitudinal 

vomiting,  1   case;  pvrosis,  8   cases;  unpleasant  eructations  after  eating,  , 

5   cases;  nausea,  13  cases;  frequent  vomiting,  12  cases;  loss  of  appe-  ■ 
tite,  6   cases;  bulimia,  10  cases,  and  various  sorts  of  capricious  appetites 
in  other  cases. 

Constipation  occurred  in  5   cases,  diarrhea  in  6   cases,  and  the  bowels  I 

were  irregular  in  3   cases. 

Epileptiform  convulsions,  cured  after  the  expulsion  of  a   tapeworm,  i 
occurred  in  one  case,  and  severe  manifestations  of  a   convulsive  nature 

were  present  in  2   cases.  Vertigo  w^as  complained  of  in  16  cases.  Loss 
of  consciousness  occured  in  2   cases.  Headache  was  present  in  Id  cases.  - 

Flickering  vision  and  a   sensation  of  blackness  before  the  eyes  were  | 

symptoms  in  2   cases,  and  in  a   third  case  vision  was  diminished  in  one 

eye.  Cardiac  palpitation  occurred  in  6   cases.  Salivation  was  present 

in  6   cases,  anal  pruritus  in  19  cases,  and  itching  of  the  nose  in  12  cases. 

Disturbed  sleep  was  common;  in  1   case  the  sleep  was  much  troubled, 

there  was  complete  insomnia  in  1   case,  and  abnormal  sleepiness  in  a   , 
third  case.  i 

Of  s^unptoms  depending  upon  general  organic  disturbances,  among 

others,  the  following  were  noticed;  i 
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:   Feeling  of  weakness,  especially  in  the  knees,  2   cases;  gradual  loss 

)   of  strength,  -leases;  general  and  continued  weariness,  4   cases;  anemia, 
1   case;  chlorosis,  1   case;  paleness  without  appreciable  cause  except 

the  presence  of  tapeworm,  4   cases. 

I'  Two  cases  were  marked  bj-  icterus,  apparently  due  to  t^eniasis. 
In  the  actual  cases  of  tapeworm,  about  130  in  number  (the  retnainder 

being  delusion  cases)  among  the  180  cases  observed  by  Cobbold  (1883a), 

i   besides  gastro- intestinal  symptoms,  evidences  of  deranged  nutiition, 

and  minor  nervous  symptoms  of  common  occurrence,  severe  nervous 

I   phenomena  appeared  several  times.  Three  well-marked  cases  of  chorea 

occurred  in  boys  (Cobbold’s  cases  X,  XI,  CXVI)  cured  after  the  expul- 
sion of  tapeworms.  A   boy  2^  years  old  (Case  LXXVII)  suffering  from 

convulsive  fits  rapidly  improved  in  health  after  expulsion  of  a   tape- 

worm. A   little  girl  (Case  CLV)  also  showed  rather  severe  nervous 

symptoms.  Among  adults,  partial  hemiplegia  occurred  in  1   case 

(XXXV),  with  spectral  illusions,  and  spasms  of  the  muscles  of  one 

side  of  the  face,  which  disappeared  after  expulsion  of  tapeworm. 

Partial  refiex  paraplegia  was  present  in  1   case  (XXXIX)  with  frequent 

vertigo  and  loss  of  consciousness;  after  expulsion  of  tapeworm  the 

worst  symptoms  disappeared.  Locomotor  ataxia  of  upper  limbs,  with 

other  grave  symptoms,  1   case  (XXV);  locomotor  ataxia  of  lower  limbs 

and  muscular  twitchings,  1   case(LVIII);  partial  locomotor  ataxia  with 

severe  symptoms,  1   case  (LXIV).  Paraplegia,  which  almost  disap- 

1   peared  after  the  tapeworm  was  expelled,  1   case  (XCV).  Frequent 

syncope  and  mental  depression,  1   case  (XLVIII).  There  were  several 

^   other  cases  in  which  severe  nervous  affections  occurred,  apparently, 

however,  due  to  other  causes,  since  anthelmintic  treatment  was  with- 

out effect  upon  the  symptoms. 

It  should  be  noted  that  most  of  Cobbold’s  cases  were  male  adults; 

Hirsch’s  cases  also  were  mostl}^  among  adults,  only  11  patients  out  of 

the  100  being  under  21  ̂ -ears  of  age,  and  only  3   under  10  3^ ears,  and 
males  were  more  numerous  than  females,  74  of  the  former  to  26  of 

the  latter. 

^   Numerous  other  statistics  with  regard  to  tapeworm  infection  might 

^   be  quoted,  but  those  given  are  sufficient  to  show  that  severe  S3Uiip- 
toms  are  often  associated  with  the  presence  of  the  larger  tapeworms 

(especially  Txnla  mejimda  and  T.  solium)^  the  expulsion  of  which  is 

followed  the  disappearance  of  symptoms. 

SYMPTOMATOLOGY  AND  PATHOLOGY  OF  HELMINTHIASIS  AVITH  HYMENO- 

LEPIS  NANA. 

Owing  to  the  small  size  of  llymenolepiH  nana  one  might  be  led  to 

assume  at  once  that  its  presence  in  the  human  intestine  could  bring 

about  no  harmful  effects  of  importance.  On  the  other  hand,  a   glance 
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at  the  evidence  furnished  by  the  various  cases  of  H.  nana  on  record 

shows  that  severe  symptoms  are  of  frequent  occurrence.  As  an  addi- 

tional support  of  the  fact  that  the  size  of  a   tapeworm  is  no  index  of 

the  amount  of  damao'e  it  mav  do,  a   number  of  instances  miaht  be  oiven 

in  which  small  tapeworms  are  occasionally  even  a   serious  menace  to 

life.  In  such  instances,  however,  it  is  usually  the  case  that  the  number 

of  worms  present  is  so  great  that  mechanical  obstruction  alone,  not  to 

speak  of  the  loss  of  nutrition  to  the  host,  is  sufficient  to  explain  the 

severe  results:  or  it  may  happen,  as  occurs  in  the  case  of  a   certain 

comparatively  small  tapeworm  of  the  chicken,  that  the  parasites  bore 

deeply  into  the  submucosa  and  almost  or  entire!}'  penetrate  the  intes- 
tinal wall,  and  in  this  way  give  rise  to  very  serious  effects. 

In  considering’  the  manner  in  which  llyinenolepis  nana  affects  its 
host,  the  question  of  mechanical  obstruction  may  be  left  out  of  account, 

unless  the  parasite  is  present  in  overwhelming  numbers  when  it  would 

be  of  importance. 

Since  each  worm  has  a   se'i^arate  point  of  attachment  to  the  intestine, 
it  is  likely  that  considerable  irritation  will  result  if  many  are  present. 

The  rather  extensive  movements  of  the  larger  tapeworms  while  extend- 

ing or  contracting  themselves  give  rise  to  a   certain  amount  of  irrita- 

tion, but  in  the  case  of  JL  nana.  it  does  not,  a   priori,  seem  probable 

that  its  movements  would  have  much  of  an  irritating  effect,  unless 

the  worm  were  present  in  very  large  numbers.  The  assumption  that 

more  or  less  irritation  of  the  intestine  is  caused  by  the  presence 

of  JL  nana  is  supported  by  the  fact  that  diarrhea  and  other  intestinal  i 

derangements,  and  various  reffex  symptoms  commonly  attributed 

to  intestinal  irritation,  occur  frequently.  As  to  the  extent  of  the 

local  effects  of  the  parasite  under  discussion  our  knowledge  is  lini-  ; 
ited.  Although  some  evidence  has  been  adduced,  intended  to  show 

that  pathological  changes  occur  which  are  of  considerable  importance, 

the  balance  of  evidence  seems  to  indicate  that  organic  changes  of  the 

intestine,  if  occurring  at  all,  are  very  slight. 

Innes  (1898)  speaks  of  bloody  extravasations  found  on  the  mucosa  of 

the  ileum  which  he  considers  might  possibly  ha^’e  marked  the  points 

of  attachment  of  the  tapewoi’ms  (Case  No.  8). 
According  to  Grassi  (188Td)  the  worms  were  found  to  have  bored 

deeply  into  the  mucosa,  and  to  have  caused  considerable  alteration,  , 

but  the  nature  of  the  change  is  not  specified. 

At  the  post-mortem  examination  of  a   case  (No.  9)  of  Ilymenolepis 
nana^  in  which  dOO  specimens  were  found  in  the  ileum,  Visconti  & 

Segre  (1886)  noticed  that  the  mucosa  throughout  the  small  intestine  , 

was  tumefied,  hyperemic,  and  covered  with  a   thick  layer  of  grayish  i 

mucus,  through  which  the  worms  were  scattered.  The  greater  part  i 

of  the  solitary  follicles  were  tumefied.  Microscopic  examination  of  a 

portion  of  the  ileum  showed  the  mucosa  swollen  and  richly  infiltrated 
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with  lymphoid  cells.  The  connective  tissue  of  the  siibmucosa  was 
sclerosed  and  thickened. 

Mingazzini  (1899.  pp.  598-599.  603)  has  recently  made  some  obser- 

vations upon  the  mode  of  attachment  of  Ilymenolepis  nana  to  the  in- 
testine of  the  rat,  which  are  of  interest  in  this  connection.  He  found 

that  the  rostellum  in  the  living  state,  when  the  worm  is  attached  to 

the  intestine,  is  always  extruded,  and  penetrates  deeply  into  the  lumen 

of  a   glatKl  of  Lieberkuhn:  it  may  reach  as  far  as  the  bottom.  Only 

a   very  slight  alteration  is  produced  in  the  epithelium  of  the  gland,  ex- 

cept at  the  point  where  the  surface  of  the  rostellum  and  the  epithelium 

are  in  contact.  The  hooks  on  the  anterior  part  of  the  rostellum  pene- 

trate only  the  epithelial  cells,  frequently  producing  some  alteration 

in  their  shape  and  contents  and  occasionally  entirely  destroying  them 

over  a   A^ery  small  area.  At  the  points  where  the  suckers  and  the  epi- 
theliiun  are  in  contact  there  are  sometimes  found  little  elevations  in 

the  latter,  corresponding  to  the  caAuties  of  the  suckers.  Grassi  and 

Calandruccio.  after  examining  the  intestines  of  rats  infected  with  H. 

nana^  asserted  that  at  the  point  of  attachment  there  seemed  to  be  an 

abnormal  number  of  leucocytes  in  the  connective  tissue.  Mingazzini, 

howeA'er,  found,  upon  examining  the  same  preparation  used  by  these 
authors,  that  the  connective  tissue  of  the  tunica  propria  in  the  region 

of  the  point  of  attachment  of  the  worm  Avas  entirely  normal  as  to  the 

number  of  leucocytes.  If  II.  nana  acts  the  sanie  in  the  human  in- 

testine as  in  that  of  the  rat,  it  is  not  possible.  Hiugazzini  believes,  to 

attribute  to  this  cestode  the  A^ery  grave  and  extensAe  anatomical 
changes  in  the  mucosa  of  the  human  intestine,  which  were  noticed  by 

Visconti  and  Segre,  and  Grassi.  The  fact  that  in  the  great  majority 

of  cases  of  II.  nana  reported,  the  individuals  affected  exhibit  no 

phenomena  of  disturbance,  is  also  considered  by  ̂ Mingazzini  an  argu- 

ment against  the  occurrence  of  anatomical  changes  of  importance.  He 

believes  it  is  therefore  justifiable  to  consider  that  the  lesions  referred 

to  which  haA^e  been  noticed  in  the  human  intestine  are  pathological 
conditions  concomitant  with,  rather  than  due  to,  the  presence  of  the 

parasite.  The  nervous  phenomena,  he  adds  finally,  which  sometimes 

appear  in  children  infected  with  II.  nana.  and  are  cured  by  the  elimi- 

nation of  the  parasite,  are  perhaps  due  to  a   toxin  AA'hich.  while  not 
altering  the  structure  of  the  intestine,  acts  upon  the  central  neiwous 

system. 

The  toxic  eff  ects  of  intestinal  parasites  upon  their  hosts  is  a   question 

AAuth  regard  to  which  little  is  known,  but  sufficient  Avork  has  been  done 

to  show  that  in  some  instances  parasites  elaborate  substances  which 

are  distinctly  poisonous  when  absorbed.  In  a   reAuew  of  the  results  of 

various  iuA^estigators  bearing  upon  this  point,  LinstoAv  (1896b,  p.  189) 
expresses  the  following  opinion: 

The  helminths  eliminate  a   poisonous  substance,  a   toxin  or  a   leucomain,  as  is  the 

case  with  the  pathogenic  micro-organisms  and,  as  in  the  latter  case,  it  is  not  the  me- 
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chanical  disturbance  pri>iuce<i  by  their  presence  in  the  human  hjdy.  but  the  toxin, 

which  prcHiuces  illness,  and  may  cause  death.  Translation.  • 

Vaullegeard  (1901)  states  that  the  products  soluble  in  water  obtained 

by  him  from  a   number  of  diherent  cestodes  contain  two  sorts  of  sub- 

stances. one  soluble  in  alcohol  and  the  other  precipitated  by  it.  While 

no  experiments  were  made  with  II.  nana.  in  the  case  of  Bothrioc^pJi- 

ah/.-s  puncfafusi  he  was  able  to  demonstrate  that  the  substance  soluble 

in  alcohol  contained  an  alkaloid  very  similar  to  curarin.  while  in  the 

substance  precipitated  by  alcohol  there  was  a   sort  of  toxin-ferment 

which  acted  upon  the  nervous  centers  and  disorganized  the  relations 

of  the  nerve  cells.  In  his  conclusions  he  says: 

In  studyinor  the  products  contained  in  different  species  of  worms,  we  have  isolate^i 

two  toxic  substances,  one  of  which  acts  upon  the  nervous  centers,  while  the  other  acts 

upon  the  muscles.  We  are  therefore  justified  in  suspecting  the  importance  of  these 

factors  in  verminous  maladies.  The  critical  study  of  this  subject  has  brought  to  our 

attention  a   large  number  of  symptoms  analogous  to  those  provoked  by  the  injection 

of  the  toxic  substances.  *   *   *   Our  chemical  theory,  deduce!  from  our  experi- 
ments, permits  us  to  understand  how  good  health  is  possible  in  spite  of  the  presence 

of  worms.  This  result  should  occur  whenever  the  excretion  eliminates  a   quantity 

[of  the  toxic  materials]  e^ual  to  the  absorption,  for  in  this  case  the  dose  contained 

in  the  organism  is  not  sufiiciently  active.  The  troubles  correspond  to  the  accumula- 

tion of  toxic  products:  one  readily  comprehends  that  when  some  morbid  infiuence 

l:>ecomes  effective,  it  may  determine  the  appearance  of  symptoms  due  to  worms,  which 

had  been  present  for  a   long  time  without  manifesting  themselves.  Translation.  ' 

In  the  case  of  II.  nano  it  seems  probable  that  the  elimination  of  toxic- 
materials  which  are  absorbed  by  the  host  is  one  of  the  most  important 

factors  in  the  etiology  of  symptoms.  Upon  this  point  Linstow  (lS96b. 

pp.  19(U191).  after  reviewing  shortly  the  symptoms  which  have  been 

attributed  to  the  parasite,  remarks: 

That  such  a   minutely  small,  <Ielicate  animal  can  not  pro<luce  these  serious  disturl;>- 

ances  through  mechanical  irritation,  perhaps  does  not  need  the  pr<x>f  that  its  virulence 

must  be  very  intense.  (Translation.) 

The  analxsis  of  the  symptoms  reported  in  the  various  cases  of 

Ilyrnenolepis  nana  is  complicated  by  a   number  of  circumstances. 

Among  others,  the  cpiestion  arises  as  to  whether  the  phenomena 

exhibited  were  due  to  helminthiasis,  or  to  other  causes:  this  cptestion 

is  more  or  less  dehnitely  decided  in  some  instances  by  the  eh’ect  of 
anthelmintic  treatment.  Again,  in  those  cases  in  which  there  was  a 

multiple  infection,  to  what  extent  did  Hyinenolepis  nano  influence 

the  symptoms  and  how  much  are  the  other  parasites  to  be  blamed  f 

This  is  a   cpiestion  which  can  not  be  answered  with  certainty,  but  if  the 

other  parasites  are  comparatively  few  in  number,  as  manifested  by  the 

number  of  eggs  in  the  feces  or  by  the  number  of  worms  passed  after- 
treatment.  and  are  of  kinds  which  do  not  usually  cause  much  trouble, 

or  if  the  symptoms  disappear  and  recur  after  successive  treatments  in 

correspondence  with  the  recurrence  in  the  feces  of  the  eggs  of  II.  nano, 

we  may  assimie  that  it  is  by  the  latter  parasite  that  the  symptoms  are 
chieflv  determined. 
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The  presence  or  absence  of  symptoms^'  has  been  noted  in  more  or 
less  detail  in  49  out  of  the  101  ̂    cases, 

j   Of  the  49  cases,  3   (Nos.  54,  57,  89)  showed  no  symptoms  whateyer 

:   which  could  be  traced  to  II.  nana.  It  is  only  yery  remotely  possible 

!   that  there  was  any  connection  between  the  presence  of  II.  nana  in 

|.  cases  1   and  3   and  the  diseases  mentioned  in  these  two  instances,  yiz, 
I   meningitis  and  anemia,  fatal  in  both  cases.  In  9   other  cases  (Nos.  10, 

I   11,  13,  14,  15,  35,  53,  86,  101)  the  symptoms  were  only  slight.  In  case 

35,  although  thousands  of  II.  nana  were  present,  there  were  no  symp- 
j   toms  of  any  kind  exhibited,  with  the  exception  of  occasional  slight 

I   abdominal  pains.  Although  seyeral  hundred  specimens,  besides 
l|  numerous  Oxyurls  were  passed  after  successiye  treatments  in  case  No. 

I   53,  the  patient  was  health}^  in  eyery  respect  and  showed  no  symptoms 
!   except  an  itching  of  the  nose.  In  4   cases  (Nos.  6,  47,  8^,  97)  the 

'   seyerity  of  the  symptoms  is  not  defined  (in  Nos.  82  and  97,  howeyer, 
!   they  were  probably  slight).  The  s}miptoms  in  the  31  cases  remaining 

;   are  more  or  less  seyere.  Only  17  of  them,  howeyer  (Nos.  7,  8,  32,  33, 

j   34,  36,  37,  38,  39,  41,  42,  43,  44,  49,  81,  94,  95),  are  marked  by  symp- 
toms in  which  the  influence  of  Ilymenolejyis  nana  can  be  definitely 

I   traced,  either  by  the  disappearance  or  improyement  of  the  symptoms 
after  the  expulsion  of  II.  nana  in  those  cases  in  which  there  seemed 

to  be  no  other  parasites  present,  or,  if  present,  few  in  number  com- 

pared with  II.  oianay  or  by  the  correspondence  between  the  reappear- 
ance of  Ilymenolepis  eggs  in  the  feces  after  treatment,  and  the 

recurrence  of  symptoms. 

In  13  (Nos.  7*,  8,  32,  33,  34,  37,  38,  39,  42,  43,  49,  94,  95)  of  these  17 cases,  some  disorder  of  the  digestiye  system  was  noted.  The  relatiye 

frequency  of  symptoms  referable  to  the  digestiye  system  is  as  follows: 

Bulimia  or  increased  appetite,  3   cases  (Nos.  7,  8,  39). 

Peryersion  of  appetite,  1   case  (No.  95). 

Gastric  dyspepsia  and  difficult  digestion,  1   case  (No.  38). 

Functional  gastro-intestinal  disorders,  1   case  (No.  37). 
Frequent  yomiting,  1   case  (No.  49). 

Abdominal  pain  or  paresthesia,  11  cases  (Nos.  7,  8,  33,  34,  37,  38, 

39,  42,  43,  49,  94).  In  one  of  these  cases  (No.  38)  there  was  a   sensa- 
tion of  crawling  in  the  abdomen,  and  heat  in  the  epigastrium;  in 

another  (No.  43)  pain,  and  crawling  and  gnawing  sensations;  in  another 

case  (No.  42)  pain  and  a   sense  of  pressure;  it  was  noted  in  one  case 

«This  is  leaving  out  of  consideration  the  symptoms  in  cases  Nos.  51  and  52,  not 
available  to  me  on  account  of  the  Kussian  text  in  which  they  were  recorded,  and 

also  the  symptoms  which  may  have  been  mentioned  by  Yenuti  (1895)  in  connection 

with  his  23  cases,  but  his  paper,  unfortunately,  is  not  at  present  accessible. 

^   The  list  of  symptoms  was  compiled  before  the  discovery  of  cases  102  to  106,  which 
are  therefore  not  included  in  the  discussion.  The  ward  records  of  these  five  cases 

showed,  however,  no  symptoms  which  could  be  traced  to  the  presence  of  the 
parasites. 
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(No.  39)  that  the  pain  in  the  epigastrium  increased  on  palpation:  in 

2   cases  (Nos.  33.  3d)  the  pains  were  frequent. 

Diarrhea.  3   cases  (iS^os.  49.  9d.  95).  In  one  case  (So.  d9)  the  diarrhea 

was  lienteric  in  nature  and  of  long  standing,  and  in  a   second  case 

(No.  95)  it  had  persisted  continually  for  two  years. 

Diarrhea  alternating  with  constipation.  2   cases  (Nos.  33.  3d). 

Severe  intestinal  troubles,  1   case  (No.  32). 

Nervous  symptoms  were  noted  in  15  cases  (Nos.  7,  S.  33.  3d.  36,  38, 

39.  dl.  d2.  d3.  dd.  d9.  81.  9d,  95).  In  11  of  these  cases  convulsions  or 

spasms  occurred. 

Epileptiform  convulsions.  7   cases  (Nos.  7.  8.  33.  3d.  36.  38,  39).  Of 

these.  3   were  reported  cured  after  treatment,  while  in  the  others  the 

symptoms  disappeared  for  some  time  after  treatment  but  later 

recurred,  and  in  2   (Nos.  33.  3d)  of  these  latter  there  was  no  corre- 

sponding reappearance  of  eggs  in  the  feces  when  the  symptoms 

recurred  after  having  ceased  for  several  months. 

Choreic  convulsions,  1   case  (No.  d2). 

Clonic  spasms  of  extremities.  2   cases  (Nos.  dl.  d3). 

Nodding  spasm  of  head.  1   case  (No.  d9).  This  symptom  was 

improved  but  not  cured  after  the  expulsion  of  IT.  nana. 

Diffuse  tremor  of  frequent  occurrence.  1   case  (No.  38). 

Paralysis  or  paresis  was  seen  a   number  of  times. 

Weakness  of  right  side  of  body.  2   cases  (Nos.  dl.  d3). 

Distortion  of  mouth,  2   cases  (Nos.  dl.  d3). 

Strabismus  and  diplopia.  6   cases  (Nos.  39.  du,  dl,  d2.  d3,  d9).  In  1 

of  these  cases  (No.  dl)  the  strabismus  was  not  cured  and  showed  only 

very  slight  signs  of  improvement  after  anthelmintic  treatment. 

Difficult  speech,  3   cases  (Nos.  dl.  d2,  d3). 

A   number  of  other  so-called  reflex  symptoms  were  encountered. 

Vertigo,  1   case  (No.  dd). 

Headache,  5   cases  (Nos.  39.  dl.  d3.  dd.  d9). 

Nasal  pruritus.  1   case  (No.  d9). 

Numbness  in  lumbar  region.  1   case  (No.  dd). 

Diminished  vision.  1   case  (No.  d2). 

Mental  svmptoms.  5   cases.  Two  cases  (Nos.  38,  d3)  were  melancholy, 

taciturn,  stupid;  in  2   others  (Nos.  7,  8)  there  were  melancholia,  indo- 

lence, and  weakening  of  the  mental  faculties:  1   case  (No.  d9)  was  drowsy. 

Respiratory  disorders,  d   cases.  Dyspnea  occurred  in  2   cases  (Nos. 

37,  d8).  in  one  of  which  it  had  been  continual  during  two  years,  and 

was  cured  immediately  after  the  expulsion  of  II.  nana;  in  1   case  (No. 

38),  a   scrofulous  subject,  there  was  a   rough,  diffuse,  vesicular  murmur 

of  the  lungs,  whether  cured  after  anthelmintic  treatment  is  not  stated; 

and  in  1   case  (No.  dl)  there  was  an  occasional  dry  spasmodic  cough. 

Nocturnal  enuresis.  1   case  (No.  81). 

Cardiac  palpitation,  1   case  (No.  39). 
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Shivering,  grinding  of  teeth,  biting  of  lips,  1   case  (Xo.  49). 

Pupils  unequal,  but  reacting  to  light,  1   case  (Xo.  42). 

Fever,  3   cases.  In  1   case  (Xo.  49)  there  was  said  to  be  some  fever; 

in  2   cases  (Xo.  94,  95)  the  fever  was  irregular  and  intermittent,  in  1 

of  which  it  appeared  at  intervals  for  two  years. 

Restless  sleep,  1   case  (Xo.  94). 

Somnambulism,  1   case  (Xo.  38). 

Occasional  remark  is  made  as  to  the  general  appearance;  usually 

I   the  nutrition  does  not  seem  to  be  much  affected. 

I   Emaciation,  1   case  (Xo.  49). 

j   Paleness,  4   cases  (Xo.  39,  42,  43,  49). 
j   Weak,  delicate,  scrofulous,  1   case  (Xo.  38). 

With  regard  to  the  phenomena  exhibited  b}"  the  remaining  cases  in 

I   which  symptoms  were  noticed,  there  is  no  wa}"  of  demonstrating 
j   whether  the  presence  of  Hymenolepis  nana  was  anything  more  than 

j   an  attendant  circumstance,  indeed,  in  man}^  of  the  cases  it  is  quite 

j   apparent  that  there  could  have  been  no  causal  relation  between  the 

!   presence  of  the  tapeworm  and  the  S3^mptoms,  while  in  others,  in  which 
!   such  a   connection  seems  more  or  less  probable,  the  evidence  is  too 

incomplete  to  warrant  such  an  assumption,  and  in  a   number  of  these 

latter  it  is  furthermore  questionable  whether  the  other  parasites  pres- 

ent might  not  be  of  equal  or  greater  importance  in  the  etiology  of 

S}miptoms.  Following  is  a   list  of  svmptoms,  with  their  frequency, 

taken  from  all  the  reports  of  cases  in  which  S3"mptoms  were  noted, 

without  regard  to  questions  of  etiolog3": 

Disorders  of  the  digestive  S3"stem  occurred  in  28  cases. 
Diarrhea,  9   cases. 

Diarrhea,  alternating  with  constipation,  2   cases. 

Constipation,  1   case. 

Diminished  appetite,  3   cases. 

Increased  appetite,  4   cases. 

Capricious  appetite,  2   cases. 

Perverted  appetite,  2   cases. 

Vomiting,  3   cases. 

Abdominal  pain  or  paresthesia,  16  cases. 

Thirty -three  cases  were  marked  b3"  s3miptoms  connected  with  the 

nervous  system;  in  11  of  these  cases  the  nervous  symptoms  were  onh" 
slight.  A   number  of  S3miptoms  occurred  as  follows: 

Epileptiform  convulsions,  9   cases. 

Choreic  convulsions,  1   case. 

Clonic  spasms  of  extremities,  2   cases. 

Xodding  spasm,  1   case. 

Frequent,  diff  use  tremor,  1   case. 

Sinistral  hemiparesia,  1   case. 

Weakness. of  right  side,  2   cases. 
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Ataxia  and  weakness  of  legs,  1   case. 

Strabismus  and  diplopia,  6   cases. 

Nystagmus,  1   case. 

Disturbed  vision,  1   case. 

Diminished  vision,  1   case. 

Headache,  10  cases. 

Disturbed  sleep,  3   cases. 

Fever,  T   cases. 

Vertigo,  2   cases. 

Difficult  speech,  3   cases. 

Mental  symptoms,  T   cases. 

Nasal  pruritus,  3   cases. 

Formication  of  body,  2   cases. 

Numbness  of  lumbar  region,  1   case. 
Nocturnal  enuresis.  1   case. 

Cardiac  palpitation,  2   cases. 

Shivering,  grinding  of  teeth,  biting  of  lips,  1   case. 

Of  other  phenomena  not  directly  connected  either  with  the  digestive 

or  nervous  systems  the  following  may  be  noted : 

Clnduria,  1   case  (No.  87).  The  doubtful  connection  of  Ilymtnolepis 

with  this  case  has  already  been  remarked  above  in  the  discussion  of 
the  case. 

Slight  eosinophilia,  1   case  (No.  82).  So  far  as  I   have  found,  this 

case  is  the  only  one  in  which  the  results  of  a   blood  examination  were 

reported. 

Paleness,  13  cases. 

Emaciation,  4   cases. 

With  regard  to  the  symptoms  which  have  been  enumerated  it  will 

be  noticed  that  there  are  no  essential  peculiarities  to  distinguish  them 

from  the  symptoms  found  with  the  larger  tapeworms  {Tdenici).  In 

character  the  symptoms  are  similar  in  both  instances,  being  remark- 

able chiefly  on  account  of  their  variety  and  lack  of  uniformity. 

According  to  the  manner  in  which  the  cases  are  selected,  a   variety 

of  results  regarding  the  frequency  of  S3unptoms  may  be  obtained 

from  a   comparison  of  II.  nana  with  other  tapeworms. 

The  cases  of  II.  nana  which  showed  severe  nervous  symptoms — 

taking  into  consideration  all  such  cases  wdthout  regard  to  the  proba- 

bilit}"  that  in  man}’  of  them  the  symptoms  were  due  entirely  to  other 

causes  than  the  presence  of  the  parasite^ — form  45  per  cent  of  the  49 

cases  in  which  the  presence  or  absence  of  symptoms  was  distinctly 

referred  to,  and  21  per  cent  of  the  entire  number.^*  Seeger’s  table 
(see  p.  66)  gives  the  percentage  of  severe  nervous  symptoms  occurring 

in  100  cases  of  tapeworm  as  68.  Seeger,  however,  in  making  up  his 

statistics,  apparently  has  used  only  such  cases  as  exhibited  definite 

f^See  footnotes,  p.  71. 
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symptoms,  and,  moreover,  has  not  given  due  consideration  to  possible 

causes  of  the  S3^mptoms  other  than  the  presence  of  Tsenia.  A   com- 

parison between  the  49  cases  of  II.  nano  referred  to  and  Seeger’s 
cases  is,  nevertheless,  not  unwarranted.  Not  only  in  the  latter  as  in 

the  former  is  no  attention  paid  to  possible  causes  in  the  etiology  of 

symptoms  other  than  the  presence  of  tapeworm,  but  the}^  are  in  a   sense 

selected  cases.  Seeger’s  cases  were  selected  because  of  the  occurrence 

of  s^^mptoms,  and  similarl}^,  in  connection  with  the  cases  of  II.  nana 
just  mentioned,  there  has  been  a   sort  of  selection,  namely:  If  symptoms 

had  not  occurred  in  nearly  all  of  these  cases  the  circumstance  of  infec- 
tion with  II.  nana  would  not  have  been  discovered;  these  cases  were 

'   thus  picked  out  automatically  from  among  pfobabl}^  a   large  number 

I   of  cases,  the  remainder  of  which  were  without  s^unptoms  and  thus 
!   never  came  under  observation. 

i   Severe  nervous  symptoms,  apparentl}^  determined  b}-  the  presence 

j   of  tapeworm,  were  present  in  at  least  10  per  cent  of  Cobbold’s  cases 

|.  (see  p.  67).  Convulsions  were  present  in  onlj^  3   per  cent  of  Hirsch’s 
I   cases  (see  p.  66),  but  other  phenomena  occurred  in  a   considerable 

'   number  which  will  allow  an  estimate  of  severe  nervous  symptoms 
in  about  10  per  cent  of  the  cases.  Not  more  than  12  to  15  per  cent 

of  all®  the  cases  of  H.  nana.,  or  30  per  cent  of  the  cases  in  which 
the  presence  or  absence  of  symptoms  has  been  definitely  reported, 

exhibited  severe  nervous  symptoms  attributable  with  an}"  degree 
'   of  certainty  to  the  action  of  the  parasite. 

A   comparison  with  Seeger’s  statistics  tends  to  show  that  severe 
symptoms  are  less  common  in  cases  of  II.  nana  than  in  cases  of  other 

tapeworms,  while  comparison  with  the  statistics  of  Cobbold  and  Hirsch 

indicates  that  grave  nervous  disturbances  are  more  common  in  cases 

of  H.  nana  than  in  cases  of  other  tapeworms.  All  of  these  com- 
parisons are  open  to  criticism,  but  the  first,  although  perhaps  the 

most  artificial  of  the  three,  probably  arrives  nearer  the  truth  than 

either  of  the  others,  and  it  may  be  affirmed  that  severe  effects  from 

the  presence  of  Ilymenolepis  nana  are  no  more  common  than  from  the 

presence  of  other  tapeworms,  but  on  the  contrary  are  very  likely  much 

less  common.  The  high  percentage  of  severe  effects  with  cases  of  II. 

nana  as  compared  with  cases  of  other  tapeworms  is  no  doubt  due,  in  part 

at  least,  to  the  fact  that  a   proportionately  greater  number  of  cases  of  II. 

nana  pass  unnoticed  than  of  larger  tapeworms.  The  presence  of  a   large 

tapeworm  is  usually  made  manifest,  sooner  or  later,  by  the  passage  of 

segments,  while  a   microscopic  examination  is  necessary  to  determine 

the  presence  of  II  nana^  and,  as  already  remarked,  unless  there  happen 

to  be  symptoms  which  will  bring  the  patient  under  medical  observa- 

tion, in  which  case  a   fecal  examination  may  be  made,  the  chances  are 

very  much  against  the  diagnosis  of  any  particular  case  among  the 

«See  footnotes,  p.  71. 



76 

general  population.  Thus  it  has  happened  that  a   comparatively  .large 

number  of  cases  have  presented  themselves  in  which  severe  symptoms 

were  associated  with  the  occurrence  of  Hi/menolepis  nano,  while  prob- 

ably a   very  large  number  of  cases  have  never  been  noticed  because 

there  have  been  no  symptoms.  A   case  of  T^nia  saginafa  or  T.  soUum. 

on  the  other  hand,  is  very  likely  to  come  under  observation:  the  aver- 

age individual,  when  he  has  once  obsm’ved  the  passage  of  worms  from 
his  intestme.  usually  does  not  delay,  whether  there  are  any  other 

unpleasant  symptoms  or  not.  to  seek  relief  from  the  presence  of  his 

unwelcome  guests:  the  case  consecpiently  stands  a   very  good  chance 

of  being  placed  somewhere  on  record.  Another  point  might  be  noticed 

in  this  connection.  Hynienoleph  nano,  is  more  especially  a   parasite  of 

children:  the  larger  tapeworms  are  more  common  among  adults.  It 

is  rather  to  be  expected  that  children  would,  in  general,  experience  i 

more  severe  effects  from  parasitic  infection  than  adults:  for  example,  j 

nearly  half  of  Coblx)ld‘s  cases  (as  noted  above),  which  exhibited  severe  j 
nervous  symptoms,  were  children,  while  the  great  majority  of  all  his 

cases  were  adults:  an  indiscriminate  comparison  of  statistics,  therefore, 

without  taking  into  account  the  cpiestion  of  age  of  affected  individuals, 

is  not  likely  to  give  a   true  idea  of  the  relative  nocuity  of  the  different 

parasites. 

The  symptomatology  of  helminthiasis  with  HyrnenoJejjU  nano  may 

be  summed  up  as  follows: 

The  effects  of  helminthiasis  with  II.  nano,  are  no  more  severe  than  ;i 

may  occur  from  infection  with  other  tapeworms,  nor.  if  it  is  consid-  j 
ered  that  many  cases  of  the  former  are  probably  overlooked,  are 

serious  .symptoms  more  common.  Although  the  effects  are  usually  so  ̂  
slight,  even  when  the  parasite  is  present  in  considerable  numbers.  ,1 

that  the  symptoms  are  only  very  mild  or  absent  entirely,  it  occasion-  ̂  
ally  happens,  as  with  the  larger  tapeworms,  that  severe  symptoms  | 

(persistent  diarrhea,  epileptiform  attacks,  etc.)  are  exhibited.  The  | 

most  frequent  symptoms  determined  by  the  presence  of  II.  nano,  are  ’ 
abdominal  pain,  which  may  or  may  not  be  associated  with  diarrhea: 

convulsions  of  various  sorts,  frequently  epileptiform:  headache  and 

strabismus.  Nasal  or  anal  pruritus,  common  in  cases  of  infection  with 

other  tapeworms,  is  rarely  seen  with  II.  nano.  In  many  cases  in 

which  a   neuropathic  condition  is  already  present,  infection  with 

Hyrnenolejris  nano,  is  likely  to  result  in  an  aggravation  of  the  morbose 

phenomena  and.  in  general,  a   predisposition  to  nervous  disease  seems 

to  be  the  important  factor  in  the  appearance  of  nervous  symptoms. 

DIAGNOSIS. 

In  speaking  of  the  diagnosis  of  helminthiasis.  Blanchard  (lS91a. 

p.  100)  remarks  as  follows:  | 

The  persistence  of  digestive  troubles  and  the  diversity  and  irregularity  of  other  1 

symptoms  are  very  suggestive  of  helminthiasis.  The  diagnosis  is  rendered  more  • 
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probable  when  the  patients  are  children.  Intestinal  parasites,  in  fact,  j^lay  a   con- 

siderable part  in  the  production  of  infantile  maladies,  a   circumstance  which  is  sys- 

tematically disregarded  by  a   great  many  physicians.  When  helminthiasis  is  once 

suspected,  one  ought  to  determine  as  nearly  as  possible  to  what  species  the  offending 

parasite  belongs.  Success  in  treatment  depends  upon  this  point;  a   remedy  which  is 

sure  in  its  effects  upon  one  species  may  be  useless  against  other  worms.  Entire  worms 

or  fragments  which  have  spontaneously  quitted  the  intestine  may  be  found  in  the 

dejecta.  A   careful  examination  of  these  furnishes  valuable  data  with  regard  to  the 

treatment  to  be  pursued,  but  one  ought  not  to  limit  one’s  self  to  such  a   superficial 
means  of  determination.  Since  it  frequently  happens  that  several  parasites  live  side 

by  side  in  the  intestine  of  the  same  individual,  it  is  indispensable,  especially  in  grave 

cases,  to  make  a   more  careful  examination  of  the  feces,  in  order  to  determine 

exactly  what  different  species  may  be  harbored  by  the  patient.  This  examination 

presents  no  difficulties,  and  only  requires  a   little  patience,  since  all  the  eggs  are  not 

equally  easy  to  distinguish.  The  egg  of  each  species  of  parasite,  however,  has  a   very 

characteristic  shape  and  size,  which  renders  the  diagnosis  very  easy.  (Translation.) 

To  make  the  examination  it  is  necessary  simply  to  rub  up  with  a 

drop  of  distilled  water  on  a   glass  slide,  a   very  small  particle  of  the 

feces  to  be  examined,  cover  with  a   cover  glass,  and  examine  with  a 

moderately  high  power,  a   Zeiss  4   or  8   mm.,  Leitz  5   or  7,  Bausch  and 

Lomb  one-half  or  one-fourth,  or  other  equivalent  objective.  Some 

care  is  requisite  in  looking  for  the  eggs  of  II.  nana^  otherwise  they 

are  ver}^  liable  to  be  passed  unperceived,  because  of  their  great  trans- 

parency. The  presence  of  three  pairs  of  hooks  on  the  embryo  con- 

tained within  an  egg  indicates  that  it  is  a   cestode  egg,  while  the  pres- 

ence also  of  two  distinct  membranes,  an  inner  one  closely  investing 

the  embryo,  and  an  outer  separated  from  the  inner  b}^  a   considerable 

intervening  distance,  is  characteristic  of  Ilymenolejns  eggs.  The  shell 

of  the  egg  of  Tsenia  sagmata  or  of  T.  solhim  is  thick,  radially  striated, 

and  lies  closely  against  the  embryo.  The  outer  membrane  of  the  egg 

of  Ilymenolepis  diminuta  ma}^  likewise  be  radially  striated,  a   character, 
which  when  present  will  distinguish  it  from  Ilymenolejns  nana.  The 
substance  intermediate  between  the  outer  and  inner  membranes  is 

more  prominent  in  IL  diminuta^  and  there  are  no  filaments  attached 

to  the  poles  of  the  inner  membrane  as  in  II.  nana.  The  presence  of 

polar  papillae  on  the  inner  membrane  is  a   characteristic  feature  of 

Hymenolejns  eggs  not  always  readily  apparent.  The  filaments  in  the 

egg  of  II.  nana  are  often  difficult  to  distinguish,  but  in  case  thej^  are 

not  seen  at  once,  careful  observation  of  a   number  of  specimens,  espe- 

ciall}"  if  an  immersion  lens  be  used,  will  usuall}^  reveal  them. 

Charcot-Robin  crystals,  which  were  found  by  Leichtenstern  (1892) 

almost  constantly  present  in  the  feces  of  patients  with  helminthiasis, 

have  not  been  found  in  cases  of  Ilymenolepis  nana. 

It  is  doubtful  whether  the  spherical  bodies  described  by  Senna  and 

referred  to  above  (p.  33)  can  be  considered  of  diagnostic  importance. 

As  already  remarked.  Senna  at  first  considered  these  bodies  to  be  eggs 

in  course  of  development,  but  since  he  found  them  not  only  iw  feces 
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which  contained  eggs  of  H.  nana^  but  also  in  feces  in  which  the  pres- 

ence of  eggs  could  not  be  established,  he  was  inclined  to  discard  his 

former  interpretation.  It  is  possible,  in  those  cases  in  which  the 

spherical  bodies  but  no  eggs  were  present,  that  there  were  in  reality 

worms  in  the  intestine,  which,  however,  had  not  attained  their  full 

growth;  consequently  the  eggs  had  only  partially  developed  and  were 

found  in  the  feces  onh^  in  their  immature  stages. 

TKEATMEXT. 

Male  fern  is  the  only  reined}-  which  has  met  with  an}-  degree  of  suc- 

cess in  the  treatment  of  Tlymenolepis  nana.  Kousso,  kamala,  santonin,  * 

thymol,  or  pomegranate  proved  ineffective  in  the  cases  in  which  any  ̂  

of  these  were  tried  (Nos.  I,  5,  7,  8,  38,  13,  -18,  53,  89). 
The  usual  precautions  should  be  taken  in  the  treatment  with  male 

fern,  namely,  taking  care  to  have  the  patient  in  the  best  possible  phys- 

ical condition,  and  preceding  the  administration  of  the  t^eniacide  by  a   ■ 

preparatory  treatment  of  mild  laxatives  and  a   light  diet  in  which  the 

amount  of  starchy  foods  is  reduced  to  a   minimum  (Eichhorst,  1901a, 

p.  298).  In  the  technic  of  tapeworm  treatment  some  authors  recommend 

a   salad  of  dried  herring,  garlic,  and  onions,  the  evening  before  the 

administration  of  the  male  fern;  this  procedure  was  followed  in  a   num-  i 

her  of  cases  of  Tlymenolepis  ncina^  but  to  what  advantage  does  not 

appear.  The  preparation  of  male  fern  to  be  employed  is  the  official 

oleo-resin  (Oleo-resina  aspidii,  U.  S.  P.),  or  ethereal  extract  of  European 

pharmacy,  which  must  be  fresh  to  be  effective.  The  dose  for  adults 

is  2   to  d   cc.  (ti.  ̂   ss.-j).  There  is  some  danger  attending  its  use;  a   num- 

ber of  cases  are  on  record  in  which  poisoning  occurred,  several  result-  ; 

ing  fatally.  Six  drams  and  even  less  have  caused  death.  The  symp- 

toms of  poisoning  were  vomiting,  vertigo,  headache,  diarrhea,  severe 

pains  in  the  abdomen,  dyspnea,  cold  sweat,  coma,  convulsions,  mania, 

and  temporary  or  permanent  blindness. 

After  the  preliminary  treatment  the  male  fern  is  given  in  the  morn- 

ing upon  an  empty  stomach.  In  its  administration  various  methods 

have  been  used:  it  has  been  given  in  pills,  mucilage,  syrup,  electuary 

with  calomel,  etc.  Eichhorst  (1901a,  p.  299)  has  obtained  satisfactorv 

results  with  gelatin  capsules.  A   number  of  small  doses  at  intervals,  , 

or  one,  two,  or  three  larger  doses,  may  be  given;  Mertens  (1892)  found  \ 

the  latter  procedure  preferable. 

One  treatment  may  not  suffice  for  a   cure;  in  at  least  20  of  the  cases 

of  IL  nana  the  eggs  were  found  in  the  feces  after  treatment,  usually 

after  an  interval  of  about  fifteen  days,  and  in  several  instances  4   or  5   \i 

repetitions  of  the  treatment  were  necessary. 
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PROPHYI.A.XIS. 

Upon  the  assumption  that  H.  nana  of  man  is  the  same  form  as 

II.  murina  of  the  rat,  and  that  development  occurs  in  man  in  the 

manner  demonstrated  by  Grassi  for  the  rat,  namehy  without  a   chang’e 
of  hosts,  the  prophylactic  precautions  to  be  observed  are  evident. 

As  far  as  possible  banish  rats  and  mice  from  the  premises,  and  keep 

food  out  of  their  reach,  especially  food  that  is  eaten  raw,  or  after 

cooking  is  kept  for  some  time  before  being  eaten. 

Considering  also  the  possibility  that  some  insect  may  act  as  an  inter- 
mediate host,  insects  should,  on  this  account,  as  well  as  for  esthetic 

and  general  hygienic  reasons,  be  kept  out  of  the  food. 

Of  course  not  only  food,  but  other  objects  which  have  been  con- 

taminated by  the  feces  of  rats  or  mice,  or  of  an  infected  person,  may 

convey  infection  by  carrying  the  eggs  to  the  mouth;  hence,  articles 

(including  fingers)  which  are  placed  in  the  mouth  should  be  clean, 

and  unnecessaiT  objects  should  be  kept  out  of  the  mouth;  this  rule, 

which  is  applicable  also  in  a   scheme  of  proph}daxis  against  parasitic 

infection  in  general,  should  be  enforced,  especially  in  the  case  of 

children,  who  are  notoriousl}^  indiscreet  with  regard  to  what  they  put 

in  their  mouths,  and  in  view  of  the  possibility  mentioned  in  the  fore- 

going paragraph,  special  care  might  well  be  taken  that  they  do  not, 

accidentally  or  willfully,  put  in  the  mouth  and  swallow  insects.  The 

feces  of  infected  persons  should  be  properly  disposed  of. 

Blanchard  (1891a,  p.  105)  epitomizes  the  subject  of  proph}daxis  in 

the  following  words: 

From  whatever  point  of  view  examined,  the  great  problem  of  the  suppression  of 

parasitic  diseases,  whether  they  be  infectious  or  not,  is  summed  up  in  this  formula: 

Cleanliness,  always  cleanliness. 

The  Flavopunctate  Tapeworm — HYMENOLEPIS  DIMINUTA  (Rudolphi,  i8ig) 
Blanchard,  1891. 

HISTORICAL  REVIEW. 

The  original  description^'  of  the  species  Ilymenolejyls  diminuta  was 

given  by  Rudolphi  (1819,  pp.  689-690)  as  follows: 

«A  quelque  point  de  vue  qu’on  1’ examine,  le  grand  probleme  de  la  suppression 

des  maladies  parasitaires,  qu’elles  soient  ou  non  infectieuses,  se  resume  done  en  cette 
formule;  de  la  proprete,  encore  de  la  proprete. 

^   Tsenia  diminuta  R.  n.  sp. — T.  capite  obconico,  collo  longo,  tenui;  articulis  anticis 

bevissimis  [sic],  reliquis  subcuneatis  obtusis.  11(d).  In  intestinis  3/um  r«/b' gravidi 
Olfers  in  Brasilia  reperit. 

Specimina  sex  ad  novem  pollices  et  quod  excurrit  longa,  nam  fragmentis  computatis 

forsan  longiora.  Caput  obconicum,  oscidis  anticis  majusculis,  exacte  T.  omphalodis, 

quam  Mantiss,  p.  491,  descripsi,  sed  multo  minus,  unde  nomen  triviale  desumsi. 

Collum  longum  tenue.  ArticuU  priores  rugaeformes,  sensim  majores,  semper  tamen 

longitudinis  ratione  habita  breves,  angulis  obtusis;  posteriores  passim  irregulares, 

sed  breves.  Ova  subglobosa,  medio(‘ria. 
Ohs.  Omphalodem  dixerim,  nisi  caput  multo  minus,  ova  major  forent;  haec  forsan 

in  Omphalode  crescere  posse  contenderes,  sed  caput  non  augebitur. 
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Tienia  diminuta  E.  n.  sp. — Tsenia:  Head  obconical ;   neck  Ions,  slender;  anterior  seg- 
ments very  short;  the  rest,  suhcuneate,  obtuse. 

Habited. — Collected  by  Olfers  in  Brazil  from  the  intestines  of  a   gravid  rat  {Hus 
rattus).  Specimens  6   to  9   inches  or  more  in  length,  and,  since  the  measurements 

were  taken  from  fragments,  perhaps  longer.  Head  obconical,  with  rather  large 

suckers  situated  anteriorly;  it  is  similar  to  that  of  T.  omphalodes  (described,  ̂ Mantissa 

[Eudolphi,  1819],  p.  491),  but  much  smaller,  for  which  reason  I   have  chosen  the 

specific  name  Idiminuta'].  Xeck  long  and  slendei’.  Segments  at  first  resembling  cor- 
rugations, gradually  becoming  larger,  with  their  length  always  remaining  less  than 

their  width,  with  obtuse  angles;  posterior  segments  more  or  less  variable,  but  short. 

Eggs  subglobose,  of  medium  size. 

XoTE. — I   would  have  said  it  were  omphalodes  if  the  head  were  not  much  smaller 
and  the  eggs  larger;  the  contention  might  be  made  that  the  eggs  of  omphalodes  could 

grow  larger;  a   head,  however,  will  not  increase  in  size.  (Translation). 

Some  years  later  Creplin  (lS25a,  pp.  11-1 '2)  described  as  a   new  spe- 
cies a   tapeworm  from  the  rat  which  he  named  Txnia  lejytocejyhala. 

The  following  is  translated  from  his  description:" 

Taenia:  Head  slender;  suckers  large,  globose;  rostellum,  conical,  truncated, 

unarmed;  neck,  continuous,  elongated;  segments  all  short. 

Habitat. — I   once  collected,  April  19,  1822,  two  specimens  of  this  tapeworm  in  the 

intestines  of  a   mouse  {Hus  musculus).  Of  the;se  I   took  out  only  one  with  a   head,  and 

a   fragment  of  the  posterior  part  of  the  body. 

I   am  compelled  to  give  a   description  from  these  specimens  as  already  preserved 

for  some  time  in  alcohol,  since  I   did  not  have  time  to  examine  them  when  they 
were  fresh. 

The  length  of  the  worm  with  the  head  equals  10  to  11  inches;  of  the  other  without 

a   head  about  9.  The  width,  decreasing  from  the  tail  toward  the  head,  measures  a 

little  more  than  a   line  at  its  maximum  in  the  posterior  part  of  the  body.  Color 
white. 

Head  small,  slender,  furnished  with  large  globose  suckers,  which  when  projecting 

have  orbicular  apertures,  likewise  large,  and  with  a   rostellum,  conical,  truncated, 

and  unarmed.  AVith  the  suckers  withdrawn  the  length  of  the  head  equals  its 

thickne.ss  at  the  base.  Xeck  rather  long,  slender,  continuous  with  the  head,  flat- 

tened. Anterior  segments  resembling  c-orrugations;  following  segments  very  short, 

a   T.  capite  tenui,  osculis  maximis  globosis,  rostello  conico  truncato  inermi,  collo 

continuo  elongato,  articulis  omnibus  brevibus. 

Hab.  Semel  (d.  19.  Apr.  1822)  in  int.  Huris  muscnli  offendi  hujus  Tienite  duo 

specimina,  quorum  alterum  solum  cum  capite  extraxi,  et  fragmentum  corporis 

postici. 

Deseriptionem  dare  coactus  sum  de  speciminibus  illis  jam  per  quoddam  tempus  in 

spiritu  vini  servatis,  cum  recentium  examinandorum  tempus  deficeret. 

Longitudo  vermis  capite  adhuc  gaudentis  fequat  decern  ad  undecim  polhees,  alte- 
rius  capite  privi  novem  circiter.  Latitudo,  a   cauda  ad  caput  semper  decrescens, 

maxima,  postica  in  parte  lineam  parum  excedit.  Color  albus. 

Caput  parvum,  tenue,  osculis  vero  magnis,  globosis,  apertura  orbiculari  pariter 

magna,  exstantibus,  et  rostello  caput  ipsum  longitudine  et  basi  sua  etiam  crassitie 

(osculis  deductis)  aequante,  conico,  truncato,  inermi  instructum.  Collum  satis 

longmn,  subtile,  cum  capite  continuum,  planum.  .Irticuli  antici  rugaeformes, 

sequentes  brevissimi,  marginibus  lateralibus  obtusis,  reliqui  omnes,  semper  breves, 

anticam  partem  paululum  contractam,  margines  laterales  interdum  convexiusculos, 

interdum  fere  rectos,  marginem  posteriorem  vero  tumidulum  exhibent.  Eltimi 
articuli  non  adsunt.  Foramina  articulorum  non  vidi. 
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with  obtuse  lateral  margins;  all  the  rest,  always  short,  present  an  anterior  portion 

somewhat  contracted,  lateral  margins  sometimes  slightly  convex,  sometimes  almost 

straight,  and  a   swollen  posterior  margin.  Final  segments  not  present.  Openings 

of  the  segments  not  seen.  (Translation.) 

Diijardin  (1815a,  p.  579,  pi.  12,  lig.  G)  enlarged  upon  Creplin's 
account  of  the  species  Tseiua  leptocephala^  adding  sufficient  detail  to 

furnish  a   fairly  complete  description,  and  moreover  recognized  the 

apparent  identity  of  Creplin's  species  and  Tsenia  diminuta  of  Rudolphi. 
As  translated  his  account  reads  as  follows: 

Txnia  leptocephala.c — From  100  to  500  mm.  long,  from  1.5  mm.  to  4   mm.  broad,  com- 
posed of  very  numerous  and  very  short  segments  four  to  nine  times  as  broad  as  long; 

head  almost  globular,  from  0.26  mm.  to  0.30  mm.  broad,  may  lengthen  itself  by 

means  of  a   conical,  unarmed  rostellum,  sometimes  very  slender;  suckers  deep  with 

very  salient  edge,  0.16  mm.  broad;  first  segments  very  short,  the  following  ones 

(male)  six  to  nine  times  as  long  as  broad;  genital  orifices  unilateral;  penis  smooth, 

filiform;  eggs  almost  globular  with  three  envelopes;  the  outermost  smooth  at  first, 

then  finally  granular,  from  0.062  mm.  to  0.074  mm.  long;  the  middle  one  mem- 
branous; the  innermost  somewhat  quadrangular,  rounded,  from  0.041  mm.  to  0.042 

mm.  long;  embryo  from  0.032 mm.  to  0.036 mm.  with  hooks  from 0.015  mm.  to 0.017 mm. 

« Tenia  leptocephale  ( Tsenla  leptocephala) . — Long  de  100  a   500  mm.,  large  de  1   mm.  5 

a   4   mm.,  forme  d’articles  tres  nombreux  ettres  courts,  quatre  a   neuf  fois  aussi  larges 
que  longs;  tete  presque  globuleuse,  large  de  0   mm.  26  a   0   mm.  30,  pouvant  se  pro- 
longer  en  une  trompe  conique,  inerme,  quelquefois  tres  mince;  ventouses  profondes 

a   bord  tres  saillant,  larges  de  0   mm.  16;  premiers  articles  tres  courts,  les  suivants 

(males)  six  a   neuf  fois  aussi  longs  que  larges;  orifices  genitaux  unilateraux;  penis 

lisses,  filiformes;  oeufs  presque  globuleux  a   trois  enveloppes;  Fexterne  lisse  d’abord, 
puis  finement  granuleuse,  longue  de  0   mm.  062  de  0   mm.  074;  la  moyenne  mem- 

braneuse;  F interne  un  i:>eu  cpiadrangulaire,  arrondie,  longue  de  0   mm.  041  a   0   mm. 

042;  embryon  de  0   mm.  032  ii  0   mm.  036  avec  des  crochets  de  0   mm.  015  a   0   mm.  017. 

Sous  ce  nom,  donne  par  M.  Creplin  a   un  tenia  incompletement  decrit,  je  reunis 

plusieurs  tenias  dont  il  faudra  peut-etre  faire  deux  on  trois  especes;  savoir:  1®  un 
tenia  long  de  520  mm.,  large  de  4   mm.  en  arriere,  avec  la  tete  de  0   mm.  285,  trouve  dans 

un  rat  {Mus  rattus)  a   Eennes,  ses  penis  on  lemnisques  sont  larges  de  0   mm.  019,  sail- 

lants  de  0   mm.  06,  ses  testicules  sont  flexueux  et  non  pelotonnes  et  ne  s’avancent  pas 
au-dela  du  milieu  de  chaque  article;  ses  oeufs  out  Fenveloppe  externe  elliptique 

longue  de  0   mm.  066  a   0   mm.  074;  2°  plusieurs  tenias  trouves  a   Rennes  dans  des  sur- 
mulots  {Mus  decumanus)  ayant  la  tete  large  de  0   mm.  24  a   0   mm.  26,  les  penis  peu 

saillants,  larges  de  0   mm.  016,  et  les  testicules  replies  et  pelotonnes  dans  presque 

toute  la  largeur  des  articles  males;  les  oeufs  presque  globuleux  sont  longs  de 

0   mm.  068;  3“  fragments  de  tenia  longs  de  100  a   200  mm.  provenant  d’un  autre  sur- 
mulot,  et  remarquables  par  leurs  penis  tres  longs,  filiformes,  larges  de  0   mm.  028;  les 

derniers  articles  larges  de  2   mm.  2   sont  longs  de  0   mm.  75  et  contiennent  des  oeufs 

ronds  larges  de  0   mm.  068;  4°  des  tenias  longs  de  plus  de  150  mm.,  sans  tete,  trouves 
dans  deux  mulots  {Mus  sylraticus)  fi  Rennes;  ils  sont  larges  de  0   mm.  7   en  avant  et  de 

4   mm.  5   a   5   mm.  en  arriere,  on  les  derniers  articles  remplis  d’oeufs  sont  dix  a   quinze 
fois  aussi  larges  que  longs;  les  articles  intermediaires  males  out  le  receptacle  du  penis 

en  forme  de  massue,  ils  laissent  sortir  des  spermatozoides  filiformes  tres-longs,  mais  je 

n’ai  pas  vu  de  penis  saillant;  les  oeufs  sont  globuleux,  larges  de  0   mm.  062  0   mm.  07, 
mais  plus  ordinairement  de  0   mm.  065;  leur  coque  est  granuleuse  (voyez  Atlas,  pi. 

12). — II  faut,  je  crois,  rapporter  a   la  meme  espece  celle  que  Rudolphi  nomme  Tsmia 
diminuta. 

19203— Xo.  18—04   6 
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Under  this  name,  given  by  M.  Creplin  to  an  incompletely  described  tapeworm,  I 

include  several  tapeworms  which  will  perhaps  have  to  be  subdivided  into  two  or 

three  species,  namely:  First,  a   tapeworm  520  mm.  long, 

4   mm.  broad  in  the  posterior  portion,  with  a   head  0.285 

mm.  [broad],  found  in  a   rat  {Mas  rattus)  at  Eennes;  its 

penes,  or  lemnisci,  are  0.019  mm.  broad,  projecting  0.06 

mm. ;   its  testicles  [probably  misinterpretation  of  seminal 

vesicle  and  receptacle]  are  flexuous  and  not  conglobate, 

and  do  not  project  beyond  the  middle  of  each  segment;  the 

external  envelope  of  its  eggs  is  elliptical,  from  0.066  mm. 

to  0.074  mm.  long;  second,  several  tapeworms  found  at 

Rennes  in  brown  rats  (Miis  decumaniis)  with  a   head  from 

0.24  mm.  to  0.26  mm.  broad,  the  penis  not  very  salient,  0.016 

mm.  broad,  and  the  testicles  [probably  misinterpretation 

of  seminal  vesicle  and  receptacle]  folded  and  conglobate, 

throughout  almost  the  whole  breadth  of  the  male  segments; 

the  eggs,  almost  globular,  are  0.068  mm.  long;  third,  frag- 
ments of  tapeworm  from  100  to  200  mm.  long,  coming  from 

another  brown  rat,  and  remarkable  because  of  their  very 

long  filiform  penis,  0.028  mm.  broad;  the  last  segments,  2.2 

Tig.  68.— Strobila  of  H.  dimi- 

nuta.  Natural  size.  (After 

Weinland,  1861,  pi.  4,  fig.  10, 

from  Leuckart,  1863,  p.  398, 

fig.  116.) 

0.068  mm.  broad;  fourth,  tapeworms  more  than  150  mm. 

long,  without  a   head,  found  in  two  field  mice  {Mus  sylvati- 

cus)  at  Rennes;  they  are  0.7  mm.  broad  in  the  anterior  por- 
tion and  from  4.5  mm.  to  5   mm.  in  the  posterior  portion, 

where  the  last  segments,  filled  with  eggs,  are  ten  to  fifteen 

times  as  broad  as  long,  the  receptacle  of  the  penis  in  these  intermediate  male  seg- 

ments is  club-shaped;  these  segments  send  out  very  long  filiform  spermatozoa,  but  I 

did  not  see  a   salient  penis;  the  eggs  are  globular,  from 

0.062  mm.  to  0.07  mm.  broad,  but  more  commonly  0.065 

mm.  broad;  their  shell  is  granular  (see  Atlas,  pi.  12).  I 

think  we  should  refer  to  the  same  species  that  which 

Rudolphi  calls  Tsenia  diminuta.  (Translation.) 

Weinland  (1858)  was  the  first  to  report  the 

occurrence  of  Hy?ne?iolepis  di?nimita  m   msLi\\  he 

described  it  as  a   new  species,  Hymenolepis 

flavopunctata^  in  the  following  words  (see  also 

p.  98): 

The  length  of  the  whole  worm  is  between  200  and  300 

mm.,  that  is,  from  8   to  12  inches.  There  were  pieces  of  50 

mm.  in  length,  consisting  of  very  young  joints,  only  one- 
fifth  mm.  long  and  1   to  I5  mm.  broad;  again,  other  pieces, 

about  100  mm.  long,  consisting  in  their  anterior  half  of 

white,  immature  joints,  one-third  to  one-half  mm.  long, 

and  Ij  to  2   mm.  broad,  while  the  mature  joints  of  the  poste- 

rior half,  which  are  of  a   grayish  tint  (produced  by  the  eggs 

which  they  contain),  average  1   mm.  in  length  and  1 J   to  2 

in  breadth.  In  the  young  joints  the  sides  form  straight 

lines,  the  transverse  diameter  being  equal  throughout  the 

joint;  in  the  riper  ones  they  are  round  and  bulged,  and  the  transverse  diameter 

is  the  greatest  in  the  midst  of  each  joint.  One  of  the  pieces,  which  is  especially 

mentioned  in  the  catalogue  of  Pr.  J.  B.  S.  Jackson,  shows  the  form  of  the  joints 

when  fully  matured  and  soon  to  be  freed  as  proglottides.  They  are  in  this  specimen 

Fig.  69.— Strobila  of  H.  dimi- 
nuta. Natural  size.  (After 

E.  Parona,  1884,  fig.  1.) 
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triangular  in  shape,  being  narrow  in  front  and  suddenly  broadening  behind,  evi- 

dently having  already  discharged  the  eggs  from  the  anterior  part  of  the  joint,  while 

generally  proglottides  deposit  their  eggs  only  after  they  are  free.  In  other  speci- 
mens these  last  joints,  being  yet  quite 

full  of  eggs,  are  more  oblong,  even  with 

the  transverse  diameter  longer  than  the 

longitudinal.  In  either  case  the  proglot- 
tides are  very  loosely  connected  with  each 

other.  In  relation  to  the  genital  organs, 

we  have  mentioned  above  the  yellowish 

spot  lying  near  the  middle  line  in  the  an- 
terior part  of  each  joint,  and  it  is  for  this 

we  have  called  the  species  fiavopunctata. 

These  spots  are  the  testicles  [seminal  re- 

ceptacle, see  p.  89  ] ,   appearing  under  the 

microscope  as  a   globular  gland,  with 

another  smaller  one  attached  to  it;  this 

latter  one  runs  out,  toward  the  side  of  the 

joint,  into  a   long,  slender  canal,  in  which 

lies  the  penis.  The  genital  openings  are 
situated  all  on  one  and  the  same  side  of 

the  worm,  while  in  all  true  Taenias  (see 

p.  51,  note)  known  thus  far,  they  are  found 

irregularly,  now  on  one,  now  on  the  other 

side.  The  configuration  of  the  uterus, 

also,  differs  greatly  from  that  in  the  gen- 
uine Taenias.  There  is  no  main  stem  in 

the  midst  with  lateral  branches,  as  in  the 

latter;  but,  on  the  contrary,  the  eggs  are 

crowded  over  the  whole  joint.  It  some- 

times appears  as  if  they  Avere  arranged  in 

straight  lines  along  the  joint;  but  this  is 

certainly  owing  only  to  the  regular  lines 

of  muscular  contractions.  Only  fresh 

specimens  can  decide  ultimately  the 
structure  of  the  uterus.  From  a   careful 

dissection  of  the  younger  joints,  Ave  should 

judge  that  it  consists  of  globular  blind 

sacs,  located  here  and  there  in  the  joint, 

and  connected  by  fine  tubes  terminating 

finally  in  the  A^agina.  The  most  charac- 
teristic feature  in  this  Avorm  is  its  eggs, 

the  number  of  Avhich  may  be  counted  by 

thousands  in  each  ripe  joint.  They  are 

very  large,  measuring  0.054  mm.  in  diam- 

eter, and  under  a   Ioav  power  of  the  micro- 

scope appear  as  transparent  balls  with  a 

yelloAv  dot  in  them.  With  a   higher 

power,  Ave  easily  distinguish  three  dis- 

tinct eggshells  (figs.  9,  1,  a,  b,  c).  The 

outside  shell  is  translucent,  elastic,  cracking  in  sharp  angles  under  pressure,  and  only 

0.0007  mm.  thick;  this  shell  is  folded  by  application  of  glycerin.  The  second  shell 

is  membranaceous  and  irregularly  Avrinkled,  thinner  than  the  first,  and  immediately 

attached  to  it.  This  second  shell,  showing  through  the  first,  giATS  to  the  Avhole  sur- 

Fig. IQ.—Hymenolepis  duninuta. 
(After  Grassi,  1888  1,  pi.  11, 

Natural 
fig.  1.) 
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face  of  the  egg  a   wrinkled  appearance,  though  the  first  shell  is  in  reality  entirely 

smooth.  The  large  cavity  which  is  formed  by  these  two  outside  shells  contains  a 

fluid  (this  fluid,  which  has  the  appearance  of  albumen,  turns  milk  white  when 

brought  into  contact  with  water.  Such  an  albuminous  fluid  between  the  two  egg- 

shells has  also  been  noticed  by  Dujardin  in  the  eggs  of  a   Taenioid  from  Fringilla 

domestica,  L.),  in  which  swims  the  small  globular  embryo  (measuring  only  0.024 

mm.),  inclosed  in  a   third  shell,  closely  attached  to  it,  but  of  considerable  thickness 

(0.001  mm.).  IVe  can  not  state  with  certainty  that  there  are  three  paim  of  spines  to 

this  embryo;  if  there  are  any,  they  must  be  very  small. 

A   number  of  points  were  added  to  W einland's  description,  and  sev 
eral  errors  corrected  by  Leuckart  (1863.  pp.  397-400)  from  a   study  of 
material  obtained  from  AVeinland. 

That  Ilymenolepis  jlavopiuictata  AVeinland  from  man  is  in  reality 

the  same  form  as  Tsenia  leptocephala  Creplin  and  Tcenia  diminuta 

Rudolphi  was  definitely  established  by  Grassi  (1S881). 

The  most  complete  anatomical  description  of  Ilymenolepis  dirninuta 

which  has  appeared  is  that  given  by  Zschokke  (1889.  pp.  63-73.  figs. 
:>l-24). 

Two  species  very  similar  to  II.  dirninuta  are  known.  Hyrnenoleyris 

relicta  (Zschokke)  from  the  rat.  and  II  rnegaloon  Linstow  from 

a   gopher  {Sperrnophilm  sp.).  The  former,  although  described  by 

Zschokke  as  a   distinct  species,  is  so  nearly  like  II.  diminuta  that  it 

is  a   question  whether  the  two  ought  not  to  be  united  in  the  one  spe- 

cies, II.  dirninuta.  Practically  the  only  distinguishino* characteristics 

seem  to  be  difi'erences  in  the  length  and  the  number  of  segments,  upon 
the  basis  of  which  it  would  be  a   very  difficult  matter  to  draw  a   line 

separating  the  two  forms.  The  second  form.  II.  rnegaloon,  which 

was  described  briefly  by  Linstow  (1901).  resembles  II.  dirninuta 

except  in  one  or  two  minor  details,  and  is  a   yery  nearly  related 

species. 
ANATOMICAL  DESCRIPTION. 

The  following  account  of  the  anatomy  of  Hyrnenolepis  dirninuta  is 

based  upon  preyious  descriptions  supplemented  by  original  obserya- 
tions  upon  specimens  both  from  man  and  from  rats: 

EXTERNAL  ANATOMY. 

Strohila. — The  length  yaries  from  10  to  60  cm.  and  the  breadth  pos- 

teriorly is  from  2.5  to  4   mm.  or  as  much  as  (   i)  7   mm.  (Packard.  1900). 

Head. — The  size  and  form  of  the  head  (figs.  71-74)  are  yariable. 

200  to  600  p   in  width,  almost  globular,  but  rather  flattened:  with 

4   suckers,  placed  somewhat  anteriorly.  80  to  160  p   in  diameter,  and 

a   rudimentary,  unarmed  rostellum. 

Bostellurn. — The  rostellum  is  in  all  essentials  exactly  similar  to  the 

rostellum  of  Ilymenolepis  carioca  (see  Ransom.  1902).  When  in  a   state 

of  retraction  the  rostellum  ffigs.  72-74)  has  the  appearance  of  a   small 
elongated  muscular  sac  embedded  in  the  substance  of  the  anterior  part 
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of  the  head,  with  a   very  slender,  tube-like  cavity  extending*  into  its 
anterior  end  from  the  outside.  This  cavity  is  lined  with  cuticula  con- 

tinuous with  the  cuticula  covering*  the  head,  and  is  thus  evident!}^ 
produced  by  a   simple  invagination.  The  rostellum  is  sometimes  seen 

slightly  protracted,  forming  thus  a   conical  tip  on  the  anterior  surface 

of  the  head.  When  retracted,  the  rostellum  measured  in  two  speci- 

mens 100  by  10  )~i  and  100  b}^  80  in  length  and  width,  respective!}". 
Linstow  (1878b),  as  Grass!  (18881)  has  remarked,  erroneously  described 
the  rostellum  of  II.  diminuta  as  a   fifth  sucker. 

Heel. — The  neck  (fig.  72)  is  short,  0.5  mm.  (Grass!,  18881),  and  is 
generally  somewhat  smaller  in  diameter  than  the  head. 

71  72  73  74 

Fig.  71.— Head  and  neck  of  H.  diminuta  from  man.  Enlarged.  (After  E.  Parona,  1884,  fig.  4.) 

Fig.  72. — Head  and  anterior  portion  of  H.  diminuta  from  rat.  Enlarged.  (After  Zscliokke,  1889,  pi.  1, 
fig.  21.) 

Fig.  73.— Head  of  IL  diminuta.  Enlarged.  (After  Gras.si,  18881,  pi.  11,  dg.  5.) 

Fig.  74. — Head  of  H.  diminuta:  ar.,  sucker;  e.c.  can.,  excretory  canals;  ros.,  rostellum.  Enlarged. 
(After  Grassi,  18881,  pi.  11,  fig.  2.) 

SegmenU. — The  segments  number  800  to  1,000  (Zscliokke,  1889), 

1,300  (Magalhaes,  1896).  As  in  nearly  all  tapeworms  of  numerous  seg- 

ments this  character  will  be  found  to  vary  greatly.  The  young  seg- 

ments are  20  times  as  wide  as  long.  The  width  of  mature  segments 

is  15  to  20  times  the  length,  6   to  10  times,  or  even  not  so  much  as 

twice,  the  length.  The  posterior  borders  of  the  segments  are  only 

slightly  longer  than  the  anterior  borders  of  the  following  segments, 

and  the  appearance  of  serration  is  thus  only  slightly  marked. 

Genital jjores. — The  genital  pores  (figs.  75-77,  79,  80,  82,  83,  85,  87) 
are  unilateral,  situated  on  the  left  side  in  the  anterior  part  of  each 

segment  at  about  the  junction  of  the  anterior  and  middle  thirds. 

Occasionally  the  genital  pore  opens  on  the  opposite  side  of  the  seg- 

ment, but  comparatively  only  a   very  few  segments  have  the  genital 

openings  on  the  right  side  instead  of  the  left. 
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INTERNAL  ANATOMY. 

Calcareous  corjmsdes  are  present.  mo]*e  commonly  noticed  in  the 
anterior  part  of  the  strobila.  are  of  variable  size  and  form,  but  gener- 

ally oval,  measuring  8   to  13  j-i  by  d   to  6   )i  (lig.  71). 

Nervous  system. — Two  prominent  Jong ituclinal  nerve  trunl's  extend 

Fig.  75. — Proglottid  of  H.  dtminuta  showing  male  organs:  c.  p.,  cirrus  pouch:  t..  testis:  r.  de/..  vas  def- 
erens; ves.  sem.,  vesicnla  seminalis.  Enlarged.  (After  Grassi.  ISSSl.  pi.  11.  fig.  10.) 

Fig.  76. — Proglottid  of  IT.  diminuta  shotting  female  organs:  or.,  ovary;  rec.  nan.,  receptaculnm  semi- 
nis;  vag.,  vagina;  y.  g..  yolk  gland.  Enlarged.  (After  Grassi,  ISSSl.  pi.  11.  fig.  10.) 

throughout  the  strobila,  one  on  each  side,  situated  a   short  distance 

laterad  from  the  excretory  vessels.  Two  small  accessory  Jongituclinal 

nerves  are  also  present  on  each  side,  lying  close  to  the  dorsal  and 

ventral  sides,  respectively,  of  the  main  lateral  longitudinal  nerre.  In 

79 

Fig.  77. — Proglottids of  K.  diminuta  showing  usual,  A,  and  nnusual,  B,  position  of  testes.  Enlarged. 
(After  Grassi,  18881,  pi.  11.  fig.  14.) 

Eig.  78.— Portion  of  strobila  of  K.  dim  in  ida  abont  4   cm.  from  the  head.  Enlarged.  ( After  E.  Parana, 
1884.  fig.  5.) 

Fig.  79.— Portion  from  the  middle  of  strobila  of  H.  diminuta.  Enlarged.  (After  E.  Parana,  1884, 
fig.  6.) 

each  segment  also,  according  to  Zschokke  (1SS9),  the  lateral  trunks 

give  off  in  the  anterior  and  posterior  regions  of  the  proglottis, 

respectively,  two  nerves  which  run  mediad,  one  in  the  cortical  portion 

of  the  parenchyma,  i.  e.,  outside  the  layer  of  transverse  muscle  libers, 
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and  the  other  in  the  central  portion,  namely,  beneath  the  transverse 

muscles.  These  undoubtedh^  represent  commissures  which  are  known 
to  occur  in  other  forms,  connecting  the  lateral  longitudinal  nerves. 

In  the  regions  where  these  commissural  nerves  are  given  off  the 

lateral  nerves  present  ganglionic  enlargements  (Zschokke,  1889).  The 

Fig.  80. — Male  and  female  organs  of  H.  diminiita.  Transverse  section:  c.p.,  cirrus  pouch;  g.p.,  gen- 

ital pore;  or.,  ovary;  ree.  sem.,  receptaculum  seminis;  s.  g.,  shell  gland;  testis;  ut.,  uterus;  vag., 

vagina;  v.  dej.,  vas  deferens;  v.  ef.,  vas  efferens;  ve-s.  sem.,  vesicula  seminalis;  y.  g.,  yolk  gland. 

Enlarged.  (After  Zschokke,  1889,  pi.  2,  fig.  22.) 

nerve  timnks  turn  inward  in  the  scolex,  become  thicker  and  are 

united  at  the  base  of  the  rostellum  by  a   commissure  richly  supplied 

with  nerve  cells.  Four  nerves  extend  forward  along’  the  sides  of  the 
rostellum,  within  which,  also,  nervous  elements  are  distinguishable. 

Although  neither  an  anterior  nerve  ring  surrounding  the  anterior  part 

of  the  rostellum,  nor  nerves  to  the  suckers  have  been  deffnitely  seen, 

Zschokke  (1889)  considers  their  exis- 

tence probable,  upon  the  basis  of 

analogy  with  other  forms. 

Muscular  system. — Besides  the 

subcuticular  circular  and  longitudi- 

nal muscle  fibres,  there  are  present 

throughout  the  strobila,  longitudi- 

nal, transverse,  and  dorso-ventral 

muscle  fibers.  The  longitudinal 

fibers  are  arranged  in  bundles  of  8 

to  15  fibers  which  are  placed  in  two 

series,  an  outer  series  or  layer  just 

beneath  the  layer  of  flask-like  sub- 
cuticular cells  which  lie  beneath  the 

cuticula,  and  a   second  series,  more  or  less  distinct  from  the  first,  and 

more  internally  situated.  The  bundles  are  connected  by  numerous 

oblique  fibers.  The  number  of  bundles  is  variable,  l)ut  the  bundles 

of  the  outer  layer  are  more  numerous  than  those  of  the  second.  Fol- 

lowing the  longitudinal  fibers  forward  into  the  neck  and  scolex,  the 

fibers  of  the  outer  series  are  seen,  by  the  study  of  sections,  to  be 

derived  from  subcuticular  longitudinal  fibers  of  that  region,  while  the 
fibers  of  the  inner  series  continue  on  into  the  scolex  and  attach  to  the 

suckers  and  rostellum,  relations  already  established  by  Liihe  (189d, 

Fig.  81. — Point  of  union  of  female  canals  of  H. 

diminuta:  ovd.,  oviduct;  ov.  isth.,  isthmus 

connecting  the  right  and  left  lobes  of  the 

ovary;  rec.  sem.,  receptaculum  seminis;  s.  g., 

shell  gland;  y.  d.,  yolk  duct.  Enlarged. 
(After  Zschokke.  1889.  pi.  2,  fig.  23.) 
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1896)  for  other  species,  and  referred  to  above  in  connection  with 

Hym.enolej)is  nana. 

Transverse  fibers  are  comparatively  few,  and  are  prominent  at  all, 

only  in  the  region  where  one  segment  joins  the  next.  The  dorso- 

ventral  fibers  are  also  more  prominently  developed  near  the  junction  of 

the  segments. 

Fig.  S2. — Pro^  l   ttid  of  II.  diminuta  by  transmitted  light.  Uterus  developed  and  containing  ova:  ov., 

ovary;  h,  teste  ■;  ?d.,  uterus;  ves.  sein.,  rec.  ̂ e»i.,vesicula  seminalis  and  receptaculum  seminis;  v.  ex.  can., 

ventral  lateral  e.vcretory  canal;  y,  g.,  yolk  gland.  Enlarged.  (After  Grassi,  18881.  pi.  11,  fig.  12.) 

V.  ex.  can. 

ves.sem. 

The  rostellnm  is  supplied  with  longitudinal  and  circular  libers,  an 

outer  longitudinal  and  inner  circular  (Zschokke.  18S9).  In  the  scolex 

there  are  found  muscle  libers  running  in  various  directions,  with 
various  attachments. 

Excretoky  system. — The  excretory  canals  (tigs.  7-t,  82,  84,  88)  are 

lateralh"  situated.  The  ventral  pair  as  usual  are  much  the  larger,  a4id 
are  connected  in  the  posterior  part 

of  each  segment  l)v  a   transverse 

canal  (tig.  84)  of  smaller  caliber. 
The  dorsal  canals  lie  close  to  the 

dorsal  side  of  the  ventral  canals, 

and  are  much  smaller  except  in 

the  scolex  and  the  anterior  part 

of  the  strobila  where  the  ventral 

canals  are  of  small  diameter,  only 

a   little  larger  than  the  dorsal 

canals  (tig.  74).  In  the  scolex 
there  is  an  anastomosis  of  the 

four  canals  behind  the  rostellnm.  Extending  forward  from  this  anas- 
tomosis, there  are  two  loops,  one  on  either  side  of  the  rostellnm,  into 

which  also,  the  excretory  system  is  extended  by  means  of  four  very 

slender  canals,  which  unite  in  the  rostellnm  to  form  two  closed 

loops,  the  dorsal  canal  of  each  side  uniting  with  the  corresponding 

ventral  canal.  Similar  loops,  as  found  b}"  Mingazzini  (1899),  in 
Hyrnenolepis  nana  have  already  been  mentioned  in  connection  with 
that  form. 

Fig.  83. — Proglottid  of  H.  diminuta  further  devel- 
oped than  fig.  79:  rec.  sent.,  receptaculum  seminis; 

t.,  remnants  of  testes;  ut.,  uterus.  Enlarged. 

(After  Grassi,  18881,  pi.  11,  fig.  12.) 
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Reproductive  system. — The  male  reproductive  organs  develop 

more  rapidly  than  the  female  and  reach  maturity  sooner. 

The  cirrus  pouch  and  vagina  cross  the  excretory  canals  and  the 

longitudinal  nerve  on  the  dorsal  side. 

Male  organs. — Three  testes  (^.,  figs.  75,  80,  8'2,  83)  are  normally 
present,  two  to  the  right  and  one  to  the  left  of  the  mass  of  female 

glands  which  occup}’  the  median  portion  of  the  proglottis.  Two  testes, 
however,  may  often  be  found  occupying  the  side  toward  the  genital 

pore  and  only  one  on  the  other  side  (fig.  T7B).  Exceptionally,  also, 

only  two  may  be  present,  or  there  may  be  four  to  six.  In  shape  the 

testes  are  oval  or  spherical  and  when  fully  developed  occupy  nearly 

the  entire  thickness  of  the  central  parenchyma. 

Vasa  efferentia  {v.  ef. ,   fig.  80)  lead  from  the  dorsal  sides  of  the  testes, 

and  the  three  canals  converging  to  meet  near  the  median  line  in  the 

dorsal  portion  of  the  central  parenchyma  unite  to  form  the  vas  defer- 

ens (/'.  def.  figs.  75,  80)  which  passes  laterad  near  the  anterior  border 

Fig.  84. — Longitudinal  section  of  proglottid  of  H.  dirutnida  showing  the  arrangement  of  the  uterus: 

?/h,  uterus;  v.  ex.  ea/?.,  ventral  lateral  excretory  canal.  Enlarged.  (After  Zschokke,  1889,  pi.  2, 
fig.  24.) 

of  the  segment,  in  the  direction  of  the  genital  pore.  Before  reaching* 
the  cirrus  pouch,  however,  the  vas  deferens  is  dilated  to  form  a   large 

pyriform  serninal  vesicle  {ves.  seni..^  figs.  75,  80,  82). 

The  cirrus  j>oxich  (c.  ju,  figs.  75,  80)  is  claviform  and  well  supplied 

with  circular  and  longitudinal  muscle  fibers.  Fibers  directed  in  an 

oblique  or  spiral  direction  are  also  often  apparent.  The  vas  deferens 

within  the  cirrus  pouch  is  supplied  with  muscle  fibers;  it  becomes 

narrow  and  forms  the  slender  cirrus^  an  organ  bent  and  twisted  when 

in  a   state  of  retraction,  but  which  may  be  straightened  and  extended 

through  the  genital  pore  a   distance  of  50  to  60  /i.  In  sections  the 

cirrus  is  occasional!}*  seen  protracted  and  entered  for  a   considerable 
distance  into  the  vagina  of  the  same  segment. 

After  they  have  fulfilled  their  function,  the  testes  degenerate,  but 

traces  of  them  are  often  distinguishable  even  in  the  oldest  segments 

(z^.,  fig.  83).  After  it  once  reaches  maturity  the  cirrus  pouch  continues 

with  little  apparent  change  to  the  end  of  the  strobila. 

Female  organs. — The  vagina,  fag.,  figs.  76,  80)  opens  into  the  genital 
pore  on  the  ventral  side  of  the  cirrus  pouch.  It  soon  dilates  into  a 

large,  elongated,  and  very  prominent  seminal  receqjtacle  fee.  sein.^ 
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lig’S.  76.  80-S3;  whicli  extends  inward  nearly  to  the  middle  line.  It  is 
this  organ  hlled  with  sperm  which  appears  as  the  yellow  spot,  and 

furnished  the  n^m.Q  flavojmnetata  of  AVeinland.  IVeinland  erroneously 

interureted  this  organ  as  a   testis. 

Fig.  So. — Immature  proglotrids  of  H.  diminuta.  Enlarged.  .Cfter  Stein.  1SS2.  pi.  13.  dg.  10.  i 

Fig.  '•6. — GraAud  proglottid?  of  H.  dimimda.  Enlarged.  After  Stein.  IS'^2.  pi.  13.  fig.  11.; 

Near  the  middle  of  the  segment  the  >eminal  receptacle  ends  and 

opens  into  the  middle  of  the  oviduct  hy  a   narrow  tube  (hg.  81). 

Fig.  S7. — Gra’^ud  proglottid?  of  K.  diminuta  (one  sterile  .   Enlarged,  i   After  Leuckart.  1863.  p.  399, 
fig.  117. 

Fig.  8S. — One-half  of  two  fertile  joint?  =.i  H.  diminuta.  with  that  f»i  an  intervening  sterile  joint. 

Enlarged.  GAiter  Leidr.  lSS4a.  p.  111. 

The  ovary  {crc..  hgs.  76.  80.  82;  is  more  or  less  bilobed  and  situated 

in  the  median  part  of  the  proglottis.  The  oviduct  {ovd..  tigs.  80.  81) 

leading  from  the  ovary  runs  lirst  forward,  is  joined  by  the  narrow 
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Fig.  89. — Proglottids  of  H.  diminuta  from  pos- 
terior portion  of  strobila.  Enlarged.  (After 

£.  Parona,  1884.  fig.  7.) 

tube  from  the  seminal  receptacle,  then  turns  toward  the  ventral 

surface  and  backward,  and  in  the  midst  of  the  complex  of  cells,  known 

as  the  shell  gland,  is  joined  by  the  duct  from  the  yolk  gland.  The 

shell  gland  {s.  g..  tigs.  80,  81)  is  a   little  rounded  mass  which  lies  between 

the  right  and  left  lobes  of  the  ovaiy.  The  yolJc  gland  {y.  g.,  tigs.  76, 

80-82)  is  lenticular  in  shape  and  situated  on  the  ventral  side  of  the 

shell  gland  and  somewhat  more  x^os- 

teriorly.  With  resjiect  to  the  main 

body  of  the  ovary  the  yolk  and  shell 

glands  are  x^osterior  (caudad). 

From  its  x^oiiit  oi  union  in  the 

shell  gland  with  the  yolk  duct  the 

oviduct  turns  forward  and  emx^ties 
into  the  uterus  on  the  dorsal  side 

of  the  anterior  x^art  of  the  ovary 

(hgs.  80,  81).  The  uterus  at  first  is 

siinx^ly  a   transversely  elongated  mass 

of  cells  without  a   cavity,  but  as  it 

develox^s  becomes  hollowed  out  and 

the  tube  thus  formed  grows  in  various  directions,  sending  out  diver- 

ticula and  increasing  in  size  generally  so  as  to  gradually  fill  ux^  x^i’ac- 
tically  the  entire  proglottis.  After  the  uterus  begins  to  grow  actively 

the  ovary  quickly  disax^x^ears.  The  yoke  gland,  however,  remains 

apparent  for  a   long  time.  According  to  the  degree  of  develox)nient 

which  the  uterus  has  reached  it  is  evident  that  the  apx^earances  will  be 

somewhat  different.  Zschokke  (1889).  for  example,  has  described  a 

condition  (fig.  81)  in  which 

the  uterus  has  the  form 

of  two  transverse  canals 

uniting  at  one  side  so  as 

to  form  a   loox^,  the  two 
limbs  of  which  are  also 

connected  at  various  other 

XDoints.  Grassi  (18881)  no- 

ticed in  sections  of  seg- 
ments in  which  the  uterus 

had  not  reached  its  final 

develoxmient,  that  it  ax^- 

X^eared  as  a   large  number  of  cavities  of  various  sizes  communicating 

with  one  another  (figs.  82,  83). 

As  the  uterus  grows  the  diverticula  become  crowded  together,  and 

the  eggs  form  a   more  or  less  comx^act  mass  occux^^dng  nearly  the  whole 

segment.  The  adult  uterus,  at  first  sight  ax^parently  a   simxfie  sac  filled 

with  eggs,  is  thus  seen  to  be  more  comxffex;  its  cavity,  although  contin- 

uous, is  broken  iq)  by  incomxffete  partitions,  and  by  innumerable  x^ro- 

Fig.  90.— Proglottis  of  II.  diminuta  containing  fully  developed 

ova,  rendered  transparent  Avith  potash.  Enlarged.  (After 
Grassi.  18881,  pi.  11,  fig.  15.) 
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cesses  invagiuated  from  its  walls,  penetrating  everywhere  among  the 

eggs  as  in  Ilyimnolepls  nana.  but  in  this  case  more  pronounced,  so  that 

Fig.  91. — Egg  of  11.  diminuta  from  the  woodmouse  si/lraticus).  ^Median  focus.  Enlarged. 

(After  Dujardiu,  184.5a,  pi.  12,  fig.  Gl.) 

Fig.  92. — Egg  of  II.  diminuta  from  the  Avoodmonse  (J/a.s  :<iih'aficus).  .Superficial  focus.  Enlarged. 

(After  Dujardin,  1845a,  pi.  12,  fig.  G2.) 

Fig.  93. — Eggs  of  II.  diminuta  from  man.  Enlarged.  (After  Stein.  1882,  j)1.13.  fig.  12.) 

Fig.  94. — Egg  of  II.  diminuta  from  rat.  Enlarged.  (After  Zschokke,  1889,  pi.  2,  fig.  30.) 

Fig.  9.5. — Egg  of  II.  diminuta  from  man,  as  seen  in  feces.  Enlarged.  (After  Grass!,  18881,pl.ll,  fig.  10.) 

Fig.  96. — Egg  of  II.  diminuta  from  man,  as  seen  in  feces.  Enlarged.  (After  Grassi,  18881,  pi.  11, 

fig.  19.) 

Fig.  97; — ~Egg  ot  II.  dimhiuta  from  man.  (E.  Parona’s  (18S4)  case.)  Enlarged.  (After  Bizzozero, 

1889a,  pi.  4,  fig.  g".) 

Fig.  98. — Egg  of  II.  dimmuta  from  man.  Enlarged.  (After  Weinland,  1861,  pi.  4,  fig.  12.) 

Fig.  99, — Fully  developed  egg  of  H.  diminuta  from  man,  Avith  outer  membrane  broken  and  inter- 

mediate substance  protruding.  Enlarged.  (After  Weinland,  1861.  pi.  4.  fig.  13.) 

Fig.  100. — Hgg  ot  H.  diminuta  in  glycerin;  outer  membrane  folded.  Enlarged.  (After  Weinland, 

1861,  pi.  4,  fig.  14.) 

Fig.  101. — Embryo  of  II.  diminuta  surrounded  by  inner  membrane.  Outer  membrane  and  inter- 

mediate substance  have  been  torn  aAvay.  Enlarged.  (After  Weinland,  1861,  pi.  4.  fig.  15.) 

the  result  may  be  compared  to  a   sponge,  the  meshes  of  which  are 

filled  by  the  eggs  (figs.  87-90). 
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In  IlymenoJej^is  dimiiiiitu.  from  man  it  is  a   very  common  thino-  to 
find  numerous  sterile  proglottids  (figs.  87,  88).  In  these  segments  the 

female  organs  fail  to  develop  properly,  and  no  embryos  are  produced, 

i   Such  segments  are  readily  apparent  in  the  older  portions  of  the  stro- 

bila,  reason  of  their  clear  color,  due  to  the  absence  of  eggs,  ̂ yhich  give 

fertile  segments  a   somewhat  dark  or  brownish  color.  These  sterile 

segments  have  been  noticed  by  nearly  eveiyone  who  has  ever  observed 

II.  diminuta  from  man,  while  in  specimens  from  the  rat  they  are 

much  less  common.  Leidy  (1884a),  for  example,  gives  the  following 

-succession  of  fertile  and  sterile  segments  in  a   fragment  about  8   cm. 
long.  The  fertile  segments  are  indicated  by  roman  type,  the  sterile 

by  italics: 

1,  1,  6.  1,  7,  1,  J,  1,  IS,  1,  S.  1,  -i,  5,  i,  1,  -i,  4,  4,  1,  4,  1.  1,  5, 

T,  1,  10,  4,  6,  S,  3,  13,  1,  2,  2. 

Eggs. — The  eggs  as  first  seen  in  the  uterus  do  not  ditfer  apparently 

from  the  eggs  as  found  in  the  ovaiy.  The  shell  is  not  formed  by  the 

immediate  action  of  the  so-called  shell  gland,  as  might  be  supposed, 

during  the  passage  of  the  egg  through  the  part  of  the  oviduct  sur- 

rounded by  this  gland,  but  only  becomes  apparent  during  the  progress 

of  the  development  of  the  embryos  in  the  uterus.  When  full}'  formed 
the  embryo  possesses  a   shell  in  which  3   layers  may  be  distinguished, 

an  outer,  a   middle,  and  an  inner  (figs.  91-101).  Both  the  embryo  and 
its  shell  increase  in  size  after  development  is  begun,  until  the  final 

stage  of  the  eggs  as  they  are  thrown  off  in  the  feces  is  reached.  The 

egg  as  seen  in  the  feces  or  in  the  oldest  segments  is  spherical  (figs. 

91-95,  97).  The  outer  memlrr an e   is  comparatively  thick  and  delicately 
striated  radialhy  and  is  more  or  less  yellowish  in  color.  The  inner 

memlrrane  closely  invests  the  embryo  or  onchosphere  and  is  somewhat 

oval  in  shape,  often  with  two  polar  papillae  (fig.  96),  as  in  Hymenal egri^^ 

nana,  but  so  far  as  is  known  without  filaments.  This  membrane  is 
thinner  than  the  outer.  Between  the  outer  and  inner  membranes  is  an 

intermediate  layer  of  granular  structure,  apparently  albuminous  in 
character. 

When  the  outer  envelope  is  broken  away  (fig.  99),  this  intermediate 

kyer  remains  and  is  seen  to  have  a   smooth  external  contour,  as  though 

limited  by  a   very  thin  but  distinct  membrane.  In  sections  of  preserved 

material  this  granular  intermediate  layer  is  commonly  found  drawn 

away  from  both  the  outer  and  inner  envelopes,  and  bounded  internally 

and  externally  by  a   very  delicate  smooth  membrane  of  chitinous  appear- 

ance. In  the  granular  mass  are  three  or  four  or  more  prominent 

deeply  staining  nuclei.  It  is  to  the  activity  of  these  nuclei,  or  of  the 

oells  to  which  they  belong,  that  the  formation  and  growth  of  the  shell 

of  the  embryo  seem  to  be  due. 

It  is  only  in  eggs  of  the  oldest  segments  that  the  radial  structure  of 

the  outer  membrane  can  be  distinguished;  in  eggs  of  younger  seg- 
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ments  this  striation  is  not  apparent,  and  the  membrane  is  much  thinner. 

In  still  younger  segments  the  eggs  are  considerably  smaller  and  the 

shape  is  commonly  oval. 

A   number  of  authors  give  the  sizes  of  the  eggs  as  follows: 

Dujardin  (lS45a.  p.  579);  Outer  envelope.  62  to  74 inner  envel- 

ope. 41  to  42  /<:  embryo.  32  to  36  hooks.  15  to  17 

IVeinland  (1S5S.  p.  55):  Outer  envelope.  54//:  embryo.  24//. 

Leuckart  <   1886a.  pp.  661-663.  from  Weinland's  material):  Outer 
envelope.  60  //:  embryo.  30  //:  hooks,  17  //. 

E.  Parona  (1884):  Outer  envelope.  58  to  68  //. 

Grass!  (18881):  Outer  envelope,  70  to  86  //:  embryo.  36  by  28  u: 

hooks,  11  //. 

Zschokke  (1889).  no  measurements  given. 

Leidy  (1884a.  p.  110):  Outer  envelope.  72  //:  a   few  oval  eggs  80  by 

72  //:  embryos.  4')  by  32  //. 

Magalhaes  (1896):  Outer  envelope,  about  59.5  //:  embryo,  about 

34  //. 

Sonsino  (Sonsino  A   Zschokke.  1896):  Outer  envelope.  75  u   and  80 

by  75  //:  hooks.  14  //. 

In  measurements  which  I   have  made  of  eggs  of  specimens,  both 

from  the  rat  and  from  man  (LeidyVs  material),  the  outer  envelope 

ranged,  in  both  cases,  from  64  to  80  //:  the  inner.  24  by  20  //  to  36  by 

28  //:  the  hooks,  14  to  16  //. 

The  middle  pair  of  hooks  differed  from  the  other  two  pairs  in  the 

same  manner  as  mentioned  above  in  connection  with  H.  nano.,  namely, 

they  were  more  delicate  and  the  ventral  root  was  only  very  slightly 

developed. 

Besides  the  eggs  of  ordinary  size  it  is  not  uncommon  to  ffud  in 

mature  segments  now  and  then  an  egg  considerably  smaller,  round  or 

slightly  oval,  with  the  outer  envelope  much  thicker  than  is  usual  in 

the  larger  eggs.  Four  such  specimens  gave  sizes  ranging  from  40  by 

40  //  to  40  by  48  //. 

Sonsino  (Sonsino  tSc  Zschokke.  1896.  p.  939)  has  found  that  the  ova 

will  remain  alive  in  water  at  least  fifteen  days. 

DEVELOPMENT  AND  LIFE  HISTORY. 

It  is  to  the  observations  of  Grass!  A   Kovelli  (1888b.  1889a.  1889b. 

1892a)  that  we  owe  our  knowledge  of  the  life  history  of  Hyrneiiolepis 

diminuta.  Their  results  (as  given  in  Grass!  c'c  Eovelli.  1892a.  pp. 

31-33.  90-92)  are  as  follows: 

All  attempts  at  direct  infestation  resulted  negatively. 

The  cysticercoids  were  first  found  in  the  larva  of  the  meal  moth  and 

its  adult  {Asopia  faniiaUs).  then  in  young  and  adult  earwigs  {Anisola- 

his  anmdipes  Lucas),  and  finally  in  adults  of  beetles  (AG-s  spinom 

(Linnaeus)  and  Scaurus  .^tr iotas  (Fabricius).  They  live  in  the  abdom- 
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inal  cavity  of  these  various  insects  amid  the  adipose  tissue,  sometimes 

in  very  considerable  numbers. 

The  larva  of  Asopict  farlnalis  is  very  common  in  dwelling  houses  all 

over  Europe,  where  it  feeds  upon  organic  materials,  refuse,  flour, 

meal,  etc.  In  the  moth  stage  it  is  frequent  in  April  and  October. 

This  moth  is  also  common  in  America,  and,  in  fact,  is  almost  cos- 

mopolitan in  its  distribution. 

On  account  of  its  wide  geographical  range  corresponding  with  the 

distribution  of  II.  dirnimtta^  Grassi  considers  that  Asopia  is  probably 

the  normal  intermediate  host  of  the  tapeworm  in  question.  It  is  said  by 

Grassi  that  rats  prey  actively 

not  only  upon  the  larval,  but 

also  upon  the  adult  moths. 

Acis  spinosa  lives  in  the  south 

of  Europe,  Scaurus  striatus  in 

the  south  of  Erance,  in  Itah", 
Spain,  and  Greece;  both  belong 

to  the  same  family  of  beetles 

(Tenebrionidee),  related  to  that 

in  which  Tenehrio  belongs,  the 

latter,  the  supposed  intermedi- 
ate host  of  Taenia  microstoma. 

Twenty  or  more  cysticercoids 

from  Anisohihis  were  admin- 

istered to  white  rats,  wdiich 

were  entirely  free  from  tape- 
worms; after  3   days  the  head 

of  II.  diminuta  with  a   very 
short  neck  was  observed  in  the 

intestine;  after  a   week  the  neck 

had  become  longer,  i   cm. ,   with 

no  trace  of  segments;  in  15  days  the  worm  had  become  quite  long 

but  without  yet  having  reached  maturit3^  The  experiments  were 

repeated  for  all  the  other  intermediate  hosts;  the  results  were  con- 

stantly positive,  and  the  adult  worms  obtained  corresponded  perfect^ 
to  II.  diminuta. 

Two  experiments  were  tried  on  man,  one  upon  Sig.  Calandruccio, 

which  resulted  negativeh^  and  one  upon  a   second  individual  (adult 

male);  in  the  second  case,  15  da^^s  after  the  ingestion  of  the  cysticer- 
coids (from  Acis  spinosa)^  the  ova  of  II.  diminuta  appeared  in  the  feces, 

and  after  treatment  with  male  fern,  numerous  specimens  of  the  tape- 

worm were  passed. 

The  cysticercoid  was  observed  only  in  the  mature  stage,  free  or 

provided  with  an  adventitious  connective  tissue  capsule,  evidently 

derived  from  the  host.  Its  size  is  measured  b}"  a   few  tenths  of  a   milli- 

Fig.  102.— Encysted  cercocystis  of  H.  diminuta:  caud., 
caudal  appendage;  cyst,  adventitious  capsule  inclos- 

ing the  cercocystis.  Enlarged.  (After  Grassi  & 
Rovelli,  1892a,  pi.  4,  fig.  1.) 
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meter.  Like  the  cysticercoid  of  Hyinenolepis  muia^  it  lias  a   body  and 

a   tail,  and  may  therefore  be  termed 

a   cercocystis.  The  tail  is  rather 

long,  two  or  three  times  the  length 

of  the  body  (tig.  102).  As  in  the 

case  also  of  H,  nana  (see  p.  10)  the 

body  is  a   gastrula-like  structure, 

with  an  anterior  opening  and  a   sec- 

ondary cavity  formed  b}^  invagina- 
tion. Likewise,  a   very  thin  pri- 

mary cavity  separates  the  outer  and 
the  inner  wall.  The  two  walls  are 

highly  dilferentiated(ligs.  103. 101). 

The  outer  consists,  proceeding  in 

the  order  from  without  inward,  of 

a   thick  cuticula  striated  radially,  a 

layer  of  fusiform,  somewhat  cylin- 

drical cells,  a   layer  of  circular  libers 

(muscular?),  a   layer  of  cells  much 

elongated  longitudinally,  and  final- 

ly a   lamellar  layer.  The  second 

layer  is  not  complete,  but  forms 

two  longitudinal  bands  on  opposite 

sides  of  the  body.  In  cross  section 

the  body  is  seen  to  be  rather  oval, 

with  these  two  bands  of  cells,  cut  across,  corresponding  to  the  poles  of 

the  major  axis  of  the  ellipse  (tig.  KA).  The  inner  wall  is  composed  of 

a   layer  of  reticular  connective 

tissue,  rich  in  cells  and  calcare- 

ous corpuscles,  and  lined  with 
cuticula.  The  relations  of  the 

scolex  are  the  same  as  in  the  cer- 

cocystis of  II.  nana  (see  p.  10); 
that  is,  it  lies  within  the  second 

cavit}y  and  is  attached  behind  to 

the  inner  wall  by  a   peduncle, 

which  in  this  case,  however,  is 
thicker  and  shorter  than  in  IT. 

nana.  The  primitive  cavity  is 

well  defined  in  good  prepara- 
tions; it  does  not  extend  into  the 

tail.  The  anterior  opening  of 

the  secondarv  cavitv  is  verv  nar- 

riG.  103.— Longitudinal  section  of  cercocystis  of 

R.  diminuta:  1.  ext.,  external  wall;  1.  int..  inter- 
nal wall;  pr.  car.,  primary  cavity;  sec.  car.. 

secondary  cavity.  Enlarged.  (After  Grassi  A 

Rovelli,  1892a,  pi.  4,  fig.  3.) 

pr.cay. 

Fig.  104. — Cross  section  of  cercocystis  of  H.  dimiimta: 
I.e.vf.,  external  wall;  1.  int.,  internal  wall;  pr.  car., 

primary  cavity;  sco.,  scolex;  sec.  car.,  secondary 

cavity.  Enlarged.  (After  Grassi  &   Rovelli.  1892a, 

pi.  4.  fig.  2.) 

row  and  deep.  The  four  excretory  vessels  form  horseshoe-like  loops 

in  the  scolex  in  relation  with  the  inner  wall  (fig.  !<>b). 
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The  embryonal  hooks  are  frequently  evident,  commonh^  four  upon  the 
tail  and  two  upon  the  most  posterior  part  of  the  body  proper  (tig.  105). 

Since  the  tail  was  sometimes  found  branched  and  at  other  times  (in 

Anisolabis)  the  cysticercoids  were  united  by  their  tails  into  groups  of 

3   or  1,  and  since  occasionalh^  in  Acis  spiiiosa  a   smaller  cysticercoid 
would  be  found  attached  l>y  the  tip  of  the  tail  to  the  thickest  part  of 

the  tail  of  a   c3\sticercoid  of  ordinary  size,  it  seemed  probable  to  Gi  assi 

that  in  certain  cases  the  c}"sticercoid  of  TL  diminuta  is  capable  of 
proliferation. 

Fig.  105. — View  of  cercocystis  of  H.  diminuta,  showing  muscle  fibres:  catfcZ.,, caudal  appendage;  pr. 
cav.,  primary  cavity;  see.  cav.,  secondary  cavity.  Enlarged.  (After  Grass!  &   Rovelli,  1892a,  pi.  4,  fig.  4. ) 

Fig.  106. — Longitudinal  section  through  the  body  of  a   cercocystis  of  H.  diminuta:  ex.  can.,  excretory 
canal;  pr.  cav.,  primary  cavity;  sec.  car.,  secondary  cavity.  Enlarged.  (After  Grass!  &   Rovelli, 

1892a,  pi.  4,  fig.  6.) 

Fig.  107. — Longitudinal  section  through  the  body  of  a   cercocystis  of  H.  diminuta:  ac.,  sucker; 
pr.  cav.,  primary  cavity;  sec.  cav.,  secondary  cavity.  Enlarged.  (After  Grass!  &   Rovelli,  1892a,  pi.  4, 

fig.  5.) 

Cysticercoids,  single  or  proliferated,  were  often  found  dead,  having 

undergone  a   degeneration  l)v  which  they  became  brown,  and  the 

details  of  structure  indistinct.  In  some  cases,  in  Acis  spinosa^  the 

adventitious  capsule  was  present  and  very  thick:  live  cvsticercoids  were 

found  encapsulated  in  Anisolabis. 

In  a   footnote  (Grassi  &   Kovelli,  1892a,  p.  33)  it  is  stated  that  more 

recently  a   stage  in  the  development  of  the  cysticercoid  was  found 
which  showed  that  in  IL  diminuta  the  formation  of  the  rostellum  and 

suckers  precedes  the  invagination  as  in  IlymenoJejns  nana. 

19203— Xo.  18—04   7 

105. 
107. 
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ABSTP.ACTS  OF  CASES  OF  HY3IFXOFEPIS  OOIIXITTA 

IX  3F\X. 

AAIZRICA. 

Boston,      1   case. 

Weixi-a^td  1S5S  the  hm  to  record  the  occurrence  of  this  tapeworm  in  man. 

His  account  >   IsoS,  jj.  59  in  part  reads  as  follows: 

"Among  the  helminthological  specimens  with  which  Dr.  J.  B.  S.  Jacks^jn  kindlv 
furnished  us  for  further  investigation,  from  the  collection  of  the  Medical  Improvement 

•Sxiety,  Boston,  there  was  a   phial  containing  a   number  of  pieces  of  a   small  tape- 
worm. In  the  catalogue  of  the  collection  we  find  these  specimens  mentioned  under 

Iso.  9<Jo.  with  the  followim?  words:  'A  second  specimen  of  Bothriocep?ialu.s,  3   feet 
in  length,  and  from  D   1C  lines  in  width:  from  an  infant.  The  joints  are 

very  regular,  except  at  one  extremity,  where  they  approach  the  triangular  form,  are 

very  delicate,  and  but  slightly  connected,  as  shown  in  a   drawing  by  Doctor  Wyman. 

From  a   very  healthy  infant  19  months  old:  it  had  been  weaned  about  six  months, 

and  had  had  the  umal  diet  from  that  time.  The  worm  was  dischargel  without  i 

me<licine.  its  presence  having  never  l»een  suspecte^l.  1S42.  Dr.  Ezra  Palmer,  jr.'  ” 
Weinland  recognize!  the  fact  that  this  specimen  was  not  a   Bothriocephalm,  but  a 

tap*eworm  belonging  "to  a   group*  of  Tjeniods,  whose  members  thus  far  had  only  been 
found  in  small  omnivorous  or  insectivorous  mammalia  t   mice,  shrew-mice,  etc.  i   and 

birds.  "   fSot  perceiving  its  identity  with  Tamio  dlmWtutn,  he  accordingly  descrilxd  it 
as  a   new  species,  at  the  same  time  establishing  it  as  the  representative  of  a   new 

genus,  and  gave  it  the  name  of  -   see  p».  S2  >. 

Philadelphia,  Pa.,  1SS4   1   case. 

Leldy  ISSla.  p.  110.  ISslb.  p.  137  recorde*!  a   case  of  Tsrnia  davopunctata 

=H(/menolepi<  diminuta  from  a   3-year-old  child. who  hade:^*elled  several  pieces  of 
at  least  3   worms  after  treatment  with  santonin.  This  child,  native  of  Philadelphia 

but  of  German  parentage,  had  been  weaneci  at  2<1  months,  and  since  then  partaken 

<jf  the  same  f'XHl  as  its  parents.  The  specimens  from  this  case  are  preserved  in  the 

Helminthological  Collection  Xo.  641  of  the  Bureau  of  Animal  Industry. 

Sao  Paulo,  Brazil,  1S93     1   case. 

Lutz  1S94.  p>.  62  receive*!  a   tapeworm  for  determination  which  had  been  passed 

after  treatment  with  santonin,  by  a   2-year-old  child,  daughter  of  Portuguese  settlers, 

Ii\Tng  at  .Silo  Paulo.  Brazil.  The  specimen  had  about  960  segments,  several  of  which 

'   were  sterile:  the  posterior  segments  were  completely  fille<I  with  eggs,  and  the 
rosteUum  was  rudimentary  and  imarmed.  Lutz  identifie*!  it  as  HymenrAepis  dim- 

inuta.  and  by  comparison  ^vith  specimens  from  the  rat  confirme*!  Grassi's  observa- 
tions as  to  the  identity  of  Txida  daropunctata  of  man  and  Tsenia  dimimda  of  the  rat. 

The  parasite  is  very  common  among  the  rats  of  .Sao  Paulo. 

Rio  Janiero,  Brazil,  lS9d       1   case. 

The  patient  in  this  case  AIaqathaes.  1S96  was  a   mulatto  child.  20  months  old, 

bom  in  a   neighboring  city,  but  for  about  a   year  living  in  Bio  Janiert*,  at  the  ztxr 

iogical  gardens,  where  her  father  was  employe*!.  The  child  had  been  suffering  for 

about  3   months  with  diarrhea,  frequently  sanguineous  in  character.  Treatment  by 

various  physicians  was  of  no  avail.  According  to  the  parents,  the  child's  uxmI  con- 
sisted exclusively  of  milk  and  beef  tea.  After  the  a<lministration  of  a   d*Dse  of 

calomel  a   worm  was  passe*!,  which  was  referred  by  the  attending  physician  to 

Magalhaes  for  determination,  who  identified  it  as  Hymenolepis  diminuta.  The  child's 
parents  asserte*!  that  a   similar  worm,  somewhat  longer,  and  also  fragments,  had 

c*een  p.asse*i  previously.  The  child  continued  to  suffer  with  diarrhea.  Treatment  - 
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with  male  fern  was  tried;  no  worms  were  expelled,  and  the  diarrhea  still  persisted, 

ceasing  at  times,  hut  always  recurring.  Later  an  Ascarin  was  passed,  without  im- 

provement of  the  diarrhea. 

Philadelphia,  Pa.,  1900     1   case. 

Packaed  (1900,  p.  1551)  describes  the  case  of  a   woman,  40  years  of  age,  native  of 

Syria,  who  entered  the  Pennsylvania  Hospital  at  Philadelphia,  suffering  with  a 

hydatid  cyst  of  the  liver,  from  which  she  died.  Shortly  after  admission  she  passed 

a   fragment  of  a   tapeworm  16.5  cm.  long.  The  segments  were  3   mm.  wide  hy  1   mm. 

long.  At  the  autopsy,  about  one  month  after  the  patient  entered  the  hospital,  a 

second  specimen  was  found,  attached  to  the  intestine  about  2.5  cm.  above  the  ileo- 
cecal valve.  The  parasite  was  living  when  found  and  measured  27  cm.  in  length. 

The  head  was  distinctly  blackish  in  color,  with  a   slight  purple  tinge,  and  measured 

1   mm.  long  by  0.5  mm.  wide.  The  neck  was  1   cm.  long  and  1.5  mm.  wide.  “In 
most  of  the  segments  there  is  seen  at  one  edge  a   little  elevation  extending  in  from 

the  edge  about  1   mm.,  corresponding  apparently  to  what  has  been  spoken  of  in  some 

specimens  as  the  yellow  spot.  These  little  elevations  do  not  form  a   complete  series, 

as  occasionally  there  is  found  a   segment  where  the  elevation  is  on  the  opposite  side 

of  the  segment.  There  is  no  appearance  about  the  worm  of  a   true  yellow  spot.  On 

dehydrating  segments  in  absolute  alcohol  and  clearing  in  oil  of  cloves  there  is  seen  in 

each  of  a   series  of  7   segments  a   dark  line  less  than  of  a   millimeter  in  thickness 

extending  inward  toward  the  center  of  the  segment  to  a   length  of  3   mm.”  There 
was  no  branching  uterus,  the  entire  proglottis  being  transformed  into  an  egg-sac. 
The  brownish  line  extended  inward  from  the  left  side  in  5   segments,  from  the  right 

side  in  2,  as  follows:  1,  r,  1,  r,  1,  1,  1.  Viewed  under  a   high  power,  the  brownish  line 

was  seen  to  be  a   canal,  sometimes  appearing  to  terminate  in  a   bulbous  enlargement. 

EUROPE. 

Alfort,  France,  before  1810       1   case. 

Kailliet  (1892c)  makes  mention  of  two  fragments  of  a   tapeworm,  measuring 

together  18  to  20  cm.  in  length,  and  a   number  of  fragments  belonging  to  a   second 

example.  These  specimens,  which  were  labeled  as  coming  from  man,  belong  to  an 

old  helminthological  collection  established  hy  Chabert,  second  director  (1780-1810) 

of  the  museum  at  Alfort.  Eudolphi  visited  this  collection  about  the  year  1804,  and 

since  he  has  made  no  mention  of  such  specimens  in  any  of  his  works  on  helmin- 

thology, Railliet  has  come  to  the  conclusion  that  they  probably  date  from  a   time 

between  1804  and  1810.  These  specimens  were  determined  hy  both  Eailliet  and 

Zschokke  as  Hymenolepis  diminuta. 

Varese,  Italy,  188d   1   case. 

A   2-year-old  girl  living  in  the  neighborhood  of  Varese  had  declined  in  health  and 

lost  her  usual  good  spirits.  Pieces  of  tapeworm  having  been  recognized  in  her  stools, 

she  was  brought  to  the  hospital  of  Varese  for  treatment.  E.  Paroxa  (1884),  who 

examined  the  case,  found  no  abnormalities  of  importance  in  the  jiliysical  examina- 

tion. The  feces  contained  the  eggs  of  Ascarls  and  cestode  eggs  resembling  those  of 

Txn'ia  solium  but  much  larger.  Castor  oil  and  ethereal  extract  of  male  fern  were 
administered  and  4   complete  worms,  12  to  20  cm.  long,  each  provided  with  a   head, 

were  passed.  Treatment  was  repeated,  but  no  more  worms,  with  the  exception  of 

an  A.scrtri.s,  were  expelled.  Parona  considered  these  worms  probable  examples  of 

Hymenolepis  flavopunctata  Weinland,  a   determination  which  Grassi  (18881)  confirmed 

after  examining  some  of  the  material. 

Catania,  Sicily,  1887-1888   2   cases. 

Grass!  (18881,  p.  498,  Grassi  &   Eovelli,  1888b)  records  a   case  of  Hymenolepis  dim- 

inuta from  a   12-year-old  girl,  who  exhibited  no  symptoms  of  importance.  After 
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anthelmintic  treatment,  she  passed,  besides  a   Tsenia  solium,  2   specimens  of  Hymeno- 

lepis  dimbmta,  measuring  25  and  30  cm.,  one  of  which  possessed  a   head. 

In  the  second  case  (Gkassi,  18881,  500,  Grassi  &   Eovelli,  1888b)  infection  was 

induced  experimentally  by  feeding  a   man  with  cysticercoids  (see  p.  95). 

Pisa,  Italy,  1895    1   case. 

A   specimen  of  tapeworm,  which  had  been  passed  by  a   boy  in  September,  1895, 

after  the  administration  of  an  anthelmintic,  was  referred  to  Sonsino  (Soxsixo  & 

ZscHOKKE,  1896)  for  determination  by  Doctor  Modigliano,  of  the  Pisa  hospital. 

Sonsino  determined  the  specimen  as  Tfenia  flavopunctata  Weinland  {=H.  dimbmta). 
Zschokke  made  a   similar  determination.  The  description  of  the  worm  and  the 

figure  of  an  egg  given  by  Sonsino  leave  no  doubt  as  to  its  identity. 

Centuripe,  Sicily,  1900    2   cases. 

Peeviteea  (1900)  discovered  in  the  feces  of  sulphur  miners  in  Sicily  the  eggs  of  a 

tapeworm,  undoubtedly  of  the  species  Hymenolepis  diminuia. 

The  first  case  was  that  of  a   sulphur  miner,  male,  11  years  old.  There  was  an 

average  of  one  egg  in  every  preparation.  The  eggs  were  mostly  spherical,  almost 

double  the  size  of  eggs  of  Tsenia  solium;  two  membranes  were  present,  separated  by 

an  abundant  hyaline  substance  which  shriveled  in  glycerine  and  drew  away  from 

the  outer  membrane;  the  latter  was  distinctly  striated  radially;  some  of  the  eggs 

were  uncolored,  some  yellowish.  Male  fern  was  administered.  Whether  any  worms 

were  passed  is  not  known,  but  a   reexamination  of  the  feces  some  days  later  showed 

no  eggs  present. 

In  the  feces  from  the  other  case  2   to  3   eggs  were  found  in  every  preparation.  The 

subject  of  this  case  was  not  seen,  no’’  was  any  information  regarding  his  age,  physical 
condition,  etc.,  obtainable. 

AXAT^YSIS  OF  CASES. 

AGE  AND  SEX  OF  INDIVID  CALS  AFFECTED. 

Of  the  12  cases  reported.  5   Avere  females,  3   were  males,  while  the 

sex  of  the  remaining  1   cases  is  not  given.  Two  were  adults,  one  of 

whom  was  a   Avoman,  lU  years  of  age;  8   were  children,  and  the  ages  of 

2   were  not  given.  Four  were  hetAveen  and  2   years:  1   was  3   years, 

and  2   were  11  and  12  years,  respectively:  the  age  of  the  other  child 

Avas  not  given. 

SITUATION  OF  THE  PARASITE  IN  THE  INTESTINE. 

In  the  single  autopsA^  Avhich  has  been  performed  (Packard,  1900) 
the  Avorni  was  found  attached  2.5  cm.  aboA^e  the  ileo-cecal  A^lve. 

NUAIBER  OF  SPECIAIENS  PRESENT. 

The  number  of  specimens  present  in  infected  indiAuduals  has  Availed 
from  1   to  1.  In  1   cases  there  was  1:  in  3   cases,  2;  in  1   case,  3:  and 

in  1   case,  1. 

OTHER  PARASITES  PRESENT. 

In  2   cases  the  presence  of  Ascaris  and  in  1   case  the  presence  of 

Tsenia  solium  was  noted:  1   case  was  suH'ering  with  a   hydatid  cyst  of the  liver. 
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SYMPTOMATOLOGY . 

S}^mptoms  were  absent  in  practically  all  the  cases;  in  one  case  there 
was  said  to  be  a   decline  in  health  and  in  another  there  was  a   diarrhea 

of  three  months’  standing,  which,  however,  was  not  cured  by  the 
expulsion  of  the  parasite. 

JDIAG^^^OSIS. 

The  diagnosis  rests  upon  the  discovery  of  fragments  of  the  worm  or 

its  eggs  in  the  feces. 
TREATMENT. 

Almost  any  vermifuge  seems  to  be  sufficient  to  expel  the  parasite. 

A   simple  cathartic  has  caused  its  expulsion,  and  in  one  case  the  worm 

was  passed  without  medicine. 

PROPHYEAXTS. 

Prophylaxis  against  H.  diminuta  consists  in  avoiding  the  ingestion 

of  any  of  the  various  insects  which  may  act  as  intermediate  hosts,  (1) 

by  following  the  general  rule  of  cleanliness  with  regard  to  what  is 

placed  in  the  mouth,  (2)  by  keeping  food  protected  from  insects, 

especially  the  larv^e  of  Asopia  farincdis^  and  (3)  the  •destruction  of 

rats  and  mice,  and  of  the  insects  concerned,  especially  the  meal  moth, 

which  in  its  larval  stages  is  common  about  dwellings. 

The  Lanceolate  Tapeworm— HYMENOLEPIS  LANCEOLATA  (Bloch,  1782) 
Weinland,  1858.  , 

HISTORICAL  REVIEW. 

This  tapeworm  has  long  been  known  as  a   parasite  of  geese  and 

ducks,  but  only  recently  has  it  been  found  in  man.  An  epidemic  of 

intestinal  helminthiasis  among  geese  in  1710  in  Germany  reported  by 

Frisch  (1727b)  has  been  attributed  to  this  form.  Bloch  (1779a), 

according  to  Rudolphi  (1810,  p.  81),  refers  to  the  worm  under  the 

name  Tsenia  anseris.  Pallas  (1781)  associated  the  worm  under  con- 

sideration with  others  from  rabbits  and  fishes,  and  placed  them  in  a 

single  species,  which  he  called  Tsenla  acutisslma.  In  1782  Bloch  pub- 

lished the  first  distinctive  description  and  figures  (figs.  108,  109)  of 

the  worm,  calling  it  Tsenla  lanceolata.  Goeze  (1782a)  shortly  after- 

wards described  and  figured  it  (fig.  110)  under  the  same  name.  Since 

then  it  has  been  commonly  found  in  the  European  countries  hy  vari- 

ous authors,  but  apparently  has  never  been  recorded  for  America. 

Only  one  ,case  of  Ilymenolepis  lanceolata  in  man  has  been  reported, 

and  that  case  was  in  Europe  (Zschokke,  1902a,  b).  It  is,  therefore,  a 

rare  parasite  of  man,  and  is  not  very  likely  to  be  encountered  in  this 

countiy. 
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ANATOMICAL  DESCRIPTION. 

The  external  eliaraeteristics  of  Symenolejjis  lanceoJata  are  so  well 

marked  that  its  recognition  has  never  been  considered  difficult.  F euer- 

Fitr.  106. — Head  and  .^trobila  of  H.  lanceolata.  Natimil  size.  Original  type  figure.  (After  Bloch, 

1782a,  pi.  1,  fig.  5.1 

Fig.  109. — Head  and  anterior  portion  of  H.  lanceolata.  Enlarged.  C)riginal  type  figure.  (After 

Bloch,  1782a.  pi.  1.  fig.  6. 

Fig.  110. — Head  and  strobila  of  H.  lanceolata  from  a   g<X)se.  Natural  size.  (After  Goeze.  17S2a.  pi.  29. 

fig.  3.) 

Fig.  111. — Head  with  protracted  ro.'^tellum  and  anterior  portion  of  H.  lanceolata.  Enlarged.  (After 

Megnin,  1881,  pi.  4.  fig.  3.) 

Fig.  112. — Head  with  retracted  rostellum  and  anterior  portion  of  H.  lanceolata.  Enlarged.  (After 

Railliet,  1886.  p.  267.  fig.  163A.  also  Railliet.  1893.  p.  300.  fig.  195A.) 

Fig.  113. — The  eight  hooks  upon  the  rostellum  of  H.  lanceolata.  Enlarged.  (After  Krabbe,  1869, 

pi.  6,  fig.  143.) 

Fig.  114.— Two  isolated  hooks  of  H.  lanceolata.  Enlarged.  (After  Krabbe.  1869.  pi.  6.  fig.  144.) 

eisen  (1868a)  was  the  first  to  study  its  internal  anatomy:  his  incom- 
plete and  in  some  respects  incorrect  description  has  recently  been 

revised  and  added  to  by  Wolfihligel  (1900b)  and  Cohn  (1901b). 



EXTERNAL  ANATOMY. 

The  length  has  been  given  as  30  to  130  mm. ;   the  width  posteriorly 

ma}"  attain  a   maximum  of  18  mm.,  mo]’e  commonly  T   to  12  mm.  The 
strobila  gradually  increases  in  width  from  before  backward,  reaching 

its  greatest  width  a   short  distance  anterior  of  the  posterior  extremity, 

then  becomes  narrower  again  and  rounded  otf  posteriorilv,  thus  giving 

the  worm  its  characteristic  lancet  shape  (hgs.  108,  110).  In  the 

anterior  portion  of  the  strobila  the  segments  are  30  to  35  times  as 

broad  as  long*;  in  segments  with  mature  reproductive  organs  the  ratio 
between  length  and  breadth  is  1   to  10;  in  the  last  segments,  1   to  25. 

The  head  (figs.  Ill,  112),  which  is  very  small  in  comparison  to  the 

rest  of  the  worm,  possesses  a   retractile  rosteUum  armed  with  a   single 

crown  of  hooks,  usually  8   in  number  (fig.*  113).  The  hoohs  (fig.  Ill) 
have  a   long  dorsal  root,  a   short  ventral  root,  and  a   prong  equal  in 

length  to  about  two-thirds  of  the  dorsal  root.  They  measure  31  to 

35  yw  (Krabbe,  1869).  The  short  necle,  together  with  the  head,  is 

often  retracted  into  the  anterior  part  of  the  strobila.  The  segments^ 

about  300  in  number,  in  specimens  85  or  90  mm.  in  length  (Zschokke, 

1902a,  b),  are  very  much  broader  than  long  throughout  the  strobila. 

The  genital  gloves  open  on  the  right-hand  margin  of  the  strobila,  hear 

the  anterior  border  of  each  segment.^' 

INTERNAL  ANATOMY. 

The  internal  anatomv  of  the  head  has  not  been  studied. 

Calcareous  bodies  are  numerous,  especially  in  the  cortical  paren- 

chyma. 

Nervous  system. — The  lateral  longitudincd  nerves  are  situated  lat- 

erad  of  the  longitudinal  excretory  vessels;  each  main  lateral  nerve  is 

accompanied  by  two  accessory  nerves — one  dorsal  and  one  ventral 

(fig.  117). 

Muscular  system. — The  usual  subcuticular  muscle  fibers  are  pres- 

ent, an  outer  circular  and  an  inner  Irmgitudinol  layer.  Denso-ventral 

muscle  iiheis  likewise  are  present,  and  are  very  powerfully  developed. 

The  well-developed  lemgitudinal  muscle  system  (/.  m..  fig.  121)  is 

arranged  mostly  in  two  layers,  with  about  90  to  lOO  (Wolfi'hugel, 
1900b)  or  200  (Zschokke,  1902a,  b)  bundles  in  each  layer.  In  the 

cortical  parenchyma,  i.  e.,  between  the  outer  muscle  layer  and  the 

cuticula,  there  are  numerous  scattering  longitudinal  muscle  fibers. 

Lying  inside  the  inner  layer  in  both  the  dorsal  and  the  ventral  halves 
of  the  strobila  there  are  two  bundles  of  muscle  fibers,  one  on  each  side 

of  the  median  line,  separated  by  a   space  equal  to  about  one-sixth  the 

« Dujardin  (1845a,  p.  562)  describes  the  pores  of  Txnia  lanceolata  as  irregularly 

alternate,  mentioning  also  the  presence  of  10  hooks  on  the  rostellum;  two  circum- 
stances which  indicate  the  probability  that  he  had  under  observation  another 

species. 



breadth  of  the  sti'obila  ( Wolffhiigel.  19»''0h’.  Woltfhugel  found  that 
the  two  longitudinal  muscle  layers  become  more  or  less  fused  in  the 

older  segments  so  that  they  can  no  longer  be  distinguished  as  separate. 

Cohn  (1901b.  p.  320;  asserts  that  the  layers  in  question  can  not  be 

considered  indbudually  distinct  at  all.  as  they  nowhere  preserve  their 

identity  for  any  considerable  distance.  He  also  differs  with  Wolffhu- 

gel  in  that  he  failed  to  ffnd  the  four  isolated  bundles  described  by  the 

latter  author.  Zschokke  (1902a.  b;  has  noticed  niunerous  diagonal 

ffbers  connecting  here  and  there  the  bundles  of  longitudinal  ffbers. 

rec.sem. 

rig-.  II?. — IS'Olaied  pr'Z'glordd  of  .ff.  'znc^rAata:  c.p..  cirru?  TMjucli:  or.,  ovary;  rtv.  Aia..  rt<vpmctiliiin 

^eTr.in:;:  :..  ut..  protiably  tbe  primorditim  of  rhe  uiercL=:  ran.,  vagina.  Enlarg-ed.  After 
Fenereisen.  ISf.Sa.  pi.  10.  ng.  17. 

Excuetoey  .rTSTEM. — There  are  two  pair-  of  lateral  longitudinal 

excretory  vessels,  of  which  the  ventral  pair  are  the  larger  (ffg.  117i. 

According  to  Wolff'hugel  (1900b;  tran.^ verse  canals  connecting  the 
longitudinal  vessels  are  lacking,  but  Cohn  (1901b)  has  found  a   system 

of  small  anastomosing  canals  extending  across  the  posterior  portion  of 

each  segment,  connecting  the  longitudinal  canals  and  taking  the  place 

of  the  transverse  canals.  The  excretory  vessels  and  the  lateral  longi- 

tudinal nerves  pass  on  the  ventral  side  of  the  cirrus  pouch. 

PiEPRODrcTivE  SYSTEM. — The  reproductive  organs  lie  in  the  central 

portion  of  the  parenchyma,  i.  e..  in.-ide  of  the  longitudinal  mirscle 

layer,  and  are  so  distributed  that  the  female  glands  occupy  the  .-inis- 

md  third  of  the  proglottis:  the  three  testes  and  a   portion  of  the 

seminal  receptacle  the  middle  third:  and  the  remainder  of  the  seminal 

receptacle,  the  vagina  the  seminal  vedcle  and  the 

cirrus  pouch,  the  dextral  third  (ffgs.  115.  117 1. 

organ-s. — The  three  Ustts  >t..  ffg-.  115.  117;  are  oval,  with 
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their  long  axes  directed  parallel  to 

and  occup}’  almost  the  entire  thick- 
ness of  the  inner  parenchyma.  The 

two  dextral  testes  are  in  the  pos- 
terior half,  the  other  one  in  the 

anterior  half  of  the  proglottis. 

The  vas  deferens  (i\  def.^  hg.  117) 

in  its  course  to  the  genital  pore 
lies  toward  the  dorsal  side  of  the 

segment;  after  passing  the  right 

hand  testis  it  swells  out  into  a   large 

semincd  vesiclef'es.  sera.  ex. .   lig.  117) 
then  somewhat  reduced  again  in 

size  describes  one  or  two  S-shaped 

loops,  and  enters  the  base  of  the 

cirrus  pemch. 

The  latter  {c.  />.,  tigs.  115,  117) 

is  a   powerfully  developed  club- 

shaped  organ,  which  when  straight 

lies  entirely  in  the  anterior  half  of 

the  proglottis;  it  may  be  bent  S-like 
and  lie  in  the  posterior  half  of  the 

proglottis  as  well.  It  measures  in 

length  from  0.82  to  1.2  mm.  and 

from  60  to  190yu  in  width  at  differ- 

ent points.  Externally  the  cirrus 

pouch  (tig.  121)  is  supplied  with  a 

layer  of  longitudinal  muscle  lamellae 

fa.  /y/. )   which  has  a   maximal  thick- 
ness of  50/c  The  lamellae  become 

gradually  thinner  toward  the  distal 

end  of  the  cirrus  pouch,  and  in  its 

outer  third  are  reduced  to  a   very 

thin  muscle  layer.  In  relation  to 

the  muscle  lamellae  is  a   thick  layer 

of  myoblastic  cells  (//?y.).  Within 

the  cirrus  pouch  the  vas  deferens 

is  again  enlarged  to  seaiiaal 
vesicle  which  lies  toward  the  dorsal 

side.  The  vas  deferens,  near  the 

junction  of  the  middle  and  outer 

thirds  of  the  cirrus  pouch,  becomes 

reduced  in  size,  turns  mediad  and. 

running  along  the  ventral  wall  of 

the  pouch  again  swells  out  into 

transverse  axis  of  the  segment, 

Fig.  117. — Transverse  section  of  proglottid  of  IF. 

lanceolata:  c.  p..  cirrus  pouch;  e.c.  can.,  excre- 
tory canals;  I.  n.,  lateral  longitudinal  nerves; 

01’.,  ovary;  rec.  sem.,  receptaculum  seminis:  t., 

testis;  id.,  uterus;  vap.,  vagina;  v.  dej'.,  vas 
deferens;  v.  e/.,  vas  efferens;  ves.  sem.  e.e., 
vesicula  seminalis  externa;  ves.  sem.  int., 

vesicula  seminalis  interna;  y.  g.,  yolk  gland. 

Enlarged.  (After  Wolffhugel,  1900b.  p.  51, fig.  2.) 

small  spindle-shaped  vesicle  in 
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the  2:>roximal  portion  of  the  latter.  The  vas  deferens  now  runs 

laterad  again  and  near  the  junction  of  the  inner  and  middle  thirds 

of  the  pouch  is  transformed  into  the  cirrus  which  opens  outwardly  at 

the  tip  of  the  cirrus  pouch  through  the  common  genital  pore.  The 

portion  of  the  vas  deferens  within  the  cirrus  pouch,  including  the 

cirrus,  is  supplied  with  longitudinal  and  circular  muscle  libers  of 

varying  degrees  of  development  in  different  portions.  The  cirrus 

(figs.  117.  121)  Is  armed  with  spines  and  is  often  seen  evaginated 

through  the  genital  pore.  The  distal  end  of  the  cirrus  pouch  may 

also  be  extruded  for  some  distance  through  the  pore  (fig.  120).  The 

occurrence  of  a   loop  in  the  vas  deferens,  in  its  course  within  the  cirrus 

pouch,  as  described  for  Hymenolepis  lanceola.tcu  has  been  demon- 

strated. also,  in  a   number  of  other  tapeworms,  in  Hyruenolejns  fascia  to. 

Fig.  118. — Cirru.s  pouch  and  cirrus  oi  H:lanceolata.  Enlarged.  (After  Feuereisen,  1868a,pl.  10,  fig.  9.) 

Fig.  119.— Isolated  cirrus  of  H.  lanceolata.  Enlarged.  (After  Megnin.  1881,  pi.  4.  fig.  7.) 

Fig.  120. — Extruded  cirrus  and  tip  of  cirrus  pouch  of  H.  lanceolata.  Enlarged.  (After  Feuereisen, 
1868a,  pi.  4,  fig.  8.) 

Fig.  121.— Transverse  section  of  proglottid  of  H.  lanceolata,  showing  the  cirrus  pouch  and  vagina: 

c.,  cirrus;  1.  ??«.,  longitudinal  muscles;  m.  pZ.,  mu.^cle  plates  of  cirrus  pouch;  tny.,  myoblasts;  rap., 
vagina;  r.  dej.,  vas  deferens;  res.  son.  ext.,  vesicula  seminalis  externa;  res.  sem.  mt.,  vesicula  seminalis 

interna.  Enlarged.  (After  Wolffhtigel,  1900b,  p.  52,  fig.  3.) 

(Krabbe)  by  Feuereisen  (1868a).  in  llymenolepis  gracilis  by  IVolffliiigel 

(1900a).  in  Ilyinenolepis  ruegalojys  by  Ransom  (1902).  and  apparently 

in  Ilyrnenolepis  sinuosa  by  Kowalewski  (1895). 

Female  organs. — The  vagina  figs.  115.  117.  121)  begins  at  the 

genital  pore  as  a   tube  about  1   y   in  diameter,  lying  A^entral  and  some- 
what anterior  with  respect  to  the  middle  line  of  the  cirrus  pouch,  and 

courses  along  the  ventral  side  of  the  latter.  The  outer  two-thirds  of 

the  portion  in  relation  with  the  cirrus  pouch  (fig.  122).  according  to 

Wolff'hiigel,  is  lined  by  thick  cuticula  covered  with  fine  spines,  and  is 
supplied  with  an  inner  layer  of  circular  muscle  fibers  and  an  outer 

layer  of  longitudinal  fibers.  During  its  cour.se  inward  from  the 

genital  pore  the  vagina  increases  gradually  in  diameter  (to  about  "20 y). 
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I   then  becomes  abruptly  narrower,  losing-  an  outer  layer  of  cells  and  its 
i   lining-  of  thick  cuticuia;  at  the  point  of  constriction  the  vagina  is  sur- 
:   rounded  by  a   spherical  bulb  consisting  of  short  thick  muscle  fibers, 

I   longitudinally  directed  with  ]-espect  to  the  vagina  (figs.  122,  123). 
I   Beyond  the  muscle  bulb  the  vagina  is  prolonged  as  a   thin  walled  tube, 

land  sooner  or  later  widens  out  into  an  elongated  seminal  recej)tade^ 

about  85yw  in  diameter.  The  receptacle  sem.,  figs.  115,  117) 
extends  mediad  on  the  anterior  side  of  tfie  two  dextral  testes,  and  on 

the  posterior  side  of  the  sinistral  testis,  and  continues  past  the  median 

line  into  the  sinistral  third  of  the  proglottis  to  empty  into  the  oviduct. 

The  ovary  {ov.^  figs.  115, 117)  consists  of  two  lobes  connected  by  a 

slender  isthmus.  The  oviduct  takes  its  origin  from  the  middle  of  the 

isthmus  (fig.  121);  about  midway  between  its  origin  and  the  point  at 

which  it  is  surrounded  by  the  shell  gland,  it  is  joined  by  the  seminal 

rec.sem. 

Fig.  122. — Portion  of  the  vagina  of  H.  lanceolafa.  Longitudinal  section.  Enlarged.  (After  WolfThiigel, 
1900b,  p.  53,  tig.  4.) 

Fig.  123. — Transverse  section  of  vagina  of  H.  lanceolata  through  muscle  bulb.  Enlarged.  (After 
WolfThiigel,  1900b,  p.  53,  fig.  5.) 

Fig.  124. — Diagramatic  representation  of  the  female  canals  of  H.  lanceolata:  ov.,  ovary;  ore?.,  oviduct: 
rec.  sem.,  receptaculum  seminis;  s.g.,  shell  gland;  ut.,  uterus;  y.g.,  yoke  gland.  Enlarged.  (After 

WolfThiigel,  1900b,  p.  54,  fig.  6.) 

Fig.  125.— Egg  of  H.  lanceolata.  Enlarged.  (After  Railliet,  1886,  p.  267,  fig.  163B;  also  Railliet.  1893, 
p.  300,  fig.  195B.) 

receptacle.  The  yolk  gland  {y.  g.,  figs.  117,  124)  is  ventrally  situated 

with  respect  to  the  ovaiy  and  has  a   diameter  equal  to  about  one-third 

the  length  of  the  proglottis.  The  yolk  duct  (fig.  121)  joins  the  oviduct 

in  the  shell  gland  (^.  r/.,  fig.  121),  a   rounded  body  about  100  y   in  diam- 
eter located  dorsal  of  the  isthmus  of  the  ovary.  From  the  shell  gland 

the  oviduct  continues  forward  and  ventrad  to  the  vterus  {at.,  figs. 

117,  121).  The  latter  at  first  is  a   thin  canal,  ventrally  situated  near 

the  anterior  boundary  of  the  proglottis,  extending  transversely  beyond 

the  excretory  canals  on  either  side.  In  gravid  segments  the  uterus 

becomes  a   large  sac  with  outpocketings  which  push  between  the  longi- 
tudinal muscle  bundles  and  out  against  the  cuticuia,  thus  filling  most 

of  the  segment. 

Eggs. — The  egg  (fig.  125)  is  spherical  or  oval  and  possesses  an  outer 
and  an  inner  membrane.  The  latter  closely  invests  the  embryo  and  is 
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widely  separated  from  the  outer  membrane.  There  is  thus  consider- 

able similarity  between  the  eggs  of  Hymeiiolepis  laaceoJata  and  H. 

diminuta.  The  outer  membrane  of  the  former,  however,  does  not 

become  thickened  as  in  the  case  of  the  latter,  but  remains  very  thin, 

and  the  intervening  substance  between  the  two  membranes  is  less  con- 

spicuous and  does  not  ordinarily  present  the  appearance  of  a   third 
membrane  as  is  usual  in  the  latter  instance.  The  inner  membrane 

occasionally  presents  polar  papilla?  as  in  II.  diminuta  and  II.  luina. 

The  egg  measures,  according  to  Railliet  (1893).  50  by  35  /^,  and  the 

embryonal  hooks,  according  to  Krabbe  (1869),  8   y.  According  to  my 

own  measurements  the  outer  membrane  varies  from  60  to  100  y   in 

diameter,  the  inner  measures  30  by  25  y   to  dO  by  25  yw,  and  the  hooks 

from  12  to  lb  y. 

DEVELOPMENT  AND  LIFE  HISTORY. 

Mrazek  (1896,  p.  11)  mentions  some  cysticercoids  which  he  found  in 

various  small  crustaceans  of  the  family  Cyclopida?.  These  cysticer- 

coids agreed  as  to  the  form  and  size  of  the  hooks  with  II.  Imceolata., 

and  ̂ Irazek  accordingly  considered  them  the  intermediate  stage  of  the 

tapeworm  under  discussion.  He  gives  no  description  or  ligures, 

merely  remarking  that  the  cysticercoids  are  almost  exactly  similar  to 

those  of  Teenia  set Ig era. 

Dadai  (1900a)  found  a   large  number  of  specimens  of  a   cercocystis 

(tigs.  126-130)  in  small  Crustacea.  Dlaptornas  sjyino-sus  Dadai.  collected 
from  stagnant  pools  in  Yadkert.  Hungary,  which  he  would  identify 

with  Ilyrnenolepjls  {Drepanidotsenia)  lanceolata  (Bloch). 

The  cyst  is  more  or  less  spherical  with  a   remarkably  thick  wall,  the 

circidar  and  longitudinal  muscle  layers  being  remarkably  well  devel- 

oped. A   few  calcareous  corpuscles  were  seen  in  the  inner  layer  of 

the  parenchyma  of  the  cy^^t  wall.  The  cyst  measured  0.23  to  0.2S 

mm.  in  length,  and  U.18  to  0.23  mm.  in  diameter. 

The  head  was  occasionally  seen  extruded  through  the  anterior  open- 

ing of  the  cyst  (hg.  128),  but  usually  was  found  retracted  and  tilling 

the  cavity  of  the  cyst  almost  entirely  (tigs.  126.  127).  The  rostellum 

was  either  retracted  into  the  scolex  or  protruded.  The  number  (8) 

and  the  form  of  the  hooks  (tig.  127)  was  the  same  as  in  II.  lanceolata., 

but  their  size  was  very  different,  55  to  60  g.  while  in  the  latter  they 

measure  only  31  to  35  /l  which  renders  the  correctness  of  Dadai's 
identification  rather  doubtful. 

The  caudal  appendage  is  remarkable  for  its  very  great  length.  Its 

surface  is  very  frequently  marked  by  ring-like  corrugations.  It  con- 

sists chieffy  of  granulated  protoplasm  and  sometimes  of  masses  of 

parenchyma  cells;  running  lengthwise  through  its  center  is  a   char- 

acteristic thread-like  structure,  which  consists  of  a   dark,  finely  granu- 

lar laver  of  protoplasm  surrounding  a   still  darker  central  liber  (tig.* 

127).  
^ 
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I   It  has  not  been  proved  experimentally  that  the  larvae  fonnd  bj^ 
i   Mrazek  or  Dadai  represent  the  intermediate  stage  of  Ilymenolejns 

I   lanceolata;  but,  upon  the  assumption  that  the}"  or  similar  larvae  belong 

to  the  life-cycle,  it  may  be  presumed  that  infection  occurs  as  follows: 

The  embryos  of  the  tapeworm  are  distributed  in  stagnant  pools  b}^ 

129  130 

Fig.  126.— Cercocystis  of  [?]  11.  lanceolata  Avith  scolex  retracted.  Enlarged.  (After  Dadai.  1900a, 

pi.  10,  fig.  9.) 

Fig.  127.— Cercocystis  x>f  [?]  II.  lanceolata  with  scolex  retracted.  Enlarged.  (After  Dadai,  1900a, 

pi.  10,  fig.  7.  ) 

Fig.  128.— Cercocystis  of  [?]  II.  lanceolata  scolex  protruded.  Enlarged.  (After  Dadai.  1900a, 

pi.  10,  fig.  11.) 

Fig.  129.— Section  of  Avail  of  cercocystis  of  [?]  H.  lanceolata.  Enlarged.  (After  Dadai,  1900a,  pi.  10, 

fig.  12.) 

Fig.  130.— Hooks  of  cercocystis  of  [?]  II.  lanceolata.  Enlarged.  (After  Dadjii,  1900a,  pi.  10,  fig.  8.) 

infected  ducks  or  geese,  and  are  ingested,  whether  liefore  or  after 

hatching  is  not  known,  liy  Cyclops^  Diaptomtui^  or  other  small  Crusta- 

cea, in  the  bod}"  cavity  of  which  the  intermediate  stage  develops.  The 

intermediate  stage  is  introduced  into  the  alimentary  canal  of  some 

animal,  normally  a   duck  or  a   goose,  by  the  drinking  of  water  contain- 

126 
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ing  infected  Crustacea,  and  the  definitive  stage  may  then  be  developed. 

Although  certain!}^  ver}"  unusual,  it  appears  that  development  of  the 
adult  following  the  ingestion  of  the  intermediate  stage  may  occur 
also  in  the  human  intestine. 

ABSTRACT  OF  CASE  OF  HY:MEX0EEPIS  EAXCEOEATA  IX 
3IAX. 

Breslau,  Germany,  1902   1   case. 

This  unique  case  has  been  reported  by  Zschokke  (1902a,  b) ,   who  received  two 

tapeworms  for  determination  which  had  been  passed  spontaneously,  at  two  different 

times,  by  a   12-year-old  boy  at  Breslau.  The  heads  were  lacking  in  both  specimens, 
but  a   careful  anatomical  study  left  no  doubt  as  to  their  identity  with  Hymenolepis 

lanceolata  ( Bloch) . 

COMPEXOIUM  OF  THE  THREE  PARASITES,  H.  XAXA,  II. 

HIMIXUTA,  AXH  II.  EAXCEOEATA,  ARRAXGEH  ACCORH- 
IXG  TO  THEIR  HOSTS. 

In  the  following  compendium  all  the  hosts  reported  for  any  of  the 

three  tapeworms  discussed  in  this  paper  are  included. 

(")  Signifies  that  I   have  examined  specimens  of  the  parasite  from  the 
host  in  question. 

(?)  Signifies  that  the  correctness  of  the  determination  is  considered 
doubtful. 

Class  MAMMALIA — Mammals. 

Order  PRIMATES. 

HOMO  SAPIENS— Man. 

*   Hymenolepis  nana     
Hymenolepis  nana   

*   Hymenolepis  diminuta   
Hymenolepis  lanceolata         

  Intestine. 
?   Bladder  (p.  56). 

  Intestine. 

  Intestine. 

Order  RODENTIA — Rodents. 

MUS  DECUMANUS^' — Brown  or  Norway  rat. 

^Hymenolepis  nana   Intestine. 

*   Hymenolepis  diminuta   Intestine. 

MUS  RATTUS  ALEXANDRINUS— Egyptian  or  roof  rat. 

Hymenolepis  diminuta       Intestine. 

MUS  RATTUS— Black  rat. 

Hymenolepis  nana       Intestine. 

Hymenolepis  dimmuta   Intestine. 

rtThe  names  used  for  the  rodents  in  this  list  are  those  given  by  Trouessart,  1889-1898,  Catalogus 

mammalium  tarn  viventium  quam  fossilium.  Nova  editio  (prima  eompleta).  8°.  Berlin. 
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MUS  MUSCULUS — House  mouse. 

Hymenolepis  nana   Intestine. 

Hymenolepis  diminuta   Intestine. 

MUS  MINUTUS— Dwarf  field  mouse. 

Hymenolepis  nana    -   Intestine. 

MUS  SYLVATICUS— Wood,  or  field  mouse. 

Hymenolepis  nana   Intestine. 

ELIOMYS  QUERCINUS— Garden  dormouse. 

Hymenolepis  7iana   Intestine. 

RHIPIDOMYS  PYRRHORHINUS. 

Hymenolepis  diminuta   Intestine. 

Class  AVES— Birds. 

ANAS  BOSCHAS  DOMESTICA— Tame  duck. 

Hymenolepis  lanceokda   Intestine. 

ANAS  OBSCURA — Black  duck. 

Hymenolepis  lanceolata       Intestine. 

ANSER  ANSER  DOMESTICUS— Tame  goose. 

Hymenolepis  lanceolata   Intestine. 

CAIRINA  MOSCHATA— Muscovy  duck. 

Hymenolepis  lanceolata   Intestine. 

ERISMATURA  LEUCOCEPHALA— White-headed  duck. 

Hymenolepis  lanceolata   Intestine. 

AYTHYA  FERINA— Pochard. 

Hymenolepis  lanceolata   Intestine. 

AYTHYA  NYROCA— African  teal. 

Hymenolepis  lanceolata       Intestine. 

AYTHYA  RUFINA — Red-crested  pochard. 

Hymenolepis  lanceolata   Intestine. 

PHCENICOPTERUS  ROSEUS— Flamingo. 

Hymenolepis  lanceolata   Intestine. 

Branch  ARTHROPODA — Arthropods.  * 

Class  INSECTA— Insects. 

ASOPIA  FARINALIS— Meal  moth. 

Hymenolepis  diminuta  (larval  stage) Abdominal  cavitv. 
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ANISOLABIS  ANNULIPES— Earwig. 

Hymenolepis  diminuta  (larval  stage  1   Abdominal  cavity. 

ACIS  SPINOSA— Beetle. 

Hymenolepis  dimhmUt  (larval  stage)       Abdominal  cavity. 

SCAURUS  STRIATUS— Beetle. 

Hymenolepis  dimimda  (larval  stage)   Abdominal  cavity. 

Class  CRUSTACEA — Crustaceans. 

Order  COPEPODA. 

Family  CYCLOPID.E. 

Genera?  species? 

f Hymenolepis  lanceolata  (larval  stage). 

DIAPTOMUS  SPINOSUS. 

f Hymenolepis  h.niceolatu  (larval  stage). 
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[1862i]. — Remarks  on  all  the  human  entozoa<Proc.  Zool.  Soc.  Lond.  (18-20),  pp.  , 

288-315.  [W^]  
'   ’ 

1864b. — Entozoa;  an  introduction  to  the  study  of  helminthology,  with  reference,  | 
more  particularly,  to  the  internal  parasites  of  man.  xxvi+480pp.,  82  | 

figs.,  21  pis.  8°.  London.  [W’^.]  I 
1866a. — Tapeworms  (human  entozoa);  their  sources,  nature,  and  treatment,  vi  +   | 

83  pp.,  15  figs.  12°.  London.  [W^] 
1867a. — Tapeworms  and  threadworms  (human  entozoa);  their  sources,  nature,  and  i 

treatment.  2.  ed.,  vi  f   101 -f  32  pp.,  1   1.,  15  figs.  12°.  London.  [W%  ' W"‘.] 

1872a. — Worms;  a   series  of  lectures  on  practical  helminthology  delivered  at  the 
medical  college  of  the  Middlesex  hospital;  with  cases  illustrating  the 

symptoms,  diagnosis,  and  treatment  of  internal  parasitic  diseases,  xi-f- 

178  pp.  8°.  London.  [W"'.] 
1879b. — Parasites;  a   treatise  on  the  entozoa  of  man  and  animals,  including  some 

account  of  the  ectozoa.  xi+508  pp.,  85  figs.  8°.  London.  [W®^.] 
(1882b). — Human  parasites.  A   manual  of  reference  to  all  the  known  species  of. 

entozoa  and  ectozoa  which  are  found  infesting  man.  88  pp.  8°.  London. 

j 
I 
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CoBBOLD,  Thomas  Spencer — Continued. 
1883a. — Tapeworms;  their  sources,  varieties,  and  treatment.  With  180  cases. 

4.  ed.,  2   p.  1.,  133  pp.  12°.  London.  [W%  W"\] 
Cohn,  Ludwig.  [Dr.,  Asst.  Zool.  Inst.,  Greifswald.]  [1873-  .] 

*1899c. — Zur  Systematik  der  Yogeltanien.  Yorlaufige  Mittheilung  <^Centralbl.  f. 
Bakteriol.,  Parasitenk.  [etc.],  Jena,  1.  Abt.,  v.  25,  (12),  31.  Marz, 

pp.  415-422.  [W^] 

*1899e. — Zur  Systematik  der  Yogeltanien.  II  <Centralbl.  f.  Bakteriol.,  Parasitenk. 

[etc.],  Jena,  1.  Abt.,  v.  26  (7-8),  26.  Aug.,  pp.  222-227.  [MS.  dated 
20.  Juni.]  [W^] 

*1899g. — Zur  Systematik  der  Yogeltaenien.  Ill  <Zool.  Anz.,  Leipz.  (599),  v.  22, 

19.  Oct.,  pp.  405-408.  [MS.  dated  26.  Sept.]  [W'^.] 
*1900b. —   Zur  Systematik  der  Yogeltanien.  lY  <Centralbl.  f.  Bakteriol.,  Para- 

sitenk. [etc.],  Jena,  1.  Abt.,  v.  27  (9),  10.  Miirz,  pp.  325-328.  [MS. 
dated  13.  Jan.]  [W^] 

*1901b. — Zur  Anatomie  und  Systematik  der  Yogelcestoden.  [Paper  presented  16. 
Apr.]  <Nova  Acta  Acad.  nat.  curios.,  Halle,  v.  79  (3),  pp.  263-450,  pis. 
28-35,  figs.  1-86.  [W^] 

Comini,  Enrico.  [Dott.,  Directore  e   med.  primario  del  civico  Ospitali  de  Yarese.] 

*1886a. — Epilessia  refiessada  Tenia  nana.  [Same  as  Comini,  1887a]  <Boll.  d.  Soc. 

med.  -chir.  da  Pavia,  Milano  (1886),  (2),  pp.  71-73.  [W“.] 
*1887a. — Epilessia  riflessa  da  Tenia  nana  (   T.  segypiiaco).  [Same  as  Comini,  1886a] 

<Gazz.  d.  Osp.,  Milano,  v.  8   (8),  26  gennaio,  pp.  59-62.  [MS.  dated 

ottobre,  1886;  nota,  pp.  61-62,  31  die.]  [W“.] 
*1888a. — Due  casi  di  Tenia  nana.  Caso  di  corea  parziale  parossistica  riflessa 

<Gazz.  med.  ital.  lomb.,  Milano,  v.  48,  n.  s.,  v.  1   (9),  3   mar,  pp.  81-82. 

[MS.  dated  gennaio.]  [W“.] 
Creplin,  Frid[rich]  Christ[ian]  Henr[ich].  [Dr.  Greifswald.] 

*1825a. — Observationes  de  entozois.  x+86  pp.,  1   1.,  1   pi.,  17  figs.  8°.  Gryphis- 
waldise.  [W^] 

1849a. — Nachtriige  von  Creplin  zu  Gurlt’s  Yerzeichnisse  der  Thiere,  in  welchen 
Endozoen  gefunden  worden  sind<Arch.  f.  Naturg.,  Berk,  15.  J=,  v.  1, 

pp.  52-80.  [Wk] 
Dadai,  Jeno.  [Dr.  phil.,  Zool.  Inst.,  Budapest.] 

*1900a. — Helminthologische  Studien.  Einige  in  Siisswasser-Entomostraken  lebende 
CcrcocysfiVFormen<Zool.  Jahrb.,  Jena,  Abt.  f.  Syst.,  v.  14  (3),  28.  Dec., 

pp.  161-214,  pis.  10-12,  figs.  1-67.  [Wk] 

Davaine,  Casimir-Joseph.  [Dr.,  Membre  de  la  Soc.  de  biol.,  Laureatde  I’lnstitut.] 

[1812-1882.] 
1860a. — Traite  des  entozoaires  des  maladies  vermineuses  de  Thomme  et  des 

animaux  domestiques.  xix+xciiA838  pp.,  57-f-31  figs.  8°.  Paris. 

[W%  W“] 
1873a. — Cestoides  <Dict.  encycl.  d.  sc.  med.,  v.  14,  pp.  547-593,  figs.  1-12.  [W™.] 
1877a. — Traite  des  entozoaires  et  des  maladies  vermineuses  de  ITiomme  et  des  ani- 

maux domestiques.  2.  ed.,  cxxxii-j-1003  pp.,  72+38  figs.  8°.  Paris. 
[Wk] 

Delafield,  Francis  [M.  D.,  Prof.,  Columbia  Univ.,  New  York];  &   Prudden,  T. 

Mitchell  [M.  D.,  Prof.,  Columbia  Univ.,  New  York]. 

1885a. — A   handbook  of  pathological  anatomy  and  histology,  with  an  introductory 
section  on  post-mortem  examinations  and  the  methods  of  preserving  and 

examining  diseased  tissues,  xvi+575  pp.,  146  figs.  8°.  New  York. 

[W“] 
1897a. — A   handbook  of  pathological  anatomy,  with  an  introductory  section  on 

post-mortem  examinations  and  the  methods  of  preserving  and  examining 

diseased  tissues.  5.  ed.,  846  pp.,  365  figs.  8°.  London.  [Wk] 
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Dewitz,  Johannes.  [M.  D.,  Berlin.] 

1892b. — Die  Eingeweidewiirmer  der  Haussaugetiere.  iv-fl80  pp.,  141  figs.  12°. 

Berlin.  [W'‘,  “W^.] 
Diesing,  Gael  Mokitz.  [Gustos  am  k.  k.  Hofnaturalien  Gabinet  zu  Wien.]  [1800- 

1867.] 

1850a. — Svstema  helminthum.  v.  1,  xiii  pp.,  1   1.,.  679  pp.  8°.  Yindobome. 

_[W“] 1854b. — tiber  eine  naturgemasse  Yertheilung  der  Gephalocotyleen  <Sitzungsb. 

d.  k.  Akad.  d.  lYissensch.,  lYien,  Matb.-naturw.  GL,  y.  13(2),  Juli,  pp. 

556-616.  [W®.] 
1863b. — Revision  der  Gephalocotyleen,  Abtheilung:  Gyclocotyleen.  [Presented 

5.  Yov.]  <Sitzungsb.  d.  k.  Akad.  d.  Wissensch.,  Wien,  Math.-natiirw. 

Gl.,  V.  49,  1.  Abt.  (4),  pp.  357-430.  [W®.] 
Dei  VON,  J.  [Medecin  hon.  d.  Hopital  de  Lyon.] 

1891a. — Les  parasites  animaus  de  Tespece  humaine  dans  la  region  lyonnaise  en 

particulier.  58  pp.,  1   1.,  1   pi.  4°.  Lyon.  [W°\] 
1891b. — Idem  <Lyon  med.,  v.  68  (38),  20  sept.,  pp.  73-86,  1   pL,  figs.  1-9;  (39), 

27  sept.,  pp.  109-123;  (40),  4   oct.,  pp.  143-153;  (41),  11  oct.,  pp.  181-193. 

[W-] 
Dujaedin,  Felix.  [Prof,  zool.,  Paris.]  [1801-1860.] 

*1845a. — Histoire  naturelle  des  heiminthes  on  vers  intestinaiix.  xvi— 654-^15 

pp.,  12  pis.  8°.  Paris.  [W'^,  W"'.] 
Eichhoest,  Heemann  Ludvig.  [Prof.  Special  Path.  c%  Therap.  and  Director  Med. 

Glinic,  Univ.  Zurich. ]   [1849-  .] 
1901a. — A   textbook  of  the  practice  of  medicine.  [Transl.  from  German  by  Augus- 

tus A.  Eshner.]  v.  1,  628  pp.,  84  figs.  8°.  Philadelphia  &   London. 

[W“]  • 
Favaecq,  Louis.  [Gabinet,  Hist,  nat.,  St. -Etienne,  Loire.] 

*1894a. — Sur  line  variete  de  V   Ilymenolepis  murina  (teniade)  trouve  dans  I’intestin 

d’un  lerot  <Loire  med.,  St.-Etienne,  v.  13  (11),  15  nov.,  pp.  299-306,  I 
1   pi.,  figs.  1-11.  [W“.]  I 

Feueeeisen,  Johannes.  j 

*1868a. — Beitrag  zur  Kenntniss  der  Taenien  <Ztschr.  f.  wissensch.  Zool.,  Leipz.,  • 

V.  18  (2),  25.  Juni,  pp.  161-205,  pi.  10.  [W®.]  | 
Feisch,  Joh.  Leonhaed.  [Rektor,  Gymnasium  z.  Grauen  Kloster;  Mitglied  Akad. 

d.  Wissensch.,  Berlin.]  [1666-1743.] 

*   1727b. — De  tseniis  in  anserum  intestinis  <Misc.  Berol.,  v.  3,  p.  42.  [W°.] 
*   1781a. — Yon  Bandwiirmern  in  den  Gedarmen  der  Giinse.  [Transl.  of  Frisch, 

1727b]  <Phys.  u.  med.  Abhandl.  d.  k.  Akad.  d.  IVissensch.  zu  Berlin, 

Gotha,  V.  1,  pp.  155-156.  [1Y“.] 
Galli-Yaleeio,  Beuno.  [Prof,  extraordinaire  Faculte  de  med.,  Lausanne.] 

1896a. — Manuale  di  parassitologia  in  tavole  sinottiche  ( vermi  e   artropodi  dell’  uomo 
e   deglianimale  domestic!),  xiv— 125 pp.,  1   table.  12°.  Milano.  [W“.] 

Gmelin,  Jo.  Feid. 

1790a. — Garoli  a   Linne  Systema  natune.  v.  1,  pt.  5,  pp.  2225-3020;  pt.  6,  pp.  3021- 

3909.  8°.  Lipsi^.  [W®.] 
Goeze,  Johann  August  Epheaim.  [Pastor,  u.  Hofdiakonus,  Quedljnburg.]  [1731-  : 

1793.] 

*1 7 82a.  — Yersuch  einer  X aturgeschichte  der  Eingeweidewiirmer  thierischer  Korper.  ' 
xi-L471  pp.,  35  pis.  4°.  Blankenburg.  [W^,  W“.]  i 

Goldbeeg,  Oscaeus  Feodoeus  Paulus  Feedinandus. 

[1855a]. — Helminthum  dispositio  systematica.  Diss.  130  pp.,  2   1.,  1   pi.,  22  figs. 

8°.  Berolini.  [W%  Y"“] 
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Goubert,  Elie.  [Dr.] 

1878a. — Des  vers  chez  les  enfants  et  des  maladies  vermineiises.  xi— 163  pp.,  61  figs. 

8°.  Paris.  [W“*.] 
Grassi,  Giovanni  Battista.  [Prof.  ord.  Anat.  comp.;  Direttore  Gabinetto  Anat. 

comp.,  Univ.  Roma.] 

*1879h. — II  botriocephalo  lato.  ( Contribiizioiie  alio  studio  dell’  elmintologia. 
2)  ̂ Gazz.  med.  ital.  lomb.,  Milano,  v.  39,  8.  s.,  v.  1   (16),  19  apr.,  pp. 

154-156,  1   fig.  [AV“.] 

*1886a. — Cenno  preveiitivo  intorno  ad  una  nuova  malattia  parassitaria  dell’  uomo 
<Gazz.  d.  osp.,  Milano,  v.  7   (57),  18  luglio,  p.  450.  [MS.  dated  25  maggio.] 

[W“.] 
*1886b. — Ulterior!  particolari  intorno  alia  Txnia  nana.  Xota  preliminare  <Gazz. 

d.  osp.,  Milano,  v.  7   (98),  29  settembre,  pp.  619-620.  [MS.  dated  10 

giugno.]  [W“.] 
*1887a. — Come  la  Txnia  nana  arri vi  nel  nostro  organismo.  Xota  preliminare  <CGior. 

di  anat.,  fisiol.  e   pa  ol.  d.  animali,  Pisa,  v.  19  (3),  maggio-giugno,  pp. 

153-156.  [MS.  dated  28  apr.  and  3   maggio.]  [\V“.] 
*1887d. — Die  Tsenia  nana  und  ihre  medicinische  Bedeutung.  Vorlaufige  Mitthei- 

lung.  [Transl.  of  Grassi,  1886b,  with  additional  note]  <Centralbl.  f. 

Bakteriol.  u.  Parasitenk.,  Jena,  1.  J.,  v.  1   (4),  pp.  97-100,  2   figs.  [MS. 

dated  Juni,  1886;  note,  p.  100,  dated  Jan.,  1887.]  [W%  W“\] 
*1887f. — Bestimmung  der  vier  von  Dr.  E.  Parona  in  einem  kleinen  Madchen  aus 

Varese  (Lombardei)  gefundenen  Taenien  {Taenia  fiavopunctataf  Dr.  E. 

Parona)  <Centralbl.  f.  Bakteriol.  u.  Parasitenk.,  Jena,  1.  J.,  v.  1   (9), 

pp.  257-259.  [MS.  dated  13.  Jan.]  [W%  W“.] 
*1887h. — Entwickelungscyclus  der  Taenia  nana.  Dritte  Priiliminarnote  <[Centralbl. 

f.  Bakteriol.  u.  Parasitenk.,  Jena,  1.  J.,  v.  2   (11),  pp.  305-312.  [MS. 

dated  Juni.]  [W%  M^“.] 
*[1888k]. — Taenia  flavopunctata  Wein.,  Taenia  leptocepliala  Creplin,  Tamia  diminuta 

Rud.  [Presented  6   maggio]  <Atti  r.  Accad.  d.  sc.  di  Torino  (1887-88), 

V.  23  (12),  pp.  492-501,  pi.  11,  figs.  1-19.  [M"'^.] 
Grassi,  Giovanni  Battista;  &   Calandruccio,  Salvatore. 

*1887a. — Einige  weitere  Xachrichten  fiber  die  Taenia  nana.  Zweite  Praliminarnote 
<Centralbl.  f.  Bakteriol.  u.  Parasitenk.,  Jena,  1.  J.,  v.  2   (10),  pp.  282-285. 

[MS.  dated  Juni.]  [W“,  W“] 
Grassi,  Giovanni  Battista;  &   Rovelli,  Giuseppe. 

*1888b. — Intorno  alio  sviluppo  dei  cestodi.  Xota  preliminare  <Atti  r.  Accad. 
d.  Lincei,  Roma,  Rendic.,  An.  285,  4.  s.,  v.  4   (12),  1.  semestre,  3   giugno, 

pp.  700-702.  [AVy] 

*1889a. — Sviluppo  del  cisticerco  e   del  cistercoide.  Xota  preliminare  <Atti  r. 
Accad.  d.  Lincei,  Rendic.,  Roma,  An.  286,  4.  s.,  v.  5   (3),  1.  semestre, 

3   feb.,  pp.  165-174,  figs.  1-4.  [W®.] 
*1889b. — Embrvologische  Forschungen  an  Cestoden  <Centralbl.  f.  Bakteriol.  u. 

Parasitenk.,  Jena,  v.  5   (11),  8.  Miirz,  pp.  370-377,  figs.  1-4;  (12),  15. 

Miirz,  pp.  401-410.  [MS.  dated  15.  Jan.]  [W“,  W“.] 
*1892a. — Ricerche  embriologiche  sui  cestodi  <[Atti  Accad.  Gioenia  di  sc.  nat.  in 

Catania  (1891-92),  An.  68,  4.  s.,  v.  4,  2.  mem.,  108  pp.,  4 pis.  [M"«.] 
Guseff,  G.  I. 

*1892a. — Sluchay  Taeniae  nanae.  [Read  before  Obsli.  dietsk.  vracli.,  Mosk.,  19 

marta]  <Med.  Obozr.,  Mosk.,  v.  37  (9),  12  maia,  pp.  803-805.  [AV'".] 

*1893a. — Idem  <Trudi  Obsh.  dietsk.  vrach.,  Mosk.,  v.  1,  pp.  23-25.  [AA"’".] 
Hallock,  FI.  M.  [M.  D.,  Capt.  Asst.  Surg.,  U.  S.  Army.] 

*1904a. — Tenia  nana;  report  of  two  cases  <J.  Am.  M.  Ass.,  Chicago,  v.  42  (14), 

Apr.  2,  p.  891.  [AA^%  AV“.] 
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Heller.  Arnold  [Ledwig  Gotthilf].  [Dr.  Med.,  o.  Prof.  path.  Anat.;  Director 

path.-anat.  Inst.,  Kiel.]  [1S40-  .] 
lS76a. — Darmschmarotzer  <CHandb.  d.  spec.  Path.  Ziemssen),  Leipz.,  v.  7   (2),  pp. 

5o9-6<34,  ngs.  l->53. 
lS76h. — Intestinal  parasites.  [Transl.  of  Heller,  lS76a]  <Cycl.  Pract.  M.  (Ziems- 

sen),  K.  Y..  v.  7.  pp.  667-7SS,  figs.  1-53. 
Heeixg.  [Dr.] 

1892a. — Uebersicht  der  Hinge weidewfirmer  nnd  Hautparasiten  <Jahresb.  d.  Ver.  f. 

vaterl.  Yatnrk.  in  Wurttemb.,  Stuttg.,  v.  28  2-3).  Dec.,  pp.  129-165. 

[We] 
Hlrsch,  Josef  Cheistiax  AJArla.  [1854-  .] 

1879a. — Zur  Symptomatologie  nnd  Therapie  des  Band wurmleidens.  Diss.  34  pp. 
8^  Greifswald.  [Wa] 

Hfbee.  J[oh.]  Ch[klstoph.].  [Med.-Rath  Dr.,  Memmingen.]  [1830-  .] 
1892b. — Bibhographie  der  klinischen  Helminthologie.  Heft.  3-4:  Die  Darmcesto- 

den  des  Menschen  >   Geschichte  nnd  Litteratur  der  Taenien  nnd  Bothrio- 

cephaleni.  pp.  69-150.  8“.  Munchen.  [W^] 
M896a. — Animal  parasites  and  the  diseases  caused  by  them  <Twentieth  Cent. 

Pract.,  Y.  Y..  v.  8.  pp.  [499]-627,  figs.  7C>-105,  pis.  1-2.  [W-.] 
I.miA,  IsAO.  [Ph.  D.,  Prof.  ZooL,  Science  Coll.  Imp.  Univ.  Japan.]  [1862-  .] 

1889. — [The  animal  parasites  of  man.]  [Japanese  text.]  7—11—490—6  pp..  7   pis. 
8G  Tokio.  [WA] 

IxxES,  W alter  F.  [1858-  .] 
*1898. — Contribution  a   T   etude  des  affections  vermineuses  de  Thomme  observees 

en  Egypte.  Th^.  110  pp.,  11.  8“.  Lyon.  [Published  July.]  [M’^^].  i 
TON  Jaesch,  Redolf.  j 

1892. — Klinische  Diagnostik  innerer  Krankheiten  mittels  bakteriologischer,  che-  | 
mischer.und  mikroskopischer  Untersuchungsmethoden.  3.  Aufl.,  xxiii—  ' 

499  pp.,  14(1  figs.  8-.  Wien  A   Leipzig.  [W*.] 
Kahajst:,  Zygment.  j 

1880. — Anatomie  von  Txnia  perfoliata  Gdze,  als  Beitrag  zur  Kenntniss  der  Cestoden  | 
<Ztschr.  f.  wissensch.  Zook,  Leipz..  v.  34  >2),  7.  Mai,  pp.  175-254.  1   fig., 
pi.  8.  [Wl] 

Kholodkotski,  Y.  a. 

1898. — leones  hehninthum  hominis.  v.  1   'Tteniadtei.  18  pp.,  7   1.,  7   pis.  fol. 

Sanktpeterburg.  [Russian  text.]  [W“.] 
Kowalettski,  Mieczyslatta. 

*1895. — Studya  helmintologiezne.  I   <Rozpr.  Akad.  L’miej.  wydz.  matemat.- 
przyr.,  Krakow.,  v.  29,  2.  s.,  v.  9,  pp.  349-367,  pi.  8,  figs.  1-28.  [W“.] 

Keabbe  H. 

*1865. — Helminthologiske  Hndersogelser  i   Danmark  og  paa  Island,  med  saerligt 

Hensyn  til  Blsereormlidelseme  paa  Island.  64  pp.,  7   pis.,  117  figs.  4°. 
Kjobenhavn.  [W“] 

*1866. — Recherches  helminthologiques  en  Danemark  et  en  Islande.  66  pp.,  11.,  I 

7   pis.,  117  figs.  4°.  Copenhagen.  [Transl.  of  Krabbe,  1865.]  [W“.] 
*1869. — Bidrag  td  Kundskab  om  fuglenes  Bfendelorme.  120  pp.,  10  pis.,  303  figs.  j 

4°.  Kj0benha^^l.  [Lib.  Stiles.] 
Kechenmeistee,  Gottlob  Feiedeich  Heineich. 

1855. — Die  in  und  an  dem  Kbrper  des  lebenden  Menschen  vorkommenden  Para- 
siten.  Fin  Lehr-  und  Handbuch  der  Diagnose  und  Behandlung  der 
thierischen  und  pfianzlichen  Parasiten  des  Menschen.  Zum  Gebrauche 
fur  Studirende  der  Medicin  und  der  Yaturwissenschaften,  fur  Lehrer  der 

Zoologie,  Botanik,  Physiologie,  pathologischen  Anatomie  und  fur  prak-  ' 
tischeArzte.  1.  Abt. :   Die  thierischen  Parasiten.  xvi -486  pp.,  33  figs.,  i| 

9   pis.  8°.  Leipzig.  [W^.] 
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Kuchexmeister,  Gottlob  Friedrich  Heinrich — Continued. 

1857. — On  animal  and  vegetable  parasites  of  the  human  body,  a   manual  of  their 
natural  history,  diagnosis,  and  treatment.  [Transl.  from  2.  German  ed. 

by  Edwin  Lankester.]  v.  1:  Animal  parasites  belonging  to  the  group 

entozoa.  xx— 452  pp.,  4   tigs.,  8   pis.  8°.  London.  [W%  AV“.] 
Kuchenmeister,  Gottlob  Friedrich  Heinrich;  &   Zurn,  Friedrich  Anton. 

*[?1881]. — Die  Parasiten  des  Menschen.  2.  Autl.,  x-^582  pp.,  15  pis.  8°. 
Leipzig.  [^V^] 

Laboulbene,  a. 

1877. — Sur  les  tenias,  les  echinocoques  et  les  bothriocephales  de  I’homme  <Lmion 
med..  Par.,  3.  s.,  v.  24  (106),  11  sept.,  pp.  377-387;  (107),  13  sept.,  pp. 
397-399;  (109),  18  sept.,  pp.  421-425;  (110),  20  sept.,  pp.  441-445;  (112), 
25  sept.,  pp.  465-470;  (114),  29  sept.,  pp.  497-504;  (115),  2   oct.,  pp.  509- 

513.  [W™.] 
DE  Lanessan,  J.-L. 

1882. — Manuel  d’histoire  naturelle  medicale.  3™®  partie:  Zoologie.  782  pp.,  523 
figs.  12°.  Paris.  [^V^] 

Leichtenstern,  Otto. 

*1892. — Ueber  die  Charcot- Robin’schen  Krystalle  in  den  Faeces,  nebst  einer  Bemer- 
kung  fiber  Txnia  nana  in  Deutschland  <Deutschemed.  Wchnschr.,  Leipz. 

&   Berk,  V.  18  (25),  23.  Juni,  pp.  582-585.  [\C“] 
Leidy,  Joseph.  [1823-1891.] 

*   1879a. — On  Gordins  and  on  some  parasites  of  the  rat.  [Read  Jan.  28]  <Proc. 

Acad.  Nat.  Sc.,  Phila.,  v.  31  (1),  Mar.  25,  pp.  10-11.  [W“.] 
*1879b. — Idem  <Ann.  &   Mag.  Nat.  Hist.,  Lond.,  5.  s.,  v.  3   ( 18),  June,  pp.  457-458. 

[W^] 

*1884a. — Occurrence  of  a   rare  human  tapeworm  {Tsenia  flavopunctata)  C^Am.  J. 

M.  Sc.,  Phila.,  n.  s.  (175),  v.  88,  July,  pp.  110-114,  1   fig.  [W™.] 

*1884b. — A   rare  human  tapeworm.  [Secretary’s  abstract  of  paper  read  May  6] 
<Proc.  Acad.  Nat.  Sc.,  Phila.  (2),  May-Oct.,  p.  137.  [AV“.] 

1885. — Intestinal  worms  <Svst.  Pract.  M.  (Pepper),  Phila.,  v.  2,  pp.  930-964. 

[W-] 
Leuckart,  Karl  Georg  Freidrich  Rudolph.  [Dr.,  Prof.,  Univ.  Leipzig.]  [1823- 

1898.] 

*1863. — Die  menschlichen  Parasiten  und  die  von  ihnen  herrfihrenden  Krankheiten. 

Ein  Hand-  und  Lehrbuch  ffir  Naturforscher  und  Aerzte.  v.  1,  viii-^766 

pp.,  268  figs.  8°.  Leipzig  &   Heidelberg.  [W'^,  W“.] 
*1880. — Die  Parasiten  des  Menschen  und  die  von  ihnen  herrfihrenden  Krankheiten. 

Ein  Hand-und  Lehrbuch.  ffir  Naturforscher  und  Aerzte.  2.  Aufl.,  v.  1, 

2.  Lief.,  pp.  337-855,  figs.  131-353.  8°.  Leipzig  &   Heidelberg.  [W^] 
*1886a. — Idem.  3.  Lief.,  pp.  855  [sic]-1000,  figs.  353  [sic]-409.  8°.  Leipzig  & 

Heidelberg.  [^V^] 

*1886b. — The  parasites  of  man  and  the  diseases  which  proceed  from  them.  A 
textbook  for  students  and  practitioners.  [Transl.  from  German  by 

William  E.  Hovle.]  pp.  v-xxvi,  1   1.,  771  pp.,  404  figs.  8°.  Edinburgh. 

*1887. — Die  Uebergangsweise  der  Ascaris  lumbricoides  und  der  Tsenia  eUiptica 
<Centralbl.  f.  Bakteriol.  u.  Parasitenk.,  Jena,  1.  J.,  v.  2   (24),  pp.  718-722. 

[W%W“] 
VON  Linstow,  Otto  [Friedrich  Bernhard].  [Dr.,  Gottingen.]  [1842-  .] 

1878a. — Compendium  der  Helminthologie.  Ein  Verzeichniss  der  bekannten  Hel- 
minthen,  die  frei  oder  in  thierischen  Korpern  leben,  geordnet  nach  ihren 
Wohnthieren,  unter  Angabe  der  Organe,  in  denen  sie  gefunden  sind,  und 

mit  Beiffigung  der  Litteratur-Quellen.  xxii-^382  pp.  8°.  Hannover. 

[W%W“] 
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vox  Lixstow,  Otto  [Friedrich  Berxhard] — Continued. 

*1878b. — Neue  Beobachtiingen  un  Helminthen  <Arch.  f.  Xaturg.,  Berl.,  44.  J., 

V.  1   (2),  pp.  218-245,  pis.  7-9,  figs.  1-35.  [W®.] 

*1879. — Helminthologische  Studien<Arch.  f.  Xaturg.,  Berl.,  45.  J.,  v.  1   (1),  pp. 
16.5-188,  pis.  11-12,  39  figs.  [W®.] 

1889. — Compendium  der  Helminthologie.  Xachtrag.  Die  Litteratur  der  Jahre 

1878-1889.  xvi— 151  pp.  8°.  Hannover.  [W^.] 
1896a. — Ueber  Tsenia  {ffymenolepis)  nana  v.  Siebold  und  murina  Duj.<Jenaische 

Ztschr.  f.  Xaturw.,  Jena,  v.  30,  n.  F.,  v.  23  (4),  25.  Juli,  pp.  571-582,  8   figs. 

[W-.] 
1896b. — Ueber  den  Giftgehalt  der  Helminthen  <Internat.  IMonatschr.  f.  Anat.  u. 

Physiol.,  Leipz.,  v.  13  (5),  pp.  188-205.  [^V“,] 
1901. — Entozoa  des  zoologischen  Museums  der  kaiserlichen  Akademie  der  Wissen- 

chaften  zu  St.  Petersburg.  I.  <Bull.  Acad.  imp.  d.  sc.  de  Petersb.,  5.  s., 

V.  15  (3),  oct.,  pp.  271-292,  pis.  1-2,  figs.  1-42.  [\V“.] 

Luhe,  Max  Friedrich  Ludwig  (Jr.).  [Dr.  phil.,  Privatdocent  Zool.  u.  vergl.  anat., 

Kbnigsberg  i.  Pr.]  [1870-  .] 

1894, — Zur  Morphologic  des  Ta?nien-Scolex.  Diss.  133  pp.,  12  figs.  8°.  Kbnigs- 

berg. [W“.] 
*   1896. — Zur  Kenntnis  der  Musculatur  des  Taenien-Korpers  <Zool.  Anz.,  Leipz. 

(505),  V.  19,  15.  Juni,  pp.  260-264,  4   figs.  [W% 
Lussaxa,  Felice  [Prof.,  Lhiiv.  Padova];  &   Romaro,  V.  [Dr.,  Univ.  Padova]. 

[?]. — Elminti  intestinali  <Tratt.  ital.  di  pat.  e   terap.  med.,  Milano,  v.  5.  pt.  4,  jip. 

291-436,  49  figs.,  4   pis.  [W*“.] 
Lutz,  Adolh. 

*1894. — Beobachtungen  fiber  die  als  Tsenia  nana  und  Havopiuictata  bekannten  Baitd- 
wfirmer  des  Menschen  <TCentralbl.  f.  Bakteriol.  u.  Parasitenk.,  Jena, 

V.  16  (2),  9.  Juli,  pp.  61-67.  [W%  W“.] 

Lyxch,  Ricardo. 

*1904. — Vers  intestinaux  <Traite  d.  mal.  de  I'enf.  (Grancher  cX  Comby).  Par., 
2.  ed.,  V.  2,  pp.  404-453,  figs.  1-11.  [^V“.] 

dE  Magalhaes,  P.  S.,  [Prof.,  Rio  Janeiro.] 

*1894. — Notes  d’helminthologie  Bresilienne  <Bull.  Soc.  zool.  de  France,  Par., 

V.  19  (9),  27  nov.,  pp.  152-155.  ['V®.] 

*1896. — Ein  zweiter  Fall  von  Hymenolepis  diminuta  Rudolph!  {Txnla  dawpunciata 
Weinland),  als  menschlicher  Parasit  in  Brasilien  beobachtet  <Centralbl. 

f.  Bakteriol.,  Parasitenk.  [etc.],  Jena,  1.  Abt.,v.  30  (18-19),  5.  Nov.,pp. 

673-674.  [MS.  dated  Juli.]  [W%  W“.] 
Massari,  G.  [Dr.] 

*1896. — Sopra  un  caso  di  Tenia  nana  osservata  in  Roma.  [Secretary’s  abstract 
of  paper  read  17  feb.]  <Boll.  Soc.  rom.,  per  gli  stud,  zool.,  Roma, 

V.  5   (1-2),  p.  83.  [W-.] 

*1898. — La  Tenia  nana  <Suppl.  al  Policlin.,  Roma,  An.  4   (9),  v.  1,  gennaio,  pp. 
209-213.  [W“.  ] 

Mayrhofer,  Joseph  Carl. 

1854. — Die  Helminthen  des  Menschen.  Diss.  30  pp.  8°.  Erlangen.  [5V“.] 
Meckel  vox  Hemsbach. 

1856. — Uber  die  klimatischen  Verhiiltnisse  Aegyptens.  [Secretary’s  abstract  of 
paper  read  before  Gesellsch.  f.  wissensch.  Med.,  Berlin,  2.  Juli.  1855] 

<Deutsche  Klinik,  Berl.,  v.  8   (4),  26.  Jan.,  pp.  46-47.  [5V“.] 
Megxix,  Pierre. 

1881. — De  la  caducite  des  crochets  et  du  scolex  lui-meme  chez  les  tenias  <[J-  de 

I’anat.  et  physiol..  Par.,  v.  17,  pp.  28-44,  1   fig.,  pis.  4-5.  [W“.] 

I 
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Meetexs. 

.   *1892. — Ueber  Tsenia  nana  <Berl.  klin.  Wchnschr.,  v,  29  (44),  31.  Oct'.,  pp. 
1099-1101;  (45),  7.  Nov.,  pp.  1134-1137,  figs.  1-3.  [W“] 

Mingazzini,  Pio. 

1898. — Trattato  di  zoologia  medica.  viii4-634  pp.,  201  figs.  8°.  Poma.  [W“.] 
*1899. — Osservazioni  general!  sul  modo  di  adesione  dei  cestodi  alia  parete  intesti- 

nale  <Atti  r.  Accad.  d.  Lincei,  Rendic.  cl.  di  sc.  fis.,  mat.  e   nat., 

Roma,  An.  206,  5.  s.,  v.  8,  1.  semestre  (12),  18  giugno,  pp.  597-603,  figs. 
1-6.  [W^] 

*1900. — Observations  generates  sur  la  mode  d’adhesion  des  cestoides  a   la  paroi 
intestinal.  [Transl.  of  Mingazzini,  1899]  <Arch.  ital.  de  bioL,  Turin 

(1899),  V.  32  (3),  26  fev.,  pp.  341-350,  figs.  1-5.  [W“\] 
Miuea,  K.  ;   &   Yamazaki,  F. 

*1897. — Ueber  Tsenia  c^^iifth.  a.  d.  med.  Fac.  d.  k.-jap.  Univ.,  Tokio,  v.  3 

(3),  pp.  239-258,  pi.  14,  figs.  1-9.  [W“] 
Molin,  Raffaele. 

1858. — Prospectus  helminthum,  qua?  in  prodromo  faunae  helminthologicse  Vene- 
tife  continentur  <Sitzungsb.  d.  k.  Akad.  d.  Wissensch. ,   Wien,  Math.- 

naturw.  CL,  v.  30  (14),  20.  Mai,  pp.  127-158.  [W®]. 
[1859]. — Cephalocotylea  e   nematoidea  <Sitzungsb.  d.  k.  Akad.  d.  Wissensch., 

Wien,  Math.-naturw.  CL,  v.  38  (23), 4.  Nov.,  pp.  7-38, 1   pi. ,   figs.  1-7.  [W®.] 

1861.  

— Prodromus  faunae  helminthologicae  venetiae  adjectis  disquisitionibus  anato- 

micis  et  criticis  <Denkschr.  d.  k.  Akad.  d.  Wissensch.,  Wien,  Math.- 

naturw.  CL,  V.  19,  2.  Abt.,  pp.  189-338,  pis.  1-15.  [W^] 

1862.  

— Die  in  Menschen  vorkommenden  Helminthen,  nach  dem  jetzigen  Stand- 

puncte  der  Wissenschaft  bearbeitet  <Oesterr.  Ztschr.  f.  prakt.  Heilk., 

Wien,  V.  8   (1),  3.  Jan.,  pp.  9-14;  (3),  17.  Jan.,  pp.  44-47;  (5),  31.  Jan., 

pp.  93-96;  (6),  7.  Feb.,  pp.  121-123;  (23),  6.  Juni,  pp.  433-437;  (24),  13. 
Juni,  pp.  452-454;  (26),  27.  Juni,  pp.  481-485;  (44),  31.  Oct.,  pp.  833- 

837.  [W“] 
Moniez,  Romain. 

*1888. — Sur  le  Tsenia  nana  parasite  de  I’homme  et  sur  son  cysticerque  suppose 
{Cysticerciis  tenebrionis) .   [Presented  30  jan.]  <Compt.  rend.  Acad.  d. 

sc..  Par.,  V.  106  (5),  30  jan.,  pp.  368-370.  [W%  W“,  WL] 
1889. — Les  parasites  de  rhomme  (animaux  et  vegetaux).  viii+307  pp.,  72  figs. 

16°.  Paris.  [W"^.] 
1896. — Traite  de  parasitologic  animale  et  vegetable  applique  a   la  medecine.  viii-j- 

680  pp.,  116  figs.  8°.  Paris.  [W“\  W^] 

Moore,  John  T.  [M.  D.,  Associate  Clin.  Med.  U^niv.  Texas,  Galveston.] 
*[1903]. — A   preliminary  note  oir  the  occurrence  of  Tsenia  nana  in  Texas,  with 

specimens.  [Read  before  the  University  of  Texas  Medical  Club,  April  6.] 

[Reprint  from  L'niv.  Texas  Med.]  3   pp.  8°.  [Lib.  Stiles.] 
*1904. — The  occurrence  of  Tsenia  nana  in  Texas  (the  first,  or  at  least  the  second, 

reported  case  in  North  America.)  [Read  before  State  Med.  Ass.,  San 

Antonio,  Tex.,  Apr.,  1903]  <Med.  News,  N.  A".  (1621),  v.  84  (6),  Feb. 
6,  pp.  251-254,  figs.  1-7.  [W'^  W“.] 

Moquix-Tandox,  a. 
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— Elements  de  zoologie  medicale  contenant  la  description  detaillee  des  ani- 

maux utiles  a   la  medecine  et  des  especes  nuisible  a   I’homme,  particu- 
lierement  des  venimeuses  et  des  parasites,  precedes  de  considerations 

generales  sur  T   organisation  et  sur  la  classification  des  animaux  et  d’un 
resume  sur  I’hLstoire  naturelle  de  Fhomme.  xvi 4-428  pp.,  122  figs.  12°. 
Paris.  [W“.] 
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— Elements  of  medical  zoology.  [Transl.  of  Moquin-Tandon,  1860,  by  Robert 

Thomas  Hulme.]  xiv-+-423  pp.,  124  figs.  8°.  London.  [W“.] 
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Mosler,  F.  ;   &   Peiper,  E. 

1894.  — Tierische  Parasiten.  {In Spezielle Pathologie imd  Therapie  (H.  Nothnagel) . 

8*^.  Wien.  v.  6,  xii— 345  pp.,  124  figs. )   [W%  W“.] 
1904. — Tierische  Parasiten,  bearbeitet  von  Ericb  Peiper.  2.  Aufi.,  2   p.  1.,  376  pp., 

162  figs.  8°.  Wien.  [W“] 
Mrazek,  Al. 

*1896. — Zur  Entwicklungsgescbicbte  einiger  T8enien<Sitzungsb.  d.  k.-bobm. 
Gesellsch.  d.  Wissenscb.,  Prag,  Matb.-naturw.  Cl.,  pt.  3,  art.  38,  20. 

Xov.,  pp.  1-16,  1   pi.  [W“.] 
Neumann,  Louis  Georg. 

1888.  — Traite  des  maladies  parasitaires  non  microbiennes  des  animaux  domestiques. 

xvi— 675  pp.,  306  figs.  8°.  Paris.  [W“.] 
1892a. — Idem.  2.  ed.,  xvi+767  pp.,  364  figs.  8°.  Paris.  [W^] 
1892b. — A   treatise  on  the  parasites  and  parasitic  diseases  of  the  domesticated  ani- 

mals. [Transl.  of  Neumann,  1892a,  by  George  Flemming.]  xxiii— 800 

pp.,  364  figs.  4°.  London.  [W'^,] 
Neveu-Lemaire,  Maurice.  [L>r.,  Preparateur,  Lab.  de  parasitol;  Fac.  de  med., Paris.  ] 

1902. — Parasitologie  animale.  A   1’ usage  des  candidats  au  3®  examen  de  doctoral 
(2®  partie).  [Preface  by  Raphael  Blanchard.]  iii-^212  pp.,  301  figs. 
12°.  Paris.  [W®.] 

Nuttall,  George  H.  F.  [M.  D.,  Pb.  D.,  Lecturer  Bacteriol.  and  Preventive  Med., 

L"niv.  Cambridge;  Editor,  J.  Hygiene.] 
1899a. — The  poisons  given  off  by  parasitic  worms  in  man  and  animals  <Am. 

Naturalist,  Bost.  (387),  v.  33,  Mar.,  pp.  247-249.  [W^] 
1899b. — Die  Rolle  der  Insekten,  Arachniden  (Ixodes)  und  Myriapoden  als  Triiger 

bei  der  Verbreitung  von  durch  Bakterien  und  thierische  Parasiten 
verursachten  Krankheiten  des  Menscben  und  der  Thiere.  Eine  kritiscb- 

bistorische  Studie  <Hyg.  Rundschau,  Berl.,  v.  9   (5),  1.  Miirz,  pp.  209-220; 

(6),  15.  Marz,  pp.  275-289;  (8),  15.  Apr.,  pp.  393-408;  (10),  15.  Mai,  pp. 

503-520;  (12),  15.  Juni,  pp.  606-620.  [W“,  W“.] 
Orsi,  Francesco. 

*1889. — Sei  casi  di  Tenia  nana.  (Curiosita  cliniche.  15)  <Gazz.  med.  lomb., 
Milano,  v.  49,  9.  s.,  v.  2   (24),  15  giugno,  p.  235.  [MS.  dated  maggio.] 

[W“.] 
OsLER,  William.  [M.  D.,  LL.  D.,  Prof.  Med.,  Johns  Hopkins  Med.  School,  Balti- 

more, Md.]  [1849-  .] 
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— The  principles  and  practice  of  medicine,  designed  for  the  use  of  practitioners 

and  students  of  medicine.  2.  ed.,  xvi— 1143  pp.,  19  charts,  11  figs.  8°. 
N e   w   Y ork .   [   W“.  ] 
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— Idem.  2.  ed.,  xviii— 1143  pp.,  19  charts,  11  figs.  8°.  New  York.  [W*^.] 

1898. — Idem.  3.  ed.,  xvi  pp.,  1   1.,  1181  pp.,  8   figs.,  21  charts.  8°.  New  York. 
[W-.] 

1902. — Idem.  4.  ed.,  xvi  pp.,  1   1.,  1182  pp.,  8   figs.,  21  charts.  8°.  New  York. 

[W“.] 
Packard,  Frederick  A.  [Dr.]  [   -1902.] 

*1900. — Tenia  flavopunctata,  with  description  of  a   new  specimen.  [Presented  before 
section  on  pathology,  51st  Ann.  Meet.  Am.  Med.  Ass.,  Atlantic  City,  N.  J., 

June  5-8]  <J.  Am.  M.  Ass.,  Chicago,  v.  35  (24),  Dec.  15,  pp.  1551-1553. 

[W%  W“.] 
Pallas,  P.  S. 

*(1781). — Bemerkungen  fiber  die  Bandwfirmer  in  Menschen  und  Thieren  <Neue 
nord.  Beytrage  z.  physik.  und  geogr.  Erd-  u.  Yolkerbeschreibung,  Naturg. 
u.  Oeconomie,  Petersb.  u.  Leipz.,  v.  1,  pp.  39-112,  2   pis. 
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Paroxa,  Coerado. 

1880.  — Parassiti  del  corpo  umano  i   cestodi  <Illustrazione,  Novara,  v.  1   (2),  16 

luglio,  4   ff.,  pis.  1-2;  (5),  1   settembre,  4   ff.,  pis.  3-4.  [W“.] 

1881.  — Idem  [continued]  <Ibidem  (14-15) ,   15  gennaio-1  feb.,  8   ff.,  pis.  5-6;  (20-21), 

15  apr.-l  maggio,  8   ff.,  pis.  7-8;  (22-23),  15  maggio-1  giugno,  8   ff.,  pis. 

9-10;  (24),  15  giugno,  8   ff.,  pis.  11-12.  [^Y“.] 

*1884. — Materiali  per  la  fauna  della  Sardegna  <Boll.  scient.,  Pavia,  v.  2,  An.  6   (1), 
mar.,  pp.  14-20.  [MS.  dated  gennaio.]  [W“.] 

1888.  — Appunti  storici  di  elmintologia  italiana  a   contribute  della  corologia  elmin- 

tologica  umana  in  Italia  <Gazz.  med.  ital.  lomb.,  Milano,  v.  48  (1),  7 

gennaio,  pp.  5-8;  (2),  14  gennaio,  pp.  14-18.  [W“.] 

1889.  —   Elmintologia  italiana.  Bibliografia — sistematica — storia  <Boll.  scient., 

Pavia,  V.  3,  An.  11  (2),  giugno,  pp.  62-64;  (3),  settembre,  pp.  93-96;  (4), 

die.,  pp.  113-119.  [W“.] 

1890.  
— Idem  [continued]  <Ibidem,  v.  3,  An.  12  (1),  mar.,  pp.  29-32;  (2),  giugno, 

pp.  63-64;  (3),  settembre,  p.  96;  (4),  die.,  pp.  150-152.  [lY^.] 

1891.  
— Idem  [continued]  <Ibidem,  v.  4,  An.  13(1),  mar.,  pp.  26-32;  (2),  giugno, 

pp.  58-64;  (3-4),  settembre-dic.,  pp.  124-128.  [W“.] 

1892.  
— Idem  [continued]  < Ibidem,  v.  5,  An.  14  (2-3) ,   giugno-settembre,  pp.  92-96; 

(4),  die.,  pp.  125-127.  [W™.] 
Paroxa,  Erxesto.  [   -1903.] 

*1884. — Di  un  caso  di  Taenia  flavopunctata  (?)  riscontrata  in  una  bambina  de 
Yarese  <Gior.  r.  Accad.  d.  med.  di  Torino,  An.  47,  v.  32  (2),  feb.,  pp. 

99-112,  1   pi.,  figs.  1-8.  [MS.  dated  nov.,  1883.]  [W“.] 

Pavesi,  Pietro. 

1889. — Quadro  sinottico  delle  tenie  umane  <Boll.  scient.,  Pavia,  An.  11,  v.  3   (2), 

giugno,  pp.  57-60,  1   table.  [M’'“.] Peiper. 

1887. — Helminthen  <Real-Encycl.  d.  ges.  Heilk.,  Wien  &   Leipz.,  2.  Aufi.,  v.  9,  pp. 

288-304.  [W“.] 
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— Helminthen  <<Ileal-Ency cl.  d.  ges.  Heilk.,  Wien  &   Leipz.,  3.  Aufi.,  v.  10,  pp. 

255-290.  [W“.] 
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— Tierische  Parasiten  des  Menschen  <Ergebn.  d.  allg.  Path.  u.  path.  Anat. 

[etc.],  Wiesb.  (1896),  v.  3,  pp.  22-72.  [W“] 
Peeroxcito,  Edoardo.  [Dirett.,  R.  Scuola  Sup.  Yet.;  Prof.  parasitoL,  R.  Univ. 

Torino.] 
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— I   parassiti  delT  uomo  e   degli  animali  utili;  delle  piu  comuni  malattie  da  essi 

prodotte  profilassi  e   cura  relativa.  xii-h506  pp.,  233  figs.,  14  pis.  8°. 
Milano.  [AY%  W“.] 

*1887. — Tsenia  nana  osservata  per  la  prima  volta  in  Piemonte.  [Secretary’s  abstract] 
<Gior.  r.  Accad.  d.  med.  di  Torino,  An.  50,  3.  s.,  v.  35  (1-2),  gennaio- 

feb.,  p.  7.  [W“.] 
Peeroxcito,  Edoardo;  &   Airoldi,  Peospero. 

*1888a. — Caso  di  Tenia  mediocanellata  e   di  molte  tenie  nane  in  un  bambino  di  6 
anni.  [Read  6   luglio]  <Gior.  r.  Accad.  d.  med.  di  Torino,  An.  51,  3.  s., 

V.  36  (7),  luglio,  pp.  312-316.  [W“.] 

*1888b. — Idem  <Gazz.  d.  osp.,  Milano,  v.  9   (70),  29  agosto,  pp.  554-555.  [W“.] 
*1888c. — Idem  <Riforma  med.,  Roma,  v.  4   (162),  14  luglio,  pp.  971-972.  [Last 

paragraph  lacking.  ]   [W“.] 
Predtetschexsky,  W.  E. 

*1900. — Ein  Fall  europaischer  Chylurie  <[Ztschr.  f.  klin.  Med.,  Berk,  v.  40  (1-2), 

pp.  84-97.  [ W"^.  ] 
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Previtera,  S. 

*1900. — Due  casi  probabili  di  Tsenia  leptocephala  nei  minatori  delle  zolfare.  [Read 

31  mar.]  <Boll.  Accad.  Gioenia  di  sc.  nat,  in  Catania,  n.  s.  ''63), 

mar.,  pp.  9-11.  [W<=.] 
Railliet,  a.  [Prof.,  Ecole  vet.,  Alfort,  France.] 

1886. — Elements  de  zoologie  medicale  et  agricole,  xv+1053  pp.,  705  figs.  8°. 
Paris.  [W^] 

1892a. — Les  parasites  transmissibles  des  animaux  a   I’liomme  envisages  specialement 
an  point  de  vue  de  la  prophylaxie.  [Presented  before  Congres  internat. 

d’hyg.  de  Londres,  aoiit,  1891]  <Rec.  de  med.  vet..  Par.,  v.  69,  7.  s., 

V.  9   (5),  15  mars,  pp.  142-148;  (7),  15  avril,  pp.  227-235;  (11),  15  juin, 

pp.  355-365;  (13),  15  juillet,  pp.  411-425;  (15),  15  aout,  pp.  507-512. 

[W"\] 

1892b. — Idem  <Tr.  7.  Internat.  Cong.  Hyg.  &   Demog.,  Lond.  (Aug.  10-17,  1891),' 

V.  3,  8ect.  2,  pp.  57-87.  '   [W“.] 

*1892c. — Un  cas  tres  ancien  de  Tsenia  {Hymenolepis  diminuta)  chez  Thomme.  [Pre- 
sented 19  nov.]  <Compt.  rend.  Soc.  de  bioL,  Par.,  9.  s.,  v.  4   (35),  25 

nov.,  pp.  894-896.  [W“.] 

*1892d. — Notices  parasitologiques  <Bull.  Soc.  zool.  de  France,  Par.,  v.  17,  pp. 
110-117.  [W^] 

1893. — Traite  de  zoologie  medicale  et  agricole.  2.  ed.,  fasc.  1,  736  pp.,  494  figs. 
8°.  Paris.  [W^] 

*1899. — Sur  la  classification  des  teniades  <Centralbl.  f.  Bakteriol.,  Parasitenk. 

[etc.],  Jena,  1.  Abt.,  v.  26  (1),  8.  Juli,  pp.  32-.S4.  [MS.  dated  1®''  mai.] 

[W%  W“] 
Ransom,  Brayton  Howard.  [B.  Sc.,  M.  A.,  Scient.  Asst,  in  charge  Zool. 

Lab.,  Bureau  Animal  Indust.,  U.  S.  Dept.  Agric.,  Washington,  D.  C.] 

[1879-  .] 

1900. — A   new  avian  cestode — Metroliasthes  luclda  <Tr.  Am.  Micr.  Soc.,  Lincoln 

(1899),  V.  21,  May,  pp.  213-226,  pis.  13-14,  figs.  1-10.  [W<=.] 

1902. — On  Hymenolepis  carioca  (Magalhaes)  and  H   megalops  (Nitzsch),  with 
remarks  on  the  classification  of  the  group  <Tr.  Am.  Micr.  Soc.,  Lincoln 

(1901),  V.  23,  May,  pp.  151-172,  pis.  23-25,  figs.  1-20.  [Published 

June  17.]  [W<=.] 

*1904. — An  account  of  the  tapeworms  of  the  genus  Hymenolepis  parasitic  in  man, 
including  several  new  cases  of  the  dwarf  tapeworm  {H.  nana)  in  the 

•   United  States  <Bull.  No.  18,  Hyg.  Lab.,  U.  S.  Pub.  Health  &   Mar.- 

Hosp.  Serv.,  Wash.,  pp.  1-138,  figs.  1-1.30.  [W%  W"\] 
Ransom,  W.  H. 

*1856. — On  the  diagnosis  of  and  treatment  for  roundworm,  and  on  the  occurrence 
of  a   new  species  of  Tsenia  in  the  human  body  <Med.  Times  &   Gaz., 

Lond.  (872),  v.  33,  n.  s.  (311),  v.  12,  June  14,  pp.  598-600,  figs.  1-2. 

[W-.] 
1871. — Intestinal  worms  <Syst.  Med.  (Reynolds),  Lond.,  v.  3,  pp.  178-204,  29, 

figs.  [   W"\  ] 

1879. — Idem.  {In  Diseases  of  the  intestines  and  peritoneum.  8°.  New  York, 

pp.  153-175,  29  figs.)  [Win.] 

*1888. — On  the  probable  existence  of  Tsenia  nana  as  a   human  parasite  in  England. 
[Abstract  of  paper  read  before  Nottingham  Med.-Chir.  Soc.]  <Lancet, 

Lond.  (3386),  v.  2,  July  21,  pp.  109-110.  [W"\] 
Rasch,  Chr. 

*1894. — Ueber  einen  Fall  von  Tsenia  nana  in  Siam  <Deutsche  Med.-Ztg.,  Berk, 

V.  15  (13),  12.  Feb.,  p.  143.  [W"\] 
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Rielaender,  Hermann. 

1868. — Ueber  die  im  Darmkanale  des  menschlichen  Korpers  vorkommenden 

Helminthen.  Hiss.  122  pp.  8°.  Greifswald.  [W“] 
Roder,  Heinrich. 

*1899. — Ueber  einen  weiteren  Fall  van  Tsenia  (Hymenolepis)  nana  (v.  Siebold)  in 
Deutschland  <Miinchen.  med.  Wchnschr.,  v.  46  (11),  14.  Miirz,  pp. 

344-346.  [W“.] 
Roesen,  Leonhard. 

*1893. — L^eber  die  Charcot’ schen  Krystalle  und  deren  Beziehung  in  den  Faces  zur 
Helminthiasis.  Diss.  (Bonn).  34  pp.  8°.  Crefeld.  [^V“.] 

Rosseter,  T.  B. 

1891. — Sur  un  cysticercoide  des  ostracodes,  capable  de  se  developper  dans  I’intestin 
du  canard  <Biill.  Soc.  zool.  de  France,  Par.,  v.  16  (8),  oct.,  pp.  224-229. 
[^V^] 

Roux,  Fernand. 

1888. — Traite  pratique  des  maladies  des  pays  chauds;  maladies  des  systemes 
lymphatiques  et  cntanes;  parasites;  animanx  nuisibles.  v.  3,  595  pp.,  21 

figs.  8°.  Paris.  [W“.] 
Roux,  Gabriel. 

1887. — Contribution  a   I’etude  clinique  et  therapeutique  des  taenias  de  Thomme. 
These.  75  pp.  4°.  Lyon.  [W“] 

Rudolphi,  Karl  Asmund.  [Prof.  Anat.,  Berlin.]  [1771-1832.] 

1808.  

— Entozoorum  sive  verminm  intestinalium  historia  naturalis.  v.  1,  1   1., 

xxvi— 527  pp.,  6   pis.  8°.  Amstelsedami.  [^V^] 

1809.  

— Idem.  v.  2,  pars  1,  1   1.,  457  pp.,.6  pis.  8°.  Amstelsedami.  [W\] 
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— Idem.  v.  2,  pars  2,  xii— 386  pp.  8°.  Amstelfedami.  [W^] 

*1819. — Entozoorum  synopsis,  cui  accedmit  mantissa  duplex  et  indices  locupletis- 

simi.  X— 811  pp.,  3   pis.  8°.  Berolini.  [W^] 
ScHNEiDEMUHL,  Georg.  [Prof.,  Dr.,  Privatdozent  Thiermed.,  Univ.  Kiel.] 

1896. — Lehrbuch  der  vergleichenden  Pathologie  und  Therapie  des  Menschen  und 
der  Hausthiere  fiir  Thieriirzte,  Arzte  und  Studirende.  2.  Lief. :   Die 

Vergiftungen.  Die  durch  thierische  Parasiten  hervorgerufenen  Krank- 
heiten  des  Menschen  und  der  Thiere.  Die  Konstitutionskrankheiten. 

Die  Hautkrankheiten.  pp.  209-448.  8°.  Leipzig.  [W®^.] 
Seeger,  G. 

1852. — Die  Bandwiirmer  des  Menschen  in  naturhistorischer,  pathologischer 

und  therapeutischer  Beziehung.  viii— 222  pp.,  2   pis.  8°.  Stuttgart. 

nv%AV“.] 
Senna,  Felice. 

*1889. — Storia  chnica  di  sei  casa  di  Tenia  nana  <Gazz.  med.  ital.  lomb.,  Milano,  v. 

49,  9.  s.,  V.  2   (25),  22  giugno,  pp.  245-249;  (26),  29  giugno,  pp.  255-259, 

1   pL,  figs.  1-4;  (27),  6   luglio,  pp.  265-266.  [MS.  dated  giugno.]  [W“\] 
VON  Siebold,  Carl  Theodor  Ernst. 

*1852. — Ein  Beitrag  zur  Helmintholographia  humana,  aus  brieflichen  Mitthei- 
lungen  des  Dr.  Bilharz  in  Cairo,  nebst  Bemerkungen  <Ztschr.  f.  wissensch. 

Zool.,  Leipz.,  V.  4   (1),  15.  Juni,  pp.  53-76,  pi.  5,  figs.  1-20.  [M”*.] 
Simon,  Charles  E.  [M.  D.] 
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— A   manual  of  clinical  diagnosis  by  means  of  microscopic  and  chemical  meth- 

ods, for  students,  hospital  physicians,  and  practitioners,  xix— 504  pp., 

132  figs.,  10  pis.  8°.  Philadelphia  &   New  York.  [Lib.  Stiles.] 
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— Idem.  2.  ed.,  revised  and  enlarged.  xx-|-17-563  pp.,  133  figs.,  14  pis.  8°. 

Philadelphia  &   Kew  York.  [W“.] 
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Smith,  William  Abbotts. 

1863. — On  human  entozoa,  comprising  the  description  of  the  different  species  of 
worms  found  in  the  intestines  and  other  parts  of  the  human  body,  and 

the  pathology  and  treatment  of  the  various  affections  produced  by  their 

presence;  to  which  is  added  a   glossary  of  the  principal  terms  employed. 

viii-L251  pp.,  14  figs.  8°.  London.  [W“.] 
Sommer. 

1900. — Tsenia  <Real-Encycl.  d.  ges.  Heilk.  [etc.],  Wien  <k  Leipz.,  3.  Aufl.,  v.  24, 

pp.  102-110,  figs.  4-12.  [W“.] 
SoNSINO,  Prospero. 

*1885. — Apergu  des  etudes  helminthologiques  en  Egypte.  [Read  l^’'  mai]  <Bull. 
de  rinst.  egypt.,  Le  Caire,  2.  s.,  v.  6,  pp.  146-160.  [Wh] 

*[1889]. — Importanza  dell’  esame  degli  escreti  per  la  diagnosi  e   conveniente  cura 
delle  malattie  da  entozoi<Lavori  d.  Cong,  di  med.  int.,  Milano,  2.  Cong., 

Roma,  ottohre,  pp.  379-388.  [W“.] 
*1891. — 3   casi  di  Tenia  nana  nei  dintorni  di  Pisa  <Riv.  gen.  ital.  di  din.  med.,  Pisa, 

V.  3   (8-9),  15  maggio,  pp.  187-192.  [MS.  dated  30  apr.]  [W“.] 

*1895a. — Xuove  osservazioni  di  Tenia  nana.  [Read  7   luglio]  <Boll.  soc.  med. 

pisana,  v.  1   (3-4),  pp.  32-36.  [W“.] 
1895b. — Considerazioni  sui  rimedii  contro  le  tenie  intestinali  e   sopra  altri  partico-  j 

lari  risguardanti  le  tenie  dell’  uomo.  [Read  7   luglio]  <Boll.  Soc.  med.  j 
pisana,  v.  1   (3-4),  pp.  36—44.  [W“.] 

1895c. — Idem  <Sperimentale.  Comunicaz.  e   riv.,  Eirenze,  v.  49  (26),  11  settem-  ! 

bre,  pp.  501-512.  [W“.]  ' 
SoNSiNO,  Prospero;  &   Zschokke,  Fritz.  ; 

*1896. — Su  parassiti  dell’  uomo,  con  un  nuovo  caso  di  Tienia  Jiavopunctata  Wein-  I 

land.  [Nota  per  1’  identita  del  1“  stesso  esemplare  colla  Tivnia  diminuta  | 
R.]  <Centralbl.  f.  Bakteriol.,  Parasitenk.  [etc.],  Jena,  1.  Abt.,  v.  19  (24),  | 

30.  Juni,  pp.  837-941,  figs.  1-2.  [W“,  W"\] 
Spooner,  E.  A. 

*1873a. — Specimens  of  Tsenia  nana.  [Secretary’s  abstract]  <Am.  J.  M.  Sc.,  Phila.  ' 

(129),  n.  s.,  V.  65  (9),  Jan.,  p.  136.  '[W“] *1873b. — Idem  <Tr.  Coll.  Phys.  Phila.,  n.  s.,  v.  4(9),  p.  416.  [W“.] 
Stein,  Sigmund  Theodor. 

*1882. — Die  parasitaren  Krankheiten  des  Menschen.  I.  Entwicklungsgeschichte 
und  Parasitismus  der  menschlichen  Cestoden.  Aetiologie,  Pathologie, 

und  Therapie  der  Bandwurmkrankheiten  des  Menschen.  2   p.  1.,  52  pp., 
79  figs.,  14  pis.  fob  Lahr.  [W\] 

Stiles,  Charles  'Wardell.  [Chief,  Div.  Zool.,  E.  S.  Pub.  Health  &   Mar.-Hosp. 
Serv.,  IVashington,  D.  C.]  [1867-  .]  ,   r' 

1896. — A   revision  of  the  adult  tapeworms  of  hares  and  rabbits  <Proc.  U.  S.  Xat.  : 

Mus.,  IVash.  (1105),  v.  19,  pp.  145-235,  pis.  5-25.  [W^.] 

*1903a. — Report  upon  the  prevalence  and  geographic  distribution  of  hookworm 
disease  (uncinariasis  or  anchylostomiasis)  in  the  United  States  -<Bull. 
No.  10,  Hyg.  Lab.,  U.  S.  Pub.  Health  &.  Mar.-Hosp.  Serv.,  IVash.,  Feb., 
121  pp.,  86  figs.  [W^] 

1903b. — The  type  species  of  the  cestode  genus  Hymenolepis  <Bull.  No.  13,  Hyg. 

Lab.,  L".  S.  Pub.  Health  &   Mar.-Hosp.  Serv.,  Wash.,  May,  pp.  19-21.  ^ 
[Wb] 

*1903c. — The  dwarf  tapeworm  [Hymenolepis  nana)  a   newly  recognized  and  probably 
rather  common  American  parasite.  [Read  before  Med.  &   Chir.  Faculty, 

Maryland,  Sept.  24]  <N.  York  M.  J.  [etc.]  (1301),  v.  78  (19),  Nov.  7, 

pp.  877-881,  figs.  1-5.  [W%  IV”.] 

Stiles,  Charles  Wardell;  &   Hassall,  Albert.  [M.  R.  C.  Ah  S.,  A”et.  Inspector,. 
U.  S.  Bureau  Animal  Indust.,  AVashington,  D.  C.]  [1862-  .] 
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Stiles,  Charles  Wardell;  &   Hassall,  Albert — Continued. 

1896.  — Tapeworms  of  poultry  <Bull.  No.  12,  Bureau  Animal  Indust.,  U.  S.  Dept. 

Agric.,  Wash.,  July  11,  88  pp.,  31  pis.,  276  figs.  [W^] 

1898. — The  inspection  of  meats  for  animal  parasites  <Bull.  No.  19,  Bureau  of 
Animal  Indust.,  U.  S.  Dept.  Agric.,  Wash.,  Feb.  8,  161  pp.,  124  figs. 

[W-\] 
Stossich,  Michele.  [Prof.,  Trieste.] 

1892. — Osservazioni  elmintologiche.  Keprint.  pp.  64-73,  pis.  1-2.  8°.  [Lib. 
Stiles.] 

1895. — Notizie  elmintologiche  <Boll.  Soc.  adriat.  di  sc.  nat.  in  Trieste,  v.  16,  pp. 

33-46,  pis.  4-6,  figs.  1-37.  [W^] 

1897.  — Note  parassitologiche.  10  pp.,  1   1.,  2   pis.,  figs.  1-17.  8°.  Trieste.  [Lib. 

Stiles.  ] 

1898.  
— Idem  <Boll.  d.  Soc.  adriat.  di  sc.  nat.  in  Trieste,  v.  18,  pp.  1-12,  pis.  1-2, 

figs.  1-17.  [W“.] 
1898. — Saggio  di  una  fauna  elmintologica  di  Trieste  e   provincie  contermini. 

[Reprint  from  Programma  della  civica  scuola  reale  superiore  published  at 

the  end  of  the  scholastic  year  1898.]  162  pp.  8°.  Trieste.  [Lib. 
Stiles.] 

Strumpell,  Adolf. 

1904. — Lehrbuch  der  speciellen  Pathologie  und  Therapie  der  inneren  Krankheiten. 
Fiir  Studirende  und  Aerzte.  15.  unveranderte  Aufl.,  v.  2,  vii+740  pp., 

44  figs.  8°.  Leipzig.  [W"'.] 
Sw.\RT,  SlJPKO  StHEEMAN. 

1862. — Verhandling  over  de  ingewandswormen.  Diss.  1   p.  1.,  63  pp.,  2   1.  8°. 
Groningen.  [W“.] 

Van  Beneden,  Pierre  Joseph.  [Prof.  Zool.,  Lbwen.]  [1809-1891.] 

(1858a). — Memoire  sur  les  vers  intestinaux.  viii+376  pp.,  28  pis.  4°.  Paris. 

(Memoire  qui  a   obtenu  de  I’Institut  de  France  (Academie  des  sciences) 

le  grand  prix  des  sciences  physiques  pour  I’annee  1853.  Extrait  du  Sup- 
plement aux  Compt.  rend,  de  I’Acad.  d.  sc.,  v.  2.)  [Carus  and  Engel- 

mann],  v.  1,  p.  361.]  [Same  as  Van  Beneden,  1861a.] 

1861a. — Memoires  sur  les  vers  intestinaux.  [Same  as  Van  Beneden,  1858a] 

<Compt.  rend.  Acad.  d.  sc..  Par.  (Supplement),  v.  2,  pp.  1-376,  pis. 
1-27.  [W“.] 

Vaullegeard,  a. 

1901. — Etude  experimentale  et  critique  sur  Taction  des  helminthes.  I.  Cestodes  et 
nematodes.  [Reprint  from  Bull.  Soc.  linn,  de  Normandie,  5.  s.,  v.  4.] 

pp.  84-142.  8°.  Caen.  [Lib.  Stiles.] 
Venuti,  E. 

*(1895). — Tsenianana.  Tesi  di  laurea.  Catania. 
ViLLOT,  A. 

1878. — Migrations  et  metamorphoses  des  tenias  des  musaraignes  <Ann.  d.  sc.  nat.. 

Par.,  Zool.,  6.  s.,  v.  8,  art.  5,  19  pp.,  pi.  11,  figs.  1-14.  [W^.] 
(1882). — Classification  des  cystiques  des  tenias  fondee  sur  les  divers  modes  de 

formation  de  la  vesicule  caudale  <Rev.  d.  sc.  nat. 

1883. — Memoire  sur  les  cystiques  des  tenias  <Ann.  d.  sc.  nat..  Par.,  Zool.,  6.  s., 
v.  15,  art.  4,  oct.,  61  pp.,  pi.  12,  figs.  1-13.  [W^] 

Visconti,  A.;  &   Segre,  Remo. 

*1886. — Di  un  caso  di  tenia  nana.  [Read  25  nov.]  <R.  1st.  Lomb.  di  sc.  e   lett., 
Rendic.,  Milano,  2.  s.,  v.  19,  pp.  789-802,  2   pis.,  figs.  1-7.  [W"\] 

Vogt,  Carl. 

1878a. — La  provenance  des  entozoaires  de  Thomme  <5.  Cong,  period,  internat. 
d.  sc.  med.,  C.-r.,  Geneve  (1877),  pp.  105-141,  figs.  1-61.  [W'".] 
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Yogt,  Carl — Continued. 

1878b.— Die  Herkunft  der  Eingeweidewiirmer  des  Menschen.  [ Vortrag  gehalten  in 
der  fiinften  Sitziing  des  Internationalen  Congresses  fiir  inedizinische 

Wissenschaften  in  Genf,  Sept.,  1887.]  62  pp.,  60  figs.  8°.  Basel. 

[Transl.  of  Vogt,  1878a.]  [W“.]  . 

1878c. — La  provenance  des  entozoaires  de  I’homme  et  leur  evolution;  conference 
faite  au  Congres  international  des  sciences  medicales  a   Geneve  le  15  sept., 

1887.  55  pp.,  61  figs.  8°.  Geneve.  [Same  as  Vogt,  1878a.]  [W“.] 
Voi^z,  Walter. 

1899.  — Die  Oestoden  der  einheimschen  Corviden  <Zool.  Anz.,  Leipz.  (590),  v.  22, 

26.  Juni,  pp.  265-268.  [W®',  W®.] 

1900. -^Beitrag  zur  Kenntnis  einiger  Yogelcestoden  <Arch.  f.  Xaturg.,  Berl.,66.  J., 

V.  1   (2),  Juni,  pp.  115-174,  figs.  1-4,  pis.  6-8.  [W%  Wn] 

Ward,  Henry  Baldwin.  [A.  M.,  Ph.  D.,  Prof.  Zool.,  Univ.  Xebr.,  Lincoln.] 

[1865-  .] 
1895. — The  parasitic  worms  of  man  and  the  domestic  amimals  <Ann.  Rep.  Xebr. 

St.  Bd.  Agric.,  Lincoln  (1894),  pp.  225-348,  81  figs.,  1   pi.,  13  figs.  [W®, Wb] 

1901.  
— Cestoda  <Ref.  Handbook  Med.  Sc.  (Wood),  X.  Y..  revised  ed.,  v,  2,  pp. 

779-794,  figs.  1203-1245.  [W“.] 

Weinland,  [Christoph.]  David  Friedrich.  [Dr.]  [1829-  .] 

1858. — Human  cestoides.  An  essay  on  the  tapeworms  of  man  giving  an  account 
of  their  nature,  organization,  and  embryonic  development;  the  patholog- 

ical symptoms  they  produce,  and  the  remedies  which  have  proved  suc- 
cessful in  modern  practice,  to  which  is  added  an  appendix  containing  a 

catalogue  of  all  species  of  helminthes  hitherto  found  in  man.  vii— 93 

pp.,  12  figs.  8°.  Cambridge,  Mass.  [W®.]  '   ; 
1859a. — Xotice  on  two  human  cestoidea,  new  to  science  <Proc.  Am.  Ass.  Adv.  Sc., 

Cambridge  (12.  Meeting,  Baltimore,  Md.,  May,  1858),  pp.  254-256.  [W"'.] 
1859b. — Ueber  zwei  neue  Cestoden-Arten  aus  dem  Menschen  <Med.  Cor.-Bl.  d. 

wiirttemb.  iirztl.  Ver.,  Stuttg.,  v.  29  (31),  29.  Aug.,  pp.  241-243,  3   figs. 

[^V">.] 
1859c. — Systematischer  Katalog  aller  Helminthen  die  im  Menschen  gefunden  wor- 

den  <Arch.  f.  Xaturg.,  Berk,  25.  J.,  v.  1,  pp.  276-285.  [Wk] 
*1861. — Beschreibung  zweier  neuer  Taenioiden  aus  dem  Menschen;  Xotiz  fiber  die 

Bandwfirmer  der  Indianer  und  Xeger;  Beschreibung  einer  Monstrositiit 

von  Txnia  solium  L.  und  Yersuch  einer  Systematik  der  Taenien  fiber- 
haupt.  [Presented  26.  Sept.,  1859]  <Xova  acta  Acad.  nat.  curios.,  Jena, 

V.  18,  3.  decade,  v.  8,  24  pp.,  pis.  1-5,  figs.  1-28.  [W®.] 

Wernicke,  Otto. 

*1890. — Tenia  nana  <An.  d.  Cfrc.  med.  argent.,  Buenos  Aires,  An.  13,  v.  13  (9), 

setiembre,  pp.  349-351,  1   pk,  1   fig.  [W“.] 

'WoLFFHtiGEL,  Ki'RT.  [Dr.,  Ph.  D.,  Hyg.  Inst.,  Tieniztk  Hochschule,  Berlin.] 

1899a. — Beitrag  zur  Kenntnis  einiger  Yogelcestoden  <Zook  Anz.,  Leipz.  (588), 

V.  22,  29.  Mai,  pp.  217-223.  [MS.  dated  25.  Apr.]  [W®,  W"‘,  Wk] 

*1899b. — Rechtfertigunggegeniiber  Cohn’s  Publication  “   Zur  Systematik  der  Yogel- 
tiinien.  II”  <Centralbk  f.  Bakteriok,  Parasitenk.  [etc.],  Jena,  1.  Abt., 
V.  26  (20-21),  25.  Xov.,  pp.  632-635.  [W®,  W“.] 

1900a. — Beitrag  zur  Kenntnis  der  Yogelhelminthen.  Diss.  (Basel).  204  pp.,  7 

pis.,  114  figs.  4°.  Freiburg  i.  Br.  [Lib.  Stiles.] 
*1900b. — Drepanidotsenia  lanceolata  Bloch  <Centralbk  f.  Bakteriok,  Parasitenk. 

[etc.],  Jena,  1.  Abt.,  v.  28  (2),  25.  Juli,  pp.  49-56,  figs.  1-6.  [W®,  W®*.] 
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Zeder,  Johann  Georg  Heinrich.  [Stadtphysicus,  Bamberg.] 

1800. — Erster  Xachtrag  zur  ̂ aturgeschichte  der  Eingeweidewurmer  von  Johann 

August  Ephraim  Goeze.  xx-r320  pp.,  6   pis.  4°.  Leipzig.  [Lib. 
Stiles.] 

1803. — Anleitung  zur  Xaturgeschichte  der  Eingeweidewiirmer;  fiir  Aerzte,  Thier- 

aerzte  und  Xaturforscher.  xvi+432  pp.,  4   pis.  8°.  Bamberg.  [W'^.] 
ZoGRAF,  N.  [Prof.,  Univ.  Moscow.] 

*1893. — Mote  sur  la  myologie  des  cestodes  <Cong.  internal,  de  zooh,  2®  sess.  a 

Moscou,  1892,  Moscou,  2®  part.,  pp.  13-27,  pis.  1-2,  figs.  1-17.  [W®.] 
ZscHOKKE,  Fritz.  [Dr.  phil.,  o.  Prof.  Zool.  u.  vergl.  Anat.,  Univ.  Basel.] 

*1887. — Studien  ueber  den  anatomischen  und  histologischen  Bau  der  Cestoden. 
Vorlaufige  Mittheilung  <Centralbl.  f.  Bakteriol.  u.  Parasitenk.,  Jena, 

1.  J.,  V.  1   (6),  pp.  161-165;  (7),  pp.  193-199.  [W%  \V“.] 
*1889. — Recherches  sur  la  structure  anatomique  et  histologique  des  cestodes 

<Mem.  Inst.  nat.  genevois,  Geneve,  v.  17,  pp.  1-396,  pis.  1-9,  figs.  1-156. 

[W-.] 
1892. — Seltene  Parasiten  des  Menschen  -<Centralbl.  f.  Bakteriol.  u.  Parasitenk., 

Jena,  v.  12  (15),  7.  Okt.,  pp.  497-500.  [MS.  dated  10.  Sept.]  [^Y^  W™.] 
*1902a. — Hymenolepis  {Drepanidotxnia)  lanceolata  Bloch  als  Schmarotzer  im  Men- 

schen  <Centralbl.  f.  Bakteriol.,  Parasitenk.  [etc.],  Jena,  1.  Abt,  v.  31 

(7),  12.  Miirz,  Originate,  pp.  331-335.  [W%  W“.] 
*1902b. — Hymenolepis  {Drepanidotsenia)  lanceolata  Bloch  aus  Ente  und  Gans  als 

Parasit  des  Menschen.  [Same  as  Zschokke,  1902a]  <Zool.  Anz.,  Leipz. 

(670),  V.  25,  5.  Mai,  pp.  337-338.  [MS.  dated  27.  Jan.]  [W%  W“,  W«.] 
ZuRN,  Friedrich  Anton. 

1882. — Die  tierischen  Parasiten  auf  und  in  dem  Korper  unserer  Haussiiugetiere 
sowie  die  durch  erstere  veranlassten  Krankheiten,  deren  Behandlung  und 

Verhiitung.  2.  Aufl.,  xvi-j-316  pp.,  4   pis.,  63  figs.  8°.  "Weimar.  [M’'^] 
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notice  TO  LIBRARIANS  AND  BIBLIOGRAPHERS  CO
NCERNING  THE  SERIAL 

PUBLICATIONS  OF  THIS  LABORATORY. 

The  Hygienic  Laboratory  was  established  in  New  York,  a
t  the  Marine  Hospital  on 

Staten  Island,  August,  1887.  It  was  transferred  to  Washin
gton,  with  quarters  in  the 

Butler  Building,  June  11, 1891,  and  a   new  laboratory  building
,  located  in  Washington, 

was  authorized  by  act  of  Congress,  March  3,  1901.  ^ 

The  following  lulletms  [Bulls.  Nos.  1-7, 1900  to  1902,  Hyg.  L
ab.,  U.  S.  Mar.-Hosp. 

Ser^^,  Wash.]  have  been  issued;  .   -o  t   -d 

1.  — Preliminary  note  on  the  ̂ dability  of  the  Bacillus  pestis.  By  M.  J .   Kosenau. 
2. — Formalin  disinfection  of  baggage  without  apparatus.  By  M.  J.  Rosenau. 
3. — 

Sulphur  dioxid  as  a   germicidal  agent.  By  H.  D.  Geddings. 

>qo.  4. — ^^’'iability  of  the  Bacillus  pestis.  By  ̂ t.  J.  Rosenau. 

5_ — An  investigation  of  a   pathogenic  microbe 
 {B.  typhi  murium  Danyz)  applied 

to  the  destruction  of  rats.  By  M.  J.  Rosenau.  _ 

6.— Disinfection  against  mosquitoes  with  formaldehyd  and  s
ulphur  dioxid. 

By  M.  J.  Rosenau.  ^   ^   . 

No  7   — Laboratorv^  technique:  Ring  test  for  indol,  by  S.  B.  Grubbs
  and  Edward 

Francis;  Collodium  'sacs,  by  S.  B.  Grubbs  and  Edward  Francis;  Mic
rophotography 

with  simple  apparatus,  by  H.  B.  Parker. 

By  act  of  Congress,  approved  July  1,  1902,  the  name  of
  the  “   United  States  Marine- 

Hospital  Service”  was  changed  to  the  “Public  Health  and  Ma
rine-Hospital  Service 

of  the  United  States,”  and  three  new  divisions  were  added  to  the  Hygi
enic  Laboratory. 

Since  the  change  of  name  of  the  Sei^dce  the  bulletins  of  the  Hy
gienic  Laboratory 

have  been  continued  in  the  same  numerical  order,  as  follows: 

jfo.  8.— Laboratory  course  in  pathology  and  bacteriology.  By  M
.  J.  Rosenau. 

(Revised  edition  March,  1904.) 

^o.  9.   Presence  of  tetanus  in  commercial  gelatin.  By  John  F.  Anderso
n. 

10^ — Report  upon  the  prevalence  and  
geographic  distribution  of  hookworm  

dis- 

ease (uncinariasis  or  anchylostomiasis)  in  the  United  States.  By  C
h.  Y   ardell  Stiles. 

No.  11. — Experimental  investigation  of  Trypanosoma  leww.  By  Ed
ward  Francis. 

12.— The  bacteriological  impurities  of  vaccine  Aurus;  an  experimental  
study. 

By  M.  J.  Rosenau. 

]^o.  13.   A   statistical  study  of  the  intestinal  parasites  of  500  white  male 
 patients  at 

the  United  States  Government  Hospital  for  the  Insane;  by  Philip  E.  Gar
rison,  Bray- 

ton  H.  Ransom,  and  Earle  C.  Stevenson.  A   parasitic  roundworm 
 {Agamomermis 

culicis  n.  g.,  n.  sp.)  in  American  mosquitoes  ( Culex  sollicitans) ;
   by  Ch.  Wardell  Stiles. 

The  type  species  of  the  cestode  genus  Ilymenolepis;  by  Ch.  War
dell  Stiles. 

iq-Q.  14. — Spotted  fever  (tick  fever)  of  the  Rocky  Mountains;  a
   new  disease.  By 

John  F.  Anderson.  ,   ah 
No.  15. — Inefficiency  of  ferrous  sulphate  as  an  antiseptic  and  germicide.

  By  Allan 

J.  McLaughlin. 

No.  16.— The  antiseptic  and  germicidal  properties  of  glycerin.  By  :M^  J.  Rosenau. 

17. — Illustrated  key  to  the  trematode  parasi
tes  of  man.  By  Ch.M  ardell  Stiles. 

No.  18. — An  account  of  the  tapeworms  of  the  genus  Hymenolepis  parasit
ic  in  man, 

including  reports  of  several  new  ca.ses  of  the  dwarf  tapeworm  {H. 
 nana)  in  the  United 

States.  By  Brayton  H.  Ransom. 

(Continued  on  fliird  page  of  cover.) 



TREASURY  DEPARTMENT. 

Public  Health  and  Marine-Hospital  Service  of  the  United  States. 

Walter  Wyman,  Surgreon-General. 

HYGIENIC  LABORATORY— BULLETIN  No.  19. 

October,  1 

A   METHOD  FOR  INOCULATING  ANIMALS 

WITH  PRECISE  AMOUNTS. 

BY 

Ni.  j.  rose:nau;, 
DIRECTOR  OR  THE  HYGIEISIIC  LABORATORY. 

WASHINGTON: 

GOVERNMENT  PRINTING  OFFICE. 

1904. 



ORGAXIZATIOX  OF  HYGIEXIC  LABORATORY. 

'nValtek  AYy’max,  Surgeon- General. 

United  States  Public  Health  and  Harine- Hospital  Service. 

ADA’ISOKY"  BOAED. 

Major  Walter  D.  McCaw,  Surgeon,  U.  S.  Army;  Surgeon  JohnF,  Urie,  Y.  S.  Xax*v; 
Dr.  D.  E.  Salmon,  Chief  of  U.  S.  Bureau  of  Animal  Industry;  and  Milton  J.  Rosenau, 

Y.  S.  Public  Health  and  Marine-Hospital  Service,  e.v  officio. 
Prof.  William  H.  AVelch,  Prof.  Simon  Flexner,  Prof.  Victor  C.  Vaughan,  Prof. 

"William  T.  Sedgwick,  and  Prof.  Frank  F.  Weshrook. 

LABORATORY  CORPS. 

Director. — Passed  Assistant  Surgeon  Milton  J.  Rosenau. 
Assistant  director. — Passed  Assistant  Surgeon  John  F.  Anderson. 
Pharmacist. — Frank  J.  Herty,  Ph.  G. 

Acting  librarian. — E.  B.  K.  Foltz. 

DIVISION  or  PATHOLOGY  AND  BACTEEIOLOGY. 

Chief  of  division. — Passed  Assistant  Surgeon  ̂ lilton  J.  Rosenau. 
Assistants. — Passed  Assistant  Surgeon  John  F.  Anderson  and  Assistant  Surgeons 

R.  L.  Wilson,  Edward  Francis,  and  A.  M.  Stimson. 

DIVISION  OF  ZOOLOGY. 

Chief  of  division. — Ch.  Wardell  Stiles,  Ph.  D. 

Assistants. — Philip  E.  Garrison,  A.  B.,  and  Arthur  L.  Murray,  M.  D. 

DIVISION  OF  PHAKMACOLOGY. 

Chief  of  division. — Reid  Hunt,  Ph.  D.,  M.  D. 
2 



A   METHOD  FOR  INOCULATING  ANIMALS  WITH  PRECISE 
AMOUNTS. 

By  M.  J.  Rosexau,  Director  Hygienic  Laboratory,  JJ.  S.  Public  Health  and  Marine- 
Hospital  Service. 

The  need  has  long  been  felt  in  special  lines  of  research  work  for  a 

good  method  of  inoculating  animals  with  precise  amounts.  In  the 

ordinaiy  laboratory  Avork  great  exactness  in  this  regard  is  not  an 

important  matter,  but  in  standardizing  diphtheria  antitoxins,  and  in 

the  physiological  tests  of  some  drugs,  and  in  certain  lines  of  physio- 

logical chemistry,  the  greatest  precision  is  essential. 

With  the  ordinaiy  methods  in  use  in  most  laboratories,  there  is  an 

unavoidable  loss,  resulting  in  an  error  of  from  1   to  8   per  centum. 

The  usual  method  consists  of  first  measuring  the  dilution,  or  the  sub- 

stance, into  a   graduate  or  other  suitable  vessel,  and  then  drawing  it 

up  into  the  syringe,  from  which  it  is  inoculated  into  the  animal. 

There  are  tivo  principal  sources  of  error  in  this  practice,  (1)  the  loss 

in  the  glass  and  (2)  the  loss  in  the  syringe. 

The  loss  in  the  glass. — If  the  fluid  is  drawn  up  into  the  syringe  from 
a   glass  container  a   certain  amount  remains  behind.  In  a   series  of 

18  careful  weighings  this  loss  was  found  to  ai^erag'e  about  one-half  of 
1   per  cent,  using  L   c.c.  of  fluid. 

The  loss  from  this  source  was  determined  b}"  weighing  a   chemically 
clean  conical  graduate,  then  adding  I   c.c.  of  distilled  water,  taking  care 

not  to  wet  more  surface  than  necessary,  and  again  weighing  to 

determine  the  amount  of  water.  As  much  of  the  water  as  possible  is 

drawn  up  into  the  SAuInge,  tilting  the  graduate  so  as  to  get  the  last 

drop  that  drains  to  the  bottom.  The  graduate  is  again  quickl}^ 
weighed  before  evaporation  takes  place  to  any  appreciable  extent. 

The  difference  between  the  weight  of  the  wet  glass  and  the  diy  glass 

of  course  gives  the  loss  in  the  glass.  The  average  loss  in  I   c.c.  was 

found  to  be  0.0192;  that  is,  nearly  two  one-hundredths  of  a   cubic  cen- 

timeter, or  about  one-half  of  1   per  cent  (0.18  per  cent)  of  the  amount 
of  water  used.  Of  course  when  less  than  I   c.c.  of  ffuid  is  used  the 

percentage  of  loss  increases  in  proportion. 
3 
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The  variation  in  the  loss  is  shown  in  the  following  figures: 

Loss  in  graduate,  using  4   c.  c.  of  water. 

( 1) 
0.  0366 

(   2) 
.0032 

(   3) 

.0095 

(   i) 
.   0098 

(   5) 

.0175 

(   6) 

.   0176 

(   7) .0112 

(   8) 

.0124 

(   9) 
.0301 

(10) .0077 

(11) .0098 

(12) .0156 

(13) 
.0220 

(11) .0313 

(15) .0636 

(16) .0247 
(17) .0121 

(18) .0107 

18)  .3154 

.   0192  average. 

Notice  that  sometimes  the  loss  amounts  to  six  hundredths  of  a   cubic  I 

centimeter,  that  is  as  much  as  1.5  per  cent.  i 

The  loss  in  the  syringe. — The  water  that  was  drawn  up  into  the  ■ 

syringe  is  now  emptied  into  another  carefully  weighed  graduate  and  i 

the  added  weight  determined.  The  difference  gives  the  total  loss,  and  | 

the  difference  between  the  total  loss  and  the  loss  in  the  graduate  gives  !, 

the  loss  in  the  syringe.  I 

As  much  as  possible  of  the  contents  of  the  syringe  is  pressed  out  by  j 
means  of  an  air  cushion  behind  the  column  of  water.  However,  as 

will  be  seen  b}"  the  figures,  an  appreciable  amount  remains  behind; 

especially  if  the  syringe  has  a   shoulder  or  a   poor  packing  presenting  ‘ 
a   large  wetted  surface.  | 

The  following’  figures  give  the  result  of  eighteen  weighings  to  de- 

termine the  loss  in  the  S3U’inge:  ; 

(   1) 

Loss  in  the 
syringe. 

0.  0219 

(   2) 
.0097 

(   3) 
.   0295 

(   4) 
.0307 

(   5) 
.0147 

A   special  syringe, 

A   special  s\u’inge, 
A   special  syringe, 

A   special  syringe, 

A   special  sj^ringe, 

‘‘Sub  Q”  joint,  no  shoulder. 

“Sub  Q”  joint,  no  shoulder. 

“Sub  Q”  joint,  no  shoulder. 

“Sub  Q”  joint,  no  shoulder. 

“Sub  Q”  joint,  no  shoulder. 

I 

If 
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Loss  in  the 

syringe. 

(   6) 0.  0272 
A   special  syringe,  “Sub  Q”  joint. 

no  shoulder. 

(   7) 
.0224 

A   special  syringe,  “Sub  Q”  joint. 
no  shoulder. 

-   (   8) 
.0315 

A   special  syringe,  “Sub  Q”  joint. 
no  shoulder. 

(   9) 
.0119 

A   special  syringe,  “Sub  Q”  joint. 
no  shoulder. 

(10) .0232 
A   special  syringe,  “Sub  Q”  joint. 

no  shoulder. 

(11) .0401 
A   special  syringe,  “Sub  Q”  joint. 

no  shoulder. 

(12) .3363 Colin  syringe  with  old  packing. 

(13) .0871 Colin  syringe  with  old  packing. 

(14) .0276 New  Colin  syringe. 

(15) .   0855 New  Colin  syringe. 

(16) .   0747 New  Colin  syringe. 

(17) .   1153 New  Colin  syringe. 

(18) .   0969 New  Colin  syringe. 

18)  1.  0862 

.   0603 Average  loss  in  the  syringe. 

More  is  lost  in  the  syring-e  than  in  the  graduate,  and  the  two  together 
make  an  appreciable  amount,  in  one  instance  (weighing  No.  12)  to 

more  than  8   per  cent  of  the  amount  of  fluid  used. 

The  neio  method. — To  avoid  these  errors,  the  amount  of  fluid  which 

the  animal  is  to  receive  is  now  measured  directly  into  the  barrel  of 

the  syringe,  thereby  totally  eliminating  the  loss  in  the  graduate;  and 

the  fluid  remaining  in  the  syringe  after  it  is  emptied,  is  washed  out 

with  sterile  salt  solution  or  other  suitable  fluid  which  is  then  injected 

into  the  animal,  so  that  the  loss,  if  any,  is  not  appreciable. 

The  syringe  used  for  carrying  out  this  technique  is  a   modification 

of  the  old  Koch  syringe.  The  glass  barrels  for  the  syringe  were  made 

for  me  by  the  Randall-Faichney  Company,  of  Boston,  who  mold  a 

thread  in  the  glass  on  the  end  of  the  barrel  so  that  the  needle  screws 

directly  upon  the  glass.  This  is  a   distinct  advantage  and  has  many 

points  to  recommend  it  over  the  old  slip  joint,  particularly  in  that  the 

joint  is  very  tight,  and  no  amount  of  pressure  can  force  the  needle 

from  its  bearings. 

The  bulb  was  made  for  me  by  Lenz  &   Lossau,  of  Washington,  D.  C., 

and  as  will  be  seen  by  reference  to  the  illustration,  difl'ers  from  the 
Koch  pattern  in  that  there  is  no  stopcock.  The  soft  rubber  stopper 

fits  into  the  S3U-inge  like  the  cork  in  a   bottle  (see  fig.  2)  and  is 

adjusted  more  readih"  than  the  ground  glass  and  metal  cap  of  the 
Koch  syringe. 

Note  that  the  barrel  tapers  graduallj^  to  the  needle  so  that  the  last 

drop  will  readih^  run  out.  The  top  has  a   slight  flange  which  is  hand}' 
in  holding  the  syringe  in  use. 
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These  slig’ht  modilications  in  the  construction  of  the  syringe  are 
intended  to  facilitate  its  use  as  well  as  to  increase  its  accuracy.  The 

way  of  using  these  sjudnges  ditfers  so  manifestly  from  any  known  to 

me  that  I   will  describe  it  in  detail,  for  the  precision  depends  as  much 

upon  the  method  of  using  them  as  upon  their  construction. 

The  glass  barrels  are  cleaned  in  a   saturated  solution  of  chromic  acid 

in  sulphuric  acid  which  leayes  them  chemically  clean  and  preyents 

water  or  other  fluids  sticking  to  the  glass  in  large  drops.  The  acid  is 

thoroughly  washed  out  with  tap  water  and  then  flushed  in  distilled 

water,  allowed  to  dry  and  sterilized  by  dry  heat.  Clean  glass  allows 

a   free  flow,  diminishing  the  amount  of  water  which  adheres  to  the 

surface,  and  thereby  helps  to  thoroughly  empty  the  contents. 

The  needles  are  sterilized  separately  by  the  usual  method  of  boiling 

in  a   1   per  cent  sodium  carbonate  solution. 

The  needle  is  now  screwed  on  the  barrel  of  the  syringe  and  the 

joint  tested  by  drawing  some  sterile  salt  solution  in  and  out  seyeral 

times.  If  the  joint  is  tight  and  the  needle  peryious,  the  outside  is  dried 

with  a   little  piece  of  sterile  gauze,  and  the  needle  is  now  plunged  into 

a   jar  of  sterilized  albolene.  The  albolene  acts  as  a   temporary  plug, 

preyenting  aii}^  of  the  fluid  which  is  placed  in  the  syringe  from  escap- 
ing until  it  is  injected  into  the  animal. 

The  necessary  number  of  s}u-inges  are  prepared,  one  for  each  ani- 
mal. In  testing  diphtheria  toxin  and  antitoxin  we  sometimes  haye  a 

batter}'  of  ten,  twenty,  or  thirty  syringes  thus  prepared,  arranged  on 
the  rack  as  shown  in  the  accompanying  diagram.  (Fig.  1.) 

The  amount  of  fluid  desired  to  inject  into  the  animal  is  now  carefulh' 
measured  directly  into  the  barrel  of  the  syringe.  This  is  injected  into 

the  animal,  and  then  without  withdrawing  the  needle  the  bulb  is 

remoyed:  a   few  cubic  centimeters  of  salt  solution  are  quickly  blown 

into  the  barrel,  washing  down  the  sides,  and  this  in  turn  is  injected 
into  the  animal. 

The  syringes  can  not  be  turned  oyer,  as  is  the  case  with  a   piston 

syringe.  It  is  not  necessary,  howeyer,  to  hold  them  upright,  as  might 

at  tirst  be  imagined.  They  may  be  tilted  to  a   greater  angle  than  15^ . 
without  danger  of  the  fluid  running  out. 

The  rack  in  which  the  syringes  are  shown  (tig.  1)  is  made  of  wood 

and  has  seyeral  conyeniences  worth  noting.  The  bottom  shelf  is  of 

glass.  The  least  drop  through  the  needle  or  from  a   leaky  joint  is 

plainly  seen  on  the  glass,  which  acts  as  a   telltale  against  this  possible 
error. 

I   also  write  upon  the  glass  plate  the  amount  each  syringe  is  to 

receiye,  which  helps  to  ayoid  mistakes  and  facilitates  the  work. 

Each  glass  barrel  is  numbered  with  the  number  of  the  experiment 

or  of  the  animal  to  receiye  the  injection.  This  is  yery  conyenient  and 
ayoids  confusion. 
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The  syringes  are  prepared  and  filled  in  a   special  room  where  the 

exact  measuring’  is  done,  and  the  rack  is  then  found  handy  to  carry  the 

s}"ringes  to  the  animal  room,  where  the  work  of  injection  is  carried  on. 
In  standardizing  diphtheria  antitoxin  we  always  inject  a   total  of  d   c.  c. 

of  fluid,  allowing  only  one  washing,  but  when  the  total  amount  of 

fluid  injected  is  immaterial,  especially  in  larger  animals,  the  syringe 

may  be  washed  out  several  times  with  a   neutral  fluid. 

In  using  this  method  in  standardizing  diphtheria  antitoxin  it  is 

important  to  shake  and  roll  the  syringe  so  as  to  obtain  an  intimate 
mixture  of  the  toxin  with  the  serum. 

In  working  with  definite  weights  of  solids  the  solution  may  be  made 

in  the  barrel  of  the  syringe,  so  that  the  method  is  applicable  in  any 

sort  of  work  where  it  is  important  to  inoculate  animals  with  precise 
amounts. 

O 
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FIG.  2,— SHOWING  THE  THREE  PARTS  OF  THE  SYRINGE,  VIZ,  THE  RUBBER  BULB, 
THE  GLASS  BARREL,  AND  THE  NEEDLE. 
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NOTICE  TO  LIBRARIANS  AND  BIBLIOGRAPHERS  CONCERNING  THE  LABORATORY 

SERIAL  PUBLICATIONS. 

The  Hygienic  Laboratory  was  established  in  New  York,  at  the  Marine  Hospital  on 
Staten  Island,  August,  1887.  It  was  transferred  to  Washington,  with  quarters  in  the 
Butler  Building,  June  11,  1891,  and  a   new  laboratory  building,  to  be  located  in 
Washington,  was  authorized  by  act  of  Congress,  March  3,  1901. 

The  following  bulletins  [Bulls.  Nos.  1-7,  1900  to  1902,  Hyg.  Lab.,  U.  S.  Mar.-Hosp. 
Serv.,  Wash.]  have  been  issuM: 

No.  1. — Preliminary  note  on  the  viability  of  the  Bacillus  pestis.  By  M.  J.  Kosenau. 
No.  2. — Formalin  disinfection  of  baggage  without  apparatus.  By  M.  J.  Eosenau. 
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No.  10. — Eeport  upon  the  prevalence  and  geographic  distribution  of  hookworm 

disease  (uncinariasis  or  anchylostomiasis)  in  the  United  States.  By  Ch.  Wardell 
Stiles. 
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ton  H.  Eansom,  and  Earle  C.  Stevenson.  A   parasitic  roundworm  {Agamomermis 
culicis  n.  g. ,   n.  sp. )   in  American  mosquitoes  ( Culex  sollicitans) ;   by  Ch.  Wardell  Stiles. 
The  type  species  of  the  cestode  genus  Hymenolepis;  by  Ch.  Wardell  Stiles. 

No.  14. — Spotted  fever  (tick  fever)  of  the  Eocky  Mountains;  a   new  disease.  By 
John  F.  Anderson. 

No.  15. — Inefficiency  of  ferrous  sulphate  as  an  antiseptic  and  germicide.  By  Allan 
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including  reports  of  several  new  cases  of  the  dwarf  tapeworm  {H.  nana)  in  the  United 
States.  By  Brayton  H.  Eansom. 
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A   ZOOLOGICAL  INTESTIGATIOX  INTO  THE  CAUSE,  TRAXS- 

MISSIOX,  AXD  SOURCE  OF  ROCKY  MOUXTAIX  “SPOTTED 
FEVER.” 

By  Ch.  Wakdell  Stiles,  Ph.  D. 

Chief  of  Division  of  Zoology,  Hygienic  Laboratory,  United  States  Public  Health  and 

Har ine-Hosp ita I   Service. 

Summary. 

This  paper  contains  the  results  of  a   zoological  investigation  into  the  cause,  trans- 

mission, and  origin  of  the  so-called  “spotted  fever”  of  the  Rocky  Mountains  and 
consists  chiefly  of  negative  flndings. 

The  disease  was  flrst  described  by  Wood  (1896),  then  by  Maxey  (1899)  for  Idaho, 

and  by  McCullough  (1902),  Gwinn  (1902),  Wilson  and  Chowning  (1902,  1903,  1904), 

^   Cobb  (1902),  Anderson  (1903),  and  Gates  (1903)  for  Montana. 
It  has  been  known  since  1872  in  the  Bitter  Root  Valley,  but  its  early  history 

elsewhere  seems  not  to  be  established.  It  is  known  under  the  various  names  of 

“spotted  fever,”  “tick  fex^er,”  “black  fex’er,”  “blue  disease,”  “black  measles.” 

and  “piroplasmosis  hominis.” 

Sex'eral  suggestions  have  been  made  as  to  the  cause  of  this  disease,  but  the  only 
deflnite  proposition  is  that  advanced  by  Wilson  and  Chowning  (1902, 1903, 1904),  and 

supported  in  part,  at  least,  by  Wesbrook  (a) ,   Cobb  {a),  and  Anderson  (a,  6 ) .   Accord- 

ing to  this  theory:  («)  “Spotted  fever”  is  caused  (p.  17)  by  a   protozoon  to  which 
the  name  Piroplasma  horninis  has  been  given  and  which  infects  the  red  blood  cor- 

puscles; (6)  this  parasite  is  transmitted  (p.  20)  by  ticks  {Dermacentor  andersoni)', 
(c)  the  burrowing  squirrel  {Citellus  coliunbianus)  harbors  a   Piroplasma  which  can  not 

be  distinguished  from  P.  horninis,  and  this  rodent  (p.  24)  may  perhaps  be  the 
original  host  for  the  disease. 

(a)  My  efforts  to  find  a   Piroplasma  in  the  fresh  blood  of  9   cases  of  the  disease  in 
man,  and  in  the  stained  blood  of  these  and  several  additional  cases,  have  been 

negative  (p.  19),  despite  an  actual  microscopic  study  of  more  than  200  hours; 

Ashburn  has  had  similar  negative  results;  Chowning  was  unable  to  demonstrate  the 

parasite  to  us  in  the  fresh  and  the  stained  blood  of  a   typical  case;  and  several  inves- 
tigators who  have  since  examined  slides,  both  from  Idaho  and  Montana  cases,  have 

not  been  able  to  find  the  Piroplasma.  Accordingly,  the  work  of  1904  has  failed  to  con- 
firm the  conclusions  of  1902  and  1903,  and  indications  are  not  lacking  that  at  least 

some  of  the  stages  of  the  supposed  Piroplasma  hominis  consist  in  reality  of  vacuoles, 
blood  platelets,  blood  dust,  artifacts,  and  tertian  malaria  parasites.  Wilson  and 

Chowning  report  that  they  were  able  to  transmit  the  disease  to  rabbits,  but  I   was 
unable  to  do  this  (p.  19). 

(7) 
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(6)  I   have  likewise  been  unable  (p.  20)  to  confirm  the  hypothesis  that  this  disease 
is  transmitted  by  ticks,  for  while  there  is  a   certain  amount  of  circumstantial  evidence 

against  this  arachnoid,  one  of  the  fundamental  premises  of  the  tick  theory  (namely, 
the  piroplasmatic  nature  of  the  disease)  is  called  into  question;  and,  further,  cases 

are  known  in  which  a   history  of  tick  bite  has  not  been  established  (p.  22). 
(c)  I   am  unable  to  see  any  valid  arguments  (p.  25)  in  support  of  the  view  that  the 

burrowing  squirrel  (Citellus  cnlumbimms)  forms  the  original  host  for  the  disease, 
while  I   find  several  arguments  against  this  hypothesis. 

Ha^ung  failed  to  confirm  the  piroplasmatic  nature  of  Eocky  Mountain  “spotted 

fever”  by  direct  evidence,  I   attempt  to  do  so  by  indirect  evidence,  namely,  by  compar- 
ing the  symptoms  reported  for  this  disease  with  those  reported  for  known  piroplas- 

matic maladies;  but  in  this  also  my  work  is  negative,  for  while  a   thin,  watery,  anemic 
condition  of  the  blood,  a   thick  condition  of  the  bile,  marked  emaciation,  prominence 

of  hemoglobinuria,  practical  absence  of  skin  lesions,  and  the  occurrence  of  the  cases 

ingroups  (corresponding  to  the  extreme  fertility  of  ticks)  are  the  striking  features 

described  for  piroplasmosis  in  animals,  “spotted  fever”  patients  present  a   thickened 
blood,  fluid  bile,  no  marked  emaciation  (at  least  so  far  as  reported),  little  or  no 

hemoglobinuria  (Wilson  and  Cho wiring),  prominent  skin  lesions,  and  the  occurrence 

of  isolated  cases,  widely  separated.  Accordingly,  if  this  disease  is  a   piroplasmosis, 
Piroplasma  has  an  effect  in  man  markedly  different  from  the  effect  it  has  in  cattle, 

sheep,  dogs,  and  horses. 

Eocky  Mountain  “spotted  fever”  is  reported  for  Idaho,  Montana,  Nevada,  Oregon, 
Wyoming,  ?Washington  State,  and  possibly  Utah  and  Alaska  (p.  25).  About  200 
cases  are  said  to  have  occurred  in  the  Bitter  Eoot  Valley  since  1872  (p.  29) ;   of  these, 
139  have  been  collated,  showing  a   lethality  of  70.5  per  cent.  It  is  rather  striking 

that  the  cases  seem  to  be  more  or  less  confined  to  valleys  (p.  30) ,   and  infection  seems 
to  take  place  chiefly  in  the  foothills.  In  the  Bitter  Eoot  Valley  the  cases  occur 

chiefly  on  the  west  side  of  the  river,  and  are  confined  to  the  months  of  (January) 
March  to  September,  inclusive;  April,  May,  and  June  are  the  worst  months.  It  is 
rather  striking  that  more  cases  seem  to  develop  under  moist  conditions  (p.  33),  as 
on  the  west  side  of  the  river,  and  during  or  following  a   rise  in  the  streams  caused 

by  rain  or  melting  snow,  than  under  dry  conditions;  but  the  significance  of  this 
popular  view  is  not  altogether  clear.  Both  sexes  and  all  ages  (p.  37)  are  subject  to 
the  disease,  but  it  is  more  common  in  males  from  21  to  40,  and  in  females  from  11  to 

40  years  of  age,  than  at  other  times  of  life;  the  lethality  varies,  being  in  the  Bitter 
Eoot  Valley  45.4  per  cent  for  females  from  11  to  20  years  of  age  up  to  100  per  cent  for 
all  patients  over  60  years  old.  So  far  as  one  can  judge,  occupation  (p.  38)  seems  to 

play  a   role,  for  a   very  large  percentage  of  the  patients  are  on  farms  or  are  connected 
with  the  lumbering  industry. 

In  Idaho,  a   mild  type  (p.  39)  of  the  disease  exists,  with  a   lethality  of  about  1   to  3 

per  cent.  In  Montana,  physicians  speak  of  a   mild  type  (without  spots),  medium 

cases,  and  severe,  very  fatal  cases;  some  men  also  speak  of  cases  of  “localized” 
spotted  fever  (p.  39). 

About  90  per  cent  of  the  cases  give  a   history  of  exposure  to  wet  or  cold  (p.  39). 
The  period  of  incubation  (p.  40)  is  variously  given  as  2   to  21  days.  The  attack  may 
be  preceded  by  a   few  days  of  malaise,  or  the  onset  (p.  41)  may  be  marked  by  sudden 
chill,  followed  by  fever,  with  or  without  nausea;  the  disease  usually  lasts  about  10  to 

21  days  (p.  42);  usually  only  one  case  occurs  in  a   family  (p.  43),  but  instances  are 
known  in  which  two  members  of  a   family  are  attacked  the  same  day,  or  within  a   few 

days  of  each  other;  it  is  almost  universally  admitted  (p.  44)  that  the  disease  is  not 
contagious,  but  cases  are  known  where  contagion  does  not  seem  to  be  entirely 
excluded. 

The  patients  may  assume  a   position  of  general  flexion  in  bed  (p.  45),  and  may  have 
a   peculiar  urinous  odor  (p.  45)  about  them. 
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The  most  characteristic  and  constant  symptom  is  the  eruption  (p.  45),  which 

usually  appears  first  on  the  wrists,  ankles,  and  back,  about  second  to  fifth,  chiefly 

third  day,  and  spreads  rapidly  over  the  rest  of  the  body,  lasting  about  8   to  21  days, 
or  even  several  months,  and  after  the  fever  subsides,  becoming  visible  upon  exposure 
to  cold  or  after  a   warm  bath  or  active  exercise;  these  spots  are  petechial  and  not 

raised;  at  first  they  are  rose  colored,  and  disappear  momentarily  upon  pressure,  but 

later  they  become  permanent  and  assume  a   dark  blue  or  purplish  color;  they  may 
coalesce  and  give  a   mottled  or  marbled  appearance  to  the  skin;  they  may  or  may  not 

be  tender  to  the  touch.  Desquamation  (p.  49)  begins  about  the  third  week.  Jaun- 
dice (p.  50)  is  more  or  less  marked,  first  noticed  in  the  conjunctivge.  There  may  be 

cj^anosis  (p.  50),  or — especially  on  the  scrotum,  fingers,  or  toes — gangrene  (p.  50). 
Hyperesthesia  (p.  51)  is  common,  and  may  be  intense.  The  subcutaneous  fat  (p.  51) 
remains. 

The  face  (p.  51)  frequently  shows  a   congested,  bloated,  stupid  expression.  There 

maybe  ringing  in  the  ears  (p.  51).  The  eyes  (p.  52)  are  more  or  less  injected. 
Photophobia  (p.  52)  is  common,  and  may  be  very  marked.  Nosebleed  (p.  52)  is  more 

or  less  frequent.  Sore  throat  (p.  53)  is  more  or  less  common;  breath  may  be  offen- 
sive. The  tongue  at  first  shows  a   heavy  white  or  yellowish  coat,  with  red  tip  and 

edge,  and  becomes  brownish,  dry,  and  cracked  as  the  fever  progresses;  the  teeth 
may  be  covered  with  sordes. 

There  may  be  gurgling  and  tenderness  (p.  55)  in  the  right  iliac  fossa;  tympanites 

may  develop.  The  joints  may  become  swollen. 
Loss  of  appetite  (p.  55 )   is  an  early  symptom ,   or  in  some  cases  the  appetite  remains 

good. 
Irritability  of  and  pains  in  the  stomach  (p.  56)  are  reported.  Nausea  (p.  56)  is  more 

or  less  common,  and  vomiting  may  be  present.  Constipation  (p.  58)  is  very  com- 
mon. The  liver  (p.  58)  may  be  enlarged  to  some  extent.  The  gall  (p.  60)  is  fluid. 

Pancreas  may  be  normal  in  size  or  enlarged. 

Heart  sounds  (p.  62)  are  reported  as  normal.  Pulse  (p.  63)  is  usually  full  and 

strong  at  the  onset,  but  gradually  becoming  more  and  more  rapid,  losing  in  strength 
and  volume;  in  ordinary  cases  it  may  be  80  to  130,  and  has  been  reported  as  high 
as  150,  or  even  186.  The  blood  (p.  63)  becomes  dark  and  thick;  it  shows  some 

decrease  in  the  red  cells  (to  4,100,000  or  to  3,558,000)  and  may  show  some  increase 

(12,000  to  15,600)  in  the  white  cells,  the  most  interesting  feature,  according  to 

Anderson,  being  an  increase  in  the  large  mononuclears;  hemoglobin  may  fall  as 
low  as  50  per  cent. 

The  spleen  (p.  67)  is  uniformly  enlarged  and  tender. 

The  initial  chill  (p.  68)  may  be  absent,  slight,  or  severe;  and  chills  or  chilly  sen- 
sations may  continue  more  or  less  throughout  the  attack. 

The  fever  develops  rapidly,  and  may  register  102°  to  104°  or  105°  F.  when  the 
patient  takes  to  bed.  It  gradually  reaches  its  maximum  in  2   to  7   days,  when  it  ordi- 

narily registers  103°  to  106°.  For  temperature  charts,  see  Wilson  and  Chowning,  or 
Anderson,  or  page  111. 

An  irritative  cough  ( p.  71 )   may  exist  from  the  first.  Respiration  ( p.  72 )   is  increased, 

usually  to  26  to  40 — in  some  cases  50  to  60.  Edema  of  lungs  develops  in  a   number 
of  cases. 

There  may  be  great  tenderness  or  soreness  of  the  muscles. 

Some  cases  are  exceedingly  nervous,  symptoms  (p.  74)  being  so  prominent  as  to 

remind  one  of  cerebrospinal  meningitis.  Malaise,  restlessness,  insomnia,  hyperes- 

thesia, jactitation,  dizziness,  headache,  pains,  “bone  ache,”  tenderness  of  neck  and 
lumbar  region,  photophobia,  divergent  and  convergent  squint,  delirium,  coma,  con- 

vulsions, and  in  a   few  cases  opisthotonos  have  been  reported.  Autopsy  fails  to  reveal 

any  lesions  which  would  justify  the  diagnosis  of  cerebrospinal  meningitis.  Kernig’s 
sign  is  absent. 
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The  kidneys  are  often  «li5mr]:>ei:  they  may  be  enlarge*!.  Bladder  ,   p.  S3 1   normal 
r.r  nearly  se».  The  urine  is  reporte*!  as  re*inced  in  amonnt.  slightly  above  normal  in 
color  t-:-  highly  colore*!:  specinc  gravity  I.OIS  to  1,030;  reaction  acid,  so  far  as  rei>c>rted; 

albumen  present  or  ah«sent;  sugar  and  bile  not  reported:  granular,  bloo*!,  hyaline, 

and  epithelial  c-asrs  are  rep*orte*i:  hematuria  and  hemcrglobinuria  absent  or  slight. 

Menstruation  is  delaye-i  by  attack,  and  abortion  is  rep<jrted  for  pregnant  ’^vomem 
•Several  authors  refer  to  relap«ses,  following  muscular  exertion  or  expeenre  to  cold. 
Hyp«jstatic  pneumonia,  rheumatism,  and  gangrene  are  among  the  meet  freiguent 

complicati;-ns  p.  ̂ 7  mentione*!:  pneumonia  pre*iominates  in  frequency. 
Ce*nvalescence  p,  S7  '   may  be  rapid  or  very  slow,  lasting  ten  to  twelve  weeks  or 

even  longer. 

Prcrgnosis  p.  SS  seems  to  be  favorable  t   lethality  about  1   to  3   per  cent  )   in  s*jme 

places  (,as  in  Idaho  » :   but  it  is  very  unfavorable  in  others  (as  in  Bitter  Boot  Valley  -. 
where  cases  in  which  the  eruption  is  marke*i  show  a   lethality  of  about  70  per 

cent.  .See  aIs-:>  under  ’‘sex  and  age,"  page  37.  and  •‘number  of  cases."  page  29. 
Death  p.  S9  occurs  fre-m  thiri  to  twenty-ninth  «!ay.  usually  from  sixth  to  twelfth 

•lav. 

Local  physicians  agree  that  <iiagnc«sis  p.  S9  is  not  difficult,  and  even  the  laity 
recognize  the  'iisease  on  sight:  its  peculiar  geographic  and  seasonal  distribution, 
endemic  character,  severe  aching  pains  in  the  muscles,  joints.  bc>nes.  neck,  and 

head,  appearance  of  ncnelevate*!  spots  on  the  sec-ond  to  seventh  day,  at  first  rc«se- 
colore*!  and  <:>n  wrists,  ankles,  and  tack,  <iisappearing  momentarily  on  pressure, 

rapiily  sprea-iing  to  entire  bo*iy.  and  becoming  <iarker.  and  then  not  disappearing 

on  pressure,  the  fre«guency  of  c-onstifation.  the  coate*!  tongue,  acc-elerate*!  pulse, 
temperature,  icterus,  and  expression  denoting  profound  intoxication  of  entire  system, 

lead  the  local  physicians  to  the  <iiagnosis  of  "spotted  fever.’’ 
It  is  generally  admine*!  that  the  <iisease  resembles  typhus  p.  90)  more  than  it 

dc-es  any  other  malady:  s*ome  cases  resemble  c-erebrospinal  meningitis  i   p.  91  j ;   com- 
pare also  typhoid,  dengue,  peliosis  rhenmatica,  etc..  i   p.  92  >. 

•Satisfactory  specific  treatment  p.  92  ■   is  unknown. 

Clinical  histories  ip.  100-  of  cases,  and  a   bibliography  i   p.  116)  of  the  subject  are 
addeti. 

I   have  no  new  theories  tc*  present  regarling  the  cause,  transmission,  and  origin  of 
this  'iisease. 

Emring  the  invesrlgations  I   incidentally  found  several  new  sp>ecies  of  parasites 

which  I   hope  to  descril'e  s>:-n.  an-i  three  of  which  I   propc»se  to  dedicate  to  Doctors 
Anders*^n.  Ashbum.  and  Buckley. 

Tate  of  manuscript.  January  14.  1905. 

lATEODucnoy. 

Pursuant  to  orders  from  the  .Surgeon-General,  dated  May  lOCM. 

1   visited  the  Bitter  Root  Valley  to  study  the  so-called  **  spotted  fever" 

("tick  fever."  "piroplasmosis  horn  inis")  from  it  zoological  point  of 
view,  and  remained  there  from  May  7   to  July  6.  19«M. 

The  special  object  of  my  detail  wa^  to  trace  the  life  cycle  of  the 

parasite  [PiropJa-sma  hortunis)  which  had  been  described  as  the  cause  of 

the  disease,  to  >tudy  the  tick  which  was  supposed  to  transmit  it.  and  to 

trace  the  disease  in  the  burrowing  squirrels,  in  which  it  was  thought 

to  originate.  The  points  at  i^NSue.  it  will  be  seen,  bore  more  directly 

upon  discovering  some  method  of  prevention  than  upon  a   study  of  the 

symptomatology. 

As  the  seasonal  duration  of  the  outbreak  is  short,  and  as  the  parasite 
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was  classified  in  one  of  the  most  difficult  groups,  from  a   standpoint  of 

interpretation,  1   bad  upon  starting*  little  hope  that  much  could  be 
accomplished  in  one  season;  in  fact,  I   viewed  the  trip  as  the  beginning 

of  an  investigation  which  would  probably  occupy  the  spring  months 

for  a   number  of  }^ears  to  come. 

From  the  literature  which  had  appeared  upon  this  maladj^,  especially 
from  the  last  article  by  IVilson  and  Chowning  (1901a),  I   had  become 

somewhat  prejudiced  in  favor  of  the  protozoan  theoiy  relative  to  the 

origin  of  this  disease,  and  also  in  favor  of  the  theory  that  it  was  trans- 
mitted to  man  by  ticks  belonging  to  the  genus  Derraacentor;  regarding 

the  h^^pothesis  of  its  origin  in  the  burrowing  squirrel,  however,  I 
must  confess  that  a   priori  reasons  made  me  veiy  skeptical. 

During  my  stay  in  the  Bitter  Root  Valley  I   was  able  to  see  10 

patients  who  1   was  assured  by  local  physicians  presented  typical  cases 
of  the  disease.  In  9   of  these  cases  I   was  able  to  search  in  the  fresh 

blood  for  the  parasite.  Part  of  my  time  was  occupied  in  studying  the 

ticks,  the  burrowing  squirrels,  the  topography  of  the  region,  and  other 

points  to  be  considered  in  connection  with  the  malady. 
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advice,  and  various  other  courtesies. 

To  Sister  Superior  Gasper,  Sister  Gabriel,  Sister  Ignatius,  Sister  Wilfred,  and  the 
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indebted  for  one  of  their  original  slides  and  for  various  points  of  information.  I 

also  had  the  pleasure  of  personal  association  with  Doctor  Chowning  for  two  weeks 
in  Missoula,  where  we  examined  a   case  together. 

To  Dr.  L.  A.  Gates,  of  Bridger,  Mont.,  I   am  indebted  for  an  interesting  account  of 

4   cases  of  “spotted  fever”  which  he  treated,  and  a   table  of  all  17  cases  which 
have  come  to  his  notice. 

Last,  but  not  least,  I   am  indebted  to  Dr.  Thomas  D.  Tuttle,  secretary  Montana 
State  board  of  health,  for  his  cordial  cooperation  and  advice. 

The  fact  that  1   did  not  accomplish  more  than  I   have  to  report  lies 
in  the  difficulties  of  the  subject  and  the  shortness  of  the  season,  and 
not  in  any  lack  of  facilities  which  it  was  in  the  power  of  the  local 
authorities  and  profession  to  offer  me. 

Historical  Review  of  Literature. 

For  a   proyier  understanding  of  the  subject  of  this  report  it  will  be 
well  to  give  extensive  historical  reviews  of  various  phases  of  the 
matter  at  hand,  more  especially  as  no  one  has  as  yet  collected  all  of 
the  observations  reported. 

The  first  printed  account  of  this  “spotted  fever”  which  I   have  been  able  to  trace 
is  a   summary  given  by  Lieut.  Col.  W.  M.  Wood  (1896,  pp.  60-65),  Deputy  Surgeon- 
General  (retired),  U.  S.  Army,  at  Boise  Barracks,  Idaho.  He  himself  had  seen  no 
cases,  but  he  collected  statements  regarding  the  disease  in  Idaho  from  Drs.  L.  C. 

Bowers,  George  Collister,  J.  K.  Dubois,  R.  M.  Fairchild,  D.  W.  Figgins,  W.  D. 
Springer,  C.  L.  Sweet,  and  H.  Zipf.  The  discussions  are  mainly  of  symptomatology 
and  will  be  considered  in  detail  in  that  part  of  the  present  report. 

Maxey  (1899,  pp.  433-438)  presented  before  the  Oregon  State  Medical  Society  an 
excellent  paper  on  the  disease  as  found  in  Idaho.  He  discussed  its  seasonal  and  topo- 

graphic distribution,  symptoms,  specific  and  differential  diagnosis,  prognosis,  and  treat- 

ment. He  is  of  the  opinion  that  ‘ ‘   spotted  fever  ’ ’   of  Idaho  is  “an  independent,  specific 

disease,  and  related  in  no  way  to  any  disease  described  in  our  text-books  on  practice.” 
Commenting  editorially  upon  Maxey’s  paper,  the  Medical  Sentinel  (1899,  pp.  456- 

458),  of  Portland,  Oreg.,  expressed  the  view,  based  solely  upon  the  symptom- 

atology, that  “this  spotted  fever  bears  a   closer  resemblance  to  the  papular  form  of 

erythema  exudativum  multiforme  than  to  any  other  known  morbid  entity.” 

McCullough  (1902,  July,  pp.  225-228)  presented  a   paper  on  “spotted  fever” 
before  the  Montana  State  Medical  Society  at  Anaconda,  Mont.,  May  21,  1902.  He  dis- 

cussed the  distribution  of  the  malady,  seasonal  occurrence,  symptoms,  complications, 

prognosis,  treatment,  and  its  name. 

In  the  same  number  of  the  same  medical  journal  in  which  McCullough’s  paper 
was  printed,  there  appears  a   summary  of  results  obtained  by  Wilson  and  Chown- 

ing (1902c,  pp.  238-239),  who  claim  to  have  found  a   parasite  in  the  red-blood  cor- 
puscles which  resembles  the  parasite  of  malaria.  They  think  that  evidence  points  to 

some  kind  of  a   tick  as  its  transmitter. 
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Gwinn  (1902)  presented  a   paper  on  “spotted  fever”  before  the  Montana  State 
Medical  Society,  at  Anaconda,  May,  1902.  He  discussed  the  various  possible  modes 
of  infection,  gave  very  brief  observations  on  two  autopsies,  an  excellent  account  of 

symptoms,  diagnosis,  prognosis,  and  treatment.  This  paper  was  published  in  the 
Missoulian,  a   daily  paper  issued  in  Missoula,  but  I   have  been  unable  to  find  it  in  any 

medical  journal. 
Wilson  and  Chowning  (1902a,  1902b)  investigated  this  disease  for  the  Montana  State 

board  of  health.  Doctor  AVilson  reached  Missoula  on  May  16  and  Doctor  Chowning 

on  May  26.  On  July  1   they  dated  a   preliminary  report  which  was  printed  on  July 

19.  AVilson  and  Chowning  reached  conclusions  which,  if  correct,  are  of  far-reaching 
importance.  They  give  a   summary  of  the  results  obtained  upon  6   autopsies.  The 
most  important  points  in  the  paper  are  those  dealing  with  the  etiology,  transmission, 

and  origin  of  the  disease.  Briefly  stated,  these  points  are  as  follows:  No  bacteria 

of  etiologic  significance  were  obtained  in  any  case,  but  in  stained  coverslip  prepara- 

tions of  (1902)  cases  2   to  6   they  found  certain  ovoidal  bodies  within  the  red-blood 
cells;  the  nature  of  these  bodies  was  not  clear  until  they  examined  the  fresh  blood 

of  case  7:  “Intracellular  parasites,  showing  ameboid  movements  were  found.  In 
several  of  these  observations  extracellular  forms  were  also  found.  *   *   *   Proba- 

bly not  more  than  1   red  cell  in  500  in  the  circulating  blood  is  ordinarily  infected.” 
They  describe  3   phases  of  the  parasite,  which  they  claim  to  have  transmitted  experi- 

mentally to  rabbits. 

The  final  point  they  make  is  that  the  common  gray  spermophile  ( Citellus  colum- 
hianus)  possibly  forms  the  regular  host  for  the  parasite  they  found  in  man. 
The  views  regarding  the  tick  transmission  and  the  origin  of  the  disease  in  the 

spermophile  are  ad\  anced  as  “   hypotheses.” 

Cobb  (1902,  pp.  1868-1870)  visited  the  Bitter  Boot  A^'alley  in  June,  1902,  where 
he  found  Wilson  and  Chowning  already  at  work.  His  report  contains  a   brief  account 
of  the  AVilson  and  Chowning  observations.  Cobb  was  in  the  valley  too  short  a   time 
to  thoroughly  confirm  or  refute  the  AVilson  and  Chowning  hypotheses,  but  from 

what  he  saw  it  is  clear  that  he  was  favorably  impressed  by  their  views. 

On  December  31,  1902,  AATlson  and  Chowning  (1903a)  finished  their  more  com- 
plete report  to  the  Montana  State  board  of  health. 

The  paper  contains  a   discussion  of  the  history  of  the  disease,  a   list  of  114  cases  they 

compiled  (chiefly  from  correspondence  with  local  physicians),  location,  season,  table 

of  distribution  of  cases  by  months,  previous  condition  of  patient,  sex  and  age  of 

patient,  types  of  the  disease,  clinical  histories  and  autopsy  notes  of  the  cases  they 

observed  in  1902,  a   case  of  “local  infection,”  an  excellent  general  summary  of  symp- 

toms, morbid  anatomy  and  histology,  etiology,  “hsematozoa  of  spotted  fever,”  inoc- 
ulation experiments,  mode  of  infection,  the  gopher  as  possibly  the  normal  host  of 

the  hematozoon,  and  suggestions  relative  to  future  investigations.  It  is  important 
to  note  here  that  at  the  conclusion  of  their  article  they  say: 

“AVhile  the  tick-gopher  hypothesis  is  a   very  alluring  one,  it  must  not  be  forgotten 
that  as  yet  but  few  positive  facts  have  been  obtained  for  its  establishment.  Aside 
from  the  collection  of  clinical  evidence  attempts  must  be  made  to  transfer  hsematozoa 

from  infected  gophers  by  direct  blood  inoculations  and  through  tick  bites  to  various 
uninfected  animals,  as  the  rabbit.  A   comparison  of  the  results  of  such  inoculations, 

if  successful,  with  similar  inoculations  from  human  cases  (see  No.  3)  should  give 

valuable  data  as  to  the  identity  or  dissimilarity  of  the  protozoa  from  gophers  and 

those  from  man.  In  view  of  the  high  mortality  of  ‘spotted  fever,’  it  will  probably 
be  impossible  to  get  any  man  to  submit  to  a   direct  blood  inoculation,  or  tick  bite, 
from  patients  as  has  been  done  recently  with  yellow  fever.  But  it  seems  probable 

that  all  that  is  necessary  may  be  done  by  careful  inoculation  along  the  lines  here 

indicated.” 
During  the  season  of  1903,  at  the  request  of  the  Montana  State  board  of  health. 
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Doctor  Anderson  investigated  the  disease  on  behalf  of  the  Public  Health  and  Marine- 
Hospital  Service,  and  Doctors  Wilson  and  Chowning  continued  their  studies  on 
behalf  of  the  Montana  State  board  of  health. 

Anderson  (1903c)  introduced  into  medical  literature  the  name  “tick  fever”  for 

this  disease,  accepting  the  tick  as  the  “very  probable  and  almost  proved”  method 
of  transmission.  He  reprinted  the  Wilson  and  Chowning  map  of  distribution  in 

Montana  and  added  a   general  map  of  the  States  in  Avhich  the  disease  is  reported. 

He  discussed  the  geographic  distribution,  climate,  season,  occupation  of  patients, 
their  age  and  sex,  the  parasite,  and  reprinted  the  list  of  cases  published  by  Wilson 

and  Chowning,  bringing  it  down  to  1903;  he  discussed  method  of  infection  and  the 

symptomatology,  gave  clinical  histories  of  some  of  the  1903  cases,  with  clinical  charts 

and  blood  counts,  autopsy  notes,  morbid  anatomy,  prognosis,  diagnosis,  and  treat- 
ment. He  did  not  mention  the  spermophile  theory  advanced  by  Wilson  and  Chown- 

ing (1902,  1903),  but  accepted  certain  phases  of  the  parasite  of  man  described  by 

Wilson  and  Chowning  as  “very  probably  the  cause  of  spotted  (tick)  fever.” 
Gates  (1903)  gave  clinical  reports  of  two  cases. 

In  their  third  paper,  Wilson  and  Chowning  (1904a)  cover  much  the  same  ground 
discussed  in  their  second  i^ublication  (1903a),  adding  some  new  observations  and 

omitting  the  detailed  clinical  reports.  They  apparently  definitel)’’  accept  the  para- 
site, which  they  now  name  Fyroplasma  hominis,  as  the  cause  of  the  disease,  but  they 

still  speak  of  the  idea  of  tick  transmission  as  an  “   hypothesis.” 
Since  the  appearance  of  this  paper,  a   number  of  text-books  and  medical  journals 

have  referred  to  their  work  and  have  accepted  it,  at  least  to  some  extent.  Manson 

(1903,  pp.  174-176),  however,  points  out  that  the  experimental  proof  of  the  Wilson 
and  Chowning  hypotheses  is  lacking,  and  Nuttall  (1904,  p.  221)  remarks  that  in 

“spotted  fever”  the  symptoms  differ  markedly  from  those  observed  in  the  bovine, 
ovine,  equine,  and  canine  [piroplasmatic]  maladies,  but  he  admits  (p.  252)  that  the 
1904  paper  by  Wilson  and  Chowning  is  much  more  convincing  than  their  former 

articles,  so  far  as  the  parasite  is  concerned.  Manson  (1903)  and  Auttall  (1904)  cor- 
rect the  name  of  the  parasite  to  Flroplasma  hominis. 

In  August,  Stiles  (1904,  pp.  1649-1650;  1904,  pp.  362-363)  published  a   preliminary 
report  upon  investigations  conducted  during  the  spring  of  1904. 

Octol)er  31,  1904,  Ash  burn  delivered  an  address  upon  “spotted  fever”  before  the 
Cincinnati  Academy  of  INIedicine.  This  has  not  yet  been  published,  but  it  gave  rise 

to  a   rather  vigorous  editorial  by  Heidingsfeld  (1904,  pp.  492-493)  who  attacked  the 
AVilson  and  Chowning  hypotheses. 

Craig  (1904,  pp.  1016-1017)  had  no  opportunity  to  examine  slides  of  “spotted 
fever”  blood,  but  he  came  to  the  conclusion  that  the  objects  described  as  Firoplasma 

hominis  “   were  not  due  to  the  presence  of  a   parasite,  but  to  certain  changes,  especially 

in  the  hemoglobin  of  the  red  cells,  produced  by  the  disease.”  He  claims  to  have 
observed  appearances,  coinciding  in  every  particular  with  the  description  given  by 

AA’ilson  and  Chowning,  and  Anderson  of  P.  hominis,  in  a   large  number  of  diseases, 
especially  in  fevers,  such  as  tyi^hoid,  malaria,  smallpox,  measles,  grippe,  and  fre- 

quently in  pneumonia  and  tuberculosis. 

In  the  Middleton-Goldsmith  lecture  (Nov.  30,  1904),  before  the  New  York  Patho- 

logical Society,  Stiles  (1905,  pp.  9-21)  discussed  his  results  more  in  detail  than  given 
in  his  preliminary  report. 

Definition. 

Idaho. — Dubois  (1896,  p.  64)  characterizes  “spotted  fever”  as  an  “ acute,  febrile, 

eruptive  disease,  noncontagious  but  epidemic,  found  chiefly  in  March  and  April.” 
Fairchild  (1896)  speaks  of  it  as  a   “   fever  of  typhoid  type,  self-limited,  and  charac- 

terized by  a   red  eruption  over  whole  body.” 
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Springer  (1896,  p.  61)  refers  to  it  as  a   “continued  fever,  with  typhoid  condition 
and  a   red  eruption  general  over  entire  body.  ’   ’ 

Sweet  (1896,  p.  61)  defines  it  as  a   “continued  fever,  with  mild  exacerbations; 
temperature  usually  not  excessive.  Cases  sometimes  pass  into  an  adynamic  or 

typhoid  condition.” 
Maxey  (1899,  pp.  432-433)  defines  spotted  fever  as  “an  acute,  endemic,  noncon- 

tagious,  but  probably  infectious,  febrile  disease,  characterized  clinically  by  a   con- 
tinuous moderately  high  fever,  severe  arthritic  and  muscular  pains,  and  a   profuse 

petechial  or  purpural  eruption  in  the  skin,  appearing  first  on  the  ankles,  wrists,  and 

forehead,  but  rapidly  spreading  to  all  parts  of  the  body.” 
^Tontana. — Gwinn  (1902)  defines  this  disease  as  “an  acute,  febrile,  noncontagious 

affection,  characterized  by  an  eruption  of  macules  which  are  at  first  pink,  afterwards 

gradually  assuming  a   purplish  or  dark  blue  color.” 

Historical  Review  of  the  Disease. 

Idaho. — “Spotted  fever”  has  been  known  in  Idaho  for  about  thirty  years  (Wilson 
and  Chowning,  1902a,  p.  132;  Anderson,  1903c,  p.  8). 

Montana. — According  to  McCullough  (1902,  p.  225),  “spotted  fever”  has  prevailed 
in  various  degrees  of  intensity  in  Bitter  Root  Valley  from  the  earliest  history  of  its 

settlement  by  white  inhabitants;  he  states  that  prior  to  that  time  there  is  convincing 

evidence  that  the  Indians  were  also  subject  to  this  ailment.  Gwinn  (1902)' states 
that  according  to  his  personal  knowledge  it  has  been  prevalent  in  the  Bitter  Root 

Valley  since  1886,  and  he  is  credibly  informed  that  it  has  existed  there  since  the 

region  was  first  settled  by  white  men;  he  adds  that  the  number  of  cases  has  of 
course  increased  with  the  number  of  inhabitants. 

Wilson  and  Chowning  (1902a,  p.  132;  1903a,  p.  28;  1904a,  p.  33)  report  that  so  far 

as  can  be  determined  the  first  case  of  “spotted  fever,”  “black  fever,”  or  “blue 

disease”  in  the  Bitter  Root  Valley  occurred  in  1873  (this  case — J.  W. — occurred  in 
May,  near  Woodside).  At  this  time  there  were  but  few  white  men  in  the  valley. 
No  authentic  information  of  its  occurrence  among  the  Indians,  who  until  1890 

inhabited  the  valley,  has  been  obtained,  though  many  old  residents,  including 

Indians,  white  trappers,  traders,  and  Catholic  priests,  were  consulted  (1903a,  p.  28; 

1904a,  p.  33).  It  has  been  recognized  as  a   clinical  entity  by  the  local  physicians  for 
fifteen  or  twenty  years  (1902a,  p.  131 ;   1903a,  p.  28;  1904a,  p.  31).  Anderson  (1903a, 
p.  506;  1903c,  p.  8)  states  that  it  has  been  known  in  the  Bitter  Root  Valley  for  about 

twenty  years. 

In  addition  to  the  case  in  1873  reported  from  Woodside  Wilson 

and  Chowning  (1903a,  p.  28),  I   might  add  that  Doctor  Parsons  has 

kindly  called  my  attention  to  a   second  case  which  occurred  at  another 

place  in  the  valley  in  the  same  year. 

Doctor  Buckley,  who  has  spent  considerable  time  and  money  in 

tracing  back  the  history  of  the  disease,  assured  me  that  he  had  been 

unable  to  obtain  any  convincing  evidence  that  the  Indians  had  suffered 

from  ‘‘  spotted  fever.” 
That  this  disease  has  existed  for  some^mars  in  other  localities  than 

Idaho  and  the  Bitter  Root  Valley  does  not  seem  to  be  entire 

excluded,  for  the  medical  history  of  many  parts  of  the  Northwest  is  as 

3^et  unwritten,  and  there  will  natural!}"  always  remain  some  cases  of 
disease  among  the  early  settlers  which  will  probably  be  unrecorded 

and  unexplained.  To  assume  that  ‘‘spotted  fever”  has  made  a   sudden 
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spring  within  the  last  few  years  from  the  Bitter  Root  Valley  to  other 

parts  of  Montana  (as  Bridger  and  Livingston)  and  to  Wyoming  is 

probably  not  fully  warranted  in  our  present  knowledge  of  this  malady, 

for  whether  these  localities  actually  represent  newly  infected  foci  or 

only  newly  recognized  foci  can  be  definitely  determined  only  by  a   more 

complete  medical  history  of  these  places  than  is  published  at  present. 

Names  of  the  Disease. 

Idaho. — In  Idaho  the  disease  under  discussion  is  generally  spoken  of  fCs  “spotted 
fever,”  because  of  its  eruption,  and  Maxey  (1899,  p.  434)  states  that  he  knows  of  no 
other  or  better  name  for  it;  he  adds  that,  although  confusing  to  physicians  unac- 

quainted with  the  affection,  this  name  admirably  describes  the  disease  from  a   lay 
standpoint,  and  very  probably  will  be  retained  in  use  by  the  local  profession  until 

future  research  enables  us  to  classify  it  where  it  belongs.  Dubois  (1896,  p.  64)  says 
that  Exanthesis  rosalia  anthrodynia  more  nearly  expresses  the  disease  than  does 

“spotted  fever.”  The  Medical  Sentinel  (1899,  p.  458)  remarks  editorially  that  “the 
opinion  of  the  writer,  based  solely  upon  the  symptomatology,  is  that  this  spotted 

fever  bears  a   closer  resemblance  to  the  papular  form  of  erythema  exudativum  multi- 

forme than  to  any  other  known  morbid  entity.” 
Nevada. — In  Nevada  this  disease  is  known  as  “spotted  fever.” 

Montana. — According  to  McCullough  (1902,  p.  225)  it  has  been  called  “black 

fever”  and  “blue  disease,”  probably  on  account  of  the  dusky  or  bluish  appearance  a 
short  time  before  death  of  those  afflicted.  He  considers  the  name  “spotted  fever”  a 

good  one,  because  to  the  laity  it  abodes  grave  responsibility;  *   *   *   “many  of  the 
cases  terminating  fatally  with  the  best  skill  and  untiring  energy  an  intelligent  physi- 

cian can  give  them,  we  feel  the  burden  is  somewhat  lightened,  and  the  responsibility 

is  shared  by  the  family  and  friends  if  they  are  preparedfor  the  inevitable.”  *   *   * 
Crain  (see  Wilson  and  Chowning,  1902a,  p.  33)  states  that  in  1891  the  disease  was 

called  “black  measles”  by  the  valley  physicians.  Wilson  and  Chowning  (1902a) 
refer  to  the  malady  as  the  “so-called  ‘spotted  fever’  of  the  Eocky  Mountains,”  but 

remark  (1903a,  p.  27)  that  the  name  “spotted  fever”  as  applied  to  it  is  an  unfor- 
tunate one,  since  it  has  been  applied  to  several  other  diseases. 

Anderson  (1903a)  proposes  the  name  “tick  fever,”  on  account  of  the  relation  of 
the  tick  to  the  spread  of  the  disease,  and  because  of  the  fact  that  there  are  already 

two  diseases  of  man  sometimes  called  “spotted  fever.”  Wilson  and  Chowning 

(1904a,  p.  31)  state  that  the  name  “tick  fever”  [also frequently  “wood-tick  fever”] 
was  proposed  by  the  local  newspapers  when  the  hypothesis  of  transmission  by  ticks 
was  advanced  by  them  in  1902;  that  it  seems  fairly  distinctive,  but  is  open  to  the 

objection  that  it  has  been  previously  used  as  a   synonym  of  “Texas  fever”  in  cattle, « 
and  that  it  does  not  accurately  indicate  either  symptoms  or  etiology;  since  “spotted 
fever”  appears  to  be  the  first  described  infection  of  man  attributed  to  a   “Pyroplasma” 

[namely  Piroplasma],  they  classify  the  malady  as  ''  PyroidasmoHls  hominis^^  [namely 
Piroplasmosis  hominis].  Nuttall  (1904,  p.  221),  in  referring  to  the  investigations  by 

Wilson  and  Chowning,  uses  the  term  “human  piroplasmosis.”^-' 

r 

Historical  Review  of  Investigations. 

For  a   number  of  years  this  disease  has  been  subjected  to  study  by  I 
the  local  physicians  in  the  regions  in  which  it  occurs.  Maxey,  Gwinn,  , 

McCullough,  and  Gates  have  published  their  ideas  and  it  is  to  be  | 

«   Not  to  be  confused  with  the  African  so-called  “   tick  fever  ”   of  man,  supposed  to  be  transmitted  by 
Ornithodoros  savignyi.  i 

fcNot  to  be  confused  with  “   Dum  Dum  fever.’  ; 
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greatly  regretted  that  other  local  observers,  as  Buckley,  Mills,  Spotts- 
wood,  Brice,  Howard,  etc.,  have  not  published  their  many  valuable 
observations. 

Dr.  Emil  Starz,  of  Helena,  State  bacteriologist  and  chemist,  Doctor  Traphagen,  of 
Bozeman,  Doctor  Strain,  of  Great  Falls,  and  Doctor  Longeway,  then  secretary  of  the 

Montana  State  board  of  health,  visited  the  Bitter  Boot  Valley  in  the  spring  of  1902. 

“After  going  over  the  ground,  examining  the  character  of  the  soil,  water  supply,  etc., 
it  Avas  determined  that  none  of  these  conditions  was  probably  responsible  for  the 

disease,  and  that  the  investigations  should  be  carried  on  by  pathological  and  bac- 

teriological examinations  of  existing  cases.”  In  accordance  with  this  conclusion, 
the  State  board  of  health  invited  Drs.  Louis  B.  Wilson  and  Wm.  M.  Chowning,  of 
the  Minnesota  State  University,  to  study  the  malady. 

Wilson  was  in  the  Bitter  Boot  Valley  from  May  16  to  July  14,  1902,  and  April  22 
to  May  20,  1903.  Chowning  was  in  the  same  district  from  May  26  to  July  14,  1902, 
and  from  May  19  to  June  19,  1903.  He  also  visited  the  valley  again,  on  an  unofficial 

trip  in  June,  1904,  spending  about  two  weeks  in  Missoula. 

Dr.  J.  0.  Cobb,  of  the  U.  S.  Public  Health  and  IVIarine-Hospital  Service,  and  Prof. 
F.  F.  Wesbrook,  of  the  Minnesota  State  University,  spent  the  last  week  of  June,  1902, 
in  the  Bitter  Boot  Valley,  studying  the  disease. 

Dr.  J.  F.  Anderson,  of  the  United  States  Public  Health  and  Marine-Hospital 
Service,  was  in  the  same  locality  from  May  1   to  30,  1903,  when  he  studied  the  same 
cases  observed  during  the  same  time  by  Wilson  &   Chowning. 

Dr.  Percy  M.  Ashburn,  captain  and  assistant  surgeon,  U.  S.  Arm}^, 
stationed  at  Fort  Missoula,  bad  an  opportunit}^  to  observe  some  fea- 

tures of  the  disease  in  1903,  but  it  was  not  until  the  season  of  190L 

that  he  undertook  a   more  thorough  investigation  of  the  malady. 

I   arrived  at  Missoula  May  7,  1904,  and  remained  in  the  Bitter  Boot 

Valley  until  Jul}^  6,  1904,  stud3ung  the  cases  which  occurred  during 
that  time. 

Specific  Cause  of  Spotted  Fever. 

Various  different  theories  have  been  advanced  regarding  the  cause 

of  ‘‘  spotted  fever,”  Among  these  the  following  may  be  mentioned: 

Idaho. — The  vera  causa  is  probably  of  a   teluric  character  (Bowers,  1896,  p.  63). 
Dubois  (1896,  p.  64)  frankly  admitted  that  as  yet  no  cause  can  be  assigned.  Figgins 
(1896,  p.  64)  states  that  he  never  saw  any  cases  except  among  people  Avho  had  used 
water  from  creeks  and  surface  wells.  He  has  seen  it  in  families  who  used  water  from 

springs  and  where  the  entire  family  had  the  disease.  Springer  (1896,  p.  62)  gives 

the  cause  as  probably  “   water;  sepsis.”  Sweet  (1896)  says  that  while  there  are  indi- 
cations which  seem  to  point  out  this  particular  affection  as  a   water-borne  disease, 

there  are  other  circumstances  which  militate  against  this  theory  and  are  in  favor  of 

its  being  akin  to  malaria,  in  that  it  is  frequently  seen  in  persons  who  have  been  liv- 
ing in  the  vicinity  of  newly  broken  ground,  post  holes,  plowed  ground,  and  in  those 

who  have  drunk  from  seepage  water  from  worked  soil,  etc.  Zipf  (1896,  p.  65) 

attributes  it  to  malaria.  Maxey  (1899,  p.  434)  concludes  that  the  disease  “is,  in  ah 
probability,  caused  by  some  peculiar  organism,  possibly  a   mia-sm,  though  no  specific 

cause  has  yet  been  discovered.” 
Montana. — Gwinn  (1902)  says  that  all  kinds  of  theories  have  been  advanced,  none 

of  which  have  been  based  upon  pathological  investigations;  and  none  of  the  theories 

23339— No.  20—05   2 
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are  to  his  mind  convincing.  McCullough  (1902,  p.  225)  refers  to  the  locality  as  hav- 

ing a   “bearing  upon  this  deplorable  affliction  with  suitable  environments,  most  cases 
giving  a   history  of  exposure  to  wet  and  cold,  or  violent  physical  exercise  and  over- 

exertion.” 
Wilson  and  Chowning  (1902a,  1903a,  190-ta)  were  the  first  authors  to  describe  a 

specific  organism  as  cause  of  the  disease.  They  call  special  attention  to  the  fact  that 

their  bacteriologic  cultures  failed  to  show  any  bacteria  of  etiologic  significance,  and 

they  describe  bodies  which  they  interpret  as  protozoa  and  which  they  later  name 

Pyroplasma  hominis^^  [namely  Piroplasma  liominis].  The  secretary  of  the  Montana 
State  board  of  health  (see  report,  issued  1903,  p.  25)  says  that  the  cause  has  been 

“attributed  to  various  sources,  particularly  the  water,  mineral,  and  general  condi- 
tions of  the  soil,  and  by  some  thought  to  be  contained  in  the  snow  of  the  Bitter 

Root  Mountains,  as  well  as  various  and  varied  local  conditions.” 

The  only  definite  proposition  as  to  a   specific  cause  is  that  advanced 

b}"  Wilson  and  Chowning  (1902a,  c,  1903a,  1901a),  naiiieh^  that 

“   spotted  fever”  is  due  to  a   protozoon  parasite  which  lives  in  the  red 
blood  corpuscles;  this  protozoon  they  classify  (1901a)  as  a   member  of 

the  genus  Piroj)lasma. 

The  genus  Piroplasma^  which  is  very  possibly  identical  with  Bahesia^ 

seems  very  clearl}^  to  be  a   protozoon,  but  its  more  exact  systematic 
position  is  at  present  somewhat  uncertain.  It  is  one  of  the  most 

difficult  of  all  the  protozoa  to  interpret,  and  little  is  known  of  its  life 

cycle.  Its  synon^mw  is  as  follows: 

Genus  PIROPLASMA  Patton,  1895. 

1888.  ?   Hsematococcus  Babes  [not  Agardh,  1828]. 

1893.  Pyrosoma  Smith  and  Kilborxe  [not  Pyrosoma  Peron,  1804],  type  species,  P.  i 

bigeminum  of  Texas  fever. 

1893.  ?   Babesia  Starcovici,  1893,  July  1,  type  Babesia  bovis  (of  bovine  hemoglobi- 
nuria), whose  identity  with  P.  bigeminum  is  not  fully  established. 

1895.  Apiosoma  Waxdolleck  [not  Apiosoma  Blanchard,  1885],  equals  Pyrosoma 
Smith  and  Kilborne,  1893,  renamed,  hence  type  species  P.  bigeminum. 

1895.  Piroplasma  Patton,  equals  Pyrosoma  Smith  and  Kilborne,  1893,  renamed,  hence 

type  species  P.  bigeminum. 
1904.  Pyroplasma  Wilson  and  Chowning,  for  Piroplasma. 

In  view  of  the  comparatively  slight  knowledge  of  the  present  day 

relative  to  the  structure  and  life  cycle  of  the  members  of  this  genus, 

hence  the  uncertainty  as  to  whether  Babesia  bovis  is  really  congeneric 

with  Piroplasma  bigeminum^  I   retain  the  name  Piropilasma  in  this 
discussion.  Should  it  be  demonstrated  that  P.  bigeminum  and  B.  bovis 

are  congeneric  it  will  of  course  be  necessary  to  reject  the  name  Piro- 
p>lasma  in  favor  of  Babesia. 

In  the  genus  Piroplasma  several  species  are  at  present  known  as 
cause  of  serious  diseases.  Thus: 

Piroplasma  bigeminum  (Smith  and  Kilborne,  1893)  is  the  cause  of  Texas  fever  of 
cattle. 

Babesia  bovis,  which  maybe  generically  identical  with,  but  specifically  distinct  from, 

P.  bigeminum,  is  accepted  as  the  cause  of  hemoglobinuria  in  cattle. 
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Babesia  ovis  or  Piroplasma  ovis  is  viewed  as  the  cause  of  carceag,  also  known  as  ovine 

piroplasinosis. 
Piroplasma  equi  is  viewed  as  the  cause  of  equine  piroplasmosis;  and 
Piroplasma  canis  is  accepted  as  the  cause  of  canine  piroplasinosis. 

All  of  these  parasites  are  supposed  (see  p.  20)  to  be  transmitted  by 
ticks  {Ixodoidea)  and  the  symptomatology  of  the  diseases  is  more  or 
less  uniform  (see  p.  39). 

Piroplasma  donovani  Laveran  has  been  described  as  a   parasite  of  man,  causing  non- 

malarial  splenomegaly  (Dum  Dum  fever;  Kala-azar)  in  warm  climates;  but  very 
serious  doubts  arise  as  to  whether  this  organism  is  a   Piroplasma,  and  a   new  genus 
{Leishmania)  been  proposed  for  it  by  Ross. 

The  structures  which  Wilson  and  Chowning  have  found  in  “spotted 
fever”  have  been  named — 

PIROPLASMA  HOMINIS  (Wilson  and  Chowning,  1903)  Manson,  1903. 

1903.  Pyroplasma  hominis  Wilson  and  Chowning  in  Anderson,  1903a,  p.  506. — 
Wilson  and  Chowning,  1904a,  p.  48. 

1903.  Piroplasma  hominis  (Wilson  and  Chowning,  1903)  Manson,  1903,  p.  33. — 
Nuttall,  1904,  p.  252. 

1904.  Babesia  hominis  (Wilson  and  Chowning,  1903)  Chauvelot,  1904,  p.  93,  in  part. 

Wilson  and  Chowning  (1902a,  pp.  134-135)  found  structures  in  the 
blood  of  spotted-fever  patients  which  they  interpreted  as  protozoa,  but 

they  preferred  “to  make  a   fuller  study  of  the  life  history  of  the 
organism  before  attempting  to  classify  it  more  definitely  than  as  a 

hernatozoon;”  they  call  attention  to  its  similarity  to  Piroplasma 
ligeininum  and  also  to  the  parasite  of  malaria.  For  a   complete 
description  of  this  parasite  the  reader  is  referred  to  the  articles  by 

Wilson  and  Chowning  (1902a,  1903a,  1904a),  Cobb  (1902),  and  Ander- 
son (1903a,  1903c). 

Neither  Ashburn  nor  I,  in  a   total  of  400  hours  of  microscopic  stud\^ 
of  the  fresh  and  the  stained  blood  of  typical  cases,  and  in  an  exami- 

nation of  a   typical  slide  kindly  sent  to  me  by  Wilson  and  Chowning, 

was  able  to  find  any  Piroplasma;  and  Chowning  was  unable  to  demon- 
strate the  organism  to  us  in  the  fresh  and  the  stained  blood  of  a   typical 

case. 

Inoculations. — Wilson  and  Chowning  inoculated  rabbits  with  blood 
of  spotted  fever  patients,  both  in  1902  and  1903,  and  they  found  the 
parasites  in  the  blood  of  the  experiment  animals.  ln,1904  I   inoculated 
rabbits  with  the  blood  of  3   fatal  cases,  as  follows: 
Two  rabbits  inoculated  with  blood  within  thirty  minutes  after  death  of  patient. 

One  rabbit  inoculated  with  blood  taken  from  arm  during  life. 
Two  rabbits  inoculated  with  blood  within  two  hours  after  death. 

The  blood  of  these  rabbits  was  repeatedly  examined,  but  with  nega- 
tive results. 

Since  the  observations  of  Wilson  (in  1902,  1903),  Chowning  (in  1902 
and  1903,  but  not  in  1904),  Cobb  (in  L902),  Wesbrook  (in  1902),  and 

Anderson  (1903)  all  gave  positive  results,  while  observations  (in  1904) 
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by  Ashburn  and  nn^self  gave  negative  results  relative  to  the  presence 
of  a   Piroplasma  in  the  blood  of  spotted  fever  patients,  I   do  not  feel 

justified  in  going  to  the  extreme  of  stating  that  no  Pirojylasmai^  present; 
all  that  I   can  assert  is  that  1   was  unable  to  confirm  the  earlier  results. 

METHOD  OF  INFECTION. 

Idaho. — Fairchild  (1896)  states  that  families  using  water  from  the  same  well  are 
not  liable  to  be  affected  similarly.  Maxey  (1899,  p.  434)  refers  to  the  fact,  in  connec- 

tion with  cases,  that  the  sole  water  supply  came  from  melting  snow;  in  other  words, 

the  patients  drank  snow  water  and  became  sick,  “therefore  there  must  be,  in  my 
opinion,  some  specific  cause  for  this  disease,  either  in  the  soil  over  which  the  water 

runs  or  in  the  snow  itself.  ’   ’ 

Montana. — Wilson  and  Chowning  (1902a,  p.  134;  1903a,  p.  68;  1904a,  p.  44)  state  that 
there  are  no  symptoms  or  lesions  which  point  to  the  digestive,  resj^iratory,  or  genito- 

urinary tracts  as  the  avenue  of  infection. 

Gwinn  (1902),  in  discussing  the  method  of  infection,  mentions  the  possibility  of  its 
entrance  into  the  body  by  means  of  the  respiratory  tract,  the  stomach,  and  the  skin, 
but  he  reaches  no  definite  conclusions. 

Wilson  and  Chowning  (1902a,  p.  37)  report  Hanbidge’s  interesting  note  that  case 
81  (of  1901)  drank  no  water  during  the  season. 

The  most  important  theory  which  comes  up  for  our  present  consid- 
eration is  the 

TICK  THEORY. 

Wilson  and  Chowning  (1902a,  p.  136)  say: 

Since  there  is  no  suspicion  of  “spotted  fever’’  ever  having  been  transferred  directly 
from  man  to  man,  and  since  there  is  no  symptomatic  or  post-mortem  evidence  of 
entrance  of  the  disease,  either  by  way  of  the  digestive  tract,  respiratory,  or  genito- 

urinar}’  system,  the  writers  were  led  to  examine  the  skin  for  evidence  of  direct  inoc- 
ulation by  the  bite  of  some  temporarily  parasitic  animal.  As  has  been  noted  above, 

in  each  case  under  observation  during  the  investigation  evidence  of  tick  bites  was 
present.  But  it  is  true  that  in  the  locality  in  which  the  cases  occur  many  persons  in 

the  spring  of  the  year  are  bitten  by  ticks  and  yet  show  no  symptoms  of  “spotted 
fever.”  However,  the  following  facts  would  seem  to  suggest  the  hypothesis  that 
the  disease  is  conveyed  to  man  by  means  of  this  arachnid. 

An  important  point  upon  which  1   desire  to  place  considerable  stress 

is  that  the  tick  theoiy  is  a   secondary  h}^pothesis  based  upon  the  idea 

that  spotted  fever”  is  caused  bv  a   protozoon.  If  the  Piroplasma 
theory  is  correct,  the  tick  theory  immediately  receives  a   verv  strong 

argument  in  its  favor,  for  other  species  of  Pirojylasma  are  known  to 
have  ticks  as  their  intermediate  host. 

Accordingly,  when  Wilson  and  Chowning,  in  1902,  found  what  they 

believed  to  be  a   parasite  similar  to  the  parasite  of  malaria  and  also 

similar  to  Pirojjlasrna  Ingemininn^  the  most  natural  conclusion  for 

them  to  draw  (reasoning  on  analogy)  was  that  this  organism  was  trans- 

mitted either  b}^  a   mosquito  or  b}’  a   tick.  The}’  found  arguments 
against  the  view  that  a   mosquito  formed  the  intermediate  host  and 

arguments  in  favor  of  the  tick,  hence  they  adopted  the  tick  theory  as 

a   “working  h}’pothesis.” 
From  their  point  of  view,  especially  on  account  of  their  microscopic 
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interpretations,  this  ‘‘working’  hypothesis”  was  most  natural,  and 

thoroughh"  justified,  and  they  show  (see  above,  p.  13)  that  they  thor- 
oughly understood  that  certain  experimental  studies  were  called  for 

in  connection  with  this  theory. 

Arriving  in  Missoula  this  season  (1901),  it  required  but  a   few  da}^s 
to  see  the  zoological  points  involved  and  to  understand  that  an  experi- 

ment with  ticks  and  rabbits  was  the  most  important  work  to  be  con- 

sidered, especially  as  the  strictl}^  medical  side  of  the  disease  was  less 
important  to  me  than  the  zoological  features,  leading  to  its  prevention. 

As  stated  above  (p.  19),  1   injected  blood  from  three  patients  into  rab- 
bits, but  failed  to  convince  myself  of  the  presence  of  any  Plrojolasma 

in  the  inoculated  rabbits.  Not  being  able,  so  far  as  1   could  see,  to 

transmit  the  disease  to  rabbits,  my  tick  experiment  on  these  rodents 

had  no  further  purpose. 

Quite  a   number  of  points  have  been  advanced  in  support  of  the  tick 

theory.  I   have  considered  these  arguments  in  detail,  from  the  zoo- 
logical point  of  view,  and  have  prepared  a   lengthy  discussion  covering 

them.  There  are,  however,  so  many  points  of  difference  of  findings 

and  opinion  between  the  supporters  of  the  tick  theoiy  and  m}^self  that 
three  of  my  friends,  to  whom  I   submitted  this  manuscript  for  criticism, 

have  felt  that  the  discussion  might  be  open  to  a   possible  interpretation 

which  was  most  foreign  to  m}^  mind.  On  this  account  I   have  omitted 
from  the  manuscript  all  points  except  the  following: 

8.  All  of  the  patients,  23,  coming  under  observation  during  this  investigation  had 

been  bitten  by  ticks.  In  14  cases  a   history  was  given  of  severe  tick  bites  two  to 

eight  days  before  the  onset  of  the  disease.  In  a   number  of  other  cases  an  apparently 

clear  history  of  severe  tick  bites  immediately  preceding  the  onset  of  “spotted  fever” 
was  vouched  for  by  the  recovered  patients  or  their  friends. — Wilson  and  Chowning, 
1904a,  page  52. 

In  connection  with  this  point  it  will  be  necessaiy  to  refer  to  some  of 
the  cases. 

It  must  be  admitted  as  very  striking  that  so  man}-  cases  of  “spotted 

fever”  have  been  preceded  by  a   tick  bite,  still  in  a   region  where  it  is 
almost  exceptional  to  go  into  the  woods  or  fields  without  being  bitten 

by  ticks,  it  is  not .   excluded  that  this  is  a   mere  coincidence.  On 

account  of  this  latter  possibilit}",  the  greatest-  reserve  should  be  exer- 

cised in  order  not  to  draw  a   “post  hoc,  propter  hoc”  conclusion. 

As  the  valley  was  thoroughly  worked  up  this  }"ear  (1904)  upon  the 
subject  of  ticks  and  as  people  kept  a   close  lookout  for  anything 

resembling  a   tick  or  a   tick  bite,  negative  evidence  obtained  from  the 

cases  of  1904  is  of  more  value  than  that  obtained  prior  to  1903.  Let 
us  therefore  turn  to  a   consideration  of  the  cases  which  occurred  in 

1904: 

Case  1. — Mr.  R.,  patient  of  Doctor  Buckley;  fatal  case.  History  of  2   tick  bites  in 
right  inguinal  region,  each  surrounded  by  an  undurated  inflammatory  zone;  patient 

was  apparently  infected  in  Grant  Creek,  namely,  outside  of  the  regular  district. 
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Case  2. — E.  C.,  patient  of  Doctor  Buckley;  fatal  case.  History  of  3   tick  bites  April 
2-i,  back  of  the  ear;  bites  caused  swelling  next  day,  fever  at  that  time;  eraption 
appeared  April  27. 

Cases. — Mrs.  B.  A.,  patient  of  Doctor  Fitzgerald;  fatal  case.  Mrs.  A.  positively 
denied  any  history  of  tick  bite,  but  thought  she  had  been  bitten  by  a   chicken  louse 
about  April  27.  On  account  of  the  tick  theory  she  was  on  her  guard  for  tick  bites. 

Every  inch  of  her  body,  including  hair,  pubis,  and  armpits,  was  carefully  examined 
by  the  nurses,  but  no  sign  of  ticks  or  tick  bites  was  discovered. 

Case  4- — Mrs.  M.  S.,  patient  of  Doctor  Merrick;  recovered  case.  Mrs.  S.  noticed  a 
tick  upon  her,  but  claims  that  it  did  not  bite  her;  no  sign  of  tick  bite  was  discovered, 
but  there  were  parts  of  her  body  (perineum)  which  were  not  examined. 

Case  5. — Miss  McM.,  patient  of  Doctor  Mills;  fatal  case.  So  far  as  could  be  deter- 
mined, tick  bites  seem  to  be  excluded  in  this  case.  Patient  was  aware  of  the  tick 

theory  and  had  been  sharply  on  the  lookout  for  these  parasites;  she  had  an  unusually 
delicate  and  sensitive  skin;  about  three  weeks  prior  to  the  attack,  she  found  a   free 

tick  between  her  shoulders,  but  she  most  positively  denied  that  any  ticks  had  bitten 

her.  Every  inch  of  body  was  carefully  examined  by  two  nurses,  but  no  ticks  were 
found;  nor  was  anything  found  which  could  be  interpreted  as  tick  bite. 

Case  6. — Mr.  F.  W.,  patient  of  Doctor  Pixley;  fatal  case.  History  of  tick  bites 
about  May  5;  had  chill  May  13. 

Case  7. — G.  M.,  patient  of  Doctor  Howard;  fatal  case.  History  of  tick  bites. 
Case  8. — R.  K.,  patient  of  Doctor  Minshall;  fatal  case.  History  of  tick  bites  in  four 

places  May  14  or  15;  tick  bites  cauterized  May  18;  chill  May  16  or  17. 

Case  9. — ^Ir.  G.  C.  F.,  patient  of  Doctor  Gwinn;  fatal  case.  History  of  many  tick 
bites  which  were  cauterized  with  carbolic  acid. 

Case  10. — J.  B.,  patient  of  Doctor  Mills;  lecovered  case.  Tick  bite  was  denied  in 
this  case.  An  examination  of  the  body  showed  a   slight  wound  on  one  ankle,  which 

might  have  been  due  to  a   mosquito,  a   thorn,  a   tick,  or  something  else. 

Case  11. — Mrs.  E.,  patient  of  Doctor  Mills;  fatal  case.  Tick  bites  were  positively 
denied.  Careful  examination  of  the  body  showed  numerous  abrasions,  said  to  be 
due  to  mosquito  bites  which  the  patient  had  scratched,  but  no  positive  evidence  of 
tick  bite  was  found.  This  patient  and  her  husband  were  aware  of  the  tick  theory 

and  were  prepared  to  treat  the  bites 

Thus,  of  the  11  cases  which  occuiTed  in  the  Bitter  Root  Valley  6 

patients  gave  a   positive  histoiy  of  tick  bites.  In  none  of  these  cases 

was  the  tick  determined  zoologically,  but  all  specimens  were  supposed 
to  be  Dernnacentor  andersoni.  In  one  of  the  cases  the  tick  bite  was 

promptly  treated  with  carbolic  acid. 

In  the  5   remaining  cases  tick  bites  were  denied  by  the  patients  and 

their  families.  In  2   of  these  case.s,  however,  it  was  admitted  that 

ticks  had  been  found  crawling  on  the  body.  In  1   case  the  entire  body 

was  not  carefully  examined,  but  tick  bite  was  denied.  In  1   case 

numerous  bites,  claimed  to  be  due  to  mosquitoes,  were  found.  In  1 

case  a   slight  abrasion  was  found  which  could  not  be  definitely  explained. 

In  1   case  it  was  claimed  that  the  patient  had  been  bitten  by  chicken  lice. 

In  addition  to  these  Bitter  Root  Valley  cases,  I   am  able  to  refer  to 

2   cases  reported  to  me  by  Doctor  Alton: 

Case  12. — Patient  noticed  4   tick  bites  in  vicinity  of  left  elbow  about  May  3;  is 
positive  regarding  the  presence  of  the  ticks  and  also  positive  that  he  was  not  bitten 

by  anything  else. 

Case  13. — Tick  bite  twelve  days  before  illness. 
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Through  the  kindness  of  Doctor  Gates  I   am  able  to  give  data  regard- 
ing 17  cases  which  he  observed: 

There  is  no  record  of  any  tick  bite  in  5   of  his  cases,  which  occurred  1   each. in  1894, 

1898,  1900,  1902,  and  1904,  Of  these  only  the  case  of  1904  can  be  given  much  if 

any  weight. 
In  10  of  his  cases,  namely,  1   each  in  1900,  1901,  and  1902,  4   in  1903,  and  3   in  1904, 

there  was  history  of  tick  bite. 

Two  of  his  cases  (15  and  16)  of  1901  are  especially  interesting  in  this 
connection: 

The  patients  were  husband  and  wife.  On  May  29,  the  husband  (case  15),  of 

Bridger,  visited  the  Clark  Fork  Canyon,  some  60  miles  south  of  Bridger,  remaining 

in  that  vicinity  about  four  days,  during  which  time  he  was  bitten  by  ticks  in  five  or 

six  places.  About  seven  days  from  the  time  he  was  first  bitten,  namely,  June  5,  he 
arrived  home  in  Bridger,  and  felt  the  first  symptoms  of  the  disease.  Upon  reaching 

home  there  were  two  ticks  attached  to  his  bodj^,  and  these,  of  their  own  accord  or 
from  friction  from  the  clothes,  became  detached  from  the  body  on  June  6,  and  then 

bit  the  wife  (case  16).  The  bites  occurred  during  the  night,  the  ticks  being  removed 

and  killed  by  the  patient  the  following  morning.  Following  the  removal  of  the 
ticks,  she  applied  carbolic  acid  to  the  bites.  On  the  evening  of  June  11  she  felt 

chilly,  feverish,  and  a   general  malaise,  and  a   fatal  attack  of  spotted  fever  followed. 

In  this  connection  it  may  be  pointed  out  that  Doctor  Bradbury  men- 

tions another  instance  where  husband  and  wife  ‘‘had  spotted  fever  at 
the  same  time,”  and  he  informs  me  that  the  wife  was  taken  sick  in  the 
morning,  the  husband  in  the  afternoon  of  the  same  day.  Neither  one 

was  bitten  by  ticks,  so  far  as  could  be  established. 

Wilson  and  Chowning  (1908a,  p.  31)  record  that  cases  15  and  16  were 

two  children,  aged  3   and  5   years,  apparentl}^  brother  and  sister.  They 
are  reported  as  both  sick  in  June,  1899. 

Anderson  (1903c,  p.  16)  reports  two  cases  (113  and  111)  where  the 

patients  were  husband  and  wife.  Doctor  Heine  has  written  me  that 

“the  wife  did  occupy  the  same  bed  as  her  husband  during  the  period 

mentioned,”  namel}",  during  the  prodromal  S3miptoms  in  her  husband’s 
case. 

In  view  of  these  8   cases  (or  6   cases,  omitting  the  two  children),  it 

seems  to  me  that  the  possibilitj^  is  by  no  means  excluded  that,  despite 
the  general  experience  regarding  the  noncontagiousness  of  the  disease, 

such  close  intimacy  as  sleeping  in  the  same  bed  might  perhaps  result 

in  a   transmission  of  the  disease  to  a   healthy  individual.  At  least,  it 

must  be  admitted  that  such  an  explanation  would  account  for  case  16 

of  Gates  as  satisfactorily  as  do  the  tick  bites;  and  it  must  further  be 

admitted  that  if  the  tick  bites  actual!}^  did  give  the  infection  the  proof 
is  still  wanting  that  such  method  of  transmission  was  not  accidental. 

Dr.  W.  L.  Samuels  (see  below,  p.  28)  has  reported  to  me  the  case 

of  a   girl  in  1901  in  which  no  history  of  tick  bite  was  obtained  upon 

questioning  the  patient. 

In  connection  with  the  subi'ect  of  ticks  I   am  fortunately  in  a   position 
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to  give  some  data  from  Idaho  also.  Doctor  Maxey  has  written  me 
under  date  of  October  21,  1904,  as  follows: 

In  view  of  the  above  findings  «   and  the  further  fact  that  both  Doctor  McCalla  and 

myself  had  failed  to  obtain  a   history  of  recent  tick  bite  in  a   considerable  percentage 

of  our  cases,  we  were  led  to  question  the  theories  of  AVilson  and  Chowning  even 

before  receiving  your  letter. 

In  considering  the  possibility  of  infection  by  ticks  it  may  be 

remarked  that  the  tick  is  a   very  fertile  animal,  la^dng  hundreds  of 

eggs,  and  on  this  account  it  would  be  expected  on  a   priori  grounds 

that  if  ‘‘spotted  fever”  were  a   tick-borne  piroplasmatic  disease  we 
ought  to  find  quite  a   number  of  cases  developing  in  the  locality  where 

one  case  developed  rather  than  one  or  two  cases  each  in  several 

widely  separated  localities  (see  p.  43).  It  was  the  limited  number  of 

cases  in  comparison  with  the  great  fertility  of  the  tick  which  first 

raised  my  suspicions  against  the  tick  hypothesis. 

Tick  bites  are  exceedingly  common  in  the  Bitter  Root  Valley;  in 

fact,  Dermacentor  andersoni  is  so  common  that  it  seems  rather  strange 

that  all  of  the  patients  did  not  show  some  history  of  being  bitten  by 
them. 

That  tick  bites  are  not  always  of  no  significance  is  abundantly  demon- 
strated. Doctor  Buckley,  for  instance,  had  a   patient  who  was  bitten 

on  the  arm  b}^  a   tick;  the  arm  became  quite  swollen  and  the  man  was 
confined  to  bed  for  some  days.  Doctor  Parsons  had  a   patient  who 

showed  an  extensive  lymphangitis  following  a   tick  bite.  Upon  several 

occasions  I   have  seen  lesions  from  one-fourth  of  an  inch  to  3   inches 

in  diameter  at  the  point  of  the  tick  bite. 

The  Burrowing  Squirrel  {Citellus  columManus)  as  possible 
SOURCE  OF  Spotted  Fever. 

So  far  as  I   am  aware,  Vdlson  and  Chowning  (1902a,  p.  136)  were 

the  first  to  suggest  that  the  burrowing  squirrel  or  spermophile  rep- 

resents the  oi'iginal  host  of  this  disease.  Their  grounds  for  this  sug- 
gestion were  as  follows: 

The  extreme  isolation  of  cases  of  “   spotted  fever,”  their  occasional  development  in 
localities  removed  many  miles  from  the  site  of  any  previous  case,  and  the  long 

period  existing  between  the  death  or  convalescence  of  the  last  case  of  any  one  year 

before  the  development  of  the  first  case  in  the  following  year,  would  point  to  the 

possibility  of  the  red-blood  cells  of  some  one  of  the  lower  warm-blooded  animals 
being  the  normal  host  of  the  parasitic  protozoon  in  that  stage  of  its  cycle  not  passed 

within  the  body  of  some  arachnoid.  Of  the  animals  within  the  infected  region,  the 

common  gray  gopher  would  probably  best  fulfill  the  conditions  of  such  a   parasitism. 

The  writers  are  at  present  attempting  to  obtain  data  which  shall  confirm  or 

demolish  the  above  hypotheses. 

a   Namely,  the  inability  of  Maxejv  Charles  E.  Simon,  and  Cole  to  find  any  Piroplasma  in  blood  smears 
from  Idaho  cases. 



25 

In  their  later  papers,  Wilson  and  Chowning  (1903a,  pp.  85-90; 
lOOda,  pp.  53-56)  go  more  into  detail  regarding  their  reasons  for  con- 

sidering the  spermophile  hypothesis.  Anderson  (1903a,  c)  does  not 
refer  to  the  spermophile  theoiy,  this  omission  being  due,  as  he  has 
informed  me,  to  his  absolute  rejection  of  the  idea. 

Differing  as  I   do  with  Wilson  and  Chowning  in  my  results  relative 
to  Piroj)lasma  hominis  and  the  tick  hypothesis,  I   felt  it  incumbent 
upon  me  to  discuss  in  detail  all  of  the  points  which  have  been  advanced 
in  support  of  the  spermophile  theoiy,  but  for  the  reasons  referred  to 
on  page  21,  with  regard  to  my  discussion  of  the  tick  theory,  I   have 
omitted  all  the  discussion  of  the  spermophile  theory  also. 

Comparison  of  ̂ ‘Spotted  Fever”  with  Piroplasmatic  Diseases 
OF  Animals. 

GEOGRAPHIC  DISTRIBUTION. 

“Spotted  fever”  is  reported  for  Idaho,  Montana,  Nevada,  Oregon, 
Wyoming,  (?  Washington  State),  and  possibly  Utah  and  Alaska. 

Anderson  (1903c,  p.  8)  states  that  it  does  not  prevail  south  of  40°  or  north  of  47°, 
north  latitude;  it  occurs  at  an  average  elevation  of  about  3,000  to  4,000  feet  above 
sea  level. 

Idaho. — According  to  Bowers  (1896,  p.  63),  the  disease  is  endemic  in  southern  and 
central  Idaho  over  an  area  of  about  4, 500  square  miles  about  Boise  City.  Dubois  (1896, 

p.  64)  gives  it  as  occurring  within  a   radius  of  50  miles  from  Boise.  Figgins  (1896,  p. 

64)  states  that  it  is  found  only  in  valleys  of  the  mountain  districts,  while  Zipf  (1896, 

p.  65)  says  that  it  occurs  more  or  less  every  year  in  the  valleys,  very  seldom  in  the 

mountains.  Springer  (1896,  p.  61)  confines  it  to  the  Snake  River  Valley  and  its 

tributaries,  and  Fairchild  (1896)  confines  it  principally  to  the  same  region.  Sweet 

(1896,  p.  61)  says  that  it  is  found  in  the  entire  Snake  River  basin  and  its  tributaries, 

much  of  it  being  seen  along  the  routes  of  the  Oregon  Short  Line  Railroad.  Collister, 

(1896,  p.  62)  reports  it  as  extending  from  Pocatello  to  Huntington,  along  the  Snake 

River  plains.  According  to  Wilson  and  Chowning  (1904a,  p.  34),  Maxey’s  paper 
describes  cases  in  Idaho  mostly  along  the  southern  foothills  of  the  Boise  mountain. 

The  cases  seem  to  be  limited  largely  to  the  north  side  of  the  Snake  River  Valley 

from  Seven  Devils  to  Haley,  and  to  occur  from  the  latter  part  of  March  to  the  middle 

of  July.  This  information  may  possibly  have  been  obtained  directly  from  Maxey, 

as  I   do  not  find  these  statements  in  Maxey’s  paper. 
The  statements  in  reference  to  Idaho  by  Wilson  and  Chowning  are  based  upon 

Maxey’s  paper  and  upon  the  Wood  symposium,  while  those  by  xinderson  are  based 
upon  Maxey. 

Montana. — McCullough  (1902,  pp.  225-228)  states  that  careful  inquiry  shows  the 

disease  to  be  more  widely  spread  than  is  generally  supposed,  and  that  it  has  pre- 
vailed at  Camas  Prairie,  up  the  Blackfoot,  at  Phillipsburg,  Clinton,  Rock  Creek, 

Rattle  Snake  Valley,  and  far  up  the  Lo  Lo,  all  regions  separate  and  apart  from  the 

supposed  infected  area  in  the  Bitter  Root  Valley.  He  calls  special  attention  to  this 

distribution  in  order  to  correct  the  erroneous  idea  that  the  disease  is  a   “   bugbear  to 

this  particular  locality ”   (Bitter  Root  Valley).  Gwinn  (1902)  refers  to  the  disease 
as  occurring  in  the  Bitter  Root  Valley,  Rock  Creek,  and  Phillipsburg. 

Wilson  and  Chowning  (1902a,  p.  132)  state  that  the  cases  in  Montana  are  confined 

to  the  eastern  foothills  of  the  Bitter  Root  iMountains,  namely,  on  the  western  side  of 



the  Bitter  Boot  Valley  in  an  area  from  4   to  10  miles  wide  and  90  miles  long.  Xo 

case  has  ever  been  known  to  originate  in  ̂ Montana  outside  of  this  territory,  except 

7   cases  in  an  area  about  half  a   mile  wide  and  2   miles  long  in  the  narrow  canyon 

of  Rock  Creek,  about  20  miles  east  of  the  Bitter  Root  Valley.  Later  (1903a,  p.  42) 

they  modify  this  statement  to  read  that  “few,  if  any,  cases  have  ever  been  known  to 

originate  in  Montana  outside  of  this  territory,  etc.”  Still  later  (1904a,  pp.. 33-34') 
they  say  that  the  cases  in  Montana  are  confined  to  the  eastern  foothills  of  the  Bitter 

Root  Mountains,  but  they  refer  also  to  8   Rock  Creek  cases  and  to  2   cases  in  a   valley 

near  Bridger,  Mont.,  about  250  miles  east  and  75  miles  south  of  Bitter  Root  Valley. 

These  latter  cases  are  evidently  those  reported  by  Gates  (1903,  pp.  48-51)  at  Ther- 
mopolis  (IVyo.)  and  near  Bridger  (Mont.). 

Anderson  (1903a,  p.  506)  mentions  the  disease  in  Montana,  particularly  for  the 

Bitter  Root  Valley  (from  Lo  Lo  to  Como)  and  Rock  Creek,  but  later  (1903c,  p.  4) 

refers  also  to  Gates’s  cases  near  Bridger. 

Daring  the  season  of  190L  I   observed  (through  courtesy  of  the  attend- 
ing physicians)  10  of  the  11  cases  in  the  Bitter  Root  ̂ htlley,  distributed 

as  follows: 

Case  1. — Supposed  to  have  become  infected  at  or  near  a   sawmill  on  Grant  Creek, 
6   miles  north  of  Missoula;  this  was  reported  as  being  the  first  case  in  that  locality. 
Patient  was  taken  to  Missoula. 

Case  i*.— Patient  infected  3   miles  west  of  Victor,  on  west  side  of  Bitter  Root  River. 

Case  3. — Xear  Carlton,  on  west  side  of  Bitter  Root  River.  Patient  was  taken  to 
Missoula. 

Case  — In  Pattee  Canyon,  on  east  side  of  Bitter  Root  River,  3   miles  east  of  Fort 
Missoula.  There  is  no  evidence  that  the  patient  had  visited  the  west  side. 

Case  5. — Xear  Woodman,  up  the  Lo  Lo  Creek,  west  side  of  Bitter  Root  River. 
Patient  was  taken  to  Missoula. 

Case  6. — Supposed  to  have  become  infected  at  Harvey  Creek,  about  20  miles  east 
of  Florence. 

Case  7.  — About  8   miles  southwest  of  Hamilton;  on  west  side  of  Bitter  Root  River, 

Case  8. — Taken  sick  in  Missoula;  had  not  recently  been  up  on  the  west  side  of  the 
Bitter  Root  River,  but  had  visited  Bonner,  east  of  Missoula,  just  prior  to  illness. 

Case  9. — Xear  Florence,  west  side  of  Bitter  Root  River.  Patient  taken  to  Missoula. 

Case  10. — Left  Iowa  six  weeks  previously;  had  been  in  Bozeman  five  weeks;  arrived 

in  iMissoula  June  2,  changing  cars  en  route  to  Hamilton;  began  to  feel  indisposed 

about  the  time  he  changed  cars;  taken  worse  in  Hamilton  (east  side  of  Bitter  Root 

River);  later  taken  to  5Iissoula. 

Case  11. — Had  been  in  the  United  States  four  weeks;  came  to  Missoula  about  June 

1;  remained  here  five  days,  then  moved  to  a   ranch  near  Woodman,  up  the  Lo  Lo 

Creek,  we.^t  side  of  Bitter  Root  River.  Patient  taken  to  ̂ lissoula. 

From  this  will  be  seen  that  of  the  11  cases  in  question  6   cases, 

Xos.  2.  3.  5.  7.  9.  11.  appear  to  have  become  infected  on  the  west  side  of 

the  Bitter  Root  River,  while  5   cases  show  no  history  of  having  visited 

that  locality  (except  case  10,  see  below,  p.  27)  immediately  prior  to 

infection.  One  case  (Xo.  1)  appears  to  have  become  infected  on  the 

east  side  of  the  Bitter  Root  River.  One  case  (Xo.  1)  seems  to  have 

been  infected  up  Grant  Creek.  One  case  (Xo.  6)  appears  to  have  been 

infected  on  the  west  side  of  Harvey  Creek  some  distance  east  of  the 

Bitter  Root  River.  One  case  (Xo.  8)  seems  to  have  become  infected 

either  at  Bonner  or  at  Missoula;  and  one  case  (Xo.  10)  seems  to  have 

become  infected  somewhere  between  Bozeman  and  Hamilton,  going 
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via  Missoula.  From  Fort  Missoula  to  a   point  between  Woodside  and 
Hamilton  the  train  runs  close  to  the  river  on  the  west  side  of  the 

stream. 

While  the  predominance  of  cases  on  the  west  side  of  the  Bitter  Boot 

River,  as  reported  by  Wilson  and  Chowning  and  by  Anderson,  was 

noticed  (6:5)  in  the  season  of  1904,  the  cases  were  not  so  confined  to 

that  locality  as  might  be  expected  in  view  of  former  statistics.  In 

reg'ard  to  case  No.  6   (Harvey  Creek)  it  is  important  to  note  that  Wilson 
and  Chowning  (1903a,  map)  report  cases  Nos.  13,  14,  15  (28  and  30 

marked  as  doubtful),  29,  74,  and  107  from  the  vicinity  in  which  case 

1904:6  is  supposed  to  have  become  infected. 

Gates  (1905,  p.  114)  reports  13  cases  in  or  near  Bridger  from  1900  to 

1904,  inclusive,  4   of  these  occurring  in  1904. 

Alton  (1905,  p.  1.10)  reports  2   cases  in  Livingston  for  1904;  one  of 

these  came  from  Lewiston,  the  other  from  Gardiner,  Park  County. 

According  to  a   new^spaper  clipping  dated  Ma}^  23, 1904,  there  was  a 
case  of  spotted  fever  in  Billings,  Mont.,  attended  by  Doctor  Clark. 

1   have  also  heard  of  one  case  at  Dillon,  but  do  not  recall  the  details. 

Wyoming. — Gates  (1903,  p.  48)  reports  1   case  from  Thermopolis;  see  also  Anderson 
(1903c,  p.  4). 

According  to  Wilson  and  Chowning  (1904a,  p.  34),  Dr.  J.  J.  Bradbury,  of  Cody, 

wrote  to  them  that  cases  occurred  in  1903  near  Cody  and  Meeteetse.  Anderson 

(1903c,  p.  8)  also  refers  to  these  cases. 

Gates  (1905,  p.  114)  reports,  in  all,  4   cases  for  Wyoming,  namely, 

Meyersville,  1   case,  1894;  Thermopolis,  2   cases,  1898,  and  Shoshone 

River,  1   case,  1901. 

Bradbury  has  Avritten  to  me  (October  31,  1904)  that  he  had  had  2 

cases  at  Cody,  but  none  in  1904. 

Nevada. — Maj.  W.  P.  Kendall,  surgeon,  U.  S.  Army,  reported  in  a   letter  to  Wilson 
and  Chowning  (1904a,  p.  34)  that  he  saw  cases  in  1887  in  the  Quinn  Eiver  Valley. 

Kendall’s  cases  are  also  referred  to  by  Anderson  (1903c,  pp.  7-8). 

Major  Kendall  has  written  to  me  under  date  of  October  23,  1904, 

that  during  his  tour  of  duty  at  Fort  McDermitt,  Nev.,  1885-1889,  he 

saw  10  or  12  cases  of  the  locall}"  so-called  ‘‘spotted  fever;”  his  med- 
ical friends  at  Winnemucca,  Nev.,  told  him  that  there  was  a   great  deal 

of  this  disease  at  a   small  hamlet  some  25  miles  distant  up  the  valle}", 

but  b}"  them  it  was  not  considered  to  be  a   dangerous  malad}",  as  “the}" 

never  died.”  One  of  the  Winnemucca  physicians  stated  that  he  had 
seen  some  50  cases. 

Dr.  P.  I.  Mangan,  of  Winnemucca,  has  written  to  me  under  date  of 

November  5,  1904,  that  he  has  repeatedly  heard  of  a   disease  termed 

“spotted  fever”  that  has  appeared  at  Paradise  Valley,  some  45  miles 
distant  from  Winnemucca,  and  also  at  Fort  McDermitt,  but  no  case 

was  reported  in  1904;  he  is  informed  that  the  disease  has  appeared  at 

isolated  places  subsequent  to  sheep  shearing,  and  many  persons  sup- 
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pose  it  to  be  due  to  contamination  from  the  sheep:  in  many  cases  the 

patients  are  very  sick,  the  attack  lasting  several  months;  some  fatal 
cases  have  occurred. 

Dr.  AV.  L.  Samuels,  of  Winnemucca,  has  written  to  me  under  date 

of  November  Id,  190d,  that  ** spotted  fever"  makes  its  appearance  from 
time  to  time  in  Paradise  and  in  a   locality  near  the  sink  of  Quinn  River. 

Both  of  these  localities  are  sheep  countries,  and  the  presence  of  bands 

of  sheep  is  supposed  to  pollute  the  water  courses;  this  is  popular  belief 

throughout  this  section.  He  says: 

I   had  no  cases  in  1904,  but  2   well-marked  cases  last  year  (1903).  The  first  was  an 

old  man,  a   sheep  herder,  from  the  Quinn  River  country.  My  second  case  was  a   school- 

girl, age  18,  who  had  attended  a   school  picnic  in  Cross  Canyon,  about  7   miles  from 

tovm.  I   questioned  her  closely  as  to  the  possibility  of  a   tick  bite,  but  she  said  that 

she  did  not  rememl^er  having  any  ticks  on  her  for  months  past.  However,  a   band 

of  sheep  had  been  driven  through  the  upper  end  of  the  canyon  the  same  week  she 

attended  the  picnic. 

Both  of  my  cases  showed  marked  tendency  to  collapse,  requiring  heart  stimulants 

all  the  time.  Outside  of  that  the  treatment  consisted  of  maintaining  the  body  tem- 

perature and  a   careful  attention  to  the  diet. 

I   have  been  informed  by  the  people  who  have  had  the  disease,  and  who  have  seen 

numerous  cases,  that  if  the  patient  gets  chilled  the  results  are  fatal,  and  my  experi- 
ence with  the  girl  mentioned  above  makes  me  think  there  is  something  in  that 

point.  She  got  the  covers  off  one  night,  and  I   spent  several  hours  with  her  before 

her  condition  became  satisfactory  again. 
I   think  there  has  been  a   marked  diminution  in  the  number  of  cases  noted  in  this 

locality  in  the  last  five  or  six  yeai*s. 

Oregon. — According-  to  Anderson  (1903c.  p.  S).  the  mild  form  of  the 
disease  has  been  reported  in  ea.stern  Oregon,  but  he  does  not  state 

where  and  by  whom  it  was  observed. 

Vtah. — Sweet  (1S96)  states  that  the  disease  does  not  to  his  knowl- 
edge occur  in  Utah,  but  Smith  (1905)  (see  below,  p.  116)  reports  a 

possible  case. 

AJaslxi. — McCullough  (1902.  p.  225)  says  that  reports  show  that 
the  same  disease  occurs  in  Alaska,  and  Gwinn  (1902)  says  that  he  has 

repeatedly  read  newspaper  accounts  of  a   disease  about  Klondike 

which  very  much  resembled  "spotted  fever." 
COMPARISON  WITH  THE  OTHER  DISEASES. 

Bovine  jnropJasmosis  occurs  in  the  United  States,  West  Indies,  Argentine,  South- 
ern Venezuela.  Uruguay,  and  apparently  Brazil;  in  Australia,  Africa  (Algiers, 

Egypt,  Uganda,  Kamerun,  Cape  Colony,  German  East  Africa,  etc.);  in  southwest 

Russia,  Bulgaria,  Hungary,  Roumania.  Turkey,  Italy,  France,  Germany,  Finland. 

Norway,  and  perhaps  in  Great  Britain  (Nuttall,  1904,  p.  220).  Texas  fever  may 

extend  from  37°  to  38°  north  latitude  to  the  Gulf  of  5Iexico  (for  exact  area,  see  maps 
published  by  the  United  States  Bureau  of  Animal  Industry).  Hemoglobinuria  is 

found  in  certain  swampy  regions  on  the  Danul3e. 

Ovine  piroplasmosis  is  reported  from  Roumania,  Italy,  Turkey,  France,  and  a   simi- 
lar affection  occurs  in  St.  Thomas,  West  Indies,  and  in  South  Africa.  Johnson 

reports  piroplasmatic  ictero-hematuria  for  Deer  Lodge,  Mont.  According  to  Balies, 
the  cases  on  the  lower  Danube  occur  in  marshy  regions. 
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Equine  piroplasmosis  has  been  observed  in  South  Africa  and  Germany,  and  perhaps 
in  Venezuela. 

Canine  piroplasmosis  is,  reported  for  Italy,  France,  and  South  Africa.  Piana  and 

Galli- Valerio  (1895)  noticed  it  in  dogs  which  had  hunted  in  marshy  localities. 
Hutcheon  (1893,  p.  477)  states  that  in  South  Africa  it  is  very  common  in  coast  towns 

and  districts,  but  comparatively  rare  in  higher  inland  districts  of  Cape  Colony; 
nevertheless,  it  prevailed  about  Herschel  in  1893. 

From  these  data  it  will  be  observed  that  piroplasmatic  diseases  have 

a   wide  geographic  distribution,  but  are  not  confined  chie%  to  foothills 

of  mountain  rang’es;  they  may  be  found  in  swampy  valleys. 
The  question  of  distribution  probably  depends  more  upon  the  abil- 

ity of  the  transmitting  tick  to  develop  than  upon  any  other  one  factor, 

and  as  ticks  develop  in  the  region  of  spotted  fever,'’  a   comparison 
of  the  geographic  distribution  of  the  various  diseases  gives  us  but 

meager  details  upon  w^hich  to  form  any  judgment  regarding  the  ques- 
tion now  at  issue. 

NUMBER  OF  CASES. 

Montana. — Gwinn  (1902)  estirbates  the  number  of  cases  he  has  seen  in  fifteen  years 
as  about  200.  Wilson  and  Chowning  (1902a,  p.  132;  1903a,  p.  28;  1904a,  p.  33)  think 
that  probably  200  cases  of  the  severe  type  have  occurred  (in  the  Bitter  Boot  Valley) 

since  the  disease  first  appeared;  they  collate  114  cases  (1903a,  pp.  32-41)  since  1885 
which  they  collected  from  correspondence  with  the  physicians  of  the  valley,  but 

they  give  cases  11,  18,  19,  37,  40,  108,  113,  and  114  as  doubtful.  Anderson  (1903c, 

pp.  12-18)  increased  this  compilation  to  121  cases. 

Taking  the  cases  given  in  the  tables  published  by  Wilson  and  Chown- 
ing and  Anderson  for  the  Bitter  Root  Valley  we  find  the  following 

distribution  by  years  from  1885  to  1892,  inclusive: 

Year. Cases. Deaths. 

Per- 

centage 

deaths. 
Year. Cases. Deaths. 

1 

Per- 

centage 

deaths. 

1885    1 1 100.0 1896   6 5 100.0 
1886  . .   - 1 1 100.0 1897   6 5 

83.3 

1887    1898   3 2 66.6 
1888    3 1 33.3 1899   

23  . 

14 
60.8 

1889   3 3 100.0 1900.     

12  , 

9 
75.  0 

1890    1 1 100.0 1901   14 10 71.4 

1891   6 4 66.6 1902   

21  1 

15 

71.4 
1892    3 1 33.3 Date?   4 2 50.0 
18QS 4 2 50.0 
1894    Total   114 80 

70.17 
1895    3 3 100.0 

As  these  statistics  are  based  upon  notes  which  the  local  ph}"sicians 
wrote  up  largely  from  memoiw,  it  is  perhaps  an  open  question  whether 

we  should  draw  the  conclusion  that  the  disease  has  increased  in  fre- 

quency since  1898,  as  the  number  of  inhabitants  in  the  valle}"  have 
increased,  or  whether  we  should  attribute  the  fewer  number  of  cases 

reported  for  earlier  years  to  the  fact  that  the  earlier  cases  had  passed 

out  of  the  memoiy  of  the  local  ph}’sicians. 
Anderson  (1903c,  pp.  1,  16-19)  reports  but  9   cases  for  1903,  with  3 

deaths,  but  he  speaks  (1903a,  p.  10)  of  10  cases  under  treatment. 
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U'ilson  and  Chowning  (190da.  p.  3:2)  refer  to  having  seen  10  cases 
personally  in  1903,  and  to  having  collected  data  from  2   cases  vrhich 

they  did  not  see.  To  these  12  cases.  T   deaths,  should  be  added  the 

following: 

1903,  August-Sejjtember. — R.  B.,  telegrai^h  operator,  was  at  Woodman,  on  Lo  Lo 
stream.  Was  taken  sick  with  a   chill  Saturday  evening  (August  29),  and  brought  to 

Missoula  Monday  morning  August  30),  where  he  later  died.  He  was  aware  of  the 

‘‘tick  theory”  which  had  been  pubhshed,  but  claimed  that  he  was  not  bitten  by 
ticks.  Mr.  and  ̂ Mrs.  George  Kieth  say  positively  that  there  was  no  history  of  tick 

bite  in  this  case.  He  was  seen  by  Doctor  McCullough  and  Dr.  Parsons. 

1903.  August-Septemher. — J.  G.  W.,  24  or  25  yeai-s  old;  so  far  as  he  knew,  he  was 
last  bitten  by  a   tick  in  July.  About  the  last  of  August  he  was  taken  sick  and  saw 

Doctor  McGrath,  who  made  a   diagnosis  of  “spotted  fever”  and  sent  him  to  St.  Pat- 

rick’s Hospital  in  Missoula.  He  reached  Missoula  September  1   and  was  treated  by 

Doctor  Mills.  The  case,  which  was  “typical,”  ended  fatally  on  September  5. 
Dming  the  season  1904  there  occurred  in  the  Bitter  Root  Valley  11  cases,  with  9 

deaths.  Thus  we  may  complete  the  above  table  (p.  29)  as  follows: 

Date.  Cases.  Deaths.  Lethality. 

Per  cent. 
lS.S5tol902     114  80  70.17 

1

9

0

3

 

 

 

 

-  

 

  14  9   04.29 

1

9

0

4

 

 

 

 

  11  9   81.82 

Total  Bitter  Root  Valley.  1S85  to  1904     139  98  70. 5 

Gates’s  cases  near  Bridger.  1894  to  1904     17  3   17. 6 

CoMPAEisox. — In  bovine  pirophtsmo-sUs  large  numbers  of  animals  may  be  affected  in 
the  same  season.  In  some  years  20  per  cent  of  the  sheep  in  the  swampy  islands  of 
the  lower  Danulie  are  destroyed  by  carceag. 

The  occurrence  of  a   large  number  of  ca.ses  of  a   plroplasmatic  infec- 

tion in  a   given  district  is  natural,  when  we  consider  how  very  prolific 

an  animal  the  tick  is.  A   female  tick  lays  hundreds  of  eggs,  and  it  is 

the  next  generation  (developing  from  the  eggs  of  an  infected  female) 

which  carries  the  infection.  Accordingly,  for  every  infected  female  ] 
which  lays  eggs,  there  may  be  hundreds  of  infected  individuals  of  the 

next  generation,  hence  piroplasmatic  diseases  are  apt  to  attack  large 

numbers  of  patients  at  about  the  same  time  in  the  same  locality,  and 

if  ••  spotted  fever"  is  a   piroplasmosis.  transmitted  by  a   tick,  we  should 
expect  a   large  number  of  cases  to  develop  in  any  locality  in  which  one 

case  develops.  This,  however,  is  exactly  what  we  do  not  find  in 

•’spotted  fever."  and  this  was  the  first  point  to  lead  me  to  seriously  ; 
doubt  the  tick  hypothesis.  AAilson  and  Chowning  lay  considerable 

stress  upon  the  point  that,  according  to  their  studies.  ”   in  no  instance 
have  two  or  more  persons  with  the  same  food  or  water  supply  been 

simultaneously  stricken  with  this  disease." 
LOCALITY  OF  IXFFXTIOX. 

Idaho. — Several  Idaho  observers  speak  especially  of  the  fact  that  the  disease  is  i 
found  in  the  valleys:  and  Collister  (1896,  p.  63)  says  that  it  is  rarely  found  in  high 

mountains.  Maxey  (1899,  p.  434)  states  that  in  his  opinion  it  is  contracted  while 
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the  patients  are  residing  or  sojourning  in  or  near  the  foothills  of  the  mountains;  he 

has  carefully  investigated  this  question  of  residence  in  every  case  coming  under  his 
observation  and  has  found  that  without  exception  there  was  a   history  of  a   longer  or 

shorter  residence,  just  prior  to  the  sickness,  in  or  near  the  mountains  or  along  some 
mountain  stream  where  the  sole  water  supply  came  from  melting  snow. 

Montana. — Gwinn  (1902)  says  that  in  the  Bitter  Boot  Valley  at  least  90  per  cent  of 
the  cases  occur  on  the  west  side  of  the  river.  Wilson  and  Chowning  (1902a,  p.  132) 
state  that  in  Montana  the  cases  are  confined  to  the  eastern  foothills  of  the  Bitter 

Root  Mountains  (see  also  above,  p.  25).  They  describe  this  range  as  very  rugged, 

the  top  being  covered  with  snow  until  about  July  1,  and  some  peaks  capped  through- 
out the  year;  the  range  on  the  east  side  of  the  valley  is  less  rugged,  though  the  snow 

remains  almost  as  long  in  the  spring  as  on  the  west  side;  on  the  foothills  the  snow 

melts  from  sunny  exposures  as  early  as  February,  the  bulk  of  it  disappearing  in  April 

and  May;  the  climate  of  the  valley  is  very  mild,  as  is  evidenced  by  the  many  orchards 

of  apple,  cherry,  and  plum  trees;  the  altitude  of  the  valley  is  about  3,500  feet  above 

sea  level.  In  their  later  papers  (1903a,  pp.  42,  67;  1904a,  pp.  33,  34,  43)  they  prac- 
tically repeat  these  statements,  laying  stress  upon  the  localization  of  the  Bitter  Root 

Valley  infection  to  the  foothills  on  the  west  side.  They  do  not  discuss  the  topog- 
raphy of  the  Rock  Creek  cases. 

Anderson  (1903a,  p.  506;  1903c,  p.  8),  in  discussing  the  localization  in  the  Bitter 
Root  Valley,  says  that  the  disease  is  sharply  localized  on  the  west  bank  of  the 
Bitter  Root  River,  no  case  having  been  known  on  the  east  side  of  the  river  who  had 

not  a   short  time  previously  visited  the  west  side.  Certain  places,  he  states,  seem  to 
be  more  heavily  infected  than  others. 

From  the  list  of  cases  for  190T,  given  on  page  26,  it  will  be  seen  that 

these  statements  as  to  localization  are  borne  out  to  a   certain  extent, 
but  that  while  6   cases  occurred  on  the  west  side  of  the  Bitter  Boot 

Kiver,  1   case  certainly  occurred  on  the  east  side,  and  in  T   other  cases 

no  evidence  was  obtained  that  the  patients  had  visited  the  west  side 

shortly  before  their  illness  (except  that  one  had  passed  through  on  a 
train). 

In  connection  with  the  larger  number  of  cases  on  the  west  side  it 

should  be  mentioned  that  there  is  a   marked  difierence  in  general  con- 
ditions between  the  east  and  west  sides.  On  the  west  side  there  is 

much  more  timber  and  underbrush;  the  west  side  is  narrower  than 

the  east  and  is  watered  by  more  numerous  mountain  streams,  as  is 

shown  in  the  map  published  b}-  Wilson  and  Chowning  (1903a)  and 
Anderson  (1903c).  In  driving  through  the  valley  one  is  struck  b}^  the 
difference  in  the  general  conditions  of  moisture  (the  east  side  being 

less  damp)  and  b}^  the  generally  better  economic  and  hygienic  condi- 
tions than  on  the  west  side. 

In  this  connection,  however,  it  is  interesting  to  note  that  there  is  a 

short  stretch  of  land,  several  miles  in  length,  on  the  west  side,  between 

Carlton  and  Lo  Lo,  for  which  neither  Wilson  and  Chowning  (1903a, 

map)  nor  Anderson  (1903c,  map)  report  any  cases  of  spotted  fever  for 

the  3^ears  1885  to  1903,  inclusive.  This  particular  localit}^  resembles, 

in  condition,  the  east  side  much  more  closeh^  than  does  an}-  other 
portion  of  the  west  side  between  Lo  Lo  and  Hamilton.  Remarking 

upon  this  point  to  one  of  the  farmers  in  the  locality  in  question,  1   was 
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informed  by  him  that  in  said  locality  the  people  had  never  experienced 

“spotted  fever”  and  did  not  fear  it. 
Whether  or  not  the  absence,  or  at  least  the  apparent  absence,  of 

spotted  fever  from  this  restricted  area  between  Carlton  and  Lo  Lo  is 

connected  with  the  more  advanced  condition,  as  found  also  on  the  east 

side,  is  one  of  the  points  to  which  future  investigation  should  be 
directed. 

It  will  be  noticed  that  while  Wilson  and  Chowning  (1902a,  1903a, 

1901a)  and  Anderson  (1903a,  1903c)  speak  of  the  east  side  of  the  Bit- 

ter Root  Valley  as  the  uninfected  localit}^  and  the  west  side  as  the 
infected  locality,  other  statements  Wilson  and  Chowning  make  lay 

stress  upon  the  fact  that  infection  is  more  or  less  limited  to  the  foot- 
hills on  the  west  side.  Maxey  also  mentions  especially  the  foothills 

in  Idaho. 

To  Ashburn  and  to  me  these  references  to  the  foothills  seemed  to 

be  of  no  little  importance,  and  they  were  rather  strong!}"  confirmed 
by  our  inquiries,  for  we  found  the  general  opinion  to  be  that  it  was 

chiefly  in  the  foothills  that  infection  took  place.  This  indicated  that 

the  infectious  area,  or  at  least  the  area  of  more  intense  infection, 

was  bounded  on  the  east,  not  by  the  Bitter  Root  River,  but  by  the 

“bench,”  or  foothills,  and  as  a   matter  of  fact  the  local  physicians  and 
inhabitants  seemed  quite  generally  to  be  under  the  impression  that 

the  narrow  lowlands  close  to  the  river  were  comparatively,  if  not 

entirely,  safe  so  far  as  infection  was  concerned. 

CoMPAKisoN. — As  shown  on  page  29,  this  tendency  to  limitation  of  infection  in  the 
foothills  of  mountains  does  not  seem  to  agree  with  piroplasmosis  in  cattle,  sheep, 

and  dogs. 

SEASONAL  DISTRIBUTION. 

Practically  all  authors  lay  stress  upon  the  fact  that  the  afi'ection 
under  discussion  is  preeminently  a   disease  of  the  spring  months,  but  it 

might  be  well  to  direct  attention  to  the  fact  that  any  given  date  (as 

April  15)  in  the  localities  in  question  does  not  necessarily  correspond 
in  season  to  the  same  date  in  localities  in  the  Southern  or  Eastern 

States. 

Idaho. — Bowers  (1896,  p.  63)  says  that  “spotted  fever”  occurs  only  during  the 
spring,  from  about  the  1st  of  March  to  the  middle  of  May.  According  to  Collister 

(1896,  pp.  62-63)  it  appears  in  March  and  continues  until  the  latter  part  of  June. 
After  Fairchild  (1896)  it  usually  prevails  from  April  1   to  July  1.  Maxey  (1899,  p. 

434)  reports  that  it  invariably  occurs  during  the  spring  months.  The  Medical  Sen- 

tinel (1899,  p.  457)  says  that  “the  greater  prevalence  of  this  fever  in  the  spring  sug- 
gests that  the  infection  enters  the  system  more  easily  at  this  time,  or  that  the  morbific 

agent  is  to  be  found  in  greater  profusion.  Reasoning  on  grounds  of  analogy  it  would 

seem  that  the  former  is  the  more  likely  explanation.  No  doubt  stockmen,  herders, 

and  others  living  in  these  high  altitudes  have  their  powers  of  resistance  considerably 

lessened  by  the  rigors  of  a   long  winter;  exposure  to  cold  and  deprivation  of  certain 

articles  of  diet  producing  a   condition  approaching  scurvy.  Naturally,  then,  we  would 

expect  in  a   weakened  system  an  exhibition  of  virulence  from  the  first  pathogenic 
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microbes  to  be  liberated  and  distributed  by  the  melting  snows  of  the  spring.  There 

is  here  a   resemblance  to  a   water-borne  disease,  and  until  Widal’s  serum  test  (see 
below,  p.  66)  is  tried  there  will  be  cause  for  skepticism  and  a   diversity  of  opinion  as 

to  the  true  nature  of  the  malady.” 

Montana. — McCullough  (1902)  says  that  “spotted  fever”  occurs  in  the  spring,  more 
likely  in  April  and  May  than  at  other  times,  yet  it  has  occurred  as  early  as  January 
and  as  late  as  July.  According  to  Gwinn  (1902)  time  bears  a   causal  relation,  as  is 

shown  by  the  fact  that  the  disease  does  not  occur  during  the  latter  half  of  the  year; 

nearly  all  cases  occur  in  the  months  of  April,  May,  and  June,  May  being  the  worst 

month.  Wilson  and  Chownmg  (1902a,  p.  132;  1903a,  pp.  42,  68;  1904a,  pp.  35,  43) 
state  that  the  disease  occurs  only  in  the  spring.  The  earliest  recorded  case  began 

March  17,  and  the  latest  about  July  20,  though  most  cases  occur  between  May  15 
and  June  15.  There  are  no  records  of  any  cases  occurring  between  August  1   and 

3Iarch  17,  though  there  are  rumors  of  some  cases  having  occurred  as  early  as 
February.  Anderson  (1903c,  p.  8)  agrees  essentially  with  Wilson  and  Chowning. 

Wilson  and  Chowning  (1903a,  p.  43)  print  a   table  of  the  cases,  distributed  by 
months;  they  later  insert  (1904a,  p.  35)  the  cases  of  1903.  In  the  following  table  I 
add  to  their  cases  the  Bitter  Boot  Valley  cases  I   have  collected. 

Month. 

Reported 
by  Wilson 
and  Chow- 

ning. 1904a, 

page  35. 

Additional 
cases. 

Total. Remarks. 

January  . . 

February . 

March   
April   
May   
June   
July   
August   
September. 

“Spring”  . 

Total 

10 

126 

13 

(?)  I   See  McCullough,  1902;  uncertain  case,  see  Cobb, 
1902,  page  1868. 

(?)  Rumors,  see  Wilson  and  Chowning,  1902a,  page 
132;  a   few  cases  when  March  Avas  mild,  see 

i   Cobb,  1902,  page  1868. 

6   ! 

26  !   The  2   additional  cases  (1,  2)  in  1904. 
53  The  7   additional  cases  (3,  4,  5,  6,  7,  8,  9)  in  1904 
37  The  2   additional  cases  (10,  11)  in  1904. 
5 

2   Cases  in  1903,  see  page  30. 

10  I 

139 

Of  the  17  cases  reported  by  Gates  for  another  locality,  d   occurred 

in  April,  6   in  May,  and  7   in  June. 

It  is  a   more  or  less  popular  belief  among  some  of  the  inhabitants  of 

the  Bitter  Root  Valley  that  cases  of  ‘'spotted  fever'’  are  more  likely 
to  occur  during  the  time  that  the  streams  are  rising  than  while  they 

are  falling.  This  would  indicate  that  it  occurred  either  during  or  fol- 

lowing a   rise  in  tem^jerature,  such  as  would  melt  the  snow  on  the 

mountains,  or  during  or  following  a   rainfall. 

Through  the  kindness  of  Prof.  Willis  Moore,  Chief  of  the  United 

States  Weather  Bureau,  I   have  been  able  to  obtain  the  daiU  tempera- 

tures and  rainfall  for  Missoula  for  the  months  of  Februaiy-September, 

inclusive,  1899-1901,  inclusive,  so  far  as  these  have  been  recorded  by 

volunteer  observers  (Prof.  M.  J.  Elrod),  and  I   have  attempted  to  plot 

the  cases  of  spotted  fever”  which  are  reported  for  the  Bitter  Root 

Valley  for  the  corresponding  da}^s.  While  this  study  was  interesting, 
it  is  not  entirely  satisfactoiw  for  several  reasons;  in  the  first  place, 

23339— No.  20—05   3 
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the  exact  date  of  the  onset  in  a   number  of  cases  is  not  given;  further, 

the  temperature  and  precipitation  varies  some  in  ditferent  parts  of  the 

valley,  and  I   could  not  obtain  these  data  for  the  exact  locality  where 

the  cases  occurred.  Hence  the  results  obtained  are  only  approximate. 

I   find  that  of  the  cases  upon  which  even  an  approximate  comparison 

could  be  made  13  cases  developed  in  the  valley  within  seventy-two 

hours  following  an  increase  in  temperature  at  Missoula,  but  no  pre- 

cipitation was  reported  for  Missoula;  45  additional  cases  developed  in 

the  valle}^  within  seventy-two  hours  following  an  increase  in  temper- 
ature at  Missoula,  and  precipitation  is  reported  for  Missoula  during 

the  same  period.  Thus  a   total  of  58  cases  occurred  during  or  follow- 

ing conditions  which  would  result  in  a   swelling  of  the  streams,  hence 

more  moist  general  conditions.  One  additional  case  developed  during 

a   decrease  of  temperature  at  Missoula,  without  any  contemporaneous 

precipitation. 

Without  laying  too  much  stress  upon  these  data,  because  of  their 

incompleteness,  it  is  rather  striking  that  of  the  59  cases  in  which  the 

given  data  could  be  compared,  58  of  them,  or  98.3  per  cent,  occurred 
under  conditions  which  would  result  in  an  increase  in  the  amount  of 

running  water  in  the  valley,  thus  apparently  bearing  out  the  popular 

view  that  ‘‘spotted  fever”  is  more  likely  to  develop  during  a   rise 
rather  than  a   fall  of  the  vallev  streams. 

It  is  also  interesting  to  note  that  by  far  the  majority  of  the  cases 

occur  on  the  west  side  of  the  river,  which  is  more  moist  than  the  east; 

that  the  disease  seems  to  be  a   disease  of  valleys,  which  are  naturalh^ 
more  moist  than  are  the  plains.  Future  investigations,  therefore, 

have  the  interesting  problem  to  solve  whether  this  concurrence  of 

moisture  with  the  infection  is  of  an}"  significance  or  is  a   mere  coinci- 
dence. The  relation  of  the  moisture  to  the  tick  theory  is  not  apparent 

to  me. 

Taking  the  monthly  maximum  temperature  at  Missoula  in  connec- 

tion with  88  cases  which  could  be  plotted,  it  was  found  that  the  lowest 

maximum  was  48.1^  F.  (2  cases),  the  highest,  87.6°  F.  (2  cases);  3 

cases  occurred  with  monthly  average  maximum  from  48.1  to  49.6°  F., 

20  cases  with  monthly  average  maximum  from  54.2  to  58.6°  F.,  34 

cases  with  monthly  average  maximum  from  63  to  69°  F.,  26  cases  with 

monthly  average  maximum  from  71. T   to  76.6°  F.,  5   cases  with  monthly 

average  maximum  from  80.5  to  87.6°  F. 

For  the  same  88  cases,  the  lowest  monthly  average  minimum  tem- 

perature at  Missoula  was  22.2  (1  case),  and  the  highest  average  mini- 

mum, 51.2°  F.  (2  cases).  Four  cases  occurred  with  a   monthly  average 

minimum  from  22.2  to  28.5°  F.,  38  occurred  with  a   monthly  aver- 

age minimum  from  31  to  38.7°  F.,  44  occurred  with  a   monthly  average 

minimum  from  41  to  48.7°  F.,  and  2   with  a   monthly  average  minimum 

of  51.2°  F. 
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For  the  same  88  cases  the  lowest  difference  between  the  monthly 

average  maximum  and  minimum  temperature  for  Missoula  was  19.6°  F. 

(2  cases),  the  highest  35.8°  F.  (2  cases);  for  2   cases  there  was  a   monthly 

average  difference  of  19.6°  F ;   for  70  cases  there  was  a   monthly  average 

difference  from  21.7  to  29.8°  F.,  inclusive;  for  16  cases  there  was  a 

monthly  average  difference  from  30.4  to  35.8°  F. 

Thus  a   monthly  average  maximum  of  63  to  73°  F.,  inclusive,  obtained 
in  59  out  of  88  cases,  or  67  per  cent  of  the  cases;  a   monthly  average 

minimum  of  37  to  46°  F.,  inclusive,  obtained  in  58  out  of  88  cases,  or 
65.8  per  cent  of  the  cases;  of  88  cases  70  cases,  or  79.5  per  cent, 

occurred  during  an  average  monthly  difference  of  21.2  to  29.8°  F. 
between  maximum  and  minimum  temperature,  and  55  of  these  cases, 

or  60.2  per  cent  of  the  88  cases,  occurred  during  a   monthly  average 

difference  of  25.2  to  29.7°  F.,  inclusive,  between  the  monthly  maximum 
and  monthly  minimum. 

It  would  therefore  appear  that,  so  far  as  can  be  concluded  from  the 

data  at  our  disposal,  there  seems  to  be  some  connection,  either  direct 

or  indirect,  between  the  temperature  of  the  air  and  the  development 

of  cases,  in  that  up  to  a   certain  point  an  increase  in  temperature  is 

coincident  with  the  development  of  cases,  while  beyond  that  point  a 

further  increase  in  temperature  seems  not  to  favor  the  appearance  of 

new  cases.  Of  course  an  increase  in  temperature  increases  the  amount 

of  water  resulting  from  the  melting  snow,  but  there  finally  comes  a 

time  when  the  supply  of  snow  is  greatly  decreased,  hence  a   further 

increase  in  temperature  would  not  have  the  same  effects  upon  the 

amount  of  water  in  the  valley. 

Our  data  upon  these  points  are  not  sufiSciently  exact  to  permit  of 

positive  conclusions,  but  such  as  the  data  are  they  tend  to  support 

rather  than  to  negative  the  popular  idea  that  the  melting  snow  has 

some  direct  or  indirect  connection  with  the  development  of  cases,  or 

at  least  they  tend  to  show  that  conditions  which  favor  the  melting  of 

the  snow  also  favor  the  appearance  of  cases  of  spotted  fever. 

Taking  the  amount  of  precipitation,  including  rain,  hail,  sleet,  and 

mhlted  snow  (not  from  the  mountains),  we  find  that  14  cases  occurred 

in  six  months  showing  a   total  monthly  precipitation  of  0.37  to  0.68; 

50  cases  occurred  in  eleven  months  showing  a   total  monthly  precipita- 

tion from  1.02  to  1.98;  3   cases  occurred  in  one  month  showing  a   pre- 
cipitation of  2.78;  7   in  a   month  showing  precipitation  of  3.84,  and  14 

in  2   months  showing  precipitation  of  4.19  and  4.53. 

The  lowest  precipitation  in  any  month  during  which  a   case  developed 

was  0.37  (1  case);  the  highest  number  of  cases  in  reference  to  precipi- 
tation were  as  follows:  6   cases,  0.65;  9   cases,  1.2;  9   cases,  1.44;  15 

cases,  1.28;  7   cases,  3.84;  6   cases,  4.19;  8   cases,  4.53. 

From  this  it  is  seen  that  in  general  fewer  cases  have  developed 

during  the  epidemic  months  with  a   precipitation  under  1   than  with 
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a   greater  precipitation,  and  while  the  greatest  number  (15)  developed 

with  a   precipitation  of  1.28,  the  average  stands  as  follows:  2.33  cases 

between  0.37  and  0.68;  1.5  cases  between  1.02  and  1.98;  3   cases  at 

2.78;  7   cases  at  3.81;  7   cases  between  1.19  and  1.53. 

While  these  data  are  too  incomplete  to  permit  of  definite  conclusions, 

still,  such  as  the}"  are,  the}"  are  in  harmony  with  the  view  that  cases 
are  more  likely  to  occur  coincident  with  a   rising  of  the  streams  than 
with  their  fall. 

Comparison. — Texas  fever,  in  the  United  States,  occurs  in  summer  and  fall;  hemo- 

globinuria in  the  Danube  region  occurs  usually  in  the  late  spring,  summer,  and  late 

fall.  Carceag  is  reported  for  the  Danube  region,  especially  in  May  and  June.  Canine 

piroplasmosis  prevails  at  the  Cape  chiefly  in  summer  and  autumn,  and  is  reported 

in  Europe  for  April,  September,  and  October.  ■- 

^Ve  should  not  be  led  astray  by  this  comparison  of  months.  The 

life  history  and  seasonal  occurrence  of  ticks  in  different  places  might 

vary  according  to  the  species  of  tick  involved  and  according  to  the 
climate. 

AGE  AND  SEX  OF  PATIENTS. 

Idaho. — Fairchild  (1896)  says  that  all  classes  and  all  ages  are  affected,  the  rich, 
the  poor,  the  weak,  the  robust,  the  young,  the  old,  males  and  females,  alike.  Bowers 

(1896)  agrees  that  the  disease  attacks  persons  in  all  conditions  of  life,  but  males  in 

larger  proportion.  According  to  Dubois  (1896,  p.  64)  “spotted  fever”  attacks  per- 
sons of  all  ages,  but  adults  of  both  sexes  are  more  subject  to  infection  than  are 

children.  According  to  Maxey  (1899,  p.  434)  it  is  much  more  frequent  in  men  on 

account  of  tlieir  exposed  occupations,  and  this  will  explain  also  wliy  children  are 

rarely,  if  ever,  affected;  the  youngest  case  he  knows  of  was  in  a   patient  6   years  old, 

the  oldest  in  a   patient  nearly  70  years  of  age. 

^[ontana. — Gwinn  (1902)  reports  that  in  his  observations  he  has  noted  that  age, 
sex,  and  amount  of  vitality  play  little  or  no  role  in  infection. 

The  first  actual  statistics  concerning  age  and  sex  were  collected  by  AVilson  and 

Chowning  (1903a,  p.  43),  based  upon  114  cases;  they  conclude  (1903a,  p.  68;  1904a, 

p.  43)  that  the  disease  attacks  alike  patients  of  any  age  or  either  sex,  though  those 

whose  occupations  or  pleasures  take  them  to  the  foothills  of  mountains  in  the  spring- 

time are  most  affected;  they  report  one  case  (1903a,  pp.  38,59)  in  a   child  2   years 

old  and  another  (p.  32)  in  a   babe  2   days  old;  they  give  a   very  interesting  table  of 

114  cases,  and  conclude  that  the  cases  are  too  few  to  warrant  elaborate  conclusions, 

but  that  it  is  probable  that  the  large  number  of  cases  occurring  in  males  (36)  of  20 

to  40  years,  and  in  females  (25)  of  somewhat  younger  age  (10  to  40),  is  due  to  the 

increased  exposure  to  infection  through  occupation  or  pleasure  taking  them  outdoors 

in  the  foothills  and  mountains  in  the  spring  of  the  year. 

Anderson  (1903c,  p.  9)  shows  that  of  121  cases  76  were  males  and  45  females,  the 

difference  in  number  in  the  two  sexes  being  probably  due  to  a   greater  liability  to 

exposure  on  the  part  of  men  on  account  of  occupation.  He  gives  the  ages  of  15  to 

50  as  being  most  liable  to  infection,  and  reports  18  months  as  the  youngest  and  74 

years  as  the  oldest  cases  recorded. 

The  Wilson  and  Chowning  table  (1903a,  p.  43)  of  114  cases  was 

increased  by  them  (1904a,  p.  36)  to  126  cases.  It  is  here  increased  to 

139  cases,  to  contain  the  Bitter  Root  Valley  patients  observed  in 

Aiigust-September,  1903,  and  in  the  1904  outbreak. 
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The  number  of  cases  for  Bridger  and  vicinity  is  not  sufficient!}^  large 
to  permit  of  comparison  by  age,  but  it  may  be  noted  that  12  were  in 
males  and  5   in  females. 

Age,  years. 

Males. 

Com- piled by 
Wilson 
and 

Chown- 

ing, 

1904a, p. 
36. 

Addi- tional. 

Females. 

Total. Com- 

piled by 
Wilson 
and 

Chown- 

ing. 

Addi- 

tional. 
1904a,  p. 

36. 

Deaths. 

Both  sexes. 

Total. Total. 

Deaths. Deaths. 

Inclusive  under  5. . . 
■6  to  10   
11  to  20   
21  to  30   
31  to  40   
41  to  50   
51  to  60   
61  to  80     
Not  stated   

Total   
59 

87  66 

50.0 
71.4 
70.0 
78.9 

80.0 75.0 

66.6 
100.0 

100.0 

75.9  j   47  j   28 

bl 

4   52 

100.0 

57.1 

45.4 60.0 

63.6 
50.0 50.0 

100.0 

0 

71.4 
64.2 
57.1 
72.4 
75.0 
70.0 
60.0 

100.0 

66.6 

32  61. 5 139 70.5 

a   Baskerville,  1903.  Merrick’s  case,  1903. 

This  table,  October  31,  includes  11  additional  cases  for  Bitter  Root  Valley,  1904. 

So  far  as  can  be  judged  from  these  statistics,  the  lethality  of  this 

disease  for  the  Bitter  Root  Valley  has  been  as  follows: 

Average  of  all  cases,  70.5  per  cent. 

Average  of  all  males,  75.9  per  cent. 
Average  of  all  females,  61.5  per  cent. 
For  females  from  11  to  20  years,  45.4  per  cent. 

For  males  under  5   years,  females  41  to  50  years,  and  51  to  60  j^ears,  50  per  cent. 
For  females  from  6   to  10  years,  and  all  cases  from  11  to  20  years,  57.1  per  cent. 

For  females  from  21  to  30  years,  and  all  cases  51  to  60  years,  60  per  cent. 
For  females  from  31  to  40  years,  63.6  per  cent. 

For  all  cases  from  6   to  10  years,  64.2  per  cent. 
For  males  from  51  to  60  years,  66.6  per  cent. 

For  males  from  11  to  20  years,  and  all  cases  from  41  to  50  years,  70  per  cent. 

For  all  cases  from  21  to  30  years,  72.4  per  cent. 
For  males  from  41  to  50  years,  and  all  cases  31  to  40  years,  75  per  cent. 

For  all  males,  average,  75.7  per  cent. 
For  males  from  21  to  30  years,  78.9  per  cent. 
For  males  from  31  to  40  years,  80  per  cent. 

For  males  from  61  to  80  years,  females  61  to  80  years,  all  cases  61  to  80  years,  and 
females  under  5   years,  100  per  cent. 

Comparison. — In  Texas  fever,  the  disease  attacks  both  sexes,  but  seems  to  be 

more  seldom  in  calves  than  in  adults;  Starcovici  says  that  cows  are  rarely  attacked 

with  hemoglobinuria,  and  that  the  disease  is  unknown  in  calves;  also  that  only 

adult  sheep  are  affected  with  carceag.  According  to  Robertson  (1901,  p.  327), 

canine  piroplasmosis  attacks  both  young  and  old  dogs;  Nocard  and  Motas  (1902, 

p.  275)  found  young  dogs  to  be  much  more  susceptible  than  adults. 
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OCCUPATIOX  OF  PATIENT. 

Idaho. — “Spotted  fever”  is  mostly  confined  to  teamsters,  who  camp  out  during 

the  summer  months  (Figgins,  1896,  p.  64).  Stockmen  in' general,  but  particularly 
sheep  men,  prospectors,  and  miners,  are  special  prey  of  this  disease,  as  their  occupa- 

tions take  them  into  the  mountains.  These  men  are  exposed  to  all  kinds  of  weather 

day  and  night,  sleep  on  damp  ground,  in  damp  beds,  their  meals  are  irregular,  their 

food  is  coarse  and  poorly  cooked,  and  proper  personal  cleanliness  seems  to  be  out  of 

the  question  (Maxey,  1899,  p.  434).  Spotted  fever  occurs  among  stockmen,  miners, 

and  other  mountaineers  (Medical  Sentinel,  1899,  p.  456). 

Montana. — Anderson  (1903c,  p.  8)  states  that  all  occupations  that  cause  the  person 
to  be  exposed  to  the  bite  of  ticks,  such  as  stockmen,  and  especially  sheep  herders, 

miners,  prospectom,  lumbermen,  ranchmen,  and  those  whose  duties  take  them  into 

the  brush,  are  subject  to  the  disease. 

Wilson  and  Chowning  (1902a,  p.  132;  1903a,  p.  12;  1904a,  pp.  34-35)  state  that  the 

population  of  the  Bitter  Boot  Valley  is  made  up  largely  of  fairly  well-to-do  ranchers, 
the  majority  of  whom  have  come  from  ̂ Missouri,  Georgia,  and  the  Carolinas.  They 

are,  as  a   rule,  cleanly  and  healthy.  The  lumber  industry  is  an  important  one,  and 

many  cases  of  spotted  fever  have  arisen  about  sawmills  and  on  ground  recently 
cleared  of  timber. 

Taking  the  occupations  as  given  by  Wilson  and  Chowning  for  cases  1 

to  121,  and  adding  others  reported  by  Anderson  (1903c)  and  those  col- 

lected for  the  Bitter  Root  Y alley  by  Ashburn  and  myself,  we  have  the 

following  data: 

Thirty-eight  patients  were  children,  or  boys  and  girls,  as  follows:  4   schoolboys,  4 
schoolgirls;  30  children,  occupation  not  given,  but  probably  most  of  them  lived  on 
farms. 

Twenty-six  patients  were  housewives  or  housekeepers,  probably  the  majority  on 
farms. 

Twenty  patients  were  connected  with  farms,  as  follows:  19  farmers  or  ranchmen, 

1   farmer’s  daughter. 
Sixteen  patients  were  connected  with  the  lumber  industry,  as  follows:  10  lum- 

bermen, 2   lumlDer  jacks,  1   lumber  cruiser,  1   sawmill  man,  1   business  man,  who  had 
been  at  a   sawmill. 

Eleven  patients  are  listed  as  laborers,  but  the  kind  of  labor  is  not  stated. 

Eleven  patients  are  not  listed  relative  to  their  occupation.  Two  patients  are  listed 

as  trappers;  2   patients  are  listed  as  prospectors;  4   patients  are  listed  (1  each)  as 

stonemason,  teamster,  miner,  and  telegraph  operator  (who  was  in  tlie  valley  on 

other  work  at  the  time. ) 

Two  female  patients  are  listed  (1  each)  as  nurse  and  school-teacher. 

Ill  this  list  it  is  striking  that  a   very  large  number  of  the  patients 

were  either  on  farms  or  connected  with  the  lumber  industry,  but  it 

should  be  remembered  that  farming  and  lumbering  are  the  chief  occu- 

pations in  the  valley;  hence,  other  things  being  equal,  these  occupa- 

tions would  be  expected  to  furnish  a   large  percentage  of  the  patients. 

In  Gates’s  statistics  the  following  occupations  are  given: 

Four  children  (2  boys,  2   girls),  1   house^\fife,  6   ranchmen,  1   sheep  herder,  1   stock- 
man,  1   trapper,  1   freighter,  1   nurse. 
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TYPES  or  CASES. 

Idaho. — The  type  of  the  disease  which  appears  in  Idaho,  as  described  by  Doctor 
Maxey,  is  apparently  very  much  milder  than  that  of  the  severe  form  appearing  in 
Montana,  though  all  cases  show  the  peculiar  eruption.  (Wilson  and  Chowning, 

1902a,  p.  132;  1903a,  p.  44;  1904a,  p.  37.) 

Montana. — Gwinn  (1902)  divides  the  cases  into  mild,  medium,  and  most  severe. 
Most  physicians  in  the  Bitter  Boot  Valley  who  have  had  experience  with  the  dis- 

ease recognize  but  one  type — a   severe  and  usually  fatal  form — the  principal  diagnos- 

tic feature  of  wdiich  is  the  “spots.”  Several  physicians  recognize  a   mild  type  in 
which  there  are  no  “spots.”  There  is  much  difficulty  in  the  accurate  diagnosis  of 
the  mild  type  and,  though  its  existence  must  be  recognized,  yet  during  the  investi- 

gations herewith  reported  all  of  the  examinations  except  1   were  made  on  cases  of 

the  severe  type.  (Wilson  and  Chowning,  1902a,  p.  132;  1903a,  p.  44;  1904a,  p.  36.) 

Some  of  the  physicians  in  the  Bitter  Boot  Valley  speak  of  cases  of  “local  infec- 

tion” with  “spotted  fever.”  Wilson  and  Chowning  (1903a,  p.  61)  report  one  such 
case,  but  do  not  include  it  in  their  statistics.  I   am  unable  at  present  to  admit  these 

cases.  (See  Stiles,  1905,  pp.  14-15). 
Comparison: 

Smith  and  Kilborne  (1893,  p.  15)  describe  for  Texas  fever  two  types,  an  acute 

fatal  type  and  a   mild,  rather  prolonged,  usually  nonfatal  type. 
For  canine  piroplasmosis,  acute  and  chronic  types  are  described. 

SYMPTOMATOLOGY. 

The  symptomatology  of  the  disease  under  consideration  has  been 

discussed  by  Wood  (1890),  Maxey  (1899),  McCullough  (1902),  Gwinn 

(1902),  Wilson  and  Chowning  (1902,  1903, 1904),  Anderson  (1903),  and 

Gates  (1903).  Wood  and  Maxey  have  described  the  symptoms  as  they 

are  observed  in  Idaho  and  the  other  authors  as  they  are  observed  in 

Montana.  As  no  one  has  as  yet  brought  all  these  observations 

together  it  may  be  well  to  do  so  at  this  time  in  connection  with  the 

symptoms  observed  in  Montana  in  1904. 

As  stated  in  the  introduction  (see  above,  p.  10),  my  trip  did  not 

contemplate  a   study  of  s3unptomatology ,.  but  it  naturall}^  became  nec- 

essary for  me  to  familiarize  mj^self  more  or  less  with  this  phase  of  the 
subject. 

The  symptoms  are  quite  well  marked  and  very  constant  (Maxey,  1899,  p.  435). 
All  symptoms  and  lesions  indicate  that  the  disease  is  due  to  a   specific  infection 

(Wilson  and  Chowning,  1903a,  p.  68;  1904a,  p.  43). 

Previous  Condition  of  Patient. 

Idaho. — Bowers  (1896,  p.  63)  refers  to  exposure  to  cold,  drafts,  and  dampness  as 
auxiliary  causes. 

Montana. — Gwinn  (1902)  says  that  at  least  90  per  cent  of  the  cases  give  a   history 

of  having  been  exposed  to  wet  or  cold,  or  both,  from  one-half  to  three  days  prior  to 
the  attack;  and  although  the  exposure  and  constipation  are  so  constant  a   feature  as 

to  be  apparently  operative  in  the  cause,  yet  little  stress  can  be  laid  upon  them  from 
the  fact  that  they  do  not  have  such  effect  at  other  times  of  the  year  or  in  other 

localities.  Wilson  and  Chowning  (1902a,  p.  132;  1903a,  p.  43;  1904a,  p.  35)  say  that 
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the  age  and  sex  and  general  health  of  the  patient  appear  to  have  no  part  in  deter- 
mining susceptibility  to  the  disease;  a   large  number  of  cases  give  a   history  of  recent 

exposure  to  wet  or  cold  or  of  overexertion  shortly  before  the  attack,  but  in  several 

cases  all  such  history  has  been  absolutely  excluded;  many  of  the  patients  have  suf- 
fered somewhat  from  indigestion  and  constipation  immediately  prior  to  the  attack, 

in  others  no  such  condition  existed. 

Period  op  Incubation. 

Idaho. — The  period  of  incubation  is  uncertain,  probably  10  to  21  days  (Bowers, 
1896,  p.  63)  . 

Montana. — Gwinn  (1902)  says  that  in  so  far  as  exposure  to  wet  and  cold  may  be  a 
cause,  the  onset  is  on  an  average  of  18  hours  after  exposure.  Anderson  (1903a,  p. 

21)  gives  the  incubation  as  3   to  10  days,  usually  about  7.  Wilson  and  Chowning 

(1904a,  p.  37),  arguing  on  the  theory  of  transmission  by  ticks,  sta^  that  though  all 
cases  occurring  in  1902  and  1903  gave  a   history  of  tick  bites  (see,  however,  p.  30) 
shortly  before  the  onset  of  the  symptoms,  only  the  following  cases  gave  a   clear  history 
of  a   definite  incubation  period : Days. 

Cases  94,  97, 117, 124, 125          2 
Case  96     3 

Case  119     5 

Case  116     6 

Case  112     7 
Case  115     8 

Cases  120, 121     2   to  5 

Several  of  the  cases  which  occurred  in  1904  give  points  of  com- 

parison upon  the  period  of  incubation. 

Arguing  on  the  tick  hypothesis,  it  may  be. noted  that: 

1904,  case  ̂    was  bitten  by  ticks  April  24,  and  fever  was  noticed  the  following  day.  | 

1904,  case  8   was  bitten  by  ticks  May  15,  and  was  taken  sick  the  following  day.  | 

1904,  Gates’s  case  15  started  for  Clarke  Fork  Canyon  May  29,  remaining  in  that  [ 
vicinity  about  4   days,  during  which  time  he  was  bitten  by  ticks  in  five  or  six  places;  j 

he  showed  first  symptoms  7   days  after  first  tick  bite.  ■ 

1904,  Gates’s  case  16  showed  symptoms  5   days  after  tick  bite.  j 

Not  arguing  on  the  tick  h}^pothesis,  it  ma}^  be  noted  that —   j 

1904,  case  3   moved  in  January  to  house  in  which  she  was  taken  sick  on  May  3,  i 

making  a   maximum  of  about  4   months  in  the  infected  locality  before  she  became  ill.  i 

1904,  case  10  left  Iowa  6   weeks  prior  to  onset,  5   of  these  6   weeks  being  spent  in  i 

Bozeman,  Mont. ;   thus  this  patient  was  in  Montana  a   maximum  of  6   weeks  prior  j 
to  illness.  1 

1904,  case  11  had  been  in  the  United  States  4   weeks,  in  the  Bitter  Root  Valley  19  ;i 

days,  and  at  the  house  where  she  was  taken  ill  14  days  prior  to  onset  of  the  | 
disease.  : 

1904,  Gates’s  case  16  was  taken  ill  about  7   days  after  he  visited  the  locality  in  which  j 
infection  is  supposed  to  have  taken  place;  and  ■, 

1904,  Gates’s  case  16  was  taken  ill  6   days  after  sleeping  with  a   case  (15)  in  its  initial  jj 
stage.  : 

These  data  would  indicate  that  either  upon  basis  of  the  tick  hy-  I 

pothesis  or  upon  basis  of  infection  by  some  other  unknown  method, 

the  disease  may  develop  within  6   days  after  exposure;  the  maximum  jj 
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and  minimum  time  between  exposure  and  onset  can  not  be  well 

established  from  the  data  now  at  our  disposal. 

Arguing-  upon  the  tick  hypothesis  it  would  seem  that  the  disease 
might  develop  within  a   day  after  exposure. 

Comparison. — Smith  and  Kilborne  (1893,  p.  15)  point  out  that  the  term  “period  of 

incubation”  is  used  in  two  different  senses  in  connection  with  Texas  fever.  In 

experimental  cases  of  Texas  fever  it  is  6   to  10  days  after  the  cattle  are  inoculated 

with  Texais  fever  blood,  the  time  depending  on  the  number  of  parasites  originally 

introduced,  the  predisposition  and  age  of  the  animals,  and  the  season  of  the  year. 

Starcovici  gives  about  14  days  as  incubation  period  for  hemoglobinuria,  and  “about 

8   days  (?)”  for  carceag.  For  canine  piroplasmosis  the  period  is  given  as  10  days 
from  the  date  of  visiting  a   tick  belt  (Kobertson);  Nuttall  found  it  to  be  13  to  21 

days  in  dogs  bitten  experimentally  by  ticks;  upon  subcutaneous  injection  the  period 

varies  from  3   to  10  days. 

Onset. 

Idaho. — During  incubation  there  is  a   slight  headache  and  a   feeling  of  lassitude 
and  inaptitude  for  work;  during  the  first  week  following  this  period  the  patient 

complains  of  chilly  feelings,  nausea,  loss  of  appetite,  intense  headache,  pain  in  the 

back  and  legs,  a   muscular  soreness  and  stiffness  of  the  entire  body,  and  he  takes  to 

bed  with  a   temperature  of  102°  to  105°  F.,  pulse  90  to  120  (Bowers,  1896,  p.  63). 
According  to  Collister  (1896,  p.  63)  many  cases  are  taken  suddenly  without  previous 

malaise,  some  with  a   severe  chill  and  others  with  more  or  less  chilly  shudderings 

frequently  referred  to  the  spinal  regions;  still  others  have  little  or  no  chill.  Dubois 

(1896,  p.  64)  says  that  there  is  usually  no  prodromal  stage  and  a   patient  is  stricken 

down  without  warning  with  severe  frontal  headache,  photophobia,  nausea,  lassitude, 

persistent  anorexia,  and  intensely  severe  pains  in  joints  and  muscles.  According  to 

Fairchild  (1896,  p.  62)  the  attack  is  sometimes  ushered  in  by  a   chill,  but  usually  by 

two  or  three  days  of  malaise,  with  severe  headache,  particularly  in  the  back  part; 

also  shooting  pains  throughout  the  body  and  limbs,  usually  more  severe  in  the 

bowels  and  back;  the  pain  is  neuralgic  in  type.  Figgins  (1896,  p.  64)  states  that  the 

disease  begins  with  a   chill,  pains  in  the  extremities,  muscular  soreness,  and  fever, 

the  temperature  ranging  from  100°  to  105°  F.,  pulse  100  to  120.  Springer  (1896, 
p.  61)  says  there  is  a   feeling  of  malaise  for  a   few  days,  followed  by  a   chill;  the  fever 

then  sets  in,  ranging  from  103°  to  105°  F.  According  to  Sweet  (1896,  p.  61)  the 
onset  is  usually  accompanied  by  severe  break-bone  pains.  According  to  Zipf  (1896, 

p.  65)  the  onset  is  sudden,  with  high  fever,  violent  headache,  coated  tongue,  back- 
ache, and  flushed  face.  Maxey  (1899,  p.  435)  states  that  the  patient  first  notices  a 

general  malaise,  loss  of  appetite,  and  flashes  of  heat  and  cold,  but  no  marked  chill; 

the  bones  and  muscles  soon  begin  to  ache,  and  by  the  second  day  the  patient  feels 

sick  enough  to  take  to  his  bed;  he  already  feels  very  weak  and  depressed,  and  pains 

in  the  back,  in  the  joints  and  muscles  of  the  extremities,  and  in  the  head  become 

quite  severe;  the  bowels  are  constipated. 

Montana. — In  a   few  cases  the  disease  seems  to  be  preceded  by  a   prodromal  period 

of  malaise  for  a   few  days;  the  attack  comes  on  by  either  a   well-marked  chill  or  chil- 

liness, simultaneous  with  fever,  general  aching  and  soreness  of  the  entire  body,  and 

a   flushed  dusky  red  color  of  the  skin.  The  chilliness,  although  most  severe  at  the 

onset,  often  continues  more  or  less  throughout  the  attack,  coming  on  at  intervals — 

generally  mornings — and  becoming  lighter  day  after  day  until  within  a   week  or  so  the 
chills  seem  but  little  more  than  chilliness  from  light  covering  (Gwinn,  1902) . 

According  to  McCullough  (1902,  p.  226),  the  onset  may  be  marked  by  a   sudden 

and  severe  chill  and  dizziness,  with  high  fever  following,  associated  with  intense 

soreness  seemingly  of  the  entire  muscles  of  the  body,  or  it  may  come  on  insidiously. 
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a   feeling  of  malaise  for  a   few  days,  gTadnally  growing  worse  and  merging  into  a   well- 

defined  ‘   ‘   bone  ache '   ’   and  slight  chilly  sensations,  mostly  in  the  morning. 
Wilson  and  Chowning  1902a,  p.  132)  say  that  many  of  the  cases  are  preceded  by 

a   short  period  of  malaise;  this  is  followed  by  a   marked  chill,  which  is  usnally  most 

severe  at  the  beginning  of  the  attack  and  recurs  at  irregular  intervals,  though  with 

decreasing  severity;  at  the  onset  there  is  a   severe  aching  in  the  bones  and  muscles, 

with  pain  in  the  back  and  joints;  the  patient  is  usually  very  weak  and  the  headache 

may  be  severe:  constipation  at  this  period  is  usually  present;  there  is  considerable 

restlessness;  a   bronchial  cough  is  frequently  present;  the  urine  is  small  in  amount 

and  highly  colored;  albumen  is  sometimes  present;  the  skin  is  dry  and  the  tongue, 

even  at  the  onset,  is  thickly  coated;  the  coat  at  first  is  white,  but  it  becomes  brownish 

as  the  fever  increases,  while  the  tongue  becomes  dry  and  cracked;  sordes  appear 

early,  and  may  1)e  quite  pronounced;  indeed,  the  whole  facies  in  these  respects  is 

like  typhoid.  Wilson  and  Chowning  1904a,  p.  37  )   also  rejx^rt  that  cases  Xos.  94, 

96,  97,  115,  116,  117,  119,  and  120  gave  a   history  of  soreness  about  the  tick  bite  and 

pains  radiating  therefrom  which  continue<i  until  the  initial  chill. 

According  to  Anderson  (1903a,  p.  50;  1903c,  p.  21),  the  patient  may  have  chilly 

sensations,  malaise,  and  nausea  for  a   few  days,  then  there  is  a   distinct  chill,  and  the 

pei-son  takes  to  bed;  there  is  some  pain  in  the  back  and  head,  soreness  of  the 
muscles  and  bones,  causing  a   sensation  as  if  the  limbs  were  in  a   vise;  bowels  con- 

stipated; tongue  with  heavy  white  coat,  red  edge  and  tip;  conjunctivse  congested, 

becoming  yellowish;  urine  usually  small  in  amount,  with  albumen  and  a   few  casts; 

slight  bronchitis  after  a   few  days;  nose  bleed,  sometimes  quite  severe,  is  always 

present.  In  case  74  1903a,  p.  15)  the  symptoms  were  about  three  days  in  reaching 

their  height. 

CoMPAnisox. — In  Texas  fever  the  fever  usually  precedes  the  outward  symptoms 
by  several  days:  pulse  and  respiration  rise  with  the  temperature:  loss  of  appetite 

always,  and  ces.sation  of  rumination  usually  accompany  the  high  fever  after  the 

third  or  fourth  day. 

Hemoglobinuria  begins  with  exhaustion,  loss  of  appetite,  and  fever;  carceag  with 

chill,  exhaustion,  and  fever.  Canine  piroplasmosis  is  ushered  in  by  a   fever  and  loss 

of  appetite,  followed  by  increasmg  prostration,  ending  in  complete  helplessness. 

DrsATiox. 

Idaho. — The  period  of  incubation  is  uncertain,  probably  10  to  21  days:  from  the 
apfiearance  of  prodromal  symptoms  until  convalescence,  12  to  20  days;  average  period 

of  convalescence,  1   month,  very  iufrecjuently  several  months;  in  1   case,  2   years elapseil 

Ijefore  sunlight  was  lx)rne  without  intense  cephalalgia  (   Bowers,  1896,  p.  63).  Accord- 

ing to  Figgins  1896,  p.  64 )   the  duration  is  14  to  42  days,  the  eruption  showing  for  4 

or  5   months  after  the  patient  is  up  and  around,  especially  when  subject  to  heat  or 

physical  exercise.  Fairchild  ( 1896.  p.  62 )   gives  the  duration  as  14  to  28  days.  Springer 

(1896,  p.  61)  reports  duration  as  2   to  3   weeks.  Sweet  1896,  p.  61 »   states  that  the 

duration  is  3   weeks  to  3   or  4   months,  i.  e.,  although  the  fever  may  not  last  longer  than 

21  days,  the  lesions  may  continue  for  months.  The  disease  usually  terminates  in 

course  of  2   or  3   weeks  by  lysis,  usually  in  recovery  Medical  Sentinel,  1899,  p.  457). 

Montana. — Gwinn  il902  >   reports  that  one  case  persisted  3   months  before  recovery. 

CTiites  (1905)  reports  convalescence  in  14  of  his  17  cases  as  follows: 

In  a   few  days.  1   case:  10  days.  1   case:  12  days.  2   cases;  14  days,  1   case: 

15  days,  1   case:  IS  days.  1   case:  20  days.  1   case:  21  days.  1   case:  22 

days.  2   cases:  about  25  days.  1   case:  28  day.'?.  1   case:  not  given,  1   case. 
See  also  Deaths,  page  S9. 

In  the  2   Bitter  Boot  Valiev  recovery  eases  of  19<»4  1   (Xo.  4)  was 
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taken  sick  about  May  8   and  was  able  to  sit  up  May  21,  thus  giving  a 

duration  of  13  days  from  onset  to  convalescence;  1   (No.  10)  noticed 

first  symptoms  June  2   and  was  discharged  from  the  hospital  June  17, 

giving  a   duration  of  15  days. 

Comparison. — Extremely  acute  cases  of  canine  piroplasmosis  may  last  only  24 

hours,  but  it  appears  more  often  to  last  3   to  6   days;  subacute  cases  last  about  10  days; 
chronic  cases,  21  to  62  days.  Starcovici  states  that  in  hemoglobinuria  the  fever  lasts 
about  5   days.  In  Texas  fever  the  continuous  high  temperature  rarely  lasts  longer 
than  8   to  10  days. 

Epidemic  Character. 

Under  the  heading  ‘‘Seasonal  distribution”  (p.  32)  it  is  shown  that 
spotted  fever  occurs  chiefly  during  the  spring  months  and  in  certain 

localities,  and  on  page  44  it  is  shown  that  all  authors  agree  that  it  is 

not  contagious.  The  question  naturalU  arises  as  to  the  distribution  of 

cases  b}^  families. 

Idaho. — Bowers  (1896,  p.  63)  states  that  spotted  fever  occurs  sporadically.  Fig- 
gins  (1896,  p.  64)  says  that  he  has  seen  it  in  families  who  used  water  from  springs 
and  where  the  entire  family  had  the  disease.  In  the  experience  of  Fairchild  (1896) 

the  cases  have  been  sporadic,  and  it  is  exceptional  to  find  more  than  1   or  2   cases  in 

the  same  house.  Sweet  (1896),  how’ever,  says  that  frequently  several  cases  occur  in 

a   household,  again  only  a   single  case.  This  latter  fact  is  often  due  to  the  patient’s 
returning  home  ill  after  sojourning  in  another  place  up  to  the  malaise. 

Montana. — It  is  common  for  quite  a   number  of  the  patients  to  come  down  with  the 
disease  near  the  same  time;  then  perhaps  there  will  be  a   respite  for  a   week  or  ten 

days,  when  there  will  be  a   number  of  other  almost  simultaneous  attacks  in  the 

neighborhood.  If  upon  further  investigation  this  proves  true  it  may  be  significant 

in  detecting  the  cause.  (Gwinn,  1902.) 
According  to  Wilson  and  Chowning  (1903a,  p.  68;  1904a,  p.  43),  in  no  instance  have 

two  or  more  persons  with  the  same  food  or  water  supply  been  simultaneously  stricken 
with  the  disease. 

In  no  instance  which  Ashburn  and  I   saw  personally  was  there  more 

than  one  patient  in  the  same  house,  but  the  following  cases  are  inter- 

esting, and  possibl}"  important,  in  this  connection: 

Cases  45  and  46  (Doctor  Gwinn’s  patients  in  1899)  were  two  chil- 

dren, 3   and  5   3"ears  old,  respectively  (Wilson  and  Chowning,  1903a, 
p.  34).  Gwinn  writes  me  that  he  believes  some  confusion  has  arisen 
in  connection  with  the  dates  of  these  two  cases. 

Cases  113  and  114  (Doctor  Heine’s  patients  at  Butte  in  1893)  were 
husband  and  wife  (Anderson,  1903c,  p.  16).  They  were  living  together, 

and  one  was  taken  sick  ten  da}’s  later  than  the  other. 
In  1903  there  occurred  3   cases  (father  and  two  sons)  of  illness  in  the 

famiU  of  A.  M.,  on  Lo  Lo  Creek.  None  of  these  cases  is  reported 

either  b}-  Wilson  and  Chowning  or  by  Anderson: 

One  boy  was  sick  with  a   disease  which  his  mother  supposed  was  “spotted  fever.” 
His  father  went  to  town  to  obtain  medicine  for  the  boy,  and  encountering  a   storm  he 

became  thoroughly  “wet  through.”  The  father  was  then  taken  sick  and  was  seen 
at  the  hotel  in  Missoula  by  Doctors  Gwinn  and  Wilson.  Doctor  Gwinn  informs  me 
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that  the  father’s  case  was  one  of  spotted  fever.  A   second  son  was  also  taken  sick, 

according  to  his  mother,  also  with  “   spotted  fever.”  In  case  these  patients  all  had 
“   spotted  fever,”  we  here  have  an  instance  in  which  3   cases  occurred  in  one  and  the 
same  family  during  the  same  spring,  all  the  patients  living  in  the  same  room  in  a 

cabin  and  at  least  two  of  the  patients  being  sick  at  the  same  time.  It  must,  how- 

ever, be  recalled  that  although  I   have  the  mother’s  statement  to  the  effect  that  all 

three  had  “spotted  fever,”  and  although  this  diagnosis  is  accepted  as  correct  by  the 
neighbors,  we  have  a   physician’s  opinion  in  regard  to  only  one  of  the  cases. 

Not  far  from  the  farm  on  which  these  cases  occurred  is  the  house 

in  which  (1904)  case  5   occurred.  Ashburn  and  I   visited  this  house 

and  obtained  the  information  that  at  least  one  other  case  of  “spotted 

fever,”  and  possibly  still  a   third  case,  had  occurred  in  this  same  house, 

but  the  3   cases  were  not  simultaneous,  and  onh^  1   of  them  occurred 
in  1904. 

On  page  23  (see  above)  mention  is  made  of  a   husband  and  wife  who 

both  had  spotted  fever  at  the  same  time  (1900)  in  Boise.  Doctor 

Bradbury  writes  me  that  the  wife  was  taken  ill  at  10  a.  m.  and  the 

husband  was  taken  ill  at  5   p.  m.,  the  same  day. 

Gates  (1905,  p.  112)  reports  two  cases  (15  and  16)  in  husband  and 

wife,  in  1904;  the  wife  was  taken  ill  about  6   da}^s  later  than  the 
husband. 

Comparison. — Texas  fever  appears  suddenly  and,  as  a   rule,  at  about  the  same  time 

in  all  animals  of  a   herd  which  have  been  exposed  to  the  same  infection  together. 

In  hemoglobinuria  all  of  the  cases  of  disease  last  in  a   given  place  scarcely  longer  than  , 

14  days,  then  the  outbreak  disappears. 

Is  “Spotted  Fever”  Contagious?  | 

Idaho. — The  disease  is  not  contagious  (Bowers,  1896,  p.  62;  Sweet,  1896;  Maxey,  | 

1899,  p.  433;  Medical  Sentinel,  1899,  p.  457).  j 
Montana. — Authors  writing  for  Montana  admit  that  there  is  no  evidence  that  the 

disease  is  contagious  (McCullough,  1902,  p.  225;  Gwinn,  1902;  Wilson  and  Clio wning,  j 
1902a,  1903a,  1904a;  Anderson,  1903a,  c).  Wilson  and  Chowning  (1903a,  p.  68;  i 

1904a,  p.  43)  state  that  there  is  not  even  a   suspicion  [see,  liowever,  above,  p.  23]  of  ! 

its  ever  having  been  transferred  directly  from  one  human  being  to  another,  except  ' 
in  one  instance,  in  which  an  infant  (case  No.  17),  born  while  the  mother  was  suf-  | 
fering  from  the  disease,  developed  marked  purjiura  on  the  second  day  after  birth. 
This  child  (case  No.  17)  was  born  4   days  before  the  death  of  the  mother;  early  on 

the  second  morning  after  birth  the  physician’s  (Doctor  Coughenour)  attention  was 

called  to  the  child’s  fever  and  jaundiced  appearance;  the  babe  had  but  few  spots  and  ! 
began  to  recover  on  the  ninth  or  tenth  day  of  his  sickness  (Wilson  and  Chowning, 

1903a,  p.  33;  Anderson,  1903c,  p.  13).  i 

Regarding  the  noncontagious  character  of  “spotted  fever,”  all  infor-  ; 
mation  which  Ashburn  and  I   obtained  in  the  Bitter  Root  Valley,  as  i 

well  as  our  own  personal  experience,  are  in  accord  with  the  generally  j 

accepted  view.  See,  however,  the  discussion  on  page  23,  which  seems  | 

to  open  up  the  question  as  to  whether  the  malad}^  is  not  contagious  i 
under  some  circumstances.  J 

»   .   _   .1 

Comparison. — None  of  the  known  piroplasmatic  diseases  are  directly  contagious,  j 

but  they  must  first  pass  through  a   tick,  between  two  successive  patients.  ' 
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Position  in  Bed. 

Owing  to  the  muscular  and  articular  soreness,  the  patients  lie  in  a   position  of 

general  flexion  for  hours  without  moving  (Bowers,  1896,  p.  64). 

See  also  Kestlessness,  page  75. 

Odor. 

There  is  a   peculiar  urinous  odor  to  maii}^  of  the  patients,  even  when 
the  greatest  care  and  cleanliness  are  exercised  in  nursing  them.  This 

odor  was  especially  marked  in  1904  in  cases  2,  3,  7,  and  11. 

In  case  12,  upon  removing  the  clothing,  the  odor  of  the  body  led  the 

ph3^sician  to  ask  the  patient  whether  he  had  ever  had  measles,  to 
which  he  replied  in  the  affirmative. 

Skin. 

GENERAL  CONDITION. 

Idaho. — During  the  first  week  the  skin  is  usually  dry,  later  it  is  somewhat  moist, 
and  night  sweats  are  common  during  the  third  week  (Bowers,  1896,  p.  63).  Collister 

states  that  the  skin  shows  no  abnormal  appearances.  According  to  Figgins  (1896, 

p.  64)  it  is  swollen  and  sensitive  to  the  touch.  Maxey  (1899,  p.  435)  describes  the 

skill  as  dry  and  harsh. 

Montana. — Gwinn  (1902)  speaks  of  the  flushed,  dusky-red  color  of  the  skin;  if 
it  is  pressed  while  in  a   congested  condition,  it  appears  blanched  upon  removal  of 

the  fingers  and  is  much  slower  in  regaining  its  color  than  in  health;  this  fact  being 

true,  in  spite  of  the  strong  pulse,  leads  Gwinn  to  believe  that  the  blood  current  is 

obstructed  in  the  capillaries,  and  this  belief  is  supported  also  bv  the  nature  of  the 

eruption,  the  oft-occurring  gangrene,*  and  the  really  thick  unoxygenated  blood; 
whether  this  obstruction  be  due  to  changes  or  to  alteration  in  the  blood  is  hard  to 

determine,  but  Gwinn  inclines  to  the  latter  explanation;  in  addition  to  the  eruption, 

the  skin  takes  on  a   congested,  jaundiced  color;  the  congested  and  cyanotic  condition 

of  the  skin  causes  a   bloated,  stupid  expression  of  the  face  in  most  cases,  which  is  a 

very  diagnostic  symptom.  Gwinn  also  states  that  at  the  beginning  of  the  second 

week  there  may  be  noticed  a   glazed  appearance  of  the  skin  which,  upon  close  exami- 
nation, is  found  to  be  due  to  epithelium  coating;  it  begins  to  scale  up  and  shed  off 

at  the  beginning  of  the  third  week. 

Wilson  and  Chowning  (1902a,  p.  132;  1903a,  p.  62;  1904a,  p.  37)  describe  the  skin 

as  dry;  there  is  a   peculiar  ashy  paleness  present,  more  readily  observed  in  children 

and  women,  a   few  days  before  death  (1902a,  p.  132;  1903a,  p.  63;  1904a,  p.  38);  about 

the  second  week,  ordinarily,  the  skin  presents  a   glazed  ajjpearance. 

Anderson  (1903a,  p.  33)  speaks  of  the  lividity  on  dependent  portions  of  skin  and 

thighs  (case  120);  he  also  refers  (1903c,  p.  38)  to  a   marbled  appearance  of  the  skin. 

Gates  (1903,  p.  48)  reports  hot  and  dry  skin  in  one  case;  he  later  (1905,  p.  Ill) 

reports  the  skin  as  very  dry  in  an  additional  case  (1903,  case  11). 

SPOTS. 

LOCATION, 

Idaho. — The  spots  first  appear  about  the  ankles  and  wrists,  and  by  the  end  of  the 

first  week  they  have  extended  over  the  entire  body.  (Bowers,  1896,  p.  63.)  Accord- 

ing to  Collister  (1896,  p.  63)  they  first  appear  on  the  feet  and  from  there  spread  over 

the  body.  Dubois  (1896,  p.  64)  states  that  they  first  appear  on  the  palms  of  the 

hands  and  extend  from  there  over  the  body.  Fairchild  (   1896)  reports  that  they  first 

are  seen  on  the  legs  and  arms,  and  soon  cover  the  whole  body,  Fairchild  ( 1896)  says 
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that  the  eruption,  in  many  cases,  invades  the  eyes,  making  them  very  sensitive  to 

light.  According  to  Figgins  (1896,  p.  64)  the  spots  first  affect  the  face  and  hands, 

then  the  trunk,  and,  finally,  the  extremities.  Maxey  (1899,  p.  436)  states  that  the 

eruption  fii-st  shows  itself  on  the  wrists  and  ankles,  next  on  the  forehead  and  chest, 
and  in  24  to  36  hours  spreads  over  the  entire  surface  of  the  body;  even  the  palms  of 

the  hands,  soles  of  the  feet,  and  the  scalp  are  spotted. 

IMoxtaxa. — The  spots  are  first  discernible  on  the  back,  requiring  about  24  hours  to 

appear  over  the  remainder  of  the  body.  (Gwinn,.1892. )   McCullough  says  that  they 

first  appear  more  frequently  upon  the  back,  or  simultaneously  with  ankles  or  wrists, 

and  extend  over  the  entire  body. 

According  to  Wilson  and  Chowning  (1902a,  p.  132;  1903a,  p.  62;  1904a,  p.  38)  the 

eruption  appears  first  about  the  wrist  and  ankles  or  back.  It  then  extends  over  the 

entire  body,  the  abdomen  usually  being  last  involved.  Sometimes  it  spreads  very  rap- 
idly, the  entire  surface  being  covered  in  12  hours,  but  more  usually  one  or  two  days 

pass  before  it  reaches  the  maximum.  The  scalp,  palms  of  the  hands,  and  soles  of  the 

feet  are  frequently  covered  with  the  rash.  Occasionally,  though  perhaps  rarely,  pur- 
plish spots  are  found  on  the  mucous  membrane  of  the  inside  of  the  cheeks. 

Anderson  (1903c,  pp.  22,  38,  39)  states  that  the  spots  appear  first  on  the  wrists  and 

ankles,  then  on  the  arms,  legs,  forehead,  back,  chest,  and,  last  and  deast,  on  the 

abdomen.  They  are  never  abundant  on  the  abdomen,  but  other  portions  of  the  body 

are  in  some  cases  literally  covered  by  the  eruption.  They  are  most  abundant  on  the 

wrists,  ankles,  arms,  and  back  (post-mortem).  The  abundance  of  the  spots  apparently 
bears  no  relation  to  the  severity  of  the  attack. 

Gates  (1903,  p.  49)  records  a   case  where  the  spots  first  appeared  on  the  buttocks, 

back,  and  thighs;  the  face  was  only  slightly  affected;  and  another  case  in  which  the 

spots  appeared  on  the  forehead,  back  of  hands,  wrists,  and  ankles.  Later  he  (1905, 

p.  Ill)  reports  for  his  case  11  that  the  spots  first  appeared  on  the  palms  of  the  hands 

and  on  the  feet,  and  they  invaded  the  scalp  in  this  case.  In  case  15  the  spots  appeared 

first  on  feet  and  hands.  In  case  16  they  appeared  first  on  feet,  ankles,  hands,  and 
wrists. 

TIME  OF  APPEAR.A.XCE.  | 

Idaho. — The  eruption  appears  during  the  first  week  about  the  fourth  or  fifth  day  of  , 
the  attack  (Bowers,  1896,  p.  65)  and  matures  during  the  second  week.  Accord!  g 

to  Dubois  (1896,  p.  64)  it  appears  early,  within  48  to  72  hours.  Fairchild  (1896) 

reports  its  appearance  about  the  third  or  fourth  day;  Figgins  (1896,  p.  64)  from  the  ! 

third  to  the  fifth  day;  Springer  (1896,  p.  61)  from  the  second  to  the  fifth  day;  Sweet  j 

(1896)  says  the  eruption  appears  within  1   to  3   days;  Maxey  (1899,  p.  436)  says  the 

spots  appear  on  the  third  to  the  seventh  day  of  the  fever. 

Montana. — The  spots  usually  appear  about  3   days  after  the  beginning  of  the  sick- 
ness, but  a   few  cases  show  no  eruption  until  late,  or  a   few  hours  before  death  (Gwinn, 

1902).  According  to  McCullough  (1902,  p.  226)  they  usually  appear  upon  the  third 

to  the  sixth  day.  Wilson  and  Chowning  (1902a,  p.  132;  1903a,  p.  62;  1904a,  p.  37-38) 
give  more  exact  statistics  on  this  subject;  in  their  last  summary  (1904a)  they  say  that 

the  eruption  usually  begins  from  the  second  to  the  fifth  day  after  the  chill;  in  126  cases 

collated,  the  eruption  appeared  on  the  second  day  in  11  cases,  on  the  third  in  65,  on 

the  fourth  in  22,  on  the  fifth  in  7,  on  the  sixth  in  3,  on  the  .seventh  in  2,  on  the 

eighth  in  2   (both  doubtful),  on  the  ninth  in  2,  and  on  unknown  dates  in  12  cases. 

Anderson  (1903a,  p.  507;  1903c,  p.  22)  says  that  the  spots  usually  appear  on  the 

third  day. 

Gates  (1905,  p.  114)  reports  the  eruption  as  appearing  on  tne  second 

or  third  da.y  in  1   case,  third  day  in  1   case,  third  or  fourth  day  in  1 

case,  fourth  day  in  5   cases,  fifth  day  in  3   cases,  sixth  day  in  1   case;  no 
record  in  5   cases. 
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In  the  Bitter  Root  Valley  cases  of  1904  the  spots  were  first  noticed  2 

days  after  the  first  chill  in  1   case,  2   da^^s  after  initial  ferer  in  1   case, 

third  da}"  after  first  chill  in  1   case,  fourth  da}"  after  chill  in  3   cases, 
fourth  day  after  initial  symptoms  in  1   case,  record  incomplete  in 

remaining  cases. 

DURATION. 

Idaho. — Bowers  (1896)  says  that  the  spots  reach  the  stage  of  absorption  and  des- 

quamation in  8   to  21  days.  They  disappear  slowly  during  the  period  of  absorption, 

which  is  very  variable — a   few  weeks  to  several  months.  After  Collister  (1896,  p.  63), 
they  can  be  seen  for  weeks,  sometimes  for  months,  after  recovery,  especially  if  the 

patient  becomes  a   little  chilly.  Dubois  (1896,  p.  64)  says  that  they  fade  slowly  and 

maybe  discerned  weeks  after  convalescence  has  set  in.  Fairchild  (1896)  reports 

that  the  eruption  continues  throughout  the  disease  or  until  convalescence  is  fairly 

established,  when  it  gradually  fades.  When  exposed  to  cold  the  remains  of  the 

spots  can  be  seen  for  months  after  complete  recovery.  Springer  (1896,  p.  61)  agrees 

that  the  eruption  continues  throughout  the  attack.  It  is  faintly  visible  often  for 

many  weeks,  and  is  visible  even  after  convalescence,  especially  if  the  surface  becomes, 

chilled;  there  is  considerable  irregularity  regarding  its  disappearance.  After  Zipf 

(1896,  p.  65),  the  spots  stay  out  even  after  the  patient  feels  well  again.  Maxey 

(1899,  p.  436)  says  that  as  the  fever  declines  the  spots  fade,  but  any  temporary 

exacerbation  of  fever  or  free  perspiration  will  freshen  them  temporarily,  and  a 

characteristic  feature  of  this  disease  is  that  for  several  weeks  after  the  fever  has  sub- 

sided the  spots  will  show  under  the  skin  after  a   warm  bath  or  active  exercise. 

Montana. — The  spots  fade  as  the  fever  subsides,  but  may  not  entirely  disappear 
for  weeks  or  months  after  convalescence  is  established  (Wilson  and  Chowning,  1902a, 

p.  32;  1903a,  p.  63;  1904a,  p.  38).  Anderson  (1903a,  p.  507;  1903c,  p.  23)  says  that 

the  spots  fade-  as  the  fever  declines,  but  show  distinctly  on  slight  return  of  fever  or 

free  perspiration.  Warm  baths  produced  spots  10  months  after  recovery. 

Gates  (1905,  p.  115)  reports  that  the  spots  were  visible  4   months 

after  recovery  in  his  case  2   (1898),  and  in  case  15  (1904)  many  -spots 
were  still  visible  6   weeks  after  the  temperature  reached  normal. 

CHARACTER. 

Idaho. — According  to  Bowers  (1896,  p.  63)  the  spots  are  due  to  a   sanguineous 

exudate,  probably  into  or  beneath  the  corium;  they  have  a   characteristic  red  color; 

on  their  first  appearance  they  are  one-eighth  to  one-fourth  inch  in  diameter,  and 

disappear  momentarily  on  pressure;  in  3   or  4   days  they  enlarge  one-fourth  to  one- 
third  inch  in  diameter,  become  papular,  and  are  modified  only  slightly  on  pressure. 

In  fatal  cases  they  turn  dark  purple  before  death.  Collister  (1896,  p.  63)  describes 

the  eruption  as  flat,  rosy-red  papules  about  one-sixth  inch  in  diameter;  when  they 

are  pressed  upon,  especially  soon  after  they  have  formed,  their  color  disappears,  but 

later  they  do  not  disappear  on  pressure.  Dubois  (1896,  p.  64)  refers  to  the  spots  as 

fine,  red,  round  papules  of  an  erythematous  nature.  “The  term  exanthesis  rosalia 

arthrodynia  more  nearly  expresses  the  disease  than  spotted  fever.”  Fairchild  ( 1896) 
describes  the  eruption  as  hemorrhagic  in  appearance;  the  spots  vary  in  size  from 

one-eighth  to  one-half  an  inch  in  diameter;  sometimes  they  coalesce,  covering  a 

large  surface;  they  do  not  disappear  on  pressure.  Figgins  (1896,  p.  64)  refers  to  the 

spots  as  raised,  first  of  light-red  color,  assuming  a   dark-purple  hue  as  the  disease 

progresses;  eruptive  patches  one-fourth  to  1   inch  in  diameter,  mostly  of  circular 

form.  According  to  Springer  (1896,  p.  62)  the  eruption  does  not  fade  on  pressure  and 

in  many  cases  there  are  large  areas  of  almost  black  (hemorrhagic)  skin,  especially  in 
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front  of  the  tibia;  the  spots  vary  in  size,  averaging  about  one-eighth  inch  in  diam- 
eter; they  appear  over  the  entire  body,  are  papular,  evidently  extravasation  of  blood 

beneath  the  skin,  fading  to  a   faint  blue  in  4   to  30  days;  they  often  remain  for  months 
as  faint  blue  indurated  spots  on  exposure  to  cold.  According  to  Zipf  (1896,  p.  65) 

the  spots  are  red  in  the  center  and  blue  at  the  margin.  Maxey  (1899,  p.  436)  states 
that  on  first  appearance  the  spots  are  a   bright  rose  color,  round,  unelevated,  and 

vary  in  size  from  that  of  a   pin  head  to  that  of  a   split  pea;  on  pressure  they  disap- 

pear, but  return  quickly  when  released  from  pressure;  they  may  or  may  not  be  ten- 
der; pathologically  the  eruption  appears  to  be  an  extravasation  of  blood  into  the 

deeper  layers  of  the  skin. 

MontcAim. — The  eruption  has  the  color  and  at  a   distance  appears  very  much  like 
measles,  hut  it  is  unlike  the  latter  in  being  macular;  when  first  out  the  macules 

almost  disappear  on  pressure;  they  are  often  situated  at  a   hair  follicle,  and  they  vary 

in  size — when  the  eruption  is  new,  from  a   pin  head  up  to  a   split  pea;  gradually  the 

macules  become  darker,  assuming  a   purple  or  dark-blue  color,  becoming  harder  and 
harder  to  eliminate  by  pressure;  they  increase  in  size  so  that  many  of  them  become 

confluent  in  places,  j^roducing  a   mottled  appearance;  after  they  become  dark  they 
have  exactly  the  appearance  of  a   hemorrhage  under  the  skin;  hut  whether  or  not 

they  are  a   true  diapedesis  Gwinn  (1902)  is  unable  to  say.  McCullough  (1902,  p.  226) 
refers  to  .the  resemblance  to  a   turkey  egg,  caused  by  the  spots;  the  spots  also  vary 

and  “may  be  seen  in  the  form  of  a   petechia  extending  to  a   decided  ecchymosis  upon 

an  area  of  the  body  the  hand  would  cover;”  the  macules  partially  disappear  under 
pressure  early  in  the  eruptive  stage,  but  later  they  become  permanent  and  take  on  a 
darker  hue,  losing  the  pink  tinge  that  predominates  when  the  eruption  first  appears. 

According  to  Wilson  and  Chowning  (1902a.  p.  132;  1903a,  pp.  62-63;  1904a,  p.  38) 
the  macules  are  at  first  rose  colored  and  consist  of  circular  spots,  varying  in  size  from 

1   to  5   mm.  in  diameter;  they  are  not  elevated;  at  first  they  disappear  on  pressure, 

but  quickly  reappear;  they  are  sometimes  tender  to  the  touch;  the  appearance 

ordinarily  rapidly  changes,  the  macules  becoming  permanent,  assuming  a   dark-blue 
or  purplish  color,  and  increasing  in  size  until  by  confluence  a   mottled  or  marbled 

appearance  may  be  given  to  the  skin,  especially  on  the  dependent  portions;  in  some 
cases  the  marbling  covers  the  entire  body;  the  color  now  no  longer  disappears  on 

pressure;  in  some  cases  the  eruifiion  at  no  time  becomes  confluent  and  only  small 

brownish  or  purplish  petechi?e  may  l)e  present,  giving  a   speckled  appearance  which  j 

has  Ijeen  likened  to  that  of  a   turkey’s  egg. 
Anderson  (1903a,  p.  507;  1903c,  p.  22)  says  that  at  first  the  spots  are  of  a   bright 

red  color,  macular  at  all  times,  from  a   pin  point  to  a   split  pea  in  size;  at  first  they 

disappear  readily  on  pressure  and  return  quickly,  but  if  the  case  is  a   severe  one  they  i 
soon  become  darker,  and  in  some  cases  are  almost  purple;  from  about  the  sixth  to 

the  tenth  day  of  the  disease  they  fail  to  disappear  on  pressure  and  are  distinctly 

petechial  in  character;  in  favorable  cases,  about  the  fourteenth  day  they  begin  to  D| 
lose  their  petechial  character  and  disappear  slowly  on  pressure;  in  some  cases  the  n 

eruption  consists  of  small,  brownish  spots,  giving  a   turkey  egg  appearance;  Koplik’s 
spots  are  not  present  (Anderson,  1903c,  p.  36).  Gates  (1903,  p.  49)  in  describing  a 
case  says  that  the  petechiae  increased  in  size  and  number  very  rapidly  during  the 

first  2   weeks,  forming  large,  irregularly  shaped  spots  from  the  size  of  a   little  finger 

nail  to  spots  one-half  by  one-half  inch  in  diameter;  they  darkened  in  color,  becoming  ; 
bluish,  with  surrounding  yellow  tinge;  they  were  slow  in  disappearing,  some  trace 
being  visible  7   months  after  recovery. 

Ill  1904  the  skill  of  case  1   was  mottled.  In  case  2   the  spots  were 

not  sore  to  the  touch.  In  case  3   the}"  first  appeared  on  the  arms.  In 
case  4   the  eruption  covered  the  legs  to  the  knees;  on  the  14th  it  was 

reported  as  elevated  and  extended  over  trunk  to  face  and  arms.  In 
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case  6   the  spots  were  on  the  legs  and  trunk  when  patient  was  first  seen 

b}^  physician.  In  case  7   they  were  very  slow  and  backward  in  appear- 
ance, in  fact,  and  never  became  very  pronounced.  In  case  8   no  spots 

were  noticed  at  10  a.  m.  May  21  (fourth  day),  but  at  2   p.  m.  the}^ 

appeared  quite  distinct  on  wrist  and  chest;  at  5   p.  m.  all  spots  disap- 

peared; the  skin  then  became  decidedl}^  mottled;  on  May  24  spots 
appeared  in  decided  manner  over  entire  back,  arms,  and  chest.  In 

case  9   spots  were  first  noticed  on  the  ankles.  In  case  10  first  symp- 

toms were  noticed  on  June  2,  first  spots  on  June  6.  There  was  pro- 
fuse perspiration  on  May  13  in  case  12,  a   few  days  after  tick  bite  the 

‘‘arm  had  swelled  up  as  large  as  two  arms  and  was  red  as  a   beet,”  the 
spots  disappeared  from  the  face,  forehead,  arms,  body,  and  legs  in 
the  order  named. 

PATHOLOGICAL  FINDINGS. 

Wilson  and  Chowning  (1904a,  p.  42),  reporting  upon  the  pathological  findings,  say 

that  the  skin  over  all  dependent  portions  of  the  body  presented  a   marbled  appear- 
ance; over  nondependent  portions  it  was  covered  with  petechise;  in  all  cases  small 

wounds  of  the  skin  due  to  tick  bites  were  present;  the  capillaries  of  the  skin  are  dis- 

tended with  blood,  w'hich  contains  an  excess  of  leukocytes;  many  of  the  red  cells  have 
escaped  from  the  vessels  into  the  surrounding  tissues;  in  some  cases  blood-pigment 
granules  are  present  in  old  extravasations;  in  a   few  cases  phagocytes,  containing 
infected  red  cells,  are  present,  but  not  so  many  infected  cells  are  found  as  are  present 

in  the  spleen,  kidney,  and  liver.  Anderson  (1903c,  p.  38)  speaks  of  the  congested 
capillaries  and  minute  extravasations  in  the  rete  extending  into  the  stratum  mucosum. 

COMPARISON. 

The  spotted  condition  of  the  skin  is  one  of  the  most  striking  clinical 

features  of  so-called  “spotted  fever,”  although  it  is  maintained  by 
some  physicians  that  a   mild,  nonfatal  t}^pe  of  the  disease  occurs  in 
which  these  spots  are  not  present. 

In  the  articles  referred  to  as  summarizing  piroplasmatic  diseases  no  mention 

seems  to  be  made  of  exactly  similar  regular  conditions  in  cattle,  sheep,  and  dogs. 

Starcovici,  however,  refers  to  a   “jelly-like,  hemorrhagic,  subcutaneous  edema”  in 
hemoglobinuria  of  cattle  and  “a  yellow  jelly-like  edema,  here  and  there  under  the 

skin”  in  carceag  of  sheep.  Smith  reports,  for  Texas  fever,  that  “the  skin  presents 
nothing  abnormal  to  the  unaided  eye.  *   *   *   In  one  case  the  hair  on  the  abdo- 

men and  the  inner  aspect  of  the  thighs  was  matted  into  little  tufts  by  dried  blood; 
the  skin  showed  at  such  places  a   bluish  elevated  spot,  and  when  incised  a   little  blood 

was  found  in  the  subcutis;  this  may  be  what  has  been  called  blood  sweating.” 

If  “spotted  fever”  is  a   piroplasmosis,  we  would  therefore  seem  to 
have  in  man  a   skin  lesion  which  marks  this  disease  as  quite  different, 

j   clinically,  from  similar  diseases  in  other  animals. 

DESQUAMATION. 

Idaho. — A   browny  desquamation  is  usual  about  the  third  week;  subjects  that  die 
at  this  stage  present  a   resemblance  to  smallpox,  due  to  the  loss  of  epidermis  from 

the  apices  of  the  papules  (Bowers,  1896,  p.  63).  Figgins  (1896)  gives  the  third  or 
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fourth  week  as  the  time  of  desquamation.  According  to  Maxey  (1899,  p.  436)  the  des- 

quamation during  convalescence  is  somewhat  peculiar,  and  can  best  be  studied  on 

the  feet;  the  spots  seem  to  cause  a   circumscribed  death  of  the  skin.  A   short  time 

ago  he  examined  Mr.  D.,  one  of  his  spotted-fever  cases,  who  was  taken  sick  2 
months  previously;  patient  was  sick  18  or  20  days,  and  made  a   rapid  and  perfect 

recovery.  It  was  a   warm  day;  he  had  taken  a   brisk  walk  just  before  coming  to  the 

office,  and  when  stripped  for  examination  spots  could  be  dimly  seen  in  the  skin  on 

the  hands  and  feet,  but  none  on  the  body.  On  the  soles  of  the  feet  were  many 

round,  white  areas  of  dead  epidermis,  corresponding  to  the  former  location  of  the 

spots,  and  when  this  dead  epidermis  was  removed  it  gave  to  the  thick  skin  of  the 

sole  a   punched-out  appearance.  Over  the  body  desquamation  is  hardly  noticeable, 
but  it  does  occur. 

Montana. — McCullough  (1902,  p.  227)  reports  a   peeling  of  the  eruptive  spots  upon 
patients  who  recover.  According  to  Wilson  and  Chowning  (1902a,  p.  132;  1903a, 

p.  63;  1904a,  p.  38),  desquamation  begins  about  the  third  week  and  extends  over  the 

whole  body,  but  is  slight  except  over  the  most  affected  areas.  Anderson  (1903c,  p. 

23)  agrees  that  when  convalescence  is  well  advanced  desquamation  begins  and 

extends  over  the  entire  body. 

JAUNDICE. 

In  addition  to  the  eruption  the  skin  takes  on  a   congested,  jaundiced  appearance, 

well  marked  in  the  conjunctivie  (Gwinn,  1902).  According  to  McCullough  (1902, 

p.  226)  jaundice  accompanies  the  majority  of  cases,  depicted  over  the  entire  body, 

and  well  marked  upon  the  conjunctivie.  According  to  Wilson  and  Chowning  (1902a, 

p.  132;  1903a,  p.  63;  1904a,  p.  38)  the  skin  ordinarily  shows  some  jaundice.  Ander- 
son (1903a,  p.  507;  1903c,  p.  23)  states  that  the  skin  is  always  jaundiced  to  a   greater 

or  less  degree,  first  noticed  in  the  conjunctiv?e.  He  reports  (p.  32)  the  skin  of  case 

120  as  distinctly  yellow;  on  post-mortem  (p.  33)  deeply  jaundiced. 

In  190d  jaundice  was  noticed  to  a   greater  or  less  extent  in  practicality 

all  the  Bitter  Root  Vallety  cases.  It  was  reported  especialW  in  case  9 
for  skin  and  conjunctiva?. 

Comparison. — Jaundice  of  the  skin  is  reported  for  Texas  fever  as  “of  rare  occur*- 

rence;”  in  dogs  the  skin  becomes  “icteric,  may  become  chrome  yellow  in  color;” 

icterus  was  “very  slight  or  not  evident”  in  dogs  which  Xuttall  studied;  icterus  was 

noticed  “in  the  mucous  membranes  of  the  eye,  mouth,  and  skin  in  30  out  of  63  cases 

observed”  in  France.  Icterus  is  not  reported  by  Starcovici  for  hemoglobinuria  in 
cattle. 

CYANOSIS. 

The  congested  and  cyanotic  condition  of  the  skin  causes  a   bloated,  stupid  expres- 
sion of  the  face  in  most  cases,  which  is  a   very  diagnostic  symptom  (Gwinn,  1902) . 

Case  11  (1901)  showed  eiyanosis  June  25-26  (seventh  and  eight-h 
days). 

GANGRENE. 

Idaho. — Sloughing  of  the  scrotum  occurred  in  one  case  (Bowers,  1896>  p.  63). 
Fairchild  (1896)  also  reports  occasional  sloughing  of  limited  areas,  such  of  the 

scrotum,  etc. 

Montana. — Gangrene  is  not  an  infrequent  complication  and  may  affect  the  fingers, 
toes,  the  region  about  the  lobe  of  the  ear,  or  in  fact  almost  any  part  of  the  body;  in 

one  case  the  odor  of  the  exhalations  and  sputum  gave  strong  evidence  of  gangrene 

of  the  lungs  (Gwinn,  1902).  According  to  McCullough  (1902,  p.  226)  gangrene  fre- 

quently affects  the  toes,  fingers,  and  dependent  portions  of  the  body.  AVilson  and 
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Chowning  (1902a,  p.  132;  1903a,  p.  63;  1904a,  p.  38)  report  that  in  some  cases  the 

skin  becomes  gangrenous  over  considerable  areas,  as  on  the  elbows,  fingers,  toes, 

lobes  of  the  ears,  scrotum,  etc.  Anderson  (1903a,  p.  507;  1903c,  p.  23)  states  that 

in  very  severe  cases  there  may  be  gangrene  of  the  fingers  and  toes,  and  still  more 

frequently  of  the  skin  of  the  scrotum  and  penis;  in  case  120  the  epidermis  over  scro- 

tum sloughed  off  from  an  area  about  2   to  5   centimeters  in  diameter  (Anderson,  1903c, 

p.  33). 

Gates  (1905,  p.  115)  reports  that  in  his  case  6   (1900)  the  skin  of 

the  scrotum  and  legs  became  gangrenous  before  death,  and  Buckley 

noticed  gangrene  in  case  1   (lOOd).  ̂  
HYPERESTHESIA. 

Idaho. — Bowers  (1896,  p.  64)  reports  hyperesthesia  on  the  surface  of  the  body. 

Montana. — McCullough  (1902,  p.  227)  says  there  is  an  exaggerated  superficial 
hyperesthesia  of  the  skin,  as  well  as  deep  soreness,  the  patient  fearing  to  be  moved 
or  touched. 

In  the  cases  observed  in  1904,  hyperesthesia  was  especially  marked 

in  Minshall’s  case  (No.  8),  and  in  Buckley’s  case  (No.  2). 
Fat. 

See  also  Emaciation,  page  74. 

The  panniculus  adiposus  was  about  normal  in  case  120  (Anderson,  1903c,  p.  32). 

In  1904,  case  11,  upon  autopsy,  showed  a   good  amount  of  subcutane- 
ous fat  when  incision  was  made  from  manubrium  to  pubis. 

Head. 

Idaho. — Early  in  the  disease  the  face  acquires  a   dusky  flush,  and  is  slightly 
swollen;  the  expression  becomes  listless,  dull,  and  heavy  (Bowers,  1896,  p.  63). 

Zipf  (1896,  p.  65)  reports  flushed  face. 

Montana. — The  congested  and  cyanotic  condition  of  the  skin  causes  a   bloated, 
stupid  expression  of  the  face  in  most  cases,  and  this  is  a   very  diagnostic  symptom 

(Gwinn,  1902).  There  is  a   glazed  appearance  of  the  face,  bordering  upon  being 

copper  colored,  and  taking  a   bluish  or  dusky  hue  as  the  disease  advances. 

In  all  severe  cases  more  or  less  edema  of  the  face  and  extremities  is  present.  This 

may  be  marked,  and  may  appear  as  early  as  the  third  day  of  the  disease  (AYilson  and 

Chowning,  1902a,  p.  133;  1903a,  p.  64;  1904a,  p.  40).  There  was  considerable  swell- 
ing of  the  legs  and  face  the  last  day  or  two  in  cases  24  and  72  (Wilson  and  Chowning, 

1903a,  pp.  32,  37;  Anderson,  1903c,  pp.  13,  15);  in  cases  117  and  120  there  was  also 

more  or  less  swelling  of  the  face  and  limbs  (Anderson,  1903c,  pp.  27,  32). 

Gates  (1905,  p.  Ill)  reports  the  face  of  his  case  14  as  slightly  flushed. 

In  1904  the  face  of  case  1   was  reported  as  congested;  of  cases  8   and 

10,  hushed;  of  case  5,  slightly  flushed;  of  case  8,  as  placid,  blotched 

with  eruption,  and  then  darkl}-  flushed  (May  13);  of  case  6,  as  florid; 
case  11,  as  dusk}^ 

EARS. 

Wilson  and  Chowning  (1903a,  p.  44)  report  ringing  in  the  ears  for  case  Xo.  109; 

the  patient  had  been  partially  deaf  for  2   or  3   days  at  the  beginning  of  the  sickness; 

case  89  (p.  49)  experienced  deafness  (but  had  had  quinine);  deafness  is  also  recorded 

for  case  107.  Anderson  (1903c,  p.  36)  reports  ringing  in  the  ears  in  case  121. 
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EYES. 

See  also  Jaundice,  page  50. 

Idaho. — The  conjuntivae  are  more  or  less  injected  (Bowers,  1896,  p.  63).  The 

eruption  in  many  cases,  invades  the  eyes  causing  severe  pain,  and  making  them 

very  sensitive  to  light. 

Montana. — Jaundice  is  well  marked  upon  the  conjunctivte  (McCullough,  1902,  p. 
226;  Gwinn,  1902).  According  to  Wilson  and  Chowning  (1902a,  p.  132;  1903a,  p. 

63;  1904a,  p.  38)  jaundice  may  he  quite  marked  in  the  conjunctivae,  the  vessels  of 

which  are  injected  from  the  outset.  Anderson  (1903a,  p.  507;  1903c,  p.  21)  says 

that  jaundice  is  first  noticed  in  the  conjunctivae,  the  vessels  of  which  are  congested 
from  the  outset. 

The  pupils  react  normally  to  light  and  accommodation  (Wilson  and  Chowning, 

1902a,  p.  133;  1904a,  p.  38;  Anderson,  1903c,  p.  23).  Gates  (1905,  j6.  Ill)  reports  the 

conjunctivae  of  case  11  congested;  eyes  of  his  case  14  as  dull,  conjunctivae  slightly  con- 
gested; case  15,  conjunctivae  congested;  case  16,  eyes  much  congested. 

In  1901,  the  conjunctivte  were  reported  as  injected  in  case  8,  but  as 

not  injected  in  case  13;  the  e^^es  were  reported  as  injected  in  cases  2 

and  10;  in  case  2   they  were  quite  bloodshot  on  Ma\"  8;  they  were  nor- 

mal in  case  3   on  Ma^^  10;  in  case  1   the  sclerotics  were  much  injected. 

Case  2   complained  of  sore  eyes  earh^  in  the  attack;  there  was  no 
tenderness  of  the  eyeballs  in  case  11,  but  some  hours  before  death  the 

pupils  were  widely  dilated,  despite  the  fact  that  the  patient  was  receiv- 
ing large  doses  of  morphine. 

An  examination  of  the  eyes  of  case  9   by  Gwinn  showed  the  media  a 

little  blurred,  so  that  the  granular  appearance  of  the  retina  could  not 

be  seen;  the  larger  retinal  blood  vessels  were  quite  plain,  however; 

there  was  no  swelling  or  blurring  of  the  disk;  no  hemorrhagic  petechi^e 
in  the  retina. 

In  case  10  there  was  a   slight  convergent  strabismus;  on  June  10, 

the  mother  states  that  last  night  patient  cried  out  that  his  eyes  were 

turning  out;  she  examined,  and  saw  that  a   divergent  squint  (outward 

rotation)  of  the  left  eye  was  present;  this  later  disappeared;  the  eves 

were  suliused.  The  pupils  in  case  13  were  reported  as  dilated  and 

irresponsive  to  light.  In  case  8   the  eyes  reacted  to  light  up  to  May  28. 

PHOTOPHOBIA. 

Idaho. — In  many  cases  the  patient  is  very  sensitive  to  light  (Fairchild,  1896). 
Dubois,  (1896,  p.  64)  also  reports  photophobia.  In  one  case  two  years  elapsed  before 

sunlight  was  borne  without  intense  cephalalgia  (Bowers,  1896,  p.  63). 

Montana. — Wilson  and  Chowning  (1903a,  p.  46)  report  photophobia  for  case  107. 
Gates  (1905,  p.  113)  reports  photophobia  for  his  case  16  (1904). 

In  1901  photophobia  was  more  or  less  present  in  cases  2   to  11, 

except  possibly  case  8.  It  was  especially  marked  in  cases  2   and  10. 

NOSE. 

EPISTAXIS. 

See  also  Hemorrhage,  page  63. 

Idaho. — Epistaxis  occurs  in  some  cases  (Figgins,  1896,  p.  64). 

Montana. — Epistaxis  is  present  (McCullough,  1902,  ji.  227)  and  not  uncommon 
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(Gwinn,  1902).  Two  physicians  have  noted  epistaxis;  it  was  not  observed  in  1902, 

but  was  seen  in  3   cases  in  1903  (Wilson  and  Chowning,  1903a,  p.  65;  1904a,  p.  40). 

According  to  Anderson  (1903c,  pp.  21,  23,  32,  36-37),  however,  nosebleed  is  always 
present,  usually  from  the  end  of  the  first  week,  and  is  sometimes  quite  severe;  he 

reports  it  for  cases  Nos.  120  and  121. 

In  1904,  nosebleed  was  reported  as  not  present  in  case  9;  slight  in 

case  6;  frequent,  but  not  excessive,  during  last  live  da3^s  in  case  7. 

MOUTH  AND  THROAT. 

See  also  Cough,  page  71. 

Idaho. — Sore  mouth  and  congested  fauces  are  met  with  (Bowers,  1896,  p.  64). 
Many  cases  suffer  from  congestion  of  the  throat,  which  is  very  sensitive  and  painful 

and  interferes  with  swallowing  (Fairchild,  1896). 

Montana. — The  mouth  is  parched  and  dry  (McCullough,  1902,  p.  227) ;   there  was 
a   bad  taste  in  the  mouth  in  case  89  (Wilson  and  Chowning,  1903a,  p.  49);  also  in 

case  120  (Anderson,  1903c,  p.  30).  Gates  (1903,  p.  48)  reports  sore  throat  in  one 

case.  Wilson  and  Chowning  (1903a,  p.  49)  report  intense  thirst  in  case  89. 

In  1901,  the  lips  were  dry,  blood  stained,  and  crusted  in  cases  2   and 

7 ;   sordes  were  present  on  lips  and  tongue  in  case  11. 

There  was  no  eruption  in  the  mouth  or  throat  in  cases  3,  9,  and  10. 

In  case  3   the  fauces  and  phaiynx  were  much  injected  and  showed 

adherent  mucus-pus. 
Sore  throat  was  not  noticed  in  cases  7   and  10;  in  case  2   there  was 

marked  irritation  in  the  throat,  and  it  was  very  sore  to  the  touch;  in 

case  3   the  throat  was  at  one  time  veiy  sore,  but  it  improved  later;  in 

case  5   the  throat  was  slightly  sore,  but  showed  no  marked  injection; 

in  case  5   sore  throat  was  an  early  s^^mptom;  in  case  8   the  throat  was 
slightly  sore. 

In  case  2   there  was  marked  huskiness  of  voice. 

In  cases  2   and  8   there  was  intense  thirst. 

Comparisons. — The  pharynx  and  larynx  are  hyperemic  in  hemoglobinuria,  and 
the  mucosa  is  swollen  in  carceag. 

BREATH. 

Gwinn  (1902)  states  that  in  one  case  the  odor  of  the  breath  gave  evidence  of 

gangrene  of  the  lungs.  Anderson  (1903c,  p.  29)  reports  a   peculiar  sweetish  odor  to 
the  breath  in  case  120. 

In  1901,  case  3   presented  an  unusuall}"  offensive  breath,  which  dur- 

ing the  last  stages  became  absolutel}"  nauseating;  the  breath  of  this 
patient  during  health  was  said  to  be  veiy  offensive.  Cases  9   and  11 

presented  a   more  or  less  urinous  odor  to  the  breath. 

TONGUE. 

Jda/io. —Bowers  (1896,  p.  64)  reports  the  tongue  as  thick  and  furred.  Collister 

(1896,  p.  63)  says  that  it  is  usually  covered  with  a   whitish  or  yellowish  fur,  but  in 

severe  typhoidal  cases  is  dry,  red,  and  glazed.  Fairchild  (1896)  describes  it  as 

coated  by  a   whitish  fur  with  red  edges  early  in  the  disease;  later,  the  whitish  coat 

usually  disappears  and  the  tongue  becomes  red  and  frequentl}'  dry  and  brown  or 

black.  Springer  (1896,  p.  62)  says  that  the  tongue  has  a   yellowish-whitecoat  with 
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red  edges;  in  the  later  stages  it  becomes  red,  or  dry  and  brown.  According  to 

Springer  (1896)  the  tongue  is  ahvays  coated,  a   thin,  white  fur  persisting  for  a   long 
time.  Zipf  (1896,  p.  65)  also  reports  coated  tongue.  Maxey  (1899,  p.  435)  reports 
the  tongue  as  at  first  covered  with  a   whitish  coating,  but  about  the  time  the  fever 

reaches  its  maximum  the  tongue  changes  to  a   dry,  brownish  condition,  which  con- 
tinues until  the  general  symptoms  begin  to  ameliorate,  when  the  tongue  clears  in  an 

irregular  manner,  beginning  at  the  base. 

Montana. — According  to  Gwinn  (1902)  the  tongue  at  first  has  a   white  coat,  but  it 
soon  becomes  brown  and  is  accompanied  by  sordes.  IVilson  and  Chowning  (1903a, 

pp.  44,  46,  62;  1904a,  p.  37)  describe  the  tongue  as  dry  with  heavy'  white  or  yellow- 
ish coat  in  the  middle,  but  red  at  the  tip  and  along  the  edges;  it  may  be  thickly 

coated  even  at  the  onset  (1902a,  p.  132);  while  the  coat  is  whitish  at  first,  it  becomes 

brownish  as  the  fever  progresses,  and  the  tongue  may  become  dry  and  cracked 

(1902a,  p.  132).  Anderson  (1903a,  p.  21,  23,  29,  31)  agrees  that  at  first  the  tongue 
has  a   heavy,  whitish  coat  with  red  edge  and  tip;  later  it  becomes  dark  brown;  in 
case  117  it  was  coated  throughout  the  disease;  in  case  120  it  was  furred  on  April  29, 

and  on  May  6   it  showed  a   heavy  white  coat  with  red  tip  and  margins;  in  case  121  it 

had  a   heavy  white  coat  in  the  center  with  red  tip  and  edges..  Gates  (1903,  p.  49) 

says  in  regard  to  one  case  when  first  seen  that  the  tongue  was  coated  white  on  the 
sides  and  was  rather  dry. 

In  1904  the  tongue  was  moist  in  case  1;  tremulous  and  with  a   heavy 

white  moist  coat  in  case  3;  it  had  a   heavy  white  moist  coat  in  cases  5 

and  10;  in  case  8   there  was  a   heavy  white  coat,  which  became  dry  and 

brown;  in  case  T   there  was  a   heavy  moist  coat  which  became  drv, 

brown,  and  somewhat  glazed:  in  case  9   the  tongue  was  heavily  coated; 

in  case  11  it  was  red  and  moist,  with  white  streaks;  in  case  13  the 

tongue  was  furred. 

Gates  (1905,  p.  Ill)  reports  that  in  his  case  (11)  the  tongue  quivered 

very  much  when  extruded,  and  it  was  loaded  with  a   heavy  dirty- 
brown  coat,  the  sides  of  the  tongue  were  so  .livid  as  to  l)e  almost  blue; 

his  case  (14)  showed  a   grayish  coat  on  the  tongue;  in  his  case  (16) 

the  tongue  became  very  drv  early  in  the  disease. 

TEETH. 

Gwinn  (1902)  and  McCullough  (1902,  p.  227)  say  that  sordes  are  present.  Wilson 

and  Chowning  (1902a,  p.  132;  1903a,  p.  62;  1904a,  p.  37)  state  that  sordes  appear 
early  and  may  be  quite  pronounced.  Anderson  (1903c,  p.  23)  also  agrees  that  the 
teeth  may  be  covered  with  sordes. 

Neck. 

In  case  109  there  was  no  stiffness  of  the  muscles  of  the  neck  and  back,  though 

some  pain  was  present  on  pressure  over  the  spinal  process  of  the  vertebrae,  especially 
in  the  dorsal  lumbar  region.  (Wilson  and  Chowning,  1903a,  p.  45.) 

In  case  115  the  postcervical  glands  were  enlarged,  particularly  on  the  right  side; 
in  case  116  the  axillary  glands  were  swollen  and  sore  the  day  after  the  tick  bite;  in 

case  120  the  mesenteric  and  reti’operitoneal  glands  were  pale,  but  not  enlarged 
(autopsy). — Anderson,  1903c,  pp.  24,  25,  33. 

In  1904.  case  9   showed  no  stiffness  of  the  neck,  and  the  head  could 

be  readily  bent  forward;  in  case  6   there  was  general  rigidity  of  the 
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body  on  May  20;  in  case  7   there  was  cervical  tenderness  on  first  day 

of  illness;  case  11  had  cervical  tenderness  for  several  days. 

In  cases  3   and  10  the  cervical  glands  w^ere  somewhat  enlarged. 
Abdomen. 

There  was  considerable  gurgling  and  tenderness  in  the  right  iliac  fossa  in  case  120 

(Anderson,  1903c,  p.  31);  tympanites  is  never  excessive  (1903c,  p.  23).  Anderson 

(1903c,  p.  120)  reports  the  mesenteric  and  retroperitoneal  glands  as  pale  and  not 

enlarged.  Abdominal  tympanites  usually  appears  1   or  2   hours  before  death. 

(Wilson  and  Chowning,  1904a,  p.  40.)  Gates  (1905,  p.  Ill)  reports  tympanites  as 

moderate  in  his  nonfatal  case  11  on  the  10th  day. 

In  1901,  the  abdomen  was  not  distended  or  painful  in  case  3   (Ma}" 

10,  1904);  it  was  generall}"  tender,  especiall}"  on  right  side  in  case  8 
(]\Ia3^  26,  1904),  and  was  painful  and  tender  in  case  10. 

Autops}"  of  case  11  (1904)  showed  the  abdominal  organs  in  normal 
relation  and  position. 

PERITONEUM. 

In  case  11  (1904),  the  peritoneum  was  normal;  there  was  a   consider- 

able amount  of  straw-colored  material  present  in  peritoneal  cavity\ 

Comparisons. — In  hemoglobinuria  the  peritoneum  near  the  duodenum  is  always 

yellowish  and  jelly-like,  swollen  and  ecchymotic. 

OMENTUM. 

In  case  97  the  omentum  was  somewhat  discolored,  showing  postmortem  degenera- 
tion; in  case  94  it  was  slightly  hemorrhagic.  (Wilson  and  Chowning,  1903a,  pp. 

56-58. ) 

See  also  page  68. 
EXTREMITIES. 

Idaho. — Bowers  (1896,  p.  63)  speaks  of  swollen  joints,  the  joint  lesions  developing 

with  the  spots;  the  swelling  disappears  during  the  period  of  absorption  and  conva- 
lescence. 

In  1904  the  knee  jerks  were  normal  in  case  10;  patellar  reflex 

was  exaggerated  and  ankle  clonus  pronounced  in  case  13. 

In  case  2   the  finger  nails  turned  purple  about  half  an  hour  before 
death. 

GENITALIA. 

See  also  page  50. 

Bowers  (1896,  p.  63),  reports  that  the  scrotum  and  testicles  are  swollen  in  severe 

cases.  Fairchild  (1896)  and  others  say  that  sloughing  occasionally  takes  place  over 

limited  areas,  such  as  of  scrotum,  etc. 

Digestive  System. 

See  pages  53-54. 

MOUTH,  TONGUE,  TEETH. 

APPETITE. 

Idaho. — The  loss  of  appetite  is  early  and  the  relish  for  food  is  not  regained  until 

the  patient  is  quite  convalescent  (Bowers,  1896,  p.  63).  Duliois  (1896,  p.  64)  reports 

persistent  anorexia.  In  many  cases  the  appetite  is  lost  (Fairchild,  1896).  There  is 
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first  a   loss  of  appetite,  but  after  the  first  5   or  6   days  in  many  cases  it  returns  and 

remains  good  throughout  the  attack  (Maxey,  1899,  p.  dSo). 

Montana. — McCullough  (1902,  p.  227)  reports  an  apathy  for  food  and  nourishment. 
Wilson  and  Chowning  (1902a,  p.  133;  1903a,  p.  64;  1904a,  p.  40)  state  that  at  the  onset 
of  the  disease  the  appetite  is  usually  good  and  food  is  well  retained  and  assimilated. 

Anderson  (1903c,  p.  23)  gives  the  appetite  as  often  good  throughout  the  first  week. 
Gates  (1903,  p.  48)  reports  it  as  completely  absent  in  one  case  when  first  seen;  in 
another  case  food  and  medicine  were  taken  well  until  the  last  36  hours.  He  (1905, 

pp.  111-116)  reports  loss  of  appetite  for  cases  11,  14  (complete),  and  15. 

lu  1904.  appetite  was  fairly  good  in  case  S   on  May  ±2\  in  case  4 

there  was  complete  loss  of  appetite  on  May  13 :   appetite  was  absent  in 

cases  5   and  7,  in  the  latter  case  throughout  the  attack:  case  6   had  dif- 
ficulty in  swallowing  (May  20). 

CoMPABisox. — For  Texas  fever.  Smith  and  Kilborne  (1893,  p.  20)  report  that  loss  of 
appetite  always,  and  cessation  of  rumination  usually,  accompany  the  high  fever  after 
the  third  or  fourth  day.  Loss  of  appetite  is  also  reported  for  hemoglobinuria  in 

cattle.  Xuttall  (1904,  pp.  232-233)  records  for  canine  piroplasmosis  that  loss  of  appe- 
tite is  a   constant  and  early  symptom,  observed  in  all  cases  upon  which  he  has 

experimented.  The  dogs  refuse  all  food  in  later  stages;  they  may  drink  much  water 
but  refuse  milk  (Hutcheon,  1899).  This  symptom  is  also  noted  by  Lounsbury  and 

Robertson.  In  France  loss  of  appetite  is  noted  at  onset  in  acute  cases,  and  the  appe- 
tite is  not  regained;  anorexia  is  also  observed  in  chronic  cases. 

STOMACH. 

Idaho. — Springer  (1896,  p.  62)  reports  irritability  and  severe  pains  in  the  stomach. 
In  some  cases  (Fairchild,  1896)  it  shows  marked  irritability. 

Montana. — Anderson  (1903c,  p.  38  i,  in  his  summary  of  lesions,  reports  the  stom- 
ach as  normal,  but  he  .says  (p.  33)  that  in  case  120  it  was  apparently  normal,  except 

h}*postatic  congestion  over  dorsal  surface  of  fundus.  Wilson  and  Chowning  (1904a, 
p.  41)  say  that  in  some  cases  the  dependent  portions  of  the  stomach  were  hyperemic. 

In  1904  ••stomach  ache”  was  reported  as  absent  in  case  5   but  pres- 

sent  in  case  7.  ** Cramps  in  stomach”  were  reported  for  case  2. 
Upon  autopsy,  case  11  (1904)  showed  injection  about  cardiac  end. 

otherwise  it  appeared  normal. 

See  also  page  57. 
XAVSEA  AXD  VOMITIXG. 

Idaho. — Xausea  is  common,  and  vomiting  an  occasional  symptom  (Mowers,  1896, 

pp.  63-64).  Collister  (1896,  p.  63)  says  that  nausea  and  vomiting  are  present  until 
the  fourth  or  fifth  day  of  the  fever.  Dubois  (1896,  p.  64)  reports  nausea  as  an  early 

symptom. 

Montana. — Vomiting  may  be  present  to  a   greater  or  less  degree  (McCullough,  1902, 
p.  227).  About  the  beginning  of  the  second  week  nausea  and  vomiting  develop  and 

continue  in  fatal  cases  to  the  -end ;   in  some  cases  nausea  is  present  from  the  onset 
(Wilson  and  Chowning,  1903a,  p.  64;  1904a,  p.  40).  According  to  Anderson  (1903c, 
p.  23)  there  may  be  at  first  a   httle  nausea,  but  the  appetite  is  often  good  throughout 
the  first  week;  in  fatal  cases  nausea  becomes  more  persistent  during  the  second  week 

and  lasts  until  the  end;  he  reports  (1903c,  pp.  16,  34)  vomiting  as  an  initial  symptom 

in  case  97,  and  nausea  present  in  case  121.  Gates  (1903,  p.  49)  reports  vomiting 
once  in  one  case;  he  (1905,  pp.  lllf  reports  vomiting  for  his  case  11,  but  there  was 
no  vomiting  in  his  case  16,  who  took  food  well  at  all  times. 
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In  1904,  nausea  was  reported  as  present  in  case  7,  absent  in  cases  5 

and  8.  Vomiting  was  noticed  twice  (May  5)  in  case  2;  case  5   vomited 

practically  eveiything  taken;  case  7   vomited  throughout  the  attack, 

the  vomit  being  greenish-yellow  and  containing  blood  (May  20),  thought 
to  be  from  nose;  cases  10  and  11  vomited  early  in  the  attack. 

INTESTINES. 

Wilson  and  Chowning  (1904a,  p.  42)  report  the  intestines  as  normal  upon  post- 

mortem, except  slight  hypostatic  congestion  in  two  cases,  throughout  their  entire 
extent. 

The  stomach  and  intestine  were  normal  in  case  91.  In  case  93  the  stomach  was 

congested  (hypostatic?)  over  dorsal  portion;  intestine  normal.  In  case  97  intestine 

was  slightly  discolored  and  distended  by  gas.  In  case  107  there  was  nothing 

abnormal  except  that  the  colon  was  distended  by  gas.  In  case  89  there  was  nothing 

abnormal  except  a   slight  congestion  (probably  hypostatic)  in  ujiper  portion  of  the 

jejunum.  In  case  94  nothing  abnormal  except  intestine  distended  with  gas  (Wilson 

and  Chowning,  1903a,  pp.  48,  51,  54,  56,  58).  In  case  120  the  small  intestine  was 

empty  and  showed  no  inflamation  or  congestion  except  hypostatic  (Anderson,  1903c, 

p.  33). 

None  of  the  glands  were  enlarged  in  cases  89,  91,  93,  107;  Peyer’s  patches  pale  and 
not  congested  in  case  120. 

The  mesenteric  vessels  were  congested  in  case  93. 

In  case  11  (1904)  the  upper  portion  of  the  intestine  appeared  normal; 

solitary  glands  and  Peyer's  patches  appeared  somewhat  swollen;  cecum 
showed  considerable  injection,  which  continued  more  or  less  throughout 
the  colon. 

Comparisons. — Smith  and  Kilborne  (1893,  p.  34)  state  regarding  Texas  fever  that 

“The  lesions  of  the  intestines  are  limited  to  hyperiemia  and  pigmentation.  Begin- 
ning with  the  duodenum,  there  is  found  generally  an  abundance  of  bile  and  more  or 

less  injection  and  pigmentation  of  the  villi  appearing  in  the  form  of  closely  set  points 

and  fine  lines.  The  remainder  of  the  small  intestine  may  show  with  the  stomach 

more  or  less  marked  congestion,  or  there  may  be  patches  marked  by  the  injection 

of  minute  vessels.  In  many  of  the  cases  examined  the  mucosa  was  pale  and  concealed 

by  a   thin  layer  of  a   grayish  pasty  consistency  made  up  largely  of  desquamated  epithe- 

lium. *   *   *   In  the  large  intestine  we  find  more  or  less  hypergemia  and  pigmenta- 
tion in  longitudinal  lines  corresponding  to  the  summits  of  the  folds  of  the  mucous 

membrane.  This  condition  is  more  marked  in  the  ciecum  and  rectum  than  in  the 

colon  and  seems  to  be  associated  with  the  constipated  condition.  Thus  the  caecum 

is  in  some  cases  distended  with  very  hard,  dry,  fecal  balls  and  some  may  be  found  in 

the  rectum.  In  some  cases  no  abnormal  condition  of  the  large  bowel  is  discoverable.  ’   ’ 
For  hemoglobinuria  of  cattle  Starcovici  says  that  in  the  duodenum  ecchymoses  or 

small  ulcers  are  constant;  the  mucosa  of  the  small  intestine  is  always  much  swollen 

and  covered  with  a   thick,  yellowish  jelly-like  mass;  the  mucosa  of  the  large  intestine 

constantly  shows  ecchymoses  and  swelling.  In  carceag  the  rectum  contains  hard 

or  soft  slimy  masses  of  manure  mixed  with  blood;  the  mucosa  regularly  has  exten- 
sive hemorrhages  along  the  folds,  and  the  bases  of  the  folds  are  covered  with  a 

crumbling  or  pulpy,  dirty  brown  scab. 

In  canine  piroplasmosis  there  is  a   catarrhal  infiammation  of  the  small  intestine, 

more  intense  about  the  duodenum;  the  lumen  contains  a   viscid  mucus  often  mixed 

with  blood;  the  large  intestines  are  slightly  but  not  uniformly  inflamed,  and  contain 

much  viscid  mucus  (Huicheon).  Mucosa  is  infiltrated  and  congested  on  a   level  with 
the  duodenum  in  a   few  cases. 
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COXSTIPATIOX;  DIARRHEA. 

Idaho. — The  bowels,  as  a   rule,  are  constipated  and  the  abdomen  retracted,  but 

occasionally  marked  diarrhea  occui*s;  there  is  no  tympanites  or  tenderness  of  the 
abdomen  (Fairchild,  1896).  Bowers  (1896,  p,  64)  reports  constipation  as  usual 

during  the  entire  illness.  According  to  Figgins  (1896,  p.  64)  the  bowels  are  either 

constipated  or  quite  loose;  in  some  cases  typhoid  symptoms  in  mahgnant  form  are 

noticed.  Springer  (1896,  p.  62)  says  that  the  bowels,  as  a   rule,  are  constipated,  and 

Sweet  (1896,  p.  61)  agrees  that  constipation  is  usual,  although  diarrhea  sometimes 

occurs.  Maxey  (1899,  p.  435)  states  that  the  bowels  remain  constipated  throughout 
the  entire  course  of  the  disease. 

Montana. — Most  of  Gwinn’s  cases  (1896)  were  suffering  more  or  less  from  indiges- 
tion and  constipation  at  the  time  of  the  attack.  According  to  Wilson  and  Chowning 

(1903a,  p.  64;  1904a,  p.  40)  constipation  is  usually  present  from  the  beginning. 

According  to  Anderson  (1903c,  pp.  23,  29)  constipation  is  present  throughout  the 

course  of  the  attack;  tympanites  is  never  excessive;  there  is  occasionally  gurgling  in 

the  right  iliac  fossa.  In  case  119  improvement  was  interrupted  by  attack  of  acute 

indigestion.  Constipation  is  reported  for  cases  118  (p.  27)  and  121  (p.  36).  Bowels 

were  loose  from  the  onset  in  case  97  (p.  16),  and  they  were  regular  after  initial  con- 

stipation in  case  117  (p.  27). 

In  one  case  (Gates,  1903,  p.  49)  a   numl)er  of  watery  evacuations  were  produced  by 

the  action  of  elaterium.  Gates  (1905,  pp.  111-112)  reports  constipation  present  in  his 
cases  14  and  15;  in  case  14  the  lx)wels  l3ecame  loose  later. 

In  1904  the  bowels  were  at  first  normal  in  case  3,  but  after  use  of 

salt  enemata  they  became  loose  (May  10);  case  5   was  at  first  slightly 

constipated,  but  the  bowels  afterwards  became  normal  (May  IS):  in 

case  6   nothing  abnormal  was  noticed:  in  case  7   they  acted  regularly 

and  without  assistance,  there  was  no  diarrhea:  in  case  10  they  were 

loose:  case  13  was  constipated. 

In  two  ca.ses  I   examined  microscopically  for  intestinal  parasites, 

with  negative  results. 

CoMPARi-soxs. — In  Texas  fever  the  bowels  are  as  a   rule  constipated  during  the 

high  fever,  and  on  post-mortem  examination  the  large  bowels  (cecum  and  colon) 
are  found  in  some  ca.ses  compactly  filled  with  small,  very  firm,  hard  balls  of  dung. 

As  the  fever  subsides  the  feces  again  become  softer  and  are  then  found  more  or  less 

deeply  tinged  with  bile.  In  hemoglobinuria  of  cattle  there  is  colic,  constipation, 

with  hard  feces  surrounded  by  bloody  mucus.  In  carceag  there  is  colic,  and  hard, 

bloody  stools. 

LIVER. 

Size. — Gwinn  (1902)  reports  slight  enlargement  of  the  liver  in  one  autopsy. 
The  liver  is  somewhat,  though  not  markedly,  enlarged  (Wilson  and  Chowning, 

1902a,  p.  133);  pain  on  pressure  is  absent  (1904a,  p.  40);  pale  in  color  and  of  normal 

consistency  (1904a,  p.  42);  the  capillaries  are  distended  with  blood  containing  an 

excess  of  leukocytes;  many  red  cells  contain  parasites;  the  infected  cells  are  frequently 

contained  within  phagoc}*tes;  there  is  acute  parenchymatous  hepatitis,  with  very 
marked  fatty  degeneration ;   some  of  the  cases  show  considerable  blood  pigment. 

Anderson  (1903c,  pp.  23,  31,  33,  36,  38)  reports  the  liver  as  normal  or  usually 

slightly  enlarged;  pale,  fatty  in  appearance;  in  parts  areas  are  outlined  by  bile  pig- 

ment; in  some  areas  outlined  by  enlarged  bile  ducts;  sections  usually  show  fatty  infil- 
tration, bile  capillaries  full. 

Wilson  and  Chowning  (1903a,  pp.  48,  51,  53,  54,  56,  58)  report  the  liver  as  normal 

in  size  for  case  94,  rather  swollen  for  case  97,  appreciably  enlarged  for  case  91,  some- 
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what  enlarged  for  89,  enlarged  though  not  markedly  so  for  case  93,  noticeably 
enlarged  for  case  107.  Anderson  (1903c,  p.  33)  reports  the  liver  as  enlarged  (weight 
92.5  ounces)  for  case  120. 

In  1901:  the  liver  was  not  enlarged  (on  Ma}^  10)  in  case  3;  in  case  11, 
on  post-mortem,  it  was  apparently  somewhat  enlarged. 

Comparison. — In  Texas  fever  and  hemoglobinuria  the  liver  is  reported  as  enlarged. 
In  canine  piroplasmosis  the  liver  may  be  normal  in  size  in  acute  cases  or  in  some 

cases  it  may  be  enormously  enlarged. 

Color. — The  liver  was  apparently  normal  in  color  in  cases  94,  97;  it  was  paler  than 
normal  in  cases  89,  91,  107,  and  quite  pale  in  case  93  (Wilson  and  Chowning,  1903a, 

pp.  48,  51,  53,  54,  56,  58);  it  was  pale  also  in  case  120  (Anderson,  190.3c,  p.  33). 

Id  190T,  the  liver  was  paler  than  normal  in  case  11,  with  }^ellowish 

tinge,  apparent!}"  due  to  fat. 

Comparisons. — In  Texas  feA^er  the  color  of  the  surface  is  usually  paler  than  in  nor- 
mal livers,  and  in  most  cases  of  a   peculiar  mottled  appearance.  The  mottling  is  due 

to  minute  irregular  grayish-yellow  patches,  usually  1   mm.  or  less  in  diameter.  Star- 
covici  reports  the  liver  as  pale  and  marbled  in  hemoglobinuria  and  pale  in  carceag. 
Nuttall  reports,  in  reference  to  canine  piroplasmosis,  that  the  liver  in  an  acute  case 

was  yellowish;  it  is  usually  congested,  at  times  inflamed,  and  of  mahogany  or  saffron 
color. 

Section. — In  case  97  the  liver  cut  easily  and  was  quite  light  in  color  on  section;  in 
case  107  it  was  of  normal  consistency  and  showed  no  congestion;  in  case  89  it  showed 

no  adhesions,  and  in  cases  89,  91  it  was  of  normal  consistency  and  Avas  not  congested; 

it  AA'as  normal  in  consistency  in  case  93  (Wilson  and  ChoAvning,  1903a,.  pp.  48,  51, 
53,  54,  56,  58).  In  case  120  it  Avas  fatty  in  appearance,  and  in  some  areas  outlined 

by  engorged  bile  ducts  (Anderson,  1903c,  p.  33). 

In  19(>1:,  section  of  the  liver  of  case  11  was  decidedly  pale.  What 

little  blood  floAved  was  also  A^ery  pale;  tissue  was  firm  but  apparently 
not  libroid. 

Comparison. — In  Texas  feA"er,  when  incised,  the  parenchyma  of  the  liver  Avas 

remarkably  bloodless  in  most  cases,  and  a   lac-colored  thick  blood  poured  from  the 

cut  ends  of  the  larger  hepatic  Amins;  the  color  of  the  cut  surface  Avas  either  a   uni- 

formly broAvnish-yelloAV  or  else  mottled  as  on  the  surface;  the  mottling,  on  closer 

scrutiny  with  the  naked  eye  or  hand  lens,  Avas  found  to  be  due  to  a   paler  yellowish 

discoloration  of  the  zone  bordering  the  intralobular  veins;  this  zone  of  discoloration 

Avas  the  Avider  the  more  prolonged  the  disease,  and  in  a   few  cases  inAmh’ed  the 
entire  lobule;  parallel  to  this  degenerative  process  the  consistency  of  the  organ 

became  less  resistant,  more  doughy,  and  brittle.  In  thin  razor  sections  of  fresh 

tissue  the  most  striking  phenomenon  aa^s  the  Ailing  up  of  the  ultimate  bile  canal i- 
culi  so  that  the  hepatic  cells  Avere  inclosed  in  polygons  of  yelloAV  lines  forming  a 

beautiful  network;  Avhen  the  liAmr  is  teased  and  crushed,  the  contents  of  these  bile 

canaliculi  may  be  found  floating  free  in  the  form  of  rods,  sometimes  Avith  Y-shaped 

ends;  this  stasis  or  Ailing  up  of  the  ultimate  bile  capillaries  AA’as  present  in  nearly  all 
animals  examined;  it  Avas  most  pronounced  in  those  Avhose  death  folloAved  quickly 

after  a   high  feAmr;  in  one  case  killed  in  the  earl}’  days  of  the  fever  the  liver  Avas  the 
seat  of  marked  congestion,  the  bile  stasis  not  having  taken  place  yet.  The  extent 

of  this  stasis  A’aries  considerably.  It  may  be  seen  in  small  isolated  areas  or  else  it 

may  iiiA’oh’e  a   large  continuous  territory.  OAving  to  absence  of  connective  tissue 
between  the  lobules  it  is  quite  impossible  in  fresh  sections  to  make  out  accurately 

its  distribution.  It  seems  to  be  most  frequently  met  Avith  in  the  innermost  or 

hepatic  zone  of  the  lobule,  but  it  may  also  be  found  involving  the  entire  lobule. 
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Small  bile  ducts  between  the  lobules  are  often  found  injected,  and  rarely  lines  of  j 

yellow  injection  may  be  visible  to  the  unaided  eye.  | 

“Associated  with  the  occlusion  of  the  biliary  canaliculi  and  ducts  is  a   more  or  less 
extensive  fatty  degeneration  of  the  hepatic  cells.  This  is  most  advanced  in  pro-  i 

longed  cases  of  disease.  In  several  which  came  under  our  observation  the  fatty  j 
changes  were  so  extensive  that  cells  free  from  large  quantities  of  fat  could  not  be 

seen.  Among  other  abnormal  appearances  may  be  mentioned  the  presence  of  irreg-  | 
ular  yellow  clumps  of  pigment  in  the  hepatic  cells  and  of  stellate  masses  or  blood-red  i 

needle-like  crystals  of  very  minute  size.  In  one  case  large  branched  thrombi  were  * 
found  in  some  of  the  hepatic  veins.  *   *   *   The  injection  of  the  bile  canaliculi  is  .= 

seen  only  in  Muller’s  fluid  preparations  or  in  alcoholic  material  cut  directly  without  ; 
imbedding.  The  extent  and  location  of  the  injection  are  variable.  It  may  appear  « 

over  an  entire  lobule  or  only  a   small  portion  of  it.  The  fatty  degeneration  so  regu-  | 
larly  seen  in  fresh  material  shows  itself  in  sections  of  hardened  material  in  a   peculiar  I 

vacuolated  appearance  of  the  cell  protoplasm,  the  fat  having  been  dissolved  out.  | 

The  vacuolation  may  be  more  pronounced  near  the  center  of  the  lobule,  where  the  i 

individual  vacuoles  may  be  as  large  as  red  corpuscles.  Of  these  there  may  be  several  i 

in  a   single  cell,  very  little  of  the  protoplasm  remaining.  The  cell  protoplasm  of  the  ' 

peripheral  zone  of  the  lobule  is  uniformly  vacuolated,  the  vacuoles  being  very  small.  ] 

“Another  change  that  is  of  considerable  importance  in  estimating  the  pathological  j 
effect  of  the  disease  is  a   tendency  toward  necrosis  of  the  inner  zone  of  the  lobule.  < 

This  process,  which  shows  itself  to  the  naked  eye  as  a   faint  paler  mottling  of  the  j 
liver  tissue  limited  to  the  inner  zone  of  the  acini,  seems  to  begin  around  the  central  I 

vein  and  extend  toward  the  periphery.  It  is  characterized  by  a   degeneration  and  j 

loss  of  the  nuclei  of  the  parenchyma  cells.”  Smith  and  Kilborne,  1893,  pp.  28-30.  j 
Starcovici  reports  for  hemoglobinuria  that  the  center  of  the  lobule  is  necrotic  with  ' 

gall  stasis.  In  carceag  the  liver  is  friable;  the  finer  changes  of  the  liver  consist  in  a   ; 

collection  of  leukocytes,  and  the  larger  vessels  show  here  and  there  gall  stasis,  and  ' 
there  is  parenchymatic  degeneration  and  fatty  degeneration  of  liver  cells,  especially 
in  the  center  of  the  lobes. 

Nuttall  reports  for  canine  piroplasmosis  that  his  cases  showed  but  slight  gross  i 

changes.  ; 

GAi-L  BLADDER. 

In  case  107  the  gall  bladder  and  its  contents  appeared  normal;  in  case  93  it  was  i 

distended  with  fluid  bile;  in  case  94  it  contained  1.5  ounces  of  fluid  of  a   dark  yellow  , 

color,  and  the  gall  ducts  were  patulous  (lYilson  and  Chowning,  1903a,  pp.  48,  54,  58).  ' 

In  ease  11  (1904:)  the  gall  bladder  was  distended  with  fluid  bile,  the 

ducts  were  patulous;  there  were  no  gallstones.  .   j] 

Comparison. — In  Texas  fever  the  bile  is  found  in  the  gall  bladder  in  considerable 

quantity  (one-half  pint  to  a   quart)  after  death.  As  might  be  anticipated  from  the 

description  of  the  changes  in  the  liver,  this  fluid  is  greatly  altered.  The  usual  lim- 
pid greenish  fluid  is  replaced  by  an  almost  semisolid  mass.  As  it  flows  from  the 

incised  bladder  it  has  been  aptly  compared  to  chewed  grass.  The  presence  of  mucus 

makes  it  cohesive  enough  to  be  drawn  out  into  long  flat  bands  as  it  flows.  "When  it  | 
is  allowed  to  stand  quietly  in  a   cylindrical  vessel  a   layer  of  flakes  settles  down,  which  ' 

occupies  not  infrequently  one-half  of  the  entire  column.  The  supernatant  fluid  is  i 

much  darker  than  normal  bile.  The  suspended  matter  appears  to  be  made  up  chiefly  ! 

of  small  yellowish  flocculi  or  flakes.  A   deep-yellow  tinge  is  imparted  to  all  vessels  I 

and  to  the  hands  coming  in  contact  with  it.  When  examined  under  the  microscope  '| 
the  suspended  particles  are  resolved  into  amorphous  yellowish  masses  mingled  with  1| 

bright  golden  points  barely  visible  at  500  diameters.  The  common  bile  duct  has 
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always  been  found  pervious,  and  in  many  cases  an  abundance  of  bile  is  found  in  the 
small  intestine  (Smith  and  Kil borne,  1893,  p.  31). 

For  bovine  hemoglobinuria,  Starcovici  states  that  there  is  thick,  dark  bile  in  the 

gall  bladder. 
In  canine  piroplasmosis  the  bile  is  usually  thick,  sirupy,  grumous  or  dark  green, 

and  distends  the  gall  bladder. 

Thus,  if  ‘‘spotted  fever”  is  a   piroplasmosis,  the  disease  differs  in  its 
effects  upon  the  gall  of  man  from  the  effects  shown  in  bovine  and 

canine  piroplasmosis. 
PANCREAS. 

Anderson  ^   IhoC"-  pp.  33,  38)  states  that  the  pancreas  is  about  twice  its  normal 
weight;  in  ..ase  120  it  was  normal  in  appearance,  except  enlargement  (5  ounces). 

In  case  11  (1901)  the  pancreas  was  apparently  normal. 

ClKCULATORY  SYSTEM. 

HEAET. 

Upon  autopsy,  the  epicardium  usually  contained  a   few  petechial  hemorrhages  near 
the  base  of  the  left  ventricle;  pericardium  was  normal;  the  myocardium  was  softened ; 

the  right  ventricle  was  filled  with  dark  fluid  blood,  the  left  was  almost  empty  or 
contained  only  a   small  clot;  the  capillaries  of  the  heart  are  distended;  there  is  not 

much  extravasation  of  red  cells,  but  considerable  round-cell  infiltration;  ail  the  cases 

show  considerable  parenchymatous  degeneration;  those  cases  in  which  round-cell 
infiltration  is  marked  also  show  swelling  of  the  muscle-fiber  nuclei  with  fragmen- 

tation (Wilson  and  Chowning,  1904a,  pp.  41,  42). 

Pericardium. — The  pericardium  was  normal  in  cases  107,  89,  91,  93,  97,  and  94 
(Wilson  and  Chowning,  1903a,  pp.  48,  51,  52,  54,  56,  58);  also  in  case  120  (Anderson, 

1903c,  p.  33). 
The  pericardial  cavity  contained  an  excess  of  fluid  in  cases  107  and  91  (Wilson  and 

Chowning,  1903a,  pp.  48,  51);  fluid  w^as  not  increased  in  cases  93  and  97  (1903a,  pp. 
53,  56),  and  about  2   ounces  of  fluid  was  present  in  case  120  (Anderson,  1903c,  p.  33). 

In  case  11  (1904)  there  was  an  apparent  excess  of  clear,  straw-colored 
fluid. 

Epicardium  contained  no  hemorrhagic  areas  in  case  107 ;   in  case  93  it  showed  on 

ventral  surface  of  left  ventricle  several  small  hemorrhagic  areas  (Wilson  and  Chown- 
ing, 1903a,  pp.  48,  54) . 

There  were  no  ecchymotic  areas  over  the  surface  of  the  heart  in  case  89;  in  cases 
97  and  94  there  were  hemorrhagic  areas  over  both  ventricles;  in  case  91  there  was 

one  small  ecchymotic  spot  in  the  right  ventricle  (Wilson  and  Chowning,  1903a,  pp. 

51,  53,  56,  58).  In  case  120,  there  were  a   few  small  hemorrhages  over  the  left  ven- 

tricle near  the  interventricular  groove  under  the  pericardium;  small  chicken- fat 
clots  were  found  in  the  auricles  (Anderson,  1903c,  p.  33). 
The  heart  was  normal  in  size  in  cases  107,  97,  and  94  (Wilson  and  Chowning, 

1903a,  pp.  48,  56,  58);  it  was  somewhat  dilated  in  case  89  (1903a,  p.  51). 

In  case  11  (1904)  the  heart  was  distended  with  blood;  in  general,  it 
seemed  normal. 

The  muscle  was  normal  or  perhaps  a   trifle  softened  in  case  107,  apparently  some- 
what softened  in  cases  91,  93,  and  soft  in  case 97  (Wilson  and  Chowning,  1903a,  pp. 

48,  53,  54);  much  softened  and  pale  in  case  89,  soft  in  case  97  (1903a,  pp.  51,  56).  In 
case  120  the  myocardium  of  the  right  heart  was  somewhat  pale  and  flabby  (Anderson, 

1903a,  p.  33). 
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In  case  11  (1904)  the  muscle  was  well  nourished. 

The  right  side  contained  dark-red  blood  in  case  107,  dark  fluid  blood  in  case  89; 
blood  in  cases  91  and  93  apparently  darker  than  normal  (Wilson  and  Chowning, 
1903a,  pp.  48,  51,  53,  54).  In  case  120  the  right  heart  was  half  filled  with  blood 
(Anderson,  1903a,  p.  33). 

In  case  11  (1904)  the  right  side  contained  small  clots,  white  and  red. 

The  left  heart  was  contracted  and  empty  in  cases  107  and  89;  it  was  empty  in  case 

91;  there  was  small  clot  in  left  heart  of  case  93  (Wilson  and  Chowning,  1903a,  pp. 
48,  51,  53,  54). 

In  case  11  (1904)  the  left  ventricle  was  partially  contracted  and  con- 
tained chicken-fat  and  red  clots. 

In  case  97  the  valves  were  normal  (WTlson  and  Chowning,  1903a,  p.  56), 

In  case  11  (1904)  the  valves  of  both  sides  were  apparently  normal. 

The  endocardium  was  normal  in  case  94  (Wilson  and  Chowning,  1903a,  p.  58)  and 
120  (Anderson,  1903c,  p.  33). 

Gates  (1905,  pp,  111-113)  reports  that  heart  sounds  were  normal  in  case  14;  the 
heart  action  was  weak  in  case  16  from  first  day  and  became  very  weak  and  irregular, 
with  low  arterial  pressure. 

In  1904  the  heart  sounds  were  clear  and  normal  in  cases  3,  5,  7, 
and  11. 

Comparison. — In  Texas  fever  at  autopsy  the  right  ventricle  is  always  distended 
with  blood,  fluid  or  clotted,  according  to  the  time  elapsing  between  death  and  the 
examination.  The  left  ventricle  is  usually  firmly  contracted  and  may  contain  a 

small  quantity  of  fluid  or  clotted  blood.  The  clots  are  quite  firm  and  very  rarely 

mixed  with  firmer,  pale-yellowish  clots.  A   very  constant  lesion  is  the  extravasation 
of  blood  beneath  the  epicardium  and  endocardium.  This  is  mainly  restricted  to  the 
left  ventricle,  although  petechke  are  not  infrequently  met  with  on  the  right  ventricle. 

On  the  external  surface  of  the  heart  the  petechiie  are  usually  grouped  along  the 
interventricular  groove  and  near  the  base,  although  cases  occur  in  Avhich  the  whole 

ventricular  surface  is  sprinkled  over  with  them.  The  inner  surface  of  the  left  ven- 
tricle shows  larger  patches  of  extravasation,  usually  on  or  at  the  base  of  the  papillary 

muscles.  On  the  large  vessels  at  the  base  of  the  heart  within  the  pericardial  sac 

there  are  frequently  very  delicate  shreds  of  tissue  or  patches  in  a   hypennmic  condi- 
tion. The  heart  muscle,  on  closer  inspection,  is  observed  to  have  its  minute  vessels 

markedly  injected,  and  in  fresh  sections  the  capillary  network  is  found  densely 

packed  Avith  red  corpuscles.  In  cases  Avhich  ha\^e  succumbed  after  the  subsidence 
of  the  fever  the  heart  muscle  is  quite  pale.  Cloudy  and  fatty  changes  of  the  fibers 
are  in  some  cases  quite  marked,  in  others  absent  or  restricted  to  a   small  number  of 

fibers  (Smith  and  Kilborne,  1893,  p.  26). 

In  carceag  the  pericardium  and  pleura  usually  shoAV  abundant  ecchymoses. 

In  canine  piroplasmosis  the  pericardium  contains  a   Available  amount  of  serous 
fluid;  ecchymoses  are  around  the  heart,  largely  in  left  ventricle  (Hutcheon);  in 
France  it  is  reported  that  the  pericardium  contains  yellow  or  bloody  fluid;  not 

infrequently  one  observes  numerous  petechise  about  the  apex  or  beneath  the  endo- 
cardium of  the  left  heart;  the  heart  may  be  pale  (acute  case) . 

AORTA. 

In  case  11  (1904)  the  arch  of  the  aorta  seemed  unusually  small.  i 
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PULSE. 

Idaho. — The  pulse  is  more  or  less  accelerated,  often  greatest  at  the  beginning  of 
convalescence;  in  the  onset  it  is  sluggish  and  lacks  force;  in  fatal  cases  it  is  not 

!   '   usually  greatly  quickened;  it  may  be  slower  than  in  health  (Bowers,  1896,  p.  63). 
Collister  (1896,  p.  63)  says  that  it  does  not  run  very  high,  not  often  above  110  in 

i   adults.  Fairchild  ( 1896)  reports  it  as  usually  slow  and  full,  from  85  to  110.  Springer 

I   (1896,  p.  62)  gives  it  as  100  to  130  in  ordinary  cases.  Maxey  (1899,  p.  435)  reports 
!   it  from  80  to  120  per  minute,  at  first  full  and  bounding,  later  becoming  soft,  but  not 

I   irregular. 

J   Montana. — At  first  the  pulse  is  full  and  strong,  it  gradually  gains  in  rapidity  and 
loses  in  strength  and  volume  (Gwinn,  1902).  According  to  McCullough  (1902,  p. 
226)  the  pulse  varies  from  80  to  120  in  typical  cases,  and  lacks  volume  and  regularity 

as  the  disease  advances.  Wilson  and  Chowning  (1902a,  p.  133;  1903a,  p.  63;  1904a, 

p.  38)  say  that  at  the  onset  the  pulse  is  usually  full  and  strong,  but  gradually 
.   becomes  more  and  more  rapid  while  it  loses  in  volume  and  strength,  very  much  as 

in  diphtheria;  in  fatal  cases  in  adults  it  may  reach  150  per  minute  some  days  before 

death;  the  rapidity  of  the  pulse  is  sometimes  out  of  all  proportion  to  the  tempera- 
ture, as  may  be  also  the  respiration. 

'   Anderson  (1903a,  p.  507;  1903c,  p.  22)  reports  that  the  pulse  appears  out  of  all 

!   proportion  to  the  temperature,  usually  running  from  110  to  140.  A   pulse  of  120  is 

not  unusual  with  a   temperature  of  102°;  it  is  ratlier  thready,  though  sometimes  full 
;   and  strong,  occasionally  dicrotic  in  the  first  week  (1903c,  p.  22) .   In  case  120  (1903a, 

p.  29)  the  circulation  was  feeble  on  compressed  areas  and  extremities. 

;   Gates  (1903c,  pp.  48,  49)  reports  186  as  the  highest  pulse  rate  observed;  one  case 
;   at  the  end  of  the  first  week  was  almost  pulseless;  he  reports  (1905,  p.  112)  slow  pulse 

i   and  repeated  chills  as  special  features  of  his  case  14. 

j   Comparison. — In  Texas  fever  the  pulse  and  respiration  rise  with  the  fever.  *   *   * 

As  the  fever  subsides  and  recovery  begins  the  great  weakness  of  the  animal  still 

keeps  the  pulse  very  high  for  a   time,  especially  when  the  animal  is  moved  about  or 

I   excited  in  any  way.  The  respirations,  on  the  other  hand,  are  apt  to  fall  below  the 
I   normal  in  this  same  period.  When  death  approaches  the  heart  beats  increase  in 

number  as  they  grow  feebler,  and  the  respirations  fall  with  the  body  temperature 

below  the  normal.  (Smith  and  Kilborne,  1893,  p.  18.) 

Iln  canine  piroplasmosis  the  pulse  is  weak  and  rapid;  in  acute  cases  it  beats  120  to 160  a   minute,  is  threadv,  and  often  intermittent. 

I   
■ '   HEMORRHAGE. 

See  also  Epistaxis,  page  52. 

I   There  is  a   marked  tendency  to  hemorrhage — nose,  throat,  lungs,  and  bowels,  each have  been  known  to  be  affected,  and  the  blood  loses  power  of  coagulation.  (McCul- 
lough, 1902,  p.  226.) 

BLOOD. 

Referring  to  their  table,  Wilson  and  Chowning  (1904a,  pp.  39,  40)  conclude  that  the 
blood  shows  a   marked  reduction  of  red  blood  cells  and  hemoglobin,  with  a   slight 

i]  ,   increase  of  leukocytes  at  times;  the  reduction  of  red  cells  is  jiarticularly  marked  just 
!   before  death  in  fatal  cases,  and  in  recovering  cases  just  before  convalescence.  Prepa- 

rations  taken  from  organs  at  autopsy,  as  well  as  those  from  the  living  patient,  show  a 

■j  marked  poikilocytosis  and  anemia.  (Wilson  and  Chowning,  1903a,  p.  67.) 

I   '   None  of  the  cases  1   to  11  (1901)  were  in  a   condition  which  would 

strike  the  observer  as  being  anemic.  A   blood  count  might  have  shown 

j   7   some  tendency  to  anemic  condition,  l)ut  from  the  general  appearance 
of  the  patients  such  condition  was  not  evident, 

^  
 ' 

S' 
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Comparisons. — In  Texas  fever,  hemoglobinuria,  carceag,  and  canine  piroplasmosis, 
anemia  is  reported  as  present  and  in  many  cases  as  pronounced  or  intense.  If 

“spotted  fever”  is  a   piroplasmosis,  the  action  of  the  parasites  in  respect  to  anemia  is 
far  below  the  action  of  other  members  of  the  genus  Piroplasma. 

CONSISTENCY  AND  COLOR, 

Gwinn  (1902)  took  blood  in  five  or  six  cases  from  the  arm,  and  in  all  of  them  it 

was  found  to  be  dark  and  thick,  with  the  power  of  coagulation  partly  or  entirely  lost; 

it  regained  a   bright  scarlet  color  upon  being  shaken  up  with  the  air.  These  facts, 

taken  together  with  the  frequent  eruption,  the  frequent  complication  of  gangrene,  and 

the  fact  that  the  whole  system  seems  to  be  affected,  naturally  would  lead  one  to  sus- 

pect the  blood  to  be  the  part  mostly  affected.  He  also  speaks  of  “the  really  thick 

unoxygenated  blood.” 
Wilson  and  Chowning  (1902a,  p.  133;  1903a,  p.  64;  1904a,  p.  38)  state  that  when 

removed  for  examination  the  blood  appears  somewhat  darker  than  normal,  as  well 

as  somewhat  less  fluid;  on  exposure  to  air  the  color  brightens  perceptibly. 

In  the  Bitter  Boot  Valley  cases  of  1904  the  dark,  thickened  condi- 

tion of  the  blood  was  a   very  prominent  symptom.  Not  infrequently 

the  blood  was  so  thick  and  lioAved  so  slowly  as  to  be  of  some  incont^en- 
ience  in  making  blood  smears.  In  case  3,  1   cut  into  a   blood  vessel 

within  fifteen  minutes  after  death,  and  the  blood  was  so  thick  that  I 

had  to  add  salt  solution  in  order  to  draw  the  blood  into  a   syringe.  In 

case  11,  the  blood  was  so  thick  about  12  hours  before  death  that  the 

operation  of  bleeding-  the  patient  Avas  performed  with  diflicultv. 

Comparison. — For  Texas  fever.  Smith  and  Kilborne  (1893,  p.  21)  describe  the 

blood  as  follows:  “Another  character  of  this  disease,  the  most  constant  and  valuable 

of  all  and  of  which  the  hiemoglobinuria  or  “red  water”  is  but  a   part,  is  the  thinness 

of  the  blood.  *   *   *   Soon  after  the  high  temperature  sets  in  the  blood  begins  to 

groAA’  thin,  and  after  some  days  of  fever  it  has  become  A-ery  pale  and  watery.  *   *   * 
The  difference  between  the  drop  of  rich  red  blood  issuing  from  a   slight  cut  of  the 

skin  in  healthy  cattle  and  the  thin,  pale  drop  oozing  from  such  a   cut  in  Texas  feA*er 

is  very  marked.  This  difference  is  due  to  the  loss  of  red  corpuscles  M’hich  give  the 
blood  its  characteristic  color.  Associated  Avith  this  there  may  be  in  some  cases  a 

marked  bloodlessness  of  the  skin  in  the  later  stages.  A   number  of  small  incisions  are 

often  required  to  obtain  a   few  drops  of  blood.  In  some  cases,  shortly  before  death, 

the  blood  slowly  trickles  from  a   slight  incision  for  some  time  before  it  is  checked  by 

the  natural  process  of  coagulation. 

“When  freshly  drawn  blood  is  allowed  to  stand  the  serum  forced  out  of  the  clot 

has  in  the  acute  stage  a   A*ery  dark-red  color,  indicating  the  presence  of  much  color- 
ing matter  in  solution.  As  regards  tlie  coagulability,  Avhich  some  observers  have 

regarded  as  feeble,  Ave  haA^e  no  facts  pointing  in  one  direction.  In  a   feAV  cases  the 
coagulation  appeared  retarded;  in  others  it  appeared  to  be  normal  in  rapidity  and 

effectiA-eness.  As  aauII  seen  further  on,  the  condition  of  the  blood  must  A*ary  consid- 
erably from  time  to  time.  At  one  time  it  may  contain  the  debris  of  destroyed  corpuscles 

equal  in  number  to  one-tenth,  or  eA*en  one-fifth,  of  all  circulating  in  the  body.  That 

under  such  circumstances  its  coagulability  may  be  affected  is  eA'ident.  Frequently, 

hoAvever,  the  blood  comes  under  obserA’ation  AA'hen  the  destruction  of  red  corjiuscles 

has  ceased,  and  the  products  haA*e  either  been  excreted  or  metamorphosed.  In  this 

way  conflicting  observations  may  perhajrs  be  harmonized.  In  general,  AA’e  may  say 

that  the  coagulabilitA'  of  the  blood  is  not  much  altered.” 

StarcoAuci  reports  the  blood  in  hemoglobinuria  as  pale  and  lac-colored. 
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Nuttall  (1904,  pp.  235,  236,  237)  reports  the  blood  in  canine  piroplasmosis  as  pro- 

foundly altered,  pale  and  watery,  and  with  coagulation  retarded;  the  serum  is  tinged 

with  hemoglobin. 

The  difference  in  the  blood  in  ‘bspotted  fever”  on  the  one  hand, and 
in  piroplasmatic  diseases  on  the  other  hand,  is  thus  seen  to  be  quite 

marked.  In  a   piroplasmosis  we  naturally  expect  to  find  marked 

changes  in  the  blood;  but  from  our  present  knowledge  it  would  appear 

that  in  Texas  fever,  hemoglobinuria,  and  canine  piroplasmosis  these 

changes  are  in  one  direction  (the  blood  becoming  thin,  watery,  and 

pale),  while  in  “spotted  fever”  they  are  in  the  opposite  direction  (the 

blood  becoming  thick,  molasses  like,  and  dark).  If  now  “spotted 

fever”  be  a   true  piroplasmosis,  it  would  seem  that  a   genus  {Piro- 
piasma)  of  protozoa  has  veiy  different  effects  upon  the  blood  of  man 

from  those  noticed  in  cattle  and  dogs. 

Viewed  from  the  consistency  of  the  blood,  the  condition  noted  in 

“spotted  fever”  can  not  at  present  be  said  to  support  the  theory  that 
this  disease  is  a   true  piroplasmosis. 

BED  CELL  COUNT. 

Wilson  and  Chowning  (1902a,  p.  133;  1903a,  p.  64)  appear  to  be  the  first  to  give 

the  red  cell  count  in  this  disease;  they  found  it  to  be  4,100,000,  4,200,000,  4,300,000, 

4.400.000,  and  4,500,000,  respectively,  in  5   cases  examined;  they  call  attention  to  the 

fact  that  these  counts  were  made  in  an  altitude  of  about  3,500  feet,  where  the  normal 

count  is  above  rather  than  under  5,500,000;  they  give  a   table  of  counts  (1904a,  p.  39) 

for  cases  89,  94,  107,  115-12,0, 122-124.  Anderson  gives  blood  counts  for  several  cases 
and  concludes  (1903a,  p.  507;  1903c,  p.  22)  that  there  is  a   progressive  decrease  in  red 

cells,  but  as  soon  as  the  temperature  becomes  normal  an  increase  begins. 

CoMPAKisoN. — In  Texas  fever  there  is  a   tremendous  decrease  in  the  red  cell  count. 

Thus,  Smith  and  Kilborne  (1903,  pp.  38  to  41)  report  a   decrease  in  acute  cases  from 

6.290.000,  July  31,  to  2,025,000,  August  28;  7,171,000,  August  13,  to  1,675,000,  August 

29;  5,000,000,  August  13,  to  2,645,000,  August  25. 

In  the  mild  nonfatal  type  the  decrease  is  slower. 

For  canine  piroplasmosis  Nuttall  (1904,  pp.  238-239)  reports  the  following  cases: 
Typical  acute  case,  5,240,000  first  day  to  2,200,000  late  the  fifth  day;  typical  chronic 

case,  5,840,000  first  day  to  1,200,000  late  the  fifteenth  day. 

LEUKOCYTES. 

Wilson  and  Chowning  (1902a,  p.  133;  1903a,  p.  64)  report  a   slight  increase  of 

leukocytes — from  12,000  to  13,000  (or  14,000;  see  1903a,  p.  50)— in  4   cases  examined; 
further  counts  are  given  in  1904a,  p.  39. 

Anderson  (1903a,  p.  507;  1903c,  p.  22)  says  that  the  white  cells  are  increased  in 

number,  varying  from  8,000  to  12,000,  the  most  interesting  feature  being  an  increase 

in  the  large  mononuclears,  which  in  an  average  of  2   cases  gave  11.4  per  cent. 

Polymorphonuclear  leukocytes     77.  7 

Large  mononuclear  leukocytes     11.  4 

Small  lymphocytes     10.0 

Eosinophiles   9 

100.0 
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In  case  11  (19<>1)  the  leukocytes  ran  up  to  15.600  (Ashburn).  It  is 

a   point  of  some  interest  that  the  increase  in  large  mononuclears,  as 

reported  by  Anderson,  is  in  harmony  with  protozoan  infection  in  so 

far  that  in  malaria  and  kala-azar  there  is  also  an  increase  in  laro’e 

mononuclears,  but  in  canine  piroplasmosis  it  is  the  polynuclears  which 
are  increased. 

CoMPAEisoxs. — For  Texas  fever  Smith  and  Kilborne  (1893,  p.  50)  say:  “Any 
unusual  increase  in  numbers  was  not  noted  in  stained  preparations  of  any  case  which 

came  mider  observation.  In  some  cases  an  abnormal  crowding  together  of  leukocytes 

was  observed  in  dried  preparations,  which  crowding  must  be  regarded  as  having 

existed  within  the  blood  vessels,  for  there  was  no  time  for  any  massing  together 

after  the  blood  had  left  the  vessels.” 

In  canine  piroplasmosis  there  may  be  considerable  leukocytosis,  the  number  of 

leukocytes  being  increased  2,  3,  or  4   times  the  normal,  so  that  instead  of  having 

7,000  to  8,000  (normal),  as  many  as  40,000  may  be  counted;  the  multiplication 

almost  entirely  affects  the  polynuclear  elements,  this  being  especially  marked  in 

slow-running  cases  (Auttall,  1904,  p.  238). 

HEMOGLOBIX 

In  5   cases  examined  during  various  stages  of  the  disease,  the  hemoglobin  was  50  to  60 
per  cent;  one  child  of  12  years,  examined  2   months  after  convalescence,  showed  Hb.  80 

per  cent  (Wilson  and  Chowning,  1902a,  p.  133:  1903a,  p.  64;  1904a,  p.  40).  Anderson 
(1903a,  p.  507;  1903c,  p.  22  )   reports  a   steady  but  never  very  rapid  decrease  in  the 
percentage  of  hemoglobin,  one  case  going  as  low  as  50  per  cent. 

Comparison. — For  canine  piroplasmosis  (Xuttall,  1904,  p.  238)  there  is  a   great  fall 

in  the  percentage  of  hemoglobin,  namely,  to  13,  12,  6.4,  or  even  to  3.5  per  cent. 

WIDAL  TEST. 

The  Widal  reaction  with  BaciUus  is  not  present.  (Wilson  and  Chowning, 

1902a,  p.  133;  1903a,  ji.  64:  1904a,  p.  40;  Anderson,  1903a,  p.  507;  1903c,  pp.  22,  33, 
37.) 

PARASITES. 

See  also  page  19. 

Freshly  drawn  blood  from  patients  during  their  illness  when  examined  with  a   one- 
twelfth  oil  immersion  objective  shows  parasites  sparingly  in  the  red  blood  cells 

(Wilson  and  Chowning,  1902a,  p.  133;  1903a,  p.  64;  1904a,  p.  40).  Blood  was  exam- 

ined from  3   recovered  cases,  1   of  2   months,  1   of  1   year,  and  1   of  2   years  without  find- 
ing the  hematozoon  (1903a,  p.  64;  1904a,  p.  40).  Case  115,  examined  14  days  after 

patient  had  been  discharged  by  physician,  still  showed  parasites  in  the  blood  (1904a, 

p.  40). 
Anderson  (1903a,  1903c  ;   also  reports  the  parasites  in  the  blood. 

A.shburn  and  I   have  failed  to  contirm  these  observations:  see 

pages  19. 

Comparison. — It  muII  be  recalled  that  Wilson  and  Chowning  state  that  in  “spotted 

fever”  probably  not  over  0.2  per  cent  of  the  red  cells  in  the  circulating  blood  are 
infected,  but  the  parasites  are  more  common  in  the  spleen  and  in  certam  other  por- 

tions of  the  body. 

For  Texas  fever.  Smith  and  Kilborne  (1893,  pp.  61-65)  state  that  the  numbers  of 
infected  corpuscles  circulating  in  the  blood  during  the  high  fever  is  usually  quite 
small;  0.1  to  1   per  cent  would  be  a   fair  estimate  in  most  cases.  Toward  the  fatal 

termination  there  may  be  from  5   to  10  per  cent  of  the  corpuscles  with  the  pyriform 
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parasites  present.  Larger  numbers  of  parasites  are  found  within  corpuscles  in  the 

capillary  blood  of  congested  areas,  as  is  seen  by  the  following  table  of  a   case  in 
which  2   to  3   per  cent  of  the  circulating  corpuscles  were  infected  before  the  cow  was 
killed: 

“In  blood  from  skeletal  muscles,  very  few  infected  corpuscles. 

“In  blood  from  the  right  heart,  very  few  infected  corpuscles. 

“In  blood  from  marrow  of  sixth  rib,  very  few  infected  corpuscles. 
‘   ‘   In  blood  from  the  left  heart,  2   to  3   per  cent  infected  corpuscles. 

“In  blood  from  lung  tissue,  2   to  3   per  cent  infected  corpuscles. 
“   In  liver  tissue,  10  to  20  per  cent  infected  corpuscles. 

“In  kidney  tissue,  10  to  20  per  cent  infected  corpuscles. 

“In  hypergemic  fringes  of  omentum,  50  per  cent  infected  corpuscles. 

“In  heart  muscle,  50  per  cent  and  many  free  parasites.” — Smith  and  Kilborne, 
1893,  page  62. 

In  some  cases  the  liver  blood  was  infected  to  40  or  50  per  cent,  and  kidney  blood 
to  80  or  90  per  cent. 

Starcovici  reports  for  hemoglobinuria  that  90  per  cent  of  the  corpuscles  in  the  kid- 
neys may  show  infection,  but  fewer  infected  corpuscles  are  found  in  the  circulating 

blood.  In  carceag  the  blood  in  the  spleen  and  in  the  hemorrhagic  edema  may  be 
infected  to  5   or  10  per  cent.  In  the  larger  vessels  scarcely  1   per  cent. 

For  canine  piroplasmosis,  Nuttall  (1904,  p.  228)  reports  that  the  parasites  occur  in 
the  blood  throughout  the  body,  being  most  numerous  in  the  internal  organs. 

SPLEEN. 

The  spleen  is  uniformly  enlarged  and  tender  on  palpation  (Wilson  and  Chowning, 

j   1902a,  p.  133;  1903a,  p.  64;  1904a,  p.  40).  It  was  3   to  3J  times  its  normal  weight; 

’   the  capsule  was  distended  and  thinned;  on  section  the  tissue  was  found  dark  red 
I   and  so  soft  as  to  be  in  most  cases  confluent;  the  outlines  of  the  Malpighian  bodies 
I   were  obliterated;  the  omentum  covering  the  spleen  was  usually  congested  (Wilson 

and  Chowning,  1904a,  p.  41).  The  spleen  shows  an  engorgement  with  red  blood 

r   cells  and  leukocytes;  the  outline  of  the  Malpighian  bodies  are  lost;  there  is  a   marked 

'   infiltration  of  leukocytes,  mostly  of  the  polynuclear  type,  in  the  region  of  the  Mal- 
■   pighian  bodies;  there  is  much  blood  pigment,  both  free  and  within  phagocytes;  many 
;   piroplasmata  are  present,  both  free  and  within  red  cells,  many  of  which  have  been 

'   taken  up  by  phagocytes. 
According  to  Anderson  (1903c,  p.  23),  the  spleen  is  enlarged  early  and  may  extend 

1   or  2   inches  below  the  costal  margin;  on  post-mortem  (1903c,  p.  38)  it  is  usually 
purple  in  color,  soft,  diffluent,  and  from  3   to  4   times  its  normal  weight;  the  vessels 

I   are  engorged  with  blood;  many  mononuclears  are  present  containing  from  1   to  4   red 
j   blood  cells;  there  is  no  free  pigment.  In  case  35  (1903c,  p.  13)  the  spleen  was 

'   much  increased  in  size,  and  this  was  the  only  abnormal  appearance  at  post-mortem; 
in  case  121  (1903c,  pp.  35-36)  it  was  enlarged  and  easily  palpable  1   inch  below 
costal  margin. 

Comparison. — In  Texas  fever  the  grayish  Malpighian  bodies  and  the  whitish 
trabeculie  have  all  disappeared  from  view  within  the  distended  pulp;  a   microscopic 
examination  shows  that  the  enlargement  and  peculiar  color  of  the  spleen  tissue  is 

due  to  an  engorgement  with  red  blood  corpuscles.  With  this  engorgement  there 
I   may  be  associated  a   variable  number  of  large  cells  containing  coarse  granules  and 

j   from  2   to  12  red  corpuscles,  or  else  the  remains  of  these  corpuscles  in  the  form  of 

'   irregular  clumps  of  yellowish  pigment.  Tlie  pigment  is  also  free  in  masses  of  vari- 
able size.  Examination  of  fresh  pulp  from  spleens  of  healthy  cattle  shows  that  the 

presence  of  large  quantities  of  free  pigment  of  the  form  described  is  not  uncom- 
mon. (Smith  and  Kilborne,  1893,  page  28.) 

^   In  carceag  the  follicles  are  usually  indistinct  and  the  sj^leen  is  hyperemic. 
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In  hemoglobinuria  of  cattle  the  follicles  are  seldom  distinct. 

Size. — The  size  and  weight  of  the  spleen  on  post-mortem  have  been  reported  as 
follows: 

7   ounces  after  4   hours  in  paper,  case  No.  107,  Wilson  and  Chowning,  1903a, 

page  48. 
9   ounces,  case  No.  94,  Wilson  and  Chowning,  1903a,  page  58. 

17  ounces,  after  12  hours  in  paper,  case  No.  3,  Wilson  and  Chowning,  1903a,  page  54. 
22  ounces,  after  8   hours  in  paper,  case  No.  91,AVilson  and  Chowning,  1903a,  page  53. 

25  ounces,  after  12  hours  in  paper,  case  No.  107,  AVilson  and  Chowning,  1903a, 

page  48. 

3   times  normal  weight,  case  No.  97,  AA'ilson  and  Chowning,  1903a,  page  56. 
20  ounces,  1   hour  after  removal,  case  No.  120,  Anderson,  1903c,  page  33. 

In  cases  of  1901,  it  was  enlarged  in  Nos.  3,  7,  10,  and  11;  dullness 

was  increased  in  case  5,  but  not  obtainable  in  case  8. 

Comparison. — The  spleen  is  enlarged  in  Texas  fever  (very  much  enlarged,  hence 

the  name  splenic  fever),  in  hemoglobinuria  in  cattle,  and  in  carceag  in  sheep,  and  is 
often  3   to  4   times  natural  size  in  canine  piroplasmosis. 

Color. — The  spleen  is  reported  as  dark  in  cases  91,  94,  107,  120;  very  dark  in  cases 
93,  97. 

In  1901  the  spleen  of  case  No.  11  on  post-mortem  was  of  a   slaty 
purple  in  color. 

Comparison. — In  Texas  fever  the  spleen  is  reported  as  dark  brownish-red,  dark  in 

hemoglobinuria  of  cattle;  in  canine  piroplasmosis  it  is  reported  as  “pale,  bloodless, 

like  other  organs;  scarcely  stains  paper  when  smeared  thereon”  (Robertson);  Nut- 
tall  observed  little  change;  in  France  it  is  dark. 

Capsule. — The  capsule  of  the  spleen  is  reported  as  stretched  and  thin  in  cases  89, 
91,  93,  107;  it  stripped  easily  in  cases  94,  97. 

Comparison. — In  Texas  fever  the  ordinarily  rather  thick  whitish  capsule  is 

very  much  distended  and  attenuated,  so  that  the  dark  pulp  shows  through  it  very 
distinctly. 

Pulp. — The  spleen  pulp  is  reported  as  soft  and  diffluent  in  cases  89,  91,  93, 107, 120; 
almost  fluid  and  deep  red  in  case  97;  decidedly  diffluent,  of  deep  yellowish-red  color, 
in  case  94. 

In  case  11  of  1901,  the  spleen  was  soft  and  easily  torn. 

Comparison. — In  Texas  fever  the  pulp  may  be  firm  or  it  may  be  partly  diffluent, 

welling  out  as  a   semifluid  mass  from  the  incised  retracting  capsule.  It  is  reported 
as  soft  in  carceag  and  canine  piroplasmosis  (France). 

Aclhesioois. — In  case  93  (of  1902),  the  spleen  was  adherent  to  the 

gut.  In  case  11  of  1901,  it  was  bound  down  b}"  posterior  adhesions, 
and  adhesions  to  stomach. 

In  case  107  the  portion  of  the  omentum  covering  the  spleen  was  darkened  and 

apparently  disintegrating;  in  case  89  it  was  dark,  congested,  and  soft;  in  case  91  it 

was  pale  and  apparently  normal;  in  case  93  it  did  not  differ  from  the  omentum  else- 
where (AVilson  and  Chowning,  1903a,  pp.  48,  51,  54). 

TEMPERATURE. 

CHILL. 

Idaho. — During  the  first  week  following  the  malaise  the  patient  complains  of  chilly 
feelings  (Bowers,  1896,  p.  63).  Some  cases  begin  with  a   severe  chill,  and  others 
with  more  or  less  chilly  shudderings  frequently  referred  to  the  spinal  region;  still 
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others  with  little  or  no  chill  (Collister,  1896,  p.  63).  The  disease  is  sometimes  ush- 
ered in  by  a   chill  (Fairchild,  1896,  p.  62).  Figgins  (1896,  p.  64)  states  that  the  attack 

begins  with  a   chill.  According  to  Springer  ( 1896,  p.  61 ),  the  chill  follows  the  malaise. 

Maxey  (1899,  p.  435)  states  that  the  patient  feels  flashes  of  heat  and  cold,  but  no 
marked  chill. 

Montana. — The  attack  comes  on  by  either  a   well-marked  chill  or  by  chilliness, 
simultaneous  with  fever;  the  chilliness,  although  most  severe  at  the  onset  often  con- 

tinues more  or  less  throughout  the  attack,  coming  on  at  intervals,  generally  mornings, 
and  becoming  lighter  day  after  day  until  within  a   week  or  so  it  seems  but  little  more 

than  chilliness  from  light  covering  (Gwinn,  1902).  According  to  McCullough  (1902, 

p.  226),  the  onset  may  be  marked  by  a   sudden  and  severe  chill  or  by  slight  chilly 

sensations,  mostly  in  the  morning.  Wilson  and  Chowning  (1902a,  p.  132;  1903a, 

p.  61;  1904a,  p.  37)  report  that  the  malaise  is  followed  by  a   well-marked  chill,  which 
is  usually  most  severe  at  the  beginning  and  recurs  at  irregular  intervals,  though  with 

decreasing  severity.  Anderson  ( 1903a,  p.  507 ;   1903c,  p.  21 )   states  that  for  a   few  days 

the  patient  may  have  chilly  sensations,  and  Anally  there  is  a   well-marked  chill;  he 
reports  cases  as  follows: 

Case  97  began  with  chills  and  vomiting,  and  with  a   rapid  rise  in  temperature  (pp. 

16-17). 
Case  115  was  bitten  by  ticks  April  1;  complained  of  being  chilly  on  April  7   or  8 

(p.  24). 
Case  116  was  bitten  by  tick  April  13;  severe  chill  on  April  19  (p.  26), 

Case  117  was  bitten  by  tick  April  16;  marked  chill  on  April  20  (p.  27). 

Case  118  was  bitten  by  tick;  chill  April  20  (p.  27). 
Case  120  found  tick  bites  April  28;  had  chill  same  day  (p.  29). 

Gates  (1903,  p.  48)  reports  for  one  patient  a   hard  chill  during  the  last  of  the  1st 

week;  he  (1905,  pp.  111-112)  also  reports  chill  for  cases  11  and  14,  in  the  latter  case 
10  days  after  the  bite;  later  the  chill  recurred;  pronounced  chill  for  case  16. 

During  the  1904  season,  chills  occurred  in  cases  2,  3,  5,  6,  8,  and  9. 

Comparison. — Chills  are  reported  for  carceag. 

FEVER. 

Idaho. — During  the  first  week  following  the  incubation,  the  patient  takes  to  bed 

with  a   temperature  of  102°  to  105°  F.,  pulse  90  to  120;  in  favorable  cases  and  in  those 
of  moderate  severity  there  is  a   gradual  decline  in  fever  during  the  second  w.eek;  the 

temperature  varies  in  different  cases;  there  is  a   daily  rise  during  the  first  4   or  5   days; 

the  evening  temperature  is  about  1°  to  1J°  higher  than  the  morning  remission;  a 

temperature  of  102 J°  to  104°  is  not  uncommon  by  the  fourth  or  fifth  day;  having 
reached  its  acme,  the  fever  persists  for  several  days;  at  the  end  of  the  second  and 

during  the  third  week  the  fever  falls  by  lysis  to  an  evening  record  of  98.4°  (Bowers, 
1896,  p.  63).  According  to  Collister  (1896,  p.  63)  the  febrile  stage  gradually  follows 

the  chill;  it  continues  2   or  3   weeks;  it  is  not  common  to  find  a   temperature  over  103°, 
except  in  occasional  cases.  Fairchild  (1896)  states  that  in  some  cases  febrile  action 

runs  high;  it  usually  ranges  from  101°  to  104^-°  or  105°,  and  is  continuous,  showing 
but  slight  remissions.  Figgins  (1896,  p.  64)  reports  the  fever  as  remittent;  the  tem- 

perature ranges  from  100°  to  105°;  pulse,  100  to  120.  Springer  (1896,  p.  61,  62)  says 
that  after  the  chill  the  fever  sets  in,  ranging  from  103°  to  105°;  the  fever  ranges  high 
and  continues  from  10  to  14  days;  then  it  intermits  for  the  following  week  or  two. 

Zipf  (1896,  p.  65)  says  that  the  usually  sudden  onset  is  accompanied  by  high  fever; 

the  fever  is  continuous,  lasting  one  to  two  weeks  and  is  out  of  proportion  to  the  dan- 
ger of  the  disease;  it  also  leaves  the  patient  weak  for  weeks.  Maxey  (1899,  p.  435) 

describes  the  fever  as  of  the  continuous  type,  beginning  on  the  first  day  and  rising 

gradual’y  until  it  reaches  102°  to  103°  on  the  third  or  fourth  day,  when  the  eruption 
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usually  appears;  it  is  highest  on  the  fourth  to  seventh  day,  corresponding  to  the  j 

period  of  most  profuse  eruption;  there  is  a   difference  of  i°  to  1.5°  F.  between  the  I 
minimum  morning  and  maximum  evening  temperature,  which  difference  is  main-  I 

tained  until  about  the  tenth  to  fifteenth  day,  when  the  temperature  line  becomes  i 

erratic,  for  at  this  time  it  is  apt  to  take  sudden  jumps  up  and  then  as  suddenly  down,  j 
while  at  tl^ie  same  time  the  average  temperature  is  gradually  going  down,  until  by 

the  end  of  the  third  week  the  patient  is  entirely  free  from  fever.  The  Medical  Sen-  j 

tinel  (1899,  p.  457),  speaking  editorially,  refers  to  the  fever  as  remittent  in  type.  ; 

Montana. — The  fever  comes  on  with  or  rapidly  follows  the  initiative  chill,  so  that 

upon  the  first  visit  the  temperature  is  usually  102°  to  104°  F. ;   it  becomes  graduail}-  ̂  
higher  day  after  day  until  it  reaches  its  maximum  in  2   to  7   days,  when  it  ordinarily  \ 

registers  103°  to  106°;  there  seems  to  be  a   slight  evening  rise  above  that  of  mornings;  | 
in  probably  all  cases  except  the  mildest,  one  may  be  misled  in  the  latter  days  of  the 

attack  in  thinking  the  fever  abated  upon  feeling  the  skin,  or  by  the  thermometer  ; 

registered  in  the  axilla,  while  the  rectal  temperature  shows  to  the  contrary;  this  dif-  j 

ference  in  temperature  is  apparently  caused  by  the  slow,  feeble,  obstructed  circula-  i 

tion,  the  exterior  and  the  extremities  becoming  cool  from  a   lack  of  blood  supply;  in  t 

cases  where  recovery  takes  place,  the  fever  begins  to  abate  alx>ut  the  fourteenth  day 

and  gradually  recedes  until  it  disappears,  on  an  average,  on  the  twenty-first  day;  2 

cases  had  subnormal  temperature  mornings  and  about  1°  of  fever  at  6   p.  m.  almost  ' 
during  the  entire  attack.  (Gwinn,  1902. )   ; 

McCullough  (1902,  p.  226)  says  that  the  temperature  and  pulse  assume  the  form  |- 
of  most  continued  fevers,  both  gradually  increasing,  until  the  acme  of  the  disease  is 

reached  in  nonfatal  cases  about  the  end  of  the  second  week;  very  high  temperature  i 

is  not  usual,  ranging  from  102°  to  106°.  |, 
According  to  Wilson  and  Chowning  (1902a,  p.  132;  1903a,  p.  62;  1904a,  p.  37)  i 

after  the  initial  chill,  fever  rapidly  develops,  and  may  reach  103°  to  104°  F.  on  the 
second  day;  it  gradually  increases  and  reaches  its  maximum  in  from  5   to  7   days, 

when  it  may  register  105°  to  107°  F.  (rectal  temperature);  the  difference  between 

rectal  and  axillary  temperature  is  sometimes  as  much  as  2°  F. ;   usually  a   slight  even- 
ing increase  and  morning  decrease  are  noted;  the  temperature  occasionally  becomes 

normal  or  subnormal  18  to  24  hours  before  death;  when  recovery  occurs,  it  is  by  ; 

lysis,  much  as  in  typhoid;  the  diminution  of  the  fever  begins  about  the  end  of  the 
second  week  and  reaches  normal  about  2   weeks  later. 

Anderson  (1903a,  p.  507;  1903c,  p.  21)  states  that  before  the  distinct  chill  there  is  ' 
little  or  no  fever  in  the  morning,  with  a   slight  rise  in  the  afternoon;  after  the  chill  | 

there  is  an  abrupt  rise,  and  from  then  on  the  fever  gradually  rises  in  the  evening,  | 

with  a   slight  morning  remission.  The  maximum  is  usually  reached  on  the  eighth  to  I 

the  twelfth  day;  then,  in  a   favorable  case  it  gradually  falls,  becoming  normal  about  i 

the  fourteenth  to  the  eighteenth  day,  usually  going  to  subnormal  for  a   few  days;  in 

fatal  cases  the  fever  remains  high,  from  104°  to  105°  or  106°  F.,  and  the  morning  i 
remissions  are  very  slight  or  not  present. 

Gates  (1903,  pp.  48,  49)  reports  the  temperature  for  two  cases;  in  one  case  the 

patient  was  given  small  doses  of  aconite  and  spirit  of  nitrous  ether  and  small  doses  I 

of  alcohol  until  the  fever  was  reduced  and  bowels  moved  freely;  the  patient  was 

sponged  with  cool  and  cold  water,  as  needed  for  high  temperature;  the  fever  ran  an  i 

irregular  course,  with  great  variation,  reaching  at  times  a   temperature  104.5°  F.,  and  I 

again  sinking  to  97°  F.  This  low  temperature  was  observed  during  the  last  of  the  : 

first  week  of  the  disease,  at  which  time  the  patient  was  in  a   state  of  collapse,  being  ' 
almost  pulseless  and  having  a   hard  chill  at  the  time.  | 

Comparisons. — In  Texas  fever,  if  the  temperature  of  exposed  animals  be  taken 

once  daily — say,  in  the  morning — it  will  be  found  that  at  the  onset  of  the  disease  it 

will  rise  within  24  hours  from  the  normal  to  104°  F.  or  even  higher.  In  the  follow- 

ing 24  hours  it  may  rise  to  105°  or  107°  F.  The  continued  daily  record  will  then 



1 71 

show  a   high  temperature  until  the  disease  terminates  fatallj^  or  in  recovery.  In  the 

former  case  it  may  fall  from  2°  to  4°  below  the  normal  just  l)efore  death.  When 
recovery  ensues,  it  falls  as  quickly  to  or  even  below  the  normal  as  it  rose  in  the  begin- 

ning of  the  attack.  If  the  temperature  be  taken  twice  daily — in  the  morning  and 

the  evening — a   new  set  of  phenomena  appear.  The  temperature  at  the  outset  rises 
during  the  day,  is  highest  in  the  evening,  and  may  be  low  again  in  the  morning. 

I   This  oscillation,  partly  a   normal  occurrence,  may  be  noticed  for  3   or  4   days  in  some 

]   cases,  the  morning  temperature  gradually  rising  until  it  is  as  high  as  the  evening 

temperature.  The  high  temperature  then  remains  continuous  until  the  end  of  the 

.   fever.  (Smith  and  Kilborne,  1893,  p.  16.) 

For  canine  piroplasmosis,  Xuttall  (1904,  pp.  232-233)  reports: 

;   “South  Africa:  Fever  recorded  in  all  cases,  and  may  be  present  when  the  dog 

appears  well,  thus  constituting  usually  the  first  symptom.  Fever  starts  at  104.2°  to 

105.4°,  and  oscillates  or  rises  to  105°  or  106.6°,  even  107°  F.  In  chronic  cases 
(Chart  V)  there  may  be  great  oscillations  in  temperature,  which  may  fall  below 

normal  (97°  to  98°  F.,  about  36°  C. )   and  again  rise.  Toward  death  the  rectal  tem- 

perature gradually  falls  far  below  normal;  in  three  of  my  dogs  98.2°,  97.2°,  90°  F. 

(32.2°  C. )   were  recorded,  respectively,  when  last  taken, 

i   “France:  In  acute  cases  fever  at  onset  may  exceed  40°  C.  (104°  F. ),  is  maintained 

usually  2   to  3   days,  then  the  temperature  falls  below  normal,  even  down  to  33°  C. 

(91.4°  F. ).  Rarely  temperature  is  seen  to  oscillate,  then  gradually  fall.  In  young 
dogs,  which  die  very  quickly,  initial  fever  may  be  absent,  parasites  appear  in  the 

blood,  and  temperature  sinks  until  death. 

;   “In  chronic  cases  fever  usually  absent;  slight  when  present;  rarely  exceeds  40°  C. 

;   (104°  F. ).  May  be  overlooked;  lasts  36  to  48  hours,  then  falls.  In  one  case  a 

‘quartan  fever,’  with  remissions,  as  in  the  human  malaria,  observed.” 

BKONCHITIS;  COUGH. 

Idaho. — There  is  considerable  bronchial  irritation,  cough  lasting  during  conva- 

lescence or  as  long  as  there  is  any  appearance  of  the  eruption  (Figgins,  1896,  p.  64). 

Fairchild  (1896)  agrees  that  a   slight  cough  accompanies  the  disease.  According  to 

1   Maxey  (1899,  p.  435)  there  is  occasionally  some  bronchial  cough,  which  may  or  may 

not  be  accompanied  by  some  pain  in  the  lungs. 

■   Montana. — An  irritative  cough  generally  exists  from  the  first,  but  not  to  an  extent 
to  be  especially  noticeable  (Gwinn,  1902).  Wilson  and  Chowning  (1902a,  p.  132; 

,   1903a,  p.  62;  1904a,  p.  37)  state  that  a   bronchial  cough  is  frequently  present  at  the 

‘   onset.  Anderson  (1903a,  p.  507;  1903c,  p.  21)  refers  to  a   slight  bronchitis  after  a   few 

!i  days;  always  present  in  the  second  week  (1903c,  p.  23).  Gates  (1905,  pp.  111-113) 

[   reports  cough  for  his  cases.  Nos.  11  (tenth  day,  especially  well-marked  symptom), 
14,  15  (most  troublesome),  16  (some,  but  not  so  much  as  usual). 

;   111  the  1901  cases  no  cough  was  recorded  for  cases  T,  9,  and  13;  in 

I   case  3   there  was  no  cough  on  May  10,  but  the  patient  coughed  freely 

'   on  May  11;  there  was  some  cough  in  case  10. 
^ ,   Bronchial  glanch  —   \w  case  11  (1901)  the  bronchial  glands  were  found 

'   enlarged  at  autops}". 
THYMUS. 

In  case  11  (1901)  remnants  of  the  thymus  were  seen  upon  removal 
of  the  sternum. 
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EESPIRATION. 

Eespiration  is  notably  deeper,  fuller,  and  more  labored  from  the  first  than  in  i 

health,  as  well  as  increased  in  frequency;  the  respu’atory  acts  are  labored  and  ' 
increased  in  frequency  in  proportion  to  the  amount  of  cyanosis  rather  than  the 
amount  of  fever.  (Gwinn,  1902.)  I 

According  to  Wilson  and  Chowning  (1902a,  p.  133;  1903a,  pp.  61-65;  1904a,  p.  40) 
the  respiratory  rate  sometimes  reaches  60  per  minute  in  the  adult,  though  ordinarily 
it  does  not  run  above  36  per  minute;  like  the  pulse  rate,  it  is  frequently  out  of  all 

proportion  to  the  temperature;  it  is  regular,  but  usually  shallow;  it  may  be  labored 

and  accompanied  by  rattling,  due  to  accumulation  of  mucus  in  the  upper  air  passages,  ■ 
during  the  last  day  or  two  of  life;  Cheyne-Stokes  respiration  has  not  been  observed. 
Anderson  (1903a,  p.  507;  1903c,  p.  23)  states  that  the  respiratory  rate  is  always  j 

increased,  usually  varying  from  26  to  40  per  minute,  in  some  cases  reaching  50  to  60; 

it  is  regular,  but  often  shallow.  He  reports  hurried  respiration  for  case  37  (Howard’s 

case,  p.  12),  between  40  and  50  for  case  56  (Howard’s  case,  p.  14),  24  for  case  90  ■ 

(Brice’s  case,  p.  16)  the  second  day  after  onset,  32,  two  days  after  onset,  increasing 
gradually  to  45,  for  case  97  (Burton’s  case),  taking  his  data  from  Wilson  and  Chown- 

ing, 1903a.  In  case  117  (p.  27)  the  respiration  was  at  first  normal,  became  more  rapid 
and  labored  until  a   few  hours  before  death,  then  gradually  weaker;  26  and  28  for 
case  118  (p.  28). 

Gates  (1903,  p.  50)  reports  in  one  case  that  the  respiration  varied  from  30  to  40  , 
throughout  the  course  of  the  disease  and  continued  until  after  all  signs  of  heart  action  * 

had  ceased.  He  (1905,  p.  113)  reports  Cheyne-Stokes  respiration  during  last  of  second  ; 
week  in  his  case  16.  , 

In  the  cases  of  1904  respiration  became  poor  (7)  in  case  2,  the  patient  I 

at  times  struggling  for  breath  on  May  8;  Buckley  observed  Cheyne- 
Stokes  respiration  in  this  case.  In  case  3   it  was  slightly  harsh  and 
prolonged  anteriorhy  it  became  slightly  stertorous  on  May  12;  on 
May  13  the  lung  sounds  were  very  harsh  all  over  the  front  and  back, 
with  large  coarse  rales;  the  lungs  were  rapidly  tilling  with  fluid;  for 
5   or  10  minutes  respiration  would  be  quiet  and  regular,  then  very 
rapid  (60)  for  a   time;  on  May  14:  the  Ailing  of  the  lungs  progressed 
rapidly,  edema  well  marked;  on  May  15  there  was  much  noise  in  i 
breathing.  In  case  5   the  respiration  suddenly  ceased  on  May  21; 
artificial  respiration  was  resorted  to  and  in  5   minutes  the  patient 

breathed,  was  roused,  and  quite  rational;  failure  of  respiration  con- 
tinued to  occur  at  intervals,  patient  apparently  forgetting  to  breathe; 

hypodermics  of  morphine  acted  as  a   respiratory  stimulant  (Mills).  In 
case  7   respiration  became  harsh,  especially  on  right  side.  In  case  11 
respiration  was  depressed,  falling  on  June  24  to  8   (patient  receiving 
large  doses  of  morphine). 

Edema  of  lungs  developed  in  case  2. 

CoMPAEisoxs. — For  Texas  fever,  see  above,  page  63. 
In  canine  piroplasmosis  breathing  is  accelerated,  subsequently  labored,  irregular, 

and  finally  very  shallow;  in  acute  cases  respirations  are  36  to  48  per  minute  (acceler- 
ated), labored,  gasping,  and  at  times,  especially  in  young  dogs,  accompanied  by 

whining  sounds;  examination  of  thorax  negative. 
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'   PLEURAL  CAVITIES. 

No  adhesions  were  reported  in  cases  107,  89,  91,  and  120.  In  case  93  the  pleura 

was  intensely  adherent  over  entire  surface  of  lioth  lungs;  the  adhesions  were  very 

thick  and  fibrous;  there  was  a   history  of  pleurisy  several  years  before.  (Wilson  and 

Chowning,  1903a,  pp.  47,  51,  52,  54;  Anderson,  1903c,  p.  33.) 

In  190d  the  pleural  cavities  of  case  11  were  normal  except  a   few 

adhesions  between  left  lung  and  pericardium. 

Comparisons. — In  canine  piroplasinosis,  the  peritoneal  and  thoracic  cavities  may 
contain  fluid  (Hutcheon);  sometimes  there  is  brownish  serous  exudate  in  thorax; 

in  Lounsbury’s  chronic  case  there  were  pericarditis  and  j^yothorax. 

LUNGS. 

See  also  Gangrene;  page  50. 

Wilson  and  Chowning  (1904a,  pp.  41,  42)  report  hypostatic  congestion;  all  the  lungs 
show  considerable  congestion  and  swelling  of  the  capillaries;  many  red  blood  cells 

containing  parasites  are  present;  in  most  cases  many  phagocytes  are  found  which 

have  taken  up  infected  red  cells  and  pigment  granules;  in  one  case  ther.e  was  con- 
siderable broncho-pneumonia;  pleura  was  normal. 

Anderson  (1903c,  pp.  33,  38)  reports  that  the  plurae  are  normal  and  do  not  contain 
excess  of  fluid;  lungs  show  hypostatic  congestion,  occasionally  pneumonia;  in  case 
120  there  were  no  consolidated  areas,  except  a   few  points  resembling  emboli. 

See  also  Complications,  page  87. 

Upon  autopsy,  the  lung  tissue  incase  93  was  fully  crepitant;  there  was  slight  hypo- 
static congestion  on  both  sides;  in  cases  89  and  91  both  lungs  were  normal,  except 

hypostasis  on  both  sides;  in  case  107,  the  lungs  were  apparently  normal,  no  pneu- 
monia (Wilson  and  Chowning,  1903a,  pp.  47,  51,  52,  54).  Incase  120, the  lungs  were 

normally  inflated,  no  consolidated  areas,  except  a   few  points  resembling  emboli 

(Anderson,  1903c,  p.  33). 

During  the  season  of  1904,  case  2   died  of  edema  of  the  lungs;  in  case 

3   also  edema  of  the  lungs  developed;  in  case  8,  slight  edema  of  the 

lungs  developed;  there  was  edema  of  the  right  lung  May  29,  and  on 

May  30  both  lungs  were  edematous.  In  case  11,  on  autopsy,  the  right 

lung  was  lead  color  on  upper  surface,  very  dark  posteriorly;  several 

dark  spots  one-eighth  inch  in  diameter  anteriorly,  but  apparently  old; 
entire  lung  edematous;  posterior  portion  extremely  congested,  in  a 

condition  of  hypostatic  pneumonia,  and  sinks  in  water;  left  lung  shows 

same  appearance  as  right,  except  pneumonic  area  is  less  marked  and 
less  extensive. 

Comparison. — In  Texas  fever  the  lungs  are,  as  a   rule,  healthy;  there  is,  in  many 

cases,  pulmonary  edema,  with  or  without  emphysema,  noticeable  after  death;  in  a 
few  instances  foci  of  dark  red  hepatization  were  observed  in  one  of  the  principal 

lobes,  which  involved  one  or  several  lobules.  (Smith  and  Kilborne,  1893,  p.  26.  ) 

In  canine  piroplasinosis  the  lungs  are  rarely  affected  (Hutcheon);  Nuttall  noted 

edema  and  pinkish  frothy  fluid  in  the  bronchi  and  trachea;  in  France  apoplectiform 

foci  have  been  found;  in  young  dogs  dying  quickly,  usually  there  are  acute  edema 
and  reddish  foamy  secretion  in  bronchi  and  trachea. 

Hypostatic  lobar  pneumonia  herds  have  been  recorded  in  carceag. 
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MUSCULAR  SYSTEM. 

See  also  Pains,  page  76. 

Gwinn  (1902)  reports  rigidity  of  muscles  of  neck  and  back  in  one  case.  Several 
authors  refer  to  the  soreness  and  stiffness  of  the  muscles. 

Anderson  (1903c,  p.  23)  says  that  the  soreness  of  the  muscles  and  bones  causes  the 

patient  to  change  position  often;  muscular  soreness  is  often  very  severe  even  in  mild 
cases  and  lasts  until  recovery. 

Wilson  and  Chowning  (1903a,  p.  47)  report  some  tenderness  on  pressure  along  the 
spine  (case  107),  especially  in  the  dorsal  region,  though  this  may  have  been  due  in 

part  to  the  general  soreness  of  the  muscles. 

In  case  11  (1904)  the  muscles  were  well  developed  and  of  ̂ ood  color. 

Comparison. — In  Texas  fever  the  lean  meat  may  be  of  a   brownish  mahogany  color 

and  possess  a   peculiar  sickening  odor,  or  it  may  be  normal  in  color  or  perhaps  a 
trifle  paler.  In  carceag  the  muscles  are  reported  as  pale  and  flabby. 

EMACIATION. 

See  also  Fat,  page  52. 

Emaciation  has  not  been  reported  in  connection  with  “spotted 

fever,”  but  it  seems  to  be  quite  a   prominent  symptom  in  soine  piro- 
plasmatic  diseases. 

Thus,  for  Texas  fever.  Smith  and  Kilborne  report  that  there  may  be  extreme 

emaciation  during  the  period  following  the  fever.  For  canine  piroplasmosis,  Nuttall 

^1904,  pp.  231,  326)  reports  that  there  is  a   loss  of  weight  which  is  greatly  increased 

during  the  final  stages,  and  appears  to  be  more  marked  in  long-continued  cases; 

there  is  great  emaciation.  * 
NERVOUS  SYSTEM. 

See  also  Pains,  page  76;  Photophobia,  page  52;  Extremities,  page  55. 

Idaho. — All  cases  are  very  nervous,  sleepless,  and  throughout  the  disease  suffer 
intensely;  there  is  a   hyperemic  condition  of  the  nervous  system,  as  is  shown  by  the 

general  neuralgic  pains;  in  my  opinion  it  is  a   hybrid  between  typhoid  fever  and 
cerebrospinal  fever,  the  disease  having  many  symptoms  common  to  both  (Fairchild, 

1896).  Springer  (1896,  p.  62)  says  that  the  patients  are  usually  very  nervous  and 
irritable.  Sweet  (1896)  reports  that  the  nervous  system  is  sometimes  involved;  in 
such  cases  there  is  marked  hyperpyrexia. 

Montana. —   McCullough  (1902,  p.  227)  reports  indifference  to  surroundings. 

According  to  Wilson  and  Chowning  (1902a,  pp.  132-133;  1903a,  p.  63;  1904a,  pp.  38), 
aside  from  the  headache  at  the  beginning,  many  patients  show  no  nervous  symptoms 

until  just  prior  to  death;  a   low  muttering  delirium,  as  in  typhoid,  is  present  in  soine 
severe  cases,  the  patient  being  but  partly  rational;  in  the  severe  stages,  picking 

at  mouth,  ears,  and  bed  clothing  is  present;  except  at  the  onset  the  disease  is  remark- 
able for  its  freedom  from  pain. 

Gates  (1903,  p.  50)  reports  for  one  case  that  there  seemed  to  be  a   profound  impres- 
sion on  the  nervous  system  from  the  very  first  symptoms  of  the  disease;  muttering 

delirium  and  a   semicomatose  condition,  from  which  the  patient  could  be  aroused 

only  with  much  effort,  w^ere  early  and  prominent  symptoms.  Later  he  (1905,  p.  113) 
states  in  regard  to  his  case  16  (1904)  that  the  intensity  with  which  the  disease 
attacked  the  nervous  system  was  marked  from  the  onset;  a   low  muttering  delirium 

came  on  during  the  first  week;  during  the  second  week  the  patient  was  in  a   heavy! 
stupor  from  which  she  could  be  aroused  with  difficulty,  but  when  aroused  she  would 

answer  questions  correctl)^  and  then,  perhaps,  talk  at  random;  the  condition  of  the 
mind  approached  normal  during  the  third  week. 
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1   Durino-  the  season  of  1904:  nervous  symptoms  were  prominent. 

’   In  case  2   h^-peresthesia  (see  above,  p.  51)  was  extreme,  the  weio*ht 
^   of  a   palpating  hand  or  even  of  the  bed  clothing  caused  extreme  pain. 

,   For  case  4:  severe  intracranial  and  supraorbital  neuralgia,  May  12,  was 

I   reported;  condition  improved  under  codeine ;   in  general  the  nervousness 

j   of  the  patient  was  marked  in  this  case,  as  also  in  case  5.  In  case  6, 
!   who  was  of  a   neurotic  temperament,  the  nervous  symptoms  were 

prominent,  very  marked,  and  constant;  twitching  of  muscles,  etc.  On 

I   May  19,  when  touched  anywhere  on  the  body  the  patient  was  thrown 

I   into  a   state  of  tonus.  In  case  7   nervous  disturbance  was  important 

and  marked  throughout  illness.  The  patient  thrashed  around  in  bed, 

;   rolling  head  and  throwing  the  arms  around.  He  could  not  be  made 

i   to  lie  on  the  left  side  for  a   minute  at  a   time,  but  would  immediately 

throw  himself  upon  his  right  side  or  his  back.  In  case  8   nervousness 

!   increased  May  21;  dullness  increased  with  slight  delirium;  May  25 

:   hyperesthesia  was  very  marked;  there  was  high  nervmus  tension,  the 

I   muscles  of  the  back  and  limbs  became  very  rigid;  ail  nervous  symp- 
^   toms  increased  May  26,  27,  and  28;  a   drink  of  water  would  produce 
i   spasm  of  pharynx  and  diaphragm;  reflex  excitability  was  so  intense 

!   for  21  hours  before  death  that  a   slight  touch  used  in  putting  a   spoon 

!   to  the  mouth,  or  sponging,  etc.,  would  cause  spasm  and  rigidit}^  of 
^   entire  body.  In  case  11  the  severity  of  the  nervous  symptoms  pointed 

i   strongly  to  cerebrospinal  meningitis.  In  case  13  there  was  picking  at 

I   the  bed  clothing,  muttering,  and  restless  rolling  from  side  to  side. 
MALAISE. 

j   Idaho. — During  incubation  there  is  a   feeling  of  lassitude  and  inaptitude  for  work 
II  (Bowers,  1896,  p.  63).  Many  cases  are  taken  suddenly  without  previous  malaise 
I   (Collister,  1896,  p.  63).  Lassitude  is  mentioned  by  Dubois  (1896,  p.  64).  Fairchild 

j   (1896,  p.  62)  says  there  are  usually  2   or  3   days  of  malaise.  Springer  (1896,  p.  61) 

j   states  that  there  is  a   feeling  of  malaise  for  a   few'  days  preceding  the  chill,  and  Maxey 
(1899,  p.  435)  reports  that  the  patient  first  notices  a   general  malaise, 

j   Montana. — In  a   few  cases  the  disease  seems  to  be  preceded  by  a   prodromal  period 

■   of  malaise  for  a   few'  days  (Gw'inn,  1902).  According  to  McCullough  (1902,  p.  226) 

I   the  attack  may  come  on  insidiously  w'ith  a   feeling  of  malaise  for  a   few'  days,  gradu- 
1!  ally  grow'ing  worse  and  merging  into  a   well-defined  “bone  ache.” 

Wilson  and  Chow'ning  (1902a,  p.  132;  1903a,  p.  61)  and  Anderson  (1903a,  p.  507; 
j   1903c,  p.  21)  agree  that  many  cases  are  preceded  by  a   short  period  of  malaise. 

,   In  1901  case  3   complained  of  slight  malaise  on  May  10;  on  May  12 

'   this  case  showed  stupor. 

RESTLESSNESS  AND  INSOMNIA. 

i   Idaho. — Sleeplessness  is  common  during  the  first  w'eek  (Bow'ers,  1896,  p.  64).  On account  of  the  fever  and  the  soreness  and  the  ]iains  in  the  extremities  and  back  the 

j   patient  rolls  and  tosses  in  a   restless  effort  to  find  a   comfortalile  iiosition  (Maxey, 

jj  1899,  p.  435). 
|!  Montana. — There  is  considerable  restlessness  (Wilson  and  Chow’ning,  1902a,  j).  132; 
I   1903a,  p.  62;  1904a,  p.  37).  Anderson  (1903c,  p.  23)  says  that  the  soreness  of  the 
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muscles  and  bones  causes  the  patient  to  change  position  often;  he  reports  (pp.  14, 15) 
marked  jactitation  for  cases  56  and  57,  and  says  (p.  28)  that  restlessness  in  case  118 
was  allayed  by  darkening  the  room. 

Gates  (1905,  p.  Ill)  reports  insomnia  as  especially  well  marked  in  his  case  Xo.  11, 
persistent  in  case  14,  not  troublesome  in  case  15. 

In  19(11:  all  cases  were  reported  as  very  restless,  especially  cases  2, 
6.  7.  and  11 .   Case  2   was  markedly  drowsy  on  May  d. 

i)izzrsT:ss. 

McCnllouo’h  (1902.  p.  226)  reports  dizziness  among  the  initial  sym- 
toms.  This  was  not  complained  of  in  cases  1   to  11  (190d). 

HEADACHE. 

Idaho. — Cephalalgia  is  the  most  common  and  persistent  symptom  in  the  develop- 
ment of  this  disease;  the  pain  is  intense  and  persists  without  intermission;  it  is 

referred  to  the  frontal  region  or  to  the  occiput,  or  to  the  entire  head  (Bowers,  1896, 

p.  64) .   Collister  (1896,  p.  63)  states  that  there  is  generally  a   severe  headache. 

According  to  Dubois  (1896,  p.  64)  the  patient  may  be  stricken  down  without  warn- 
ing with  a   severe  frontal  headache.  Severe  headache,  particularly  in  the  back  part 

of  the  head,  is  mentioned  by  Fairchild  (1896,  p.  62)  as  an  early  symptom.  Sweet 

(1896)  also  mentions  headache.  Violent  headache  is  recorded  by  Zipf  (1896,  p.  65) 
as  an  initial  symptom.  On  the  second  day  the  pain  in  the  head  becomes  quite 

severe  (Maxey,  1899,  p.  435). 

Montana. — There  is  a   general  aching  and  soreness  of  the  whole  body  (Gwinn,  1902). 
According  to  IVilson  and  Chowning  (1902a,  p.  132;  1903a,  p.  62;  1^04a,  p.  37)  the 
headache  may  be  severe  at  the  onset.  Anderson  (1903a,  p.  507;  1903c,  p.  21) 

reports  some  pain  in  the  head;  he  gives  (1903c,  pp.  24,  27)  headache  as  following  the 

tick  bites  in  case  115  and  as  present  in  case  118.  Gates  (1905,  pp.  111-113)  reports  for 
his  cases  11  and  16  severe  headache;  for  case  11,  frontal  headache  following  the  chill. 

Headache  was  present,  to  a   greater  or  less  degree,  in  cases  1   to  11 

during  19(31.  In  case  1   it  was  reported  as  frontal;  in  case  5   it  began 
at  the  time  of  the  chill;  in  case  8   it  was  very  severe;  in  case  11  it  was 

both  frontal  and  occipital. 

PAIX,  OTHER  THAX  HEADACHE. 

Idaho. — During  the  first  week  following  the  incubation  period  there  is  pain  in  the 
back  and  legs  and  a   muscular  soreness  over  the  entire  lx)dy;  it  is  severe  in  the 
lumbar  region  or  along  the  entire  spine  and  in  the  lower  extremities  (Bower,  1896, 

pp.  63,  64) .   Collister  (1896,  p.  63)  states  that  there  is  pain  of  a   rheumatic  character 
in  the  back  and  limbs,  mostly  referred  to  the  joints.  Dubois  (1896,  p.  64)  mentions 

intensely  severe  pains  in  joints  and  muscles  as  an  early  symptom;  this  pain  “is 
boring,  breaking,  and  stabbing,  and  appears  to  penetrate  into  the  very  substance  of 

the  bones.”  Fairchild  (1896,  p.  62)  reports  shooting  pains  throughout  the  body  and 
limbs,  usually  more  severe  in  the  bowels  and  back;  it  is  neuralgic  in  type  and  is 

controlled  only  by  morphine;  the  pain  may  appear  early,  and  continues  throughout 

the  attack.  Figgins  (1896,  p.  64)  records  pains  in  the  extremities,  and  muscular 
soreness.  According  to  Springer  (1896,  p.  62)  the  patient  usually  complains  of 

severe  pains  throughout  the  body,  especially  in  the  back  and  stomach,  and  in  many 
cases  in  the  larger  joints;  these  j>ains  are  not  continuous,  but  are  of  a   shooting 
character  and  cause  the  patient  to  cry  out  on  any  movement.  Sweet  (1896,  p.  61) 
says  that  the  onset  is  usually  accompanied  by  severe  breakbone  pains;  the  intense 
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boneache  is  suggestive  of  dengue.  Zipf  ( 1896,  p.  65)  reports  backache.  According 
to  Maxey  (1899,  p.  435)  the  bones  and  muscles  soon  begin  to  ache,  and  on  the  second 

day  the  patient  feels  sick  enough  to  take  to  his  bed;  lie  already  feels  very  weak  and 
depressed,  and  the  pains  in  the  back  and  in  the  joints  and  muscles  of  the  extremities 
are  becoming  quite  severe;  accompanying  the  bronchial  cough  there  may  or  may  not 
be  some  pain  in  the  lungs. 

Montana. — At  the  onset  there  may  be  intense  soreness  seemingly  of  the  entire 
muscles  of  the  body  (McCullough,  1902,  p.  226).  According  to  Gwinn  (1902)  there 
may  be  general  aching  and  soreness  of  the  whole  body.  Patients  while  conscious 

usually  complain  most  bitterly  of  general  aching  and  soreness,  and  prefer  to  be  moved 
as  little  as  possible,  especially  after  the  disease  has  progressed  a   few  days.  Sometimes 
the  pain  is  referred  to  as  being  more  in  the  head,  in  other  cases  the  back,  while  in 

others  it  does  not  seem  to  predominate  at  any  single  point.  Wilson  and  Chowning 

(1902a,  p.  132;  1903a,  p.  62;  1904a,  p.  37)  state  that  the  onset  is  accompanied  by  a 
severe  aching  in  the  bones  and  muscles,  with  pain  in  the  back  and  joints.  The 

patient  is  usually  very  weak  (1903a,  p.  45).  In  case  109  there  was  no  stiffness  of  the 

neck  or  back,  though  some  pain  was  present  on  pressure  over  the  spinal  processes  of 

the  vertebrge,  especially  those  in  the  dorso-lumbar  region.  They  also  report  (1904a, 
p.  37)  that  cases  Nos.  94,  96,  97,  115,  116,  117,  119,  and  120  give  a   history  of  soreness 
about  the  tick  bite,  and  pains  radiating  therefrom  which  continued  until  the  initial 

chill,  but  (1902a,  p.  133;  1903a,  p.  63;  1904a,  p.  38)  except  at  the  onset  the  disease 
is  remarkable  for  its  freedom  from  pain.  Anderson  (1903a,  p.  507;  1903c,  p.  21) 
reports  for  the  onset  some  pain  in  the  back  and  head  and  soreness  of  the  muscles 

and  bones.  He  states  (1903c,  pp.  21,  23)  that  the  pain  in  the  head  and  back  is 
usually  severe  during  the  first  week,  while  the  soreness  of  the  limbs  causes  a   sensation 

as  if  the  limbs  were  in  a   vise,  and  causes  the  patient  to  change  position  frequently. 
The  soreness  of  the  muscles  is  often  very  severe  in  mild  cases  and  lasts  until  recovery. 

Anderson  (1903c,  p.  16)  records  pains  in  head,  back,  and  upper  and  lower  limbs 

and  soreness  of  muscles  in  all  parts  of  the  body  for  case  90;  (p.  26)  case  116  was 
bitten  by  tick  under  the  arm  on  April  13,  and  the  chill  on  April  19  was  followed  by 

aching  pains;  the  wound  and  axillary  glands  were  sore  and  swollen  on  April  13, 
soreness  was  less  marked  after  a   few  days,  but  still  present;  it  became  much  worse 

on  April  19,  with  shooting  pains  radiating  from  the  axilla,  through  the  shoulder, 
down  the  arm  and  side  of  the  body;  aching  pains  in  the  back  followed  the  severe 

chill  and  extended  over  the  whole  body;  (p.  27)  case  118  complained  of  aching  pains 

in  the  back  and  limbs;  (p.  29)  case  119  experienced  soreness  from  the  wound  made 

by  the  tick  bite;  pain  and  swelling  was  present,  extending  down  the  side  of  the 
head  behind  the  ear  to  right  side  of  neck;  (p.  29)  case  120  had  pain  in  back  and 

limbs  on  day  preceding  removal  of  ticks,  the  pains  continued  the  next  day;  (p.  36) 
case  121  had  pain  in  bones  and  joints,  and  (pp.  34,  37)  backache  on  May  10,  severe 
pain  in  back  and  limbs  on  May  14,  backache  and  soreness  of  muscles  of  legs  and 

arms  on  May  17,  no  pain  in  head  or  back  on  May  23.  Anderson  (1903c,  p.  40) 

advises  Dover’s  powders  or  morphine  sulphate  to  relieve  the  pain.  Gates  (1905,  pp. 
111-113)  states  that  in  his  case  11  the  headache  was  followed  by  severe  aching  of  all 
of  the  skeletal  muscles,  especially  severe  in  the  calves  of  the  legs;  case  14  complained 
of  pains  in  the  tibise,  intense  backache,  pains  in  ankles  and  knee  joints,  and  great 

muscular  soreness,  including  muscles  of  eye;  case  15  complained  of  general  muscular 
soreness,  severe  headache  and  backache,  and  great  exhaustion;  case  16  complained 
of  aching  in  limbs  and  back. 

In  1901,  case  1   complained  of  ‘‘general  body  aching;”  case  2   had 
some  pain  in  back  and  head,  and  complained  of  general  soreness  after 

appearance  of  the  eruption;  case  3   complained  of  backache;  case  I 

complained  of  suprascapular  and  lumbar  pains,  and  later  of  pains  in 
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the  head;  case  6   complained  of  headache,  backache,  and  legache,  and 

general  aching  and  pain;  case  T   complained  only  of  headache,  pain  in 

the  abdomen  and  back  of  the  neck;  later  (June  8)  pain  in  the  neck  disap- 
peared, but  on  June  9,  and  on  June  15,  patient  complained  of  pain  in 

the  knees;  case  11  complained  especially  of  pains  in  the  neck  and 

lumbar  region;  case  12  complained  of  great  soreness  all  over  the  body, 

the  feet  were  exquisitely  tender,  and  continued  so  until  he  left  the 

hospital. 
MIND. 

Idaho. — The  mental  processes  become  dulled  and  the  patient  is  listless  and  apa- 
thetic (Bowers,  1896,  p.  64). 

Montana. — In  all  attacks  attaining  a   marked  degree  of  severity  the  patient’s  mind 
is  affected,  first  noticeable  from  incoherent  and  rambling  speech  when  the  tempera- 

ture happens  to  be  high,  and  if  the  case  be  dangerous  in  severity  the  disturbed 

thought  sooner  or  later  merges  into  delirium,  usually  followed  by  coma  and  death 
(Gwinn,  1902). 

According  to  Anderson  (1903a,  p.  507;  1903c,  p.  23)  the  mind  is  usually  clear,  even 

in  severe  cases,  until  within  a   few  hours  of  the  end  (see  cases  89,  116-121). 

Case  ,7  (1904)  was  reported  as  answering  questions  intelligently  up 
to  within  a   few  hours  of  death.  Illusions  were  reported  for  case  4   on 

13;  on  loth,  illusions,  weariness,  and  sleeplessness;  illusions  dis- 
appeared on  May  19;  case  3   showed  stupor  on  May  12. 

DELIRIUM. 

Idaho. — Delirium  occurs  in  severe  cases;  it  is  of  a   typhoid  character,  and  due  to 
fever  or  to  toxemia  (Bowers,  1896,  p.  64). 

Montana. — See  also  Hind,  page  78. 
According  to  McCullough  (1902,  p.  226)  delirium  usually  manifests  a   very  active 

part  in  the  symptoms,  and  may  be  low  and  muttering,  or  only  a   mental  hebitude, 

the  patient  being  partially  rational.  Anderson  (1903c,  p.  12)  reports  marked  delir- 

ium for  case  36  (Buckley’s  case,  1897);  case  74  (Putney’s  case,  1900)  showed  delirium 
about  the  fourth  day  (p.  14);  case  102  (McGrath’s  case,  1902)  was  delirious  much  of 
the  time  after  the  fourth  day  (p.  11).  Gates  (1903,  pp.  48,  50)  records  slight  delir- 

ium in  one  case;  in  another  case  a   muttering  delirium  and  a   semicomatose  condition 

were  among  the  early  and  prominent  symptoms.  Later  (1905,  pp.  115)  he  reports 
that  the  delirium  in  his  case  Xo.  7   (1901)  lasted  for  two  weeks. 

In  1904  case  1   presented  delirium,  which  soon  passed  to  coma;  delii’r 
ium  was  present  in  cases  2,  3,  and  6;  in  case  9   the  mind  wandered  and 

passed  to  delirium;  in  case  11  the  delirium  was  at  times  violent;  case 

12  showed  delirium  at  no  time,  but  case  13  was  delirious. 

COMA. 

Coma  and  death  usually  follow  the  delirium  (Gwinn,  1902).  According  to  Ander- 
son (1903a,  p.  507;  1903c,  p.  23),  quoted  from  Wilson  and  Chowning  (1903a),  case  37 

(Howard’s  case,  1898)  was  entirely  comatosed  for  3   days;  case  8   (Gwinn’s  case, 
1899)  showed  a   semicomatose  condition  as  an  early  sympton;  case  118  (1903c,  p.  28) 

passed  into  a   state  of  semiconsciousness,  gradually  increasing  to  total  uncon- 
sciousness, which  gradually  passed  away,  having  lasted  72  hours.  Gates  (1903, 
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p.  50)  reports  a   patient  in  a   semicomatose  condition,  from  which  he  conld  be  aroused 

only-^vith  much  effort  (early  symi3tom).  Case  6   (1900)  was  in  a   very  deep  stupor 
for  10  days  prior  to  death  (Gates,  1905,  p.  115). 

In  1901,  coma  in  case  1   followed  the  delirium  and  lasted  till  death; 

!   coma  was  also  present  in  case  2   for  some  hours  before  death ;   case  3   was 

i   marked  by  the  smdden  onset  and  prolonged  duration  of  coma;  in  case 
I   6   coma  preceded  death  a   few  hours;  in  case  8   coma  was  present  to 
!   some  extent  May  26,  and  almost  complete  coma  was  reported  May  27. 
! 

|.  coxvrLsioxs. 

^   Case  95,  a   child  of  2   years,  had  convulsions  (Wilson  and  Chowning,  1903a,  p.  60). 

In  1901,  case  7   showed  convulsions  about  8   hours  before  death,  and 
there  was  almost  a   state  of  convulsion  in  case  6. 

;   OPISTHOTONOS. 

Idaho. — ‘‘In  one  case  I   found  marked  opisthotonos  during  the  fourth  week  of  the 
disease,  which  proved  fatal.  In  this  case  there  were  marked  cerebral  conditions.” 
(Fairchild,  1896.) 

)   Montana. — Gwinn  (1902)  in  one  case  observed  rigidity  of  the  muscles  of  the  neck 
I   and  back,  very  much  resembling  that  of  cerebrospinal  meningitis.  Wilson  and 

i   Chowning  (1902a,  p.  133;  1903a,  pp.  50,  57;  1904a,  p.  38)  and  Anderson  (1903c,  p.  23) 
state  that  there  is  no  opisthotonos. 

In  1901,  cases  2   and  3   presented  toward  death  a   tendency"  to  opisthot- 

I   onos,  but  the  patients  had  received  stiychnine.  Two  unpublished  cases 
I   of  1902  were  described  to  me  (not  by  a   pht^sician)  as  presenting  marked 
■   opisthotonos.  In  Howard’s  case  7   there  was  slight  opisthotonos 
reported  during  the  convulsions. 

li  SPAIN  AND  SPINAL  CORD. 

I   In  one  autopsy,  Gwinn  (1902)  has  been  told,  there  was  found  a   serous  fluid  in  the 
{   fourth  ventricle  of  the  brain. 

I   There  is  a   slight  congestion  of  the  capillaries  of  the  meninges;  a   few  vessels  of  the 

|,  cortex  contain  infected  red  blood  cells;  there  is  some  distention  of  the  pericellular 

I   spaces  in  the  cortex;  little  or  no  chromatolysis  is  shown  by  Aissl’s  stain  (Wilson  and 
!   Chowning,  1904a,  p.  43).  The  meninges  of  the  brain  and  spinal  cord  showed  a 

slight  congestion,  apparently  hypostatic;  there  was  no  basilar  (or  other)  meningitis 

j   (Wilson  and  Chowning,  1904a,  p.  42).  The  vessels  are  somewhat  congested  in  the 
I   spinal  cord,  as  in  the  brain,  and  contain  a   small  number  of  infected  corpuscles;  in 

one  case  the  anterior  horn  cells  show  considerable  chromatolysis  with  Xissl’s  stain; 

t   no  fiber  degeneration  is  shown  bv  Weigert’s  stain  (AVilson  and  Chowning,  1904a, 
p.  43). 

']  Upon  autopsy  the  brain  substance  was  normal  in  color  and  consistency  in  cases  91 
ii  and  107;  examination  of  the  central  nervous  system  in  cases  89,  93,  94,  and  97  was 

not  permitted  (AAdlson  and  Chowning,  1903a,  pp.  48,  52,  53,  55,  56,  58).  Anderson 

I   (1903c,  p.  33)  makes  no  mention  of  the  central  nervous  system  of  case  120. 

In  1901,  case  11,  the  veins  on  the  surface  of  the  brain  were  distended 

'   with  blood;  no  pus  nor  hunph  was  found  at  base  of  skull;  ventricles 
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appeared  normal,  except  for  distention  of  veins;  a   small  amount  of 

bloody  serum  was  found  in  one  lateral  ventricle,  the  blood  probably 

coming  from  a   cut  vein:  on  section  the  cerebrum  appeared  about  nor- 

mal; basal  ganglia  on  section  appeared  normal;  section  of  pons  and 

cerebellum  showed  uotliing  abnormal. 

The  meninges  over  the  occipital  lobe  of  case  91  were  congested  (hypostatic),  but 
otherwise  normal;  in  case  107  the  meninges  were  normal,  except  a   slight  congestion 
(hypostatic)  in  the  vessels  of  the  pia  over  the  occipital  lobe;  there  was  no  evidence 

of  meningitis  (Wilson  and  Chowning,  1903a,  pp.  52,  48). 

In  case  11  (1901)  the  dura  showed  outer  surface  injected,  but  other- 

wise normal;  removal  of  dura  showed  some  adhesions  at  the  vertex 

between  the  membranes  and  the  brain  substance,  the  area  of  adhesions 

being  small. 

In  case  91  there  was  no  inflammation  or  marked  congestion  in  either  of  the  menin- 

ges of  medulla  and  cord;  •   in  case  107  there  was  no  inflammation  of  the  upper  6 
inches  of  medulla  and  cord  (Wilson  and  Chowning,  1903a,  pp.  48-49,  53). 

In  case  11  (1901)  section  of  the  medulla  showed  nothing  abnormal; 

the  spinal  cord  showed  considerable  injection  of  the  vessels,  probabh^ 
hypostatic;  no  lymph  exudation  or  other  evidence  of  intiammation 

was  present:  dura  was  normal;  cross  sections  of  cord  at  1-inch  inter- 

vals showed  nothing  abnormal;  15  cc.  of  clear  spinal  fluid  was  aspi- 

rated through  the  lumbar  region  before  the  canal  was  cut  open. 

Doctor  Alton  says  that  case  13  may  possibly  have  been  a   case  of 

meningeal  irritation  following  measles,  or  may  have  been  due  to  tick 

bite  and  infection  from  that  source  (no  autopsy). 

Local  physicians  have  repeatedly  spoken  of  the  resemblance  of 

‘‘spotted  fever”  to  cerebrospinal  meningitis,  and,  in  fact,  the  resem- 
blance in  some  cases  is  very  striking.  Although  the  central  nervous 

system  has  been  examined  upon  autopsy  in  only  a   few  cases,  still  it 

would  seem  rather  remarkable  that  none  of  these  autopsies  showed 

the  pathological  lesions  in  case  this  disease  were  actually  meningitis. 

At  present,  therefore,  we  are  not  justified  in  concluding  that  the 

“spotted  fever”  under  discussion  is  cerebrospinal  meningitis 

Comparison.  —In  Texas  fever  no  nervous  lesions  were  found  which  can  be  regarded 

in  any  sense  as  peculiar  to  or  characteristic  of  the  disease.  It  may  be  said,  in  gen- 
eral, that  the  brain  shared  the  general  tendency  toward  the  injection  of  the  capillary 

system.  The  vessels  of  the  pia  and  the  plexuses  were  engorged,  and  over  the  frontal 

lobes  and  near  the  great  transverse  fissure  it  was  more  or  less  pigmented — a   condition 
also  met  with  in  other  diseases.  The  gray  matter  of  the  cerebrum  and  especially  of 
the  cerebellum  appeared  of  a   more  pinkish  color.  The  white  substance  was  normal 

in  color,  the  ventricles  free  from  fluid  (Smith  and  Kiiborne,  1893,  pp.  25-26). 
In  canine  piroplasmosis  a   slight  congestion  of  the  meninges  is  found  in  some  cases. 

KEEXIG’S  SIGX. 

Kernig’s  sign  is  absent  (Wilson  and  Chowning,  1902a,  p.  133;  1903a,  pp.  49,50,57; 
1904a,  p.  38) . 
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URINARY  SYSTEM. 

KIDXEYS. 

Idaho. — Collister  (1896,  p.  63)  states  that  the  kidneys  are  often  disturbed. 

Montana. — Gates  (1905,  pp.  115)  mentions  severe  parenchymatous  inflammation  for 
his  case  10  (1903),  and  says  that  the  kidneys  suffered  especially  in  case  12  (1903). 

G’.vinn  (1902)  reports  slight  enlargement  of  the  kidneys  in  one  case  on  post-mortem. 
Referring  to  pathology  Wilson  and  Cho wiring  (1903a,  p.  67;  1904a,  p.  42)  state  that 
in  all  cases  examined  one  or  both  kidneys  showed  small  subcapsular  hemorrhages 

on  the  ventral  surface;  the  cortex  on  section  was  congested.  Upon  microscopic 

examination  numerous  phagocytes  were  found,  each  containing  from  1   to  8   faintly 

outlined  red  blood  cells,  in  nearly  every  one  of  which  is  a   parasite;  the  kidney 
shows  acute  parenchymatous  nephritis.  Later  (1904a,  pp.  42,  43)  they  add  that  the 

capsule  strips  readily  and  there  is  some  extravasation  of  red-blood  cells,  particularly 
in  the  cortex.  Anderson  (1903c,  p.  38)  summarizing  autopsies  on  7   cases  (including 
the  6   autopsies  reported  by  Wilson  and  Chowning,  1903a)  states  that  the  kidneys  are 
enlarged;  capsule  usually  not  adherent;  small  subcapsular  hemorrhages  on  ventral 

surface;  on  section,  congested  and  swollen  cortex;  pyramids  well  outlined  and  deep 

red  in  color;  small  hemorrhages  in  pelvis;  microscopically  there  are  minute  extrav- 
asations of  blood  in  cortex  and  under  the  capsule;  veins  filled  with  blood;  nuclei  of 

convoluted  tubules  stain  poorly;  cells  granular  and  in  some  places  detached;  newly 
formed  casts  in  tubules;  bladder  normal  and  usually  with  small  amount  of  dark 
urine. 

In  case  3   there  were  small  subcapsular  hemorrhages  in  both  kidneys.  In  case  89 

a   small  ecchymotic  area  was  present  immediately  underneath  the  capsule  on  the 
anterior  surface  of  the  right  kidney;  the  left  kidney  showed  no  ecchymotic  areas, 

but  otherwise  was  like  the  right  kidney.  In  case  91  several  minute  hemorrhagic 

spots  were  present  in  the  capsule  over  the  ventral  surface  of  each  kidney.  In  case 

94  the  left  kidney  was  normal  in  size  and  there  was  a   hemorrhagic  area  near  upper 

pole  and  on  anterior  surface;  the  right  kidney  was  normal,  except  on  section  (see 
below).  In  case  97  the  left  kidney  was  about  normal  in  size;  the  right  kidney  was 

small;  fetal  lobation  was  present.  In  case  107,  2   or  3   ecchymotic  hemorrhages  were 

present  in  the  ventral  portion  of  the  capsule  over  the  left  kidney. — Wilson  and 
Chowning,  1903c,  pp.  48,  51,  53,  55,  56,  58.  Anderson  reports  (1903c,  p.  33)  in 
reference  to  case  120  that  the  kidneys  were  enlarged;  the  left  kidney  weighed  10 

omices;  there  were  minute  subcapsular  hemorrhages,  especially  over  the  greater 
curvature. 

In  case  11  \1901:)  the  right  kidney  measured  12  by  7   cm. ;   the  left 

kidne}"  measured  13  b}^  7   by  6   cm.,  areas  of  distinct  pallor  were  scat- 
tered over  the  surface. 

In  cases  89  and  94  the  capsule  stripped  easily.  In  case  97  the  capsule  was  adher- 
ent and  slightly  hemorrhagic  in  the  left  kidney,  but  the  capsule  stripped  easily 

from  the  right  kidney. — Wilson  and  Chowning,  1903a,  pp.  51,  56,  58.  Anderson 
(1903c,  p.  33)  reports  the  capsule  as  adherent  on  the  left  kidney  in  case  120. 

In  case  11  (1901)  the  capsules  of  both  kidneys  were  adherent,  carry- 
ing substance  with  them  in  removal. 

In  case  3   the  cortex  of  both  kidneys,  on  section,  was  slightly  congested.  In  case 

89  the  section  of  the  cortex  appeared  slightly  congested.  In  case  91  the  section  of 
both  kidneys  was  congested,  but  otherwise  normal.  In  case  94  the  cortex  of  the 

left  kidney  was  normal  in  thickness,  with  hemorrhagic  areas  over  the  cut  surface; 
the  pelvis  was  normal;  in  the  right  kidney  similar  hemorrhagic  areas  were  seen,  but 
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to  a   less  extent.  Tn  case  97  section  of  the  left  kidney  showed  slightly  hemorrhagic 

areas^  the  cortex  was  normal  in  thickness;  on  section  the  cortex  of  the  rigid  kidney 

was  thin  and  dark,  and  hemorrhagic  areas  were  seen  over  the  whole  surface,  extend- 

ing down  to  the  i)elvis.  In  case  107  the  cortex  of  both  kidneys,  on  section,  was 

found  congested. — Wilson  and  Chowning,  1903a,  pp.  48,  51,  53,  55,  56,  58.  Anderson 

(1903c,  p.  33)  reports  for  case  120  that  on  section  the  cortex  was  congested,  the  pyra- 
mids well  outlined,  and  small  hemorrhages  about  1   mm.  in  diameter  were  present 

in  the  pelvis. 

In  case  11  (1901)  the  section  of  the  cortex  of  the  left  kidney  showed 

little  if  any  alteration;  the  cortex  of  the  right  kidney  appeared  some- 
what pale  and  thickened  to  Ashburn  and  myself,  but  to  Mills  it 

appeared  about  normal. 

CoxWPARisoN. — In  Texas  fever.  Smith  and  Kilborne  (1893,  pp.  31-32)  report  that 

“in  a   considerable  number  of  cases  a   sero-sanguinolent  condition  of  the  connective 
tissue  and  fat  about  the  kidneys  is  observed.  In  a   few  cases  the  ventral  surface  of 

the  organ  appeared  like  two  large  blood  blotches.  The  portion  of  the  abdominal 

wall  upon  which  the  dorsal  surface  of  the  kidneys  rest  is  free  from  these  effusions. 

“The  kidneys  themselves,  like  the  other  organs  affected  by  this  disease,  vary 
more  or  less  in  color,  according  to  tlie  severity  and  stage  of  the  disease.  In  those 

cases  which  succuml)  early  in  the  fever  and  in  which  the  bladder  is  filled  with  port 

wine  colored  urine,  the  kidneys  are  enlarged  and  of  a   uniform  dark  brownish-red 

color  throughout.  The  usual  markings  are  pretty  well  effaced.  When  fresh  sec- 

tions are  examined  from  different  regions,  the  vascular  system  is  found  quite  uni- 

formly engorged  and  distended  with  red  corpuscles.  The  section  is  likewise  sprinkled 

over  with  very  minute  pigment  particles.  Sometimes  irregular  masses  of  red 

corpuscles,  run  together  as  it  were,  are  met  with  in  the  vessels  of  the  pyramids. 

Lesions  of  the  secreting  structures  are  not  discoverable.  Hemorrhages  are  uncom- 
mon. In  those  cases  which  succund)  after  the  hjemoglobinuria  and  the  fever  have 

passed  away,  the  kidneys  are  paler  than  usual  and  the  texture  is  quite  flabby.  Sec- 
tions of  the  fresh  tissues  show  in  the  cortex  a   considerable  amount  of  pigment.  In 

some  cases  the  convoluted  tubules  are  the  elected  seat  of  pigment  deposit,  and  the  i 

epithelium  of  these  tubes  may  be  so  filled  with  yelknvish-red  pigment  that  they 

are  easily  tracealde  in  their  windings  by  their  decided  color.  Fatty  changes  are  ' 
occasionally  met  with  in  the  epithelium,  and  the  straight  tubules  of  the  pyramids  i 

may  be  filled  with  fat  globules.  Degenerative  or  necrotic  changes  of  the  epithelium  | 

were  not  noticed  in  sections  of  hardened  tissue  from  a   few  cases  stained  in  various  ' 

ways.  In  those  cases  in  which  the  capillaries  were  filled  with  red  corpuscles,  the  i 

latter  were  usually  all  infected  with  Texas-fever  parasites.  The  pelvis  and  its  rami-  ! 

fications  were  usually  found  beset  with  blood  extravasations.”  For  hjemoglobinuria  : 
of  cattle,  Starcovici  states  that  the  kidney  capsule  is  hemorrhagic;  a   large  hemor- 

rhagic spot  is  present  over  each  kidney,  extending  to  the  peritoneum.  The  kidneys  * 
are  large,  stiff,  brittle,  and  dark  red.  The  lining  membrane  of  the  pelvis  is  swmllen  | 

and  ecchymotic.  The  kidney  changes  consist  in  an  overfilling  of  the  vessels,  and  ;l 

especially  of  the  glomeruli,  with  blood,  and  peculiar  desquamative  and  fibrinous 

yellow  masses  in  the  lumena  of  the  uriniferous  tul)ules,  the  epithelia  of  which  appear 

compressed  and  show  parenchymatous  alteration.  ■' 
For  canine  piro})lasmosis,  Nuttall  (1904,  pp.  236-237)  records  that  according  to  i 

Hutcheon  the  kidneys  are  more  or  less  congested,  at  times  edematous,  with  dark-  : 

brown  cortex;  according  to  Robertson,  they  are  pale  and  friable;  in  France  they  are  i 

usually  greatly  congested,  and  the  capsule  strips  easily,  revealing  numerous  pete- 

chke;  on  section,  the  cortex  seems  to  be  congested,  and  shows  petechije;  blood  f 

from  kidney  is  very  rich  in  parasites;  in  an  acute  case,  yellowish-red  fluid  exuded 
on  section. 
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}   
SUPRARENALS. 

I 

j   In  ca>se  11  (1901)  the  gross  appearance  of  the  left  suprarenal  was 

apparent!}^  normal;  the  right  suprarenal  appeared  congested,  otherwise 
'   normal. 

I   
BLADDER. 

Wilson  and  Chowning  (1904a,  p.  42)  report  that  upon  autopsy  the  bladder  was 

I   normal,  and  contained  a   small  amount  of  urine  which  was  darker  than  normal. 

I   Anderson  (1903c,  pp.  33,  38)  reports  the  wall  of  the  bladder  apparently  normal,  the 
contents  about  4   ounces  of  urine  (case  120). 

In  case  3   the  ventral  wall  of  the  bladder  was  congested;  1   ounce  of  urine  of  nor- 
mal color  was  present.  In  case  89  the  bladder  and  urine  (about  3   ounces  present) 

were  normal.  In  case  91,  2   ounces  of  urine  of  normal  color  were  present.  In  case 

107  about  1   to  2   ounces  [or  J   ounce?]  of  apparently  normal  urine  was  present. — 
Wilson  and  Chowning,  1903a,  pp.  48,  52,  55. 

Anderson  (1903c,  p.  33)  reports  for  case  120,  that  the  bladder  was  apparently 
I   normal  and  contained  about  4   ounces  of  urine. 

Comparisons. — Smith  and  Kilborne  (1903)  report  for  Texas  fever  that  the  bladder 

may  show  a   few  ecchymoses  on  its  inner  surface,  and  most  cases  contain  1   to  4   quarts 
of  urine  holding  more  or  less  hemoglobin  in  solution. 

In  hemoglobinuria  of  cattle  the  bladder  is  tilled  with  dark  red  to  black  urine, 

which  contains  much  hemoglobin,  but  usually  no  red-blood  corpuscles. 
In  carceag,  the  bladder  contains  pale  to  red-brown  urine  with  hemoglobin. 

For  canine  piroplasmosis,  Nuttall  (1904,  pp.  236-237)  says  that  the  bladder  may 
appear  normal  (Hutcheon,  Robertson),  and  may  contain  urine  which  is  generally 

dark  brown  like  “pontac.”  In  France  prune-juice-like  urine  is  found  in  an  acute 
case. 

I   
URINE. 

1   . 

Quantity. — Idaho. — In  the  Idaho  cases  the  urine  is  reported  as  “scanty”  by  Bow- 
ers (1896,  p.  64),  Fairchild  (1896),  Springer  (1896,  p.  62),  and  Maxey  (1899,  p.  435). 

[   Montana. — For  Montana  patients  the  urine  is  reported  as  reduced  to  one-half  its 

:|  normal  amount  (Wilson  and  Chowning,  1902a,  p.  133;  1903a,  p.  64;  1904a,  p.  40; 
I   Anderson,  1903c,  pp.  21,  23).  Gates  (1903,  p.  49)  gives  it  as  32  ounces  for  24  hours 

f   'following  his  first  visit  to  1   case;  it  then  gradually  diminished  until  2   days  before 
j   death,  when  there  was  complete  anuria.  Later  (1905,  pp.  111-113),  Gates  reports  the 
j   urine  as  lessened  in  amount  in  case  11;  much  lessened  at  times  in  case  15;  very  scant 
k   at  end  of  1st  week  in  case  16,  but  increased  to  normal  amount  by  end  of  2d  week. 

I   Wilson  and  Chowning  (1903a,  p.  58)  give  the  urine  in  the  bladder  as  normal  in 

|i  .case  94. 

I   In  1904  in  case  3   urine  was  passed  normally  on  Ma}"  10,  and  abun- 

Idantly  and  involuntarily  on  May  15;  in  case  5   it  was  passed  normalh"; in  case  7   it  was  regular;  case  11  passed  6   ounces  in  21  hours  on  June 

25  and  8   ounces  in  24  hours,  June  26;  in  cases  12  and  13  it  was  scanty. 

'   The  quantity  of  urine  was  not  measured  regularly. 

!'i  Color. — For  Idaho  patients  the  urine  is  reported  as  of  high  color  (Bowers,  1896,  p. 
64;  Fairchild,  1896;  Maxey,  1899,  p.  435). 

1.  For  Montana  patients  it  is  reported  as  “   slightly  above  normal  in  color  or  as  highly colored”  (Wilson  and  Chowning,  1902a,  pp.  132,  133;  1903a,  p.  64;  1904a,  pp.  37, 
40);  Anderson  (1903c,  p.  17)  reports  it  highly  colored  in  case  No.  97;  Gates  (1903, 

I   PP-  -18,  49)  reports  it  as  highly  colored  in  one  case  and  dark  in  another  case.  Later, 
I :   Gates  (1905,  pj).  111-113)  reports  the  urine  as  almost  brown  in  case  11;  highly  colored 

in  case  14;  and  dark  in  case  15. 
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In  the  urine  was  reddish  yellow  and  turhid  in  cases  5   and  11. 

with  a   heavy  yellowish  precipitate  in  case  11:  it  was  of  high  color  in 
case  13. 

Specinc  granty. — For  Idaho  cases  it  is  reporte<i  as  of  high  s]:»ecific  gravity  by  Bow- 
ers ( 1S96,  p.  64) . 

In  19')4.  the  specihc  gravity  was  lOlS  for  case  11.  1022  for  case  9. 
1028  for  case  5.  and  1030  for  case  13. 

Rtaciion. — INlaxey  (^1S99,  p.  13-5  j   gives  it  as  acid  in  Idaho. 

In  1901  the  reaction  was  acid  in  cases  5.  9.  and  11. 

Albumen. — In  Idaho  cases  no  albnmen  was  found  by  Fairchild  (1896j  and  Maxey 

(1S99.  p.  135  '. 

In  Montana  5Vilson  and  Chowning  1903a.  p.  61;  19CMa,  p.  10 1   found  a   small 

amount  of  albumen  in  each  of  5   cases  examined.  Anderson  (1903c,  p.  23  i   states 

that  a   small  amount  of  albumen  was  found  in  all  cases  examined,  but  his  protocol  of 

case  121  i   pp.  .31-37  denies  albumen  for  this  case:  he  gives  albnmen  (pp.  31,  32}  for 
case  120.  Gates  1903.  pp.  IS,  19  '   gives  slight  amount  of  albumen  for  one  case  when 

first  seen,  and  also  for  another  case  during  the  second  week,  while  it  was  absent 

when  first  seen.  Later  1 1905,  pp.  111-113  Gates  reports  some  albnmen  for  his  case 
11:  none  for  case  11:  a   trace  in  case  15:  some  albumen  was  found  at  times  in  case  16. 

In  1901  albumen  was  found  in  case  5   (May  18).  a   trace  was  present 
in  case  9.  and  a   small  amount  in  case  11.  Xo  albmuen  was  found  in 

cases  12  and  13.  In  none  of  these  cases  was  a   daily  test  made. 

Sugar. — Xo  sugar  was  found  in  1901  in  cases  9.  11.  12.  and  13. 

Urea. — Urea  was  3.5  per  cent  in  case  11  (1901). 

Bile. — Xo  bile  (Gmelin)  was  present  in  case  11  (1901). 

Ca.d.^. — Both  granular  and  blood  c-asts  were  found  in  each  of  5   cases  examined  by 

Wils<3n  and  Chowning  19T»3a.  p.  61  > .   and  later  1 1901a,  p.  10 '   in  1   additional  cases. 

Anderson  (1903c.  pp.  21.  23  states  that  granular,  hyaline,  and  epithelial  casts  may 

be  found:  i   p.  36  i   he  found  no  casts  in  case  121:  no  casts  i   p.  31  •   were  found  in  case 

120  on  May  S,  but  granular  and  epithelial  casts  were  present  on  5Iay  11.  Gates 

(1903,  p.  19)  rexx)rts  some  hyaline  and  granular  casts  for  one  case  when  first  seen 

(May  11).  and  an  enormous  number  of  granular,  bl«X)d,  and  epithelial  casts  for  the 

same  case  in  the  last  sample  [date?]  taken.  Later  1 1905,^  p.  112 )   he  reports  numerous 

blood  and  epithehal  casts  for  case  15  ■   1901  .   and  says  that  the  urine  of  case  16  con- 

tained many  blood  and  epithelial  c^ts,  but  later,  by  the  end  of  the  second  week, 
it  was  free  from  casts. 

In  1901  granular  ca.^ts  were  abundant  in  case  9.  Case  11  contained 

abundant  vaginal  and  small  round  epithelial  cells,  and  numerous  blood, 

epithelial,  and  granular  casts,  also  much  granular  debris. 

Hematuria. — Andersen  -   1903c,  pp.  31.  32 '   found  no  red  blood  cells  in  case  120, 

and  Gates  >1903,  p.  19 '   reports  red  and  white  blood  cells  in  the  last  sample  taken  iu 

one  case.  See  also  blood  casts,  under  •*  Casts.”  above,  p.  SI. 
In  l9ol  case  9   showed  no  blood.  Case  11  showed  free  red  and  white 

blood  cells  (A>hburn). 

Hemoglobinuria. — Hemo2rlobinuria  is  reporter!  as  absent  or  very  shght  by  Wds^jn 

and  Chowning  (1903a.  p.  61;  1901a.  p.  lt»'. 

Depo.*it8. — Maxey  '   1S99,  p.  135'  says,  in  reference  to  Idaho  cases,  that  the  ‘■urine 
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is  loaded  with  amorphous  urates,”  and  Anderson  (1903c,  p.  31)  reports  heavy  deposit 
of  phosphates  in  case  120,  in  Montana. 

Post-mortam. — Anderson  (1903c,  p.  38)  states  that  usually  a   small  quantity  of  highly 

colored  urine  is  found  in  the  bladder  on  post-mortem  examination.  (See  under  Blad- 
der, p.  83.) 

Comparison. — For  Texas  fever.  Smith  and  Kilborne  describe  the  urine  as  follows: 

“Next  to  the  high  temperature  the  condition  of  the  urine  demands  our  attention. 
The  one  sign  regarded  as  peculiar  and  pathognomonic  in  this  disease  is  the  discharge 
of  urine  having  the  color  of  blood.  This  color  is  not  due  to  a   discharge  of  blood 

from  the  kidneys  and  subsequent  breaking  up  of  the  red  corpuscles,  but  to  a   filtra- 

tion of  the  coloring  matter  of  broken-down  red  corpuscles  (haemoglobin)  already  in 
solution  in  the  circulation  into  the  urine  in  the  excretory  structures  of  the  kidneys. 

This  fact  was  first  pointed  out  in  1868  by  R.  Cresson  Stiles.  In  using  the  term 

haemoglobinuria  this  is  all  that  is  meant  in  this  report.  *   *   *   Haemoglobinuria 
may  be  said  to  be  present  in  most  acute  fatal  cases  of  Texas  fever.  Out  of  46  fatal  cases 
in  which  urine  was  in  the  bladder  after  death,  haemoglobin  was  present  in  33  cases. 
A   careful  examination  of  the  notes  will  show  that  in  13  negative  cases  the  animals 

were  killed  in  the  earliest  stages  of  the  fever,  or  else  they  died  or  were  killed 

i   after  the  number  of  blood  corpuscles  had  been  greatly  reduced  and  the  acute 

'   stage  of  the  disease  was  over.  In  the  former  cases  the  haemoglobin  had  not  yet  been 
set  free  from  the  corpuscles;  in  the  latter  cases  it  had  probably  been  eliminated  one 

or  more  days  before  death.  How  frequently  ‘red  water’  is  passed  before  death  we 
can  not  state  with  any  degree  of  certainty,  since  its  discharge  may  wholly  escape 
observation.  AVe  have  a   record  of  haemoglobinuria  in  but  four  cases:  In  No.  43  on 

the  third  day  before  it  was  killed  (probably  12  to  24  hours  before  death) ,   and  in  No. 
198,  24  hours  before  death.  In  some  of  these  cases  it  so  happened  that  the  urine  was 

I   passed  while  the  animal  was  undergoing  examination.  It  is  interesting  to  note  in 
connection  with  the  statements  made  that  in  No.  44  no  ‘red  water’  was  found  in 
the  bladder  after  death,  although  it  had  been  passed  4   days  previously.  AVhether 

j   haemoglobinuria  is  always  present  in  acute  cases  of  Texas  fever,  it  is  impossible  to  state 

I   definitely.  As  it  seems  to  depend  upon  the  rapidity  with  which  the  red  blood  cor- 

1j  :   puscles  are  infected  and  destroyed,  a   slower  destruction  may  allow  other  organs  to take  charge  of  the  debris  and  thus  forestall  the  discharge  of  haemoglobin  in  the  urine. 

I||  Tn  the  notes  will  be  found  the  record  of  haemoglobinuria  in  but  one  acute  case  which 
■   recovered  (No.  49),  while  in  a   number  of  cases  in  which  the  urine  was  collected,  some- 
-   times  in  the  height  of  the  fever,  sometimes  after  it  had  departed,  no  haemoglobinuria 

/’  was  detected.  In  this  solitary  case  the  high  temperature  first  appeared  August  18. 
On  August  23,  the  temperature  being  still  above  105°,  the  urine  was  free  from  haemoglo- 

bin, but  contained  a   small  quantity  (0.05  per  cent)  of  albumen.  On  August  27  the 
temperature  had  become  normal,  but  a   second  paroxysm  followed  soon  after,  and  on 

September  4   and  5   the  urine  was  of  a   port-wine  color.  Urine  collected  September  6 

}   was  again  of  normal  color.  The  urine  during  the  fever,  when  free  from  haemo- 
1   globin,  contains  in  many  instances  a   small  quantity  of  albumen.  The  specific  gravity 
j   may  at  first  be  high  (1,030  to  1,040),  and  it  may  be  strongly  alkaline  and  effervesce 
j   with  acids  as  in  health,  but,  as  the  disease  progresses,  and  when  the  animal  eats  but 
■   little,  its  specific  gravity  will  fall  to  1,010  to  1,020;  it  fails  to  effervesce  with  acids  and 

'■  is  faintly  alkaline  or  even  slightly  acid.  AVhen  the  fever  has  subsided  the  urine  has 
(   been  observed  to  be  in  a   few  cases  very  watery,  i.  e.,  of  very  low  specific  gravity  and 

['  feeble  in  color.  AVithin  one  or  two  weeks,  however,  the  normal  condition  is  restored. 
I   “The  urine  which  contains  the  coloring  matter  of  the  blood  varies,  as  might  be 

ij  expected,  very  much  in  depth  of  color,  according  to  the  concentration  of  the  luemo- 

I   globin.  It  may  have  a   very  light  claret  color,  or  it  may  be  so  deeply  tinted  as  to  appear 
•   opaque  and  blackish.  In  a   test  tube  when  viewed  by  transmitted  light  it  may  barely 

permit  the  light  to  pass  unless  diluted  with  water.  Such  urine  is,  as  a   rule,  entirely 
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free  from  suspended  matter  and  blood  corpuscles.  The  latter  may  sometimes  be 

found  in  small  nmnbei'^^when  the  urine  is  pennitted  to  staml,  and  they  may  l^e 
derived  from  small  hemorrhages  in  the  pelvis  of  the  kidney,  quite  regularly  observe<l 

at  autopsies.  The  coloring  matter,  as  has  been  stated  above,  i.<  derive<l  from  cor- 

puscles broken  up  within  the  circulation,  and  not  outside  in  the  bladder.  When 

such  urine  is  treated  vdth  a   little  acetic  acid  a   brownish  flocculent  precipitate,  prob- 

ably of  the  derivatives  of  haemoglobin,  appears.  When  boiled,  a   brownish  flaky  pre- 
cipitate forms,  which  rises  to  the  surface  as  a   scum.  As  might  be  expected  such 

urine  always  reacts  in  the  presence  of  the  usual  tests  for  albumen.  *   Suffice 

it  to  say  that  in  very  opaque  urines  the  precipitate  is  quite  abundant  and  correspon'ds 

when  Esbach’s  test  is  applied,  to  from  1   to  3   per  cent  of  albumen. 

“The  *   *   *   hiemoglobinuria  is  *   *   *   occasionally  observed  during hfe,  and 

probably  with  the  aid  of  a   catheter  may  be  seen  much  more  frequently.  *   *   * 

Very  little  need  be  said  of  the  other  characters  of  ‘   red  water.  ’   When  found  in  the 
bladder  after  or  collected  shortly  before  death  its  specific  gravity  is  usually  low  i   1,010  to 

1,020)  and  it  is  feebly  alkaline  or  acid.  There  is  no  effervescence  with  acids.  After 

standing,  a   few  granular  casts  and  rarely  urates  are  found  in  the  very  slight  sedi- 

ment. The  greater  the  number  of  days  before  death  that  it  is  collected  the  more 

nearly  it  approaches  normal  urine  as  regards  specific  gravity  and  alkalinity.” 
Starcovici  reports  bloody  urine  as  regular  in  the  severer  cases,  but  not  observed  in 

the  fighter  forms  of  bovine  hemoglobinuria.  In  carceag  bloody  urine  is  less  frequent. 

For  canine  piroplasmosis,  Auttall  (1904,  pp.  232-233)  reports  as  follows: 

South  Africa:  “All  cases  I   have  observed  have  been  acute,  and  h?emoglobinuria 
was  present,  also  albuminuria.  The  urine  was  claret  or  brownish-red  in  color,  or 
resembling  coffee  grounds.  Lounsbury  and  Eobertson  consider  this  brown  coloring 

an  mifavorable  symptom,  indicating  a   fatal  termination.  Haemoglobinuria  was  noted 

by  Hutcheon  (1899).  It  may  be  absent  in  fatal  cases,  as  in  red  water  (Robertson,  p. 

329).  In  one  urine  I   examined  I   found  the  reaction  acid,  albumen,  hiemoglobin, 

bile  salts,  and  pigments,  a   considerable  deposit  consisting  of  spermatozoa  (chiefly), 

granular  casts,  epithelium,  leucocytes,  granular  detritus,  crystals  of  salts,  and  a   few 

erythrocytes.  There  were  no  spermatozoa  or  bile  salts  and  pigment  present  on  the 

day  preceding  death  (<log  1).  Vo  hfemoglobinuria  was  observed  in  the  chronic 

case  recorded  in  Chart  V.” 

France:  “In  acute  cases  urine  all)uminous  at  onset  before  para.sites  can  be  found 
in  the  blood.  Albuminuria  persists  until  death,  increasing  with  number  of  par- 

asites present.  Haemoglobinuria:  Urine  pink,  dark  red,  blackish,  like  prune  juice 

or  coffee  grounds,  according  to  its  degree.  Vo  erythrocytes  in  urine.  Oxyha?moglo- 
bin  may  amount  to  2.5  per  cent.  Htemoglobinuria  api^ears  soon  after  parasites  are 

seen  in  the  blood,  and  in  very  acute  cases  persists  until  death,  and  is  found  in  blad- 
der at  autopsy.  Haemoglobinuria  inconstant,  noted  in  3   out  of  6   cases  by  Vocard 

and  Almy;  this  may  l>e  due  to  its  being  at  times  very  transitory.  Vocard  and  Motas 

observed  more  or  less  lasting  and  severe  h^emoglobinuria  in  43  out  of  63  dogs.  Bile 

pigment  present  in  cases  showing  icterus  and  hiemoglobinuria.  Reaction  acid  only 

found  neutral  twice,  alkaline  once.  Polyuria  rare. 

“In  chronic  cases  urine  u-sually  slightly  albuminous  at  start,  condition  lasting  15-20 
days.  Hfemoglobinuria  very  rare;  lasts  1   to  2   days.  Urine  may  be  icteric.  Reac- 

tion acid  only  once  found  neutral;  this  attributable  to  other  causes  (sugar  found).” 

It  will  thus  be  seen  that  while  Wilson  and  Chowning  report  ha?mo- 

globinuria  as  absent  or  very  sligdit  in  **  spotted  fever."  this  is  a   promi- 

nent .symptom  in  piroplasmatic  di.seases.  If.  therefore,  “   spotted 

fever"  is  a   piroplasmosis.  itdifiers  in  this  very  characteristic  .symptom 
cpiite  markedly  from  other  maladies  caused  by  parasites  of  the  same 

genus. 
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GENITA  L   SYSTEM. 

See  Genitalia,  page  55. 

Several  women  have  been  taken  sick  while  pregnant.  Case  121  was  two  months 

j   pregnant  (Anderson,  1903c,  p.  34),  but  apparently  did  not  abort. 
I   Wilson  and  Chowning  (1904a,  p.  42)  report  the  uterus  as  apparently  normal  in  the 

j   3   females  examined. 

i   ■   case  11  (1904)  patient  aborted;  the  uterus,  upon  autopsy,  meas- 
j   ured  11  by  13  cm.,  was  soft,  but  normal  in  appearance  for  a   recently 

delivered  uterus;  on  section  it  was  normal;  the  vagina  showed  slight 

bloody  discharge;  the  ovaries  were  normal;  right  ovary  contained 
!   corpus  luteum. 

In  case  3   menstruation  occurred  for  one  hour  on  May  14,  and  then 

I   stopped;  it  began  again  during  the  night  of  May  14-15,  and  flowed 

ji  freely  until  death.  Her  former  menstruation  was  on  April  11,  so 
|!  that  the  disease  appears  to  have  delayed  her  menses.  Case  5   men- 

i   struated  just  prior  to  attack. 

Relapses. 

I   Case  53  (Gwinn’s  patient,  1899)  relapsed  after  abortive  treatment  (AVilson  and 
I   Chowning,  1903a,  p.  35;  Anderson,  1903c,  p.  15).  According  to  Gwinn  (1902) 

'!  relapse  is  favored  by  getting  up  from  bed  too  soon,  or  by  muscular  exertion,  or 
exposure  to  cold. 

I   We  saw  no  relapses  in  1904. 

,   Comparison. — In  carceag  there  is  usually  1   attack;  in  some  cases  there  is  1   or  2 
I   days  of  remission,  then  a   second  attack. 
t 

COMPLICATIONS. 

Idaho. — Some  cases  develop  rheumatic  trouble,  particularly  of  the  larger  joints. 

Montana. — Hypostatic  pneumonia,  rheumatism,  gangrene,  and  hemorrhagic  diathe- 
:   sis  seem  the  most  usually  to  complicate  the  disease  (McCullough,  1902,  p.  226); 

pneumonia  predominates  in  frequency  as  a   complication,  and  such  involvement  of 
the  lungs  along  with  the  predominating  illness  generally  terminates  the  case. 

Hypostatic  pneumonia  is  a   frequent  complication  for  a   day  or  so  before  death;  one 

case  had  to  all  appearances  genuine  lobar  pneumonia;  one  case  gave  well-marked 

j   symptoms  of  acute  inflammatory  rheumatism  as  complication;  one  case  was  compli- 
1   cated  with  abscess  and  gangrene  (Gwinn,  1902). 
!   The  symptoms  noted  are  sometimes  complicated  by  gangrene,  hypostatic  pneu- 
I   monia,  articular  rheumatism,  etc. ;   hypostatic  pneumonia  sometimes  develops;  lobar 

pneumonia  occasionally  occurs  as  a   complication,  and  usually  hastens  the  end  (Wilson 
\   and  Chowning,  1904a,  p.  40). 

j   According  to  Anderson  (1903c,  p.  23)  lobar  pneumonia  is  a   frequent  complication 
j   in  fatal  cases;  cases  44,  74,  and  75  were  complicated  with  pneumonia  (1903c,  p.  15). 

CONVALESCENCE. 

j   Idaho. — Convalescence  is  established  during  the  third  week,  and  is  usually  pro- 
longed (Bowers,  1896).  It  is  remarkably  slow;  and  may  be  prolonged  for  months 

(Dubois,  1896,  p.  64).  It  usually  begins  by  or  follows  a   stage  of  profuse  sweating 
(Fairchild,  1896),  and  during  convalescence  the  cough  remains  (Figgins,  1896,  p.  64). 

Sweet  (1896,  p.  61),  on  the  other  hand,  states  that  convalescence  is  usually  rapid. 

Montana. — Convalescence  in  case  78  began  at  the  end  of  23  days,  and  about  the 



88 

twelfth  day  in  case  103.  It  was  very  slow  in  cases  113  and  114,  10  or  12  weeks  pass- 
ing before  the  patients  were  able  to  work;  health  afterwards  was  not  so  good  (Ander- 
son, 1903c,  pp.  14,  15,  16,  17).  See  also  Duration,  page  42.  I 

Gates  reports  that  his  case  No.  15  suffered  from  severe  intercostal  neuralgia  during 
convalescence. 

CoMPAEisoNS.— In  carceag  convalescence  lasts  about  14  days. 

PROGNOSIS. 

Idaho. — Delirium  or  involvement  of  the  nervous  system  is  a   bad  prognostic  sign; 
the  amount  of  fever  is  deceptive,  as  fatal  cases  may  have  a   temperature  not  exceeding 

103°  (Bowers,  1896,  p.  64).  Prognosis  is,  as  a   rule,  quite  favorable,  if  the  patient  is 
transferred  to  the  lower  valleys,  where  he  can  have  home  comforts  and  proper  care; 
the  disease  appears  to  be  more  malignant  in  some  localities  than  it  is  in  others;  the 

recovery  is,  in  the  majority  of  cases,  complete  (Maxey,  1899,  p.  438). 

Montana. — If  the  patient  be  promptly  and  thoroughlj^  treated  as  here  set  forth  ii 
(see  below,  p.  92)  within  12  to  24  hours  after  the  onset,  nearly  all  attacks  can  be  ;; 
abated;  but  when  the  case  is  seen  later,  and  the  disease  be  not  broken  up,  about  60  i 

per  cent  or  more  prove  fatal  (Gwinn,  1902).  In  milder  cases,  where  symptoms  are  i 
not  so  marked,  in  which  the  jaundice,  delirium,  high  temperature,  eruption,  and  ,, 

systemic  infection  are  slight  or  entirely  absent,  the  prognosis  is  usually  favorable;  ! 

it  is  very  grave  in  typical  severe  cases,  but  there  is  no  doubt  that  many  mild  and 

moderately  severe  cases  recover;  where  the  systemic  infection  is  pronounced,  jaundice  i   j 

very  plainly  discernible  over  entire  body,  delirium  of  low  muttering  type,  hemor-  | 
rhagic  diathesis  portrayed  in  the  dusky  appearance  of  the  eruption,  these  cases  I: 

invariably  die;  typical  cases  run  a   well-defined  course,  and  patients  surviving  the  I 
fourteenth  to  sixteenth  day  are  likely  to  recover  (McCuhough,  1902,  pp.  25,  27). 

In  Montana,  cases  of  the  mild  type  of  the  disease,  which  show  no  spots,  are  as  yet 
too  indefinitely  differentiated  to  permit  of  their  inclusion  with  those  of  the  severe 

type  which  invariably  develop  the  eruption;  that  such  cases  exist  there  can  be  no 

doubt;  they  are  never  fatal;  on  the  other  hand,  the  cases  which  are  marked  by  the  ■ 
eruption  have  a   mortality  of  70  to  80  per  cent  (Wilson  and  Chowning,  1902a,  p.  133; 
1903a,  p.  65;  1904a,  p.  40).  It  is  unsafe  to  prognosticate  a   favorable  termination  in 

a   case  of  mild  initial  symptoms,  since  many  such  cases  rapidly  become  fatal  (Wilson  ' 
and  Chowning,  1903a,  p.  66).  Prognosis  of  cases  in  Idaho,  Nevada,  and  Wyoming  i 
is  much  more  favorable  (Wilson  and  Chowning,  1904a,  p.  41). 

The  abundance  of  the  eruption  apparently  bears  no  relation  to  the  severity  of  the  ' 
disease  (Anderson,  1903c,  p.  39). 

Gates  (1905,  p.  115)  states  that  in  his  experience  the  cases  in  children  have  been  t 
mild.  ^ 

LETHALITY. 

See  also  page  37.  '   i 

Idaho.— The  lethality  is  about  2.5  per  cent;  in  fleshy  subjects  the  disease  is  a   ̂ 
serious  affection,  but  particularly  in  the  aged  it  is  fatal;  from  the  fifth  to  the  eighth 

decade  the  lethality  progressively  increases  from  5   to  50  per  cent  (Bowers,  1896,  ■ 
p.  64).  Collister  (1896,  p.  63)  reports  that  the  death  rate  is  not  very  high;  in  chil- 

dren it  will  not  exceed  1   per  cent,  and  in  old  age  it  varies  from  4   to  5   per  cent,  i 

According  to  Dubois  (1896,  p.  64),  the  lethality  persists  during  the  entire  attack  from 

14  to  28  days;  it  is  not  high,  but  weak  subjects,  and  even  strong  ones,  succumb  from  ‘ 
intercurrent  affections  of  the  bowels,  kidneys,  or  heart;  it  may  be  called  a   nonfatal  I 

disease.  In  Fairchild’s  experience  (1896)  the  death  rate  is  low,  perhaps  2   or  3   per  ! 
cent.  Figgins  (1896,  p.  64)  has  seen  but  1   fatal  case  in  about  60  cases  he  treated,  ! 
extending  over  a   period  of  14  years;  death  in  this  case,  he  believes,  was  superinduced  i 
by  years  of  dissipation  and  by  age.  According  to  Springer  (1896,  p.  62)  the  death 
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j   rate  is  probably  about  1   or  2   per  cent,  but  liigber  in  old  people;  death  usually  occurs 
I   from  exhaustion.  Sweet  ( 1896 )   says  that  the  death  i-ate  is  slight,  and  Zipf  ( 1896,  p.  65 ) 
I   states  that  the  disease  is  very  seldom  fatal ;   he  has  heard  of  only  1   fatal  case  this 

j   year  (1896),  and  this  patient  had  always  been  of  weak  constitution. 
:   Montana. — Spotted  fever  is  very  fatal,  but  perhaps  not  more  so  than  Asiatic  cholera 

j   or  yellow  fever;  it  is  more  fatal  in  adult  males  than  in  women  and  children.  Han- 
:   bidge  reports  12  fatal  cases  in  16;  Gwinn,  30  fatal  in  40  severe  cases;  St.  Patrick 

i   Hospital,  12  fatal  in  15;  McCullough,  about  75  per  cent  fatal  (McCullough,  1902, 

i   pp.  225,  227).  Anderson  (1903c,  p.  38)  gives  the  case  mortality  as  about  70  per 

I   cent.  The  mortality  varies  within  narrow  limits  from  year  to  year;  some  years  as 
I   many  as  90  per  cent  of  those  attacked  dying.  Wilson  and  Chowning  (1903a,  p.  65; 
;   1904a,  p.  41)  give  tables  showing  the  case  mortality  for  various  ages  of  males  and 

I   females  (see  above,  under  “Sex  and  age,”p.  37).  Cases  which  are  marked  by  the 
i   eruption  have  a   mortality  of  70  to  80  per  cent,  but  cases  without  the  eruption  are 

never  fatal  (1902a,  p.  133;  1903a,  p.  65;  1904a,  p.  42). 

j   Comparison. — In  Texas  fever  the  lethality  varies  greatly.  The  time  of  the  out- 

'   break  will  largely  decide  whether  practically  all  of  the  animals  attacked  die  or  all 

j   survive;  a   midsummer  outbreak,  when  acute  in  its  nature,  is  the  most  fatal.  From 
'   this  there  may  be  all  gradations  toward  the  mild,  nonfatal  form  of  late  summer, 

(Smith  and  Kilborne,  1893,  p.  23).  Starcovici  gives  the  lethality  as  about  50  per 
I   cent  for  hemoglobinuria  and  50  to  60  per  cent  for  carceag. 

-   In  Texas  fever  death  usually  occurs  from  the  fourth  to  the  fourteenth  day;  in 
;   hemoglobinuria,  in  various  stages  of  the  disease;  in  carceag,  usually  from  the  second 

to  the  fifth  day. 

.   DEATH. 

Idaho. — Death  in  adults  and  the  aged  results  from  toxemia  and  exhaustion 

i(  Bowers,  1896,  p.  63) .   Death  usually  results  from  exhaustion  (Springer,  1896,  p.  62) . It  is  usually  due  to  lowered  vitality  from  other  causes,  such  as  bad  air  and  surround- 
ings (Sweet,  1896). 

i   Montana. — Wilson  and  Chowning  (190Ta,  p.  41)  have  tabulated  88 

I   cases  with  reference  to  date  of  death  and  have  shown  that  in  69  of 

I   these  death  occurred  from  the  sixth  to  eleventh  da^^s,  inclusive. 
Adding  to  these  statistics  the  cases  recorded  by  Gates  and  those  I 

have  collected  we  find  that  death  occurred  on  the — - 

I   Third  day  in  . . . '   Fourth  day  in. . 
Fifth  day  in   
Sixth  day  in   

I   Seventh  day  in . 

I   Eighth  day  in. . 
I   Ninth  day  in   

'   Tenth  day  in . . . 
,   Eleventh  day  in 

j‘;  DIAGNOSIS. 

1   ■   SPECIFIC  DIAGNOSIS. 

1   Idaho. — After  once  seeing  and  recognizing  spotted  fever  the  diagnosis  is  easy;  there is  no  occasion  for  making  a   mistake;  even  the  laity  recognize  it  on  sight;  its  peculiar 
habitat  and  endemic  character,  the  severe  aching  pains  in  the  muscles,  joints,  bones, 

and  head,  the  absence  of  gastro-intestinal  symptoms,  the  temperature  range,  the 

Cases. 

.   1 

.   1 

.   3 

.   13 

.   13 

.   14 

.   11 

.   13 

.   9 

Cases. 

Twelfth  day  in     6 
Thirteenth  da.y  in     4 

Fourteenth  day  in     2 

Fifteenth  day  in     2 

Eighteenth  day  in     1 

Twenty-second  day  in     1 
Twenty-seventh  day  in     1 

Twenty-ninth  day  in     1 
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invariable  appearance  on  the  third  to  the  seventh  day  of  a   profuse  eruption  of  rose-, 

colored,  unelevated  spots,  first  noticeable  on  the  wrists  and  ankles,  and  rapidly  : 

spreading  over  the  entire  body,  the  frequency  of  constipation,  and  the  marked  ' 

debility  noticeable  during  convalescence  all  go  to  make  up  a   clinical  picture  char- 

acteristic only  of  spotted  fever;  in  3   or  4   cases  in  which  I   have  used  Ehrlich’s  diazo  ̂  

test  the  result  has  been  negative  (Maxey,  1899,  pp.  436,  437).  Epistaxis  (see,  how-  ̂  
ever,  p.  52) ,   diarrhea,  iliac  tenderness,  and  gurgling  are  said  to  be  seldom,  if  ever,  ,j 

present  (Medical  Sentinel,  p.  457). 

Montana. — Generally  bad  feeling,  coated  tongue,  constipation,  accelerated  pulse 
and  temperature,  the  expression  denoting  profound  intoxication  of  the  entire  system  ;j 

with  some  grave  illness,  the  unusual,  intense  soreness  all  over  the  body,  affecting  both  \ 

bones  and  muscles,  perhaps  more  marked  along  the  spine  and  back  of  the  neck  and  I 

head,  the  icterus  appearing  from  the  fifth  to  tenth  day  of  illness,  and  the  character- 

istic eruption  following,  leave  little  room  for  doubt  regarding  the  type  of  illness  with 

which  we  have  to  contend  (McCullough,  1902,  p.  226).  i 

According  to  Anderson  (1903a,  p.  508,  1903c,  p.  39),  cases  occurring  in  infected  | 

localities  and  presenting  a   history  of  tick  bites,  chill,  pain  in  head  and  back,  muscu-  :| 

lar  soreness,  constipation,  macular  eruption,  first  on  the  wrists  and  ankles,  appearing  | 
on  the  third  day  of  illness,  becoming  petechial  in  character,  do  not  present  difhculty  « 

in  diagnosing  spotted  (tick)  fever;  blood  examination  should  be  made  in  all  suspi-  q 
cious  cases.  i 

While  the  different  cases  of  spotted  fever  vary  to  no  inconsiderable  i 

degree,  this  variation  in  s3’mptomatology  is  perhaps  not  greater  than 
it  is  in  many  other  diseases.  As  for  the  blood  examination  to  find  the  ; 

parasite,  as  a   test  in  diagnosis,  I   must  take  the  position  that  this  is  not  i 

at  present  upon  a   firm  foundation.  Ash  burn  and  I   are  as  expert  with  : 

the  microscope  as  the  average  plwsician,  }^et  w^e  were  not  able  to  find 
the  parasite  in  the  cases  we  examined,  although  we  spent  a   total  of 

400  hours  of  actual  microscopic  work,  equivalent  to  80  days’  work  of 
5   hours  each. 

DIFFERENTIAL  DIAGNOSIS. 

Idaho. — This  disease  differs  principally  in  the  occurrence  of  the  symptoms  from  our  : 
occasional  mountain  fever,  which  seems  to  be  similar  to  the  mountain  fever  of  the  • 

eastern  Kocky  Mountain  region,  a   typhomalaria,  or  at  least  a   modified  typhoid 

(Sweet,  1896).  “As  I   have  known  physicians  to  call  it  ‘dengue  fever,’  cerebros]unal 
meningitis,  typhoid,  rheumatic  purpura,  typhus,  and  measles,  I   may  be  pardoned 

for  taking  up  the  differential  diagnosis  and  calling  your  attention  to  the  salient  points 

of  difference  in  support  of  the  theory  that  this  spotted  fever  is  an  independent,  spe-  ‘ 

cific  disease,  and  related  in  no  way  to  any  disease  described  in  our  text-books  on  ' 

practice.” — Maxey,  1899,  p.  436. 
TYPHUS. 

Idaho. — Maxey  (1899,  p.  438)  states  that  he  has  known  one  or  two  physicians  who 

invariably  diagnosed  spotted  fever  as  “typhus  fever,”  but  he  calls  attention  to  the  ' 
fact  that  typhus  is  an  epidemic,  contagious,  malignant  disease,  more  prevalent  in  the  i 

winter  season  and  in  thickly  populated  or  crowded  districts,  and  attacks  men,  women, 

and  children  alike;  the  onset  is  abrupt,  with  chill,  followed  by  a   violent  fever  and 

pain  in  the  head;  the  eruption,  red  and  measly,  appears  on  the  fifth  to  seventh  day;  s 

there  is  also  a   peculiar  mottling  of  the  skin  all  over  the  body  except  the  face. 

Montana. — “Spotted  fever  more  nearly  resembles  typhus  fever  than  any  other  con- 
tinued fever  with  which  I   am  familiar,  with  the  exception  that  it  is  not  conta-  ? 
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{   gious”  (see  above,  p.  44). — McCullough,  1902,  p.  225.  Gwinn  (1902)  says:  “1  have 
j   been  unable  to  find  any  marked  difference  by  which  to  distinguish  it  [spotted  fever] 
!   from  this  disease  [tyi)hus],  save  that  typhus  is  by  most  authors  given  as  a   conta- 

j   gious  disease,  while  the  affection  under  discussion  certainly  is  not  contagious,  and 
I   does  not  occur  in  crowded,  filthy  places,  like  jails,  etc.,  as  does  typhus.  Had  this 

j   difference  not  existed  I   should  never  have  claimed  that  this  disease  was  one  not 
;   described  by  medical  literature.  That  one  is  contagious  while  the  other  is  not  is 

i   such  a   radical  difference  that  one  can  not  be  justified  in  calling  them  the  same, 

i   Either  we  have  a   disease  to  contend  with  heretofore  undescribed  by  authors  or  most 

j   of  our  authors  are  mistaken  as  to  the  contagiousness  of  typhus.”  Anderson 

I   (1903c,  p.  40)  says:  “Spotted  (tick)  fever,  I   think  more  closely  resembles  typhus 
I   fever  than  other  disease,  and  cases  of  typhus  fever  occurring  in  a   locality  in  which 

j   spotted  fever  prevails  would,  without  a   blood  examination  and  close  l)edside  obser- 
j   vation,  cause  much  trouble  in  diagnosis.  In  typhus  we  have  a   longer  period  of 
;   incubation,  absence  of  a   history  of  tick  bites,  the  eruption  which  first  appears  on  the 

l|  abdomen  and  chest,  its  intensely  contagious  character,  especially  prevalent  in  the 

i'  winter  months,  not  limited  to  a   short  time  in  the  spring,  and  marked  nervous  symp- 
j   toms.  As  before  mentioned,  two  cases  of  spotted  fever  have  never  been  known  to 

'   occur  in  the  same  family  the  same  season  (see,  however,  above,  p.  43),  thus  conclu- 
!   sively  showing  the  noncontagious  character  of  the  disease.” 
:   TYPHOID. 

;   Idaho. — Many  patients  after  a   few  days  pass  into  a   typhoid  condition  (Springer, 
i   1896, p.  62).  Epistaxis,  diarrhea,  and  other  abdominal  symptoms,  the  scattering, 

'   petechial  eruptions  not  appearing  until  the  end  of  the  first  week,  the  absence  of 

i   severe  pains  in  the  muscles  of  the  limbs  and  back,  the  nerve  symptoms,  the  char- 
acteristic tongue,  and  the  greater  prevalence  in  the  autumn,  render  the  differentiation 

j   quite  plain;  in  the  3   or  4   cases  of  spotted  fever  in  which  Ehrlich’s  diazo  test  has  been 
'   used  the  result  has  been  negative  (Maxey,  1899,  p.  437). 

II  Montana. — At  the  onset,  the  whole  facies  in  spotted  fever  is  in  certain  respects ‘   typhoid  (Wilson  and  Chowning,  1902a,  p.  132;  1903a,  p.  62;  1904a,  p.  37).  Anderson 
(1903c,  p.  39)  says  that  typhoid  resembles  spotted  fever,  but  the  rose  spots  appearing 

first  on  the  abdomen — papular  in  character — diarrhea,  Widal  reaction,  and  presence 

I   of  typhoid  bacilli  in  cultures  from  the  blood  of  typhoid  fever,  and  the  presence  of 
parasites  in  the  red  cells  of  spotted  fever  (see,  however,  above,  p.  90),  suffice  to  sep- 

arate distinctly  the  two  diseases. 
MENINGITIS. 

Idaho. — Before  death,  children  have  symptoms  of  meningitis  (Bowers,  1896,  p.  63). 
Maxey  (1899,  p.  437),  in  speaking  of  meningitis,  refers  to  its  occurrence  in  winter, 

:   its  malignancy,  its  predilection  for  children,  sudden  onset  with  chill  or  convulsion, 
the  severe  headache  or  vomiting,  painful  rigid  or  contracted  condition  of  the  muscles 

of  the  back  of  the  neck,  with  opisthotonos,  the  irregular  fever,  the  scattering  petechial 

i   or  purpural  eruption  not  present  in  all  cases,  the  hyperesthesia,  disorders  of  special 
!   senses,  stupor  or  coma. 

Montana. — Gwinn  (1902)  mentions  in  one  case  rigidity  of  the  muscles  of  the  neck 
and  back,  very  much  resembling  that  of  cerebrospinal  meningitis;  when  spotted 

fever  is  seen  after  the  eruption  begins  to  darken  it  may  be  distinguished  from  cerebro- 
!   spinal  meningitis  by  the  absence  of  the  typical  vomiting,  the  rigidly  contracted 

I   muscles  of  the  neck  and  back,  the  herpes,  and  the  irregular,  low-averaging  tempera- 
ture of  the  latter  disease.  McCullough  (1902,  p.  225)  considers  spotted  fever  as  dis- 

j   tinct  from  meningitis.  Anderson  (1903c,  p.  39)  says  in  reference  to  meningitis  that 
I   “the  stiffness  of  the  muscles  of  the  neck,  photophobia,  sensitiveness  to  sudden  noises, 

j   headache,  and  rigidity  of  the  muscles  of  the  back  and  neck,  with  the  not  altogetlier 

'   constant  irregularly  situated  rash,  should  not  cause  much  trouble.” 
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It  seemed  to  me  that  cases  occur  which  are  not  so  easily  differenti- 

ated symptomatically  from  some  cases  diagnosed  as  cerebrospinal  i 

meningitis,  as  the  above  remarks  would  lead  one  to  believe.  However, 

‘‘spotted  fever”  does  not  show  post-mortem  lesions  which  would 
justify  us  in  classif}dng  it  as  meningitis.  (See  also  page  79.) 

DENGUE. 

Idaho. — Dengue  or  breakbone  fever  is  an  epidemic,  contagious  disease,  found  only 
in  subtropical  climates.  Its  onset  is  abrupt  with  chill  and  intense  pains  in  head  and 

back,  followed  by  high  fever  for  from  1   to  5   days,  when  there  is  an  intermission  of 

all  symptoms  for  a   day  or  two,  followed  by  a   second  paroxysm  of  fever  and  pain.  . 

There  is  a   scarlatinal  rash  during  the  first  paroxysm,  and  a   characteristic  erythem-  ! 
atous  rash  or  rubeolus  eruption  accompanies  the  second  paroxysm.  Nausea  and  . 

vomiting  are  common,  and  the  average  duration  is  only  8   days  (Maxey,  1899. ) 

Montana. — Dengue  is  a   disease  of  tropical  or  subtropical  countries,  whereas  spotted  • 
fever  occurs  at  an  elevation  of  from  3,000  to  4,000  feet  above  sea  level.  The  swollen  ; 

joints,  pleomorphic  eruption  over  the  joints,  never  petechial,  apy retie  period,  and 

short  course  of  the  disease  would  differentiate  it  from  spotted  fever  (Anderson,  1903c,  ' 
p.  39).  ; 

PURPURA  H.EMORRHAGICA. 

Purpura  haemorrhagica  occasionally  accompanies  severe  cases,  the  hemorrhagic  j 

spots  becoming  as  large  as  the  thumb  nail  ( McCullough,  1902,  p.  226).  Purpura  in  this  : 

region  [Bitter  Root  Valley]  is  manifested  by  the  eruption  being  generally  confined  • 

to  the  lower  extremities,  a   less  systemic  disturbance  than  in  spotted  fever  (Gwinn,  ' 
1902). 

PELIOSIS  RHEUMATICA. 

In  peliosis  rheumatica,  the  sore  throat,  multiple  arthritis  with  purpura  and  urtica- 
ria, and  comparative  rarity  of  the  disease,  offer  a   sufficiently  distinct  clinical  picture 

(Anderson,  1903c,  p.  39). 
“BILIOUS  FEVER,” 

“If  seen  at  first,  and  it  be  a   mild  attack,  it  [spotted  fever]  very  much  resembles  bil- 
ious fever  or  biliousness  Avith  constipation.  However,  if  the  patient  has  been  chilly 

and  the  skin  appears  congested,  the  eyes  congested  as  well  as  jaundiced,  and  it  be  at  j 

a   locality  and  time  when  this  disease  may  be  suspected,  it  should  not  be  overlooked  ; 
in  the  diagnosis.  If  it  be  a   severe  attack,  the  danger  of  mistaking  the  two  diseases  is  , 

very  much  lessened  by  the  pronounced  chill,  high  fever,  and  inordinate  aching,  they 

being  more  severe  than  in  biliousness”  (Gwinn,  1902).  ^ 
I 

MEASLES. 

Idaho. — If  a   case  of  spotted  fever  is  not  seen  until  the  spots  are  well  out,  it  might 
be  mistaken  for  a   case  of  measles;  but  Avhen  we  take  into  consideration  the  epidemic  i 
and  contagious  nature  of  measles,  the  characteristic  catarrhal  symptoms  referable  to 

the  respiratory  tract,  the  elevated,  crescentic,  crimson  eruption,  and  the  presence  of 

Koplik’s  spots,  we  should  not  hesitate  long  (Maxey,  1899,  p.  438). 
Montana. — When  the  eruption  is  new  it  may  be  mistaken  for  that  of  measles,  but  , 

close  examination  shoAvs  the  eruption  to  be  purely  macules,  and  not  in  the  least 

ele\-ated  (Gwinn,  1902). 
Treatment. 

GENERAL  PRINCIPLES. 

Idaho. — “No  abortive  or  reliable  curative  treatment  has  as  yet  been  disco A’ered.  • 
The  disease  is  self-limited  and  a   large  portion  of  cases  recover  Avithout  any  internal  i 

medication.  Treatment  of  individual  cases  is  governed  by  the  rational  and  symp-  ̂  
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tomatic  conditions  present.  On  the  theory  that  the  infection  enters  through  the 

i   alimentary  canal,  I   employ  intestinal  antiseptics  and  evacuants  and  a   su[)portive 

I   treatment.” — Bowers,  1896,  p.  64.  “No  medication  will  relieve  the  pain  and  fever; 
I   but  quinine,  dissolved  in  aromatic  sulphuric  acid,  in  comparatively  large  doses,  gives 

:   the  best  results  to  those  who  can  withstand  the  treatment.” — Dubois,  1896,  p.  64. 

I   “It  is  a   self-limited  disease,  and  drugs  have  little  or  no  effect  upon  the  attack.  I 
;   treat  on  expectant  plan  principally.  When  pain  is  severe  I   control  it  with  morphia, 

I   and  to  lessen  the  hy^jeraemia  of  the  cord,  etc.,  I   usually  give  a   mixture  of  bromide 

I   and  ergot.  When  temperature  goes  above  103°  F.,  I   bathe  with  tepid  water,  and,  if 
!   indicated,  give  small  doses  of  acetanilid  or  phenacetin.  Quinine  has  given  no  results 

I   in  my  hands.  I   keep  patients  in  a   recumbent  position  constantly,  overcome  con- 
^   stipation  with  salines,  and  confine  them  to  a   milk  diet.” — Fairchild,  1896.  “   I   never 

j   employ  any  other  than  such  as  is  used  in  ordinary  malarial  fevers,  and  that  of  symp- 

tomatic nature.” — Figgins,  1896,  p.  64.  “Exj)ectant.  Morphine  for  pain;  salines 

for  constipation;  sponge  baths  and  antipyretics  for  high  temperature.  Diet,  milk.” — 

Springer,  1896,  p.  62.  “Milk  diet;  a   cholagogue  followed  by  frequent  alcohol  hot 
baths,  with  usually  very  little  positive  medication.  As  routine,  I   usually  relieve  the 

i   dengue  ache  with  salol,  quinia  salts,  and  some  coal-tar  products  in  very  small  doses 

!   until  free  diaphoresis  is  obtained.  I   give  little  but  a   placebo  in  mild  cases.” — Sweet, 

1896.  “Treatment  is  entirely  symptomatic.  The  hygienic  and  sanitary  surround- 
,   ings  should  be  the  best  possible  to  obtain.  Frequent  baths  and  changes  of  bedding 

i   add  materially  to  the  patient’s  comfort.  For  the  fever  I   usually  use  cold  sponging, 

;   with  occasional  doses  of  acetanilid  or  phenacetin  and  codeine,  or  Dover’s  j^owders 
!   may  be  required  to  relieve  the  pain  and  restlessness.  During  convalescence  stimu- 

'   lants,  iron  and  bitter  tonics  are  in  order.” — Maxey,  1899,  p.  438. 

Montana. — “I  have  tried  many  remedies,  but  found  most  of  them  to  do  but  little 
i   or  no  good,  and  often  harm  if  they  should  be  pushed  in  amount  or  number.  The 

I   treatment  which  has  served  me  best  is  what  might  be  termed  eliminative  and  sup- 

'   portive  treatment.  The  old  rule  of  keeping  the  head  cool  and  feet  warm  should  be 
closely  observed.  The  patient  should  be  frequently  turned  in  bed  after  the  disease 

I   is  well  established,  in  order  to  prevent  hypostatic  pneumonia,  and  to  cool  the  under- 
‘   side  of  the  body,  which  may  be  superheated  while  the  upper  side  is  cool.” — Gwinn, 

I   1902.  “The  best  results  are  obtained  by  systematic  and  eliminative  treatment” 

]1  (McCullough,  1902,  p.  227).  “Until  the  past  season  [1903]  the  treatment  of  this 
•i  disease  has  been  purely  symptomatic,  but  after  the  discovery  of  the  parasite.  Doctor 

'   Wilson  and  the  writer  suggested  the  use  of  quinine  in  large  doses,  preferably  hypo- 

i!  dermatically”  (see  below,  p.  94). — Anderson,  1903c,  p.  40.  “Many  drugs  have  been 

used  in  the  treatment  of  ‘spotted  fever,’  but  while  some  of  them  are  important  as 

'   stimulants,  sedatives,  etc. ,   none  of  them — except  perhaps  quinine — seem  to  have  any 

!   specific  action  on  the  disease  through  destruction  of  the  parasites.” — AVilson  and 
Chowning,  1904a,  p.  57. 

j  
 

SURROUNDINGS. 

I   “The  room  should  be  kept  dark  and  as  free  from  noise  as  possible.” — Anderson, 

j   1903c,  p.  41.  “Darkening  of  tlie  room  and  hot  sponge  baths  add  much  to  the  com- 
,fort  of  the  patient.” — Wilson  and  Chowning,  1904a,  p.  57. •i 

I   
DIET. 

I   Idaho. — “The  diet  and  bowels  should  be  properly  regulated,  particularly  after  the 

I   eruption  is  well  out,  for  I   have  found  in  the  majority  of  my  cases  that  at  this  time 
the  appetite  is  apt  to  return  to  the  patient,  and  the  physician’s  judgment  will  be 

taxed  to  decide  just  what  and  how  much  food  may  be  allowed.” — IMaxey,  1899, 
p.  438. 

Montana. — “Milk,  buttermilk,  broths,  soft  eggs,  and  soft  toast  may  all  be  allowed. 

The  whisky  may  be  administered  in  an  eggnog.” — Anderson,  1903c,  p.  41. 
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TICK  BITE. 

“As  soon  as  a   person  is  bitten  by  a   tick,  the  insect  should  be  removed  and  the  , 
place  cauterized  with  95  per  cent  carbolic  acid.  There  is  sometimes  difficulty  in 

removing  the  tick,  but  by  applying  ammonia,  kerosene,  or  carbolized  vaseline  it  can  ; 

usually  be  detached  without  trouble.” — Anderson,  1903a,  p.  41.  ^ 
“As  soon  as  a   person  is  bitten  by  a   tick,  the  arachnid  should  be  removed  and  the 

wound  cauterized  with  a   95  per  cent  carbolic  acid.” — Wilson  and  Chowning,  1904a,  . 
page  56.  ^ 

In  3   cases  during  1904  in  which  this  precaution  was  adopted  it  did  ̂ 
not  seem  to  inhibit  the  development  of  the  disease,  for  all  3   patients 

died.  Further,  while  the  precaution  may  be  good,  so  far  as  the  tick 

bite  is  concerned,  I   do  not  see  what  good  effect  may  be  expected  from  i 

it  in  aborting  a   piroplasmosis. 

PURGATION. 

“   To  act  on  the  bowels,  if  the  patient  be  an  adult  and  robust,  I   begin  by  giving  20  . 
grains  of  the  mild  chloride  of  mercury  well  rubbed  together  Avith  the  same  amount 

of  sodium  bi.  carl).,  to  be  followed  in  12  hours  by  an  ounce  dose  of  magnesium  sul.  , 

This  will  keep  the  bowels  active  for  1   to  3   days,  after  Avhich  I   gi\'e  the  same  remedies 

in  sufficient  quantity  to  make  the  boAvels  act  2   or  3   times  every  24  hours.” — Gwinn,  ' 

1902.  ' 

“For  cases  encountered  within  the  first  3   or  4   days  I   begin  Avith:  E.  Hydrarg.  ' 
chlor.  mite  et  sodii  bicarb.,  aa.  gr.  i.  Tablets  no.  xii.  Sig. :   One  tablet  every  half 
hour  until  all  are  taken. 

“This  rarely  fails  to  produce  free  purgation  and  unloads  the  intestinal  canal, 
thereby  relieA'ing  any  tendency  to  hepatic  engorgement.  Should  catharis  be  insuffi- 

cient, a   clyster  containing  a   teaspoonful  of  turpentine  should  be  giA^en.  Then  Avith  ' 
a   vieAV  of  eliminating  the  noxious  accumulations  in  the  system,  and  in  some  degree  | 

modifying  the  jaundice,  give:  E:  Sodium  phosphatis  ^ii.  Sig.:  Teaspoonful  given 

in  hot  Avater  eA’ery  3   hours. 

“By  administering  this  remedy  at  above-named  intervals  the  bowels  are  kept 
free,  diaphoresis  increased,  and  muscular  soreness  diminished.” — McCullough,  1902, 
pp.  227-228. 

In  case  118,  boAvels  Avere  kept  open  Avith  calomel  (Anderson,  1903c,  p.  28).  , 

QUININE. 

“In  5   cases  in  Avhich  it  [quinine]  Avas  used  systematically  and  in  large  doses  the 
results  Avere  most  liappy,  all  recovering.  Five  cases  Avhich  did  not  have  the  treatment 

died.  Of  course,  10  cases  is  too  small  a   number  on  Avhich  to  base  very  positiA’e  con-  ’ 
elusions,  but  I   hope  that  the  use  of  quinine  Avill  be  folloAved  in  the  future  treatment  " 
of  the  disease.  Quinine  bimuriate,  1   gram,  should  be  giA’en  hypodermically  eA^ery  f 
6   hours.  If  there  is  great  objection  to  the  use  of  the  needle,  the  sulphate,  1   gram  : 

every  4   hours,  may  be  giA^en  by  mouth;  but  the  irritable  condition  of  the  stomach  at 
times  may  preA^ent.  The  use  of  quinine  should  be  begun  as  soon  as  the  diagnosis  is 
made,  and  persisted  Avith  in  decreasing  doses  as  convalescence  begins.  Some  of  the 

A’alley  physicians  seemed  to  fear  that  quinine  depressed  the  heart  and  caused  nerv- 
ous symptoms;  but  I   am  of  the  opinion  that  the  great  good  the  drug  does  more  than  ( 

counterbalances  these  effects.  I   strongly  advise  the  early  and  continuous  use  of 

large  doses  of  quinine.”  Anderson,  1903c,  ]).  40.  “   The  good  results  that  have  fol- 
lowed  the  administration  of  large  doses  of  quinine — the  5   cases  in  Avhich  it  Avas  used 

having  recoA^ered — giA^e  much  hope  that  this  disease,  Avhich  is  so  much  dreaded, 

may  in  future  be  robbed  of  many  of  its  terrors.” — Anderson,  1903c,  p.  7. 
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Quinine  has  })een  used  by  the  physicians  of  the  Bitter  Boot  Valley  in  small  doses 

by  mouth  for  a   number  of  years  in  the  treatment  of  this  disease.  During  the  spring 
of  1902  the  writers  urged,  on  purely  theoretical  grounds,  the  use  of  large  doses  of  the 

drug  intravenously,  hypodermically,  or  per  rectum.  Cases  94  and  95  were  given 

quinine  per  mouth  and  rectum  to  the  point  of  cinchonism,  with  some  apparent  bene- 
ficial results.  Both  cases  died,  though  No.  95  was  convalescent  from  spotted  fever 

and  died  of  a   complicating  pneumonia.  During  1903  cases  Nos.  115,  118, 119,  122, 

124,  125,  and  126  were  treated  with  doses  ranging  from  5   grains  by  mouth  (case 
No.  119)  to  60  grains  subcutaneously  (case  No.  118).  All  of  these  cases  except  No. 

125  recovered,  though  case  No.  119  died  later  of  a   complication  (acute  gastritis). 
Case  125  was  an  old  debilitated  man,  and  had  the  most  abundant  infection  of  all  the 

I   cases  examined  by  the  writers.  The  remaining  5   cases  occurring  in  1903  and 
untreated  with  quinine  were  all  fatal.  These  cases  are  too  few  on  which  to  base 

I   conclusions,  but  are  sufficiently  suggestive  to  warrant  a   further  trial  of  the  treat- 
I   iiient.  In  this  connection  it  is  worthy  of  note  that  Theiler  (1903)  has  recently  made 
the  observation  that  in  South  African  equine  malaria,  a   disease  caused  by  Piroplasina 

I   equi,  the  pyroplasmata  rapidly  disappear  from  the  blood  of  infected  horses  on  the 

administration  of  quinine  and  ammonium  chloride.” — Wilson  and  Chowning,  1904a, 

j   p.  57. 
In  connection  with  the  cases  which  occurred  in  1903,  it  may  be 

;   noted  that  Gates’s  case  (No.  10, 1903)  was  not  reported  as  having  been 
treated  with  quinine,  but  recovered.  As  this  case  was  known  to 

I   Anderson  and  to  Wilson  and  Chowning,  it  must  be  concluded  that  they 
I   did  not  include  it  in  the  statements  that  the  5   cases  which  did  not  have 

I   quinine  treatment  died. 

So  far  as  I   was  able  to  learn,  the  quinine  treatment  in  large  or  com- 
I   paratively  large  doses  is  not  new  in  the  Bitter  Root  Valley.  Doctor 
Mills,  for  instance,  gave  quinine  in  large  doses  per  mouth  some  years 

;   ago,  but  his  results  were  so  unsatisfactory  that  he  discarded  its  further 

use.  Doctor  Howard  has  been  giving  quinine  for  6   years  in  large 

I   doses  twice  a   day,  and  claimed  to  have  had  veiy  good  success  with  it 

'   up  to  1904:.  He  states  that  under  quinine  treatment  6   out  of  7   cases 
recovered.  Doctor  McGrath  has  been  using  quinine  for  about  5   years; 

I'  of  6   quinine  cases  5   recovered.  One  physician  has  lost  2   or  3   cases 
under  quinine  treatment — 3   grains  every  2   or  3   hours.  Doctor  Brook 

informed  me  that  one  of  his  quinine  cases  died  after  12  days  of  treat- 
;ment;  he  also  lost  another  quinine  case.  Doctor  Gwinn  used  quinine 

‘   from  1887  to  1890;  some  patients  recovered,  others  died.  He  then 
,   rejected  it.  He  tried  it  again  about  1897,  giving  about  1   dram  per 

'   day,  but  as  all  of  these  cases  died  he  again  rejected  it.  He  used  it  in 
2   cases  in  1903,  and  one  case  recovered;  the  other  died  under  the  same 

^   treatment. 

I   ‘   I   Quite  a   number  of  local  physicians  with  whom  I   spoke  maintained 
that  except  in  imported  malaria  cases  quinine  could  not  be  given  in 

^   that  locality  so  freely  as  in  lower  eastern  and  southern  localities,  with- 

iout  more  serious  effect,  but  this  view  was  not  shared  by  two  other physicians. 

Early  in  1901  Doctor  Mills  stoutly  combated  the  quinine  treatment 
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on  the  ground  that  his  experience  with  it  had  been  so  unsatisfactory. 

Ashburn  also  had  grave  doubts  regarding  its  value  and  in  case  3   he 

opposed  it  rather  strongly. 

In  the  2   Bitter  Root  Valley  cases  of  1904  which  recovered,  no  quinine 

was  used,  and  in  the  5   cases  in  which  it  was  used  the  patients  not  only 

showed  no  improvement,  but  died;  in  cases  12  and  13  also  it  was  not 

used  and  the  patients  recovered. 

Comparisons. — In  connection  with  the  statement  by  Wilson  and  Chowning  quoted 

above,  that  Theiler  observed  that  Piroplasma  in  the  blood  of  hqrses  in  South  Africa 

rapidly  disappear  on  the  administration  of  quinine  and  ammonium  sulphide,  it 

might  be  added  that  Nuttall  (1904,  pp,  248-249),  in  discussing  canine  piroplasmosis, 
says: 

“Apart  from  the  specific  treatment  recorded  above,  there  is  very  little  to  note 
regarding  treatment.  In  South  Africa,  Hutcheon  (1893,  p.  477,  and  1899,  p.  400) 
recommended  the  use  of  repeated  doses  of  ammonium  chloride  and  belladonna,  a 

form  of  treatment  tried  by  Borthwick  at  Port  Elizabeth  with  ‘excellent  results.’ 
Subsequently  Hutcheon  obtained  encouraging  results  from  the  use  of  quinine,  benzoate 
of  soda,  and  carbolic  acid.  Kobertson  (1901,  p.  332)  states  that  he  has  tried  quinine, 

calomel,  ammonium  chloride,  extract  of  belladonna,  carbolic  acid,  and  finally  ben- 
zoate of  soda  without  satisfactory  results.  Carbolic  acid  appeared,  in  fact,  to  hasten 

death.  He  obtained  the  best  results  from  a   ‘   calomel  pill  to  start  with,  then  a   calo- 

mel and  quinine  pill  four  times  a   day.’  Without  stating  the  dose,  he  says  that 
very  large  amounts  of  calomel  are  needed.  Hutcheon  does  not  appear  to  approve 
of  the  calomel  treatment.  In  other  words,  the  evidence  as  to  treatment  in  South 

Africa  appears  to  be  somewhat  contradictory. 

“In  Europe,  Piana  and  Galli-Valerio  (1895)  attributed  the  recovery  of  the  one  dog 
they  saw  suffering  from  Piroplasmosis  to  the  use  of  quinine.  Almy  (10,  x,  1901,  p. 
379)  treated  his  dogs  with  quinine  bromhydrate,  but  observed  no  effect  therefrom, 

the  remedy  being  as  ineffective  as  quinine  has  been  shown  to  be  in  the  treatment 

of  Tristeza  {Piroplasmosis  bovis). 

“Evidently  there  is  no  known  remedy  for  canine  Piroplasmosis,  and  it  is  open  to 
question  whether  or  no  the  dogs  which  have  been  successfully  treated  would  not 

have  recovered  anyhow.” 

CALCIUM  SULPHIDE  AND  CREOSOTE. 

“   Some  physicians  speak  well  of  calcium  sulphide,  and  others  of  creosote.” — Ander- 
son, 1903c,  p.  40. 

PAIN. 

“For  the  severe  pain  in  the  head  and  back  during  the  first  week,  Dover’s  powders  ̂  
or  morphine  may  be  used.” — Anderson,  1903c,  p.  40. 

Morphine  is  used  in  this  disease  by  a   number  of  the  local  physicians,  ̂  

and  Mills  called  my  attention  to  the  large  doses  which  the  patients  ! 

could  take.  Case  11  (1901)  in  one  day  received  9   grains  within  8   hours, 

and  at  another  time  1.5  grains  in  2   hours  without  noticeable  effect.  : 

SKIN. 

“To  produce  an  active  skin,  lower  fever,  and  reduce  pain,  phenacetin  acts  well, 
and  may  be  given  as  seems  to  be  needed  in  10  to  15  grain  doses  for  a   few  days  suc- 

ceeding the  attack,  without  lowering  the  patient’s  vitality  to  a   noticeable  degree.”  — 
Gwinn,  1902. 
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BATHS. 

“After  from  2   to  4   days,  when  the  chilliness  has  ceased  and  when  the  patient  will 
tolerate  cool  baths,  I   substitute  them  for  the  phenacetin.  It  often  occurs  in  the  later 

stages  of  this  malady  that  the  surface  of  the  body  will  be  cold  and  the  axillary  tem- 
perature even  below  normal,  resultant  from  the  obstructed  or  weakened  circulation, 

while  the  thermometer  will  show  a   high  fever  if  registered  in  the  rectum.  In  this 

event  a   blanket  may  be  added  to  the  patient’s  covering  to  warm  the  periphery  and 
extremities  of  the  body.” — Gwinn,  1902. 

Anderson  (1903c,  pp.  37,  40)  reports  that  warm  sponge  baths  or  packs  relieved  the 

congestion  of  the  skin,  reduced  the  fever,  and  allayed  restlessness;  the  spots  became 
brighter  after  the  bath. 

EXEMATA. 

“An  enema  of  cool  normal  salt  solution  lowers  central  temperature,  and  supplies 

the  kidneys  with  fluid  with  which  to  eliminate  poison  from  the  system.” — Gwinn, 
1902. 

FEVEE. 

“For  the  fever  warm  spongs  baths  or  packs  are  useful  and  refreshing  to  the  patient. 
I   After  a   bath  the  spots  lose  their  dark  color  and  become  much  brighter.” — Anderson, 

1903c,  pp.  40-41.  , 
DI  FEES  IS. 

“   To  produce  an  active  diuresis  I   know  of  nothing  better  than  to  encourage  the 
patient  in  drinking  an  abundance  of  fluid;  potass,  acetate  and  liq.  amm.  acetas  act 

well  during  the  first  stages,  while  digitalis  is  well  given  during  the  latter  stages  when 
also  needed  to  support  the  heart.  As  a   drink  during  the  first  stages  I   recommend 
water,  lemonade,  and  buttermilk.  I   have  seen  excellent  results  from  beer  as  a   heart 

stimulant  and  diuretic  after  the  patient  becomes  weak.  All  drinks  should  be  cold 

and  taken  frequently  in  small  amounts.” — Gwinn,  1902.  “   The  patient  should  be 

i   encouraged  to  drink  large  quantities  of  water  to  flush  out  the  kidneys.”— Anderson, 
1903c,  p.  40. 

HEAET. 

“For  a   fagged  heart  and  respiratory  effort  I   know  of  nothing  better  than  strych- 
nia, digitalis, and  alcoholics.” — Gwinn,  1902.  “Heart  action  should  be  watched,  and 

any  tendency  to  weakness  of  that  organ  should  be  stimulated  by  one-thirtieth  grain 

strychnia  given  hypodermatically  as  directed.” — IMcCullough,  1902,  p.  228.  “The 
heart  should  be  supported  by  strychnine,  whisky,  or  other  appropriate  cardiac  stim- 

ulants.”— Anderson,  1903c,  p.  40. 
DELIEIUM. 

“For  the  active  delirium  and  sleeplessness  I   have  found  no  more  effectual  remedy 
:   than:  R.  Chloral  hydratis  et  Kali  bromidi  aa.  5^1;  tinct.  hyocyam.,  ̂ n;  flu.  ext.  gly- 
cyrrhiza.  ̂ ss;  aq.  menth.  pip.  q.  s.,  5iii.  M.  Sig.  2   teaspoonfuls  in  2   tablespoonfuls 

1   of  water  when  very  restless,  and  repeat  in  6   hours  if  needed. 

I   “The  high  fever  and  moderate  delirium  call  for  the  ice  bag  applied  to  the  head, 
j   cold  sponge  bath  if  not  too  much  body  tenderness,  and  occasional  10-grain  doses  of 
I   antipyrine.” — McCullough,  1902,  p.  228. 

SALINE  SOLUTION. 

“Rectal  and  subcutaneous  injections  of  normal  salt  solutions  were  given.  The 
combined  use  of  the  aboce  and  hot  packs,  together  with  hot  elder  water  and  liquor 

'   ammonii  acetatis  internally,  produced  only  slight  diaphoresis,  and  that  mostly  about 
the  head.” — Gates,  1903,  p.  49. 

I   Normal  salt  solutions,  in  rectal,  vesical,  and  subcutaneous  injections, 

.   were  repeated!}^  used  in  190T  with  good  temporary  effect. 
23339 -Ko.  20—05   7 
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OXYGEN. 

Oxygen  was  repeated!}^  resorted  to  in  emergencies  in  1904  with 

temporar}"  good  effect. 
BLEEDING. 

Case  11  (1904)  was  bled  twice  with  veiy  marked  temporary  relief. 

On  June  27,  p.  m.,  about  12  ounces  of  blood  were  taken,  after  which 

the  patient  had  a   good  night’s  rest;  the  next  morning  the  spots  were 
much  lighter  in  color.  On  June  28,  p.  m.,  about  1   ounce  of  blood 

was  taken,  followed  by  noticeable  temporaiy  improvement;  the  next 

morning  the  spots  were  lighter,  but  the  patient  died  later  in  the  day. 

SUPPORTIVE  TREATMENT. 

“As  supportive  treatment  as  well  as  germicidal,  and  having  a   particular  action  on 
the  blood,  I   have  found  useful:  I^.  hydrarg.  bichlor.,  gr.  i;  liq.  pot.  arsenitis,  3   iu 

tinct.  ferri  chlor.,  3   ss. ;   acid  phos.  dil.,  5   i;  syr.  limonis  q.  s.,  3   vi.  M.  sig.  Tea- 
spoonful in  wineglass  of  water  four  times  a   day. 

‘   ‘   In  addition  to  the  above  medication,  the  special  symptoms  require  careful  treat- 

ment best  adapted  to  such  complications  individually.” — McCullough,  1902,  p.  228. 

Prevention. 

“In  the  way  of  prophylaxis,  I   have  advised  an  occasional  dose  of  calomel,  the 

drinking  of  boiled  water,  and  thorough  protection  against  cold  and  wet,” — Gwinn, 
1902. 

“If,  as  seems  very  probable  and  almost  proved,  the  tick  is  the  means  by  which 
the  disease  is  spread,  the  question  of  the  prevention  of  the  disease  resolves  itself 

into  the  destruction  of  the  tick.  This  is  an  almost  impossible  task  over  such  a   large 

area,  especially  of  such  varied  topography.  When  conditions  will  permit,  burning 
the  undergrowth  and  stubble  will  be  an  effective  method  for  the  destruction  of  ticks. 

This  may  be  done  either  in  the  earh'  fall  or,  preferably,  in  the  early  spring,  when 

the  ticks  are  just  beginning  to  move  about.” — Anderson,  1903c,  p.  41. 
“In  view  of  the  almost  certain  role  of  the  tick  in  the  conveyance  of  pyroplasmosis 

to  man,  measures  should  be  taken  to  reduce  the  numbers  and  limit  the  spread  of  this 

arachnid.  The  burning  of  underbrush,  sawdust,  etc.,  wherever  practicable,  is  recom- 
mended. Persons  going  into  the  brush  in  the  infected  area  should  use  all  possible 

precautions  to  prevent  ticks  from  biting  them.  As  soon  as  a   person  is  bitten  by  a 

tick,  the  arachnid  should  be  removed  and  the  wound  cauterized  by  95  per  cent  car- 

bolic acid.” — Wilson  and  Chowning,  1904a,  p.  56. 

Detinite  statements  regarding  prevention  can  not  be  made  until  the 
cause  of  the  disease  and  its  method  of  transmission  are  definite! v 

known.  All  that  can  be  said  at  present  seems  to  be  that  people  in  the 

valley  should  take  the  best  possible  care  of  themselves  during  the 

spring  months,  and  in  case  one  member  of  a   family  is  taken  sick  no 

other  person  should  occup}"  the  bed  with  the  patient. 

Sequel.e. 

Idaho. — Dubois  (1896)  states  that  no  constitutional  symptoms  are  left.  The  only 
sequela  which  ]\Iaxey  (1899,  p.  438)  has  noticed  is  a   little  stiffening  of  the  knee 
joints,  lasting  some  weeks. 
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'   Gates  (1905,  p.  115)  reports  endocarditis  as  sequela  in  his  case  8. 
One  of  the  cases  of  1903  had  not  fully  regained  the  use  of  his  legs 

in  the  summer  of  1904. 

Autopsies. 

I   The  following  autopsies  have  been  made: 

j   Idaho. — Apparently  none. 
I   Montana. — 1897:  Case  35,  by  Buckley,  reported  briefly  in  Wilson  and  Chowning, 
I   1903a,  page  33,  and  Anderson,  1903c,  page  13.  1902:  Case  89,  by  Wilson,  Longeway, 
!   Brethauer,  and  Buckley,  reported  in  Wilson  and  drowning,  1903a,  page  50;  case  9i , 

by  Wilson,  Brice,  Longeway,  and  Buckley,  reported  in  Wilson  and  Chowning, 

1903a,  page  52;  case  93,  by  Wilson  and  Spottswood,  reported  in  Wilson  and  Chown- 
ing,  1903a,  page  54;  case  94,  by  Wilson,  Chowning,  and  Buckley,  reported  in  Wilson 
and  Chowning,  1903a,  page  56;  case  97,  by  Chowning,  reported  in  Wilson  and 

Chowning,  1903a,  page  55;  case  107,  by  Wilson  and  Longeway,  reported  in  Wilson 

■   and  Chowning,  1903a,  page  47.  1903:  Case  120,  by  Anderson,  Wilson,  Gwinn,  Mills, 
Olson,  Pixley,  and  Spottswood,  reported  in  Anderson,  1903c,  page  32.  1904:  Case 

11,  by  Ashburn,  Mills,  and  Stiles,  reported  in  Stiles,  1905,  p.  109-110. 

(?) :   Case  — ,   by  Hanbidge  and  Gwinn,  reported  briefly  in  Gwinn,  1902. 
(?):  Case  — ,   briefly  referred  to  by  Gwinn,  1902. 

Pathology. 

Idaho. — “The  pathological  conditions,  as  at  present  understood,  may  be  described 

with  a   large-sized  interrogation  point.” — Maxey,  1899,  pp.  434-435.  Fairchild  (1896) 
has  seen  no  autopsies.  The  lesions,  so  far  as  Figgins  (1896,  p.  64)  knows,  are  con- 

fined to  the  skin. 

Montana. — Gwinn  (1902)  reports  slight  enlargement  of  the  liver  and  kidneys, 
together  with  slight  degeneration,  in  one  case  on  autopsy. 

The  gross  lesions  are  very  uniform;  intense  rigor  mortis  appears  early  (Wilson 

and  Chowning,  1904a,  p.  41). 

The  changes  are  those  which  can  be  ascribed  to  interference  with  capillary  circu- 
lation; the  extravasation  into  and  pigmentation  of  the  skin  account  for  the  persist- 

ence of  the  spots  for  long  periods  after  the  recovery  of  the  patients;  there  is  acute 

parenchymatous  degeneration  of  the  heart  muscles,  spleen,  liver,  and  kidney;  the 
central  nervous  system  is  but  little  affected  (Wilson  and  Chowning,  1904a,  p.  43). 

Anderson  (1903c,  p.  38)  summarizes  the  post-mortem  findings  in  7   cases  (6  of  1902, 
1   of  1903)  in  the  Bitter  Boot  Valley. 

Rigor  mortis  was  intense  in  cases  89,  91,  and  93  (Wilson  and  Chowning,  1903a, 

pp.  50,  52,  54),  but  not  in  case  120  (Anderson,  1903c,  p.  32). 

For  further  details  see  special  organs. 

CLINICAL  HISTORIES. 

During  m3"  work  I   did  not  take  clinical  notes,  as  I   had  so  maii}^ 

other  things  to  occup}"  my  time.  Clinical  notes  were,  however,  taken 

b}"  the  attending  ph}"sicians  and  to  some  extent  also  b}"  Doctor  Ash- 
burn. As  both  Wilson  and  Chowning  (1902a,  1903a,  1904a)  and  Ander- 

son (1903a,  c)  had  studied  the  clinical  side,  and  as  I   was  looking  especiall}" 

for  the  life  histoiy  of  the  parasite  as  a   basis  for  prevention,  I   natu- 

rally neglected  to  go  into  an  especiall}^  detailed  clinical  study,  blood 
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counts,  etc.,  such  as  I   should  have  done  had  time  permitted.  Fur- 

thermore. some  of  the  hospital  charts  became  lost,  so  that  part  of  the 
notes  had  to  be  written  from  memorv  or  from  brief  memoranda. 

BITTER  ROOT  VAELET  CASES.  190d. 

190Jf.  Case  1. — Attending  physician.  Doctor  Buckley  (notes  writ- 

ten from  memory  later  by  Doctor  Buckley:  Ao  microscopic  examina- 
tion of  blood). 

Male,  age  66  years.  Seen  by  Doctor  Buckley,  April  29,  19<M.  TVhen  first  seen  he 

had  two  wood-tick  bites  in  the  right  inguinal  region,  each  surrounde<i  by  an  indu- 

rated inflammatory  zone  and  showing  an  area  of  blackene^i  skin  abaut  ̂    inch  in 

diameter  at  the  center.  Patient  had  frontal  headache  and  general  body  achinir. 

Temperature  102"  P.  Thought  he  had  caught  cold. 

April  30.  temperature  103".  Sclerotics  much  injecte^l  and  face  congestel.  Tongue 
moist.  Pulse  not  high. 

Alay  1,  restless.  Ao  sleep  night  before.  DDwels  open.  Temperature  103.5"  F.. 

a.  m. ;   101",  p.  m.  Motthng  of  skin  notice<i.  Ecchymotic  sjwts  the  size  of  a   dollar 
seen  on  the  abdomen.  Scrotum  black.  That  evening  patient  was  feeling  better  and 

Doctor  Buckley  was  telephoned  he  need  not  see  him.  May  2.  worse.  Spots  dark 

purple.  Temperature,  a.  m..  101";  p.  m.,  105".  Began  to  have  delirium,  which 
scNjn  pitsse<i  to  coma,  which  laste<l  until  death,  on  May  3.  !9<>1. 

Case  2. — Attending  physician.  Dr.  J.  J.  Buckley  (notes  writ- 
ten later  by  Doctor  Ashburn  from  hospital  chart  and  from  statement 

by  Doctor  Buckley:  Patient  seen  by  Doctors  Buckley.  Ashburn.  and 

Stiles:  microscopic  examination  of  dried  blood  from  lips  by  Doctor 

Stiles,  unsatisfactory). 

Female,  age  7   years  1   months.  Born  in  Ravalh  County,  15  miles  sc*uth  of  present 
home. 

Family  history,  negative. 

Personal  history  previous  to  present  illness):  .scarlatina  in  fall  of  1903.  mild.  Xo 
other  sickness. 

Present  illness:  April  24.  1903.  bitten  back  of  ear  by  3   ticks.  Bites  caused  swell- 

ing next  day.  Xo  discoloration;  swelling  was  over  upf»er  part  of  stemo-mastoid, 
below  bites.  Had  fever  from  that  time  on. 

April  27.  eruption  showel  on  arms,  shoulders,  hips,  knees,  ankles,  palms,  and 

soles.  5lother  thought  she  had  measles.  She  had  also  complained  of  S'lue  eyes, 

some  pain  in  back  and  head.  Continuel  that  way  with  increasing  eruption  and 

some  darkening  of  it  bro^vning)  until  May  2,  when  seen  by  Doctor  McGrath  and 

pronounced  spotte<:l  fever.  Brought  to  Missoula  May  3.  Complained  of  intense 

general  sc»reness  after  app*earance  of  eruption. 

5Iay  4;  More  irritation  in  throat.  Very  sore  to  the  touch.  Very  drowsy.  Cramps 
in  stomach.  Ptestless  in  afternoon. 

May  5;  Headache.  Vomited  twice.  Sore  throat.  Very  restless  all  night.  Bash 

darker  in  color  but  not  sore  to  the  touch;  patient  very  thirsty. 

5Iay  6:  After  .sponging  reste<l  all  forenoon,  retained  milk,  some  water,  and  all 

medicine.  Throat  much  better.  Xot  so  thirsty  as  yesterday.  Rested  all  afternoon. 

Xo  vomiting.  At  5   p.  m..  cramps  in  stomach. 

5Iay  7 :   Respiration  a   little  more  irregular:  retains  everything;  apparently  weaker, 

but  pulse  gcHxl:  p.  m..  breathing  very  poor,  but  change  for  the  better  late  in  the 
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evening;  breathing  easy  after  a   hot  bath;  slept  calmly  about  two  hours;  became  very 

restless  again  about  10.30  p.  m.;  pulse  very  poor  at  12, 

May  8:  Choking  spells  about  12.30  a.  m.;  breathing  very  heavy;  finally  becomes 

unconscious;  eyes  bloodshot,  pupils  very  much  dilated;  spots  out  in  profusion;  pulse 

good,  but  great  struggle  at  times  for  breath. 

May  9:  Patient  very  restless  during  the  night  until  about  3   a.  m.,  then  sank  into  a 

comatose  condition;  much  weaker;  spots  very  purple;  p.  m.,  sinking  spell;  improved 

after  subcutaneous  saline  injection;  lungs  filling  up;  mouth  full  of  bloody  matter. 

May  10:  Finger  nails  turned  purple,  beginning  at  the  tips  about  1   a.  m.;  died  with 

very  little  struggle  at  1.25  o’clock  a.  m. 

190 Case  3. — Attending  physician,  Doctor  Fitzgerald  (notes  pre- 
pared partially  from  hospital  records,  partially  at  bedside  by  Doctor 

Ashbnrn:  patient  seen  and  microscopic  examination  of  fresh  and 

stained  blood  by  Doctors  Fitzgerald,  Buckley,  Ashburn,  and  Stiles). 

Female,  age  28  years.  Born  in  Xew  Brunswick. 

Family  history:  Father  died  of  piles  (?),  one  brother  of  consumption.  Mother 

and  four  brothers  and  sisters  living  and  well.  History  otherwise  negative. 

Personal  history  (previous  to  present  illness):  Had  3   children.  Measles  in  child- 
hood, bowel  trouble  last  sumner.  2so  other  .sickness. 

History  previous  to  admission:  Moved  to  present  home  in  January.  Had  great  fear 

of  ticks  and  has  watched  for  them  and  has  not  been  bitten  by  them.  Has  had  bites 

by  chicken  lice — last,  probably  about  April  27.  May  3   had  chill.  Backache  and 
fever  followed,  and  on  May  7   eruption  apj^eared  on  arms.  Since  that  time,  too, 

throat  has  been  very  sore. 

Condition  on  admission:  Date,  May  10.  First  seen  by  Doctor  Fitzgerald  on  May 

7,  1904. 

Symptoms:  Sore  throat,  fever,  slight  malaise,  but  claims  to  feel  well.  Body  pre- 

sents on  all  parts  a   discrete  maculo-papular  eruption,  very  measly  in  appearance,  but 
no  crescentic  arrangement.  Xo  purpura  or  petechise.  Fauces  and  pharynx  much 

injected  and  show  adherent  mucus-pus.  Cervical  glands  enlarged.  Xo  eruption  in 
mouth  or  throat.  The  tongue  tremulous  and  has  heavy,  white,  moist  coat.  Face 

placid.  Blotched  with  eruptions.  Eyes  normal;  mind  clear.  Heart  sounds  clear 

and  regular.  Lungs — Respiration  slightly  harsh  and  prolonged  anteriorly;  more  so 
behind.  Blowing  over  right  upper  lobe  posteriorly.  Xo  cough.  Spleen  enlarged. 

Liver  not  enlarged.  Abdomen  not  distended,  tender,  or  painful.  51enstruated 

April  11th.  Bowels  have  been  regular;  now  loose  from  salt  enemata.  Urine  passed 

normally. 

Diagnosis:  Spotted  fever. 

Treatment:  Seventh  to  10th,  calomel  first  day  and  quinine  sulphate,  grains  15,  every 

4   hours.  Xext  day  salol,  grains  5,  and  quinine,  grains  10,  every  4   hours.  Strych- 

nine, grain,  every  6   hours.  Saline  enema,  1   pint  every  3   hours.  Probably  none 

of  this  was  carried  out  as  prescribed. 

May  11:  Arrived  at  Sisters  Hospital  this  a.  m.  Xervous  on  admission.  Looks 

and  says  she  feels  better.  Throat  not  so  sore.  Spots  unchanged,  possibly  a   trifle 

darker.  Xot  petechial.  Skin  presents  faintest  yellow  tinge.  Xo  jaundice  of  scle- 
votics  or  tongue.  Bowels  moved  after  salt  solution.  AVas  very  drowsy  all  afternoon; 

restless  between  4   and  5   o’clock.  Retained  saline  enemas.  Patient  apparently 

thii-sty.  Took  nourishment;  resting  easy  at  7.30  p.  m. 

IMay  12:  At  about  8   o’clock  became  drowsy;  by  8.30  very  stupid.  Stupor  con- 
tinued all  night  with  rapid  respiration.  Coma  from  12  p.  m.  to  3   or  4   a.  m.  Bladder 

full  at  3   a.  m.,  when  it  was  emptied  for  vesical  irrigation.  Xow,  9.25  a.  m.,  in  deep 

sleep  or  coma.  Pulse  80  and  of  good  quality.  Respiration  39  and  slightly  stertorous. 
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Blotches  have  disappeared  from  face  and  ordinary  spots  abundant  there.  Spots 

generally  darkening.  Xow  plum  color,  but  not  distinctly  petechial.  Lungs— Sounds 
very  harsh  all  over  front  and  back,  with  large  coarse  rales;  6   p.  m.,  comatose  all  day; 
respiration  rapid.  Face  dusky. 

May  13:  Quinine  discontinued  last  night.  Patient  then  comatose,  breathing  very 

rapidly  and  promised  to  die  in  a   few  hours,  at  most,  as  lungs  were  rapidly  tilling 

with  fluid.  This  morning  face  darkly  flushed,  coma  deep,  great  perspiration.  Ees- 
piration  will  be  for  a   time  quiet  and  regular,  for  5   or  10  minutes,  and  then  very  rapid 

(60)  for  a   time.  Spots  no  darker. 
May  15:  Filling  of  lungs  progressed  yesterday;  edema  well  marked.  Spots  increased 

in  size  and  darkened.  Menstruation  began  for  1   hour  yesterday  and  stopped.  Began 

again  last  night  and  flowed  freely  until  death.  L>ine  and  feces  passed  involuntarily 
and  abundantly.  Coughed  freely  yesterday.  Finger  nails  this  a.  m.  dark,  face 
purple,  much  noise  from  breathing.  Extremely  offensive  odor  to  breath.  Dependent 

side  of  face  turned  black  immediately  after  death,  at  8   o’clock  a.  m.  to-day. 

190 Jf.  Case  j}.. — Attending  physician.  Doctor  Merrick  (notes  pre- 

pared by  Doctor  Ashburn,  from  memoranda  by  Doctor  Merrick;  pa- 

tient seen  and  microscopic  examination  of  blood  made  by  Doctors 

Merrick,  Ashburn  and  Stiles). 

Diagnosis:  Spotted  fever. 

May  12.  Symptoms:  Severe  intra-cranial  and  supra-orbital  neuralgia,  supra-scapular 
and  lumbar  pains.  Tongue  slightly  furred  and  fissured.  Anorexia.  These  symp- 

toms dated  from  May  8,1904.  An  eruption  covering  the  legs  to  the  knees. 

May  13:  The  neuralgia  considerably  improved  under  codeine.  The  eruption  in- 
creasing. Complains  of  illusions.  Anorexia. 

May  14:  Eruption  elevated  and  extended  over  trunk  to  face  and  arms.  General 

condition  prostrated.  Pulse  full.  Blood  examination  for  parasites  negative. 

^lay  15:  Eruption  dusky  in  morning,  becomes  brighter  through  the  day,  completely 
covers  body  and  palms  of  hands.  Complains  of  pains  in  head.  Sleeplessness  and 

illusions  and  weariness.  Many  red  blood  corpuscles  are  deformed.  Blood  exam- 
ined by  Doctor  Ashburn. 

May  16:  Eruption  possibly  cleared.  Patient  feeling  better;  bowels  moved  freely. 

Temperature,  100;  respiration,  20;  pulse,  80.  Anorexia  and  illusions  persist,  with 

prostration.  Doctor  Ashburn  and  Doctor  Stiles  made  blood  examination.  Xo  organ- 
isms were  found. 

May  17:  Headache  continues;  fever  101.4.  Illusions  and  prostration.  Xo  erup- 
tion on  back,  fading  on  arms  and  face.  General  condition  of  anxiety. 

May  18:  Headache  relieved;  condition  improved.  Eruption  fading.  Temperature, 
100;  pulse,  90.  Sat  in  chair  for  one  hour.  Complains  of  weakness. 

!May  19:  Temperature  normal;  pulse  and  respiration  normal.  Illusions  disappear. 

Spots  fading,  only  perceptible  on  limbs.  Pains  gone;  tongue  still  coated;  appetite 
returning. 

5Iay  21:  Patient  sitting  up;  weak  and  extremely  nervous;  spots  about  entirely 
faded  away.  Appetite  improved  and  patient  sleeps  well.  Xo  anatomical  lesions 

apparent. 

X.  B. — Doctor  Merrick’s  note  about  the  eruption  covering  the  whole  body  evi- 
dently refers  to  its  general  distribution,  as  it  was  nowhere  abundant,  and  was  the 

lightest  eruption  occurring  in  any  case  this  year. 

190 Jf.  Case  5. — xVttending  physician,  Doctor  Mills  (notes  prepared 
by  Doctor  Ashburn;  patient  seen  and  microscopic  examination  of  blood 

made  by  Doctors  Mills,  Ashburn,  and  Stiles). 
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Female;  school-teacher;  age  24  years;  single. 
Family  history:  Parents  and  brothers  and  sisters  are  living  and  in  good  health. 

Xo  hereditary  disease  in  family. 

Personal  history  (previous  to  present  illness) :   Measles  in  childhood.  Xo  other 

sickness.  Been  living  at  Woodman,  in  this  county,  since  last  September,  teaching 
school.  Kept  house.  Xo  chickens.  Just  finished  menstruating. 

History  previous  to  admission;  Positive  she  has  had  no  tick  bites  or  other  bites  of 

any  kind.  Chill  night  of  the  12th.  Headache  and  fever  continued  then  to  present. 
Came  here  next  day.  Eruption  appeared  yesterday  afternoon. 

May  16.  Symptoms:  Quite  calm  facies;  tongue  has  heavy,  white,  moist  coat. 

Throat  slightly  sore,  but  shows  no  marked  injection.  Xo  appetite.  Bowels  at  pres- 
ent slightly  constipated.  Face  slightly  flushed.  Spots  on  face,  arms,  hands,  and 

body,  etc.  Heart  sounds  clear  and  regular.  Breathing  normal  and  sounds  clear, 

front  and  back.  Splenic  dullness  increased.  Hepatic  aj^parently  diminished.  Pass- 
ing urine  normally.  Vomits  practically  everything  taken  by  mouth.  Xo  nausea  or 

pain  in  stomach.  Headache  present. 
^lay  18:  Condition  good.  Heart  rapid  and  slightly  weak  and  patient  vomits  a 

great  deal,  but  otherwise  is  doing  well.  Bowels  0.  K.  Patient  slept  well  last  night. 
Spots  not  brighter  and  seem  to  be  fading.  Mind  clear.  Headache  improved. 

May  23:  Informed  to-day  by  Doctor  3Iills  that  patient  continued  to  do  well  until 
afternoon  of  May  21,  when  her  respiration  ceased.  As  heart  was  acting  well,  artifi- 

cial respiration  was  resorted  to.  In  five  minutes  patient  breathed,  roused,  and  was 

quite  rational.  Failure  of  respiration  continued  to  occur  at  intervals,  patient  appar- 

ently forgetting  to  breathe.  She  died  about  7   a.  m.  May  22.  Hypodermics  of  mor- 
phine apparently  acted  as  respiratory  stimulant  (Dr.  Mills).  Urine  examined  by 

Ashburn,  passed  May  18,  contained  albumen;  reddish,  yellow,  turbid,  acid,  1,028;  no 
microscopic  examination. 

Later  notes;  Temperature  on  fourth  day  was  103°  F.  On  day  of  death  was  104°  F. 
Treatment  consisted  principally  of  morphine  in  considerable  doses.  Diet  was  light, 

but  almost  everything  was  vomited  unchanged  soon  after  taking.  This  was  also  true 

of  beer,  which  the  patient  had  requested. 

lOOIj.  Case  6. — Attending  physician,  Dr.  Charles  Pixley  (patient 

seen  and  microscopic  examination  of  blood  made  by  Doctors  Pixley, 

Mills,  Ashburn,  and  Stiles). 

Report  of  a   Case  of  so-called  “Spotted  Fever”  ix  1904.  By  Charles 

Pixley,  M.  D. 

Male  patient,  F.  W.,  aged  21  years,  of  rather  neurotic  temperament.  At  one  time 
he  had  used  tobacco  to  excess.  Two  weeks  prior  to  my  first  visit,  which  was  on 

May  16,  1904,  he  had  worked  at  Harvey  Creek,  a   few  miles  east  of  Rock  Creek,  and 
parallel;  also  opposite  to  Quigley. 

Patient  was  bitten  by  ticks  at  Harvey  Creek;  also  at  home  at  Missoula  after  his 
return.  He  had  brought  bedding  home  with  him. 

He  had  been  complaining  for  about  a   week  before  I   saw  him.  Two  days  prior  to 

my  visit  he  had  fallen  against  the  door  at  home,  and  he  then  went  to  bed.  When 

first  seen  by  me  he  had  a   temperature  of  103°  F.,  with  headache,  backache,  and  leg- 
ache;  also  felt  restless.  Small  pink  macular  spots  were  present  on  legs,  arms,  and 
trunk;  face  of  a   florid  complexion,  but  without  visible  spots. 

May  16,  p.  m.:  Temperature,  103;  respiration  rapid;  pulse  good,  but  rapid;  nervous 
symptoms  marked;  restless;  talk  a   little  incoherent. 

May  17,  a.  m. :   Temperature,  102;  nervous  symptoms  more  marked;  p.  m.,  tem- 
perature rising  until  9   p.  m.,  103.6;  rash  still  more  marked. 
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May  IS.  a.  m.  Temj:»eranire.  lOl.S:  p.  m.,  103.S;  restless,  twitching  of  mtisoles, 

labored  breathing,  rash  becoming  purple  and  more  plentiful. 

May  19:  Temperature  alxmt  the  same  as  on  previous  day:  pulse  weaker:  extremely 

nervous,  restless;  respiration  rapid  an<i  labored:  delirious  all  the  time:  thr:>wn  into 

a   state  of  tonus  when  touches!  lightly  anywhere  on  the  l>xly. 

May  20:  All  symptoms  more  marker!:  temperature  about  the  same;  rash  profuse: 

delirium  the  most  marked  symptom:  general  rigidity  of  all  parts  of  the  body:  twitch- 

ing of  face  muscles;  unable  to  swallow. 

May  21:  Died  at  2.30  a.  m..  preceded  by  coma:  temperature  at  1   o’clock  was  KM. 
Treatment  was  at  first  purging  with  calomel:  continued  use  of  calomel  in  1-grain 

doses  every  1   hours,  also  inunction  of  blue  ointment:  quinine  per  mouth  in  5-grain 

doses:  whisky,  strychnine,  and  morphine  throughout  the  last  3   'lays. 

The  following  additional  notes  on  thi.s  case  were  made  by  Doctor 
Ashbiirn : 

Personal  history  ̂    previous  to  present  illness , :   W orking  in  lumber  camp  on  Harvey 

Creek,  where  no  spotte^i  fever  ha*!  previously  been. 

Present  illness:  Bitten  by  tick  at  Harvey  Creek  about  May  5   elate  not  exact  ). 

Bitten  again  after  coming  home.  May  13,  taken  sick  with  chill,  fever,  general  pain, 

and  aching,  llth.  fell  in  door,  sick.  Seen  by  D'X-tor  Pixley  May  16.  Temperature 

103.5-  F.  Slightly  delirious.  Aervous  twitchings  and  trembling.  Spots  beginning 
to  appear  on  flanks  and  legs,  unusually  small.  Temperature  rangel  higher  in  after- 

noon I   to  about  KM-  > .   Kept  growing  worse,  twitching,  tossing  all  the  time.  Spots 
increased  gra*lually  and  darkencl  until  at  death  patient  had  blue  areas  the  size  of 

the  hand.  Became  more  sensitive  and  irritable  until  at  last  the  slightest  touch  would 

cause  violent  jump,  almost  a   convulsion.  Breathing  irregular  when  awake,  regular 

when  sleeping.  Had  sore  throat  early  and  very  slight  nose  bleeii.  Bowels  O.  K. 

Rawng  almost  to  time  of  death.  Comatose  for  a   few  hours.  Urine  not  examinei. 

Physical  examination  negative  except  the  skin.  Bash  when  seen  by  me  very  fine. 

Treatment:  Calomel  internally,  mercurial  inimctions.  Quinine.  5   grains  ever}*  4 
hours.  Alorphine  as  necessary.  Formalin  ab*tut  5   minims  at  entl.  Died  Saturday 

night.  May  21. 

Case  r. — Attending  physician.  Dr.  J.  W.  Howard  (patient 

-een  also  and  microscopic  examination  made  by  Doctors  IMcGrath. 
A^hburn.  and  Stilesc 

Report  of  a   case  of  so-called  “SP'>tted  Fever"  at  Hamiltox.  19CM,  by 
Dr.  .T.  W.  Howard. 

<   T.  M.,  male,  agel  10  years,  was  brought  to  Hamilton  from  his  home.  S   miles  south- 

west of  here,  on  the  west  side  of  the  Bitter  Root  River.  He  came  rni'ler  my  obser- 
vation 5Iay  14.  1904. 

The  eruption  at  the  time  was  very  faintly  marked,  though  he  had  been  sick  for  3 

or  4   days;  temperature,  103"  F. :   pulse,  110:  very  restless;  appetite  absent  through- 
out entire  sickness.  Died  May  22.  s   a.  m. 

The  nose  bled,  not  excessively,  but  frequently,  for  the  last  5   days  before  death. 

The  eruption  was  very  backward  anti  slow  in  coming  out,  and  in  fact  never  became 

pronounc-el.  He  had  a   convulsion  S   or  10  hours  before  death:  do  not  know  whether 
he  had  others  later:  during  the  convulsion  he  had  slight  opisthotonos.  Disturbance 

of  nervous  system  was  market  throughout  his  illness  by  thrashing  around  in  bet.  roll- 
ing of  the  head,  and  throwing  the  arms;  he  could  not  be  made  to  lie  upon  his  left  side 

for  a   minute  at  a   time,  but  woul'l  immediately  throw  himself  upon  his  right  si*ie  or 

his  back.  Answere>i  questions  intelligently  up  to  within  a   few  hours  of  death. 



105 

Xever  complained  of  pain  at  any  time,  except  occasionally  when  asked  if  his  head 

ached,  he  would  answer  “Yes.”  Was  seen  by  Doctors  Ashburn  and  Stiles  on  May 
20;  they  took  blood  samples  for  examination;  examination  negative;  temperature 

ranged  throughout  from  97.5°  to  105°  F. ;   pulse  from  85°  to  125°  per  minute;  bowels 
and  urine  both  acted  regularly  and  without  assistance.  The  basis  of  treatment  was 

quinine  sulphate  in  large  doses;  other  medication  as  indicated  from  time  to  time. 

In  addition  to  the  above  account  I   mav  olve  the  followino-  notes 

made  by  Doctor  Ashburn: 

Family  history:  Father  killed.  Mother  alive  and  well.  One  sister  died  of  whoop- 

ing cough.  One  sister  recovered  from  spotted  fever  under  quinine  3   years  ago. 

Personal  history  (previous  to  present  illness):  Had  chills  and  fever  6   years  ago. 

Measles  and  whooping  cough.  Xo  other  sickness. 

History  previous  to  admission:  May  11,  complained  at  noon  of  being  sick.  Had 

nausea  and  headache.  Slept  that  afternoon  and  was  feverish  and  had  headache  and 

stomachache.  On  washing  neck  on  first  day  complained  of  tenderness.  5[ay  13, 

spots  showed  on  hips. 

May  14,  seen  by  Doctor  Howard.  Then  stupid,  restless.  Temperature  103.5°  F.  ; 
pulse,  115.  Tongue  had  heavy  moist  coat.  Xo  pain  except  in  bowels,  from  cathartic. 

Xo  diarrhea,  cough.  Or  sore  throat.  After  medicine,  bowels  loose.  Has  -eaten 

practically  nothing  yet. 

Physical  signs:  Temperature  from  103°  in  evening  to  as  low  as  99°  in  morning. 
Vomiting  more  or  less  aP  through  attack.  Vomit  greenish  yellow. 

Present  condition,  May  20:  Expression  dull.  Very  restless  and  tossing.  Xau-seated 

much  of  time.  Xosebleed  at  times.  Lips  dry,  blood  stained,  and  crusted.  Tongue 

dry,  brown,  and  somewhat  glazed.  Vomit  contains  blood,  thought  to  be  from  nose. 

Eruption  general,  fine  purplish.  Less  marked  on  face.  Xeck  shows  discoloration, 

yellowish.  Heart  sounds  clear;  respiration  harsh,  especially  on  right  side.  Spleen 

enlarged.  Convulsions  at  8   p.  m..  May  21.  Died  at  2   a.  m..  May  22.  The  daily 

dosage  of  quinine  to  May  20,  was:  45,  45,  36,  48,  32,  and  35  grains. 

190 Case  8. — Attending  physician,  Doctor  Minsball;  patient  seen 

by  Doctors  Minshall,  Gwinn,  Ashburn,  and  Stiles;  microscopic  exami- 

nation made  by  Ashburn  and  Stiles. 

[Dr.  Minshall’s  notes.] 

Bitten  by  tick  in  4   places  Sunday  night.  May  15,  1904.  Slight  chill  in  afternoon 

of  May  17.  Was  sick  the  following  night  and  day.  tVas  seen  by  Doctor  Gwinn  the 

evening  of  the  18th,  who  cauterized  and  dressed  the  tick  bites.  Temperature  at  that 

time  said  to  have  been  102.  Severe  headache,  but  no  pain  in  back  or  limbs.  I   took 

charge  of  patient  on  May  19,  at  5   o’clock  p.  m.  Headache,  but  no  pain  elsewhere; 
coated  tongue,  intense  thirst,  but  no  nausea. 

May  20:  Condition  much  the  same  as  yesterday,  bowels  moving  freely. 

May  21:  Xo  headache,  no  pain,  no  spots  at  10  a.  m.,  but  skin  presents  a   mottled 

appearance.  At  2   p.  m.  spots  appear  quite  distinctly  on  wrists  and  chest.  By  5   p.  m. 

all  spots  have  disappeared.  Skin  of  a   decidedly  mottled  appearance. 

Sunday,  22d:  Xo  change  from  yesterday.  Appetite  fairly  good,  mind  clear,  no 

pain  in  any  part  of  the  bodv. 

Monday,  23d:  Xo  change  since  Saturday,  except  patient  sleeps  more,  mind  less 

active,  some  muttering  during  sleep. 

Tuesday,  24th:  Spots  make  appearance  in  decided  manner  over  entire  back,  upper 

limbs,  and  chest.  Xervous  symptoms  increa.se^  more  dullness,,  with  slight  delirium; 

in  fact,  sleeps  most  of  time. 
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W e-iaes^iay .   2ot]i:  Eruption  all  over  the  body.  Hyperesthesia  of  skin  very  marke«i. 

High  nervous  tension,  muscles  of  tiack  and  limbs  very  rigid. 

Thurs*lay.  26th:  Condition  much  the  same  as  yesteniay.  with  more  or  less  coma. 

Fri'iay.  27th:  Almost  complete  coma:  all  nervous  symptoms  increase-i. 

.Satuniay.  2Sth:  All  corniitions  of  two  previous  <ilays  more  pronounce*,!.  A   •irlnk 

of  water  pr«>luces  sp>asm  of  pharynx  and  diaphragm. 

Sunday.  29th:  Previous  conditions  more  marke*!;  slight  e-iema  of  right  lung 

noticed  at  S   o'clock  p.  m. 
Monday.  30th :   B<:>th  lungs  quite  e»!ematous.  Eemaine*!  in  this  condition  during 

the  day,  dying  at  9.15  o'clock  p.  m. 
2so  photophobia  at  itny  time,  pupils  reacting  to  hght  up  to  and  including  2Sth 

instant. 

T>x-ror  Ash-bun’?  notes.] 

Tick  bites,  May  11:  chili.  16th:  fever,  slight  sore  thrciat.  and  eruption  on  23*1. 

May  26:  Eruption  pr*;»fuse  and  measly  everywhere  but  face.  Temperature  103. 

Delirious.  Tcngue  heavy,  white  coat,  becoming  •Try  and  brown.  Ab*iomen  gener- 

ally tender.  esp*ecially  right  side.  Hyperesthesia  marke*!.  Face  hushed,  conjunctivje 

injecte*!. 

May  29:  Comat*;«se.  sp»ots  purple,  face  still  free.  Eespiratien  50.  pulse  13S.  tem- 

j*erature  103.  Splenic  'lullness  not  obtainable. 

51ay  30:  Seen  at  >.30  p.  m.  with  Doctor  Minshall  an<!  I>octor  Stiles.  Parlenr 

comatose.  Lungs  hlle*!  with  hui*l,  s*:'  that  loud  rattling  was  hear!  throughout  the 

room.  Bubbliug  and  crackling  rales  everywhere.  Pulse  weak,  respiration  50. 

Patient  eHdently  about  to  -lie.  an*!  decided  to  use  blee*iing  follower!  by  intravenous 

injection  of  1:10»X)  formaline  to  normal  salt  s*dution.  Patient  die*!  while  this  was 

being  done.  Informe*!  by  Doctor  INlinshall.  nurse,  and  mother  that  reflex  excita- 

bility ha*!  been  so  intense  for  24  hours  that  slight  touch  use*!  in  putting  spK>on  to  lip*s. 

sp**:*nging.  etc. .   would  cause  sp»asm  and  rigi«!ity  of  whole  bc"!y. 

— Report  on  ca^-e  **  spotted  fever"  in  by  K. 
Gwinn.  AI.  D. 

G.  C.  T..  of  Florence.  Mont.,  farmer,  age*!  32  years.  Has  !»een  tick  bitten  every 

tlay  or  s*>  for  the  whole  spring:  he  has  *!isinfecte«!  the  bites  with  carbolic  acid.  <!n 

the  26th  instant,  was  taken  with  chilD.  fever,  and  headache.  _   .Seen  by  Dr.  J.  F.  Brice, 

of  .Stevens^^!ie.  5lont..  on  27th  instant,  who  a*!ministere*!  **  calomel  an*!  fever  me*!i- 

cine."  Came  to  St.  Patrick's  Hosp*ital  at  4   p».  m.  to-*_lay.  when  I   find  the  patient 
complaining  of  hea*:lache  an*!  general  s*?reness.  Examination  reveals  many  tick  bites, 

together  with  an  eruption  all  over  like  that  of  the  “sp*:»tte*!  fever."  Pulse  92.  tem- 
perature 103. 2   under  axilla.  PupiD  large.  Eespiration  slightly  accelerate*!.  Tongue  - 

heavily  coate*!.  X*:*  apparent  eruption  in  mouth  or  threat. 

Diagnosis:  The  s«:M;alle*!  ■*spK)tte*!  fever." 
May  29:  .Seems  ab*:>ut  the  same.  Pulse  10<j.  temperature  103.2. 

May  30:  Pittient  much  the  same,  except  eruption  <!arker  an*!  the  skin  and  con- 

junctivfe  more  ”   jaun*!ice*!."  Pulse  KM.  temp*erature  103.2.  Doctors  Mills  an*! 
Stiles  see  the  case  ^uth  me.  when  a   search  of  1   hour  by  each  of  us  for  the  parasite 

*!eseribe*!  by  D*iH?tors  Wiis^i-n  an*!  C'howning  is  ma*le  with  a   negative  result. 
May  31.  a.  m.:  Pulse  104.  temp«erarare  in  axilla  103.4:  reste!  during  laner  part  of 

night:  injection  of  warm  s*:*ap>su*!s  causes  g*x*d  action  of  the  bowels.  Examination 

of  eyes  shows  melia  a   little  blurre!.  s*d  that  t'ne  granular  app*earance  of  the  retina 
can  not  be  seen.  The  larger  retinal  blood  vessels  are  quite  plain,  however:  no  swell- 

ing or  blurring  of  *!isk:  no  hemmorhagic  petechi^e  in  retina. 

There  is  no  stiffness  of  neck,  an*!  the  hea*!  can  readily  be  bent  forwar!.  27o  herpes. 

There  is  no  pain  complaine*!  of  at  all  to-*!ay:  not  even  hea*!ache.  an*!  there  was 

scarcely  any  y*sster*!ay. 
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May  31,  p.  m.:  Pulse  122,  axillary  temperature  102.5,  rectal  temperature  104.8, 
respiration  28.  Urine  S.  G.  1,022,  acid,  no  sugar,  trace  of  albumen,  granular  casts 

abundant,  no  blood.  Patient’s  mind  has  been  wandering  for  2   days.  Worse  now. 
June  1,  a.  m. :   Pulse  120,  rectal  temperature  103.8  at  9   a.  m.  At  2   p.  m.,  pulse  130, 

weak  and  irregular.  At  8   p.  m.,  pulse  120,  rectal  temperature  103.8;  patient  is  de- 
lirious. 

June  2,  9   a.  m. :   Pulse  130,  weak  and  irregular;  patient  grew  weaker  and  died  at 

8   p.  m.  from  heart  failure. 
(The  treatment  in  this  case  was  symptomatic.). 

The  following  additional  notes  were  made  by  Doctor  Ashbnrn: 

Personal  history  (previous  to  present  illness):  Mumps,  measles,  scarlatina.  Xo 
typhoid.  Five  years  ago  had  spotted  fever,  which  was  aborted  by  Doctor  Brice. 

Felt  worse  then  at  beginning  than  now*.  Did  not  have  eruption. 
History  previous  to  admission:  May  29:  Been  working  in  hills  west  of  Florence  all 

spring.  Had  very  many  tick  bites  which  he  cauterized  with  carbolic.  May  25,  had 
chill,  followed  by  fever  and  mild  pains.  Took  calomel.  Headache  more  or  less  since, 
but  not  constant. 

Condition  on  admission:  May  28:  Measly  eruption,  not  thick,  appeared  about 
ankles.  It  now  shows  on  ankles,  face,  and  arms;  possibly  elsewhere,  nowhere 
marked.  Tongue  white,  moist,  coated.  Eyes  suffused  and  light  hurts  them. 

Urinous  (?)  odor  to  breath.  Bowels  0.  K.  Xo  cough,  nose  bleed,  or  especial 

discomfort.  Urine  passed  about  as  usual.  '   Spleen  not  demonstrably  enlarged,  not 
tender.  Liver,  heart,  and  lungs  0.  K.  Abdomen  not  tender,  shows  eruption. 

June  1:  Xo  photophobia,  no  pain.  Apparent  jaundice.  Mind^not  so  clear  as  at 

last  note.  Doctors  Chowning,  Stiles,  and  myself  found  nothing  in  blood. 

190 Jf.  Case  10. — Attending  physician.  Doctor  Mills  (notes  prepared 
by  Doctor  Ashburn;  patient  seen  and  microscopic  examination  of 

blood  made  by  Doctors  Mills,  Ashburn,  and  Stiles). 

J.  B.  Male,  age  6   years.  Had  measles.  Family  history  good. 
Personal  history  (pre\dous  to  present  illness):  Left  Iowa  6   weeks  ago.  Been  in 

Bozeman  5   weeks.  June  2,  arrived  in  Missoula  and  went  on  to  Hamilton.  Felt  badly 
that  night  and  ate  no  dinner.  Ate  none  next  day  and  vomited.  Pain  in  abdomen, 

occiput,  and  back  of  neck,  lasting  to  present,  but  now  less  marked.  Fever.  Seen  by 
Doctor  McGrath  June  5,  and  eruption  appeared  June  6.. 

Symptoms:  Bright  and  intelligent.  Face  flushed.  Eyes  injected,  slightest  con- 
vergent strabismus.  Tongue  white  and  moist.  Cervical  glands  somewhat  enlarged. 

Throat  and  mouth  show  no  eruption  or  soreness.  Some  cough  present.  Spleen 

enlarged.  Abdomen  painful  and  tender.  ^Measly  eruption  on  hands,  arms,  feet, 

legs,  and  buttocks,  palms,  and  soles.  Pain  and  tenderness  in  abdomen,  occiput,  and 
neck.  Bowels  loose. 

Blood  examination:  Fresh  specimen  negative.  Large  dipplococcus  in  stain,  look- 
ing like  contamination. 

June  8;  Taking  calomel  and  paregoric;  room  darkened.  Has  slept  much  of  the 
time.  Free  from  pain  in  the  neck.  Still  has  it  in  abdomen.  Harsh  breathing  over 
right  lower  lobe. 

June  9:  Xot  seen  by  me.  Doctor  Mills  reports  spinal  tenderness  again.  Pain  still 
in  abdomen.  Spots  not  darkened.  Condition  much  the  same. 

June  10:  Appearance  excellent.  Very  slight  convergent  squint  still  present.  Spots 
fading  on  legs  and  body,  not  on  soles.  Pain  still  present  in  neck  and  abdomen. 

Tongue  lightly  coated.  Knee  jerks  normal.  Mother  states  that  last  night  he  cried 
that  his  eye  was  turning  out.  She  looked,  and  divergent  squint  (outward  rotation  of 
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left  eye)  was  present.  She  calmed  him  to  sleep  and  the  outward  rotation  was  not 

present  this  morning. 

June  12:  Still  complaining  somewhat  of  pain  in  neck  and  belly.  Spots  fading. 

Doing  w’ell. 

June  15:  Pain  in  knees",  temperature  normal.  Patient  sitting  up  in  bed  and  eating 
well.  Spots  all  disappeared,  but  a   few  discernible  on  palms. 

June  17:  Patient  left  hospital  practically  well. 

lOOJf..  Case  11. — Attending-  ph\^sician,  Doctor  Mills  (notes  prepared 
by  Doctor  Ashburn  from  hospital  chart  and  bedside;  patient  seen  and 

microscopic  examination  made  hy  Doctors  Mills,  Ashburn,  and  Stiles). 

iMonday,  June  20,  1904:  Mrs.  E.,  aged  23  years,  married,  one  9-months-old  child 

living.  Xow  pregnant  in  the  sixth  month.  Patient  born  in  the  Tyrol,  Austria,  and 

arrived  in  this  country  4   weeks  ago.  Came  to  Missoula  19  days  ago.  Remained  in 

town  5   days  and  removed  to  a   ranch  purchased  on  the  Lo  Lo. 

Saturday  evening,  June  18:  Patient  felt  entirely  well.  That  day  she  had  merely 

tasted  and  then  refused  to  eat  veal  because  of  bad  odor.  She  had  gone  barefooted 

during  the  day  and  felt  chilly,  but  it  was  a   very  cold  day.  That  night  she  had 

occipital  headache  and  could  net  sleep. 

Sunday,  the  19th:  She  vomited.  All  day  she  ate  nothing  and  felt  feverish.  At 

9.30  p.  m.  she  started  for  Missoula,  reaching  here  at  1   a.  m.  Slept  at  a   hotel  and 

came  to  hospital  this  morning.  On  her  way  to  town  she  vomited  bitter  fluid.  At 

present  she  has  frontal  headache,  some  tenderness  of  the  back  of  the  neck.  [Many 

abrasions  on  the  feet  and  legs,  all  said  to  be  due  to  scratching  mosquito  bites.  Tick  bites 

denied.  Eyes  slightly  injected,  otherwise  normal.  No  tenderness  of  eyeballs,  scalp, 

or  general  surface.  Tongue  moist  and  shows  a   moderate  white  coating.  No  erup- 

tion. Spleen  not  demonstrably  enlarged  and  not  tender.  Bowels  regular.  Temper- 

ature, 101°  F. ;   i)ulse,  105.  Patient  has  had  a   slight  cough  for  2   weeks.  Examina- 
tion of  lungs  negative.  Heart  sounds  normal. 

June  22:  Condition  not  so  good.  Pulse  more  rapid.  Scattered  measly  eruption 

on  body  and  limbs.  Examination  of  the  blood  shows  no  protozoa.  Leukocyte 

count  15,600. 

June  23:  Spleen  not  demonstrably  enlarged.  Fetal  movements  felt.  Examina- 

tion of  lungs  shows  decidedly  harsh  respiratory  sounds  over  the  left  apex  anteriorly 

and  posteriorly  and  over  entire  right  lung  posteriorly.  Tongue  red  and  moist,  with 

white  streaks.  Eruption  abundant  on  body,  limbs,  and  face;  measly,  not  petechial. 

Urinous  (?)  odor  of  breath. 

June  24:  Had  respiratory  depression  last  night,  respiration  falling  to  8.  Fetal 

movements  felt  at  noon  today.  Spinal  puncture  made  at  4.30  p.  m.,  negative. 

Patient’s  general  condition  not  so  good  as  yesterday.  Face  somewhat  dusky,  spots 
darker,  but  not  hemorrhagic.  Sordes  on  lips  and  tongue.  Patient  very  nervous. 

Urine,  reddish-yellow,  turbid;  heavy  yellowish  precipitate;  acid,  specific  gravity 
1,018;  albumen  present  in  small  amount;  no  sugar;  no  bile  (Gmelin);  urea,  3.5  per 

cent;  abundant  vaginal  epithelium  and  small  round  epithelium;  numerous  blood, 

epithelial,  and  granular  casts;  free  red  and  white  blood  cells;  much  granular  debris. 

June  25:  Condition  worse.  Delirium  constant  and  marked.  Only  6   ounces  of 

urine  past  24  hours.  Drawn  by  catheter.  No  fetal  movements  felt.  Pulse  very  rapid 

and  weak.  Cyanosis  present. 

June  26:  Miscarriage  at  2   a.  m.  Very  rapid  and  not  followed  by  much  bleeding. 

Child  lived  an  hour  and  showed  no  spots.  Patient  very  restless  and  constantly 

delirious;  at  times  violent.  Alcohol  seems  to  aggravate  this.  Face  cyanosed,  spots 

purple  and  somewhat  increased  in  size.  Urine,  8   ounces  in  past  24  hours. 

June  27:  Patient  was  bled  last  evening  to  the  amount  of  12  ounces,  with  marked 
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I   temporary  improvement;  good  night’s  rest  followed.  This  morning  restless  and 
!   very  delirious.  Resists  all  attempts  at  passive  motion.  Urine  passed  involuntarily, 

j   Pupils  widely  dilated  notwithstanding  the  administration  of  large  amounts  of  mor- 
:   phine.  Yesterday  had  9   grains  between  2   and  10  p.  m.  Face  and  spots  not  so  dusky 

j   as  yesterday.  Lungs  examined  anteriorly  and  found  as  at  last  note.  Harsh  sounds 

i   at  right  apex. 

I   June  28;  Bled  1   ounce  last  night.  Very  restless  and  delirious  -   this  morning. 
IMorphine,  grains  4.5  from  7   to  10  a.  m.,  with  no  apparent  effect.  Lungs  edematous. 

Patient  died  at  11.30  o’clock  a.  m. 

Autopsy,  3   hours  after  death:  Body  of  well-nourished  woman,  showing  no  marks 
of  violence  except  some  small  scabbed  abrasions  on  the  leg,  phlebotomy  incision  on 

arm,  and  needle  puncture  below  left  breast  and  on  arms.  Purple  discoloration  on 

dependent  portions  of  body.  All  measly  eruption  has  disappeared  from  the  upper 

portion  of  body.  Posterior  of  body  blue,  shows  many  spots,  very  dark  blue  or  purple, 

from  1   to  3   or  4   mm.  in  diameter.  Over  the  left  buttock  and  coccyx  are  a   few  purple 

areas  ( 1   by  4   to  6   cm. )   that  look  like  extravasations.  Slight  bloody  discharge  from  the 

vagina.  Calvarium  being  removed  shows  outer  surface  of  dura  injected,  but  otherwise 
normal.  Removal  of  dura  shows  some  adhesions  at  the  vertex  between  the  membranes 

and  the  brain  substance.  Area  of  adhesions  small.  Veins  on  surface  of  brain  are  dis- 

tended with  blood.  Vo  pus  or  lymph  seen.  Base  of  skull  and  dura  normal.  Ventricles 

opened  and  appear  normal,  except  for  some  distension  of  the  veins.  Small  amount  of 

bloody  serum,  blood  of  which  very  probably  came  from  cut  veins,  in  one  lateral  ventri- 

cle. Cerebrum  on  section  appears  about  normal.  Basal  ganglia  on  section  appear  nor- 

mal. Section  of  medulla,  pons,  and  cerebellum  shows  nothing  abnormal.  Incision 

from  manubrium  to  pubis  shows  good  amount  of  subcutaneous  fat.  Muscles  well  devel- 
oped and  of  good  color.  Peritoneum  normal.  Removal  of  sternum  shows  remnants 

of  thymus  gland.  Pleural  cavities  normal,  except  a   few  adhesions  between  the  left 

lung  and  the  pericardium;  latter  contains  an  apparant  excess  of  clear  straw-colored 
serum.  Heart  distended  with  blood.  Left  ventricle  partially  contracted.  Removal 

of  right  lung  shows  it  lead  color  on  upper  surface,  very  dark  posteriorly.  Several  dark 

spots  one-eighth  inch  in  diameter,  apparently  old,  anteriorly.  Entire  lung  edematous. 

Posterior  portion  extremely  congested;  in  a   condition  of  hypostatic  pneumonia,  and 

sinks  in  water.  Bronchial  glands  enlarged  and  black.  Removal  of  left  lung  shows 

same  appearance  as  right  except  the  pneumonic  area  is  less  marked  and  less  exten- 
sive. Heart  on  removal  seems  normal,  muscle  well  nourished;  left  side  contains 

chicken  fat  and  red  clots.  A'alves  normal.  Right  side  contains  a   few  small  clots,  white 
and  red.  Valves  apparently  normal.  First  part  of  aorta  normal.  Arch  of  aorta 

seems  unusually  small,  just  permitting  little  finger  to  enter.  Examination  of  abdomen 

shows  peritoneum  normal,  considerable  amount  of  straw-colored  serum  present. 

Organs  in  normal  relation  and  position.  Spleen  enlarged  and  bound  down  by  pos- 

terior adhesions  and  adhesions  to  stomach.  Soft,  easily  torn;  slaty -purple  in  color. 

Liver  apparently  somewhat  enlarged;  paler  than  usual,  with  yello^^■ish  tinge,  which  is 
probably  fat.  Section  of  liver  is  decidedly  pale;  what  little  blood  flows  is  also  very 

pale;  tissue  is  firm,  though  not  apparently  fibroid.  Gall  bladder  distended  with 

fluid  bile,  duct  patulous.  Vo  gallstones.  Gross  appearance  of  left  suprarenal  shows 

it  apparently  normal.  Size  of  left  kidney  13  by  7   by  6   cm.  Section  shows  the  cor- 
tex little  if  at  all  altered.  Capsule  is  adherent,  carrying  substance  in  removal. 

Areas  of  distinct  pallor  scattered  over  the  surface.  Right  suprarenal  appears  con- 
gested, otherwise  normal.  Right  kidney  12  by  7   cm.  Cortex  pale  and  thickened. 

(Doctor  Alills  thinks  it  normal.)  Capsule  adherent  in  same  way.  Pancreas  appar- 
ently normal.  Stomach  shows  injection  about  cardiac  end,  otherwise  appears  normal. 

Intestines  removed,  opened,  and  washed.  Upper  portion  appears  normal.  Solitary 

glands  and  Peyer’s  patches  appear  somewhat  swollen.  Cecum  shows  considerable 
injection,  which  continues  more  or  less  throughout  the  colon.  The  uterus  is  enlarged 
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to  the  size  of  2   fists  and  measures  11  cm.  broad  by  13  cm.  long;  soft,  normal  in  appear- 

ance for  a   recently  delivered  uterus.  The  left  ovary  normal,  as  is  the  right,  which 

contains  corpus  luteum.  On  section  womb  appears  normal.  Aspiration  of  spinal 

canal  through  the  lumbar  region  withdrew  15  c.  c.  clear  spinal  fluid.  Dura  appar- 

ently normal.  Spinal  cord  removed.  On  removing  dura  from  cord  showed  con- 

siderable injection  of  vessels,  which  was  probably  hypostatic.  Xo  lymph  exudation 

or  other  e^fidence  of  inflammation.  Cross  section  of  the  cord  at  1-inch  intervals 

shows  nothing  abnormal.  Xo  scales  present  and  organs  could  not  be  weighed. 

The  following  notes  have  been  sent  to  me  by  Dr.  R.  D.  Alton,  of 

Livingston,  Mont. : 

1904-:  {J)  Case  12. — E.  S.,  age  71,  United  States,  came  to  St.  Lukes  Hospital,  having 

been  sent  to  me  with  the  diagnosis  “spotted  fever.” 

L'pon  admission,  Hay  14,  1904,  he  stated  that  he  noticed  4   ticks  in  the  vicinity  of 
the  left  elbow,  about  10  days  ago. 

L^pon  closely  questioning  him,  stated  he  saw  the  ticks  11  days  ago,  or  on  the  3d  of 
Hay.  He  further  said  he  saw  the  rash  on  the  body  a   few  days  after  observing  the 

ticks;  that  the  arm  “swelled  up  as  large  as  two  arms  and  was  as  red  as  a   beet.” 
From  the  arm  the  rash  spread  all  over  the  body.  He  is  positive  regarding  the 

presence  of  the  ticks.  He  is  equally  positive  that  he  was  not  bitten  by  anything 

else.  L^pon  removing  his  clothing  the  odor  of  the  body  led  me  to  ask  him  if  he  had 
ever  had  measles,  to  which  he  replied,  yes. 

Temperature  on  admission  was  102°  F.  This  gradually  declined  to  normal. 
At  no  time  was  he  delirious.  He  complained  of  great  soreness  all  over  the  body; 

his  feet  were  exquisitely  tender  and  continued  so  until  he  left  the  hospital.  Hay 

27,  1904. 

The  urine  on  admission  was  scanty  and  highly  colored,  no  sugar  or  albumen 

found.  His  diet  while  in  the  hospital  consisted  of  fruits,  vegetables,  buttermilk, 

lemonade,  etc. 

He  was  given  a   combination  of  equal  parts  of  Pulv.  Glycyrrhiz?e  Comp,  and  Potas- 

sium Bitart.,  in  water,  to  regiilate  the  bowels,  with  Basham’s  Hixture  after  meals. 
In  addition,  he  was  given  sour  Ehine  wine  during  the  day. 

He  made  an  uneventful  I'ecovery,  the  rash  disappearing  from  the  face,  forehead, 
trunk,  arms,  body,  and  lower  extremities  in  the  order  named. 

On  the  25th  of  Hay  his  daughter  called  on  him;  from  her  I   learned  that  measles 

were  present  in  the  vicinity  from  which  he  came — Lewiston,  Heagher  County,  Hont. 

The  history,  together  with  your  negative  findings,  lead  me  to  believe  it  was  practi- 
cally a   case  of  measles,  occurring  in  an  old,  poorly  nourished,  scorbutic  patient. 

1904:  Case  13. — On  Sunday,  June  12,  1904,  I   saw  Charles  E.,  age  26,  United 
States,  at  Gardiner,  Park  County,  5Iont. 

L'pon  examination  found  a   cicatrix  on  the  inner  aspect  of  the  left  leg,  middle  third. 
Was  told  he  had  been  bitten  by  a   tick,  12  days  previously. 

At  the  time  of  my  visit  he  was  delirious,  picking  at  the  bed  clothing,  muttering,  | 

and  rolling  restlessly  from  side  to  side.  Pupils  dilated  and  irresponsive  to  light,  ̂ 

patellar  tendon  relex  exaggerated,  ankle  clonus  pronounced.  Tongue  furred,  bowels  ■ 
constipated,  urine  scanty  and  high  colored.  Xo  albumen  or  sugar,  Sp.  gr.  1030. 

Temperature  in  axilla  at  5.41  p.  m.,  104°  F. 

Ordered  Sod.  Bromide,  grains  xv,  every  3   hours  to  produce  rest,  ice  bags  to  head,  ' 
and  a   hot,  mustard,  footbath.  ; 

While  preparing  to  catheterize,  he  passed  a   fair  quantity  of  urine,  involuntarily.  I 

Further  ordered  he  be  given  a   glass  of  water  every  hour,  with  a   glass  of  equal  parts  I 

milk  and  water,  every  4   hours.  I   inclose  specimens  of  blood  taken  June  13,  1904. 

On  the  13th  was  informed  by  telephone  that  he  had  rested  well,  nervous  symptoms 
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I   abating,  kidneys  acting  freely,  bowels  moved  from  an  enema  given  on  the  evening 

I   of  the  12th  June. 

:   On  the  14th  improvement  continued,  temperature  at  5.30  p.  m.,  102°  F. 
j   This  may  be  a   case  of  meningeal  irritation  following  measles,  or  may  be  due  to  the 
I   tick  bite  and  infection  from  that  source. 

'!  I   I   might  mention  that  there  was  no  cough  or  conjunctival  congestion. 

ll  A   Clinical  Eepoet  of  Four  Cases  of  Piroplasmosis  Hominis,  with  Table  of 

'   Seventeen  Cases  seen  by  the  Author,  by  L.  A.  Gates,  M.  D.,  Bricger,  Mont. 

jj  Case  11. — C.  B. ;   age,  26;  male;  occupation,  ranchman;  residence.  Sage  Creek,  20 
i|  miles  southeast  of  Bridger,  Mont.  I   saw  this  patient  first  July  1,  1903,  being  the 
I   i   tenth  day  of  the  disease.  Patient  gives  a   history  of  having  been  bitten  by  a   tick 

;'i(  June  21  oh  the  left  leg,  7   inches  below  the  knee.  The  small  wound  caused  by  the 
i   bite  became  very  sore,  and  there  gradually  developed  around  it  an  irregular,  oblong 

j   dark  bluish-red  spot.  The  patient  also  states  that  he  was  bitten  by  a   tick  on  the 
:   22d  and  23d,  but  only  the  first  bite  became  sore. 

' '   On  the  24th  he  had  a   very  severe  chill  and  says  he  has  had  considerable  fever 
if!  since  that  time;  says  he  has  been  unable  to  sleep  at  all  or  eat  anything  for  the  past 

|]f  ̂three  days.  Following  the  chill,  a   very  severe  headache  came  on,  followed  by 
severe  aching  of  all  of  the  skeletal  muscles.  He  said  “They  ache  like  the  tooth- 

ache,”  being  especially  severe  in  the  calves  of  the  legs.  On  the  27th  he  vomited;  on 
I !   the  28th  he  noticed  a   few  red  spots  on  the  palms  of  his  hands,  which  he  said  seemed 
1   to  be  just  under  the  skin  and  looked  like  the  eruption  of  the  measles.  There  were 

I   also,  at  this  time,  a   few  spots  beginning  to  appear  on  the  feet. 

:   On  examination  this  tenth  day  of  the  disease,  we  find  the  patient’s  countenance 
i   bears  a   look  of  nervous  anxiety.  The  eyes  are  bright,  with  considerable  congestion 
I   of  the  conjunctiva,  the  tongue  quivers  very  much  when  protruded  and  is  loaded  with 

'   a   heavy,  dirty,  brown  coat;  sides  of  the  tongue  are  so  livid  as  to  be  almost  blue. 
A   petechial  eruption  is  seen  in  the  skin  and  involves  every  portion  from  the  soles 

,   of  the  feet  to  and  including  the  scalp.  They  vary  in  color  from  bright  red  to  bluish 

red.  The  greater  number  are  seen  on  the  extremities,  where  in  places,  two  or  more,  by 

‘coalescence,  form  irregularly  shaped  spots.  They  vary  in  size  from  a   pin  head  to  the 
size  of  a   dime,  the  larger  ones  being  very  irregular  in  outline.  The  skin  is  very  dry. 

There  is  some  cough  and  on  auscultation  numerous  dry  rales  are  heard  over  the 

posterior  portion  of  both  lungs.  The  abdomen  is  moderately  tympanitic.  The  urine, 
which  is  almost  brown  in  color  and  lessened  in  amount,  contains  some  albumen. 

The  pulse  is  104,  weak  and  irregular,  temperature,  103°  F.  The  accompanying  chart 
shows  the  temperature,  pulse,  and  respiration  from  the  seventh  to  the  twenty-third 
day  of  the  disease,  at  which  time  the  patient  was  convalescent.  On  the  eleventh  day 

the  patient  was  unable  to  urinate  and  the  catheter  was  passed — urine  very  dark.  The 
general  course  of  the  disease  was  severe  in  this  case  from  the  onset,  though  no  com- 

plications occurred.  Especially  well  marked  was  the  cough  and  insomnia.  The 

temperature  touched  normal  on  the  twenty-third  day,  from  which  time  the  patient 
made  rapid  progress  to  complete  recovery. 

Case  14. — C.  F.  P. ;   male;  age,  41  years;  occupation,  ranchman;  residence,  4   miles 
southwest  of  Bridger,  Mont.  This  patient  was  bitten  on  the  leg  by  a   tick  April  11. 
On  the  18th  he  felt  a   general  soreness  all  over  the  body,  which  has  gradually 

increased  up  to  the  first  time  1   saw  him,  April  23.  On  the  21st  he  had  a   chill, 

followed  by  loss  of  appetite,  headache,  backache,  and  fever. 
Examination;  The  face  was  slightly  flushed,  eyes  dull,  conjunctiva  slightly  injected, 

tongue  has  a   grayish  coat,  bowels  are  constipated.  There  is  an  annoying,  dry  cough. 
Xo  abnormal  sounds  on  auscultation  of  the  lungs;  heart  sounds  normal;  pulse  rate, 

70,  strong  and  regular.  The  urine  is  high  colored,  but  contains  no  albumen.  Small 
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petechiye  are  present  over  the  entire  body  except  the  face.  There  is  great  muscular  | 

soreness,  including  the  muscles  of  the  eye.  Has  slept  but  little  the  last  2   or  3   nights.  | 

Temperature,  102i°  F. 
April  24:  Patient  feels  better,  eruption  is  not  so  well  marked.  He  had  a   chill  this 

a.  m.;  temperature,  102°  F. ;   pulse,  64. 
April  25:  Patient  complains  bitterly  of  backache  and  pain  in  ankles  and  knee  i 

joints;  temperature,  103°  F. ;   pulse,  64. 
April  26:  Patient  has  had  two  chills  this  a.  m.;  anorexia  complete;  says  he  feels 

very  tired;  temperature,  102|°  F. ;   pulse,  72.  ; 
April  27 :   Bowels  moved  twice  during  last  24  hours  wiihout  laxative  or  enema.  ; 

The  cough  is  not  so  troublesome;  the  eyes  are  very  sensitive  to  light;  the  spots  are  I 

very  conspicuous ;   temperature,  lOlf °   F. ;   pulse,  62,  full  and  regular. 
April  28:  Complains  of  frontal  headache  and  severe,  heavy,  aching  pains  in  the  I 

tibiae;  the  spots  are  very  red;  the  insomnia  persists;  temperature,  103°  F.  ;•  pulse,  70.  i 
April  29:  Patient  has  had  a   slight  chill  this  a.  m.;  the  pain  has  left  the  legs;  the  > 

eruption  shows  very  bright  and  red;  bowels  loose;  urine  much  reduced  in  quantity,  ! 

no  albumen;  temperature,  102.7°  F.,  pulse,  66. 
May  1:  Patient  says  he  feels  very  much  better;  free  from  all  muscular  soreness  and  j 

pain;  slept  fairly  well  last  night;  has  some  desire  for  food;  the  spots  appear  very  I 

dark  red;  temperature,  101.5°  F. ;   pulse,  70.  From  this  date  the  patient  gradually  ! 
recovered  strength  and  was  able  to  resume  his  work  about  the  ranch  June  1.  This 

case  was  below  average  in  severity  for  cases  occurring  in  this  valley.  Of  special  ■ 

interest  in  connection  with  this  case  are  the  slow  pulse  and  repeated  chills.  j 

The  following  facts,  I   believe,  are  unique  as  regards  the  theory  of  the  tick-bite  i 

origin  of  the  disease,  being,  so  far  as  I   am  aware,  the  only  recorded  instance  in  which  i 

a   tick,  after  having  bitten  a   patient  suffering  from  “   spotted  fever  ”   has  then  become  ! 
detached  from  the  patient,  bitten  a   second  person,  and  this  second  individual  thereby  i 

contracting  the  disease.  This  is  what  actually  occurred.  The  second  party  devel-  | 

oped  the  disease  in  its  most  severe  type,  ending  in  death.  (See  p.  113.) 

On  May  29,  Mr.  C.  A.  H. ,   of  Bridger,  Mont. ,   visited  the  Clarke  Fork  Canyon,  some  60  i ' 
miles  south  of  this  place.  He  remained  in  the  vicinity  of  the  canyon  about  4   days 

and  while  there  was  l)itten  in  5   or  6   places  by  ticks.  About  7   days  from  the  time  he  1 1 

was  first  bitten  by  the  ticks,  viz,  June  5,  he  arrived  at  his  home  in  Bridger,  at  which  ; 

time  he  felt  the  first  symptoms  of  the  onset  of  the  disease.  When  he  arrived  home  ' 

there  were  two  ticks  attached  to  his  body  which  of  their  own  accord,  or  from  friction  |i 

of  the  clothes,  became  detached  from  the  body  on  June  6   and  then  bit  his  wife,  who, 

on  June  12 — that  is,  after  a   period  of  incubation  of  6   days — developed  the  first  symp-  : 

toms  which  marked  the  first  symptoms  of  the  disease.  The  petechise  occurred  on  the  1 

3d  day.  The  following  is  a   rather  meager  clinical  history  of  the  disease  as  it  occurred  j 

in  husband  and  wife.  j 
Case  15. — C.  A.  H.,  male,  age  46;  occupation,  stockman;  residence,  Bridger,  Mont. 
June  10:  The  patient  is  a   large  man,  weighing  about  198  pounds;  has  indulged 

very  freely  in  alcoholics  the  j^ast  3   years;  has  never  been  sick  excepting  2   years  ago, 

when  he  had  smallpox.  On  the  legs  and  abdomen  are  the  marks  of  several  tick  I 

bites,  one  of  them  on  the  ankle  being  very  tender  and  around  it  a   dark,  bluish  spot. 

There  are  now  a   number  of  small  petechial  spots  on  feet  and  hands,  this  being  the 

fourth  or  fifth  day  since  the  onset.  The  conjunctive^  are  congested,  temperature  I 

103|°  F.,  pulse  97.  He  complains  of  general  muscular  soreness,  severe  backache,  f 
headache,  and  of  being  very  tired  and  exhausted.  No  appetite  whatever.  Bowels 

are  constipated,  urine  dark  and  shows  a   trace  of  albumen.  During  the  course  of  the  1 

disease,  which  lasted  20  days  in  this  case,  the  dry  cough  was  most  troublesome. 

Nervous  symptoms  were  not  marked.  The  urine  was  much  lessened  at  times; 

besides  a   slight  amount  of  albumen,  it  contained  numerous  blood  and  epithelial 
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casts.  The  spots  appeared  over  the  entire  surface,  being  large  and  irregular  on  the 

legs,  very  bright  red  at  the  height  of  the  disease,  fading  to  a   brownish  pink  color  as 
the  fever  subsided.  Many  spots  were  yet  visible  6   weeks  after  the  temperature 

reached  normal.  Highest  temperature  observed  was  104.1°  F.  The  insomnia  in 
this  case  was  not  troublesome.  A   severe  intercostal  neuralgia  occurred  during 
convalescence. 

Case  16. — Mrs.  G.  H.  (wife  of  C.  A.  H.,  case  15),  age,  43;  housewife;  residence, 
Bridger,  Mont.  This  patient  is  a   very  fleshy  woman,  with  pendulous  abdomen.  She 
received  bites  from  two  ticks,  which  had  previously  bitten  case  15,  during  the  onset 
of  the  disease  in  that  case.  This  occurred  June  6.  One  tick  bit  this  patient  on  the 

abdomen  in  the  hypogastric  region;  the  other  on  the  leg.  The  bites  occurred  dur- 

ing the  night;  the  ticks  were  removed  and  killed  by  the  patient  the  following  morn- 
dng.  Following  the  removal  of  the  ticks  she  applied  carbolic  acid  to  the  bites.  On 

the  evening  of  the  11th  she  felt  chilly,  feverish,  and  general  malaise.  The  morning 
of  the  12th  she  arose  as  usual,  but  had  a   pronounced  rigor  and  such  severe  headache 

and  aching  in  limbs  and  back  as  to  compel  her  to  return  to  bed.  The  temperature 

that  evening  rose  to  104°  F.  During  the  first  12  days  of  the  disease  it  ranged 
between  102°  and  104.4°  F.,  for  5   days  keeping  close  to  the  104°  F.  mark.  After  the 
twelfth  day  of  the  disease  the  temperature  gradually  fell  and  the  eighteenth  day  it 

registered  97°  F.,  when  an  unfavorable  prognosis  was  given,  though  in  every  other 
Avay  the  patient  seemed  on  the  road  to  recovery.  The  following  four  days  the  tem- 

perature remained  about  normal. 
The  respirations,  early  in  the  course  of  the  disease,  reached  40  per  minute,  at 

which  rate  they  remained  until  the  last  week  of  the  disease.  Gheyne-Stokes  respir- 
ation was  observed  during  the  last  of  the  second  week,  some  cough,  but  not  so  much 

as  is  usually  observed.  The  heart  action  was  Aveak  from  the  first,  and  during  the 

second  and  third  weeks  became  very  w^eak  and  irregular,  with  A^ery  low  arterial 
pressure.  The  rate  of  pulsation  varied  from  120  to  140  per  minute.  The  tongue, 

mouth,  and  pharynx  became  A^ery  dry  early  in  the  disease.  No  Ammiting  occurred, 
and  food  AA’as  well  taken  at  all  times.  The  urine  became  A^ery  scant  at  the  end  of  the 
first  Aveek  and  contained  many  fatty,  blood,  and  epithelial  casts  and,  at  times,  some 
albumen.  By  the  end  of  the  second  Aveek  the  urine  had  increased  to  normal  amount 
and  Avas  free  from  albumen  and  casts.  The  intensity  with  Avhich  the  disease  attacked 

the  nervous  system  Avas  marked  from  the  onset.  A   Ioav,  muttering  delirium  came 

on  during  first  AA*eek.  During  the  second  Aveek  patient  Avas  in  heavy  stupor  from 
Avhich  she  could  be  aroused  with  difficulty,  but  AA'hen  aroused  Avould  ansvA’er  ques- 

tions correctly  and  then  perhaps  talk  at  random.  The  condition  of  the  mind 

approached  the  normal  during  the  third  AA’eek.  The  eyes  Avere  A^ery  sensitiA^e  to 
light  and  A^ery  much  congested.  The  petechise  commenced  to  appear  on  the  third 
day,  first  on  feet,  ankles,  hands,  and  Avrists.  It  rapidly  spread  all  over  the  body 

and  AA’as  very  thickly  distributed  on  the  back.  During  the  third  week  the  patient 
each  day  expressed  herself  as  feeling  better  than  on  the  day  previous.  The  temper- 

ature, after  having  reached  97°  F.,  became  normal.  The  respiration  Avas  easier  and 
all  symptoms  seemed  to  indicate  a   beginning  coiiA’alescence.  On  the  twenty-second 

day  of  the  disease  the  patient  said  to  the  nurse,  “I  feel  a   pain  around  my  heart.” 
The  nurse  turned  her  on  her  side,  in  which  position  she  seemed  to  rest  a   fcAV 
minutes  and  then  breathed  her  last. 

The  points  of  interest  in  this  case  were  mode  of  infection  (see  also,  p.  23);  high 

temperature  at  onset,  Avhich  persisted;  rapid  breathing;  great  congestion  of  the  kid- 

neys; extreme  AA^eakness  of  heart  action;  the  decided  effect  on  the  nerA’Ous  system ; 
subnormal  temperature,  and  sudden  deatli  without  AA'arning,  Avhen  apparently  recoA^- 
ering  from  the  disease. 

23339— No.  20—05   8 
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No. 
case. Year. Date  on- set. Patient’s initials. Residence. Sex. Age. Occupation. Eruption  ap- 

peared. 1 
Yrs. 1 

i 

1 1894 C.  G   Male  ...1 5 Second  or third  day. 

2 1898 May  24.. L.  M   Therm opolis,  Wyo   ....do... 

i   1 
23 

Ranch  hand. Fourth  day . 

3 1898 June  ... D.W     do     do ... 

: 

47 Freighter   No  record  . . 

4 1900 April ... 7   miles  SE.  Bridger, — do ... 

29  : 

Sheep  herder 
Mont. i 

5 1900 April  17. E.  G   1   mile  SE.  Bridger, 
1   Female. 

6 Fourth  day., 

Mont. 

6 1900 April  15. J.  A     do   Male  ... 39 1   Ranch  hand. Third  or 
fourth  day. 

7 1   1901 
j 

May.... Shoshone  River,  Wvo.   do  ... 

52 

Ranchman  .. No  record  .. 

8 

}   1902 
May  15.. W.  S   South  of  Bridger,   do ... 

31 

Trapper Fifth  day... 

Mont. 
9 1902 May . . .. A.  W   Near  Bridger,  Mont . . Female. 8 i   No  record  . . 

10 1903 May  9... M.  H   7   miles  SW.  Bridger, — do ... 

67 

Nurse   

,   Sixth  dav... Mont. 1 

11 1903 June  21 . C.  B   Sage  Creek.  25  miles !   Male  ... 

26 

Ranchman  . . Fifth  day... 

SE.  Bridger,  Mont. i 
12 19C3 June  9.. H.  L   5   miles  SE.  Bridger, 

I   Female. 
47 Housewife.. . '   Fourth  dav. 

Mont. ! i 1 
13 

'   1903 June  5 . . W.  C   10  miles  SW.  Bridger, 

!   6 

1   No  record  .. 
Mont. 

j   Male
  ... 

1 

14 1   1904 April  18. C.  F.  P.... 1   4   miles  SW.  Bridger, — do ... 41 Ranchman  .. Fourth  dav. ■ 
1 !   Mont. I 

15 I   1904 1   June  5.. C.  A.  H . . . Bridger,  Mont     do  ... 
1 

46 Stockman  . . . Fifth  dav... 
1 

16 1904 
;   June  12. 

Mrs.  G.  H.   do   Female. 

43 

Housewife.. . Third  day . . 

17 !   1904 May  9... J.  N   2   miles  N.  Bridger, Male  ... 

45 

Ranchman  . . Fourth  day. 

j 
Mont. 
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Date  of  tick  bite  and  location. Death  or  convalescence. 

No  historv  of  bite,  but  was Convalescence  after  10  days.. 
much  exposed. 

  do   Convalescence  after  21  days.. 

  do   Convalescence  after 3|  weeks. 

Was  bitten,  date  not  known. . Was  in  bed  but  a   few  days  . . . 

No  history  of  bite,  but  was Convalescence  after  —   days.. 
out  among  the  sagebrush 
every  day, and  so  very  much 
exposed  to  ticks. 

Died  the  twenty-ninth  day 

of  the  disease.  * 

Bitten  on  leg   Slow  recovery  after  4   weeks.. 

Bitten  several  places   Recoverv  after  18  days   

No  record;  exposed   Did  not  remain  ill  in  bed  for 
2   weeks. 

Bitten  on  leg  and  thigh  May Died  on  eighth  day  of  the 
4   and  8. disease. 

Bitten  on  leg  June  15, 16,  and 

17.' 
Bitten  several  places  during 

Recovery  after  22  days   

Slow  recovery  after  20  days  . . 
first  week  of  June. 

Bitten  on  back  of  head;  no Convalescent  twelfth  day   
date. 

Bitten  on  leg  April  11   Recoverv  after  12  days   

Several  bites  from  May  30  to Convalescent  twenty-second 
June  5   on  legs  and  abdo- 

day. 

men. 
Bitten  on  leg  and  abdomen Died  on  twenty-second  day 

by  ticks  from  case  15. of  disease. 

No  record   
Convalescent  fifteenth  daj'... 

Remarks. 

This  was  a   verj-  mild  case,  as  is  al  waj's 
the  case  in  children,  so  far  as  rdy 
observations  go. 

A   very  severe,  though  uncomplicated 
case.  The  petechise  coalescing  to 
form  great  irregular  spots,  which 
could  still  be  seen  4   months  after 
recovery. 

This  man  did  not  call  a   physician,  and 

took  no  medicine.  The 'spots  were very  large  and  bright. 
This  man  came  to  the  ofRc^e  with 

eruption  well  developed.  Was  not 
seen  again  by  me. 

Mild  case,  few  spots,  not  petechial  in 
character. 

This  is  the  most  severe  case  I   have 
seen.  Spots  were  large  and  on  the 
legs  became  black  and  gangrenous 
before  death.  The  skin  on  the 
scrotum  was  also  gangrenous.  Very 
deep  stupor  for  10  days  before  death. 

Spots  could  be  seen  4   months  after 
recovery.  Delirious  2   weeks. 

Severe  case.  Endocarditis  as  sequela. 

Verj"  mild.  Slight  fever,  general 
malaise,  eruption  rose  color,  not 

petechial. Severe  parenchymatous  inflammation 
of  kidneys. 

Type  of  disease  severe.  No  after 
effects. 

Kidneys  suffered  especially. 

This  little  patient  was  seen  by  me  but 
once,  and  was  in  bed  about  8   or  10 
days. 

Disease  was  of  medium  severity. 
Pulse  never  above  70.  A   greater 

part  of  the  time  it  was  64.' Case  from  which  ticks  became  de- 
tached, and  then  bit  wife  of  patient, 

thereby  infecting  her. 
This  case  was  bitten  by  ticks  from  case 

15,  which  had  drawn  blood  from 
case  15  during  onset  of  disease. 

This  patient  is  much  given  to  drink, 
and  would  not  be  likely  to  know 
whether  or  not  a   tick  had  bitten 
him.  This  case  was  certainly  as 

spotted  as  could  be. 
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A   Possible  Case  of  “Spotted  Fever”  in  Utah,  by  E.  J.  Smith,  M.  D. 

[Personal  letter,  dated  May  22,  1904,  to  Dr.  Thomas  D.  Tuttle,  secretary  Montana  State  board  of health.] 

K-  *****  * 

I   have  a   case  that  looks  to  me  very  much  like  wood-tick  disease,  “spotted  fever.” 
The  patient,  female,  age  24,  was  visiting  in  Idaho,  where  within  2   miles  of  the 

place  she  was  visiting,  there  were  2   cases  of  “spotted  fever,”  but  I   have  been 
unable  to  obtain  information  as  to  onset,  symptoms,  etc.  One  young  man  recovered, 
left  in  very  weak  condition. 

Ten  days  ago  this  patient  of  mine  Avas  bitten  in  four  places  by  2   ticks,  the  ticks 

penetrating  the  Right  leg  beloAV  the  knee. 

The  parts  became  A’ery  painful  and  swollen  and  in  three  or  four  days  the  patient 
suddenly  became  very  ill,  severe  nausea,  intense  headache,  backache,  sore  muscles, 

pains  in  limbs;  could  not  sit  up  Avithout  dizziness  and  nausea;  did  not  Ammit. 

Her  mother  brought  her  home  on  Friday;  I   Avas  called  Saturday,  21st,  and  found 

temperature  103.5°,  pulse  92,  eyes  A^ery  bright,  some  roseolous  spots  on  Avrists,  arms, 
back,  abdomen,  ankles;  patient  very  nervous,  stiff  neck,  no  spinal  tenderness,  no 

hyperesthesia;  numb  all  over,  some  twitching  of  muscles  of  forearm  and  legs.  Tem- 

perature at  1.30  p.  m.,  103.5°;  4p.  m.,  103°;  10  p.  m.,  103°;  this  (Sunday)  a.  m.,  104°. 
Temperature  same  all  evening  and  night.  Bathing  had  no  effect.  When  face  AA'as 

first  touched  Avith  cold  water  during  the  bathing  chill  came  on;  quite  severe.  Xo 

elevation  of  temperature  afterwards. 

This  morning  spots  all  OA^er  body,  on  palms  and  soles;  not  papular  except  here  and 
there;  look  like  the  roseola  of  typhoid  fever;  no  pain,  no  nervousness,  slight  hacking 

cough,  nausea  completely  relieved,  no  tenderness  over  spine,  an  occasional  pain  in 

ankles,  muscles  without  stiffness,  neck  freely  movable,  eyes  A^ery  bright,  urine  free; 

temperature  104,  pulse  98;  boAvels  moA’ed  freely;  slept  Avell,  no  opiates  used.  GaA*e 
cicutine  hydrobromate,  gV  grain,  every  hour  until  pain  and  stiffness  relieA^ed  last 
evening — 4   doses  removed  pain,  etc. 

My  diagnosis  is  held  in  abeyance. 

BIBLIOGRAPHY. 

The  following  bibliography  contains  the  complete  medical  literature 

on  Rocky  Mountain  “spotted  fever,”  so  far  as  it  is  known  to  me, 

except  for  certain  references  which  have  been  published  in  text-books 

and  based  upon  the  references  here  given. 

signifies  that  the  paper  in  question  ma}"  be  consulted  at  the 

library  of  the  United  States  Department  of  Agriculture;  W’",  at  the 

Surgeon-General’s  libraiy,  United  States  Army;  Lib.  Stiles,  in  my 
private  libraiy  at  the  Hygienic  Laboratory,  United  States  Public 

Health  and  Marine-Hospital  Service. 

Alton,  R.  D.  [M.  D.,  Livingston,  Mont.] 

1905.— [Two  possible  cases  of  “spotted  feA-er”  at  LiA’ingston  and  Gardiner, 
Montana,  1904]  <Bull.  20,  Hyg.  Lab.,  U.  S.  Pub.  Health  &   Mar.  Hosp.  Serv., 

AYash.,  pp.  110-111. 
American  Medicine. 

1902. — Strange  disease  induced  by  tick  bite.  [Xews  item.]  <Ani.  Med., 
Phila.,  V.  4   (10),  Sept.  6,  p.  365.  [AY%  AVA] 

1902. — Spotted  fever  induced  by  tick  bite.  [Correction  of  p.  365.]  <[Am. 

Med.,  Phila.,  v.  4   (13),  Sept.  27,  p,  485.  [AAA  W™.] 
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Andersox,  John  F[leetezelle].  [Passed.  Asst.  Surg.,  U.  S.  Pub.  Health  &   Mar. 

Hosp.  Service.]  [1871-.] 
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1903f. — Spotted  fever  (tick  fever)  of  the  Rocky  Mountains:  A   new  disease 
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p.  929.  [^Y^  W“.] 
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<Brit.  M.  J.,  Lond.  (2237),  v.  2,  Yov.  14,  pp.  1291-1292.  [W%  1Y“] 
1903h. — Spotted  fever  of  the  Rocky  Mountains.  [Abstr.  of  Anderson,  1903c.] 

<Med.  Rec.,  X.  Y.  (1726),  v.  64  (23),  Dec.  5,  p.  898.  [W%  W“] 
1903i. — Spotted  fever  (tick  fever)  of  the  Rocky  Mountains.  [Review  of  Ander- 

son, 1903c,  by  F.  Mesnih]  <Bull.  de  I’lnst.  Pasteur,  Par.,  v.  1   (20),  15  dec., 
pp.  805-806.  [W“.] 
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Dec.,  pp.  41-42.  [W“] 
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63-64. 
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Pub.  Health  &   Mar.  Hosp.  Serv.,  Wash.  (July),  Oct.,  pp.  48-50.  [W^,  W“, 
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Howaed,  James  William  [M.  D.,  Hamilton,  Mont.]  [1842-.] 

1905.  
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PREFACE. 

The  object  of  this  bulletin  is  to  describe  the  methods  b}^  which  the 

immunity  unit  for  measuring-  the  strength  of  diphtheria  antitoxin  is 

obtained,  and  the  principles  involv^ed. 
The  unit  is  based  on  the  one  established  by  Ehrlich,  and  has  been 

made  by  comparison  with  the  normal  serum  sent  to  this  laboratory 

by  the  Kg-l.  Pr.  Institut  fiir  experimentelle  Therapie,  Frankfurt  a. 
M.,  Germany. 

On  account  of  the  technical  dilEculties  met  in  testing  the  strength 

of  diphtheria  antitoxin,  and  the  intricate  composition  of  the  diphtheria 

poison,  as  well  as  the  peculiar  chemical  relations  existing  between  the 

toxine  and  the  antitoxin,  it  has  been  necessar\^  to  enter  into  the  many 

details  of  every  portion  of  the  process  in  order  that  those  who  use 

this  standard  may  do  so  under  the  same  conditions.  Otherwise  com- 

parable results  would  not  be  obtained. 

In  such  an  apparently  simple  procedure  as  measuring  two  pieces  of 

metal,  as  is  done  in  duplicating  the  standard  meter  and  yard,  the 

greatest  attention  to  many  details  must  be  observed.  It  can  there- 

fore be  well  understood  how  important  it  is,  in  comparing  a   standard 

based  upon  the  physiological  action  of  a   mixture  of  two  complicated 

organic  substances,  not  to  neglect  the  smallest  detail  that  would  insure 

accuracy. 

As  the  unit  made  in  the  H}^gienic  Laboratory,  U.  8.  Public  Health 

and  Marine-Hospital  Service,  is  the  legal  unit  for  this  country,  the 

methods  by  which  it  is  produced,  as  described  in  this  bulletin,  may  be 
taken  as  official. 

All  standards  are  fundamentally  arbitrary  quantities.  If  all  the 

meter  bars  or  yardsticks  were  lost  it  would  be  difficult  if  not  impos- 

sible to  produce  others  having  the  exact  lengths  of  the  originals,  which 

are  therefore  guarded  against  harm  under  conditions  of  uniform 

temperature,  etc.,  to  prevent  changes  in  length. 

The  antidiphtheritic  serum  that  has  been  carefully  standardized  and 

is  used  as  the  unit  of  strength  for  the  measurement  of  diphtheria 

antitoxin  is  similarly  kept  under  strict  conditions  of  light,  heat,  mois- 

ture, etc.,  in  the  Hygienic  Laboratory,  U.  8.  Public  Health  and 
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Marine-Hospital  Service.  From  time  to  time  duplicates  of  tliis  serum 

will  be  made  to  guard  against  deterioration  or  accident  to  the  oidginal.  | 

This  standard  serum  is  preserved  in  small  tubes.  Every  two  months  | 

one  of  these  tubes  is  opened,  tested,  and  distributed  to  the  licensed  ; 

manufacturers  and  others  who  are  working  in  this  line. 

The  particular  object  of  this  standard  is  to  insure  the  strength  of 

antidiphtheritic  serum  sold  in  the  United  States  by  licensed  manu- 
facturers. 

In  accordance  with  the  act  of  Congress  approved  July  1,  1902,  no 

one  is  allowed  to  engage  in  interstate  traffic  in  antitoxin  without  a 

license  issued  l)y  the  Secretaiy  of  the  Treasuiy  on  recommendation  of 

the  Surgeon-General  of  the  Public  Health  and  Marine-Hospital  Serv- 

ice. This  license  is  issued  only  after  a   caref id  inspection  of  the  estab- 

lishmentj  its  methods  of  manufacture,  and  an  examination  of  its  prod- 

ucts for  purity  and  potency  at  the  ly^gienic  laboratory  of  this  Service. 

The  strength  of  diphtheria  antitoxin  is  expressed  in  units.  As  the 

question  has  often  been  asked,  What  is  the  unit  for  this  country?  it 

became  the  dut}^  of  the  Public  Health  and  Marine-Hospital  Service 

to  establish  and  maintain  a   standard  of  measurement  in  order  to  bring 

about  uniformity  among  American  manufacturers.  There  is  also  the 

advantage  of  guaranteeing  to  ph3"sicians  and  patients  using  this  won- 

derful specific  reined}^  for  diphtheria  the  fact  that  the}^  are  employing 

a   remedy  of  sufficient  strength  to  protect  or  cure.  Weak  serums 

have  been  shown  to  be  practicall}^  useless. 

The  A^eiy  unfavorable  results  obtained  in  England  in  1895  in  the 
handling  of  diphtheria  with  serum  were  due,  according  to  the  report 

of  the  Lancet  Commission  (Lancet,  duly  19,  1896),  in  a   great  majority 

of  cases  to  the  use  of  serums  too  weak  to  produce  therapeutic  results. 

Experimental  researches,  for  example,  the  veiy  careful  work  of 

Madsen,  in  Copenhagen,  1896,  showed  that  for  therapeutic  purposes 

weak  serum  is  of  veiy  little  value. 

The  fact  need  not  be  emphasized,  as  Ehrlich  pointed  out  long  ago, 

that  for  the  whole  question  of  the  cure  and  prophylaxis  of  dipththeria 

by  a   serum  therap}",  as  well  as  for  the  purposes  of  scientific  investiga- 
tion, it  is  important  to  use  an  antitoxin  whose  value  has  been  definitely 

ascertained. 
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THE  IMMUNITY  UNIT  FOR  STANDARDIZING 
DIPHTHERIA  ANTITOXIN. 

[Based  on  Ehrlich’s  normal  serum.  Official  standard  prepared  under  the  act  approved  July  1,  1902.] 

By  Milton  J.  Rosenau, 

Passed  Assistant  Surgeon,  Director  Hygienic  Laboratory,  Public  Health  and  Marine- 

Hospital  Service. 

EHRLICH’S  SIDE-CHAIN  THEORY  OF  IMMUNITY. 

Ehrlich’s^'  side-chain  theory  is  a   brilliant  chemical  conception,  giv- 

ing the  onl}"  satisfactory  explanation  of  many  of  the  phenomena  con- 

cerned in  immunity.  In  one  sense  it  has  been  likened  to  Weigert’s 

teachings  of  inflammation  and  the  process  of  repair  in  so  far  that  cog- 

nizance is  taken  of  nature’s  prodigality.  For  instance,  a   much  larger 
amount  of  material  is  thrown  out  than  necessary  to  repair  a   wound. 

So,  too,  in  antitoxic  immunity  a   much  larger  amount  of  antitoxin  is 

produced  than  necessary  to  neutralize  the  toxine. 

In  Ehrlich’s  conception  the  fundamental  processes  of  immunity 
reside  in  the  cells  of  the  body.  These  cells  are  attacked  by  the  poison 

and  if  not  destroyed  are  stimulated  into  the  overproduction  of  “anti- 

bodies” capable  of  combining  with  and  neutralizing  the  poison. 
Just  what  cells  of  the  body  play  the  most  important  role  in  the 

production  of  immunity  is  not  exactly  clear.  It  may  be,  as  Ehrlich 

supposes,  that  this  power  resides  in  an}^  organ  or  tissue. 

In  Metchnikofi’s^  theory  of  phagoc}Tosis  the  free  ameboid  cells  of 

the  body  play  the  all-important  role.  It  is  the  macrophages  and 

microphages  seeking  food  that  engulf  and  destro}"  the  bacteria.  Iji 
the  process  of  digesting  the  bacteria  the  cell  secretes  the  enzymelike 

substance  which  has  the  power  of  neutralizing  the  bacterial  poisons. 

It  is  surprising  that  the  nutrition  and  metabolism  of  the  cell  lie  at 

the  foundation  of  two  such  divergent  theories  as  Metchnikotf’s  and 
Ehrlich’s. 

« Ehrlich:  Die  wertbemessiing  des  diphtherieheilserums  nnd  deren  theoretische 

grundlagen.  Klin,  jahrb.,  Jena,  v.  6   (2),  1897,  pp.  299-326. 
  TJeber  die  constitution  des  diphtheriegiftes.  Dent.  med.  woch.,  Leipzig,  v. 

24  (38),  1898,  pp.  597-600. 

  Croonian  lecture.  On  immunity  with  special  reference  to  cell  life.  Proc. 

roy.  soc.,  London,  v.  66,  pp.  424-448,  pis.  6-7. 

^Metchnikoff,  Elie:  L’immunite  dans  les  maladies  infectieuses.  Paris,  1901.  45 
figs.,  600  pp. 
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According  to  the  former  it  is  the  physical  movements  of  the  ame-  : 

bold  cell  searching  for  food  which,  a   process  known  as  phagocytosis, 

takes  the  bacteria  into  its  protoplasm,  forms  a   digestive  vacuole  ’ 

around  it,  and  then  excretes  the  enzymelike  substances  (cytase")  use-  j 
ful  in  protecting  the  organism  against  the  soluble  poison  of  the 
bacteria. 

According  to  Ehrlich  the  hungry  protoplasm  of  any  cell,  with  its  ̂  

complicated  molecule  having  side  chains  of  various  combining  affini-  i 

ties  read}"  to  unite  with  suitable  food  molecules  brought  to  it  by  the 
blood  and  body  juices,  lies  at  the  foundation  of  his  explanation  of  the  ; 

chemical  production  of  the  antitoxin.  It  is  strange  that  the  same  i 

combining  affinity  should  exist  between  the  protoplasm*  of  the  cell  and 

the  proteid  molecules  that  furnish  it  food  as  between  the  cell  proto- . 

plasm  and  the  toxines^  of  the  bacterial  poisons.  : 

In  considering  Ehrlich’s side-chain  theory  it  is  necessary  to  disre-  ’ 
gard  the  microscopic  structure  of  the  cell  and  to  think  of  the  proto-  i 

plasm  as  consisting  of  living  molecules  of  extraordinary  chemical  ■ 

complexity.  The  molecule  of  protoplasm  has  a   central  “nucleus”  ; 

with  “side  chains,”  “lateral  chains,”  or  “bonds"  of  varying  combin-  I 

ing  capacities.  These  “side  chains”  serve  to  bind  the  molecule  to  • 
other  molecules  having  proper  combining  affinities. 

This  arrangement  of  molecules  with  side  chains  is  a   well-known 

occurrence  in  organic  compounds.  The  benzol  ring  forms  one  of  the 

best  and  simplest  examples. 

H (OH) (OH) 
C C C 

/   \ /   \ 

^   /   \ 

HC  CH HC  CH 

1   II 
HC  C   (OH) 

HC  CH HC  C   (CII3) HC  C   (OH) 

\   / \   / S   / 
C C c 
H II H 

Benzol  CgHp, Metacresol  CgH,  (CTT)  (OH) Pyrogallic  acid  (OH); 

(t  Macrocytase,  microcytase,  philocytase.  | 
I   have  made  a   distinction  in  this  iailletin  between  “   toxine”  and  “ 

Some  confusion  arises  in  the  literature  for  want  of  two  words  to  re})i’esent  two 
separate  sul^stances.  The  diphtlieria  poison  contained  in  the  toxic  broth  was  hrst 

called  “toxine,”  usually  “toxin.”  It  is  now  often  spoken  of  as  the  “diphtheria  ij 

poison.”  This  filtered  broth,  containing;  a   mmiVjer  of  poisonous  substances,  I   have  | 
called  the  toxine.  | 

I   have  restricted  the  name  “/o-rm”  to  the  most  important  constituent  of  the  | 

toxine.  The  toxin,  as  will  be  found  later,  is  only  one  of  several  allied  poisons  found  'ji in  the  toxine. 

c Ehrlich:  Die  wertbemessung  dea  diphtherieheilserums  und  deren  theoretische 

grundlagen.  Klin,  jahrb.,  Jena,  v.  6   (2),  1897,  pp.  299-326. 
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Fig.  la.* — The  cell  wTth  its 
various  combining  groups 

or  side  cbaius.  kno^vn  as 

recejjtors.  Various  toxines 
are  shown  having  specific 

aflinity  for  the  proper 

shaped  receptors. 

replacing  one  of  the  H   atoms  in  the  benzol  ring  with  the  methyl 

radical  (CH3)  we  have  toluol;  by  replacing  one  of  the  H   atoms  with 

the  hydroxyl  group  (OH)  we  have  phenol:  by  substituting  two 

hydroxyl  groups  we  have  resorcin,  etc. :   three,  pyrogallic  acid.  etc. ; 

by  substituting  one  hydrogen  atom  of  the  ring 

with  the  hydroxyl  radical  and  another  one  with 

the  methyl  radical  we  have  the  cresols. 

These  simple  illustrations  from  well  known 

organic  compounds  illustrate  the  central  mole- 
cular mass  of  atoms  with  its  side  chains  and 

combining  affinities,  to  which  the  molecule  of 

protoplasm  is  likened. 

In  apphung  this  analogy  to  the  molecule  of 

protoplasm  the  name  "receptor"  is  given  these 
side  chains,  or  secondary  atomic  complexes  of 

the  molecular  group.  Contrary  to  the  simple 

analogies  above  given  each  molecule  of  proto- 

plasm has  many  diherent  kinds  of  receptors,  as 

shown  by  the  schematic  diagram  in  lig.  la.  These  receptors  have  a 

specific  affinity  for  the  molecules  of  food,  and  also  combine  with  the 
toxic  molecules. 

The  toxi/i  molecule,  according  to  Ehrlich,  consists  of  two  important 

parts.  One  is  known  as  the  toxopliore  groups  the  other  as  the  hapto- 

phore  group). 

The  toxopjhore  groiqj  of  the  toxin  is  that  portion  of  the  molecule 

which  exerts  a   poisonous  eflect  upon  the  protoplasm  of  the  cell.  This 

group  is  less  stable  than  the  haptophore 

group. 
The  haptopjhore  groupie  the  seizing  or 

combining  portion  of  the  toxin  molecule 

(anroD^  to  seize  or  attack).  The  hapto- 

phore group  of  the  toxins  have  specific 

combining  affinities  for  the  receptors  of 

ceitain  cells,  which  in  part  explains  the 

selective  action  of  these  poisons. 

Toxines.  such  as  diphtheria  toxine. 

gradually  diminish  in  toxicity,  but  retain 

the  same  power  of  chemical  combination  with  the  antitoxin.  This 

phenomenon  is  explained  by  the  formation  of  toxoids. 

Ehrlich  inferred  the  presence  of  the  toxoid  from  the  following  sim- 

ple experiment:  He  had  a   toxine  which  required  0.M03  c.  c.  to  kill  a 

guinea  pig.  After  nine  months  this  poison  weakened,  so  that
  it 

Houp-toplic 
"ToK.ophor€ 

Fig.  1&.— The  toxin  molecule;  showing 

the  haptophore  (eomhining)  group 

and  the  toxophore  (poison)  group. 

*   Foot  Note.— Fig.  la-t. — Diagrammatic  representation  of  Ehrlich's  side  chain  theory  of
  immunity 

(Croonian  Lecture,  Proc.  Royal  Society  of  London,  vol.  66,  1900,  p*.  4b<). 
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Fig.  Ic. — The  first  stage  of 
antitoxin  formation;  a 
fo.rwimolecule  anchored, 

to  a   receptor. 

In 

required  three  times  as  much;  that  is,  0.009  c.  c.  to  kill' a   o’uinea  pig. 
Nevertheless,  the  combining  power  of  the  toxine  for  antitoxin  remained 

the  same. 

Toxoids  are  altered  toxins.  They  consist  of  the 

toxic  molecule  in  which  the  toxophore  group  has 

been  destro^^ed,  leaving  onl}-  the  haptophore  or 

combining  group,  Avhich  while  able  to  satisfy-  the 
combining  affinities  of  the  antitoxin  is  no  longer 

able  to  poison  the  protoplasm  of  the  cell. 

The  diphtheria  bacillus,  during  the  process  of  its 

growth  and  multiplication  in  the  body  or  in  an 

artificial  culture  medium,  produces  several  poisons, 

one  of  which  is  known  as  the  diphtheria  toxin.  As  above  stated,  the 

dq^htheria  toxin  consists  of  a   toxophore  and  haptophore  group, 

the  l)od}"  the  latter  unites  cheniicall}"  with  the 
receptors  of  the  cells.  When  this  takes  place 

one  of  two  consequences  may  result:  Either  (1) 

the  cell  is  so  severely  poisoned  that  it  dies,  or 

(2)  the  living  molecule  of  protoplasm  is  stimu- 

lated so  as  to  excite  a   defensive  action  b}"  the 

reproduction  of  the  receptors.  Continued  stim- 

ulation produced  by  the  periodical  injection  of 

toxine  results  in  an  over  production  of  recep- 

tors which  finall}’  loosen  and  float  free  in  the 

blood  serum  and  bod}'  juices. 
Antitoxin  consists  of  these  free  receptors 

floating  in  the  blood  serum.  If  now  we  introduce  a   liquid  containing 

the  toxin  into  the  blood,  it  is  immediateh'  neutralized  by  combin- 

ing with  the  free  receptors  through  its  hapto- 

phore group.  All  the  combining  affinities  of 

the  toxin  are  thus  satisfied  or  saturated,  so  that 

the  toxin  is  no  longer  able  to  unite  with  the 

receptors  still  attached  to  the  cell,  and  this 

poison  is  thus  rendered  harmless. 

It  is  of  the  greatest  practical  importance  to 

know  from  what  organs  or  tissues  the  receptors 

derive  their  origin. 

It  is  b}'  no  means  a   necessary  corollaiy  of 
the  side  chain  theoiy,  as  is  often  supposed, 

that  the  receptors  are  found  only  in  those  organs  upon  Avhich  the 

poisonous  eflects  of  a   toxine  are  particularly  manifested.  On  the 

contrary,  Ehrlich  and  Morgenroth'^  believe  that  receptors  capable  of 

«Erhlich,  P.,  &   Morgenroth,  J.:  Wirkmig  und  entstehung  der  aktiven  stoffe  im 

serum  nach  der  seitenkettentheorie.  Haiidbuch  der  pathogen  mikroorganismen, 

W.  Kolle  and  A.  Wassermann,  Jena,  1904. 

Fig.  Id.— The  second  stage; 
continued  stimulation  causes 

a   reproduction  of  receptors. 

Fig.  le.— Third  stage;  the  re- 
ceptors beginning  to  leave 

the  cell. 
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Fig.  1/.— Fourth  stage;  there, 

cep  tors  have  left  the  cell  and 

float  free  in  the  blood  =   anti- 
toxin. 

combining  with  the  toxine  are  produced  in  many  different  parts  (   f   the 

body,  especially  in  tissues  and  organs  having  the  power  of  anchoring 
the  toxine  without  causing  serious  poisonous  effects. 

The  connective  tissue  is  believed  to  be  especially  rich  in  receptors, 

evidenced  b}^  the  lo(*al  reaction  caused  by  the  subcutaneous  inoculation 
of  diphtheria  toxine,  ricin,  abrin,  and  similar 

poisons.  In  fact,  one  would  not  be  far  wrong- 
in  assigning  a   particular  signiffcance,  in  the 

production  of  receptors,  to  just  those  organs 

which  show  unimportant  vital  response,  because 

in  such  tissues  the  injurious  effects  of  the  toxo- 

phore  group  are  absent  or  of  such  diminished 

importance  that  the  regenerative  powers  of  such 
tissues  are  not  retarded. 

The  presence  or  absence  of  receptors  capable 

of  binding  the  toxine,  as  well  as  their  number 

and  distribution,  are  factors  which  determine 

the  susceptibility  of  different  species  of  animals  against  the  various 
toxines.  These  factors  also  determine  the  individual  variations  in  the 

susceptibility  to  poisons  and  further  explain  the  instances  of  natural 

immunity  to  toxines. 

An  example  is  given  by  Sachs,®  who  studied  the  reaction  of  guinea- 

pig  blood  against  ‘‘arachnolysin,”  a   toxine  found  in  spiders.  In  this 
case  the  complete  immunit}^  of  the  red  blood  cells  of  the  guinea  pig 

against  arachnol}^sin  is  accounted  for  by  the  entire  absence  of  the 

proper  receptors,  while  the  susceptibility  of  the  red  blood  cells  of  the 

rabbit  to  very  small  quantities  of  this  poison 

is  accounted  for  by  the  strong  combining  affin- 
ity which  exists  between  these  cells  of  the 

rabbit  and  the  arachnolysin. 

In  some  cases  the  production  of  receptors 

ma}^  apparently  be  traced  in  the  development 

of  certain  species.  Cannus  and  Gley^  have 
followed  the  development  (?)  of  the  receptors 
in  the  red  blood  cells  of  the  rabbit  toward 

the  hemolysin  found  in  eel  serum.  Young- 
rabbits  are  much  less  susceptible  to  this  poison 

than  adult  rabbits,  which  is  accounted  for  by 

Ehrlich  as  being  due  to  a   gradual  develop- 
ment of  the  receptors  having  proper  combining  affinities  for  the 

hemolysin  fonnd  in  the  eel  serum. 

The  union  between  the  receptor  of  the  cell  and  its  poison  is  not 

always  a   direct  one,  as  described  above,  but  sometimes  takes  place 

Fig.  Ig'.— The  neutralization  of 
a   toxin  by  antitoxin;  the  free 

receptors  in  the  blood  have 

united  with  the  io.x’m  =   anti- 
toxic immunity. 

«   Sachs,  Hans:  Hofmeisters  Beitr.,  bd.  2,  h.  1-3.  &   Quoted  by  Ehrlich,  loc.  cit. 
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through  the  intervention  of  a   second  body,  known  variousl}"  as  the 

amboceptor,  zwichenkorper,  immune  body,  sensitizer,  hxative,  pre- 

parative, desmon,  etc. 

This  order  of  immunity  is  particularly  evident  in  the 

poisons  that  have  a   lytic  or  dissolving  action  upon  bac- 

teria or  the  cells  of  the  bod}",  such  as  the  bacteriolysins, 
hemolysins,  and  other  cytolysins.  These  poisonous 

bodies  are  believed  by  Buchner  to  be  a   ferment,  and 

are  usually  spoken  of  as  the  “   complement,’-  but  also  as 

the  ‘‘alexin’'  (Buchner)  or  ‘‘cytase”  (Metchnikofl). 
One  of  the  remarkable  facts  connected  with  the  phe- 

nomena of  the  lytic  poisons  is  that  the  poison  itself, 

^   ^   , .   usuallv  called  the  complement,  is  normallv  present  in 
ond  order  of  immu-  ^   ‘   ^ 

nity,  showing  the  the  blood.  The  Complement  has  less  resistance  to  heat 

complement  and  intermediary  bodv,  and  is  therefore  spoken  of immune  body.  .   i   '   i   -i 
as  being  thermolalnle. 

According  to  Ehrlich's  theory,  immunity  can  only  be  obtained 
against  the  intermediary  body,  which  is  believed  to  be  specitic.  This 

intermediary  body  has  a   greater  resistance  to  heat  than  the  comple- 

ment; that  is,  it  is  relatively  thermostabile. 

Ehrlich  compares  the  intermediary  body  with  diazo-benzaldehyde, 

which  by  means  of  its  diazo  group  is  capable  of  combining  with  a 

series  of  bodies,  such  as  aromatic  amins,  phenols,  keto-methyl  bodies, 

etc.,  while  l)y  means  of  its  aldehyde  group  it  may 

combine  with  a   different  series,  such  as  the  hy- 

drazins,  ammonia  radicals,  and  hydrocyanic  acid. 

Phenol  and  hydrocyanic  acid  will  not  directly 

combine,  but  with  diazo-lienzaldehyde  acting  as 

an  intermediary  body,  these  two  substances  can 

be  iirought  into  combination.  Pushing  this  com- 

parison further,  Ave  may  say  that  the  aromatic 

body,  or  the  phenol,  represents  a   constituent  of 

the  blood  corpuscle.  The  diazo-benzaldehyde  is 

the  intermediary  body,  while  the  poisonous  hy- 
drocyanic acid  constitutes  the  complement. 

Welch  ̂    A"ery  ingeniously  extended  Ehrlich’s 
conception  of  immunity  to  the  bacterial  cell. 

According  to  Welch’s  views  the  bacterial  cell  has  the  same  power  of 
defensive  action  against  the  poisons  produced  by  the  cells  of  higher 

animals  that  they  have  against  the  toxic  i^roducts  of  the  bacteria. 

«   Vaughan  and  Xovy:  Cellular  toxins,  1902,  p.  131. 

^   Welch,  William  H.;  The  Huxley  lecture  on  recent  studies  of  immunity  with 
special  reference  to  their  bearing  on  pathology.  Bull.  Johns  Hopkins  Hosp.,  Balto., 

V.  13,  (141),  Dec.,  1902,  pp.  285-299. 

Fig.  If.— The  third  order  of 

immunity,  showing  an  im- 
mune body  having  two 

aflanities. 
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In  other  words,  there  is  a   chemical  battle.  Both  the  bacterial  cell 

and  the  body  cell  excrete  poisonous  substances  against  each  other,  and 

both  in  turn  are  building  up  a   chemical  defense  against  the  action  of 

these  respective  poisons. 

22277— No,  21-05—2 



THE  IMMUNITY  UNIT. 

The  unit  for  measuring  the  strength  of  diphtheria  antitoxin  estab- 

lished by  Ehrlich  is  a   measure  of  strength,  not  of  quantity. 

It  is  difficult  to  define  the  unit  in  a   brief  sentence.  A   proper 

understanding  of  it  may  only  be  had  from  a   study  of  the  theoretical 
considerations  involved. 

The  unit  may  be  defined  as  the  neutralizing  power  possessed  by  an 

arbitrary  quantity  of  diphtheria  antitoxic  serum  kept  under  special 

conditions  to  prevent  deterioration  in  an  authorized  laboratory. 

From  a   theoretical  viewpoint  the  unit  mav  be  defined  as  that  quan- 

tity of  diphtheria  antitoxic  serum  which  will  just  neutralize  200  mini- 

mal lethal  doses  of  a   pure  poison.  By  a   “pure"  poison  is  understood 
one  containing  only  toxin,  and  no  toxoid^  toxone^  or  other  substances 

capable  of  uniting  with  the  antibodies. 

The  test  by  which  the  strength  of  antitoxin  contained  in  a   unit  is 

measured  is  a   physiological  one  and  depends  upon  the  neutralization 

of  the  toxine  by  the  antitoxin.  This  neutralization  can  only  be  deter- 

mined by  injecting  the  toxine  and  antitoxin  mixtures  into  guinea 

pigs,  which  animals  are  highly  susceptible  to  the  diphtheria  bacillus 

and  its  poisons. 

In  order  to  obtain  a   fundamental  understanding  of  Ehrlich's  immunity 
unit  it  is  necessary  to  make  a   study  of  the  nature  of  the  various 

poisonous  substances  which  are  present  in  the  diphtheria  toxine.  and 

then  clearly  to  understand  the  combining  and  neutralizing  action 

which  these  poisons  exert  upon  the  antitoxin.  Both  of  these  subjects 

are  treated  more  fully  in  the  next  chapter. 

In  all  the  earlier  work  on  this  subject  the  toxine  was  used  as  a   basis 

for  measuring  the  strength  of  the  antitoxin,  but  as  the  toxine  is  a 

much  more  complex  substance  than  the  antitoxin,  and  as  it  is  less 

stable,  accurate  results  were  not  possible.  Ehrlich  showed  that  the 

antitoxin  under  certain  conditions  was  permanent,  both  in  power  of 

chemically  combining  with  and  physiologically  neutralizing  the  toxine. 

The  unit  for  measuring  the  strength  of  diphtheria  antitoxin  is  an 

arbitrary  quantity,  just  as  the  units  of  all  systems  of  weights  and 

measures  are  fundamentally  arbitrary  quantities,  so  that  the  question 

of  the  quantity  of  immunity  units  which  a   particular  diphtheria  anti- 

toxic serum  contains  can  only  be  determined  by  comparing  it  with  the 

(18) 



19 

'   standard  serum  preserved  by  Ehrlich  in  the  Klg.  Institut  fur  Experi- 
nientelle  Therapie  at  Frankfort  a.  M.,  Gerinan}^  This  serum  has 

been  carefully  tested,  its  antitoxic  strength  is  accurately  known,  and 

b}^  comparing  any  other  serum  with  this  original  one  its  antitoxic 

value  ma}"  be  determined. 
Ehrlich,  however,  does  not  admit  that  his  antitoxic  unit  is  such  an 

arbitrary  quantity,  and  believes  that  he  can  reproduce  it  should  it 

become  lost,  b}-  a   study  of  the  peculiar  relations  which  exist  between 
the  combining  and  neutralizing  power  of  toxines  and  antitoxins;  for, 

from  a   theoretical  point  of  view,  Ehrlich^  considers  that  the  immunity 

unit  contains  just  200  ‘‘combining  units.”  A   combining  unit  is  anala- 

i   gous  to  the  valence  in  chemistrv,  and  Ehrlich  has  shown  b}"  his  stud}^ 
of  various  diphtheria  poisons  that  the  antibodies  in  his  immunity  unit 

have  200  of  these  combining  affinities.  As  each  combining  affinity 

represents  one  minimal  lethal  dose,  the  immunity  unit  theoretical^ 

should  combine  with  and  neutralize  200  MLD’s  of  a   toxine  con- 

taining only  toxin.  If  it  were  possible  to  obtain  the  toxin  in  pure 

solution,  free  from  toxoids^  toxones^  and  other  substances  which  have 

the  power  of  uniting  with  the  antibodies,  it  would  then  be  compara- 

tivety  eas}"  to  demonstrate  the  number  of  minimal  lethal  doses  which 
the  immunity  unit  is  able  to  neutralize.  As  such  pure  poisons  are 

practicalty  never  obtained,  the  immunity  unit  in  actual  practice  is 

found  to  neutralize  many  times  less  than  200  minimal  lethal  doses  of 

the  toxine  (from  16  to  136),  the  remaining  combining  affinities  being 

satished  b}^  such  allied  substances  as  toxoid.,  toxone^  etc.,  which  have 

the  same  chemical  affinity  for  the  antitoxin,  but  diminished  poisonous 

properties. 

In  order  the  better  to  understand  Ehrlich’s  immunity  unit  it  will  be 
necessary  to  give  a   brief  review  of  its  development.  In  all  the  earlier 

systems  of  measuring  the  potency  of  diphtheria  antitoxic  serum  the 

diphtheria  culture  or  its  toxine  was  the  basis  of  measurement.  Behring 

and  Roux  both  tirst  used  living  cultures.  Behring  substituted  the  use 

of  the  soluble  diphtheria  poison  for  living  cultures  as  earh^  as  1893,  as 
he  found  it  was  impossible  to  establish  any  system  of  delinite  dosage 

with  live  organisms. 

The  method  at  first  used  b}"  Roux  for  determining  the  strength  of 
antitoxic  serum  was  based  upon  the  ratio  between  the  quantity  of  the 

serum  necessary  to  protect  a   guinea  pig  and  the  weight  of  that  guinea 

pig.  His  method  was  carried  out  as  follows:  A   certain  (quantity  of 

"Ehrlich:  Die  wertbemessung  des  dii)htherieheilserums  and  deren  theoretische 

grundlagen.  Klin,  jahrb.,  Jena,  v.  6   (2),  1897,  i)p.  299-:i26. 
Ehrlich:  Ueber  die  constitution  des  dii)htheriegiftes.  Dent.  nied.  woch.,  Leipzig, 

V.  24  (38),  Sept.  22,  1898,  pp.  597-600. 

Ehrlich:  Ueber  die  giftcomponenten  des  dij)htherietoxins.  Berl.  klin.  woch., 

1903,  nos.  35-37,  p.  37. 
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diphtheria  antitoxic  serum,  say  0.01  c.  c.,  was  injected  subcutaneously 

into  a   guinea  pig.  Twelve  hours  later.  0.5  c.  c.  of  a   fresh  virulent 

culture  of  the  diphtheria  bacillus  was  inoculated  into  the  guinea  pig, 

weighing,  say,  300  grams.  If  the  guinea  pig  lived.  0.01  c.  c.  of 

the  serum  was  considered  sufficiently  active  to  protect  300  grams  of 

guinea  pig,  and  1   c.  c.  of  the  serum  would  consequently  protect  30,000 

grams  of  guinea  pig.  and  the  strength  of  the  serum  was  expressed  as 

1:  30,000.  The  strength  of  a   serum  according  to  this  method  was 

expressed  in  such  figures  as  1: 100,000  or  1:  500,000. 

Control  animals  were  inoculated  to  insure  the  virulence  of  the  cul- 

ture used.  The  culture  used  was  considered  sufficiently  virulent  if 

the  control  guinea  pig  died  within  thirty  hours. 

A   serum  with  an  immunizing  strength  of  1: 100.000  meant  that  1   c.  c. 

would  protect  100.000  grams  of  guinea  pig;  and  a   serum  whose 

strength  was  1:  500,000  meant  that  1   c.  c.  of  the  serum  would  protect 

500,000  grams  of  guinea  pig  against  a   certainly  lethal  dose  of  diph- 
theria culture  or  later  the  toxine  when  injected  in  accordance  with 

the  above  procedure. 

Madsen^  showed  as  a   result  of  comparative  tests  that  the  German 
method  of  expressing  the  strength  of  antitoxic  sera  in  antitoxin  units 

was  quicker,  cheaper,  easier,  and  more  accurate  than  the  French  method 

devised  by  Roux.  He  showed  that  with  the  French  method  it  is  often 

impossible  to  determine  diflerences  as  great  as  1: 100, oOO  and  1:  200.0U0. 

This  method  was  finalh'  abandoned  by  Roux  himself  in  favor  of  the 
German  procedure. 

In  the  earlier  methods  of  testing  the  strength  of  diphtheria  anti- 

toxin, according  to  both  the  methods  of  Behring  and  Roux,  the  two 

substances  were  always  inoculated  separate! v   into  a   guinea  pig.  usually 

in  different  places.  Sometimes  the  toxine  and  antitoxin  were  inocu- 
lated at  different  times  in  order  to  make  a   distinction  l)etween  the 

immunizing  power  of  a   serum  and  its  curative  power. 

The  method  devised  by  Fhrlich  in  collaboration  with  Kossel  and 

Wassermann  in  1891'^  was  based  upon  an  entirely  new  principle.  The 
scientific  researches  of  Behring  and  Kitasato  hadpreviouslv  established 

the  fact  that  tetanus  poison  and  its  antitoxin  neutralize  each  other  in 

a   test  tube  outside  of  the  body.  Ehrlich,  Kossel,  and  IVassermann  satis- 
fied themselves  that  this  neutralization  between  the  diphtheria  poison 

and  its  antibody’  takes  place  at  once  when  the  two  substances  are  mixed 
in  a   test  tube,  and  they  believed  at  that  time  (1891)  that  it  took  place 

in  accordance  with  the  law  of  simple  proportions. 

« Madsen,  Thorvald:  Ueber  messung  der  starke  des  antidiphtherischen  serums. 

Zeitschr.  f.  hyg.,  Leipzig,  y.  24,  pp.  425—442. 

&   Ueber  Gewinnung  und  Verwendung  des  Diphtherieheilserums.  Deut.  med, 

Woch.,  1894,  no.  16. 
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)|  In  the  methods  used  before  this  time  (1891),  when  the  toxine  and 

I   j   antitoxin  were  injected  separatel}^  into  the  guinea  pig  the  substances 
!   first  met  each  other  in  the  body  of  the  animal.  The  time  it  takes  for 

I   I   the  toxine  to  meet  and  neutralize  the  antitoxin  when  these  substances 

I I   are  injected  separatel}^  into  an  animal  naturally  varies  with  the  indi- 
:,i  vidual  conditions  of  absorption,  and  exact  results  therefore  were  not 

I   i   possible.  It  was  found,  on  the  other  hand,  that  if  the  two  substances 
I   are  mixed  in  a   test  tube  and  the  mixture  is  injected  into  guinea  pigs, 
'   constant  and  uniform  results  are  obtained. 

I   At  this  time  (1891)  an  old  test  toxine,  obtained  b}^  Behring  and  pre- 

I   served  with  0.5  per  cent  phenol,  was  used  as  a   basis  for  measuring 
|i  the  strength  of  the  antitoxic  serums.  Ten  times  the  minimal  fatal 

I   dose  of  this  toxine  for  a   guinea  pig  weighing  200  to  300  grams  was 

,1  mixed  with  vaiying  quantities  of  serum  the  strength  of  which  was  to 

be  determined.  The  mixture  w^as  at  once  inoculated  into  guinea  pigs 

and  the  animals  closel}"  watched  for  local  reaction  at  tlie  site  of  inocu- 

,   lation,  for  loss  of  weight  or  other  S3unptoms.  As  the  symptoms  appear 

in  a   few  da^^s  it  was  possible,  in  canning  out  the  tests  according  to 
;   this  method,  to  determine  the  strength  of  an  antitoxin  in  a   short  time. 

Tliis  is  Behring’s  method  of  measuring  the  strength  of  diphtheria 
antitoxic  serum. 

I   The  strength  of  the  serum  was  determined  in  accordance  with  the 

'   tests  carried  out  b}"  Behring’s  method,  as  that  quantity"  of  serum  which 
,   complete  1}^  neutralized  the  ten  minimal  fatal  doses.  The  toxine  was 

'   considered  to  be  completel}"  neutralized  if  the  guinea  pig  showed 
neither  local  nor  constitutional  effects  of  any  kind.  At  that  time  (1891) 

Ehrlich  considered  the  method  as  outlined  above  to  be  trustworth}", 

and  established  an  antitoxin  unit  as  that  quantity  of  serum  which 

required  just  1   c.  c.  to  neutralize  ten  times  the  minimal  fatal  dose  of 

the  diphtheria  poison.  The  antitoxic  serum,  which  had  precisel}^  this 

power,  he  considered  as  a   normal  serum. 

Later  von  Behring  and  Ehrlich  found  stronger  serums  and  modified 

the  unit,  which  they  now  call  the  immunity  unit,  to  be  that  quantity 

of  antitoxin,  viz,  antidiphtheritic  serum,  which  will  neutralize  100  X 

MLD  for  a   guinea  pig  weighing  250  grams.  Ehrlich’s  method  for 
carrying  out  the  tests  in  accordance  with  this  new  conception  was  as 
follows: 

Ten  times  the  minimal  fatal  dose  is  mixed  with  a   definite  quantity  of 

serum  and  this  mixture  injected  subcutaneousl}"  into  a   guinea  pig.  If 

the  guinea  pig  lives  the  quantity"  of  the  serum  used  contains  at  least 

one-tenth  of  an  immunity  unit. 

For  example,  if  the  minimal  fatal  dose  of  toxine  is  0.005,  ten  times 

this  quantity,  or  0.05,  represents  ten  times  the  minimal  lethal  dose 

(10  X   MLD). 
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The  proper  quantit}^  of  the  toxine  and  an  amount  of  the  antitoxin  to 

be  tested  are  now  mixed  in  a   test  tube,  as  follows:  To  0.05  c.  c.  of  the 

toxine  is  added  0.001  c.  c.  of  the  serum,  and  the  mixture  inoculated 

suhcutaneousl}"  into  a   guinea  pig.  If  there  was  sufficient  antitoxin  in 

the  0.001  c.  c.  of  the  serum  used  to  neutralize  the  10  MLD’s  used,  the 
pig  would  survive,  and  it  was  then  considered  that  0.001  c.  c.  of  that 

serum  contained  at  least  one-tenth  of  an  immunity  unit,  and  that  1   c.  c. 
of  that  serum  would  consequently  contain  at  least  100  units. 

Attention  is  particular!}^  called  to  the  fact  that  at  first  the  strength 

of  antitoxin  depended  upon  the  complete  neutralization  of  the  poison 

as  determined  by  indications  of  sickness  in  the  guinea  pig,  particularly 

changes  at  the  site  of  inoculation.  Slight  swellings  which  disappear 

in  a   few  days  were  not  taken  into  consideration  in  determining  the 
value  of  the  serum.  It  is  evident  that  the  indications  of  sickness  in 

the  guinea  pig  or  the  presence  of  slight  changes  at  the  site  of  inocula- 

tion are  dependent  upon  subjective  considerations  leading  to  difi'er- 

ences  of  opinion  or  errors  in  judgment  which  could  materially  ,afl‘ect 
the  accuracy  of  the  tests. 

A   partial  neutralization  of  the  poison  sufficient  to  save  the  life  of 

the  animal  is  a   more  definite  factor  than  the  complete  neutralization 

depending  upon  the  appearance  of  local  signs  for  recognition. 

On  account  of  these  difficulties  encountered  in  determining  the  value 

of  antitoxins  it  became  necessary  to  eliminate  all  subjective  considera- 

tions and  obtain  a   method  based  upon  strictly  objective  conditions. 

Both  Ehrlich  and  von  Behring  independently  came  to  the  conclusion 

that  the  death  of  the  animal  was  a   much  better  criterion  for  determin- 

ing the  value  of  a   serum  than  the  local  reactions  or  the  survival  of  the 

animal  heretofore  depended  upon. 

A   still  more  radical  change  in  the  principle  of  measuring  the 

strength  of  diphtheria  antitoxin  was  now  introduced. 

Up  to  this  point  the  basis  of  measuring  the  strength  of  diphtheria 

antitoxin  was  always  either  the  culture  of  the  diphtheria  bacillus  or 

its  poisonous  products.  The  genius  of  Ehrlich  disclosed  errors  in  the 

methods  heretofore  described.  His  researches  into  the  biological 

relations  between  toxine  and  antitoxin  showed  that  it  required  vary- 

ing amounts  of  antitoxin  in  order  to  neutralize  the  10  MLD’s.  He 

finally  showed  that  there  is  no  relation  between  the  poisonous  efi'ects 
of  the  toxine  and  its  power  of  combining  chemically  to  neutralize  the 

antitoxin.  He  showed  that  a   toxine  may  be  weakened  very  materially 

by  the  influence  of  time,  light,  heat,  oxygen,  and  other  deleterious 

influences,  without,  however,  altering  its  power  of  combining  with 

antitoxin.  This  discovery  was  of  fundamental  importance  and  re- 
quired the  transfer  of  the  standard  of  measurement  from  the  poison 

to  its  antibody. 
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I   Ehrlich  ̂    now  made  numerous  researches  in  order  to  determine  the 
I   stability  of  the  antitoxin.  He  had  particular  success  with  a   serum 
I   containing  a   high  percentage  of  glycerin.  This  glycerinated  serum 
showed  exactly  the  same  power  of  neutralizing  toxine  after  one  j^ear 
that  it  did  at  first. 

For  a   while  this  glycerin  solution  of  antitoxic  serum  was  used  as  the 

basis  for  standardizing  serums.  But  Ehrlich  showed  that  even  glyc- 

erinated serum  may  weaken  and  also  the  fact  that  because  the  neu- 

tralization point  does  not  vary  is  no  guaranty  of  the  stability  of  the 

test  solution.  It  was  therefore  necessary  to  abandon  the  glycerinated 

serum  as  a   method  for  preserving  the  standard  unit.  The  principal 

factors  which  cause  the  weakening  of  antitoxin  are  moisture,  oxygen, 

light,  and  heat. 

It  is  very  easy  to  guard  against  the  deleterious  influences  of  light 

and  heat.  It  was  therefore  necessary  only  to  pay  particular  attention 

to  the  first  two  agents. 

The  serum  was  therefore  reduced  to  a   powder  under  proper  precau- 

tions and  this  dried  blood  serum  preserved  in  a   small  glass  apparatus 

consisting  of  two  parts  connected  b}"  means  of  a   glass  tube.  The 

■   serum  is  placed  in  one  portion  of  the  apparatus  and  phosphoric  anh}"- 
drid,  which  is  a   very  powerful  dehydrating  substance,  in  the  other. 

The  air  is  exhausted  as  much  as  possible  by  means  of  a   high  vacuum 

and  the  apparatus  hermetically  sealed.  After  a   few  days  the  acid  will 

have  taken  up  all  the  moisture  from  the  serum,  and  the  tube  connect- 

ing the  two  parts  may  then  be  melted  and  sealed  ofi',  separating  the acid  from  the  serum.  The  dried  serum  is  now  contained  in  a   vacuum 

tube  and  preserved  in  a   cool  place  in  absolute  darkness. 

In  this  way  Ehrlich  prepared  a   great  number  of  these  little  tubes, 

each  one  containing  a   dried  serum  whose  value  was  accurately  deter- 

mined. Each  tube  contained  2   grams  of  the  dried  serum,  repre- 

senting 1,700  immunity  units  in  each  gram.  Every 'two  or  three 
months  one  of  these  tubes  is  carefully  opened  and  the  contents  dis- 

solved in  200  c.  c.  of  a   10  per  cent  solution  of  sodium  chlorid  and  gl^^c- 

erin  mixture,  the  mixture  containing  from  50  to  80  per  cent  of 

glycerin.  One  c.  c.  of  this  glycerinated  serum  represents  then  exactl}^ 
seventeen  times  the  normal  strength;  and  therefore  if  we  dilute  1   c.  c. 

of  this  glycerinated  serum  with  16  parts  of  water,  each  cubic  centi- 
meter of  the  dilution  contains  one  immunity  unit. 

Although  the  serum  is  used  as  a   basis  for  standardizing  the  strengths 

of  other  sera,  the  toxine  still  plays  a   very  important  role  in  the  process 

of  testing,  as  it  is  manifestly  impossible  to  estimate  the  strength  of  an 

«   Ehrlich:  Die  Wertbemessung  des  Diphtherieheilseriims  imd  deren  theoretisclie 

Grundlagen.  Klin.  Jahrb.,  Jena,  v.  6   (2),  1897,  pp.  299-326. 
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antitoxic  serum  by  comparing  it  directly  with  another  serum.  One  is 

compared  with  the  other  through  the  toxine. 

It  is  not  the  absolute  toxicity  of  the  poison  which  is  considered  in 

testing  the  strength  of  the  antitoxin,  but  a   combination  of  its  combin- 

ing and  poisonous  powers,  as  expressed  in  the  L+  dose  (see  p.  26). 

The  method  by  which  the  strength  of  standard  serum  is  estimated  and 

methods  by  which  other  serums  are  compared  with  it  are  fully  con- 

sidered in  detail  in  the  following  pages. 

It  is  to  be  noted  here  that  in  accordance  with  the  method  of  deter- 

mining the  power  of  diptheria  antitoxin,  as  devised  by  Ehrlich,  three 

important  factors  are  achieved:  The  poison  is  neutralized,  and  the 

protective  and  curative  powers  of  the  serum  established. 



THE  CONSTITUTION  OF  THE  TOXINE  AND  ITS  RELATION  TO 
ANTITOXIN. 

Ehrlich’s  discovery  that  the  relation  between  toxine  and  antitoxin  is 
not  always  the  same  led  him  to  investigate  the  constitution  of  the 

diphtheria  poison. 

It  is  believed  that  the  diphtheria  bacillus  primarily  secretes  at  least 
two  poisons,  the  toxin  and  the  toxone. 

The  toxin  is  not  stable  and  is  readily  reduced  to  toxoid.  For  the 

purposes  of  our  work  we  must  have  a   clear  understanding  of  the  toxin., 

the  toxoid.,  and  the  toxone. 

The  toxin  is  the  onh^  poison  produced  b}"  the  diphtheria  bacillus 
capable  of  causing  acute  death.  The  toxoids  have  little  or  no  poi- 

sonous properties.  The  toxones  produce  the  late  manifestations  of 

paralysis. 

The  interesting  point  about  all  of  these  poisons  is,  the}^  have  the 
power  of  combining  chemically  with  the  antitoxin.  In  other  words, 

toxin.,  toxoid.,  and  toxone.,  and  finally  ej)itoxonoid^  all  have  the  same 

haptophore  group,  but  different  or  modified  toxophores. 

The  poisonous  toxins  are  subdivided  into  three  groups  depending 

upon  the  degree  of  their  avidity  for  antitoxin,  \\z.,  2)rototoxm  ̂    deutro- 

toxin,  and  tritotoxin.  Each  of  these  toxin  groups  may  in  whole  or  in 

part  be  converted  into  toxoids.,  which  are  not  poisonous  but  which 

have  the  same  power  of  combining  with  the  antitoxin  as  the  toxin 

from  which  they  derive  their  origin.  These  altered  toxins  are  conse- 

quently known  as  prototoxoid,  deutrotoxoid,  and  tritotoxoid,  respec- 

tivel}\  The  ]?rototoxin  has  a   greater  affinity  for  antitoxin  than  the 

deutrotoxin,  and  the  deutrotoxin  has  a   greater  affinit}"  for  antitoxin 
than  the  tritotoxin.  The  same  relation  holds  good  for  the  three  toxoids. 

As  each  diphtheria  poison  contains  these  substances  in  varying  pro- 

portions it  is  at  once  evident  that  there  can  be  no  relation  between  the 

toxicity  of  the  poison  and  its  combining  power  with  antitoxin.  Take 

for  example  two  poisons  which  require  the  same  dose  to  kill,  but  in 

one  the  p)^'ototoxin  and  in  the  other  the  tritotoxin  has  become  altered 
mto  prototoxoid  and  tritotoxoid,  respectively.  It  is  then  evident  that 
in  order  to  neutralize  the  same  lethal  dose  in  the  first  case  it  would 

require  more  serum  than  in  the  second,  because  in  the  first  case  a   cer- 

tain proportion  of  the  antitoxin  would  be  used  up  b\^  combining  with 
the  prototoxoid,  which  is  nonpoisonous,  leaving  a   proportionately 

greater  amount  of  uncombined  toxin.  On  the  other  hand,  a   serum 

tested  against  ten  or  one  hundred  minimal  lethal  doses  of  these 

respective  poisons  would  appear  to  have  quite  different  immunizing 
values. 

(25) 
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The  toxone  is  one  of  the  primary  metabolic  products  of  the  diphthe- 

ria bacillus.  It  possesses  the  same  haptophore  group  as  the  toxin  ̂   but 

has  far  less  avidity  for  antitoxin.  When  the  diphtheria  poison  and 

antitoxin  are  brought  together  the  toxone  is  the  last  to  enter  into  com-  i 

Ihnation  with  the  antitoxin,  as  both  the  toxin  and  toxoid  have  greater 

affinities  for  the  antibodies  than  the  toxone.  The  toxone.^  as  before  ^ 

mentioned,  has  the  same  haptophore  group  as  the  toxin  but  has  a 

different  toxophore  group,  as  it  is  incapable  of  producing  acute  effects, 

cutaneous  necroses  and  death,  but  is  responsible  for  the  local  edema 

and  the  diphtheritic  paralysis.  ' 

The  diphtheria  poison  is  first  investigated  biologicall}"  b}-  adding 
varying  quantities  of  the  poison  to  the  immunity  unit  and  inoculating 

the  mixtures  into  a   series  of  guinea  pigs.  In  this  way  it  is  veiw  evi-  ; 
dent,  as  Ehrlich  has  shown,  that  two  limits,  boundaries,  or  zones  are 

alwa}’S  shown,  which  are  of  the  greatest  importance  in  determining  the 

nature  and  composition  of  the  poison.  Each  of  these  limits  is  desig- 

nated the  letter  L,  from  limes^  a   boundaiw  or  zone.  ! 

These  limits  are  known,  respectively,  as  L®  C^==nil)  and  L+  (-[-  = 
death).  | 
By  is  meant  that  quantity  of  poison  which  just  neutralizes  or 

saturates  one  immunity  unit  as  shown  at  the  necropsy  done  forty-eight 

hours  after  the  subcutaneous  injection  of  the  mixture  into  the  guinea 

pig.  The  reaction  at  the  site  of  the  inoculation  at  this  examination 

must  he  hardly  noticeable. 

Theoretically  the  L*’  dose  of  tctxine  must  unite  with  and  neutralize 

just  200  ‘‘combining  units’'  of  antitoxin.  The  L”  dose,  therefore,  ; 

contains  just  200  minimal  lethal  doses  of  a   theoretical!}’  pure  poison. 

By  L+  is  meant  the  smallest  quantity  of  toxine  that  will  neutralize  | 

one  immunity  unit,  plus  a   quantity  necessary  to  kill  the  animal  on 

the  fourth  day.  As  defined  by  Ehrlich,  the  L+  dose  is  that  quantity  ! 

of  poison  which,  despite  the  antibodies  contained  in  one  immunity 

unit  of  serum,  contains  a   sufficient  excess  of  the  poison  to  cause  the 

death  of  the  guinea  pig  within  the  course  of  four  days. 

In  studying  the  constitution  of  the  diphtheria  poison  it  is  also  nec- 

essary to  determine  its  absolute  toxicity  with  the  greatest  ])ossible  I 

precision.  The  absolute  toxicity  of  the  diphtheria  poison  is  usually 

spoken  of  as  the  minimal  lethal  dose  (MED),  sometimes  as  the  mini- 

mal fatal  dose  (MFD),  and  occasionally  as  the  simple  lethal  dose.  The  ; 

determination  of  the  minimal  lethal  dose  is  often  an  exceedingly 

tedious  problem,  and  in  some  cases  requires  as  many  as  100  animals. 

This  is  due  in  part  to  the  fact  that  the  determination  of  the  exact  limits 

is  largely  inffuenced  by  the  individuality  of  the  guinea  pigs,  so  that  it  ! 

is  necessary  to  repeat  the  work  on  a   series  of  animals  in  order  to  reach  i 

an  average. 
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The  minimal  lethal  dose  may  be  defined  as  that  quantity  of  toxine 

which  will  surel}^  kill  eveiy  guinea  pig  weighing  250  grams  in  the  course 
of  four  days  or,  at  the  very  latest,  five  days.  As  Ehrlich  has  pointed 

out,  such  a   quantity  may  kill  some  of  the  animals  sooner,  that  is,  within 

thirty-six  to  forty-eight  hours.  A   quantity  of  diphtheria  poison  that 

will  kill  every  guinea  pig,  without  exception,  acutely,  within  thirty- 

six  to  forty-eight  hours,  contains  more  than  the  minimal  lethal  dose. 
The  L+  dose  is  a   much  more  definite  and  constant  factor  than  the 

MLD.  It  does  not  show  the  irregularities  or  present  the  difficulties 

met  with  in  determining  the  absolute  toxicity  of  the  poison. 

In  his  earlier  work  Ehrlich  looked  upon  the  diphtheria  toxine  and 

antitoxin  as  simple  substances  neutralizing  each  other  as  an  alkali  does 
an  acid.  That  the  relation  between  these  two  substances  is  much  more 

complex  was  at  once  evident  as  soon  as  he  worked  out  the  complex 

nature  of  the  diphtheria  poison. 

The  best  method  of  studying  the  relations  between  toxine  and  anti- 

toxin is  by  mixing  these  two  substances  together  in  vaiying  amounts 

and  studying  the  effects  of  partial  saturation  or  neutralization.  As 

the  immunity  unit  is  supposed  to  contain  200  ‘‘combining  units,”  the 

most  valuable  information  is  obtained  by  adding  one  two-hundredths  of 

the  imimmit}"  unit  to  a   given  quantity  of  toxine,  using  either  the  L*'  or 
L+  dose  of  toxine.  These  mixtures,  inoculated  into  a   series  of  guinea 

pigs  of  standard  weight  and  under  standard  conditions,  will  give  cer- 
tain definite  results. 

By  mixing  with  the  L''  dose  of  the  diphtheria  toxine  such  fractional 
amounts  of  antitoxin  we  have  results  which  may  be  summarized  as 
follows: 

At  first  these  mixtures  ma}"  show  no  diminution  in  toxicit}^,  despite 

the  addition  of  considerable  (say,  forty  two-hundredths)  of  the  immunit}^ 

unit.  This  zone  represents  the  'prototoxoids.  Then  comes  a   time  when 

for  each  addition  of  one  two-hundredth  of  a   unit  of  antitoxin  the  poison 

may  lose  one  minimal  lethal  dose.  This  is  the  zone  of  toxins  {stpi- 

toxins).  Then  follows  the  zone  in  which  the  mixture  fails  to  produce 

acute  death,  but  may  cause  local  edema  and  later  paralysis.  This  is 

the  zone  of  toxones,  first  called  epitoxones  by  Ehrlich. 

Later,  von  Dungern'*  showed  the  presence  of  epitoxonoids  which 

have  the  same  combining  affinity  for  the  antitoxin,  but  show  no  poison- 

ous properties.  The  epitoxonoids  of  von  Dungern  explain  the  power 

of  neutral  mixtures  of  toxine  and  antitoxin  to  produce  immunity 

when  injected  into  susceptible  animals. 

The  results  of  the  partial  saturation  or  neutralization  tests  are  con- 

veniently studied  by  plotting  curves,  called  by  Ehrlich  “spectra.” 
Several  such  spectra  are  shown  in  fig.  2. 

«Beitragzurkenntnissder  bindungsverhaltnisse  bei  der  vereinigung  von  diphtlierie- 

gi ft  und  antiserum.  Dent.  ined.  woch.,  v.  80  (8-9),  1904,  pp.  275-277,  310-312. 
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Fig.  2 — Ehrlich’s  spectra. 
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In  studying  these  spectra,  it  must  be  remembered  that  one  immu- 

nity unit  theoreticall}"  neutralizes  200  minimal  lethal  doses  of  a   pure 

poison,  containing  only  toxin.  It  is  self-evident  that  such  toxin  ‘‘val- 

ences” may  be  substituted  by  other  substances  having  the  same  com- 
bining affinity  but  less  poisonous  or  not  at  all  poisonous,  such  as  toxoid 

and  toxone. 

As  toxines  containing  only  toxin  are  practically  never  obtained,  it  is 

evident  that  the  immunit}-  unit  will  be  found  in  actual  practice  to  neu- 
tralize a   less  number  of  minimal  lethal  doses  than  200,  the  remaining 

number  being  satisfied  with  the  toxoids  and  toxones. 

In  order  to  obtain  a   correct  understanding  of  these  spectra,  it  is 

necessary  to  know  how  one  is  cast.  The  most  instructive  results  are 

obtained  by  using  the  dose  of  toxine.  The  L®  dose  is  that  quantity 
of  toxine  which  will  just  neutralize  one  immunity  unit.  The  dose 

should  contain  just  200  MLD’s  of  a   theoretically  pure  toxine,  contain- 
ing only  toxin. 

Let  us  make  a   spectrum  of  an  impure  toxine  containing  the  fol- 

lowing: 

L®==  50  combining  units  oi  j^)7'ototoxin. 

100  combining  units  of  toxin  (   =   100  MLD’s). 

50  combining'  units  of  toxone. 
'   200 

Then: 

L®  dose  of  toxine  =100  MLD’s,  i.  e..  contains  enough  toxhi 
to  kill  100  guinea  pigs. 

L*’+2^o  immunit}^  unit=100  MLD’s. 

L^-h/oV  iuim unity  unit =100  MLD’s. 

L®+//o  immunity  unit  =   100  MLD’s. 

Up  to  this  point  we  see  that  the  addition  of  fift}^  two-hundredths  of 

the  immunity  unit  has  no  efi'ect  upon  the  toxicit}^  {toxw)  of  the  poi- 
son. In  other  words,  the  antitoxin  is  being  used  up  by  combining 

with  some  nonpoisonous  substance,  viz,  prototoxoid.  The  first  50 

segments  of  our  spectra  will  therefore  consist  of  this  modified  toxin. 

If  now  we  add  more  antitoxin  to  our  toxine  we  will  find  that  for  the 

addition  of  each  one  two-hundredths  of  the  immunity  unit  the  toxine 

loses  one  INILD — 

L'^+gVo  iuimunity  unit=99  MLD’s. 

L^-f-gVo  immunitv  unit=80  MLD’s. 

immunity  unit  =   3   MLD’s. 

L”T-|t§  immunity  unit=  2   MLD’s. 

immunity  unit=  1   MLD. 

That  is,  the  L®  dose  of  toxine  plus  one  hundred  and  forty-nine  two- 

hundredths  of  the  immunity  unit  contains  in  the  mixture  just  enough 



30 

free  poison  {toxhi)  to  kill  one  guinea  pig.  Therefore,  the  next  100 

segments  of  this  spectrum  will  consist  of  toxin. 

If  we  now  add  one  two-hundredths  more  of  antitoxin  the  mixture 

will  fail  to  kill.  Thus, 

immunity  unit=will  not  kill  acutel}^,  but  causes  paraly- 

sis {toxones). 

immunity  unit  =   will  not  kill  acutely,  but  causes  paral}"- 
sis  {toxones). 

immunity  unit = will  not  kill  acutel}",  but  causes  paralj^- 
sis  {toxones). 

immunit}^  unit  =   complete  neutralization. 

The  last  50  segments  of  the  spectrum  would,  therefore,  be  made  up 
of  toxone. 

The  spectrum  of  this  poison  Avould,  therefore,  be  expressed  as  fol- 
io avs  : 

Fig.  3. — A   spectrum  of  a   simple  poison.  Redrawn  from  Madsen,  La  Constitution  du  poison  diphthe- 

rique.  Ann.  de  I’lnstitut  Pasteur.  A’'ol.  XIII,  1899,  p.  576. 

this  graphic  representation  of  the  results  of  the  studies  of  toxine- 

antitoxin  mixtures  it  is  possible  to  tell  at  a   glance  the  proportional 

amounts  of  toxin.,  toxoid.,  or  toxone  contained  in  a   giA^en  poison. 

The  folloAAung  instructive  instance  is  taken  from  Ehrlich’s  poison 
No.  5:« 

L"  dose  of  this  toxine  No.  5   Avas  0.125  cc. 
L+  dose  of  this  toxine  No.  5   Avas  0.25  cc. 

MLl)  dose  of  this  toxine  No.  5   Avas  0.0025  cc. 

It  will,  therefore,  be  seen  that  the  dose  of  this  particular  toxine 

contained  exactly"  50xMLD,  and  the  L-J-  dose  contained  lOOxMLD. 

The  gradual  ciianges  which  this  poison  under Avent,  as  shown  b}"  the 
spectra,  may  be  explained  as  follows: 

In  A   (tig.  2)  pure  heniitoxin  is  shoAAm.  By  this  is  meant  that  the 

addition  of  each  one  two-hundredths  of  the  immunity  unit  to  the  L'* 

« Ehrlich:  Ueber  die  constitution  des  diphtheriegiftes.  Dent.  med.  Avoch.,  J^eip- 

zig,  V.  24  (38),  1898,  pp.  597-600. 
Ehrlich:  Ueber  die  giftcomponenten  des  diphtherietoxins.  Berl.  klin.  woch., 

1903,  nos.  35-37. 

.   i 

! 
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dose  takes  away  just  one-half  MLD  until  100  such  combining  units,  or 

one-half  of  the  immunity  unit,  has  been  added.  A   further  addition 

of  antitoxin  had  no  effect  upon  the  toxin  as  shown  by  death  or  necroses, 

but  only  influenced  the  toxone. 

In  B   (fig.  2),  instead  of  an  equal  mixture  of  toxin  and  toxoid^  known 

as  Kemitoxin^  we  have  a   mixture  of  toxin  and  toxoid^  containing  more 

of  the  latter  than  the  former,  as  indicated  by  the  diminished  toxicity. 

The  evidence  of  tritotoxin  is  shown  in  the  spectra  between  80  and  100. 

Phase  D   (fig.  2)  shows  a   further  loss  of  toxicity  of  this  poison  No. 

5   under  consideration.  By  this  time  the  minimal  lethal  dose  had  risen 

to  O.OOI.  It  will  be  seen  that  the  addition  of  forty  two-hundredths  of 

the  immunity  unit  had  no  influence  upon  the  toxicity  of  the  poison, 

indicating  the  appearance  of  2>'^'ototoxoid. 
Three  distinct  zones  may  be  distinguished  in  such  spectra. 

The  first  zone,  which  is  not  always  present,  represents  the  non- 

poisonous  prototoxoid. 

The  second  zone  contains  the  poisonous  toxin. 

If  the  addition  of  2^0  the  immunity  unit,  which  represents  one 

combining  unit,  removes  exactly  1   MLD,  the  poison  then  contains 

pure  toxin.  Sometimes  the  addition  of  one  combining  unit  removes 

on  the  average  one-half  the  lethal  dose.  This  phenomenon  is  inter- 

preted as  indicating  the  mixture  of  equal  parts  of  toxins  and  toxoids.^ 

designated  by  Ehrlich  as  lieniitoxhi.  The  existence  of  liemitoxin  is 

possible  only  in  case  the  toxoid  has  precisely  the  same  avidity  for  the 

antitoxin  as  the  toxin.  From  this  it  follows,  as  Ehrlich  had  from  the 

beginning  assumed  and  as  Arrhenius  has  confirmed,  that  in  the  trans- 

formation of  toxin  into  toxoid  no  change  in  avidity  occurs. 

Pure  toxoid  occurs  often  in  the  form  of  j^rototoxoid^  wliich  possesses 

a   stronger  affinity  for  antitoxin  than  all  other  components  of  the  poison. 

The  jyrototoxoid  manifests  its  presence  by  the  fact  that  a   certain  quan- 

tit}^  of  antitoxin  may  be  added  to  the  diphtheria  poison  without  in  the 

slightest  degree  lessening  its  toxicity. 

The  third  zone,  which  Ehrlich  calls  the  ‘Moxone  zone,  has  been 
subject  to  the  greatest  amount  of  discussion  and  the  correctness  of 

his  views  has  been  questioned,  especially  by  Arrhenius  and  Madsen.® 
Arrhenius  insists  that  instead  of  considering  the  diphtheria  poison  to 

contain  toxin  and  toxone.^  it  would  be  simpler  to  consider  it  as  a   single 

(homogeneous)  substance  which  has  a   very  weak  affinity  for  the  anti- 

toxin, and  that  in  mixtures  containing  toxine  and  antitoxin  there  is 

alwaj's  both  free  toxine  and  free  antitoxin.  He  draws  his  analog}^  from 
known  facts  in  physical  cliemistiy,  particularly  from  studies  upon 

«Toxines  et  aiititoxiiies  le  })oisoii  dipliterique.  Acad.  roy.  sci.  et  let.  Daneiiiark: 

Bull,  no.  4,  1904.  pp.  269-305. 
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the  relation  of  boracic  acid  and  ammonia.  These  two  substances  have 

a   comparatively  weak  affinity  for  each  other,  and  in  mixtures  all  the 

boracic  acid  does  not  combine  with  the  ammonia,  but  there  is  always 

present  both  free  ammonia  and  free  boracic  acid. 

When  ammonia  and  boracic  acid  are  broug’ht  together  in  watery 
solution  some  of  the  ammonia  at  once  unites  with  some  of  the  boracic 

acid  and  forms  ammonium  borate.  This  reaction  starts  with  a   certain 

velocity,  but  as  the  mass  of  ammonium  borate  increases,  the  velocity 

of  the  reaction  gradually  diminishes.  After  a   time  a   condition  is 

reached  when  the  ammonium  borate  has  a   maximum  value  and  does 

not  further  increase,  no  matter  how  long  the  reaction  is  allowed  to 

proceed  under  the  given  conditions. 

When  this  condition  of  equilibrium  is  reached  the  mass  contains  a 

constant  quantity  of  water,  ammonia,  boracic  acid,  and  ammonium 

borate;  but  these  substances  are  not  at  rest.  The  ammonia  and 

boracic  acid  will  always  react  when  in  the  presence  of  each  other 

whether  or  not  ammonium  borate  is  present.  But  as  the  proportionate 

amount  of  ammonium  borate  remains  constant,  it  is  understood  that 

while  this  continuous  association  lietween  the  ammonia  and  the  boracic 

acid  is  going  on  there  is,  at  the  same  time,  a   reversible  action — that  is, 
a   dissociation  of  the  ammonium  borate  to  re-form  aimnonia  and 

boracic  acid  These  two  reactions  take  place  simultaneously. 

Arrhenius  believes  that  the  diphtheria  poison  changes  slowly,  accord- 

ing to  the  laws  of  monomolecular  reactions,  into  a   nonpoisonous  body — 
toxoid.  Both  substances,  toxin  and  toxoid,  according  to  Arrhenius, 

combine  feebly  with  antitoxin,  the  equilibrium  constant  being  equal 
for  both. 

Ehrlich,  however,  contends  on  the  other  hand  that  the  diphtheria 

poison  is  not  onh"  a   complex  substance,  lint  that  the  to.vin  and  antitoxin 
have  strong  affinities  for  each  other.  He  admits  that  the  long  interval 

between  the  values  of  L®  and  L-h  seems  to  oppose  the  acceptance  of  a 
strong  affinity  between  the  toxin  and  antitoxin. 

Designate  b}"  D   the  amount  of  toxine  representing  the  dilference 

between  L-(-  and  L®.  From  chemical  examples  it  can  be  easily  shown 
that  with  poisons  of  strong  avidity  the  value  of  D   must  correspond 

exactly  to  one  minimal  lethal  dose,  whereas  with  poisons  of  weak 

affinitv  D   may  be  much  larger  on  account  of  the  free  or  dissociated 

poison.  Ehrlich,  however,  linalH  succeeded  in  hnding  a   toxine  in 

which  D   was  precisely  of  the  theoretic  value  of  1.  Thereby  it  was  in 

principle  shown  that  toxin  and  antitoxin  unite  with  strong  affinitv, 

and  the  great  variation,  from  0   to  300  per  cent,  in  the  value  of  D   rep- 

resented by  dilferent  specimens  of  toxines  could  be  explained  by  the 

presence  of  toxone. 
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In  his  recent  very  careful  work  upon  the  constitution  of  diphtheria 

poison  and  the  relation  between  toxine  and  antitoxin,  von  Dungern^ 
concludes  that — 

;   1.  The  union  of  diphtheria  toxine  and  antitoxin  does  not  proceed  in 
accordance  with  the  ammonia-boric  acid  scheme. 

I   2.  The  observed  phenomena  of  combination  are  explicable  only 
I   upon  the  assumption  of  a   complex  constitution  of  the  diphtheria 

poison. 
3.  The  facts  find  their  best  explanation  in  the  action  of  a   toxone  and 

1   an  epitoxonoid.  Epitoxonoid  is  present  in  considerable  quantitj^  in 

toxic  broth.  The  immunizing  action  of  apparenth^  completely  neu- 
tralized toxines  can  therefore  be  explained. 

•I.  Constituents  of  the  diphtheria  poison  with  weak  affinity  after 
combining  with  antitoxin  may  eventually  become  so  firmly  bound  that 

this  union  can  only  be  incompletely  broken  b}^  toxin  of  stronger  avidity. 
The  strength  of  the  combination  is  of  significance  for  the  action  of 

'!  antitoxin. 

The  claim  of  Arrhenius  and  Madsen  that  the  toxine  is  a   simple  sub- 

stance having  a   weak  affinit}-  for  the  antitoxin,  and  that  the  combina- 
tion of  toxine  and  antitoxin  follows  the  Guldberg-Waage  law,  and  that 

the  reaction  is  therefore  reversible,  seems,  in  the  light  of  the  evidence 
before  us,  to  be  untenable. 

Nernst^  and  Michaelis^  consider  that  the  assumption  that  the  reac- 
tion is  reversible,  at  least  after  a   veiw  short  period,  is  arbitrary  and 

unsupported  by  evidence.  In  addition  to  von  Dungern,^  as  above 
cpioted,  Sachs, Morgenroth,^  and  others  have  brought  forward  new 
experiments  to  show  that  the  reaction  is  not  reversible,  and  that  the 
existence  of  toxoids  and  toxones  is  very  probable. 

The  question  as  to  the  existence  of  toxones  now  seems  by  the  work 

of  Calcar,  if  confirmed,  to  be  definitely  settled  in  favor  of  Ehrlich’s 
views.  Calcar  separated  from  diphtheria  bouillon  b}’  special  methods 
of  filtration,  through  a   membrane,  two  poisonous  constituents.  The 

one  (Ehrlich's  toxin)  killed  acutely;  the  other  (Ehrlich’s  toxone)  pro- 
duced late  paralysis  and  death  after  several  weeks. 

Ehrlich  and  his  co-workers  had  been  able  to  show  the  existence  of 

toxones  only  b}^  more  indirect  methods  (partial  neutralization  of  toxine 

«Deut.  med.  Woch.,  1904,  Xos.  8   and  9. 

&Zeit.  f.  Elektrochem.,  10,  p.  377. 

<'’Biochem.  Centrlbl.,  3,  p.  1. 
f^Berl.  klin.  Woch.,  41,  p.  412. 

^Ibid.,  41,  p.  526. 

.tibid.,  41,  p.  1028. 

22277— .Vo.  21—05   3 



34 

with  antitoxin),  and  lack  of  direct  proof  of  their  existence  gave 

Arrhenius  and  Madsen’s  contention  that  the  toxones  were  only  the 
toxin  which  was  being  slowly  freed  from  the  antitoxin-toxine  com- 

bination a   certain  degree  of  plausibility/'^ 
Calcar  was  also  able  to  show  that  the  toxones  have  a   greater  molecular 

volume  than  the  toxins^  but  a   smaller  molecular  volume  than  the  pro- 
teids. 

It  therefore  seems  plain,  as  Ehrlich  states,  that  his  views  furnish  a 

far  better  explanation  than  those  of  Arrhenius  of  numerous  facts  in 

the  domain  of  toxines,  such  as  the  process  of  spontaneous  enfeeble- 
ment  of  toxins^  their  passage  into  a   state  of  stability,  the  reduction  of 

the  toxone  zone,  and  the  capacity  of  completely  neutralized  poisons  to 

produce  antitoxin  (Park)  b}"  means  of  von  Dungern’s  epitoxonoids. 

«Reid  Hunt  in  Gould’s  Amer.  Yearbook  of  Med.  and  Surg.,  1905,  p.  619. 



THE  TOXINE. 

PKEPARATION  OF  THE  TOXINE. 

The  culture. — For  the  preparation  of  the  toxine  we  use  a   culture 

known  as  “Park’s  bacillus  No,  8.”  This  culture  has  now  become 

famous  in  laboratories  both  in  this  country  and  abroad  on  account  of 

its  remarkable  power  of  retaining  its  virulence  and  producing  strong 

poisons.  The  culture  was  isolated  in  189d  b}^  Dr.  Anna  W.  Williams, 
of  the  New  York  health  department,  and  is  sometimes  known  as  the 

Park- Williams  bacillus. 

The  best  results  are  obtained  by  growing  the  organism  as  a   surface 

growth  in  the  special  bouillon  presently  to  be  described.  We  cany  it 

over  from  test  tube  to  test  tube  eveiy  day,  taking  only  the  surface 

film  with  a   flattened  platinum  needle. 

The  strongest  poisons  are  obtained  when  the  surface  growth  is 

heavy  and  the  bouillon  remains  clear.  A   precipitate  of  the  old  and 

dead  organisms  always  collects  at  the  bottom  of  the  tube. 

The  houillon. — The  bouillon  is  a   special  alkaline  medium  prepared 
from  fresh  lean  beef  freed  of  muscle  sugar  and  all  other  sugars,  and  to 

which  a   small  quantity  of  dextrose  (glucose)  is  added,  which  seems  to 

favor  the  production  of  a   strong  poison. 

The  bouillon  is  prepared  largely  in  accordance  with  the  instructions 

laM  down  by  Theobald  Smith  in  a   paper  entitled  “The  relations  of 

dextrose  to  the  production  of  toxin  in  bouillon  cultures  of  the  diph- 

theria bacillus.” “   This  culture  medium,  which  we  call  “Smith’s 

bouillon,”  is  prepared  by  us  as  follows: 
Cut  out  all  the  fat  and  tendon  of  the  beef.  Pass  through  the  meat 

grinder,  catching  all  the  expressed  juice.  Weigh  and  add  twice  the 

weight  of  water.  Place  in  the  cool  room  at  15°  C.  foi-  twenty-four 
hours,  then  strain  through  cloth,  pressing  firmly.  Weigh  the  amount 
of  meat  infusion  thus  obtained.  Take  the  reaction  and  neutralize 

with  sodium  h}"drate  to  1.5  per  cent  acidit}^  to  phenol-phthalin  in 
order  that  the  colon  bacillus,  which  is  now  planted  in  it,  may  grow 

well.  Inoculate  with  a   reliable  culture  of  T.  coll  communis^  using  10 

c.  c.  of  a   twenW-four-hour-old  bouillon  culture  for  each  liter  of  meat 

infusion.  Grow  at  37°  C.  for  twent3"-four  hours.  Add  the  white  of 

«Journ.  Exper.  Med.,  vol.  4,  nos.  3-4,  1899. 
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one  egg  for  each  liter  of  infusion.  Heat  gently  for  twenty  minutes 
to  coagulate  the  albumin,  and  then  filter  while  hot  through  paper. 
Weigh  the  amount  of  filtrate  obtained  and  add  sufficient  water  to  make 

up  the  loss  to  the  original  amount.  Take  the  reaction  again  and 
neutralize  with  sodium  hydrate  to  an  acidity  of  0.5  per  cent,  then 

add  1   per  cent  peptone  and  one-half  per  cent  sodium  chlorid  and  0.1 
per  cent  dextrose.  Heat  again  for  twenty  minutes  in  streaming  steam 
in  an  open  autoclav.  Again  take  reaction,  neutralize  and  repeat  until 
the  reaction  of  the  infusion  is  just  0.5  per  cent.  The  medium  is  now 
filtered  through  paper  and  filled  into  Fernbach  flasks,  test  tubes,  etc. 

These  are  sterilized  in  the  autoclav  at  a   temperature  of  120°  C.  for 
twenty  minutes. 

The  fermentation  tubes  prepared  and  sterilized  without  the  addition 

of  the  0.1  per  cent  of  dextrose  are  now  planted  with  a   young  culture 

of  the  colon  bacillus  and  incubated  fort^^-eight  hours.  If  there  is 
no  muscle  sugar  present  the  growth  stops  sharph"  at  the  closed  end 
without  gas  production  and  the  reaction  of  the  medium  in  the  closed 
and  open  arms  is  about  the  same. 

Test  tubes  are  also  filled  and  the  final  reaction  is  taken  from  the 
medium  in  one  of  the  test  tubes  which  were  sterilized.  The  reaction 

is  always  found  to  rise  about  0.1,  due  perhaps  to  the  formation  of  acid 

salts  b}"  the  heat  of  sterilization. 
Our  strongest  toxines  were  obtained  by  adding  the  dextrose  after  the 

final  sterilization  and  at  the  time  of  inoculation,  confirming  the  results 
obtained  by  Hitchens  working  with  Kinyoun. 

The  reaction  of  the  bouillon  used  to  grow  the  diphtheria  culture  is 
veiT  important  if  we  desire  to  obtain  a   strong  poison.  The  reaction 

of  the  bouillon  we  use,  0.5  per  cent  acid  to  phenol-phthalin,  is  diS' 
tinctty  alkaline  to  litmus. 

The  diphtheria  bacillus  during  the  first  period  of  its  growth  alwa}^s 
produces  an  increased  acidity  in  the  bouillon.  The  culture  used  in 

this  laboratory  causes  a   marked  rise  in  acidity  during  the  first  twenty- 
four  or  forty-eight  hours  and  then  a   gradual  change  to  alkali  produc- 

tion, so  that  b}"  the  seventh  day  the  reaction  of  the  culture  has  returned 
to  about  its  original  point,  0.5  per  cent. 

Park  and  Williams,  and  also  Theobald  Smith,  have  shown  that  an 
excess  of  acid  in  the  medium  is  detrimental  to  the  production  of 

strong  poisons.  The  rise  in  acidity  above  noted  amounts  to  1   to  1.5  per 
cent.  The  reaction  of  the  medium  therefore  never  becomes  more  acid 

than  1.5  to  2   per  cent,  using  phenol-phthalin  as  an  indicator.  A 
bouillon  which  is  1.5  per  cent  acid  to  phenol-phthalin  is  still  distinctly 
alkaline  to  litmus. 

The  method  as  above  described  has  given  the  best  results  in  this 
laboratory.  With  it  we  have,  in  one  instance,  obtained  a   toxine  so 
strong  that  0.0008  c.  c.  was  sufficient  to  kill  standard  weight  guinea 
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pigs  within  four  days.  e   not  inf requenth"  obtain  toxines,  the  MLD 

of  which  is  0.005  c.  c.  However,  such  favorable  results  are  not  ̂  

always  obtained.  Sometimes  for  several  weeks  in  succession  our 

toxines  have  failed  to  kill  guinea  pigs  in  doses  as  large  as  0.01  c.  c. 

It  must  be  evident  to  anyone  who  has  had  practical  experience  with 

the  manufacture  of  diphtheria  antitoxin  that  there  are  factors  con- 

cerned in  the  production  of  a   strong  poison  that  are  not  at  all  under- 

Fig.  5. — Method  of  filtering  the  culture.  Flask  for  storing  the  toxine  in  bulk  with  Maasen  mouth 
'   piece. 

stood.  It  is  sometimes  discouraging  to  those  who  take  especial  pains 

to  comply  with  all  the  requirements  believed  to  favor  the  production 

of  strong  toxines  to  find  that  other  laboratories  who  use  simpler 

methods  obtain,  on  the  average,  poisons  of  equal  and  sometimes  supe- 
rior toxicity. 

Roux  and  Yersin«  noticed  that  the  toxicity  of  a   liquid  increased  more 

rapidly  and  more  regularly  Avhen  the  culture  is  grown  in  the  presence 

«Mace,  E, :   Traite  pratique  de  bacteriologie.  pp.  589-590. 
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of  air  frequently  renewed,  They^  passed  filtered  air  across  the  surface 

of  the  culture.  This  procedure,  once  widely  employed,  has  now  been 

generally  abandoned,  it  having  been  found  that  it  is  sufficient  to  have 

a   large  surface  of  the  culture  exposed  to  air.  It  is  now  the  universal 

practice  in  almost  all  laboratories  to  grow  the  toxin e   in  shallow  laj^ers 
of  broth  contained  in  flat-bottomed  vessels  such  as  the  Fernbach  flask. 

Spronck"  believed  that  the  presence  of  glucose  in  the  bouillon  pre- 

vents the  bacillus  of  diphtheria  from  producing  strong  toxic  sub- 

stances. He  recommended,  in  order  to  eliminate  the  glucose,  to  use 

meat  aged  almost  to  the  point  of  putrefaction.  He  also  recommended 

that  care  should  be  taken  to  use  a   peptone  freed  from  glucose  <and  the 

addition  to  the  bouillon  of  0.5  per  cent  of  sodium  chlorid  and  a   small 

quantity  of  carbonate  of  lime. 

Nicolle^  used  fresh  beef  killed  the  same  morning.  He  added  2   per 
cent  peptone  and  5   per  cent  salt. 

Park  and  Williams^  recommend  the  emplo3"ment  of  a   decidedly  alka- 

line bouillon,  containing  2   to  T   per  cent  peptone.  The}^  obtained  the 

best  results  with  a   bouillon  distinctly  neutral  to  litmus  and  then  an 

additional  7   c.  c.  of  normal  soda  per  liter.  Such  a   bouillon  has  a   dis- 
tinct  alkaline  reaction  to  litmus. 

Martin  insists  that  the  boullion  should  be  made  with  a   fluid  peptone 

obtained  from  the  stomachs  of  hogs. 

Spronck,^  in  his  second  process,  reported  success  b}"  growing  the 
culture  in  a   decoction  of  yeast. 

In  inaii}^  laboratories  a   preference  is  given  for  the  simplest  methods, 

using  an  ordinal* v   bouillon  distinct!}"  alkaline,  following  the  recom- 
mendations of  Park  and  Williams. 

The  methods  used  in  this  laboratory,  as  previously  described,  are 

largely  taken  from  the  experimental  work  of  Theobald  Smith. 

Neutralization. — The  reaction  is  taken  with  phenol-phthalin  as  an 
indicator  as  follows: 

To  5   c.  c.  of  the  bouillon  add  45  c.  c.  of  distilled  water  plus  1   c.  c. 

of  a   0.2  per  cent  solution  of  phenol-phthalin  in  95  per  cent  alcohol. 
N 

Heat  to  boiling  and  titrate  while  nearly  boiling  with  a   solution  of 

«Spronck:  Sur  les  conditions  dont  depend  la  production  du  poison  dans  les  cul- 
tures diphteriques.  Moyen  simple  de  j^reparer  une  toxine  tres  active.  C^Ann.  de 

rinst.  Pasteur,  IX,  1895,  p.  758. 

^Nicolle:  Preparation  de  la  toxine  diphterique.  <yAnn.  de  I’lnst.  Pasteur,  10, 
1896,  p.  3:I3. 

<^Park  &   Williams:  The  production  of  diphtheria  toxin.  CiJourn.  exi)er.  med., 
I,  1896,  p.  164. 

Martin:  Production  de  la  toxine  diphterique.  <Aim.  de  I’lnst.  Pasteur,  12, 
1898,  p.  26. 

^Spronck:  Preparation  de  la  toxine  diphtericiue;  sui)pression  de  I’emploi  de  la 
viande.  <Ann.  de  Plnst.  Pasteur,  12,  1898,  p.  701. 
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sodium  hydrate.  The  reaction  is  indicated  by  the  first  appearance 

of  a   distinct  rose-red  color,  best  seen  in  a   white  porcelain  dish  before  i 
a   well-lighted  window. 

Example:  2.6  c.  c.  of  the  ̂    NaOH  solution  is  found  necessary  to  i 

neutralize  5   c.  c.  of  the  bouillon  in  order  to  obtain  the  desired  acidity 

of  0.5  per  cent,  add  2.1  c.  c.  (2.6— 0.5  =   2.1),  of  the  normal  soda  solu- 

tion (10  to  1,000)  to  each  100  c.  c.  If  an  acidit}"  of  1.5  per  cent  is  ! 

desired,  add  1.1  per  100  c.  c.  (2.6— 1.5  =   1. 1). 

Each  lot  of  bouillon  is  numbered  and  a   complete  record  kept  of  } 

every  stage  of  the  operation  upon  the  blank  shown  in  fig.  6.^^  i| 
The  bouillon  is  distributed  in  modified  Fernbach  flasks,  presenting  j 

a   large  surface  to  the  air  for  pellicle  growth.  Seven  hundred  and  fifty  | 

c.  c.  of  the  bouillon  is  placed  in  each  flask.  | 

The  fresh  1}^  prepared  media  is  inoculated  upon  the  surface  from  a   ] 

twenty-four-hour-old  culture  by  means  of  a   platinum  spoon. 

The  flasks  are  incubated  for  seven  da}^s  at  37.5°  C. 

They  are  then  removed  and  examined  for  purit}"  by  means  of  cover 

slips.  All  at3"pical  growths  are  discarded.  i 
The  final  reaction  of  the  culture  when  taken  from  the  incubator  is 

taken  for  each  flask.  This  usuall}"  varies  from  0.6  to  0.8  per  cent. 

Veiy  acid  results,  such  as  1.5  or  over,  would,  according  to  Smith’s 
work,  indicate  the  absence  of  a   strong  poison  and  may  be  discarded 

without  further  testing  upon  guinea  pigs.  * 

The  bouillon  is  now  filtered  through  a   pear-shaped,  unglazed  porce-  I 

lain  filter  or  a   Berkefeld  candle  b}"  means  of  a   vacuum.  The  arrange- 
ment for  filtering  the  virus  is  shown  on  page  38.  This  diagram  also 

illustrates  the  character  of  the  flask  used  to  store  the  toxine  in  bulk. 

It  is  veiT  convenient  to  draw  ott'  small  amounts  from  time  to  time  by 
means  of  the  siphon  and  Maasen  nozzle  without  danger  of  contamina-  ■ 
tion.  The  especially  strong  and  otherwise  suitable  toxines  are  bottled  i 

from  these  flasks  without  the  addition  of  aii}^  preservative. 

Bottling  and  j)Teserving. — The  toxine  is  kept  in  bulk  in  the  2   liter  ; 
bottle  shaped  flasks  described  above,  and  later  divided  into  small  i 

ground-glass  stoppered  bottles  holding  5   and  10  c.  c.  each.  ! 
The  small  bottles  are  filled  to  the  neck  with  the  toxine  and  the  | 

stopper  inserted  so  that  the  air  is  all  displaced  and  the  fluid  completeh" 
fills  the  vial. 

A   minute  quantit}^  of  sterilized  liquid  petrolatum  is  touched  to  the  . 
ground  glass  of  the  stopper  so  as  to  prevent  the  two  surfaces  of  glass 

am  indebted  to  Dr.  Herbert  D.  Pease,  director  of  the  antitoxin  laboratory,  i 

New  York  State  department  of  health,  for  suggestions  on  the  method  of 'keeping  , 
records  on  the  card  system  shown  in  tigs.  4   and  6.  Doctor  Pease  very  kindly  let 

me  have  blanks  used  by  him,  which  were  modified  to  suit  our  purposes. 
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sticking  to  each  other.  As  it  is  probable  that  some  of  these  bottles 

will  be  kept  for  }"ears,  this  may  be  an  important  detail.  The  neck  of 
the  bottle  is  carefully  dried  and  then  quickly  dipped  into  melted  paraffin 

with  a   high  melting  point  so  as  to  seal  the  joint  completely  and  prevent 

evaporation  or  contamination. 

Each  bottle  is  labeled  and  stored  in  a   special  ice  box  kept  at  a   con- 

stant temperature  of  5°  C. 
It  will  be  seen  that  according  to  this  method  the  toxine  is  kept  in 

absolute  darkness,  free  from  contact  with  the  oxygen  of  the  air,  and 

at  an  equable  and  low  temperature.  By  the  use  of  the  ordinaiy  bac- 

teriological precautions  the  addition  of  a   preservative  as  toluol  and 

similar  substances  is  rendered  unnecessaiy. 

TESTING  THE  TOXINE. 

It  is  first  necessaiy  to  determine  the  minimal  lethal  dose  of  the  tox- 

ine with  approximate  accuracy.  W eak  poisons  are  discarded.  A   fresh 

toxine  requiring  more  than  0.01  c.  c.  to  kill  a   250-gram  guinea  pig  is 

too  weak  for  the  purposes  of  this  special  work. 

If  the  preliminaiy  tests  show  that  the  poison  has  the  required  tox- 

icity, its  minimal  lethal  dose  must  then  be  accurate!}"  determined. 
This  may  require  a   number  of  animals. 

After  the  absolute  toxicity  of  the  poison  has  been  determined  it  is 

necessary  to  establish  the  L+  and  the  L®  doses.  An  illustration  of 
how  these  doses  are  obtained  follows.  These  results  are  taken  from 

our  records. 

Tests  to  determine  the  L~r  dose  of  toxine  No.  7. 

Result. 

1   immunity  unit  —0.19  c.  c.  toxine   

1   immunity  unit  -|-  .20  c.  c.  toxine   

1   immunity  unit  —   .21  c.  c.  toxine   

1   immunity  unit  —   .22  c.  c.  toxine   

Invariably  causes  late  paralysis,  never 

acute  death. 

Sometimes  causes  late  paralysis  and 

sometimes  acute  death.  . 

Always  causes  acute  death  about  the 
fourth  day. 

Always  causes  acute  death,  usually  on 

the  second  or  third  day. 

The  L   -j-  dose  of  this  toxine  is,  therefore,  just  0.21  c.  c. 
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Tests  to  determine  the  dose  of  toxine  No.  7. 

Result  at  autopsy  forty-eight  hours  after  inocu- 
lation. 

1   immunity  unit  -f  0-14  c.  c.  toxine   

1   immunity  unit  +   .15  c.  c.  toxine   

1   immunity  unit  +   .16  c.  c.  toxine   

1   immunity  unit  -f  .17  c.  c.  toxine   

1   immunity  unit  +   .18  c.  c.  toxine   

1   immunity  unit  -f  .19  c.  c.  toxine   

Xo  visible  reaction. 

No  visible  reaction. 

Slightest  possible  congestion  about  car- 

bon particles,  or  no  reaction. 

Apparent  reaction  at  site  of  inoculation. 

Injection  and  edema  at  site. 

Injection  and  edema  at  site. 

The  L®  dose  of  this  toxine,  therefore,  is  0.16  c.  c. 
These  figures  are  actual  results  obtained  with  our  toxine  No.  7. 

I   If  the  interval  between  the  L+  and  the  L®  dose  is  greater  than 
15xMLD,  the  toxine  contains  too  great  a   proportion  of  toxones,  etc., 

and  should  not  be  used  for  testing  the  strength  of  antitoxin.  If  it  were 

possible  to  obtain  ideally  pure  toxines  in  which  the  interval  between 

I   the  L-h  and  the  L®  dose  was  only  one  minimal  lethal  dose,  our  prob- 
I   lem  would  be  simplified.  Unfortunately  such  a   poison  has  only  once 

'   i*  been  demonstrated.  However,  by  these  preliminary  tests  upon  a 
‘   ,f  number  of  poisons  we  select  the  most  suitable  for  the  purposes  of  this 
;   1?  special  work. 

^   Having  selected  a   suitable  poison,  it  is  now  laid  aside  to  season. 
I   f   For  this  purpose  the  toxine  should  be  kept  in  bulk,  so  that  the  process 

Swill  be  uniform  throughout  the  mixture.  If  it  is  kept  in  diffused iHight  at  room  temperature,  the  changes  will  take  place  quicker  than  if 

I   kept  in  the  ice  box.  At  intervals  of  about  a   month  the  toxine  is  tested 

j   f   in  order  to  determine  the  rate  of  change.  These  examinations  will 

!!  disclose  the  fact  that  the  toxicity  graduall}"  diminishes  and  the  h-f 

'   dose  increases.  These  alterations  take  place  progressively  until  the 

j   poison  arrives  at  a   stage  of  equilibrium.  Here  it  may  remain  for  a 

I   long  time.  A   short  time  before  this  stage  of  equilibrium  is  reached  it 

'   is  best  to  divide  the  toxine  into  small  bottles,  excluding  the  air,  in  order 

j   to  guard  against  loss  by  accident  or  contamination,  and  store  the  entire 

I   lot  in  a   cold  place  protected  from  light. 

I   The  toxine  can  not  be  depended  upon  for  the  purpose  of  testing  the 

antitoxin  until  this  stage  of  equilibrium  is  reached.  After  a   varying 

j   length  of  time  the  toxine  will  again  show  change  in  toxicity,  and  when 
I,  this  second  period  of  change  sets  in  the  toxine  should  be  discarded  as 

no  longer  serviceable  for  the  purposes  of  these  tests. 

As  soon  as  the  toxine  has  reached  its  stage  of  stabilit}"  or  equilil)- 
\   ;   rium,  that  is,  when  the  test  dose  remains  constant,  it  is  necessaiy  to 

I   i   determine  this  test  dose  (L+)  with  the  greatest  possible  accurac}’. 
1 1   The  well-standardized  toxines  used  in  this  laboratory  are  tested 
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against  the  immunity  unit  every  week  or  two  in  order  to  assure  oui- 

selves  that  they  are  not  undergoing  change.  A   number  of  carefully 

tested  toxines  are  alwa^^s  kept  on  hand,  so  that  we  nm^  have  a   double 
test  of  the  serums  we  are  standardizing,  as  well  as  to  guarantee  against 

changes  in  the  toxines  which  ma}"  set  in  suddenly. 
The  exact  standardization  of  a   toxine  takes  considerable  time  and 

we  therefore  can  not  depend  upon  one  poison.  The  exact  L+  dose 

of  a   well-seasoned  toxine  is  the  keynote  of  the  whole  testing  opera- 

tion. Without  this  test  dose  good  results  are  impossible.  Every 

effort  must  be  made  to  obtain  a   reliable  poison  that  answers  all  the 

requirements  and,  having  such  a   toxine,  to  maintain  it  under  the  most 

careful  conditions  in  order  to  keep  it  in  a   state  of  equilibrium  as  long 

as  possible.  As  the  toxine  grows  old  the  tests  naturally  multiph^  in 
number  and  increase  its  reliability  for  the  purpose  of  determining  the 

unit  strength  of  antitoxins. 

On  account  of  the  importance  of  the  L+  dose  I   exhibit  here  a   series 

of  L+  tests  showing  the  character  of  the  results  obtained  by  the 

poison  after  it  has  gained  its  stage  of  equilibrium. 

Table  giving  the  results  of  tests  on  Toxine  Xo.  7   for  L—  dose,  us-ing  0.21  c.  c.  of  the  toxine 
against  one  immunitii  unit,  from  October  24,  1904,  to  December  22,  1904- 

Guinea  pig 
Xo. 

Time  of 
death. Eemarks. 1   Guinea  pig Xo. 

Time  of 
death. 

Remarks. 

Dys.  ?ir$.  1 
Dys.  hrs. 395   1 3 

0   1 
859   2 

20 

Usual  reactions. 

453   1 3 5 860   2 15 Do. 
4^   5 

15 
903   3 

^   3 9 904   3 16 
545   3 

21 905   6 2 
546   3 5   1 948   3 2 
547   3 18  ! 949   3 2 
601   5 

16  i 
950   3 

18 

60'^ 
2 17 

Clear  serous  fluid  in  pleu- 
1  951   3 18 

ral  cavities. 984   3 6 
603   ! 3 13 985   1 

18 

Pneumonia. 

604   3 6 986   1 

17 

Peritonitis;  serous  exu- 
605  1 

18 
Omentum,  mesentery,  and date;  omentum  very  red. 

broad  ligament  inject-  , 
987   5 6 

ed,  etc. 988   1 17 !   Pneumonia. 
621   3 2   : 989   2 6 Clear  serum  in  pleural 
622   2 19 

Clear  fluid  in  pleural  cav- cavities. ity. 
1063   4 

20 

623. 3 2 1064   3 0 
624   3 14 1065   3 12 
625   3 1066   4 

13 

693   3 
18 1067   3 8 

694   4 
11 

1068   3 4 
695   3 14 1069   1 17 Pneumonia,  both  upper 
696   4 8 

lobes. 

697   3 
16 

1   1124   

2 17 Spleen  and  liver  show 
750   3 19 

sharply  defined  caseous 
751   

^   2 
12 Peritoneum  discolored areas. 

and  petechia?  through- 
1125  

1   4 

16 

out. 1126   3 17 
752 

'   2 

12 Some  peritoneal  reaction 1127   5 17 

and  clear  serum  in  pleu- 1128  2 17 Usual  reaction. 
rae. 1129   3 6 

753   
1   9 

14 Nothing  unusual,  adre- 
1150   3 8 

1   nals  congested,  local  re- 

i   1151   

1 19 
Severe  peritoneal  reac- 

i  action. tion. 
754   1   2 17 Do. 1152   9 17 Peritoneal  fat  injected. 
808   

i   3 

17 
i   1153   

I   3
 

11 
809.  . 4 14 1154   2 

16 

Clear  serum  in  pleural 
855   2 20 Usual  reaction. cavities. 
856   :   4 4 1155   2 12 Usual  reaction. 
857 3 9 

I   1156   

3 11 
858   4 4 
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During  two  months  covered  by  the  table  every  one  of  the  68 

animals  injected  with  0.21  c.  c.  of  this  toxine,  mixed  with  1   immunit}^ 
unit,  died  acutely.  None  recovered.  Most  of  the  guinea  pigs  died  on 

the  fourth  day.  As  we  usually  inoculate  our  animals  at  about  3   o’clock 
in  the  afternoon,  animals  dying  between  three  days  two  hours  and 

four  days  two  hours  will  appear  on  the  autops}^  table  on  the  fourth 
day. 

Animals  dying  before  the  fourth  day  usually  show  at  autopsy  some 

reason  for  this  increase  of  susceptibility. 

The  following  tables  used  for  diluting  our  toxines  for  MLD  and  L+ 
doses  will  be  found  useful : 

TABLES  FOR  DILUTING  TOXINES  FOR  NLD. 

First  dilution. 

1+99  =   1:100 

Second  dilution. 

1   of  first  dilution+49  =   l:  5000 

1   of  first  dilution+39=l:  4000 

1   of  first  dilution+29  =   l:  3000 

1   c.  c.=.0002 

1.5  c.  c.=.0003 

2   c.  c.  =   .0004 

2.5  c.  c.  =   .0005 

3   c.  c.  =   .0006 

0.8  c.  c.=.0002 

1   c.  c.  =.00025 

1.2  c.  c.=.0003 

1.6  c.  c.=.0004 

2   c.  c.  =   .0005 

2.4  c.  c.=.0006 

2.8  c.  c.  =   .0007 

3.2  c.  c.  =   .0008 
0

.

 

9

 

 

c.  c.  =   .0003 

1   c.  c.  =.00033 

1.2  c.  c.  =.0004 

1.5  c.  c.  =   .0005 

1.8  c.  c.  =   .0006 

2.1  c.  c.=.0007 

2.4  c.  c.=.0008 

2.7  c.  c.  =   .0009 

3   c.  c.  =   .001 

1.  c.  c.  =   .001 

1.5  c.  c.  =   .0015 

2   c.  c.  =   .002 

2.5  c.  c.  =   .0025 

3   c.  c.  =   .003 

1   of  first  dilution+9  =   l:1000 



46 

TABLES  FOR  DILUTIXG  TOXIXES  FOR  J/ii).— Continued. 

dilution. 

1+49  =   1:50 

Second  dilution. 

1   of  first  dilution+9  =   l:  500 1   c.  c.  =   .002 

1.5  c.  c.  =.003 

2   c.  c.=.004 
2.5  c.  c.  =   .005 

3   c.  c.=.006 

First  dilution. 

1+29=1:30 

Second  dilution. 

1   of  first  dilution+9  =   l:  300 

1+99  =   1:100 

0.9 c.  c.  =   .003 
1 c.  c.  =   .0033 

1.05 c.  c.  =   .0035 
1.2 c.  c.  =   .004 
1.35 c.  c.  =   .0045 

1.5 c.  c.  =   .005 
1.65 c.  c.  =   .0055 
1.8 

c.  c.  =   .006 
1.95 c.  c.=.0065 
2.1 

c.  c.  =   .007 
2.25 c.  c.  =   .00T5 
2.4 c.  c.  =   .008 
2.55 c.  c.  =   .0085 
2.T 

c.  c.  =   .009 
2.85 c.  c.  =   .0095 
3 c.  c.  =   .01 

1 c.  c.  =   .01 
1.5 

c.  c.  =   .015 
2 c.  c.  =   .02 
2.5 

c.  c.=.025 
3 c.  c.  =   .03 

1 c.  c.  =   .02 

1.5 c.  c.  =   .03 
2 c.  c.  =   .04 

2.5 c.  c.  =   .05 
3 c.  c.  =   .06 

1+49  =   1:50 
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TABLES  FOR  DILUTING  TOXINES  FOR  L+  DOSE— Continued. 

1
 
 

+   9   =   1:10  1.25  c.  c.  =   .125 

1.3  c.  c.  =   .13 

1.35  c.  c.  =   . 135 

1.4  c.  c.=.14 

1.45  c.  c.  =   .145 

1.5  CoC.=.15 

1.55  c.  c.  =.155 

1.6  c.  c.  =   .16 

1.65  c.  c.  =   .165 

1.7  c.  c.  =   .17 

1.75  c.  c.  =   .175 

1.5  c.  c.  =   .18 

1.85  c.  c.  =   .185 

1.9  c.  c.  =   .19 

1.95  c.  c.  =ol95 

2

 

 

c.  c.  =   .2 

2.05  c.  c.  =   .205 

2.1  c.  c.  =   .21 

2.15  c.  c.  =.215 

2.2  c.  c.  =   .22 

2.25  c.  c.  =   .225 

.2.3  c.  c.=.23 

2.35  c.  c.=.235 

2.4  c.  c.  =   .24 

2.45  c.  c.  =   .245 

2.5  c.  c.  =.25 

2.55  c.  c.  =   .255 

2.6  c.  c.  =.26 

2.65  c.  c.  =   .265 
2.7  c.  c.  =   .27 

2.75  c.  c.  =   .275 

2.8  c.  c.  =   .28 

2.85  c.  c.  =-.285 
2.9  c.  c.  =   .29 

2.95  c.  c.  =   .295 

3

 

 

c.  c.  =   .3 
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TABLES  FOR  DILUTING  TO  NINES  FOR  L+  />0.S’7?— Con  tinned. 

l+4  =   i:5 1 
c.  c.  = 

.2 

1.1 c.  c. .22 

1.2 
c.  c.  = 

.24 

1.3 
c.  c.  = 

.26 

1.4 

c.  c.  = 
00 

(M 

1.5 
c.  c.  = 

.3 

1.6 
c.  c.  = 

.32 
1.7 

c.  c.  = 

.34 

1.8 

c.  c.= 

.36 

1.9 
c.  c.  = 

.38 

■2 

c.  c.  = 
.4 

2.1 

c.  c.  = 

.42 

2.2 
c.  c.  = 

.44 

2.3 

c.  c.  = 

.46 

2.4 c.  c. .48 

2.5 
c.  c.  = 

.5 

2.6 

c.  c.= 
.52 

2.7 

c.  c.= 

.54 

b
o
 

c.  c.  = 
.56 

2.9 

c.  c.  = 

.58 

3   c.  c.=.6 

1+1  =   1:2  1   c.  c.= 

1.1  c.  c.= 
.55 

1.2  c.  c.  = .6 

1.3  c.  c.  --= 

.65 

1.4  c.  c.  = 
.7 

1.5  c.  c.= 
.75 

1.6  c.  c.= 
.8 

1.7  c.  c.  = 
G
O
 

1.8  c.  c.  = .9 
1.9  c.  c. .95 

2   C.  C.:= 
1 

22277— No.  21—05   4 



THE  ANTITOXIN. 

Preparation. — The  antitoxic  serum  was  prepared  at  Parke,  Davis  & 

Co.,  Detroit,  Mich.,  hy  Passed  Asst.  Surg.  John  F.  Anderson,  Assist- 

ant Director  of  the  Hygienic  Laboratory. 

Two  horses  were  selected  which  had  furnished  a   reliable  high  potency 

serum.  These  horses  had  been  treated  in  the  usual  manner  hy  grad- 

ually increasing  doses  of  the  diphtheria  toxine. 

From  horse  Xo.  781  six  liters  of  blood  were  drawn  on  June  11, 1901, 

at  9   a.  m.  The  blood  was  drawn  into  12  large  test  tubes,  each 

tube  containing  approximately  500  c.  c.  Immediately  after  bleeding 

the  blood  was  placed  in  a   room,  the  temperature  of  Avhich  was  about 

25°  C. 

The  next  day,  June  15,  at  8.30  a.  m.,  the  horse  was  again  bled  for  6 

liters,  also  into  12  tubes.  This  blood  was  placed  with  the  lot  drawn 
on  the  11th. 

After  the  blood  had  been  clotted  several  days  the  clear  serum  was 

poured  from  the  21  tubes  into  a   special  bottle.  Only  that  serum  which 

was  perfects  clear  and  entirely  free  from  coloring  matter  was  used. 

As  the  serum  did  not  separate  from  this  blood  as  clearly  as  usual,  onh" 
1,378  c.  c.  of  serum  were  obtained  from  the  21  tubes.  The  serum  was 

at  once  examined  for  potency  and  found  to  contain  approximately  500 

units.  It  was  also  tested  bacteriologically  for  purity  and  no  growths 

were  obtained  in  bouillon  tubes.  After  the  samples  were  taken  for 

testing,  20  c.  c.  of  pure  chloroform  were  put  into  the  bottle  with  the 

serum,  which  was  then  at  once  placed  in  the  ice  chest  at  a   tempera- 

ture of  1.7°  C.  Chloroform  was  added  to  the  serum  to  prevent  any 
possible  contamination.  All  of  it  of  course  disappeared  with  the 

vacuum  under  the  diwing  process. 

On  June  22  evaporation  of  the  serum  was  accomplished  by  bubbling 

dry  air  through  the  serum  with  a   moderate  vacuum.  The  vacuum 

varied  from  20  to  23  inches.  The  arrangement  for  diwing  the  serum 

is  well  shown  in  the  accompanying  illustration  (fig.  T).  The  serum 

was  syphoned  into  the  large  drying  tubo  in  small  quantities,  and  the 

warm  air  bubbling  through  rapidly  dried  it  and  at  the  same  time  pre- 
vented the  formation  of  hard  cakes.  The  water  bath  surrounding  the 

tube  containing  the  serum  was  kept  at  about  35°  C. ;   it  varied  from 

32°  to  36°  C.  throughout  the  operation.  The  temperature  of  the  dry 
(50) 
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air  passed  tlirouo-h  the  serum  was  kept  as  nearly  as  possible  at  33°  C. ; 

it  never  exceeded  35°  C.  The  evaporation  proceeded  with  fair 
rapidity.  At  the  beginning  there  was  some  frothy  bubbling,  but  that 
soon  subsided.  The  entire  lot  of  serum  was  dried  in  ten  and  a   half 

hours,  drying  in  large  sugar-like  flakes.  Very  little  adhered  to  the 
side  of  the  tube  and  there  were  no  hard  cakes. 

The  dried  serum  weighed  25  grams  and  was  readily  powdered  in  a 

sterile  mortar  to  break  up  the  larger  lumps  and  then  placed  in  a   spe- 

cial porcelain  grinder  with  porcelain  balls  and  rotated  for  several 

hours.  About  half  a   gram  of  the  powdered  serum  was  planted  in  a 

tube  of  bouillon,  which  showed  no  growth  at  the  end  of  four  days. 

Horse  No.  590:  This  horse  was  also  bled  on  two  succeeding  days — 

June  20  and  21 — six  liters  being  taken  at  each  bleeding,  as  before. 
The  21  tubes,  each  containing  half  a   liter  of  blood,  were  placed  in  a 

room  with  a   temperature  of  approximately  25°  C.  After  clotting 

two  da}’s  the  serum  was  poured  oil,  only  the  perfectly  clear  fluid 
entirely  free  from  coloring  matter  being  retained.  From  the  12 

liters  of  blood,  1,127  c.  c.  of  serum  Avere  obtained.  Samples  were  at 

once  taken  and  tested  for  purity  and  potency,  as  before,  with  satisfac- 

tory results. 

As  soon  as  the  samples  were  taken,  10  c.  c.  of  pure  chloroform  were 

placed  in  the  bottle  with  the  serum,  which  was  placed  in  the  ice  box 

at  1.7°  C.  Upon  the  same  day  eA'aporation  of  the  serum  Avas  begun, 
proceeding  as  above  described. 

The  eA^aporation  of  this  amount  of  serum  required  25  hours,  the 
temperature  of  the  air  and  Avater  l)ath  being  the  same  as  before.  This 

serum  dried  in  large  golden-colored  flakes,  which  were  partlv  poAA’- 
dered  in  the  sterile  mortar  and  then  put  into  the  ball  grinder  and 

reduced  to  a   flue,  almost  impalpable  poAvder. 

Four  hundred  and  flve  grams  of  the  dried  serum  were  obtained. 

Half  a   gram  was  planted  into  bouillon,  Avhich  showed  no  growth  in 

three  days,  indicating  that  it  had  remained  free  from  contamination 

throughout  the  operation. 

Bottling  and j:>resercing  the  serum. — The  dried  serum  must  be  kept 

guarded  under  special  conditions  to  prcA^ent  deterioration.  The  oxy- 

gen of  the  air  must  be  excluded  in  order  to  retard  the  process  of  oxi- 

dation, Avhich  rapidly  alters  the  antibodies,  especiallv  under  the  influ- 

ence of  light.  The  serum  is,  therefore,  always  kept  in  absolute  dark- 
ness. 

The  serum  must  be  perfectly  dry.  It  is  therefore  kept  under  the 

influence  of  phosphoric  anhydrid,  (IkOj),  as  shown  in  the  accompanv- 

ing  illustration  (flg.  8).  Further,  the  serum  is  kept  in  a   specially  built 

ice  box,  maintained  at  a   constant  temperature  of  5°  C.  by  means  of 
circulating  brine. 
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The  little  bulbs  in  which  the  serum  is  preserved,  shown  in  hg.  8, 

are  made  of  amber  glass.  The  following  method  is  used  in  hlling  and 

sealing  these  bulbs: 

Cotton  is  first  introduced  in  the  neck  as  far  as  the  constriction. 

Then  about  1   gram  of  phosphoric  anhydrid  is  placed  in  one  of  the 

bulbs.  The  neck  through  which  the  acid  has  entered  the  little 

apparatus  is  now  sealed  oti‘  by  the  blowpipe.  Then  about  1.2  grams 
of  the  dried  serum  are  placed  in  the  other  bulb.  The  neck,  from  the 

f-
 

Pig.  y. — U-iihaped  tubes  used  for  preserving  the  standard  serum.  Exact  size. 

r 
serum  side,  is  connected  with  a   vacuum  apparatus,  and  as  soon  as  the 

vacuum  is  sufficient!}"  high  this  is  also  hermetically  seah'd. 
Each  bulb  is  now  sealed  in  a   black  box,  which  excludes  the  light, 

and  is  kept  in  the  ice  box  at  5°  C.,  as  l)efore  stated. 

From  this  arrangement  it  will  be  seen  tlnit  the  })owdered  serum  is 

kept  dry,  free  from  contact  with  the  oxygen  of  the  air,  guarded 

against  the  action  of  light,  and  preserved  at  a   constant  low  tempei’a- 
ture. 
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Dissolving  the  dried  serum. — Once  every  two  months,  or  whenever 
it  is  desired  to  test  the  serum,  one  of  these  bulbs  is  broken  and  1   gram 

of  the  serum  carefully  weig'hed  and  dissolved  in  ph^-siological  salt 

solution  (0.85)  one  part,  Price’s  gdycerin  two  parts. 

Testing. — This  glycerinated  solution  of  blood  serum  is  now  accu- 

rately standardized  in  order  to  determine  its  precise  antitoxic  value  in 

terms  of  Ehrlich’s  immunity  unit. 

The  number  of  immunit}^  units  contained  in  a   given  quantity  of  the 

serum  is  determined  by  the  test  (LT-)  dose  of  toxine. 

That  quantity-  of  serum  necessar}"  to  add  to  the  L+  dose  of  the 
toxine  so  that  the  mixture  will  kill  the  guinea  pig  on  about  the  fourth 

dav  contains  just  one  immunity  unit.  In  the  commercial  testing  of 

serums  in  order  to  have  a   coefficient  of  safety  it  would  be  safer  to 

require  the  pig  to  live. 

We  use  a   number  of  toxines,  the  L+  doses  of  which  have  been  very 

painstakinglv  ascertained  on  a   large  number  of  animals.  The  details 

of  the  technique  bv  which  this  part  of  the  testing  is  carried  out  will 

be  found  under  the  caption  “Methods  used  in  making  the  unit,”  and 
need  not  be  repeated  here. 



THE  METHODS  USED  IN  MAKING  THE  UNIT. 

I   The  glassware. — The  glassware  employed  in  making  the  immunity 

ij  unit  for  standardizing  toxines  and  antitoxins  is  used  for  no  other  pur- 

pose. To  a   certain  extent  the  glassware  used  for  measuring  and 

I   diluting  the  toxines  is  kept  separate  from  that  used  for  the  serums. 
The  pipettes,  burettes,  graduated  flasks,  and  mixing  cylinders  have 

been  carefully  calibrated  or  standardized  by  the  Bureau  of  Standards, 

ito  whom  we  are  under  man}-  obligations,  not  onh"  for  this  work  but for  suggestions  as  to  the  most  accurate  methods  of  measuring  precise 
amounts  of  fluids. 

I   So  far  as  possible  all  measurements  are  made  with  “capacity” 

I   instruments.  “Outflow”  instruments,  made  “to  deliver”  given 
quantities,  are  only  used  in  the  measurements  of  the  final  dilutions, 

[I  in  which  case  it  is  evidently  impossible  to  use  capacity  pipettes. 
'   The  glassware  used  for  the  purposes  of  this  special  work  has  been 

J   calibrated  with  particularly  fine  graduations  that  pass  halfwa}"  or  all 
j   the  way  around  the  pipette,  burette,  or  neck  of  the  flask. 

’   The  diluting  fluid  is  measured  in  mixing  cylinders  of  a   particular 
[j  design  made  for  me  by  Messrs.  F.  &   M.  Lautenschlager,  of  Berlin, 

German}".  Two  of  these  mixing  c}"linders  are  shown  in  fig.  9.  We 

have  a   series  of  these  cylinders,  each  measuring  quantities  in  inter- 

vals of  10  c.  c.  up  to  100  c.  c.  The  first  set  of  cylinders  is  graduated 

to  contain  from  0   to  10  c.  c.,  the  next  size  from  10  to  20  c.  c.,  then  20 

to  30  c.  c.,  30  to  10  c.  c.,  and  final!}"  90  to  100  c.  c.  It  will  be  noticed 
by  the  illustration  that  these  mixing  cylinders  are  subdivided  into 

j   tenths,  which  makes  it  possible  to  measure  our  diluting  fluid  with 

I   great  accuracy.  '   It  will  also  be  seen  that  the  cylinders  have  neither 
!   neck  nor  shoulder,  and  that  the  ground-glass  stopper  fits  directly  into 
j   the  cylinder  without  a   constriction.  The  internal  diameter  of  these 

•   cylinders  is  just  12  mm.,  which  readily  permits  the  introduction  of 
any  one  of  our  pipettes.  The  smaller  pipettes  average  6   to  8   mm.  in 

outside  diameter;  the  larger  ones  do  not  exceed  10  mm.  Attention  is 

also  invited  to  the  fact  that  the  shape  of  the  cylinders  readily  allows 

thorough  mixing  and  cleansing. 

We  also  use  a   style  of  mixing  flask,  shown  in  fig.  10,  which  was 

made  for  me  by  the  Arthur  H.  Thomas  Company,  Philadelphia,  Pa. 

The  smaller  flask  is  graduated  to  contain  19  and  50  c.  c. ;   the  larger 

flask  is  graduated  to  contain  98,  99,  and  100  c.  c.  As  we  have  frequent 

occasion  to  use  these  quantities,  the  flasks  are  particularly  convenient 

on  account  of  their  simplicity  and  comparative  cheapness.  It  will  be 

noticed  that  the  neck  has  no  shoulder,  or  constriction. 

(55) 



Fig.  9. — Special  pattern  mixing  flasks  for  measuring  toxine  and  serum  dilutions. 



(3o" 

50 6.C: 

Fig.  10. — Capacity  flasks  for  measuring  dilutions  of  toxine,  etc. 
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In  reading  the  proper  height  of  the  fluid  in  these  flasks  the  bottom 

of  the  meniscus  is  brought  just  to  the  line.  By  holding  a   black  sui’- 

face,  such  as  a   piece  of  cloth,  beneath  the  level  of  the  fluid  the  reflec- 

tion makes  the  surface  of  the  fluid  stand  out  clearl}^  as  a   single  curved 
line,  doing  away  with  the  annoying  reflections  that  otherwise  prevent 

accurate  readings.  This  black  curve  of  the  meniscus  is  best  seen 

against  a   white  background. 

The  use  of  the  ‘‘meniscus  visir  blende”  of  Doctor  Gockel  greatly 
facilitates  the  accurate  reading  of  burettes,  pipettes,  and  flasks.  This 

little  apparatus  is  exceeding!}^  simple.  It  may  be  improvised  in  any 
laboratorv,  and  will  be  found  very  useful. 

All  the  glassware  used  in  this  work  is  cleaned  bv  first  flushing  with 

cold,  then  with  hot  water,  in  order  to  remove  the  gross  dirt.  It  is 

then  bathed  in  a   saturated  solution  of  bichromate  of  potassium  in 

concentrated  sulphuric  acid.  The  glassware  is  now  flushed  with  tap 

water  until  all  the  acid  is  removed,  when  it  is  flnall}"  rinsed  in  several 
changes  of  distilled  water  and  allowed  to  dry  in  the  air. 

All  glassware  is  sterilized  b}’  heat  at  125°  C.  for  one  hour,  and  kept 
under  the  usual  precautions  to  prevent  l)acterial  contaminations. 

All  the  glassware  used  in  this  work  has  been  standardized  to  contain 

or  to  deliver  fluids  at  20°  C.  instead  of  15°  C.,  because  the  former 
more  nearly  approaches  the  usual  room  temperature  in  this  climate. 
The  serums  and  toxines  are  removed  from  the  ice  chest  a   sufficient 

time  before  using  to  allow  them  to  stand  (in  the  dark)  until  the}" 

ap[)i*oach  the  room  temperature  before  they  are  measured  out. 

The  (W nthuf  fhdd. — We  use  “physiological”  salt  solution  (0.85  per 
cent,  sodium  chlorid  C.  P.)  as  our  diluting  fluid  for  all  toxines,  serums, 

etc.  This  salt  solution  is  made  up  in  bulk  with  distilled  water  and 

sterilized  by  steam.  It  is  always  used  at  room  temperature 

Bacterlologiad precautiimH. — All  the  work  is  done  under  the  usual 
bacteriological  precautions  to  prevent  contamination.  We  do  not 

observe  the  extreme  precautions  necessary  to  obtain  a   pure  culture  of 

an  organism.  The  toxine  and  antitoxin  are  of  course  kept  under  per- 

fectly sterile  conditions  and  all  the  glassware  with  which  they  come  into 

contact  is  clean  and  sterile,  which  appears  sufficient  to  prevent  con- 

taminations entering  the  work  that  would  atfect  the  results.  The 

autopsies  made  in  this  laboratory  have  so  far  failed  to  reveal  any  such 

infections  of  the  guinea  pig.  Cultures  were  made  from  154  consecu- 

tive guinea  pigs.  Some  of  the  heart’s  blood  was  inoculated  into  bou- 
illon tubes.  Of  these  tubes  108  remained  sterile;  growth  appeared  in 

46,  as  follows: 

A   coccus  in     20 
Motile  bacillus  in     18 
Nonmotile  bacillus  in.               5 
Coccus  and  bacillus  in     3 

46 
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A   study  of  the  histories  of  the  guinea  pigs  showing  the  presence  of 

bacteria  in  the  blood  disclosed  the  fact  that  most  of  them  were  prob- 

abh^  either  terminal  or  post-mortem  infections. 

METHOD  OF  USING  THE  PIPETTES. 

In  order  to  obtain  accurate  results  with  pipettes  it  is  important  to 

use  them  in  the  same  wa}"  that  they  have  been  calibrated.  This  applies 

both  to  pipettes  which  have  been  graduated  “to  deliver”  a   given 

volume  as  well  as  to  pipettes  graduated  “to  contain”  a   given  volume. 
If  the  method  by  which  the  pipettes  were  graduated  can  not  readily 

l)e  obtained  from  the  tirm  making  them,  it  will  be  necessar}^  to  restand- 
arize  them  to  determine  several  points. 

With  deliveiy  pipettes  it  is  essential  to  know  whether  they  are  to 

be  used  ly  blowing  out  the  last  drop  or  by  touching  the  point  of  the 

pipette  to  the  surface  in  order  to  remove  the  last  drop  that  adheres  to 

the  tip. 

The  time  allowed  for  drainage,  after  the  pipette  is  emptied,  varies 

with  the  rate  of  flow  and  also  with  the  standard  methods  used  b}"  dif- 
ferent countries. 

It  is  furthermore  very  important  in  accurate  work  to  know  whether 

pipettes  have  been  graduated  in  accordance  with  the  Mohr  liter  or  the 

true  (French)  liter. 

The  Mohr  liter  is  the  volume  occupied  b}"  1   kilogram  of  pure  water 

at  17.5°  C.,  weighed  in  air  against  brass  weights,  the  air  being  under 

normal  pressure  and  at  17.5°  C.  The  volume  of  such  a   liter  is 
1,002.36  c.  c. 

The  true  or  so-called  French  liter  is  the  volume  occupied  b}"  1   kilo- 

gram of  pure  water  at  4°  C.,  the  weighing  being  reduced  to  a   vacuum. 
The  Amlume  of  the  true  liter  may  be  assumed  equal  to  1,000  c.  c. 

Volumetric  apparatus  is  for  convenience  usualh"  graduated  to  con- 
tain or  to  deliver  true  cubic  centimeters  at  higher  temperatures  than 

4°  C.,  namehy  at  15°,  17.5°,  or  20°  C.,  the  standard  temperature 

being  marked  upon  the  apparatus.  The  difl'erences  between  apparatus 
graduated  on  the  true  and  on  the  Mohr  s}Tstems  are  as  follows:" 

It  standard  at  15°,  Mohr  apparatus  is  larger  by  2.30  c.  c.  per  liter. 

If  standard  at  17.5°,  Mohr  apparatus  is  larger  b\^  2.36  c.  c.  per  liter. 

If  standard  at  20°,  Mohr  apparatus  is  larger  b}-  2.42  c.  c.  per  liter. 

In  ordinary  rough-and-read}"  work  all  these  refinements  ma}^  be 
disregarded,  but  in  certain  determinations  requiring  great  precision  a 

neglect  of  these  details  may  cause  serious  error. 

These  matters  were  brought  forcilily  to  mv  attention  in  the  work 

of  making  the  standard  unit  for  diphtheria  antitoxin. 

« I   am  indebted  to  Dr.  L.  A.  Fischer,  Chief  of  the  Division  of  Weights  and 
Measures,  Bureau  of  Standards,  for  these  figures. 
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The  errors  in  using  pipettes  may  be  especially  manifest  in  measuring 

solutions  of  higher  density  or  greater  viscosity  than  water.  In  fact  it 

is  quite  impossible  to  obtain  even  approximately  correct  results  in 

measuring  such  solutions  as  glycerin,  blood  serum,  etc.,  from  delivery 

pipettes.  This  fact  led  Ehrlich  to  use  the  capacity  pipettes  of  von 

Leybold  in  measuring  these  substances  in  making  his  unit  for  diphtheria 
antitoxin. 

I   have  found  the  methods  which  I   shall  now  describe  very  useful  in 

the  accurate  work  necessary  in  making  a   Government  standard  and 

believe  their  simplicity  and  accuracy  will  commend  them  to  others. 

Method  of  using  capacity  p>ipettes. — The  pipettes  are  htted  with  a 
rubber  bulb  at  their  upper  end  and  held  in  an  ordinary  retort  stand, 

as  may  be  seen  by  reference  to  the  illustration  (hg.  12). 

The  rubber  bulb  is  clamped  between  the  jaws  of  the  compressor. 

The  fluid  is  drawn  up  into  or  expelled  from  the  pipette  by  tightening 

or  loosening  the  screw.  By  this  means  we  have  an  absolute  control 

over  the  height  of  the  column  of  fluid  in  the  pipette.  The  rubber 

bulb  takes  the  place  of  the  suction  usually  applied  by  the  mouth  and 

is  used  both  to  till  and  to  empty  the  pipette. 

In  using,  the  free  end  of  the  pipette  is  immersed  into  the  fluid  to  be 

measured,  and  bv  loo.>?ening  the  screw  the  column  of  fluid  is  graduallv 

brought  approximately  to  the  mark.  The  operation  is  repeated  once, 

or  twice  so  as  to  wash  the  pipette  with  the  fluid  to  be  measured,  which 

is  Anally  drawn  a   little  above  the  graduation  mark.  Care  must  be 

taken  not  to  wet  the  interior  of  the  pipette  at  any  time  during  the 

process  of  measuring  more  than  1   to  2   mm.  above  this  mark,  because 

the  extra  wetted  surface  would  furnish  an  appreciable  error.  By 

holding  the  pipette  in  the  retort  stand  and  using  the  rubber  bulb  as 

shown,  such  act-idents  are  much  less  likely  to  happen  than  is  the  case 
when  the  mouth  is  used  to  suck  the  fluid  up  and  down. 

The  outside  of  the  pipette  is  now  carefully  wiped  with  a   few  thick- 

nesses of  sterile  gauze.  Then  by  placing  the  gauze  to  the  free  end  of 

the  pipette  the  column  of  liquid  may  be  slowly  drawn  down  until  the 

meniscus  rests  directly  upon  the  line. 

The  contents  of  the  pipette  are  now  emptied  into  the  diluting  fluid, 

which  has  previously  been  measured  out.  and  the  pipette  must  be 

washed  out  thoroughly  by  drawing  the  fluid  up  and  down  several 

times,  again  using  the  rubber  bulb  for  this  purpose. 

The  flask  containing  the  dilution  is  now  agitated  so  as  to  obtain  a 

uniform  mixture  of  solution,  and  the  pipette  is  again  washed  in  and 

out  so  that  the  fluid  which  adheres  to  and  remains  in  the  pipette  is  the 

same  dilution  as  the  mixture  in  the  flask.  A   larger  quantity  of  dilu- 

tion is  always  made  than  required,  so  that  aliquot  parts  will  represent 

very  deflnite  quantities  of  the  original  substances. 
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Fig.  11.— Various  pipettes  used  in  the  work.  1.  A   delivery  pipette,  with  two  etched  bands«for  ready 
identification,  graduated  to  blow  out  the  last  droj).  2.  A   1   c.  c.  capacity  pipette.  3.  A   4   c.  c. 

capacity  pipette.  4.  An  Ehrlich  delivery  pipette  graduated  in  hundredths. 



Fl’>.  L2.— Method  of  using  capacity  pipettes. 
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The  whole  process  does  not  take  as  long  as  the  telling,  and  is  much 

quicker  and  more  accurate  than  the  ordinary  method  of  using  the 

pipettes  with  a   free  hand. 

Method  of  using  delivery  gjipettes. — The  method  of  using  outflow” 

or  ‘‘delivery”  pipettes  differs  materially  from  that  of  using  capacity 
pipettes. 
The  rubber  bulb  is  attached  to  the  pipette  as  before,  but  in  this 

case  there  is  a   T   between  the  bulb  and  the  pipette.  From  this  T   a 

small  piece  of  rubber  tubing,  controlled  b}^  a   pinchcock,  is  located,  as 
may  be  seen  by  reference  to  fig.  13. 

The  pinchcock  is  kept  closed  while  the  pipette  is  filled  to  the  proper 

graduation,  which  is  accomplished  just  as  in  the  case  of  the  capacity 

pipettes  described  above. 

B}"  opening  the  pinchcock  the  contents  of  the  pipette,  are  allowed  to 
flow  out.  When  the  last  drop  that  will  flow  out  of  its  own  accord 

escapes,  the  proper  time  is  allowed  to  elapse  for  drainage  and  the 

point  of  the  pipette  touched  to  the  surface.  By  this  procedure  a 

very  constant  quantity  of  fluid  remains  in  the  capillary  tip  of  the 

pipette. 
If  the  pipettes  have  been  standardized  to  blow  out  this  last  drop,  this 

may  be  done  conveniently  by  closing  the  pinchcock  and  compressing 
the  rubber  bulb. 

The  soft  rubber  ear  syringes  sold  at  any  drug  store  make  very  good 

bulbs  for  this  Avork.  It  is  only  necessary  to  cut  off  a   small  portion  of 

the  nozzle  of  the  ear  S3U*inge.  The  thicker- walled  rubber  bulbs  made 
for  Koch  SAuInges  respond  more  quickty  and  are  more  durable.  The 

illustrations  show  the  rubber  bulbs  attached  directl}^  to  the  mouth- 

pieces of  the  pipettes.  We  liaA^e  found  it  more  con\^enient  to  bring  the 

bull)  b^"  means  of  glass  and  rubber  tubing  to  the  base  of  the  retort 
stand. 

I   have  used  pipettes  in  accordance  Avith  these  tAvo  methods  during 

the  past  tAveh^e  months  in  work  with  toxines  and  antitoxins,  and  have 
concluded  that  they  are  quicker,  more  accurate,  and  more  satisfactoiy 

than  the  old  freehand  technique.  ® 
In  working  out  the  problems  connected  with  the  accurate  methods 

of  measuring  giA^en  A^olumes  of  toxine  and  antitoxin,  I   have  had  the 

help  of  the  Bureau  of  Standards,  and  am  indebted  especially"  to  Dr. 
L.  A.  Fischer  and  Mr.  S.  Osborne,  of  the  Bureau,  for  many  useful 

suggestions. 

«   This  method  was  demonstrated  at  a   meeting  of  the  Society  of  American  Bacte- 
riologists, Philadelphia,  December  27,  1904. 



Fig.  13.— Method  of  using  delivery  pipettes. 
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METHOD  OF  IXOCULATIXG  THE  AXIMALS. 

The  method  used  for  inoculating’  the  ani- 
mals has  been  described  in  Bulletin  No. 

19  of  the  H3^g’ienic  Laboratory,  Public 

Health  and  Marine-Hospital  Service,  en- 

titled ‘*A  method  for  inoculating  animals 

with  precise  amounts.”  and  onH  the  essen- 
tial features  as  applicable  to  this  work  will 

be  repeated. 

The  syringe  used  for  carrying  out  this 

technique  is  a   modification  of  the  old  Koch 

stu’inge. 
The  needles  are  sterilized  separately  by 

the  usual  method  of  boiling  in  a   1   per  cent 
sodium  carbonate  solution. 

The  needle  is  then  screwed  on  the  barrel 

of  the  syringe  and  the  joint  tested  b}" 
drawing  some  sterile  salt  solution  in  and 

out  several  times.  If  the  joint  is  tight  and 

the  needle  pervious,  the  outside  is  dried 

with  a   little  piece  of  sterile  gauze  and  the 

needle  is  now  plunged  into  a   jar  of  steril- 
ized albolene.  The  albolene  acts  as  a   tem- 

porary plug,  preventing  any  of  the  fluid 

that  is  placed  in  the  s}H’inge  from  escaping 
until  it  is  injected  into  the  animal. 

The  necessaiT  number  of  svringes  are 

prepared,  one  for  each  animal.  In  testing 

diphtheria  toxine  and  antitoxin  we  some- 

times have  a   battery  of  fift\"  or  sixtv  thus 
prepared,  arranged  on  the  rack  as  shown 

in  the  accompanying  diagram  (fig.  15). 

The  amount  of  fluid  desired  to  inject 

into  the  animal  is  now  carefully  measured 

di recti V   into  the  barrel  of  the  syringe. 

This  is  injected  into  the  animal  and  then, 

without  withdrawing  the  needle,  the  bulb 

is  removed.  The  necessary  quantit\^  of 

salt  solution  is  quicklv  run  into  the  bar- 

I’el,  washing  down  the  sides,  and  this  in 
turn  is  injected  into  the  animal. 

When  the  s^u’inges  contain  fluid  they 
can  not  be  inverted,  as  is  the  case  with  a 

piston  syringe.  It  is  not  necessaiT,  how- 

-No.  21-05- o 
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ever,  to  hold  them  upright,  as  might  at  tirst  be  supposed.  They  may 

be  tilted  to  a   greater  angle  than  45°  without  danger  of  the  duid 
running  out. 

Each  glass  barrel  is  numbered  Avith  the  number  of  the  experiment 

or  of  the  animal  to  receive  the  injection.  This  is  coiiAmnient  and 

avoids  confusion. 

The  S3ndnges  are  prepared  and  filled  in  a   special  room  where  the 

exact  measuring  is  done,  and  the  rack  is  then  found  hand}"  to  carry  the 
syringes  to  the  animal  room  where  the  work  of  injection  is  carried  on. 

In  using  this  method  in  standardizing  diphtheria  antitoxin  it  is  very 

important  to  shake  and  roll  the  syringe  very  actively  so  as  to  obtain 
an  intimate  mixture  of  the  toxine  with  the  serum. 

The  toxine  is  first  measured  into  the  syringe  barrel,  then  the  diluted 

serum.  The  tAvo  are  thoroughly  mixed  by  agitating  the  syringe  and 

the  mixture  alloAved  to  stand  at  room  temperature  in  diffused  light  one 

hour  before  it  is  inoculated  into  the  guinea  pig. 

The  dilutions' are  so  arranged  that  the  guinea  pig  always  receives  a 
total  of  4   c.  c.  of  fluid,  thereby  insuring  constant  pressure  effects. 

We  ahvays  dilute  our  serums  so  that  the  amount  of  antitoxin  desired 

will  be  contained  in  just  1   c.  c.  of  the  dilution.  It  is  preferable  to 

dilute  the  toxines  so  that  the  amount  of  desired  poison  Avill  be  con- 

tained in  2   c.  c-  or  less  of  solution.  In  this  w"ay  Ave  haA"e  at  least  1   c.  c. 
left  to  make  up  the  total  of  4   c.  c.  Avitli  Avhich  to  wash  out  the  syringe 
barrel. 

THE  GUINEA  PIG. 

In  this  work  much  depends  upon  the  guinea  pig.  Animals  some- 

times shoAv  such  marked  idiosyncracies  in  their  reaction  to  certain 

poisons  that  it  is  remarkable  in  case  of  diphtheria  toxine  that  a   guinea 

pig  should  show  comparatively  little  of  this  individuality.  It  may  be 

stated  in  general  terms  that  the  guinea  pig  as  a   A"ital  factor  in  the 
standardization  of  diphtheria  antitoxin  is  quite  as  dependable  as  our 

ordinary  Aveights  and  measures. 

It  is  of  course  necessary  to  use  pigs  under  standard  or  normal  con- 

ditions, of  a   deflnite  weight,  and  approximately  the  same  age.  They 

should  be  bred  from  reliable  stock,  and  fed  and  caged  so  as  to  insure 

vigorous  animals. 

In  order  to  meet  all  the  exacting  requirements  Ave  raise  our  own 

guinea  pigs,  thus  insuring  animals  of  reliable  and  constant  conditions. 

Our  pigs  are  fed  upon  oats  and  green  food  such  as  cabbage,  carrots, 

and  grass  in  season. 

Theobald  Smith  "   has  recently  shown  that  some  female  guinea  pigs 
give  birth  to  progeny  all  of  Avhich  seem  to  shoAv  a   marked  resistance 

« Smith,  Theobald:  Degrees  of  susceptibility  to  diphtheria  toxin  among  guinea 

pigs.  Transmission  from  parent  to  offspring.  Jour.  med.  res.,  a".  13  (3),  p.  341. 
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to  the  diphtheria  toxine.  Such  hereditary  influences,  which  would 

seriousl}"  afl'ect  the  results,  should  be  guarded  against  by  elimination 
of  this  stock. 

Wetcfld  of  the  guinea  pig. — Ehrlich  prescribes  the  use  of  guinea  pigs 

weighing  250  grains.  We  consider  a   pig  weighing  anywhere  from 

250  to  280  grams  as  complying  with  this  requirement. 

The  weight  of  a   young  guinea  pig  varies  with  the  quantity  of  food 

and  water  taken  and  the  activit}^  of  metabolism.  We  have  found 
young  hungry  pigs  to  eat  as  much  as  35  grams  in  a   da}^  The  weight  of 

a   3^oung  pig  will  ordinarily  change  from  10  to  20  grams  in  a   day, 
depending  upon  the  food  and  water  taken.  AVe,  therefore,  always 

weigh  our  guinea  pigs  in  the  morning  before  feeding  time.  We  some- 

times use  guinea  pigs  weighing  more  than  280  grams,  but  less  than 

350  grams,  for  our  first  work  on  a   toxine  or  serum  to  determine  its 

approximate  strength. 

In  our  experience  a   guinea  pig  weighs  about  100  grams  at  birth, 

and  is  between  six  and  eight  weeks  old  before  it  weighs  the  required 

250  grams.  Occasionalh^,  when  the  mother  gives  birth  to  onh"  one, 
we  have  found,  under  such  favorable  conditions,  that  this  single 

ofl'spring  may  gain  so  rapidh"  as  to  weigh  250  grams  before  it  is  four 
weeks  old. 

We  do  not  alwa}^s  have  enough  guinea  pigs  of  our  own  raising 

to  carry  on  the  work.  In  that  case  we  bu\^  from  reliable  dealers, 
insisting  on  pigs  weighing  less  than  225  grams,  so  that  we  never  use 

a   pig  that  has  not  been  in  the  laboratory  under  observation  ten  days 
or  two  weeks. 

The  pigs  are  weighed  upon  a   spring-balance  scales.  These  scales 

are  suflicientl^^  accurate,  weighing  to  2.5  grams,  and  are  much  quicker 
and  more  convenient  than  pan  balances  with  weights. 

As  soon  as  the  3"oung  pigs  are  old  enough  to  be  weaned  the3"  are 
divided,  separating  the  males  from  the  females.  Pregnant  female  pigs 
should  not  be  used  in  this  work. 

A   pig  having  been  selected  and  weighed  has  a   card  made  for  it  with 

a   rough  diagram,  on  which  is  indicated  its  pecLiliarities  of  color  or 

other  marks.  This  is  a   satisfactoiy  method  of  identifying  the  animal. 

The  character  of  card  is  here  shown  (fig.  16). 

Technigue  (f  operation. — The  abdomen  is  shaved  the  da3"  before 

opei’ation,  clearing  the  site  of  operation  so  that  Ave  ma3"  readih^  see 
just  what  we  are  doing.  An  area  about  2   inches  in  diameter  is  shaved. 

The  preparation  of  the  animal  card  shown  in  hg.  16,  the  shaving, 

etc.,  is  done  the  da3"  before  the  operation,  so  that  the  pig  is  not 
handled  more  than  necessaiw  to  receive  the  injection  on  the  day  of 

the  operation. 

The  pig  is  held  b3^  an  assistant  and  the  needle  introduced  in  the  left 

flank  from  one-half  to  an  inch  above  the  supraspinous  process  of  the 
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ileum.  The  needle  is  introduced  its  whole  length  (1.25  inch)  strictly 

subcutaneously  toward  the  middle  line.  This  part  of  the  operation 

is  arranged  so  that  the  point  of  the  needle  will  be  just  about  at  the 
linea  alba. 

It  is  of  the  greatest  importance  to  keep  the  needle  out  of  the  peri- 

toneal cayity,  and  care  must  also  be  exercised  not  to  pierce  the  skin 

too  superficially,  and  it  is  essential  to  keep  out  of  the  muscles. 

Probably  no  part  of  the  entire  procedure  is  more  important  than 

the  inoculation  of  the  toxine  and  antitoxin  into  the  proper  tissue  of 

the  guinea  pig.  By  always  injecting  the  toxine  into  the  same  tissues 

we  insure  three  factors:  (1)  The  rate  of  absorption,  (2)  the  pressure 

effects  are  relatiyely  the  same  in  the  same  anatomical  structures,  and  (3) 

the  relation  between  the  toxine  and  the  receptors  of  the  cells  and  body 

juices  is  comparatiyely  constant  when  the  injection  is  made  into  the  same 

anatomical  structures.  If  any  of  the  toxine  enters  the  peritoneal 

cavit}"  the  rapid  absorption  may  result  in  the  untimely  death  of  the  pig 
with  an  extensiye  hemorrhagic  reaction. 

Still  greater  care  must  be  exercised  to  keep  the  toxine  out  of  the 

muscles.  This  point  was  brought  out  by  Ehrlich  and  has  since  been 

emphasized  by  S.  J.  Meltzer"  and  John  Auer  in  their  work  “On 

the  rate  of  absorption  from  intramuscular  tissue,"  with  curare  and 
adrenalin. 

It  has  been  shown  that  the  rate  of  absorption  from  muscular  tissue 

is  so  actiye  that  poisons  injected  into  the  muscles  are  apparent!}^  two 
and  three  times  as  strong  as  when  injected  into  the  subcutaneous  tissue. 

Ehrlich  selects  for  the  site  of  injection  the  skin  at  the  median  line 

in  the  region  of  the  xiphoid  process  of  the  sternum,  and  is  careful  to 

insert  the  needle  purely  subcutaneously  by  pinching  up  the  skin 

which  is  loose  in  this  region. 

For  the  purposes  of  determining  at  autopsy  the  exact  site  at  which 

the  toxine  and  antitoxin  mixtures  haye  been  inoculated,  little  particles 

of  burnt  cork  are  used  by  Ehrlich.  In  this  laboratory  we  use  a   little 

sterilized  powdered  animal  charcoal,  simply  for  its  conyenience. 

Upon  dissection  the  particles  of  carbon  ma}^  plainly  be  seen  and 
show  the  place  where  the  fluid  was  injected.  This  technique  has  its 

particlar  yalue  in  determining  the  dose. 

^^'e  haye  found  that  if  the  fluid  enters  the  proper  abdominal  layer 
it  produces  an  egg-shaped  swelling  parallel  to  and  oyerlying  the  linea 
alba. 

As  soon  as  the  toxine-antitoxin  mixture  is  injected  into  the  animal 
the  rubber  bulb  is  remoyed  and  an  assistant  adds  the  necessary  amount 

of  salt  solution  to  make  up  the  I   c.  c.  which,  after  washing  down  the 

«!Meltzer  &   Auer:  On  the  rate  of  absorption  from  intramuscular  tissue.  Am.  med. 
(abstract),  v.  9   (102),  Jan.  14,  1905,  p.  75. 
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sides  of  the  s}^ringe,  is  in  turn  forced  under  the  skin.  Care  to  avoid 
the  injection  of  an  unnecessary  amount  of  air  should  be  taken. 

The  inoculation  should  be  done  rapidly  and  without  unnecessary 

violence,  which  may  affect  the  results.  A   trained  assistant  will  hold 

the  guinea  pig,  without  causing  struggling,  and  an  experienced  oper- 
ator will  cause  little  pain  other  than  the  prick  of  the  needle  through 

the  skin. 

Care  must  of  course  be  taken  in  inoculation  that  none  of  the  fluid 

escapes.  We  do  not  attempt  to  disinfect  the  skin. 

Effect  upon  the  guinea  pig. — After  inoculation  the  guinea  pigs  are 
kept  two  in  a   cage  and  not  disturbed  until  the  seventh  da}^  Keeping 

many  animals  together  in  a   pen  ma}’  give  irregular  results,  because 

the  strong  and  lusty  pigs  worry  the  sick  ones  and  ma}^  hasten  their 
end.  Examining  the  pigs  too  often  or  too  roughly  must  also  be 

avoided.  Theobald  Smith  believes  that  palpating  the  edema,  caused 

b}"  the  reaction  of  the  toxine  at  the  site  of  inoculation,  may  cause  the 
poison  to  break  be^mnd  the  confines  nature  is  setting  up  as  a   barrier, 

and  ma}^  thus  hasten  the  result.  We  have  found  that  there  is  little  to 
be  learned  in  weighing  or  examining  pigs  during  the  first  week,  and 

we  therefore  leave  them  undisturbed  during  this  time.  The}"  are 
weighed  on  the  seventh  day  and  each  week  following  until  the  fourth 

week,  when,  if  gaining  weight  and  in  good  condition,  they  are  passed 
from  observation. 

Guinea  pigs  that  show  late  effects  of  toxooie^  as  indicated  by  paral- 

ysis, will  do  so  some  time  after  the  fourteenth  day  and  before  the 

thirtieth  day  with  great  regularity.  The  facts  of  paralysis,  sloughs, 

ulcers,  etc.,  are  carefully  noted  on  the  records. 

When  an  animal  dies  an  autopsy  is  always  made  in  order  to  insure 

that  the  lesions  are  typical,  and  to  guard  against  the  possibility  of 

infections — pneumonia,  tuberculosis,  pseudotuberculosis,  etc.,  and  to 
insure  the  fact  that  the  toxine  was  not  injected  into  the  muscles  or  the 

peritoneum — which  may  have  rendered  the  animals  more  susceptible. 

The  guinea  pig  shoAvs  a   remarkable  constancy  in  its  reaction  to  vary- 

ing amounts  of  the  diphtheria  poison.  OverpoAvering  doses  of  the 

toxine — say,  lOOxMLD — almost  invariably  kill  the  animals  in  about 

twenty-four  hours.  It  is  with  the  rarest  exception  that  a   guinea  pig 

will  die  as  a   result  of  the  diphtheria  poison  in  less  than  twenty  hours. 

Smaller  amounts  cause  the  death  of  the  animal  in  from  thirty-six  to 

forty-eight  hours.  As  aa"o  approach  the  limit  of  the  minimal  lethal 

dose,  or  the  mixture  containing  the  L-j-dose  of  the  toxine  and  one 
immunity  unit,  Ave  find  one  of  three  results: 

(1)  The  animal  dies  from  acute  poisoning  on  about  the  fourth  day. 

(2)  The  animal  deA'elops  post-diphtheritic  paralysis  betAveen  the  four- 
teenth and  thirtieth  days. 

(3)  RecoA"ery. 



The  first  result,  viz.  the  acute  death  of  the  guinea  pig.  is  of  special 

interest  to  us.  because  it  is  the  factor  which  determines  the  strength  of 
the  toxine  and  antitoxin. 

Guinea  pigs  dying  acutely  do  so  with  great  regularity  on  the  fourth 

day,  the  actual  time  averaging  about  three  days  twelve  hours.  Occa- 

sionally guinea  pigs  will  die  between  two  and  a   half  and  three  and  a 

half  days  as  a   result  of  the  injection  of  a   minimal  lethal  dose  or  as  the 

result  of  an  injection  of  the  mixture  of  toxine  and  antitoxin  containing 

the  L+  dose  of  the  former  and  one  immimity  unit  of  the  latter.  In 

these  cases  the  autopsy  will  often  show  a   reason  for  this  lack  of  resist- 

ance indicated  by  the  severity  of  the  reaction  and  especially  the  pres- 

ence of  pleuritic  exudates,  or  the  guinea  pig  may  have  pneumonia  or 

some  other  disease.  Occasionally  more  resistant  animals  will  die  on 

the  fifth  day.  rarely  on  the  sixth  day.  and  very  exceptionally  on  the 

seventh,  eighth,  or  ninth  days. 

If  the  poison  is  not  sufficient  to  kill  the  animal  acutely  as  above 

described,  paralysis  may  supervene.  The  symptoms  of  paralysis  do 

not  appear  before  the  fourteenth  day  and  usually  show  themselves  in 

the  legs.  The  hind  legs  are  commonly  aliected  first.  The  guinea  pig 

not  unusually  recovers  after  marked  paralytic  symptoms,  but  ordina- 

rilv  the  fore  legs  become  limp  and  useless,  respiration  indicating 

phrenic  involvement  makes  its  appearance,  and  death  supervenes. 



EXAIS^INATION  OF  SERUMS  MADE  BY  LICENSED  MANUFAC- 
TURERS. 

The  act  of  Congress  approved  July  1,  1902,  entitled  “An  act  to 
regulate  the  sale  of  viruses,  serums,  toxins,  and  analogous  products  in 

the  District  of  Columbia,  to  regulate  interstate  commerce  in  said  arti- 

cles, and  for  other  purposes,’'  and  the  regulations  framed  thereunder, 

approved  February  21,  1903,  imposed  upon  the  Director  of  the  Hj^gi- 
enic  Laboratory  the  duty  of  examining  vaccines  and  antitoxins  for 

purity  and  potency. 

According!}^  purchases  are  made  for  the  Hygienic  Laboratory  from 
time  to  time  on  the  open  market  by  officers  of  the  Public  Health  and 

Marine-Hospital  Service  stationed  in  various  parts  of  the  country. 

The  antitoxin  is  always  bought  from  reliable  druggists  who  keep  the 

product  under  proper  conditions  of  light,  temperature,  etc.  Several 

grades  of  diphtheria  antitoxin  made  b}^  each  licensed  manufacturer 

are  bought  and  sent  to  the  Hygienic  Laboratory  b}-  mail  for  the  pur- 
poses of  these  tests. 

The  serums  are  tested  not  only  for  potency,  but  also  to  determine 

their  freedom  from  contamination  b^^  foreign  bacteria,  and  finally  to 

insure  the  absence  of  chemical  poisons,  especial!}"  tetanus  toxin.  Note 
is  made  of  the  physical  appearance  of  the  serum,  and  tests  are  made 

to  determine  whether  an  excessive  amount  of  preservative  has  been 
added. 

A   careful  memorandum  is  made  of  the  facts  given  by  the  manu- 

facturer, as  stated  upon  the  label,  as  to  the  number  of  units  contained 

in  the  package,  and  the  date  beyond  which  the  contents  can  not  be 

expected  beyond  a   reasonable  doubt  to  yield  a   specific  result.  Note  is 

also  made  of  the  manufacturer’s  compliance  with  the  law  requiring 
that  the  product  be  plainly  marked  with  the  name  of  the  article,  and 

the  name,  address,  and  license  number  of  the  manufacturer. 

Delinquencies  that  occasionally  come  to  light  in  these  examinations 

are  at  once  reported  to  the  Surgeon-General,  U.  S.  Public  Health  and 

iMarine-Hospital  Service,  who  takes  the  necessary  steps  requiring  the 
immediate  withdrawal  of  the  particular  lot  of  serum  from  the  market 

and  institutes  measures  to  prevent  a   repetition  of  similar  errors. 

In  examining  the  unit  strength  of  antitoxin  sold  by  licensed  manu- 

factures the  first  step  is  to  measure  carefully  the  quantity  of  fluid 

contained  in  the  syringe,  bottle,  or  special  container,  whatever  it  may 

be.  For  this  purpose  the  serum  is  emptied  into  a   cylinder  that  has 

(73) 
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been  standardized  by  the  Bureau  of  Standards  in  which  the  total 

amount  of  the  serum  may  be  accurately  read  to  the  fractional  part  of 
a   cubic  centimeter. 

From  0.5  to  1   c.  c.  of  each  lot  of  serum  is  planted  into  a   large  amount 

of  bouillon  in  order  to  dilute  the  preservative.  This  is  incubated  at 

body  temperature  and  an^^  growth  that  may  appear  is  determined  b}^ 
the  usual  bacteriological  methods. 

The  number  of  units  that  the  serum  contains  is  then  estimated  by 

the  following  procedure: 

If  a   syringe  contains  4   c.  c.  of  serum  and  is  labeled  1,000  units  it 

must  of  course  have  at  least  250  units  to  each  cubic  centimeter.  We 

would  then  test  such  a   sample  upon  four  or  live  guinea  pigs  to  see 

whether  its  unit  strength  is  above  or  below  the  value  claimed  for  it. 

If  the  strength  of  the  serum  is  10  per  cent  below  that  claimed,  a   special 

report  is  made  to  the  Surgeon-General  to  this  etfect,  the  manufacturer 

is  notified  that  all  the  serum  bearing  this  laboratory  number  must  be 

withdrawn  from  the  market,  and  the  matter  is  investigated. 

The  tests  to  determine  the  strength  of  commercial  serums  sold  upon 

the  open  market  are  made  against  a   toxine  that  has  been  very  carefull}^ 
tested  to  determine  its  exact  L+  dose.  Controls  at  the  same  time  are 

always  made  against  both  Ehrlich’s  normal  serum  and  the  official 
standard  serum  made  in  this  laboratory.  In  case  of  doubt  or  contra- 

dictory results  the  work  is  always  repeated,  making  the  second  tests 

against  the  L+  doses  of  two  toxines. 

As  weak  serums  are  of  doubtful  therapeutic  value,  we  do  not  favor 

the  sale  of  diphtheria  antitoxic  serum  containing  less  than  250  units 

per  c.  c.  If  a   serum  bought  on  the  market  contains  less  than  200 

units  per  c.  c.,  the  fact  is  reported  to  the  Surgeon-General,  who 

requests  its  withdrawal  from  sale  and  a   discontinuance  of  the  practice. 

To  determine  that  an  excessive  amount  of  preservative  belonging  to 

the  phenol  group  has  not  been  added,  the  following  tests,  modified 

from  similar  tests  suggested  by  Ehrlich,  are  employed: 

It  has  been  found  that  0.5  c.  c.  of  a   0.5  per  cent  solution  of  phenol 

will  kill  a   medium-sized  mouse  if  injected  subcutaneously.  The  quan- 

tity of  phenol  contained  in  0.5  c.  c.  of  such  a   solution  represents  0.0025 

gram.  It  requires  1   c.  c.  of  a   0.5  per  cent  solution  of  tricresol  to  pro- 
duce the  same  result.  One  c.  c.  of  a   0.5  per  cent  solution  contains 

0.005  c.  c.  of  tricresol.  The  above  facts  have  been  experimentally 

confirmed  in  this  laboratory. 

As  phenol  is  not  used  as  a   preservative  in  this  country  for  diph- 
theria antitoxic  serums,  preference  being  given  by  manufacturers  to 

tricresol,  we  inoculate  mice  subcutaneously  with  1   c.  c.  of  their  serum. 

Mice  so  inoculated  sometimes  show  trembling  and  other  manifesta- 

tions of  tricresol  poisoning,  which  shows  that  the  serums  contain  very 
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nearh^  this  percentag-e  of  tricresol.  As  the  serums  practically  never 
contain  an  excess  of  preservatives,  these  inoculations  into  mice  serve 

as  a   further  test  for  tetanus  and  other  poisons. 

Finally,  all  that  is  left  of  the  serum  is  injected  into  the  peritoneum 

of  a   guinea  pig  in  order  to  discover  the  presence  of  any  virulent  sub- 
stance of  a   bacterial  or  toxic  nature. 

These  tests  are  repeated  with  sufficient  frequency  to  establish  the 

fact  that  the  serums  made  by  each  licensed  manufacturer  sold  upon 

the  market  are  pure  and  potent. 

Tables  found  very  useful  for  diluting  the  serum  in  making  these 
tests  follow: 

TABLE  FOR  DILUTIXG  SERUMS  100  TO  500  EXITS  PER  CUBIC 

CEXTIMETER. 

First  dilution, 

1+9  =   1:10  1   c.  c.=0.1 

Second  dilution. 

1   of  1st  dil. — 

+   9   =   1:100 1 

c. 

c.  =0.01  or 

1   — 

10  0   — 

100  units  per 
c.  c. 

+   10  =   1:110 1 
c. 

c.  =0.00999  or 
1   — 

110  — 

110  units  per c.  c. 

+   11  =   1:120 1 
c. 

c.  =0.00833  or 

1   — 

120  — 

120  units  per c.  c. 

+   12  =   1:130 
1 c. c.  =0.00769  or 130  units  per c.  c. 

+   13  =   1:110 1 c. c.  =0.00711  or 

1   — 

14  0   — 

110  units  per c.  c. 

+11  =   1:150 1 
c. 

c.  =0.00666  or 

1   — 
15  0 

150  units  per c.  c. 

+15  =   1:160 1 

c. 

c.  =0.00625  or 

1   — 

160  — 

160  units  per c.  c. 

+16=1:170 1 c. c.  =0.00588  or 

1   — 

lYO — 

170  units  per 
c.  c. 

+17=1:180 1 
c. 

c.  =0.00555  or 

1   — 

18  0   — 

180  units  per 
c.  c. 

+   18=1:190 1 
c. 

c.  =0.00526  or 

1   — 

T¥0 — 

190  units  per 
c.  c. 

+   19  =   1:200 1 c. c.  =0.005  or 

wwiy  — 

200  units  per c.  c. 

+   20  =   1:210 
1 c. c.  =0.00176  or 

1   — 

^TO — 

210  units  per c.  c. 

+21  =   1:220 1 c. c.  =0.00151  or 

1   — 

¥20 — 

220  units  per c.  c. 

+22  =   1:230 1 
c. 

c.  =0.00131  or 
1   — 

¥3  0   
— 

230  units  per c.  c. 

+   23  =   1:210 1 
c. 

c.  =0.00116  or 
1   — 

¥4  0   —
 

210  units  per c.  c. 

+   21=1:250 1 c. c.  =0.001  or 

2^iw~ 

250  units  per c.  c. 

+25  =   1:260 1 c. c.  =0.00381  or 
1   — ¥6  0 

260  units  per 
c.  c. 

+26  =   1:270 1 c. c.  =0.0037  or 
1   — 

¥T¥  — 

270  units  per c.  c. 

+   27  =   1:280 1 c. c.  =0.00357  or 

1   — 

¥8  0   — 

280  units  per 
c.  c. 

+28  =   1:290 1 
c. 

c.  =0.00315  or 

¥¥0  = 

290  units  per c.  c. 



TABLE  FOR  DILUTING  SERUMS  100  TO  500  UNITS  PER  CUBIC 

CENTIMETER— Conthmed. 

Second  dilution — Continued. 

1   of  1st  dil. — 

+   29  =   1:300 1 
c. 

c.  =0.00333 
or 1   — 

0   “ 

300  units  per  c.  c. 

+   30  =   1:310 1 c. c.  =0.00322 
or 

0   = 

310  units  per  c.  c. 

+   31  =   1:320 1 
c. 

c.  =0.00312 or 

3^0 — 

320  units  per  c.  c. 

+32=1:330 1 
c. c.  =0.00303 or 

1   — 

^3  0   — 

330  units  per  c.  c. 

+33=1:310 1 
c. 

c.  =0.00291 
or 

1   — 

3ro — 

310  units  per  c.  c. 

+31  =   1:350 1 
c. 

c.  =0.00285 
or 1   — 

3   5   0 350  units  per  c.  c. 

+35  =   1:360 1 
c. 

c.  =0.00277 or 

1   — 

3   6   0   — 

360  units  per  c.  c. 

+   36  =   1:370 1 
c. 

c.  =0.0027 
or 

1   — 

3T0 — 

370  units  per  c.  c. 

+   37=1:380 
1 

c. 
c.  =0.00263 

or 
1   — 

3   8   0   — 

380  units  per  c.  e. 

+38  =   1:390 1 c. c.  =0.00256 or 
1   — 

3   9   0   — 

390  units  per  c.  c. 

+39  =   1:100 1 
c. 

c.  =0.0025 
or 1   — 

4   0   0   — 

100  units  per  c.  c. 

+10=1:110 1 
c. c.  =0.00211 

or 
1   — 

4T0-
  — 

110  units  per  c.  c. 

+11  =   1:120 1 
c. 

c.  =   0.00238 
or 1   — 

4   2   0   — 

120  units  per  c.  c. 

+12=1:130 1 
c. 

c.  =0.00232 
or 

1   — 

4   3   0   — 

130  units  per  c.  c. 

+13  =   1:110 1 
c. 

c.  =0.00227 
or 

1   — 

44  0   — 

110  units  per  c.  c. 

+11=1:150 1 
c*. 

c.  =0.00222 or 
1   — 

4   5   0   — 

150  units  per  c.  c. 

+15  =   1:160 1 (*. c.  =0.00217 
or 

1   — 

4   6   0   — 

160  units  per  c.  c. 

+16  =   1:170 1 c. c.  =0.00213 or 
1   — 

4   10  — 

170  units  per  c.  c. 

+17=1:180 1 
c. 

c.  =0.00208 
or 

1   — 
4   8   0 

180  units  per  c.  c. 

+18  =   1 :190 1 c. c.  =0.00201 
or 

1   — 

T9  0   —
 

190  units  per  c.  c. 

+19  =   1:500 1 
c. 

0.  =0.002 
or 

1   — 

5   0   0   — 

500  units  per  c.  c. 

TABLE  FOR  DILUTING  SERUMS  200  TO  1,000  UNITS  PER  CUBIC 
CENTIMETER. 

First  dilution. 

1   +   19  = 
=   1:20  1   c.  c.  = 

0.05. 

Second  dilution  . 

1   of  1st  dil. — 

+   9   =   1:200 1   c. c.  =0.005  or 
1   — 

2^0  0   — 

200  units 

per  c.  c. +10=1:220 1   c. c.  =0.00151  or 

slo  
= 

220  units 

per  c.  c. +   11  =   1:210 1   c. c.  =0.00116  or 
1   — 

240  — 

210  units 

per  c.  c. +12  =   1:260 1   c. c.  =0.00381  or 
1   — 

26  0   
— 

260  units 

per  c.  c. +13  =   1:280 1   c. c.  =0.00357  or 

^TO  
— 

280  units 

per  c.  c. 
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TABLE  FOR  DILUTLXG  SERUMS  200  TO  ROOO  EXITS  PER  CUBIC 
CEXTIMETER— Continued. 

Secon d   dilution — Continued. 

1   of  1st  dil. — 

+11=1:300 1 
c. 

C.  =0.00333  or 1 

3   0   0 

= 300  units  per c.  c. 

+   15  =   1:320 1 
c. 

c.  =0.00312  or 
^lo 

= 320  units  per c.  c. 

+   16  =   1:310 1 c. c.  =0.00291  or 1 
3   4   0 

= 310  units  per c.  c. 

+   17  =   1:360 1 
c. 

c.  =0.00277  or 
sho 

= 360  units  per c.  c. 

+18  =   1:380 1 
c. 

c.  =0.00263  or 1 
3   8   0 

380  units  per c.  c. 

+   19  =   1:100 1 
c. 

c.  =0.0025  or 1 
4   0   0 

= 100  units  per c.  c. 

+   20  =   1:120 1 
c. 

c.  =0.00238  or 1 
4   2   0 

= 120  units  per c.  c. 

+21=1:110 1 
c. 

c.  =0.00227  or 1 
44  0 

= 110  units  per c.  c. 

+   22  =   1:160 1 c. c.  =0.00217  or 1 
4   6   0 

= 160  units  per 
c.  c. 

+   23  =   1:180 1 
c. 

c.  =0.00208  or 
iio 

= 180  units  per c.  c. 

+   21=1:500 1 
c. 

c.  =0.002  or 1 

6   OTT 

= 500  units  per 
c.  c. 

+   25  =   1:520 1 
c. 

c.  =0.00192  or 1 

6^0 

= 520  units  per c.  c. 

+   26  =   1:510 
1 

c. 
c.  =0.00185  or 1 

54  0 

= 510  units  per c.  c. 

+   27  =   1:560 
1 

c. 
c.  =0.00182  or 

■sio 

= 560  units  per c.  c. 

+   28  =   1:580 1 
c. 

c.  =0.00172  or 1 
5   8   0 

= 580  units  per 0.  c. 

+29  =   1:600 1 
c. 

c.  =0.00166  or 1 ^0  0 = 600  units  per c.  c. 

+   30  =   1:620 
1 

c. 
c.  =0.00161  or 

6^(1 
= 620  units  per 0.  c. 

+31  =   1:610 1 
c. 

0.  =0.00156  or 
1 

F4  0 

=. 

610  units  per 
c.  c. 

+   32  =   1:660 
1 c. c.  =0.00151  or 

^io 

= 660  units  per c.  c. 

+   33  =   1:680 
1 

c. 
c.  =0.00117  or &io 

= 680  units  per 
0.  c. 

+   31=1:700 
1 

c. 
0.  =0.00113  or 

1 
7   0   0 

= 700  units  per e.  c. 

+   35  =   1:720 
1 

c. 
c.  =0.00139  or 1 

T20 

= 720  units  per c.  c. 

+   36  =   1:710 
1 

c. 
c.  =0.00135  or 1 

7   4   0 
= 710  units  per 

c.  c. 

+   3   4   =1:  4   6() 1 
c. 

c.  =0.00131  or 1 
7   6   0 

= 760  units  per 
c.  e. 

+   38  =   1:780 
1 0. c.  =0.00128  or = 780  units  per 

c.  c. 

+39  =   1:800 1 c. c.  =0.00125  or 
1 

8   0   0 
= 800  units  per 

c.  c. 

+10  =   1:820 1 c. c.  =0.00122  or 1 
8   20 

= 820  units  per 
c.  c. 

+11  =   1:810 1 
c. 

c.  =0.00119  or 
1 

8   4   0 
= 810  units  per c.  c. 

+12  =   1:860 1 
c. 

c.  =0.00116  or 8   lo 
= 860  units  per 

c.  c. 

+13  =   1:880 1 
c. 

c.  =0.00113  or 
sio 

880  units  per c.  c. 

+11  =   1:900 1 
c. 

c.  =0.00111  or 

■g'i'o 

= 900  units  per c.  c. 

+   15-1:920 
1 

c. 

c.  =0.00109  or 9   20 
= 920  units  per c.  c. 

+16  =   1:910 1 
c. 

c.  =0.00106  or 1 
¥4  0 

= 910  units  per 
c.  c. 

+17  =   1:960 1 c. c.  =0.00101  or 
1 

¥6¥ 

= 960  units  per c.  c. 

+18  =   1:980 1 c. c.  =0.00102  or 
1 

¥8  0 
980  units  per 

c.  c. 

+19  =   1:1,000 1 
c. 

c.  =0.001  or 1 
10  0   0 1,000  units  per c.  c. 



SERUM  ANTIDIPHTHERICUM  IN  THE  PHARM ACOPCEIA. 

The  next  edition  of  the  United  States  Pharmacopoeia,  being  the 

eighth  decennial  revision,  1900,  which  is  to  appear  shortly,  will  con- 
tain an  antitoxic  serum  for  the  first  time.  The  serum  will  be  known 

official^  as  antidiphtheric  serum  or  Serum  aniidiphtherlcum  and  the 

unit  will  be  recognized  as  that  approved  or  established  by  the  United 

States  Public  Health  and  Marine-Hospital  Service. 

The  official  text,  which  has  been  kindly  furnished  by  Professor 

Remington  in  advance,  will  be  as  follows: 

SERUM  ANTIDIPHTHERICUM 

ANTIDIPHTHERIC  SERUM  DIPHTHERIA  ANTITOXIN 

A   fluid  separated  from  the  coagulated  blood  of  a   horse  Equus  cctbal- 

lus  Linne,  immunized  through  the  inoculation  of  diphtheric  toxin. 

It  should  be  kept  in  sealed  glass  containers,  in  a   dark  place,  at  tem- 

peratures between  1.5^  and  15°  C.  (10°  and  59°  F.). 

A   yellowish  or  3^ellowish-brown,  transparent  or  slight^  turbid 
liquid,  odorless  or  having  a   slight  odor,  due  to  the  presence  of  the 
antiseptic  used  as  a   preservative. 

Specific  gravity:  1.025  to  1.010  at  25°  C.  (77°  F.). 
Antidiphtheric  Serum  gradual loses  its  power,  the  loss  in  one 

year  varying  between  10  per  cent,  and  30  yier  cent.  Each  con- 
tainer should  be  furnished  with  a   label  or  statement,  giving  the 

strength  of  the  Antidiphtheric  Serum,  expressed  in  antitoxic  units, 

the  name  and  percentage  hy  volume  of  the  antiseptic  used  for  the 
preservation  of  the  liquid  (if  such  be  used),  the  date  when  the 

Antidiphtheric  Serum  was  last  tested,  and  the  date  be^mnd  which 
it  will  not  have  the  strength  indicated  on  the  label  or  statement. 

The  standard  of  strength,  expressed  in  units  of  antitoxic  power, 

should  be  that  approved  or  established  by  the  United  States  Pub- 

lic Health  and  Marine-Hospital  Service. 

Average  dose.— 3000  units. 

Immunizing  dose  for  well  persons.— 500  units. 

The  only  other  pharmacopeia  officially  recognizing  diphtheria  anti- 

toxin is  the  Arzneibuch  fur  das  Deutsche  Reich  (Pharmacopea  Ger- 

manica),  fourth  edition,  1900.  The  following  is  a   translation  of  the 
German  text: 

SERUM  ANTIDIPHTHERICmi — I)IPHTHERIE-HEILSERU]M. 

The  blood  serum  of  horses  which  haye  been  immunized  against  the 

diphtheria  poison.  It  is  allowed  to  be  sold  in  commerce  by  author- 
(79) 



so 

ized  manufacturers  only  after  it  has  been  tested  by  the  Koniglich 

preussische  Institut  fiir  experinientelle  Therapie  zii  Frankfurt  a.  M. 

These  tests  include  the  strength  of  the  serum  in  immunity  units 

(Immunisirungseinheiten=I.  E.).  the  freedom  from  bacteria,  and  the 

percentages  of  substances  (phenol  or  trikresol).  ’^hich  have  been 
added  as  preservatives. 

It  is  offered  for  sale  in  both  the  liquid  and  solid  forms. 

Liquid  and  solid  antidiphtheric  serum  are  purveyed  only  in  bottles 

which  are  officially  sealed.  Upon  the  label  is  stated  the  place  of  manu- 
facture. the  antitoxic  value  of  one  cubic  centimeter,  and  the  total  con- 

tents of  the  bottle:  also  the  control  number  and  the  date  on  which  the 

official  control  was  exercised.  These  bottles  are  placed  in  light-proof 

packages  containing  the  same  label:  the  lead  seals  show  an  eagle  or  a 

lion  on  the  obverse  and  the  total  number  of  immunity  units  (I.  E.) 
contained  in  the  bottle  on  the  reverse. 

The  liquid  antidiphtheric  serum  is  a   yellow,  clear  Iluid  having  at 

most  a   very  slight  precipitate:  it  has  the  odor  of  the  preservative  used. 

It  is  put  up  in  bottles  of  various  form  and  color,  the  contents  of  which 

contain  from  100  to  3.000  I.  E.  The  bottles  most  frequently  used  are 

those  containing: 

No.  0=  i>00  I.  E. 

No.  1=  000  I.  E.  (or  500  1.  E.) 

No.  Il=l.(>0u  I.  E. 

No.  111=1.500  I.  E. 

Antidiphtheric  serum  which  contains  more  than  3t'0  I.  E.  in  1   c.  c. 

is  considered  a   high  grade  serum. 

The  solid  antidiphtheric  serum  is  a   dried  serum  of  high  grade,  and 

contains  at  least  5.00O  I.  E.  in  1   gram.  It  contains  no  antiseptic  or 

other  added  substance.  It  appears  as  a   yellowish-white  powder,  solu- 

ble in  teu  parts  of  water,  giving  a   solution  which,  in  color  and  appear- 

ance. resembles  the  corresponding  liquid  antidiphtheric  serum. 

Single  doses  of  from  25u  to  l.OoO  I.  E..  and  containing  2   to  6   c.  c.. 

are  placed  in  white  glass-stoppered  bottles.  The  solution  should  be 

made  with  sterile  water  in  the  original  bottle,  using  1   c.  c.  for  each 

250  I.  E..  and  should  be  prepared  fresh  each  time.  The  solution 

should  be  clear  except  for  little  albuminous  particles,  and  should  be 

used  from  the  original  bottle. 

Serum  with  a   marked  permanent  cloudiness  or  an  abundant  precipi- 
tate is  not  allowed  to  be  dispensed  by  the  apothecaries:  also  serums 

with  certain  control  numbers  which  have  been  recalled. 

TO  BE  KEPT  IX  A   COOL  PI.ACE  AXD  PROTECTED  FROM  THE  LIGHT. 
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THE  OFFICIAL  METHODS  USED  IN  GERMANY  FOR  TESTING 

DIPHTHERIA  TOXINE  AND  ANTITOXIN. 

The  German  methods  which  follow  have  been  taken  larg-ely  from 

E.  Marx:  Die  Experimentelle  Diagnostik  Serumtherapie  und  Prophy- 
laxe  der  Infectionskrankheiten,  1902. 

In  German}"  the  governmental  control  of  diphtheritic  serum  is 

effected  through  the  imperial  act  of  December  31,  1894,  which  for- 

bids unrestricted  commerce  in  diphtheritic  serum.  The  sale  and  traffic 

in  diphtheritic  serum  is  controlled  by  the  Konigliches  Institut  fiir 

experimentelle  Therapie  zu  Frankfurt  a.  M.,  which  is  designated  as 

the  official  place  of  examination  for  the  Empire.  Apothecaries  are 

allowed  to  deal  only  in  sera  which  are  thus  controlled. 

This  control  naturally  begins  at  the  place  of  manufacture  and  con- 

sists of  an  inspection  to  assure  the  use  of  none  but  healthy  horses  in 

the  production  of  serum.  Official  regulations  are  prescribed  concern- 

ing the  animals,  the  injection  of  toxines,  and  the  drawing  of  blood 
from  horses. 

When  a   manufacturer  has  several  liters  (3  to  10)  of  tested  serum 

this  quantity  is  brought  to  the  Government  officer  (known  as  the 

Abnahmebeamte)  at  the  place  of  its  manufacture.  At  the  same  time 

exact  data  upon  the  history  of  the  particular  serum  must  be  given. 

The  Abnahmebeamte  takes  a   small  quantity  of  the  serum,  places  3   to 

5   c.  c.  in  each  of  six  or  eight  bottles,  which  he  guards  with  a   lead  seal, 

and,  attaching  the  necessary  labels,  sends  the  bottles  to  the  testing 

station  at  Frankfurt  a.  M.  The  serum  that  remains  at  the  factory  is 

placed  by  the  Abnahmebeamte  under  official  lock  and  key  until  he 
receives  the  results  of  the  tests. 

The  official  testing  of  diphtheria  antitoxin  was  started  in  Germany 

at  the  Institut  fiir  Infectionskrankheiten,  of  Berlin,  February  20, 

1895.« 

A   serum  is  tested — 

(a)  To  see  that  it  is  harmless,  and 

(h)  For  its  antitoxic  value. 

1.  It  must  be  clear  or,  at  most,  have  a   very  slight  precipitate. 

2.  It  must  be  free  from  bacteria,  as  tested  by  bacteriological 
methods. 

3.  It  must  not  contain  more  than  0.5  per  cent  of  carbolic  acid 
or  cresoL 

« Ehrlich:  Die  staatliche  controle  des  diphtherieserums.  Ber.  klin.  woch.,  v.  33 

(20),  May  18,  1896,  pp.  441-143. 

22277— Xo.  21—05   6   (81) 
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The  institute  for  testing  the  serum  does  not  determine  in  its  official 

tests  the  exact  antitoxic  value  of  sera  sent  it,  but  determines  by 

means  of  the  L-J-  dose  of  the  test  poison  whether  the  serum  contains 

at  least  the  value  claimed  for  it  by  the  manufacturer.  The  testing 

for  the  sterility  of  the  sera  is  done  in  accordance  with  well  known 

bacteriologic  rules,  b}"  making  aerobic  and  anaerobic  agar  and  bouillon 
cultures. 

In  order  to  determine  the  amount  of  disinfectants  added  to  the  serum 

white  mice  are  used.  The}"  are  inoculated  subcutaneousl}"  with  0.5 
c.  c.  of  the  serum.  Solutions  of  carbolic  acid  containing  more  than 

0.5  per  cent  unerringly  cause,  in  this  amount,  the  death  of  the  animal. 

Finally,  guinea  pigs  are  inoculated  with  10  c.  c.  of  the  serum,  and 

the}"  must  remain  well. 
If  the  serum  has  complied  with  all  the  official  tests,  it  is  considered 

reliable,  and,  after  due  notitication  of  the  fact,  it  is  immediately 

l)ottled  in  the  presence  of  the  local  official.  It  is  the  duty  of  this  officer 

to  seal  each  l)ottle  with  his  lead  seal.  His  control  is  a   guaranty  of  the 

])rocedure  of  this  part  of  the  process,  and  he  is  responsible  for  the 

proper  labeling  of  the  bottles  that  are  sold  on  the  market. 

A   further  control  is  carried  out  in  this  way:  Of  every  test  number 

in  the  testing  institute  six  and  twenty-four  months  afterwards  the 

serum  is  again  tested  to  determine  whetlier  it  contains  the  stated  value 

and  has  not  lost  strength.  Also,  a   number  of  hospitals  are  commis- 

sioned, from  time  to  time,  as  they  use  the  bottles  of  serum,  to  test 

them  for  sterility.  Sera  that  lose  strength  or  show  bacterial  contami- 
nation are  withdrawn  from  the  market. 

From  experience  gained  in  his  work,  Ehrlich  suggested  the  following 

amendments  to  tlie  instructions  for  the  testing  of  diphtheria  antitoxin, 

which  were  officially  promidgated  by  the  minister  of  education,  etc., 

on  March  29,  1897: 

1.  A   powdered  serum  protected  against  moisture  and  oxygen  serves 

as  the  measure  by  which  the  strengths  of  other  serums  are  determined. 

This  powdered  serum  is  preserved  in  exactly  weighed  quantities  in 

special  vacuum  tubes.  At  this  time  in  the  Institut  the  tubes  contain 

2   grams  each  of  the  dry  powdered  antitoxin,  vrhich  have  the  value  of 

1,70U  times  normal  strength  (1,700  facher  Starke). 

2.  The  serum  is  dissolved  in  a   mixture  of  equal  parts  of  a   10  per 

cent  solution  of  sodium  chlorid  and  glycerin,  this  mixture  favoring 

the  stability  of  the  antitoxin.  Every  three  months  a   tube  is  opened 

and  a   new  solution  made.  At  present  the  contents  of  the  tubes  pre- 
served in  the  Institut  are  dissolved  in  200  c.  c.  of  the  above-mentioned 

mixture,  which  gives  a   test  serum  containing  17  units  in  each  cubic 
centimeter. 

3.  The  present  test  dose  of  toxin  is  determined  by  means  of  an 
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immunity  unit  which  is  contained  in  1   c.  c.  of  the  test  serum  men- 

tioned in  paragrapli  2,  diluted  17  times.  This  quantity  (1  c.  c.)  of 

serum  is  mixed  with  increasing  amounts  of  the  diphtheria  poison,  and 

the  mixture  inoculated  into  a   series  of  animals,  in  order  to  determine 

with  the  greatest  possible  accuracy  the  least  amount  sufficient  to  cause 

the  death  of  the  animals  in  the  first  four  days.  This  quantity  of  the 

diphtheria  poison  is  then  taken  as  the  quantity  to  be  used  for  the 

present  test  dose.  Varying  quantities  of  toxin  are  again  added  to  the 

same  quantity  of  serum  (viz,  1   unit)  in  order  to  determine  a   second 

limit,  namely,  that  quantity  of  diphtheria  poison  which  must  be  added 

to  the  serum  in  order  that  the  poison  will  be  exactly  neutralized  as 

indicated  by  inoculating  the  mixture  into  guinea  pigs. 

4.  The  estimation  of  the  strength  of  a   diphtheria  antitoxin  is  accom- 

plished by  means  of  a   test  dose  of  the  poison  (see  paragraph  3)  in  this 

way:  The  particular  test  dose — for  example,  0.355  c.  c. — which  is  the 

present  test  dose  of  the  toxin  determined  at  the  Institut,  is  added  to 

or  mixed  with  4   c.  c.  of  a   mixture  containing  one  unit  of  the  above- 
mentioned  serum. 

As  the  test  dose  of  the  poison  is  determined  against  1   c.  c.  of  a   nor- 

mal serum,  or  against  4   c.  c.  of  a   one-fourth  normal  serum,  conse- 

quently in  testing  a   serum  of  (supposed)  x   strength  the  test  dose  of 

poison  is  added  to  4   c.  c   of  a   dilution  of  that  serum,  or  against 

4   c.  c.  of  a   4^0  dilution  of  a   serum  of  (supposed)  one  hundred  times 

normal  strength. 

5.  The  mixture  obtained  is  injected  subcutaneously  into  guinea  pigs 

weighing  250  to  280  grams.  If  the  animals  tested  l)y  two  members  of 

the  Institut  die  within  the  first  four  days,  then  that  particular  serum 

does  not  contain  the  strength  claimed  for  it.  If  the  animals  die  within 

the  fifth  or  sixth  day,  then  the  serum  is  exactly  on  the  limits  of  admis- 

sibility, and  in  order  to  prevent  the  necessity  of  soon  recalling  the 
serum  from  the  market  it  is  recommended  to  the  manufacturer  to  add 

5   to  10  per  cent.  Indurations  that  appear  in  the  test  animals  are  not 
taken  into  consideration  in  this  test. 

An  autopsy  is  performed  upon  animals  that  die,  to  determine  whether 

complicating  diseases  are  present,  such  as  tuberculosis,  pseudotuber- 

culosis, or  pneumonia,  which  may  have  rendered  the  animals  more 

susceptible. 

6.  Either  the  liquid  or  solid  poison  may  be  used  for  testing  as  long 

as  the  two  limits  defined  in  paragraph  3   have  been  properly  determined 
and  the  difference  between  the  two  limits  does  not  exceed  15  X   MLD. 

Liquid  poisons  preserved  with  toluol  must  be  used  only  under  the  fol- 

lowing conditions: 

(1)  If  after  prolonged  examination  it  is  known  that  the  stability  of 

the  test  dose  is  constant  and  (2)  when  the  test  dose  does  not  exceed 
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1   c.  c.  The  observations  on  the  qualit}"  of  the  test  dose  follow  in  the 

succeeding  paragraphs."^ 
7.  The  test  poisons  are,  when  liquid,  to  be  examined  at  least  once  a 

month  upon  culture  media  for  sterilit3\ 

8.  The  test  dose  of  poison  is  to  be  redetermined  every  six  weeks  by 

means  of  the  test  dose  of  serum  in  such  a   way  that  both  the  test  dose 

of  the  poison  and  its  neutralizing  point  may  be  determined  anew.  If 

in  these  redeterminations  a   considerable  weakening  of  the  test  dose 

develops,  then  the  poison  must  be  considered  as  being  in  dissolution 

and  should  be  replaced  b}^  a   new  one. 
9.  The  attention  of  manufacturers  must  be  brought  to  the  fact  that 

the  test  poison  in  small  quantities  is  veiT  apt  to  decompose;  particu- 

larlv  a   veiy  short  exposure  to  light  will  cause  an  appreciable  weaken- 

ing. It  is  therefore  recommended  that  the}^  obtain  every  three  weeks 
a   new  poison  from  the  Institut. 

^According  to  my  observations,  to  carry  out  the  test  with  exactness  it  is  not  nec- 
essary for  the  test  dose  to  contain  a   maximum  amount  of  poisonous  afhnities.  From 

the  viewpoint  of  technique,  old  weakened  poisons  preserved  Avith  toluol  are  pre- 

ferred, because  after  the  Aveakening  has  taken  place  they  Avill  preserA'e  their  A^alue 
for  years. 
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CHLORIDE  OF  ZINC  AS  A   DEODORANT,  ANTISEPTIC, 

AND  GERMICIDE. 

By  Thomas  B.  McClixtic, 

Passed  Assistant  Surgeon,  JJ.  S.  Public  Health  and  Marine-Hospital  Service. 

INTRODUCTION. 

This  compound  of  chlorine  with  zinc  had  a   reputation  as  a   deodorant 

and  disinfectant  for  many  years. 

It  was  used  for  this  purpose  in  a   more  or  less  empirical  manner 

before  we  were  aware  of  the  existence  of  micro-organisms  or  the 
nature  of  putrefactive  changes  and  long  before  it  had  been  suspected 

that  bacteriology  would  take  the  important  rank  in  the  field  of  science 

that  it  justly  holds  to-da}x  At  the  period  when  it  seems  to  have  had 
its  greatest  popularity  in  sanitary  work  the  rationale  of  disinfection 

was  very  poorlv  understood.  As  the  existence  of  germs  was  unknown 

at  that  time,  the  word  “germicide”  was  not  in  use  and  the  terms  deo- 
dorant, antiseptic,  and  disinfectant  were  used  more  or  less  inter- 

changeabh"  and  synonymously.  Even  to-day  this  is  often  the  case. 

A   substance  ma}’  have  practically  no  germicidal  properties,  but  if  it 

has  the  power  to  mask  or  destroy  ofi'ensive  odors  arising  from  matter 
undergoing  deca}"  many  persons  will  class  it  as  a   disinfectant. 

This  error  is  often  productive  of  unfortunate  consequences  in 

handling  and  disposing  of  infected  material  and  veiw  much  augments 

the  difiiculties  that  beset  the  sanitarian  in  the  performance  of  his 

duties.  It  is  too  often  observed,  aboard  ship,  for  instance,  that  the 

master  considers  his  vessel  disinfected  after  using  a   small  quantity  of 

one  of  the  various  preparations  sold  on  the  market  as  a   disinfectant. 

The  preparation  used  may  or  may  not  have  germicidal  properties; 

but,  assuming  the  former  condition  to  be  the  case,  the  quantity  used 

is  usualA  so  limited  that,  as  a   rule,  all  that  is  accomplished  is  a   cer- 
tain amount  of  deodorization. 

Of  course  there  is,  to  a   certain  extent,  a   relation  existing  between 

the  terms  in  question,  a   disinfectant  usually  being  a   deodorant,  but  a 

deodorant  is  by  no  means  always  a   disinfectant  or  even  an  antiseptic. 

(5) 
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Man  naturally  has  an  instinctive  repugnance  to  all  oliensive  exhala- 
tions. and  from  the  earliest  times  has  sought  to  overcome  their  presence 

in  some  way.  and  it  is  natural  that  any  substance  giving  promise  in  this 

field  should  gain  more  or  less  popularity. 

Xot  many  years  ago  the  inhalation  of  foul  odors  was  regarded  as  one 

of  the  principal  etiological  factors  concerned  in  the  transmission  of 

some  of  the  infectious  diseases,  which,  may  in  part  account  for  and 

have  justified  the  use  of  chloride  of  zinc. 
There  is  no  doubt  that  the  virtues  accredited  to  chloride  of  zinc  have 

been  accpiired  largely  through  what  power  it  may  have  for  remov- 

ing obnoxious  efiluvia  and  not  because  of  its  power  to  destroy  micro- 
organisms. 

The  literature  covering  the  experimental  work  that  has  been  done 

with  chloride  of  zinc  for  the  purpose  of  ascertaining  its  antiseptic  and 

germicidal  properties  is  meager,  and  the  results  that  have  been 

published  by  difierent  investigators  are  not  always  satisfactory  and 

sometimes  contradictory. 

REVIEW  OF  LITERATURE. 

Chloride  of  zinc  as  a   deodorant  and  disinfectant  Avas  very  popular 

in  the  British  navy"  about  the  middle  of  the  last  century,  some  of  the 
naval  medical  officers  strongly  recommending  its  use  in  the  treatment 

of  dysentery  and  in  preventing  the  spread  of  cholera.  It  was  found 

particularly  useful  in  overcoming  the  disagreeable  smells  arising  from 

the  excretions  of  patients  sick  with  these  diseases. 

The  deputy  inspector  of  royal  naval  hospitals  in  Bermuda  published 

a   report  in  1851^  in  which  he  regarded  chloride  of  zinc  as  a   most 
powerful  and  instantaneous  deodorant,  and  he.  too.  used  it  with  great 

success  in  OA'ercoming  the  foul  emanations  arising  from  patients  lying 
in  the  Avards  in  every  stage  of  the  worst  forms  of  yellow  fever.  The 

waving  of  flags  moistened  with  the  solution  and  the  employment  of 

other  means  recommended  for  its  use  dissipated  the  foul  air  and 
restored  freshness. 

Concerning  chloride  of  zinc  as  a   disinfectant,  the  royal  scientific  depu- 
tation of  medical  officers/  1856.  states  that  there  is  no  doubt  and  no 

further  research  is  necessary  to  show  that  a   solution  of  zinc  chloride 

will  perform  A'ery  good  seiwice  in  protecting  the  bilge  and  preventing 

«   Royal  XaA-al  Medical  Reports:  Extracts  from  official  reports  upon  the  effects  of 
chloride  of  zinc  in  deodorizing  offensive  effluvia  from  cesspools,  sewers,  etc.,  and  in 

decomposing  poisonous  emanations  from  the  bodies  of  those  affected  by  contagious 

diseases.  Med.  Times  and  Gaz.,  London,  1853,  n.  s.  7,  pp.  341-344. 
&   Hilditch,  E. :   Report  on  deodorizing  and  disinfecting  properties  of  the  chloride 

of  zinc.  Med.  Times  and  Gaz.,  London,  1854,  n.  s.  9,  p.  106. 

Leber  den  Chlorzink  als  Desinfectionsmittel.  Yiertelj.  f.  gericht.  und  off.  Medi-  - 

cin,  Berhn,  1856,  pp.  104-107. 



bilge  water  of  ships  from  putrefying,  and  in  improving  the  smell  of 

water-closets,  etc.,  but  that  it  is  not  to  be  preferred  to  chloride  of 

lime  and  chlorine  in  contagious  diseases. 

In  1875  and  1876  Pettenkofer  and  Mehlhausen^^  directed  a   number 

of  trials  in  the  German  fleet  upon  the  disinfecting  value  of  zinc  chlo- 

ride. Bilge  water  of  a   speciflc  gravity  1017  to  1035,  with  a   slightly 

alkaline  reaction,  at  a   temperature  of  '2(P  to  30'^  C.,  was  treated  with 
a   solution  of  50  to  60  per  cent  strength  in  the  proportion  of  1 : 100  of 

bilge.  A   grayish  flocculent  precipitate  rapidly  settled,  leaving  a 

nearA  clear  yellowish  liquid.  All  odor  ceased  and  the  organisms 
seemed  to  be  killed.  At  the  end  of  four  weeks  the  mixture  showed 

no  signs  of  change.  One  part  of  the  solution  to  1,000  of  bilge  caused 

a   decrease  in  the  odor;  2   to  1.000  completely  removed  sulphuretted 

hvdrogen,  much  reduced  the  rancid  smell,  and  preserved  the  liquid 

for  fourteen  days. 

The  German  cholera  commission  of  1879  ̂    prescribed  zinc  chloride 
for  the  disinfection  of  bilge  water. 

Grace  Calvert  found  that  a   solution  of  albumin  to  which  1   per 

mille  of  zinc  chloride  was  added  required  over  forty  days  before 

germs  developed. 

Sternberg^  in  1881  performed  some  experiments  to  ascertain  the 
germicidal  value  of  chloride  of  zinc.  He  inoculated  three  rabbits 

with  0.5^  1,  and  2.5  per  cent  solutions,  respectively,  that  had  been 

mixed  with  the  blood  of  a   rabbit  dead  of  mouse  septicemia  {£.  rrarri- 

sejjticus)  and  allowed  the  mixture  to  stand  from  2()  to  30  minutes  before 

inoculation.  The  rabbit  receiving  the  1   per  cent  solution  was  the  only 

one  to  die.  the  other  two  recovering. 

Koch‘S  in  1881  did  some  experimental  work  with  zinc  chloride  on 
account  of  the  reputation  it  had  as  a   disinfectant.  It  was  considered  an 

etflcient  disinfectant  in  the  proportion  of  one  part  in  1,000. 

In  his  experiments  he  found  that  the  ̂ Micrococcus  prodigiosus  was 

not  injured  in  the  least  after  two  days'  exposure  in  a   percentage  of 
1:1, OOO.  He  did  not  observe  anv  diflerence  in  the  results  of  similar 

experiments  with  a   percentage  of  1 : 100  for  the  first  16  hours'  expos- 
ure, but  after  this  time  observed  that  the  ])ower  to  develop  when 

transplanted  was  somewhat  diminished  as  compared  with  the  controls. 

The  Micrococcus  prodigiosus  was  not  entirely  killed  after  an  exposure 

of  18  hours  in  a   percentage  of  1:100. 

The  spores  of  anthrax  and  subtilis  grew  quite  as  vigorously  after  18 

hours'  exposure  in  this  percentage  as  if  thev  had  not  been  exposed. 

«Rideal:  Disinfection  and  preservation  of  food.  190:3,  p.  152. 
^Rideal:  Disinfection  and  preservation  of  food.  1903,  p.  153. 

Xat.  Board  Health  U.  S.  A.  1881,  v.  3,  p.  21. 

Ueber  disinfection.  Mitt.  kais.  »esundh.,  1881,  p.  28. 
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Tlie  following  table  shows  the  results  of  his  experiments  with 

anthrax  spores  exposed  in  greater  percentages  of  zinc  chloride: 

,   .   Time  of  exposure  in  da  vs. 
Percentage  ot  zinc      

chloride. 3 
5   10  i 

20  ; 

30 

5     -r O 

_i_ 

t   t   : 

^   -f 
-U 

-i- 

The  mark  -f-  indicates  that  the  spores  taken  from  the  zinc  chloride 

solution  on  the  respective  days  had  undiminished  power  to  develop. 

Anthrax  spores  exposed  on  silk  threads  in  a   percentage  of  1:200  of 

zinc  chloride  dissolved  in  blood  serum  retained  their  power  to  develop 

after  d8  hours*  exposure  equally  as  well  as  the  controls.  This  he 
observed  under  the  micro.scope. 

From  his  experiments  he  concludes  that  ZnCl.,  in  a   percentage  of 

1:20  has  no  power  to  inHuence  anthrax  spores,  so  far  as  their  develop- 

ment is  concerned,  after  an  exposure  of  one  week. 
He  further  concludes  that  it  is  a   fact  that  zinc  chloride  has  no 

marked  power  to  prevent  micro-organic  growth,  and  that  it  is.  indeed, 

incomprehensible  to  him  that  any  considerable  disinfecting  value 
could  be  ascribed  to  this  substance. 

F.  Bouillat"  recognized  zinc  chloride  as  a   good  antiseptic,  but  found 
that  a   5   per  cent  solution  did  not  kill  the  spores  of  anthrax.  To  blood 

serum  and  egg  albumen  diluted  with  two  to  four  times  their  volume 

of  water  he  added  zinc  chloride  and  observed  that  it  coagulated  the 

albumen,  forming  an  insoluble  zinc  albuminate,  and  that,  provided 

enough  of  the  salt  be  added  to  unite  with  the  whole  of  the  albumen, 

no  growth  can  take  place.  In  his  experiments  with  this  zinc  albumi- 

nate he  also  observed  that  it  has  some  power  for  inhibiting  bacterial 

growth  and  the  development  of  foul  odors. 

^liqueF  placed  chloride  of  zinc  in  his  class  3   of  substances  as 

••strongly  antiseptic**  and  states  that  1.9  parts  in  1.000  will  prevent 
putrefaction  in  neutral  beef  bouillon.  He  places  it  in  the  same  class 

with  permanganate  of  potash,  chloroform,  cyanide  of  potash  and  car- 
bolic acid.  He  also  states  that  1.9  parts  of  zinc  chloride  is  equivalent 

to  3.2  parts  of  carbolic  acid  for  preventing  putrefactive  changes  in 
neutral  beef  bouillon. 

Sternberg says:  ''In  the  writers  experiments  1:200  destroyed 
Jficrococcus  Pasteuri  in  2   hours,  but  a   2   per  cent  solution  was  required 

to  kill  pus  cocci  in  the  same  time;  spores  of  Bacillus  anthracis  were 

not  destroyed  by  2   hours*  exposure  in  a   10  per  cent  solution,  but  a 

«   Beitriige  zur  lehre  von  der  antisepsis,  1882. 
&Les  organismes  vivants  de  Tatmosphere.  1883. 

c   Text-book  of  bacteriology,  1891,  p.  195. 
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solution  of  5   per  cent  killed  the  spores  of  Bacillus  subtilis  in  the  same 

time.’’ 
The  disinfecting  solution  devised  by  Dr.  C.  B.  Dudley"  consists  of 

a   neutral  solution  of  chlorides  of  copper  and  zinc  and  mercuric  chlo- 

ride put  up  in  8   ounce  bottles  and  securely  corked.  Each  bottle  con- 

tains 2.d00  grains  of  zinc  chloride,  120  grains  of  cupric  chloride,  10.5 

grains  of  mercuric  chloride,  and  10  drops  of  an  equal  mixture  of 

terbene  and  spirits  of  turpentine.  According  to  Sedgwick,^  who 
examined  it  for  its  efficiency,  the  chloride  of  copper  is  added  to  hx  the 

SLilphureted  hydrogen  and  the  zinc  chloride  on  account  of  its  deodor- 

izing properties.  Sedgwick  found  the  disinfectant  an  efficient  germi- 

cide, killing  the  spores  of  B.  subtilis  and  B.  anthracis  in  a   few  minutes, 

but  did  not  observe  that  the  zinc  chloride  materially  contributes  to  its 
value  as  a   disinfectant. 

Sternberg^  states  that  solutions  of  chloride  of  zinc  are  large!}"  used 
in  this  country  and  in  Europe  for  disinfecting  purposes.  It  is  an 

excellent  antiseptic  and  deodorant,  but  its  power  to  destroy  disease 

germs  has  been  very  much  overestimated.  It  may,  however,  be  relied 

upon  for  the  destruction  of  pathogenic  organisms,  in  the  absence  of 

spores,  in  solutions  which  contain  from  5   to  10  per  cent  of  the  salt.  ' 

On  page  20  of  the  same  essay  hefurther  states  that  ••chloride  of  zinc 
in  10  per  cent  solution  may  be  used  to  disinfect  the  dejecta  of  those 

sick  with  cholera  or  typhoid  fever,  or  sulphate  of  copper  in  a   solution 

of  the  same  strength  (10  per  cent),  the  amount  of  the  solution  used 

being  equal  to  the  amount  of  material  to  be  disinfected.” 

Under  the  name  of  ••Burnett's  disinfecting  fluid chloride  of  zinc 
has  had  an  extensive  use  in  England.  This  fluid  contains  from  10  to 

50  per  cent  of  zinc  chloride. 

In  Belgium  infected  clothes  are  boiled  in  a   solution  or  a   mixture  of 

210  grams  of  zinc  sulphate  and  120  grams  of  salt  dissolved  in  a   pail  of 

water.  ̂  

The  diversity  of  opinion  and  results  of  investigators  concerning  the 

value  of  chloride  of  zinc  as  a   disinfectant  is  apparent,  and  it  was  for 

the  purpose  of  determining  the  real  merits  of  chloride  of  zinc  as  a 

deodorant,  antiseptic,  and  germicide  that  this  work  was  undertaken. 

Achiou'ledgruent.  —   To  Dr.  M.  J.  Rosenau,  Director  of  the  Hygienic 
Laboratory,  I   am  gratefully  indebted  for  assistance  and  suggestions 

in  the  performance  of  this  work. 

«   Pa.  R.  R.  specifications  for  disinfectant  Xo.  27. 

&   Technology  quarterly,  v.  6   (2),  July,  1893. 

Sternberg:  Lomb  Prize  Essay — Disinfection  and  individual  prophylaxis  against 
infectious  diseases,  p.  19.  Revised  edition,  1899. 

<^Rideal:  Disinfection  and  preservation  of  foods,  1903. 

^Rideal:  Disinfection  and  preservation  of  food,  1903,  p.  345, 

26867— Xo.  22—05   2 
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PHYSICAL  AND  CHEMICAL  PROPERTIES. 

According  to  the  United  States  Pharmacopoeia,  chloride  of  zinc 

(ZnCh),  as  found  on  the  market,  is  a   white,  granular,  friable,  translu- 

cent powder  or  porcelain-like  masses,  irregular,  or  molded  into  pencils, 

odorless,  and  of  such  intensely  caustic  properties  as  to  make  tasting- 
dangerous  unless  the  salt  be  diluted,  when  it  has  an  astringent,  metallic 
taste. 

It  is  very  deliquescent,  and  oAving  to  its  hygroscopic  character  should 

be  kept  in  bottles  closed  with  paraffin.  It  is  possessed  of  dehydrating 

powers.  remo'  ing  oxygen  and  hydrogen  from  organic  matter  in  the 
form  of  water,  which  probably  accounts  for  what  inlluence  it  exerts 

as  an  antiseptic  and  germicide.  It  is  soluble  in  about  0.3  part  of 

water  at  15^  C.,  forming  a   clear,  viscid  solution,  which  on  boiling- 
deposits  a   basic  salt. 

It  is  practically  impossible  to  obtain  zinc  chloride  entirely  free  from 

basic  salt,  and  the  U.  S.  Pharmacopceia  prescribes  the  limit  of  this  by 

directing-  that  I   drop  of  hydrochloric  acid  shall  clear  up  opacity  caused 
in  5   c.  c.  of  a   5   per  cent  aqueous  solution  of  the  salt  by  the  addition  of 

an  equal  Amlume  of  alcohol. 

In  somewhat  aqueous  solutions  zinc  chloride  undergoes  partial  hydrol- 

ysis. the  precipitate  consisting  of  basic  or  hydroxy-chlorides,  e.  g.. 

ZnClg-^H.jO  =HC1— Znj^^.  This  llocculent  precipitate  can  be  cleared 
by  the  careful  addition  of  dilute  hydrochloric  acid. 

The  U.  S.  Pharmacopoeia  requires  that  the  official  salt  contain  not 

less  than  99.81  per  cent  of  zinc  chloride.  This  can  be  determined  by 

dissolving-  0.3  gram  of  dry  chloride  of  zinc  in  10  c.  c.  of  water  and 

adding-  2   drops  of  chromate  of  potash,  when  it  should  require  Id. I   c.  c. 
of  a   decinormal  silver  solution  to  produce  a   permanent  red  color. 

AVhen  heated  to  II5--  C..  zinc  chloride  fuses  to  a   clear  liquid.  At  a 
higher  temperature  it  is  partly  volatilized  in  dense,  white  fumes  and, 

in  part,  decomposed,  leaving  a   residue  of  zinc  oxide. 

The  aqueous  solution  turns  blue  litmus  paper  red. 

A   5   per  cent  solution  produces  no  corrosive  action  on  iron,  brass, 

wood,  or  caoutchouc,  and.  it  is  said,  does  not  rot  ordinary  fabrics,  but 

causes  a   reddening  and  smarting-  sensation  when  applied  to  the  skin. 
Linen  threads  and  hair  are  not  apparently  aliected  after  thirty  days 

exposure  in  a   100  per  cent  solution  of  zinc  chlorid.  but  the  same 

strength  solution  gradually  destroys  cotton  and  silk  threads.  This 

destruction  is  so  complete  at  the  end  of  ten  or  eleven  days  that  no 

evidence  of  the  presence  of  these  materials  in  the  solution  is  observable. 

The  Pharmacopoeial  solution  of  zinc  chloride  (liquor  zinci  chloridi) 

has  a   specitic  gravity  of  about  1.535  at  15^  C.  and  contains  about  50 
per  cent  by  weight  of  the  salt. 
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It  is  practically  identical  with  Burnett's  disinfecting  fluid. 
In  the  preparation  of  the  percentages  of  zinc  chloride  used  in  the 

following  work  100  per  cent  solution  was  first  prepared  b}’  adding 
enough  distilled  water  to  a   given  number  of  grams  of  the  diy  zinc 

chloride  to  make  the  same  number  of  cubic  centimeters  of  solution, 

e.  g. ,   to  100  grams  of  dry  zinc  chloride  sutficient  water  was  added  to 

make  100  c.  c.  of  solution.  This  solution  was  kept  as  a   stock  from 
which  the  weaker  dilutions  were  made. 

PROPERTIES  AS  A   DEODORANT. 

Chloride  of  zinc  is  capable  of  combining  with  hydrogen  sulphide, 

ammonia,  and  other  ofl'ensive  products  of  putrefaction,  forming  com- 
pounds that  are  comparatively  odorless;  hence,  zinc  chloride  is  a 

deodorant.  It  is  probable  that  this  property  is  more  or  less  responsi- 

ble for  its  historical  reputation  as  a   disinfectant. 

Zinc  chloride  unites  with  the  ammonia  given  ofl'  from  organic  matter 
undergoing  decay  to  form  ammonium  chloride,  zinc  hjxlroxide,  and 

various  other  compounds.  With  hydrogen  sulphide  it  unites  to  form 

zinc  sulphide,  but  the  union  is  so  feeble  that  it  is  rather  easily  broken 

up  again  into  hydrogen  sulphide,  etc.  As  the  sulphide  of  copper  is 

a   more  stable  compound  than  the  sulphide  of  zinc,  chloride  of  copper 

is  sometimes  used  for  the  purpose  of  fixing  the  hydrogen  sulphide. 

Experiments  were  performed  to  ascertain  the  value  of  chloride  of 

zinc  as  a   deodorant.  Its  properties  as  a   deodorant  were  also  observed 

and  noted  in  the  experiments  that  were  conducted  to  determine  its 

antiseptic  powers. 

Erlenmeyer  flasks  were  partly  filled  with  definite  quantities  of  sew- 

age (human  excreta,  stable  manure,  etc.)  and  varying  definite  quanti- 

ties of  zinc  chloride  added  in  order  to  determine  its  deodorizing* 

powers.  As  this  property  is  a   more  or  less  variable  one  depending* 

upon  time,  temperature,  and  kind'  and  quantity  of  organic  matter 
present,  one  series  was  kept  at  room  temperature  and  another  placed 

in  the  incubating  room  at  a   temperature  of  37°  C.  The  zinc  chloride 

was  added  in  strengths  A^aryiiig  from  1 : 10,000  to  1 : 50.  It  was  observed 
that  when  zinc  chloride  was  added  to  the  above  solutions  in  a   propor- 

tion as  little  as  1   part  in  10.000  a   slight  dimunition  of  the  odor  Avas  at 

once  perceptible.  This  became  more  marked  as  the  proportion  of 

zinc  chloride  was  increased  until  in  the  strength  of  1:300  only  slight 

odor  could  be  detected.  In  a   strength  of  1:200  the  odor  was  practi- 

cally destroyed. 

In  the  series  allowed  to  stand  at  incubator  temperature  the  deodor- 

izing power  gradually  diminished.  At  the  end  of  ten  days  a   slight, 

bat  not  disagreeable,  odor  AA*as  present  in  dilutions  of  1:50,  increasing- 
in  the  higher  dilutions  until  in  strengths  of  1:300  the  odor  became 
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oti'ensive.  lu  the  flasks  kept  at  room  temperature  the  changes  Tvere 
similar  to  but  not  so  marked  as  in  the  incubator  series. 

Zinc  chloride  is  still  less  efficient  as  a   deordant  in  the  presence  of 

organic  matter  of  vegetable  nature.  Some  flasks  were  prepared  as 

above  with  the  addition  of  particles  of  vegetable  matter,  such  as  cab- 

bage. etc.,  and  kept  at  room  temperature.  In  the  flasks  containing 

dilutions  of  1 : 300  the  odor  gradually  increased  as  the  vegetable  matter 

underwent  decay  until  about  the  seventh  day.  when  the  odor  was  very 

oflensire.  Iso  odor  was  appreciable  in  strengths  of  1:.50. 

In  dilutions  of  1:200  the  vegetable  matter  was  preserved  at  the  end 

of  11  days  and  the  odor  was  very  mild  in  comparison  with  the  odor 

from  the  flasks  containing  the  dilutions  of  1:300.  In  those  flasks  that 

contained  a   less  percentage  of  zinc  chloride  than  1:200  the  degree  of 

odor  and  the  time  necessary  for  decay  and  disappearance  of  the  veg- 

etable matter  varied  inversely  as  the  proportion  of  zinc  chloride  added. 

The  deodorizing  value  of  zinc  chloride  was  next  determined  in  the 

presence  of  less  organic  matter  than  the  above  experiments.  For 

this  purpose  ordinary  bouillon  was  inoculated  with  garden  earth  con- 

taining various  organisms  and  allowed  to  stand  at  room  tempemture. 

under  which  conditions  chloride  of  zinc  will  inhibit  the  production  of 

foul  odors  in  strengths  of  about  1:500. 

ANTISEPTIC  PROPERTIES. 

For  this  purpose  Erlenmeyer  flasks  of  about  100  c.  c.  capacity  were 

partly  tilled  with  nutrient  bouillon  and  the  zinc  chloride  added  in  vari- 

ous detinite  percentages. 

When  prepared  in  this  way  the  chloride  of  zinc  produces  a   white 

flocculent  precipitate,  which,  on  standing,  settles  to  the  bottom,  leav- 

ing the  upper  portion  of  the  liquid  its  original  straw  color  and  making 

it  possible  to  observe  any  bacterial  growth  that  may  take  place.  The 

quantity  of  this  precipitate  varies  directly  as  the  quantity  of  chloride 
of  zinc  added. 

The  flasks  having  been  prepared  in  this  way  were  abundantly  inocu- 

lated with  diflerent  materials  rich  with  organisms  such  a-  wisps  of 

hay.  fresh  stable  manure,  garden  earth,  etc.,  and  placed  at  room  tem- 

perature. From  day  to  day.  up  to  the  end  of  the  fourteenth  day.  the 

appearance  of  molds  and  bacterial  growths  was  observed.  In  case  of 

doubt  as  to  bacterial  growths,  hanging  drop  preparations  were  exam- 
ined under  the  microscope. 
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Some  of  the  results  may  be  observed  in  the  following  tables: 

Table  A. — Restraining  iwwer  of  zinc  chloride  prepared  in  bouillon  and  contaminated  ivith 

tvisps  of  hay — Kept  at  room  temperature. 

[+  means  bacterial  growth;  —   means  no  bacterial  growth;  s.  m.  means  surface  mold;  b.  m.,  mold  on 
the  bottom;  0   means  no  growth  of  any  kind. 

Percentage 
Day  on  which  growth  appeared. 

1 \ised. 
Second. Third. Sixth. Seventh. Tenth. '   Eleventh.  1 

!   Twelfth. 

Four- 

teenth. ( 

1 :1000   
s.  m.  — 

s.  m.  + ! 

1:500   
s.  m.  — 

s.  m.  + 
1 :300   0 

s.  m.  — 

s.  m.  + 

1 :200   0 0 0 

s.  m.  — 

s.  m.  + 

1;100   0 0 0 0 

s.  m.  — s.  m.  — 
1 ;   75   0 0 0 0 

s.  m.  — 
s.  m.  —   1 1:50   0 0 0 0 0   0   i   or  Mold. 

a   Mold.  ; 

1:45   0 0 0 0 0 0 !   0 

0   i 

1:40   0 0 0 0 0 0 

^   0 

0   1 
1:35   

1 
0 0 1 . 0 0 0 0 0 

0   i 

! 

a   This  was  only  mold  on  head  of  hay  and  was  really  not  in  the  solution. 

Table  B. — Restraining  power  of  zinc  chloride  prepared  in  bouillon  and  inoculated  ivith 

garden  earth — Kept  at  room  temperature. 

Table  C. — Restraining  power  of  zinc  chloride  prepared  in  bouillon  and  contaminated 

with  stable  manure — Kept  at  room  temperature. 

1 

Percent- 1 
age  used. 

Day  on  which  growth  appeared. 

Second. Third. Fourth. Fifth. Eighth. Tenth. 

Elev- 

enth. 
Twelfth. 

Four- 

teenth. 

1: 1000.. s.  m.  -f 
1 

1:500... 1   0 s.  m.  -f 
1 

1:300... i   0 
s.  m.  4- 1:  200  . 

'   0 
0 0 

s.  m.  — s.  m.  -f- 1:100... 
1   0 

0 0 0 0 

b.  m.  — 
b.  rn.  — 

1:  75   !   0 0 0 0 0 0 

b.  m.  — 
b.  m.  — 

1:50.... 0 0 0 0 0 0 0 

b.  m.  — b.  m.  — 

1:45.... 0 0 0 0 0 0 0 

!   b.  m.  — 
b.  m.  — 

1:40.... 1   0 0 0 0 0 0 0 '   b.  m.  — 

b.  m.  — 

1:35.... !   0 0 0 0 0 0 0 0 0 

These  experiments  were  repeated  and  the  results  verified. 

In  these  experiments  it  will  be  observed  that  the  minimum  strength 

of  chloride  of  zinc  that  inhibited  the  growth  of  molds  for  11  days  was 

about  1   part  in  10,  varying  slightly  with  the  character  of  the  material 

used  for  contamination.  The  strength  that  prevented  bacterial  growth 
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in  the  above  experiments  was  between  1:200  and  1:100,  while  further 

and  similar  experiments  showed  that  a   percentage  of  1:125  inhibits 

bacterial  growth  for  21  days,  but  a   growth  occurred  on  the  fourteenth 

day  in  a   percentage  of  1:150. 

It  must  be  remembered  that  the  antiseptic  property  of  a   substance 

varies  more  or  less  with  light,  character  of  medium  used,  and  the  tem- 

perature, the  relative  importance  of  these  factors  increasing  in  the 

order  named.  The  intiuence  of  diHused  light  is  comparatively  feeble. 

The  condition  of  the  medium,  independent  of  the  presence  of  the  sub- 

stance whose  antiseptic  value  is  being  determined,  is  an  influential 

factor.  A   strongly  alkaline  or  acid  medium  is  usually  inimical  to  the 

growth  of  bacteria,  and  the  nutrition  may  not  be  favorable  for  the 

development  of  the  micro-organisms  present.  A   low  temperature  will 
inhibit  bacterial  growth  and  a   high  one  destrov  bacterial  life. 

Experiments  were  performed  with  sewage  to  determine  the  quantity 

of  zinc  chloride  necessary  to  prevent  the  development  of  bacteria.  A 

series  of  flasks  was  prepared  with  an  average  sample  of  sewage.  Zinc 

chloride  varying  in  proportion  from  1:500  to  1:40  was  added  to  this 

series  of  flasks,  which  were  placed  at  room  temperature.  A   slight 

cloudiness  appeared  on  the  tenth  day  in  the  flasks  of  sewage  containing 

a   percentage  of  1:500  of  zinc  chloride. 

Another  series  of  flasks  was  prepared  by  mixing  equal  quantities  b}" 

volume  of  sewage  and  tap  water.  These  were  also  kept  at  room  tem- 

perature, and  it  was  found  under  these  conditions  that  in  the  per- 

centage of  1:500  of  zinc  chloride  a   bacterial  growth  developed  on 

the  fourteenth  da}v 

In  a   third  series  of  flasks  containing  sewage  and  nutrient  bouillon  in 

equal  volumes  and  kept  at  room  temperature  as  above  it  was  found 

that  a   bacterial  growth  developed,  indicated  b}^  the  clouding  of  the 

bouillon, 'on  the  fifth  day  in  the  flask  containing  zinc  chloride  in  the 
strength  of  1:200,  but  not  in  a   strength  of  1:100  in  14  days. 

The  organic  matter  in  the  flasks  referred  to  above  was  soon  precipi- 

tated after  adding  the  zinc  chloride,  and  this  was  particularly  the  case 

when  the  zinc  chloride  was  in  quantity  approximateh’  sufficient  to 
inhibit  bacterial  growth.  This  precipitate,  or  residue,  was  at  first 

brownish  in  color,  but  soon  became  more  or  less  bleached.  The 

bleaching  was  more  apparent  in  those  flasks  receiving  sufficient  zinc 

chloride  to  inhibit  bacterial  development,  but  was  observed  to  a   cer- 

tain extent  in  all  the  flasks,  the  degree  of  which  varied  directly  with 

the  quantity  of  zinc  chloride  present. 

After  the  precipitate  in  these  flasks  settled  to  the  bottom  the  super- 

natant liquid  was  practically  clear  and  transparent,  and  when  the  zinc 

chloride  was  in  quantity  sufficient  to  prevent  micro-organic  develop- 

ment it  gradually  assumed  a   straw  color  resembling  nutrient  bouillon. 
Further  work  was  done  with  these  same  flasks  in  order  to  determine 
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the  condition  of  this  supernatant  liquid  and  residue  as  regards  sterility. 

In  order  to  ascertain  this,  inoculations  were  made  from  the  super- 

natant portion  af  each  flask  by  transferring  with  a   sterile  pipette  -1  or 

5   drops  of  it  to  nutrient  bouillon  and  placing  it  in  the  incubator  at 

37^  C.  Considering  the  absence  of  growth  under  these  conditions  as 
evidence  of  sterility,  the  following  tables  will  show  the  results  obtained 

with  the  supernatant  portion  of  the  difl'erent  series  of  flasks  containing 
various  percentages  of  zinc  chloride: 

Table  A. — Germicidal  influence  upon  the  supernatant  liquid  when  zinc  chloride  is  added 
to  ordinary  sewage  and  kept  at  room  temperature. 

[—  means  growth;  —   means  no  growth.] 

Table  B, — Germicidal  influence  upon  the  supernatant  liquid  when  zinc  chloride  is  added 
to  equal  volumes  of  ordinary  sewage  and  tap  water  and  kept  at  room  temperature. 

Percentage  ZnCU. 
Time  of  exposure  in  days. 

6.  7.  9. 
10. 12. 

1   14. 1:500    +   .   + + 
1:200    -i- +   ,   + -i- + 
1.100   + 

-f  + 

+ 

--F 

— 

1:  75   

-h  + 

+ — — 

1:50   + 

-i-  + 

— — — 

1:45   + 
-f  - 

— — — 

1:40   + —   “■ 

Table  C. — Germicidal  influence  upon  the  supernatant  liquid  u'hen  zinc  chloride  is  added 
to  ordinary  sewage  and  bouillon  and  kept  at  room  temperature. 

From  the  above  results  it  will  be  observed,  as  might  be  expected, 

that  the  microorganisms  remained  viable  longer  in  the  flasks  contain- 

ing the  most  nutrition,  other  things  being  equal.  The  supernatant 

portions  of  the  two  series  of  flasks  containing  no  nutrient  bouillon 

were  sterile  at  the  end  of  14  days  in  a   proportion  of  zinc  chloride  of 
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1:100,  while  in  the  series  to  which  bouillon  was  added  it  was  sterile  at 

the  end  of  the  same  time  (11  days)  only  in  a   proportion  of  1:  75. 
Inoculations  from  the  residue  in  the  bottoms  of  these  same  flasks 

made  into  nutrient  bouillon  in  the  same  way  as  the  above  showed  that 

some  microorganisms,  probably  spore-bearing,  were  still  viable  and 
capable  of  multiplying  in  all  the  flasks  after  standing  21  days.  As  can 

be  observed,  the  largest  percentages  of  zinc  chloride  used  in  these 

series  of  experiments  were  1 : 10. 

A   series  of  flasks  was  next  prepared  containing  ordinaiy  sewage,  to 

which  was  added  particles  of  vegetable  matter,  such  as  cabbage,  etc. 

Zinc  chloride  was  added  in  derinite  quantities  varying  from  1: 1,000  to 

1:10.  The  flasks  were  kept  at  room  temperature.  At  the  end  of  11 

days  the  particles  of  floating  cabbage  were  still  well  preserved  and  the 

supernatant  liquid  was  a   straw  color  in  those  flasks  containing  zinc 

chloride  in  a   proportion  as  large  as  1:200. 

In  the  flasks  of  this  series  containing  zinc  chloride  in  the  proportion 

as  small  as  1:  300  the  liquid  took  on  a   brownish  cloudy  appearance  and 

the  particles  of  cabbage  gradually  disappeared.  This  decay  and  dis- 
appearance of  the  vegetable  matter  was  of  course  more  rapid  in  the 

higher  dilutions  of  zinc  chloride. 

In  the  foregoing  experiments  for  ascertaining  the  antiseptic  prop- 
erties of  zinc  chloride  the  solutions  always  became  decidedly  acid, 

which  has  a   certain  tendency  to  inhibit  decay  and  the  growth  of  micro- 
organisms. 

GERMICIDAL  PROPERTIES. 

For  determining  the  germicidal  value  of  chloride  of  zinc  various 

deflnite  percentages  were  prepared  in  distilled  water  and  about  1.5 

c.  c.  of  each  strength  placed  in  a   test  tube.  These  were  then  inocu- 
lated by  adding  0.5  c.  c.  of  an  emulsion,  in  distilled  water,  of  the 

organisms  to  be  used,  carrying  over  as  little  organic  matter  as  possible. 

Cultures  of  the  diflerent  organisms  used  for  this  purpose  were 

grown  on  agar  slants  for  21  hours  at  a   temperature  of  37°  C. 
Plants  were  then  made  in  sterile  bouillon  at  definite  intervals  by 

means  of  a   wire  loop.  They  were  then  placed  in  the  incubator  at  a 

temperature  of  37°  C.  and  the  results  noted  from  day  to  day. 
The  results  of  the  germicidal  action  of  zinc  chloride  upon  pure  cul- 

tures of  the  diflerent  organisms  used  are  shown  in  the  following  tables: 

[   +   means  growth  ;   —   means  no  growth.] 

BACILLUS  COLI  COMMUNIS. 

Percentage 
Time  of  exposure  in  minutes. 

used. 5. 
7. 8. 10. 15. 20. 

25, 
30. 40. 

50. 
60. 

5   + + + -1- + 

']- 

+ + + + + 
10   

j   + 

-1- + 

4- 

+ 

4- 

— — — — — 

15   

!   -h 

+ 

4- 

4- 

— — — __ — — 
•25   

1   + 

+ + 
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BACILLUS  TYPHOSUS. 

Pereentaere Time  of  exposure  in  minutes. 

used.  2. 5.  10. 
15. 20. 

30.  i   40. 50.  60. 

5     +   !   + E   ;   E + 
+   :   ̂  

+   +   1 

10     E   !   + E   E — — 
—   j   _ 

15     +   1   + —   — 

25     -   - 

VIBRIO  CHOLER.U. 

Time  of  exposure  in  minutes. 

used. 1.  2. 5. 7. 10. 
15. 

20. 30. 40. 
50. 60. 

0. 5   

_   ^ ! 1 

i   E E E + 
1.0   

-   E 

-i- 
E E — — — — — 

3.0   E   E 

-r 

! E — — — — — — 

5.0   E   E 

'   ̂    ’ 

10.0   + 

BACILLUS  DYSENTERI.E  (SHIGA). 

Percentage 
Time  of  exposure  in  minutes. 

used. 1. 4. 

5. 

10. 20.  30. 

'   50. 

60. 

5   

-f 

+ E -f  -h + + 
10   + 

*T~ 

-r 

E -j- — 

15   

“T 

E —   — — — 

25   

"T 

_   ,   _ ~ 

BACILLUS  DIPHTHERLE. 

Percentage 
used. 

Time  of  exposure  in  minutes.  I 

5.  1 
1   10. 15.  !   20. 

30. 
40. 50. 

60. 

5   
i 

: 
E   :   E E E 

f 

-i- 

10   

1   
— 

E E   E E E — 

15   

i   E 

E 
•   E   ‘   E 

E + — — 

25   E E E   E 

STAPHYLOCOCCUS  EPIDERMIS  ALBUS. 

Percentage  , 
used. 

Time  of  exposure  in  minutes.  ■ 
1. 

3. 5. 10. 
20. 

:   30. 

40. 
50. 

60. 

3   + E E E E E + 
5   E E E E E E — — 

10   :   -j- E 

_u 

E E E — — — 

15   -j- E E E — — — — — 

!   25   
i 

■ ~ ~ ~ 

Controls  all  grew  within  24  hours. 
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The  foreo'oing  results  demonstrate  that  under  the  most  favorable 

conditions  zinc  chloride  is  inefficient  as  a   germicide  for  practical  pur- 

poses. as  it  will  be  observed  that  the  pyogenic  organism  Stcqjhylococcus 

pyogenes  aureus  lives  for  50  minutes  in  a   strength  of  10  per  cent  and 

'20  minutes  in  a   strength  of  25  per  cent. 
Bacillus  coll  conirnunis  was  viable  after  exposure  for  20  minutes  in 

a   10  per  cent  solution  and  after  8   minutes  in  a   25  per  cent  solution. 

The  Yiljrio  cholerse  was  killed  in  a   5   per  cent  solution  within  T   min- 

utes and  within  2   minutes  in  a   10  per  cent  strength.  This  is  the  only 

organism  that  was  destroyed  by  a   reasonable  strength  in  a   reasonable 
time. 

In  the  experiments  for  determining  the  germicidal  action  of  zinc 
chloride  on  the  Bacillus  coli  cornrnunis  it  was  desired  to  ascertain 

whether  the  organisms  were  really  dead  in  the  time  and  strengths  that 

apparently  were  germicidal  or  simply  overcome  and  still  capable  of 

reviving  in  case  the  zinc  chloride  was  immediately  removed  or  neu- 

tralized. Consequently  some  of  the  organisms  were  treated  with 

ammonium  sulphide  for  a   few  seconds,  washed  in  distilled  water,  and 

planted  in  bouillon.  It  was  not  observed,  however,  that  this  appre- 

ciably altered  the  time  required  for  germicidal  action,  indicating  that 

the  organisms  were  really  killed. 

To  ascertain  the  germicidal  value  of  zinc  chloride  in  the  presence  of 

organic  matter  as  compared  with  its  value  in  distilled  water,  experi- 

ments were  performed  with  this  end  in  view. 

Equal  percentages  of  zinc  chloride  were  prepared  in  distilled  water 

and  nutrient  bouillon.  I’espectiveh'.  and  inoculated  with  diflerent 
organisms,  after  which  the  technique  was  the  same  as  above  described. 

The  results  are  shown  in  the  following  tables,  where  comparisons  ma}’ 
be  made. 

Table  A. — Germicidal  residts  ichen  the  B.  prodigiosus  v:as  exposed  in  percentages  of  zinc 
chloride  prepared  in  distilled  icater. 

Percentage 
zncr. 

Time  of  exposure. 

5   min- utes. 10  min- utes. 20  min- 
utes. 

45  min- 
utes. 

1   2 
hour,  hours. 

3 
hours. 

5 
hours. 

!   7 

hours. 

5   
10   
25   

- 

-r 

1 
  

T-
l-
 

- 
- 

“   1 

Table  A1. — Same  as  Table  A,  when  nutrient  bouillon  was  used  instead  of  distilled  water. 

Percentage 
ZnCh. 

Time  of  exposure. 

5   min-  lOmin-  20min- 
utes.  utes.  utes. 

45  min-  1 
utes.  hour. 

2   3 
hours,  hours. 

5   7 
hours,  hours. 

18 

hours. 

5   
10   
25   

1 

-   -   -i- j-  - -   - “h  4- — 

-   -   - -L  — - - 

-   ' 
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Table  B. — Germicidal  results  when  the  B.  pyocyaneus  was  exposed  in  percentages  of  zinc 
chloride  prepared  in  distilled  icater. 

Time  of  exposure. 

Percentage  ZnCL. 
10  min- 20 min- 30 min- 

2 3 5 

7   18  ■ 
utes. utes. 

1   utes. 

hours. 

hours.  ' 

hours. hours,  hours. 

I 

■   5   
'   10   + _   J 

+ 

1 
+ 

~r 

- 

,   ^ i     ^   i 

- 

-F 

— 

Table  B1. — Same  as  Table  B,  when  nutrient  bouillon  was  used  instead  of  distilled  waters 

Time  of  exposure. 

Percentage  ZnCl-:. 

1 10  min- utes. 20  min- utes. 
30  min- 
utes. 

2 
hours. 

3 
hours. 

5 
hours. hours. 

18 

hours. 

5   _ 

_u 

+ 

1   
-F 

;   IB   -i- -j- 

-F 

— — — 

'   — 

'   25   
1 

-F  , 

+ “ 

i
 
 
 “ 

These  results,  confirmed  by  repeating  several  times,  show  that  when 

zinc  chloride  is  prepared  in  nutrient  bouillon  its  germicidal  value  is 

not  appreciabh"  infiuenced  by  the  organic  matter  contained  therein  as 
compared  with  its  value  when  prepared  in  distilled  water. 

As  has  alread}^  been  stated,  zinc  chloride  produces  a   heavy  white  pre- 
cipitate when  added  to  nutrient  bouillon.  Consequently  experiments 

were  performed  to  determine  the  relative  germicidal  properties  of  this 

precipitate  as  compared  with  those  of  the  clear  transparent  portion 

that  remains  above.  A   10  per  cent  solution  of  zinc  chloride  in  nutrient 

bouillon  was  prepared  and  allowed  to  settle.  The  clear  supernatant 

portion  was  then  siphoned  off  and  10  c.  c.  of  it  placed  in  a   test  tube. 

Ten  cubic  centimeters  of  the  precipitate  was  placed  in  another  test 

tube.  Beth  tubes  were  then  inoculated  with  a   21-hours-old  agar  culture 

01  Bacillus  jyyocyarieus^  after  which  plants  at  definite  intervals  were 

made  from  each  tube  into  nutrient  bouillon  in  the  usual  wa}'. 
The  results  of  the  inoculations  made  every  hour  show  that  the 

Bacillus  pyocyaneus  was  killed  within  3   hours  in  the  tube  containing 

the  supernatant  portion,  and  within  1   hours  in  the  tube  containing 

the  precipitate,  indicating  that  the  supernatant  portion  has  slighth' 
greater  germicidal  powers  than  the  precipitated  portion.  A   similar 

experiment  in  which  Bacillus  typhosus  was  substituted  for  Bacillus 

pyocyaneus  shows  that  this  organism  was  killed  in  both  tubes  within 
2   hours. 

GERMICIDAL  INFLUENCE  OF  ZINC  CHLORIDE  ON  SEWAGE. 

For  this  work  an  average  sample  of  sewage  was  selected.  Definite 

quantities  were  placed  in  Erlemneyer  ffasks  and  heavily  inoculated 

with  a   watery  suspension  of  a   21-hours-old  agar  culture  of  Bacillus 

pyocyaneus.  Various  definite  percentages  of  zinc  chloride  were  then 



added  and  the  hash?  kept  at  room  temperatnre.  At  dehnite  intervals 

inoculations  were  made  into  bouillon  and  Dunham's  solution  in  the 

usual  manner  and  placed  in  the  incubator  at  37-  C. 

In  the  following  results  P   means  that  there  was  a   growth  oi  j>yocya- 

nev.s:  means  that  there  was  a   bacterial  growth,  but  no  evidence  of 

pyoryfmem:  —   means  no  growth. 

i   Percenrage  ZnCU. 

Time  of  exposure. 

1   2 
h-our.  hours 

3   5 
hours  hours 

1 day. 2 
days. 

3 
days. 

4 
days. 

5   7   14 
days.  days.  days. 

ConrrOj-  -     P P P P P p P P 

P   P   - 0-2   P P P P P p P P 

P   P   - 1-0   P P P P P p P P 

P   -   - 2-0   
-   P 

P P P — 

-g 

_ — _   -i-  _ 

5-0   P 

1   P 

— — — — — — _   ^   _ 

10.0   

Baci.Uus  pyocyaneus  was  used  in  these  experhnents  as  a   control,  so 

to  speak,  on  account  of  the  ease  with  which  its  growth  can  be  observed. 

As  its  power  of  resisting  the  action  of  germicides  compares  very 

favorably  with  that  of  the  nonspore-bearing  pathogenic  organisms  it 

possesses  value  for  control  purposes  in  the  dihnfection  of  feces.  When 

exposed  to  the  action  of  zinc  chloride  prepared  in  sewag-e — with  its 

host  of  various  micro  organisms — the  viability  of  the  B.  pyocyanevs  i.^ 
diminished  as  compared  with  its  viability  when  exposed  in  the  same 

strengths  of  zinc  chloride  prepared  in  distilled  water.  This  dilference 

is  rather  marked  and  may  be  due  to  a   combination  of  factors. 

The  sewage  was  slightly  acid  and  of  course  contained  many  other 

organisms  which  in  time  may  have  overrim  the  pyocyaneus.  as  it  had 

disappeared  from  the  control  hask  at  the  end  of  II  days. 

By  referring  to  the  preceding  tables  it  will  be  observed  that  B. 

jfyocyaneu-^  wa-  killed  within  3   hours  in  the  tia^k  of  sewage  containing^ 

5   per  cent  of  zinc  chloride,  while  it  was  not  destroyed  after  7   hours' 
exposure  in  an  aqueous  solution  of  the  same  strength. 

The  organisms  that  were  still  viable  after  1   or  '2  days'  exposure  in 
the  hasks  of  sewage  containing  the  larger  percentages  of  zinc  chloride 

appeared  to  be  principally  spore-bearing  organisms. 

It  wa<  next  desired  to  determine  the  viabihty  of  some  of  the  patho- 

genic organisms,  such  as  cholera,  typhoid  fever,  etc.,  when  exposed 

to  the  action  of  zinc  chloride  in  sewage. 

As  the  overgrowth  of  ordinary  sewage  bacteria  makes  this  determi- 

nation in  sewage  well-nigh  impossible,  a   sample  of  sewage  similar  to 

that  used  in  the  above  ex|)eriments  was  sterilized  with  -team  under 

pressure.  After  sterilization  it  was  placed  in  Task-  as  in  the  fore- 

going experiment  and  heavily  inoculated  with  dl-hours-old  agar  cul- 

tures of  diherent  pathogenic  organisms  and  the  various  percentages 
of  zinc  chloride  added. 
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Inoculations  into  bouilloD  at  definite  intervals  were  made  and  placed 

in  the  incubator  at  37°  C.  Following  are  the  results  with  the  differ- 
ent organisms  used: 

Besults  y:hen  B.  dysenterise  {Shiga)  was  exposed  in  percentages  of  zinc  chloride  prepared 
in  sterile  seicage. 

[-i-  means  growth;  —   means  no  growth.] 

Percentage  ZnCL 

Time  of  exposure  in  hours. 

1. 

2. 

3. 

5. 7. 

24. 

1   _ + + + 
2   

”T 

-F 

4-
 

+ — 

5   

~r 

“T 

+ 

“h 

Results  when  B.  typhosus  was  exposed  in  percentages  of  zinc  chloride  prepared  in  sterile 
seicage. 

Exposure  in  hours. 

•   K. 

.1.  2. 3. 

5. 

1     + +   + 

"r 

2     ^ + — — 

5     -f 

Results  when  Vibrio  cholerse  icas  exposed  in  percentages  of  zinc  chloride  prepared  in  sterile 
sewage. 

Percentage  ZnCI-2. 
Exposure  in  hours. 1. 

2. 

3. 

5. 

1   

_L 

+ 
2   

-L 

5   

_1 

— 

Results  when  B.  pyocyaneus  was  exposed  in  percentages  of  zinc  chloride  prepared  in 
sterile  sewage. 

Percentage  ZnClo. 

1   Exposure  in  hours. 
1 

1. 

2. 

3. 5. 72. 

1   + + 

■   7'i 
_U _U 

2   + + -t- 

4-
 

5     + 

4- 

"i" 

Controls  were  all  viable  at  the  end  of  3   days. 

Sterilization  of  sewage  of  course  alters  its  natural  composition  to  a 

certain  extent,  but  it  is  the  only  practical  way  in  which  the  viability 

of  the  pathogenic  organisms  used  in  these  experiments  with  zinc 

chloride  in  sewage  can  be  determined  with  any  degree  of  accuracy. 

A   comparison  of  the  results  obtained  under  these  conditions  show 

that  the}^  do  not  differ  materially  from  those  obtained  under  similar 

conditions  when  distilled  water  is  used  instead  of  sterile  sewage. 
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EFFECTS  OF  ZINC  CHLORIDE  UPON  SPORE-BEARING  ORGANISMS. 

Experiments  were  performed  with  T-days-old  agar  cultures  of  B. 

subtilis  and  B,  antJiracis.  A   banging-drop  preparation  of  each  cul- 

ture was  examined  before  it  was  used  to  see  that  it  contained  many 

spores. 

Preparations  of  zinc  chloride  varying  from  5   to  100  per  cent  were 

prepared  in  distilled  water  and  20  c.  c.  of  each  strength  placed  in  a 

large  test  tube.  It  may  be  well  to  state  here  that  by  a   100  per  cent 

solution  of  zinc  chloride  is  meant  a   solution  made  by  adding  enough 

distilled  water  to  a   given  number  of  grams  of  diw  zinc  chloride  to 

make  the  same  number  of  cubic  centimeters  of  solution.  The  dilu- 

tions were  made  accordingly.  For  the  purpose  of  exposing  the 

spores  in  these  solutions  of  zinc  chloride  different  methods  w^ere 

emplo}’ed.  In  some  experiments  a   wntery  suspension  of  the  organ- 
isms to  be  used  was  made  and  added  to  the  different  solutions  of  zinc 

chloride,  after  which  plants  from  each  tube  into  nutrient  bouillon 

were  made  at  deffnite  intervals  and  placed  in  the  incubator  at  37^  C. 

The  results  show  that  the  spores  of  B.  subtilis  w'ere  still  viable 

after  1   days’  exposure  in  a   100  per  cent  solution  of  zinc  chloride,  but 

produced  no  grow^th  when  transplanted  after  5   days'  exposure  in  the 
same  strength.  The  spores  of  B.  antJiracis  were  capable  of  multi” 

plying  when  transplanted  into  bouillon  after  an  exposure  of  7   days  in 

a   2.5  per  cent  solution  of  zinc  chloride. 

An  objection  to  the  above  mode  of  procedure  is  that  when  the 

inoculated  solutions  of  zinc  chloride  are  to  be  kept  for  a   long  period, 

say  a   month,  some  of  the  organisms  that  adhere  to  the  sides  of  the 

test  tube  above  the  liquid,  and  consequently  are  not  immersed  in  it, 

are  liable  to  be  carried  over  in  making  the  plants  from  time  to  time 

and  give  erroneous  results  as  to  the  germicidal  value  of  the  substance 

being  determined  or  the  viability  of  the  organism  under  test. 

This  is  more  likely  to  occur  if  the  contents  of  the  tube  are  shaken 

up  before  making  the  inoculations. 

By  using  a   sterile  pipette  for  making  the  inoculations  and  carefully 

carrying  it  to  the  bottom  of  the  tube,  as  was  done  in  the  above  experi- 
ments, this  possible  source  of  error  is  reduced  to  a   minimum.  The 

principal  objection  to  the  use  of  the  pipette  for  this  purpose  is  that 

too  much  of  the  zinc-chloride  solution  is  carried  over. 

The  silk-thread  method  wns  also  used  for  exposing  the  organisms  in 

the  zinc-chloride  solutions  and  proved  more  satisfactory  than  the 

preceding  method.  Sterile  silk  threads  about  1   inch  long  were  soaked 

in  a   thick  watery  suspension  of  the  organism  to  be  used  and  about  20 

threads  placed  in  each  strength  of  zinc  chloride.  Inoculations  were 

made  at  deffnite  intervals  by  carefullv  transferring  a   thread  to  nutrient 

bouillon  and  placing  in  the  incubator  at  37^  C 
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In  the  more  concentrated  solutions  so  much  of  the  zinc  chloride 

is  carried  over  on  the  thread  that  it  was  found  better  to  use  two 

tubes  of  l)ouillon  for  each  thread,  one  being  used  to  wash  out  most  of 

the  zinc  chloride,  after  which  the  thread  is  planted  in  another  tube. 

Both  tubes  were  then  incubated  at  37°  C.  The  results  obtained  with 

the  tubes  in  which  the  threads  were  placed  after  washing’  were  much 
more  uniform  and  satisfactory  than  those  in  which  the  threads  were 

washed. 

The  following  are  the  tabulated  results  with  T   da}"s  old  spores  of 
B.  anthracis  on  silk  threads  exposed  in  various  percentages  of  zinc 

chloride  prepared  in  distilled  water: 

[+  means  growth;  — ,   no  growth.] 

percentage 
Time  of  exposure  in  days. 

ZuCL. 
5. 10. 15. 

20. 

25. 40. 

5   + + 

!   + 

+ + 
10   

-j- 

-p 

-4 

+ + + 
25   

T- 

4- 

1 + + 
50   + + + 

The  spores  of  B.  suhtilis  on  silk  threads  exposed  in  a   100  per  cent 

solution  of  zinc  chloride  were  viable  at  the  end  of  the  tenth  day,  after 

which  time  the  silk  threads  were  so  completely  destroyed  by  the  action 

of  the  zinc  chloride  that  further  planting  was  impossible. 

By  substituting  linen  threads,  which  are  not  destroyed  by  a   100  per 

cent  solution  of  zinc  chloride,  for  silk  threads  in  the  above  experiment 

it  was  found  that  the  spores  of  B.  suhtilis  were  still  viable  after  thirty 

days  exposure. 
SUMMARY  AND  CONCLUSIONS. 

Chloride  of  zinc  has  had  more  or  less  reputation  as  a   deodorant, 

antiseptic,  and  disinfectant  for  many  years,  but  it  has  gradually  been 

realized  that  it  was  muck  overrated,  particular!}^  as  an  antiseptic  and 
disinfectant,  and  its  use  for  these  purposes  is  becoming  more  and  more 
limited. 

It  is  used  as  an  ingredient  of  some  proprietary  preparations  found 

on  the  market  and  vaunted  for  their  disinfectant  powers,  but  its  role 

is  principally  that  of  a   deodorant.  Even  as  a   deodorant  there  are 

certain  objections  or  limitations  to  its  use,  but  for  the  sanitarian  it  is 

the  only  property  of  any  practical  value  that  it  possesses. 

When  zinc  chloride  is  added  to  sewage  in  dilutions  as  high  as 

1:10,000  a   diminution  of  otfensive  odors  is  appreciable;  but  this  effect 

as  only  transitory.  As  the  percentage  of  zinc  chloride  is  increased  its 

deodorizing  effect  becomes  more  marked  and  more  permanent.  It  is  a 

fairly  reliable  deodorant  in  proportions  varying  from  1:500  to  1:200, 

but  the  exact  percentage  to  be  used  in  each  case  depends  upon  the 

kind  and  condition  of  material  to  be  acted  upon. 
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The  union  of  zinc  chloride  with  hydrogen  sulphide  is  not  stable 

enough  to  recommend  it  for  the  neutralization  of  this  offensive  com- 

pound. 
The  antiseptic  powers  of  zinc  chloride  are  feeble. 

'Prepared  in  nutrient  bouillon  a   percentage  of  about  1:40  is  required 
to  inhibit  the  growth  of  molds  for  14  da}"s,  while  under  the  same  con- 

ditions a   strength  of  1:125  is  required  to  inhibit  for  the  same  length 

of  time  bacterial  development. 

Added  to  ordinary  sewage,  zinc  chloride  will  inhibit  bacterial  growths 

in  proportions  varying  from  1 : 500  to  1 : 200,  depending  to  a   certain 

extent  upon  the  quantity  of  nutrition  present. 

Chloride  of  zinc  can  not  be  relied  upon  for  destroying  micro- 

organic  life,  as  the  B.  coli  communis  is  not  killed  in  a   5   per  cent 

solution  in  1   hour’s  exposure,  and  it  takes  10  minutes  for  a   25  per 
cent  solution  to  kill  the  same  organism. 

It  requires  30  minutes  for  a   25  per  cent  solution  to  kill  Stajyhylococcm 

yyogeiies  aureus. 

Spores  of  B.  subtilis  are  not  killed  in  a   100  per  cent  solution  in  30 

da}^s,  and  the  spores  of  B.  anthracis  are  not  killed  in  a   50  per  cent 
solution  in  40  days. 

Zinc  chloride  has  some  properties  as  a   deodorant  to  recommend 

it  favorablv,  but  its  antiseptic  and  germicidal  powers  are  compara- 

tively feeble,  which,  with  its  cost  and  caustic  properties,  practically 
eliminate  it  from  the  useful  and  reliable  disinfectants. 

O 
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NOTICE  TO  LIBRARIANS  AND  BIBLIOGRAPHERS  CONCERNING  THE  SERIAL 

PUBLICATIONS  OF  THIS  LABORATORY. 

The  Hygienic  Laboratory  was  established  in  New  York,  at  the  Marine  Hospital  on 
Staten  Island,  August,  1887.  It  was  transferred  to  Washington,  with  quarters  in  the 
Butler  Building,  June  11, 1891,  and  a   new  laboratory  building,  located  in  Washington, 

was  authorized  by  act  of  Congress,  March  3,  1901. 

The  following  bulletins  [Bulls.  Nos.  1-7,  1900  to  1902,  Hyg.  Lab.,  IT.  S.  Mar.-Hosp. 
Serv.,  Wash.]  have  been  issued: 

No.  1. — Preliminary  note  on  the  viability  of  the  Bacillus  pestls.  By  M.  J.  Rosenau. 
No.  2. — Formalin  disinfection  of  baggage  without  apparatus.  By  M.  J.  Rosenau. 
No.  3. — Sulphur  dioxide  as  a   germicidal  agent.  By  H.  D.  Geddings. 

No.  4. — Viability  of  the  Badllus  pestis.  By  M.  J.  Rosenau. 

No.  5. — An  investigation  of  a   pathogenic  microbe  {B.  typhi  murium  Danyz)  applied 
to  the  destruction  of  rats.  By  M.  J.  Rosenau. 

No.  6. — Disinfection  against  mosquitoes  with  formaldehyd  and  sulphur  dioxid. 
By  M.  J.  Rosenau. 

No.  7. — Laboratory  technique:  Ring  test  for  indol,  by  S.  B.  Grubbs  and  Edward 
Francis;  Collodium  sacs,  by  S.  B.  Grubbs  and  Edward  Francis;  Microphotography 

with  simple  apparatus,  by  H.  B.  Parker. 

By  act  of  Congress,  approved  July  1,  1902,  the  name  of  the  “   United  States  Marine- 
Hospital  Service”  was  changed  to  the  “Public  Health  and  Marine-Hospital  Service 
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No.  9. — Presence  of  tetanus  in  commercial  gelatin.  By  John  F.  Anderson. 
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culicis  n.  g.,  n.  sp.)  in  American  mosquitoes  {Culex  sollicitans) ;   by  Ch.  Warded  Stiles. 
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States.  By  Brayton  H.  Ransom. 
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Board  of  Trustees,  U.  S.  Pharmacopceial  Convention;  Temporary  Assistant  in  the 

•   Hygienic  Laboratory,  U.  S.  Public  Health  and  Marine- Hospital  Service. 

INTRODUCTION.^ 

ORIGIN  AND  SCOPE  OF  BULLETIN. 

The  United  States  Pharmacopoeia  is  the  official  standard  for  the 

U.  S.  Public  Health  and  Marine-Hospital  Service.  Drugs  purchased 

for  its  hospitals  and  relief  stations  must  confomi  to  the  Pharmaco- 

poeia! requirements.  A   circular  letter,  calling  the  attention  of  the 

medical  officers  and  pharmacists  of  the  Service  to  the  many  and  impor- 

tant changes  in  the  revised  edition,  was  at  first  contemplated.  It  was 

believed  that  such  a   letter  would  aid  these  officials  in  their  study  of 

the  revised  Pharmacopoeia  and  facilitate  the  early  adoption  of  the  new 

names  and  new  preparations.  Later,  with  the  approval  of  the  Board 

of  Trustees  of  the  Pharmacopceial  Convention,  it  was  decided  to  pub- 
lish this  information  in  the  form  of  a   bulletin.  It  is  believed  that 

such  a   bulletin  will  help  the  practitioner  to  a   better  understanding  of 

the  significance  of  some  of  the  innovations.  Being  written  for  physi- 

cians, only  such  changes  are  discussed  in  this  bulletin  as  are  of  interest 

and  use  to  them,  such,  for  example,  as  changes  in  the  strength  of 

preparations,  changes  in  name,  the  additions,  etc.  For  changes  relat- 

ing to  methods  of  preparation,  of  tests  for  identity,  purity,  etc.,  the 

reader  is  referred  to  the  Pharmacopeia  itself. 

«The  authors  are  greatly  indebted  to  Dr.  Daniel  Base,  of  the  Division  of  Pharma- 
cology, for  valuable  assistance  rendered  in  the  preparation  of  this  bulletin. 
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Special  attention  is  directed  to  the  following  points: 

1.  Terminology. — The  general  plan  regarding  terminology  is  ex- 
pressed in  the  following  extract  from  the  General  Principles  to  be 

Followed  in  Revising  the  Pharmacopoeia,  adopted  by  the  Pharmaco- 

poeia! Convention  of  1900: 

cc  *   *   *   newh"  admitted  articles  it  is  recommended 
that  such  titles  be  chosen  as  are  in  harmony  with  general  usage  and 

convenient  for  prescribing;  but  in  the  case  of  chemicals  of  a   delinite 

composition  a   scientific  name  should  be  given,  at  least  as  a   synonym.” 

In  accordance  with  this  general  principle  a   large  number  of  syn- 

thetic remedies  have  been  admitted  into  the  Pharmacopoeia,  not  under 

their  trade  or  commercial  names  b}"  which  many  are  well  known  to  the 

profession,  but,  in  most  cases,  under  names  approximating,  as  closeh^ 

as  practicable,  their  true  chemical  names.  Thus  “   Phenacetin  ”   is 
admitted  as  Acetjylienetidinum.,  a   name  which  shows  at  once  that  this 

substance  belongs  to  the  great  group  of  phenetidin  compounds. 

“Aristol”  is  admitted  as  Thymolis  lodidum^  a   name  showing  that 
this  substance  is  an  iodine  compound  of  thymol.  While  a   few  of  these 

new  names  ma}"  at  first  lead  to  some  confusion,  it  is  certain  that  the}" 

will  ultimately  greatly  simplify  not  only  the  terminology,  but  also  our 

understanding  of  the  nature  and  use  of  such  substances.  For  exam- 

ple, at  present  the  same  chemical  compound  is  sometimes  put  on  the 

market  under  a   variety  of  commercial  names.  Thus,  hexamethylene 

tetramine  is  sold  under  at  least  seven  different  names,  most  of  which 

refer  in  a   vague  way  to  some  supposed  therapeutic  value  of  the  drug, 

and  not  to  its  chemical  nature.  The  Pharmacopoeia  admits  this  sub- 

stance under  the  name  llexamethylenamina  and  fixes  a   standard  of 

purity.  By  demanding  the  U.  S.  Pharmacopoeia  article  the  plysician 

is  not  onl}"  assured  a   product  of  uniform  high  qualit}^,  but  he  aids  in 

reducing  the  multiplicity  of  names  which  is  so  often  a   source  of  confu- 

sion. Because  of  the  different  names  under  which  a   given  drug  is  sold, 

it  is  no  wonder  that  physicians  who  have  failed  to  secure  the  results 

expected  from  a   certain  drug  have  prescribed  it  again  under  a   different 

name,  but  with  the  impression  that  they  were  trying  something  new. 

The  use  of  the  chemical  names,  as  far  as  practicable,  is  also  a   great  aid 

in  classifying  the  compounds  which  are  being  put  upon  the  market  in 

such  ever  increasing  numbers.  If  the  physician  understands  the  chem- 

ical nature  of  a   comparatively  few  well-known  substances  he  will  more 

readily  see  the  relations  of  the  new  ones  to  these,  and  will  appreciate 

how  slight  man}"  of  the  modifications  are.  In  fact,  notwithstanding 

the  number  of  the  latter,  drugs  of  distinctly  new  therapeutic  properties 
are  rare. 

Aside  from  the  evident  desirability  of  having  names  at  least  sug- 

gesting the  chemical  nature  of  the  drug,  there  is  another  reason  for 

giving  preference  to  the  Pharmacopcsial  names.  A   substance  is  often 
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sold  under  a   fanciful,  registered  name  at  a   much  higher  price  than 

under  the  chemical  name.  Thus  a   hardship  is  worked  on  pharmacist 

and  patient  alike." 

The  general  principle  of  using,  whenever  practicable,  the  true  chem- 
ical name  of  a   substance  has  been  extended  to  a   number  of  drugs  which 

were  already  official  in  the  U.  S.  Pharmacopoeia.  Thus,  Acidum  Car- 

bolicum  (U.  S.  P.,  1890)  (a  name  no  longer  approved  in  chemical  ter- 

minology), becomes  Phenol;  the  composition  of  Salol  (V.  S.  P. ,   1890) 

is  shown  by  its  new  official  name,  Phenylis  Salicylas^  etc. 

The  “   Extracta  Fluida”  becomes  Fluklextracta;  thus  these  prepara- 
tions are  separated  alphabetically  from  the  other  extracts,  and  much 

confusion  is  thereby  obviated. 

Changes  in  strength. — A   number  of  very  important  changes  have 

been  made  in  the  strength  of  certain  preparations.  ‘‘The  Inter- 
national Conference  for  the  Unification  of  the  Formulas  of  Heroic 

^Medicines,’'  held  at  Brussels  in  1902,  recommended  that  certain 
preparations  of  the  heroic  remedies  be  made  of  uniform  strength  in  the 

pharmacopoeias  of  the  diflerent  countries.  The  present  revision  of  the 

U.  S.  Pharmacopoeia  has  accepted  nearlv  all  of  the  recommendations 

adopted  by  this  conference.  The  tincture  of  aconite,  for  example,  is 

reduced  from  35  per  cent  to  10  per  cent,  the  tincture  of  cantharides 

is  increased  from  5   per  cent  to  10  per  cent,  etc.  The  great  majority 

of  tinctures  are  now  of  either  10  or  20  per  cent  strength;  the  most 

noteworthy  of  those  of  the  10  per  cent  class,  besides  aconite  and  cmi- 

tharides,  just  mentioned,  are  those  of  digitalis,  sc|uill,  and  strophan- 
thus.  These  changes  have  been  classified  and  tabulated  for  this 
bulletin. 

The  increase  in  the  scope  of  pharmacopoeias  is  an  interesting  chapter 

in  the  history  of  medicine.  Before  the  publication  of  the  first  F".  S. 
Pharmacopoeia  (in  1820)  various  European  pharmacopoeias  were  the 

chief  standards  for  this  country,  although  the  United  States  Army, 

the  Massachusetts  Medical  Society,  and  the  New  York  Hospital  had 

previously  issued  pharmacoj^oeias  of  more  than  local  importance.  It 

was  not  until  1861  that  there  was  a   national  British  Pharmacopoeia; 

prior  to  that  year  three  pharmacopoeias  were  in  use  in  Great  Britain — 

the  London,  the  Edinburgh,  and  the  Dublin.  The  U.  S.  Pharmaco- 

poeia, in  adopting  the  suggestions  of  the  Brussels  Conference,  is  the 

first  pharmacopoeia  to  acquire  an  international  scope.* 

«   To  obviate  this  unnecessary  increase  of  expense  to  the  patient  a   Government 

order  was  recently  issued  in  Germany  directing  the  official  physicians  to  the  poor  to 

prescribe  drugs  under  their  Pharmacopceial  instead  of  under  their  registered  names. 

^The  growing  tendency  to  give  wider  recognition  to  official  standards  is  well 

shown  by  the  fact  that,  in  several  States,  drugs  not  in  the  U.  S.  Pharmacopoeia  are 

deemed  adulterated  if  they  do  not  conform  to  the  standards  of  purity  of  foreign 

pharmacopoeias. 
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3.  Additiom. — There  are  117  additions  in  the  Eighth  Decennial 

Revision  of  the  U.  S.  Pharmacopoeia:  among  these  are -representatives 

of  all  classes  of  drugs.  There  is,  for  instance,  a   larger  number  of 

synthetic  remedies  than  ever  before.  The  principles  involved  in  the 

pharmacopceial  terminology  of  these  have  already  been  discussed. 

The  active  principles  of  a   number  of  drugs  have  been  admitted:  this 

permits  of  more  accurate  dosage  and  their  use  obviates  the  necessity 

of  administering  inert  and  often  undesirable  constituents  of  the  crude 

drug.  New  salts  of  well-known  drugs  have  been  admitted  on  account 

of  their  greater  stability  or  solubility.  Inasmuch  as  the  discovery  of 

diphtheria  antitoxin  is  perhaps  the  greatest  achievement  in  therapeutics 

in  the  last  quarter  of  a   century,  the  St^/nrm  Ant klijdit her icu'm  is  a   very 
notable  addition  to  the  Pharmacopoeia:  not  only  is  this  substance  made 
official  but  a   dehnite  American  standard  for  it  has  been  fixed. 

A   class  of  additions  deserving  careful  consideration  by  the  medical 

profession  is  represented  by  certain  of  those  combinations  of  well- 

known  drugs  which  in  recent  years  have  become  popular  with 

physicians  and  also  with  the  laity.  Some  of  these  preparations  are 

extensively  sold  under  various  trade  names,  and  the  manufacturers 

have  not  always  made  public  their  constituents:  the  same  name  is 

sometimes  applied  by  ditferent  manufacturers  to  different  combina- 

tions. Recognizing  the  demand  for  such  preparations  a   number  of 

them  have  been  admitted  into  the  Pharmacopceia.  and  the  proportions 

of  the  ingredients  fixed,  thereby  giving  physicians  the  opportunity  of 

securing  uniform  preparations,  the  constituents  of  which  are  of  known 

strength  and  purity. 

The  introduction  of  these  various  preparations  reduces  to  a   very 

small  number  those  extra-pharmacopceial  ulrugs  which  the  conserva- 

tive. well-informed  physician  will  desire  to  prescribe.  There  are 

undoubtedly  a   few  drugs  not  in  the  Pharmacopeia  which  many  phy- 
sicians have  found  to  be  of  distinct  value:  most  of  these  are  protected 

by  patents  and  could  not  be  admitted  under  the  rules  formulated  bv 

the  Pharmacopeial  Convention.  The  pharmacopeial  preparations, 

however,  will  in  most  ca>es  meet  the  needs  of  physicians  who  are 

accustomed  to  consider  carefully  the  chemical  nature  and  the  physio- 

logical action  of  a   drug  before  they  venture  to  use  it,  and  who  know 

how  rarely  a   distinctly  new  drug  with  real  advantages  over  those 

already  in  use  is  discovered. 

Ii-.  Assay  processes. — A   noteworthy  feature  of  the  revised  Pharma- 

copoeia, and  one  which  places  it  at  the  head  of  the  pharmacopoeias  of 

the  world  in  this  respect,  is  the  introduction  of  a   large  number  of 

assay  processes  for  important  drugs  of  vegetable  origin.  An  exami- 

nation of  the  tables  given  in  this  bulletin  (pp.  65-66)  will  show  that 
standards  of  strength  and  methods  for  contirming  them  have  been 
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introduced  for  over  fifty  important  ofiicial  preparations  for  which  no 

such  requirements  were  made  in  the  1S90  Pharmacopoeia. 

Before  the  introduction  of  assay  methods  the  pharmacist  and  physi- 

cian were  compelled  to  judg'e  the  quality  of  drugs  largely  by  their 
appearance;  from  this  it  was  possible  to  determine  in  many  cases 

whether  medicinal  plants,  for  example,  had  been  collected  and  cared  for 

in  a   way  which  would  proboMy  preserve  their  therapeutic  virtues.  In 

many  cases,  however,  the  physician  was  compelled  to  rely  solely  upon 

the  therapeutic  test.  Great  credit  is  due  those  manufacturers  who 

for  years  have  been  perfecting  processes  of  assay  and  placing  upon 

the  market  preparations  of  definite  strength  of  many  of  the  most 

important  drugs. 

The  introduction  into  the  Pharmacopoeia  of  such  a   large  number  of 

these  assay  processes  will  now  insure  a   more  general  uniformit}^  in 

the  purity,  strength,  and  therapeutic  action  of  pharmacopoeial  prepara- 
tions than  ever  before,  and  the  entire  medical  profession  is  under 

lasting  obligations  to  the  Committee  of  Revision  who  have  labored  so 

long  to  perfect  as  nearly  as  possible  these  assa}’  methods.  Unfortu- 
nately there  still  remain  a   number  of  pharmacopoeial  preparations 

for  which  no  definite  method  of  chemical  analysis  or  assa}"  has  been 

devised.  Among  these  may  be  mentioned  the  Serum  Antidijjlitheri- 

curn^  alread}^  referred  to.  Another  group  embraces  certain  galenicals, 
the  active  principles  of  which  are  as  yet  either  not  sufficiently  known 

or  are  incapable  of  isolation  and  assay  by  present  methods.  Although 
care  in  the  selection  and  in  the  manufacture  of  the  materials  will  in 

many  cases  insure  preparations  of  therapeutic  value,  yet,  for  the  careful 

standardization  of  such,  recourse  is  had  to  physiological  methods;  but 

physiological  methods  of  standardization  were  specificalhA3arred  from 

the  Pharmacopoeia  by  the  Pharmacopoeial  Convention  of  1900.  The 

reasons  for  this  are  obvious;  assay  processes  introduced  into  the 

Pharmacopceia  are  such  as  every  well-equipped  pharmacist  is  able  to 

apply.  It  is  not  to  be  expected,  however,  that  even  the  best-equipped 

pharmacist  should  have  the  theoretical  knowledge,  the  technical 

training,  and  the  material  facilities  for  biological  and  physiological 

investigations.  Recognizing  the  increasing  demand  for  standard- 

ized  preparations,  certain  manufacturing  establishments  have  been 

equipped  not  only  with  pharmaceutical  and  chemical  laboratories  of 

the  most  approved  type,  but  with  biological  laboratories  as  well,  the 

work  and  products  of  which  are  a   credit  alike  to  commercial  enterprise 

and  to  genuine  scientific  progress. 

5.  Purity  rubric. — Whenever  practicable  a   minimum  degree  of 

purit}"  has  been  fixed  and  requirements  established  which  exclude 
objectionable  impurities. 

6.  Poses. — The  Pharmacopoeial  Convention  instructed  the  Com- 

mittee of  Revision  ‘‘to  state  the  average  approximate  (but  neither  a 
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minimum  nor  a   maximum)  dose  for  adults,”  and  further  directed  it  to 

declare  ‘‘that  neither  this  Convention,  nor  the  Committee  of  Revision 
created  by  it,  intends  to  have  these  doses  regarded  as  obligatory  on 

the  physician  or  as  forbidding  him  to  exceed  them  whenever  in  his 

judgment  this  seems  advisable.”  A   table  of  these  doses  has  been 
compiled  and  inserted  in  this  bulletin. 

RELATION  OF  PHYSICIANS  TO  THE  PHARMACOPCEIA. 

A   few  words  may  be  added  regarding  the  relation  of  the  physician 

to  the  Pharmacopoeia.  The  U.  S.  Pharmacopoeia  had  its  origin  in  the 

medical  profession,  and  the  early  editions  were  entirel}^  the  work  of 

ph3^sicians.  Although  so  vitally  interested  in  the  Pharmacopada — 

for  in  many  cases  it  is  the  physician’s  sole  legal  guarantee  of  the 

quality  of  the  drugs  he  uses — and  although  medical  men  ^ire  alwa}\s 
represented  on  the  Committee  of  Revision,  the  medical  profession  as 

a   whole  can  scarcety  be  said  to  give  the  publication  the  support  it 

deserves;  phj^sicians  often  prescribe  proprietaiy  drugs  or  articles 

under  commercial  names  when  a   greater  familiarit}"  with  the  Pharma- 
copceia  would  show  that  there  are  official  preparations  of  similar 

character  but  of  more  uniform  composition.  The  authorit}"  of  the. 

Pharmacopoeia,  however,  is  steadil}^  increasing;  nearly  half  the  States 

have  made  it  the  legal  standard  for  drugs,  and  whenever  a   “pure 

drug  bill”  is  proposed  it  is  assumed,  almost  as  a   matter  of  course, 

that  the  U.  S.  Pharmacopoeia  is  to  be  the  standard  1)}"  which  the 

(jualit}^  of  drugs  is  to  be  judged.  Despite  the  fact  that  there  ma}^, 

and  of  necessit}"  always  will,  be  certain  minor  imperfections  in  the 
Pharmacopoeia,  it  is  and  will  remain  the  leading  standard;  and  no  one 

questions  the  imperative  need  of  such  a   standard. 

The  need  of  such  a   standard  for  drugs  intended  for  the  use  of 

ph^^sicians  is  all  the  more  evident  when  it  is  remembered  that  some 
manufacturers  who  do  make  standard  pharmacopoeial  preparations 

nevertheless  frankl}"  admit  that  they  put  upon  the  market  other  prep- 

arations of  the  same  substance  by  no  means  of  pharmacopoeial  stand- 

ard but  under  names  almost  identical  with  the  pharmacopoeial  names. 

These  manufacturers  claim  that,  when  the  official  article  is  not  specifi- 

cally designated,  popular  demand  and  commercial  competition  justify 

this  procedure.  The  possible  dangers  in  such  a   course  must  at  once 

be  apparent,  and  this  practice  is  one  of  the  reasons  for  the  legal 

requirement  in  man}^  States  that  any  article  sold  under  a   pharma- 

copoeial name  must  conform  to  pharmacopoeial  standards. 

The  Pharmacopoeia  is  moreover  the  chief  bulwark  of  one  of  the  most 

time-honored  principles  of  the  medical  profession,  namely,  that  there 
must  be  no  secrets  about  the  drugs  used  in  the  treatment  of  disease. 

Upon  this  question,  that  physicians  must  have  full  knowledge  of  all 

the  constituents  and  of  all  the  properties  of  the  drugs  they  prescribe. 
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there  can  be  no  compromise.  The  physician  should  never  forget  that 

he  is  the  sole  judge  of  what  is  suitable  for  his  patient.^' 

Not  onl}^  does  the  individual  patient  often  suffer,  but*  real  progress 
in  therapeutics  is  delayed  bv  the  use  of  remedies  as  to  the  composition 

of  vdiich  the  physician  has  but  imperfectly  informed  himself;  in  many 

cases  were  the  real  nature  of  the  drug  made  known  the  physician 

would  see  the  folly  of  using  it.  The  mythical  character  of  the  virtues 

claimed  for  some  ‘’special  combinations'-  has  been  repeatedly  shown 

by  chemical  analysis.^  Thus  some  of  the  remedies  advertised  to  phy- 
sicians under  fanciful  names,  with  veiw  vague  descriptions  of  their 

composition  but  with  full  directions  for  use,  have  been  shown  to  be 

nothing  but  mixtures  of  some  of  the  best-known  U.  S.  Pharmacopoeia 

drugs. 

The  Pharmacopoeia  is  often  criticised  for  retaining  and  admitting 

drugs  which  many  physicians  regard  as  useless.  It  should  be  remem- 

bered, however,  that  the  Pharmacopoeia  is  (and  under  our  form  of 

government  must  be)  representative,  as  well  as  conservative;  the 
framers  endeavor  to  make  it  reflect  the  actual  demands  of  the  medical 

profession.^ 

o   That  the  assurances  as  to  the  virtues  of  secret  or  semi-secret  preparations,  although 
made  in  good  faith  and  supported  by  high  authority,  are  not  a   sufficient  safeguard 

against  dangerous  accidents,  is  illustrated  by  the  following  case:  Some  manufacturers 

who  prepared  certain  tinctures  with  methyl  alcohol  attempted  to  justify  their 

departure  from  recognized  pharmaceutical  methods  by  claiming  that  methyl  alcohol 

is  a   better  solvent  of  some  of  the  constituents  of  ginger  than  is  ethyl  alcohol,  and 

this  claim,  as  well  as  the  contention  that  methyl  alcohol  is  not  more  toxic  than 

ethyl  alcohol,  was  supported  in  court  by  the  testimony  of  high  official  chemists;  the 

plaintiff  in  the  case  in  question  (a  physician  whose  sight  was  destroyed  by  the 

methyl  alcohol)  thought  when  he  bought  this  preparation  that  he  was  buying  an 

article  made  according  to  the  Pharmacopoeia. 

b   See,  for  example,  the  reports  of  the  Council  on  Pharmacy  and  Chemistry  of  the 
American  Medical  Association. 

The  scope  of  the  Pharmacopoeia  is  well  described  in  the  following  words  of  H.  C. 

Wood,  President  of  the  U.  S.  Pharmacopoeial  Convention  (Pop.  Sci.  ̂ Monthly,  Jan., 

1905,  p.  279): 

“A  common,  fallacious  belief  is  that  Pharmacopoeial  recognition  means  that  the 
drug  recognized  is  of  value;  the  fact  is  that  the  United  States  and  othet  Pharmaco- 

poeias have  in  them  numerous  drugs  of  very  little  use.  The  nature  or  motif,  so  to 

speak,  of  a   Pharmacopoeia  is  not  to  distinguish  between  worthy  and  worthless  drugs, 

but  to  see  that  a   drug  which  is  asked  for  is,  as  sold  by  the  apothecary,  pure,  and 

that  proper  preparations  of  uniform  strength  are  made  by  the  apothecary. 

“The  question  which  the  framers  of  a   Pharmacopoeia  ask  themselves  is  not.  Is  this 
drug  of  value,  but  Is  there  a   demand  for  it  by  the  profession  of  medicine?  If  five 

thousand  doctors  in  the  United  States  believed  brick  dust  to  be  a   valuable  remedy 

and  habitually  used  it,  brick  dust  would  have  to  go  into  the  Pharmacopoeia.  Witch- 

hazel  is  probably  as  active  and  as  useful  as  is  brick  dust,  but  witch-hazel  is  a   fad 

and  is  enormously  called  for,  and  so  witch-hazel  must  go  into  the  Pharmacopoeia. 
The  Pharmacopoeia  exists  for  the  purpose  of  requiring  tlie  apothecary  to  give,  in  the 

first  place,  pure  brick  dust  or  pure  witch-hazel  when  asked  for;  and,  in  the  second 

place,  uniform  preparations  of  these  remedies.” 
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If  obsolete  drugs  are  retained  or  new  ones  of  proved  value  fail  to 

gain  admission  to  the  Pharmacopoeia  it  is  because  the  medical  profes- 
sion of  the  country  fails,  through  lack  of  concerted  action  (as  by 

means  of  the  national  or  local  medical  societies)  to  make  their  wishes 

sufficiently  clear. ^ 

!No  account  of  the  Eighth  Decennial  Ee vision  of  the  Pharmacopoeia 

would  be  complete  without  an  expression  of  the  gratitude  which  all 

physicians  must  feel  to  the  Committee  of  Eevision  who.  with  no 

motives  other  than  their  interest  in  higher  standards,  have  labored  so 

long  and  well  to  perfect  as  nearly  as  may  be  the  U.  S.  Pharmacopoeia. 

«   When  the  Pharmacopoeial  Convention  of  1900  met,  only  five  medical  organiza- 

tions presented  recommendations  and  suggestions  for  the  revision  of  the  Pharma- 
copoeia. 



ADDITIONS  TO  THE  PHARMACOPCEIA. 
4k 

ACETONUM._ 

Acetone. 

CH3.CO.CH3 

“A  liquid  containing  not  less  than  99  per.  cent  by  weight  of  absolute 

acetone.”  (U.  S.  P.) 

Chemically,  acetone  is  dimethyl-ketone  (CH3COCH3).  It  is  present 
to  a   considerable  extent  in  crude  wood  alcohol. 

Properties. — Clear,  colorless,  mobile,  neutral  liquid,  inflammable, 

and  having  an  ethereal  odor  and  taste.  Specific  gravit}-,  0.790  (25°  C.); 

boiling  point,  56.5°  C.  Miscible  with  water  and  alcohol  in  all  pro- 

portions. An  excellent  solvent  for  fats,  resins,  rubber,  etc.  Iodo- 

form is  formed  when  acetone  is  slightly  warmed  with  an  alkali  and 

iodine  (basis  of  method  for  determining  acetone  in  diabetic  urine,  etc.); 

it  also  yields  iodoform  with  an  alcoholic  solution  of  iodine  and  ammo- 

nia (Gunning’s  test;  diflerence  from  alcohol).  Acetone  forms  with 
nitroprussiate  of  soda  and  sodium  hydroxide  a   reddish-brown  color, 

which  passes  into  purple  or  violet  on  acidifying  with  acetic  acid  (Legal’s 
test). 

Use. — Acetone  is  used  extensively  in  the  manufacture  of  chloroform, 

iodoform,  and  sulphon methane  (q.  v.).  A   number  of  oleoresins  (aspid- 

ium,  capsicum,  ginger ,   lupulin,  and  pepper)  formerly  prepared  (U.  S.  P. , 

1890)  with  ether  are  now  prepared  with  acetone,  as  the  latter  is  neither 

so  inflammable  nor  so  expensive  as  the  former. 

Acetone  seems  to  be  slightly  more  poisonous  than  eth}d  alcohol;  the 

symptoms  caused  by  the  two  are,  generally  speaking,  similar. 

Caution. — It  should  be  kept  in  well-stoppered  bottles  remote  from 
lights  or  fire. 

Related  Compounds.— When  a   phenyl  radical  (OgH^)  takes  the  place 

of  one  of  the  methyl  groups  in  acetone,  the  resulting  compound  is 

phenyl-meth3d-ketone  (C6H5COCH3),  also  known  as  acetophenone. 

This  has  been  used  as  a   hypnotic  under  the  name  of  Ilypnone.  It 

is  a   liquid  above  20.5°  C.  Malarlne  is  a   condensation  product  of 
acetophenone  and  paraphenetidin  (see  Acetphenetidin).  It  is  usually 

employed  in  the  form  of  the  citrate. 

(15) 
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Salacetolum  is  a   salicylic  acid  ester  of  acetol  which  is  an  alcohol 

(CHgCOCHgOH)  derived  from  acetone;  proposed  as  an  antirheiimatic. 

Acetoacetic  acid,  also  called  diacetic  acid  (CHgCOCHoCOOII), 

which  may  be  looked  upon  as  acetone  in  which  a   hydrogen  atom  has 

been  replaced  by  the  acid  group  (COOH),  is  found  in  the  urine  in 

many  cases  of  diabetes  mellitus.  It  is  thought  that  one  source  of  ace- 
tone found  in  diabetic  urine  is  the  decomposition  of  diacetic  acid. 

ACETPHE>  ETIDI>  UM. 

Acetphenetidin. 

{Phenacetin. ) 

C   H 

This  substance  is  generally  known  by  the  trade  name  2)henacet{n ; 

official  in  the  British,  German,  and  Swiss  Pharmacopoeias  as  Phenacet- 

inum;  also  called  para-acetphenetidin. 

Chemistry. — The  derivation  of  acetphenetidin  is  shown  b}^  the  fol- 
lowing formulas: 

^OH 

Phenol 

CeH. ^OH  (1) 

Para-amidophenol 

..  H   ,0C,H5  ,0C.H5 
^   ̂ »“‘'^nh(coch3) 

Para-phenetidin  (Pa-  Acet-paraphenetidin  {phe-  . 
ra-amido-phenetol)  nacetin) 

H in  which  one 
It  ma}^  be  regarded  as  acetanilide  (COCH  ) hy  drogen  atom  is  replaced  by  the  ethoxy  group  (OC3H5). 

Character. — ‘AYhite,  glistening,  crystalline  scales,  or  line  crystalline 

powder,  odorless,  and  tasteless.'’ 
Solubility. — Slighth"  soluble  in  water  (1:9:^5),  much  more  so  in  boil- 

ing water  (1:70),  and  still  more  in  alcohol  (1:12). 

Purity. — Occasionally  adulterated  with  acetanilide,  which  may  be 
recognized  by  the  following  Pharmacopoeial  test: 

“If  0.1  Gm.  of  Acetphenetidin  be  boiled  with  10  Cc.  of  water  it 
should  3ueld  a   solution  which,  when  cooled  and  filtered,  should  not 

become  turbid  upon  the  addition  of  bromine  T.  S.  [1  per  cent  solution] 

in  slight  excess  (absence  of  acetanilide).” 
For  other  tests,  see  the  Pharmacopoeia  and  Kebler,  L}unan  F. : 

Adulterated  drugs  and  chemicals,  U.  S.  Dept.  Agric.,Bur.  Chemistry, 
Bull.  No.  80,  1904. 

Incompatibility. — Incompatible  with  phenol,  chloral  hydrate,  iodine, 
salicylic  acid,  and  oxidizing  agents. 

Dose. — “Average  dose:  0.500  Gm.  =500  milligrammes  (7i  grains).” 
(U.  S.  P.) 

Caution. — The  German  Pharmacopoeia  states  that  not  more  than 
3   Gm.  (45  grains)  should  be  given  in  the  course  of  a   day.  Special 

caution  should  be  observed  when  acetphenetidin  is  prescribed  in  com- 

bination with  other  drugs  of  similar  physiological  action;  thus,  ace- 
tanilide and  acetphenetidin  should  not  be  combined  in  full  dose  of  each. 
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Excreted  in  the  urine  as  auiidoplienol  or  amidophenetol,  which  gives 

a   red  color  with  ferric  chloride;  also  causes  appearance  of  a   reducing 
substance. 

Similar  Compounds.— This  is  the  representative  of  a   yevj  large  num- 
ber of  similar  compounds  known  as  the  phenetidin  series.  These  are 

derived  from  para-amidophenol 

drogen  atom  of  the  hydroxjT  group  and  one  or  both  of  the  h3^drogen 

atoms  of  the  amido  (NHg)  group  by  alkyl  or  acid  radicals.  Thus,  lac- 

tophenin  is  formed  when  the  lact}^  group  (COCH(OH)CH3)  is  intro- 

duced into  para-phenetidin  instead  of  the  acetyl  (CH3CO)  group: 
OC  H 

.   Sedating  apolysin^  citropJien^  Itryofin^ 

malahin^  salophen,  saliphen^  phenocoll^  salocoU^  etc.,  are  similar  com- 

pounds. The  ph}"siological  action  of  all  these  substances  is  funda- 

mentall}^  the  same.  These  compounds,  as  well  as  acetphenetidin  itself, 

are  contained  in  man}"  migraine  and  headache  powders.  Chinopheiiin 
and  e\pyrlne  are  also  phenetidin  compounds. 

by  replacing  the  hy- 

ACinUM  CAMPHOEICUM. 

Camphoric  Acid. 

CsH,,< COOH 

COOH 

‘‘A  dibasic  organic  acid  obtained  by  the  oxidation  of  camphor.” 
Official  under  same  name  in  the  German  Pharmacopoeia. 

Of  the  various  camphoric  acids  known,  only  the  dextro-rotatory  is 

official.  It  is  prepared  by  oxidizing  camphor  with  nitric  acid. 

Character. — Colorless,  odorless  crystalline  plates,  or  a   crystalline 

powder  having  an  acid,  bitter  taste.  Melting  point,  187°  C.  It  forms 
easily  soluble  salts  v/ith  the  alkalies. 

Solubility. — Difficultly  soluble  in  cold  water  (1:125),  more  readily  in 

boiling  water  (1:10);  readily  soluble  in  alcohol;  soluble  in  fatty  oils 

(1:50). 

Purity. — Should  not  have  the  odor  of  camphor;  tested  by  the  IT.  S. 
Pharmacopoeia  method  should  be  free  from  nitric  acid. 

Action. — The  general  symptoms  produced  by  camphoric  acid  are 
similar  to  those  Caused  by  camphor,  but  the  latter  is  much  more 

powerful.  Used  as  an  antihydrotic  in  doses  of  1   to  2   Gm.  and  (in 

solution)  as  a   local  astringent  in  the  nose,  throat,  and  bladder.  As  it  is 

but  slightly  soluble  in  water,  it  has  been  recommended  in  making  solu- 

tions to  add  11  per  cent  of  alcohol  for  each  per  cent  of  camphoric  acid. 

Dose. — “Average  dose:  1   Gm.  (15  grains).”  (U.  S.  P.) 
Guakamphol  is  a   combination  of  Guaiacol  and  Camphoric  Acid. 

«   The  name  sedatin  has  also  been  used  as  a   synonym  for  antipyrine, 

31207— No.  23—05   2 
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ACIDIM  HYDRI0DICU3I  DILLTU3I. 

Diluted  Hydriodic  Acid. 

HI 

'‘A  solution  of  hydriodic  acid  containing  not  less  than  10  per  cent 

b}"  weight  of  the  absolute  acid,  and  about  90  per  cent  of  water.” 
This  is  a   reintroduction,  the  preparation  haying  been  admitted  to 

the  U.  S.  Pharmacopoeia  of  1860,  but  dismissed  on  account  of  the 

difficulty  of  preserying  it. 

In  the  present  preparation  there  is  a   small  quantity  of  hypophos- 

phorous  acid.  This  acts  as  a   preseryatiye  by  reducing  an}"  iodine  set . 
free  to  hydriodic  acid.  The  method  of  preparing  it  (for  which  see  the 

Pharmacopoeia)  is  that  recommended  in  the  1890  U.  S.  Pharmacopoeia 

in  connection  with  the  preparation  of  Syrupus  Acidi  Hydriodici;  the 

latter  is  now  prepared  from  the  Acidum  Hydriodicum  Dilutum.  The 

method  is  simple  and  requires  no  special  apparatus  or  chemicals. 

Character. — A   clear,  colorless  liquid,  odorless  and  haying  an  acid 
taste.  It  should  not  become  colored  on  keeping.  Miscible  in  all 

proportions  with  water  or  alcohol. 

Dose. — ‘‘Ayerage  dose:  0.5  Cc.  (8  minims).”  (U.  8.  P. ) 

Caution. — “Should  be  kept  in  small,  amber-colored,  glass-stoppered 

bottles,  protected  from  the  light.” 

ACIDU3I  HYPOPHOSPHOROSOI. 

Hypophosphorous  Acid. 
HPH,0, 

“A  liquid  composed  of  30  per  cent  by  weight  of  absolute  hypophos- 

phorous  acid  and  70  per  cent  of  water.” 

Properties. — A   colorless,  odorless  liquid  having  an  acid  taste.  Alis- 

cible  in  all  proportions  with  water.  It  is  a   powerful  reducing  agent, 

precipitating  metallic  silyer  from  solutions  of  silyer  nitrate,  calomel 

from  corrosiye  sublimate,  etc. ;   when  heated  with  copper  sulphate  a 

yellow  precipitate  of  copper  hydride  is  formed  (difierence  from  phos- 
phorous acid). 

It  is  used  in  the  preparation  of  Acidum  Hypophosphorosum  Dilutum. 

Incompatibilities. — Incompatible  with  arsenical  salts,  and  in  general 

with  substances  that  are  more  or  less  easily  reduced*. 

ACIDL3I  TRICHLORACETICU3I. 

Trichloracetic  Acid. 

CCI3.COOH 

“A  monobasic  organic  acid  usually  obtained  by  the  oxidation  of 

hydrated  chloral  with  nitric  acid.” 

Properties. — White,  deliquescent,  rhombohedral  crystals,  haying  a 

slight,  characteristic,  mildly  pungent  odor. 
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Very  soluble  in  water  and  alcohol;  in  the  latter,  part  of  the  acid  is 

changed  into  the  ester. 

The  aqueous  solution  on  boiling  is  decomposed  with  the  formation 

of  chloroform  and  carbon  dioxide:  CCI3COOH  =   CHCI3  +   COg. 

Ten  parts  of  trichloracetic  acid  and  1   part  of  water  form  a   liquid 

known  as  acidum  trichloraceticum  liquef actum;  it  is  often  dispensed 

in  this  form  (cf.  Phenol  Liquef  actum). 

It  precipitates  proteids  and  is  used  as  a   reagent  for  the  detection  of 
albumin  in  urine  and  milk. 

Caution. — Should  be  kept  in  dark,  amber- colored,  well-stoppered 

bottles  in  a   cool  place.”  It  is  far  stronger  than  acetic  acid  and  should 
be  used  with  great  caution. 

ACONITINA. 

Aconitine. 

Q34tt47^0ji 

An  alkaloid  obtained  from  Aconite.  Official  in  the  Br.  P. 

The  chemical  structure  of  aconitine  is  analogous  to  that  of  atropine 

and  cocaine;  like  the  latter  it  undergoes  partial  decomposition  when 
boiled  for  some  time  with  water. 

Properties. — Colorless  or  white  rhombic  tables  or  prisms,  odorless, 

permanent  in  the  air,  and  producing  in  extremely  diluted  solutions  a 

characteristic  tingling  sensation  when  brought  in  contact  with  the 

mucous  membrane  of  the  tongue  or  lips.  The  alkaloid  itself  should 

never  be  tasted,  and  its  solution  only  when  largely  diluted,  and  then 
with  the  utmost  caution. 

Very  slightl}^  soluble  in  water  (1:3200),  much  more  so  in  alcohol 

(1:22)'. Aconitine  was  formerly  in  the  U.  S.  Pharmacopoeia,  but  was  dropped 

in  1880  owing  to  the  variable  composition  of  the  article  then  on  the 

market.  At  present  there  are  on  the  market,  in  addition  to  the 

crystalline  aconitine,  an  amorphous  aconitine  and  an  eclectic  “   aconi- 

tin.”  The  greatest  caution  should  be  observed  not  to  confuse  these 
preparations,  as  they  differ  considerably  in  composition. 

Aconitine  is  the  most  powerful  drug  in  the  Pharmacopoeia;  death  is 

reported  to  have  resulted  from  0.5  milligramme  (y|§  grain). 

Dose. — ‘‘Average  dose:  0.00015  Gm.=  0.15  milligramme 

grain).”  (U.  S.  P.) 
Aconitine  is  contained  in  the  Oleatum  Aconitinae  of  the  National 

Formular}". ADEPS  LAN.E. 

Wool-Fat. 

Adeps  Lanse,  Br.  P. ;   Adeps  Lanse  anhydricus,  P.  G.  “The  purified 

fat  of  the  wool  of  sheep,  freed  from  water.”  The  Hydrous  IVool- 

Fat,  which  contains  “not  more  than  30  per  cent  of  water,”  is  still 
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retained  in  the  Pharmacopoeia;  if  this  be  heated  on  the  water  bath, 

with  stirring,  until  it  ceases  to  lose  weight,  it  is  converted  into  Adeps 
Lante. 

In  making  certain  ointments,  the  water  contained  in  hydrous  wool- 

fat  is  objectionable;  for  such  preparations  Adeps  Lan^e  is  preferable. 

JITHYLIS  CARBAMAS. 

Ethyl  Carbamate. 

( Urethane. ) 

Ethyl  Carbamate  is  defined  as:  'CAn  ester  of  carbamic  acid  obtained 
by  the  reaction  of  ethyl  alcohol  upon  urea  (carbamide)  or  one  of  its 

salts.”  Reaction:  CO<m=  +   HOC^H^  =   +   NH3 

Character. — “Colorless,  columnar  crystals  or  scales,  odorless,  and 

having  a   cooling  saline  taste.’’ 

Solubility. — Soluble  in  less  than  one  part  of  water,  and  in  0.6  part 
of  alcohol. 

Dose. — “Average  dose:  1   Gm.  (15  grains).'’  (U.  S.  P.) 
Larger  doses  do  not  as  a   rule  increase  the  hypnotic  effect,  as  the 

(NHg)  group  stimulates  the  central  nervous  system  in  somewhat  the 

way  that  ammonia  (NH3)  does.  Both  Ethyl  Carbamate  {urethayie)  and 

hedonal  (see  below)  frequently  fail  to  produce  sleep,  probably  owing 

to  the  stimulating  action  of  the  (NHg)  group. 

Caution. — Should  be  kept  in  well-stoppered  bottles. 

This  substance,  generally"  known  simply  as  urethane^  is  a   member 

of  a   series  of  compounds  called  urethanes.  The}’  are  esters  of 

carbamic  acid  CO< 
NH 

OH 

2 which  in  turn  is  derived  from  carbonic  acid 

CO- 
OK 
OH  substitution  of  the  amido  group  (NHg)  for  one 

hydroxyl  group  (OH).  Carbamic  acid  is  not  known  in  the  free  state, 

but  only  in  the  form  of  its  salts.  The  ammonium  salt  is  a   constituent 

of  the  Pharmacopoeia  1   Ammonium  Carbonate. 

Related  Products. — Closelv  allied  to  ethvl  carbamate  are:  hedonal 

r\H methylpropylcarbinolurethane  =   CO<q   \ 

neurodin. 

euphorine 

thermodin 

or  phenylurethane  ̂    CO(XHCgH5)OC2H5 

{phenacethi-urethane) ,   etc.  One  of  the  latest  additions  to  this  group 

is  the  vei^onal  of  Emil  Fischer  and  von  Alering;  this  is  diethylma- 
lonylurea: 

C,H. 
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^THYLIS  CHLOKIDUM. 

Etli^  1   Chloride. 

C,H,C1 

Ethyl  Chloride  is  a   haloid  derivative,  prepared  by  the  action  of 

hydrochloric  acid  gas  upon  absolute  ethyl  alcohol.”  Also  known  as 
chelene  or  helene. 

Character. — “Colorless,  mobile,  very  volatile  liquid,  having  a   char- 

acteristic, rather  agreeable  odor  and  a   burning  taste.”  It  boils  at  a 

temperature  of  12.5°  to  13°  C. 

Solubility. —Slight!}"  soluble  in  water,  readily  in  alcohol. 

Purity. — “If  10  Cc.  of  ethyl  chloride,  while  cold,  be  dissolved  in 

alcohol,  and  a   few  drops  of  silver  nitrate  T.  S.  [Sa*so.]  be  added, 

no  turbidity  should  be  produced  (absence  of  hydrochloric  acid).” 
Although  ethyl  chloride  is  usually  used  as  a   local  anaesthetic,  it  is 

contained  in  the  following  mixtures  intended  for  general  anaesthesia: 

{Ethyl
  chloride 

Chlorof
orm 

Ether 

17  parts] 

36  parts 48  parts) 

by 

weight. 

lEthyl  chloride 
^omno/ormi Methyl  chloride 

Ethyl  bromide 

60  parts] 

35  parts i   ̂ 

5   parts|"’
«‘S'’‘- 

(Jour.  Amer.  Med.  Assoc.,  April  22,  1905,  p.  1303.) 

^^Anaesthol  (Speier)”  is  a   mixture  of  ethyl  chloride  and  methyl 
chloride  for  local  anaesthesia.  Anestyl  and  coryl  are  also  mixtures  of 

ethyl  chloride  and  methyl  chloride. 

Caution. — Very  inflammable;  should  not  be  used  in  proximity  to  a 

gas  flame  or  fire.  It  should  be  preserved  in  hermetically  sealed  glass 

tubes  in  a   cool  place. 

As  a   permanent  opacity  may  result  when  freezing  mixtures  come 

in  contact  with  the  cornea,  Merz-Weigandt  (Hirschberg’s  Festschrift, 
1905,  p.  187)  emphasizes  the  necessity  of  caution  when  using  ethyl 
chloride  about  the  head. 

AMMONII  SALICYLAS. 

Ainmoiiiuni  Salicylate. 

C6H,(0H)C00NH, 

Character. — “Colorless,  lustrous,  monoclinic  prisms  or  plates,  or 
a   white  crystalline  powder,  odorless,  and  having  at  first  a   slightly 

saline,  bitter  taste,  with  a   sweetish  aftertaste.  Permanent  in  dry  air.” 
The  concentrated  aqueous  solution  reddens  blue  litmus. 

Solubility. — Very  soluble  in  water  (0.9  part),  slightly  less  so  in 
alcohol  (2.3  parts). 
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Dose. — ‘‘Average  dose;  O.050  Qni.  —   050  milligTammes  (d  grains).'' 
(U.  S.  P.) 

•‘Should  be  kept  in  veil  stoppered  bottles,  protected  from  heat  and 

light.'’ 
ANTI  PYRIN  A. 

Antipyriue. 

Official  in  the  Austrian  and  Swiss  Pharmacopoeias  as  Antipyrinum; 

now  official  in  the  German  Pharmacopoeia  as  Pyrazolonum  phenvldi- 

methylicum  (formerly  as  Antipyrinum);  in  the  British  as  Phenazonum, 

and  in  the  French  as  Analgesine.  Other  names  that  have  been  applied 

to  it  are  anodyiiin,  metozin,  o:oydiriiethylcliinizin^  parodyn^  y^henazon^ 

phenylo7u  sedatin. 

Chemistry. — Chemically  it  is  phenyldimethylisopyrazolon;  its  deri- 
vation may  be  seen  from  the  following  formulas: 

HC— CH HC— CH 
II  II 
N   CH 

HC— CH, 

II  1 N   CH. 
II  II 

HC  CH 
\/ 
\ 

\/ 
V 

Y
  
 ■ 

H H H 

Pyrrol Pyrazol Pyrazolin 

HC-CH, 
II 
N   CO 

HC=CH 
CH,C=CH 

HN  CO CII3X  CO 
\/ X 

\/ 
\ 

\/ 
\ 

H H 
QH, Pyrazolon Iso-pyrazolon Dimethyl-phenyl- 

iso-pyrazolon 

It  is  not  obtained  directly  from  the  mother  substance  isopyrazolon, 

but  is  built  up  synthetically  by  condensation  of  phenylhvdrazine  with 

acetoacetic  ether,  and  methylation  of  the  product. 

Character. — *‘A  colorless,  almost  odorless,  crystalline  powder,  or 

tabular  crystals,  with  a   slightlv  bitter  taste." 
Solubility. — Soluble  in  less  than  1   part  of  water,  and  in  1   part  of 

alcohol. 

Purity. — “Two  Cc.  of  an  acpieous  solution  of  Antipyrine  (1  in  100) 
mixed  with  an  equal  volume  of  nitric  acid  assumes  a   yellowish  color, 

passing  to  crimson  on  warming  (distinction  from  acetanilide  and 

acetphenetidinj.'’ 
“On  warming  0.1  Gm.  of  Antipyrine  with  sodium  hydroxide  T.  S. 

[Liq.  Sodii  Hydroxidi]  and  again  warming  after  the  addition  of  chloro- 

form, the  disagreeable  odor  of  phenyl-isocyanide  should  not  be 

developed  (absence  of  acetanilide)." 
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Incompatibilities— Hager’s  Handbuch  der  pharmaceutischen  Praxis 

calls  attention  to  the  incompatibility  of  Antipyrine  with  a   large  num- 

ber of  substances  and  the  production  therewith  of  unexpected  changes; 

among  these  ma}"  be  mentioned: 
(1)  Antipyrine  and  nitrous  acid,  or  substances  which  can  evolve 

nitrous  acid,  as,  for  instance,  Amylis  Nitris  and  Spiritus  TPtheris 

Nitrosi;  agreen  color  results  from  the  formation  iso-nitroso-antip}udne. 

(2)  Antip^udne  and  Mercurous  Chloride  (calomel);  a   very  poisonous 

organic  mercury  compound  is  formed  in  a   mixture  of  these  substances. 

(3)  Antipyrine  and  Phenol,  even  in  dilute  aqueous  solution,  form  an 

oily  mass. 

(4)  Antipyrine  and  Sodii  Salicylas,  when  rubbed  together  in  powder, 

form  a   pasty  mass;  in  solution  they  do  not  seem  to  affect  each  other. 

(5)  Antipyrine  and  Betanaphthol  give  a   moist  mixture. 

(6)  Antipyrine  and  Hydrated  Chloral,  rubbed  together,  form  an  oil 

which  no  longer  gives  the  reactions  of  the  components. 

(7)  Tannic  acid  precipitates  Antipyrine  as  a   tannate. 

On  the  other  hand,  Antip3"rine  increases  the  solubility  in  water  of 
caffeine  and  the  quinine  salts. 

Allied  Compounds. — Antipyrine  unites  with  resorcin  to  form  reso- 

pyrin^  with  salicylic  acid  to  form  salipyTin^  with  chloral  hydrate  to 

form  hypnal  and  other  compounds.  Pyramidon  is  a   dimethylamido 

substitution  product  of  antipyrine.  Ferripyrin  is  a   combination  of 

ferric  chloride  and  antipyrine.  Many  other  compounds  are  known. 

Antipyrine  is  a   constituent  of  many  “migraine  powders.’’ 

Dose. — “Average  dose:  0.250  Gm.  =   250  milligrammes  (4  grains).” 
(U.  S.  P.) 

Caution. — On  account  of  the  wide  range  of  incompatibilities  already 

indicated,  the  greatest  caution  should  be  observed  in  combining  anti- 

p^U’ine  with  other  substances. 

AQUiE. 
W   aters. 

Medicated  Waters. 

“The  Medicated  Waters,  when  prepared  from  volatile  oils,  are 
intended  to  be,  as  nearly  as  practicable,  saturated  solutions,  which 

must  be  clear,  and  free  from  solid  impurities.” 
This  is  a   new  title  under  which  various  methods  of  preparing  official 

waters  of  volatile  oils  are  briefly  outlined.  In  the  method  especially 

recommeflded  by  the  Pharmacopoeia,  in  a   number  of  cases,  the  solu- 

tion of  the  volatile  oils  is  facilitated  b}"  the  use  of  purified  talc,  instead 
of  by  precipitated  calcium  phosphate,  as  in  U.  S.  Pharmacopoeia,  1890. 
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AQUA  HAMAMELIDIS. 

Hamaiiielis  Water. 

The  final  product  here  is  a   distillate,  while  the  old  Extractum 

Hamamelidis  Fluidum  is  a   percolate  now  designated  Fluidextractum 
Haniamelidis  Foliorum. 

The  aqua  contains  about  15  per  cent  of  alcohol. 

Dose. — ‘‘Average  dose:  8   Cc.  (2  fluidrachms).”  (U.  S.  P.) 
This  preparation  is  almost  identical  with  Aqua  Hamamelidis  Spiri- 

tuosa,  N.  F. 
BENZALDEHYDUM. 

Benzaldeliyde. 

CeHgCHO 

“Produced  artificially  or  obtained  from  natural  oil  of  bitter  almond 
or  other  oils,  and  containing  not  less  than  85  per  cent  of  pure 

benzaldeliyde.” 

Properties. — “Colorless,  strongly  refractive  liquid,  having  a   bitter- 

almond-like  odor  and  a   burning,  aromatic  taste.”  “Sparingly  soluble 
in  water  (1:300);  soluble  in  all  proportions,  in  alcohol,  ether,  and 

fixed  and  volatile  oils.” 

S}mthetic  benzaldehyde  is  usuallv  prepared  from  benzylchloride  or 

benzylidenechloride;  unless  carefulh^  purified,  such  benzaldehyde  will 
contain  chlorinated  products  (hence  the  U.  S.  P.  test  for  these;  cf.  also 

Oleum  Amygdalae  Amar^e). 

Unless  properly  prepared  the  benzaldeh}xle  obtained  from  the  nat- 
ural oil  of  bitter  almond  may  contain  pi;ussic  acid  (hence  the  U.  S.  P. 

test  for  this  substance). 

Benzaldehyde  is  the  principal  constituent  of  natural  oil  of  bitter 

almond.  The  U.  S.  Pharmacopoeia,  Eighth  Decennial  Revision, 
demands  that  the  official  oil  of  bitter  almond  contain  not  less  than  85 

per  cent  of  benzaldehyde.  The  natural  oil  of  bitter  almond  also  con- 

tains hydrocy^anic  acid;  the  Eighth  Decennial  Revision  demands  that 
the  official  oil  contain  not  less  than  2   per  cent  nor  more  than  4   per 

cent  of  hydrocy^anic  acid.  The  commercial  natural  oils  of  bitter 
almond  contain  from  1.5  to  11  per  cent,  or  more,  of  Iwdrocyanic  acid; 

hence  (unless  the  hydrocy^anic  acid  has  been  removed)  they  should  be 
used  with  great  caution  as  flavoring  agents. 

Dose. — “Average  dose:  0.03  Cc.  (i  minim).”  (U.  S.  P.) 

Caution.— It  should  be  kept  in  small,  amber-colored,  well-stoppered 

bottles,  as  it  is  readily^  oxidized  to  benzoic  acid;  the  latter  change 

occurs  more  rapidly  with  the  pure  benzaldehyde  than  with  the  nat- 
ural oil  of  bitter  almond. 

Nitrobenzene  is  an  oil  having  an  odor  very  much  like  that  of  oil  of 

bitter  almond;  it  is  known  as  “artificial  oil  of  bitter  almond,”  or 

“essence  of  mirbane.”  It  is  sometimes  used  as  a   substitute  for  the 

oil  of  bitter  almond  in  the  manufacture  of  soap,  cheap  confectioneiy, 

etc.  It  is  very  poisonous. 
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BENZINUM  PLRIFICATUM. 

Purified  Petroleum  Beuzin. 

For  certain  purposes — as,  for  instance,  the  preparation  of  deodor- 

ized tincture  of  opium — the  ordinary  U.  S.  P.  Benzinum  (Petroleum 

Benzin  or  “petroleum  ether”)  is  not  sufficiently  pure,  hence  the  intro- 
duction of  the  purified  product.  The  process  of  purification  provided 

by  the  Pharmacopoeia  is  designed  to  remove  some  of  the  heavier  hydro- 
carbons and  foreign,  malodorous  substances. 

Petroleum  ether  is  occasionally  used  in  the  preparation  of  mixtures 

for  the  production  of  general  angesthesia.  Schleich  has  recommended 

three  different  mixtures  for  use  in  operations  of  short,  moderate,  and 

considerable  duration,  respective!}^ : I. 
II. III. 

Chloroform   45.0 45.  0 
30.0 

Ether    180.0 150.0 80.0 

Petroleum  ether  (boiling  point  1 

60-65°  C.)   1 

15.  0 15.0 15.0 

Boiling  point  of  the  mixture   

C
O
 
 

1 
00
  

1 

o 
 
 , 

p
 

 
 

1 

40°  C. 42°  C. 

As  Schleich’s  theory  turns  entirely  on  the  boiling  point  of  the 
resulting  mixture,  it  may  be  well  to  remember  that  the  boiling  point 

of  Benzinum  (IT.  S.  P.)  is  given  at  45^-60°  C.  Schleich’s  mixtures 
are  said,  however,  to  have  no  constant  boiling  point. 

(For  other  general  angesthetic  mixtures,  based  upon  Schleich’s 
researches,  see  under  ̂ thylis  Chloridum.) 

BENZ0SULPHIMDU3I. 

Benzosulpliinide. 

Saccharin. 

c.h.<®02>nh 

Official  as  Saccharinum  in  the  Austrian  and  Swiss  Pharmacopoeias,  as 

Glusidum  (Gluside)  in  the  British  Pharmacopoeia,  and  as  Acide  anh}"- 
droorthosulfamide-benzoique  in  the  French.  It  is  variously  known 
as  glucusimide^  saccharol,  saccharmol^  saccharinose,  agucarine^  etc. 

Chemistry. — Chemicall}"  it  is  the  anhydride  of  ortho-sulphamide- 
benzoic  acid  (benzo}d  sulphonic-imide).  Its  derivation  from  toluol 

(from  which  it  is  usually  made)  is  shown  b}’  the  following  formulas: 

C,H,CH3-> 
Toluol 

C   H   <^^3^(1)  TT 
SOoNH. 

X2) 
o-Toluolsulphonic-acid o-Toluolsulpliamide 

o-Sulphamide-benzoic  Anhydride  of  o-sul- 
aeid  phamide-benzoic 

acid  (Saccharin) 
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Saccharin  was  discovered  in  1879  hv  Ira  Remsen  and  C.  Fahlberg. 

Ciaracter. — -A  white,  crystalline  powder,  nearA  odorless,  having 
an  intensely  sweet  taste  even  in  dilute  solutions.  The  sweet  taste 

may  be  recognized  in  a   dilution  of  1:100,000,  as  compared  with  cane 

sugar  1 :200. 

Solubility. — Soluble  in  250  parts  of  water  and  in  25  parts  of  alcohol; 
more  so  in  boiling  water  (1:24).  It  behaves  like  a   strong  acid  and 

CO 
dissolves  readily  in  alkalies;  the  sodium  salt  (C6H^<gQ  >NXa)  is 

known  as  soluble  saccharin  or  'kvy stall ose. 
The  Liquor  Saccharini  of  the  National  Formulary  is  a   solution  of 

saccharin  in  sodium  bicarbonate  and  alcohol. 

There  are  a   number  of  preparations  on  the  market,  such  as  antidia- 

betin^  which  contain  saccharin. 

Dose. — ‘‘Average  dose:  0.200  Gm.=  200  milligrammes  (3  grains).” 
(U.  S.  P.) 

Dulcin  or  sucrol^  another  very  sweet  substance,  is  para-phenetolcar- 

bamid;  Saxin  is  a   similar  product. 

BERBERIS. 

Berberis. 

The  rhizome  and  roots  of  Berberis  acj^uifolium  and  other  species  of 

Berberis.  Berbeids  aquifoliiira  is  known  as  Oregon  Grape  Root.  It 

contains  an  alkaloid,  berberine,  which  is  also  found  in  Menispermum 

(a  drug  dropped  from  the  present  Revision),  Calumba,  Hydrastis,  and 

other  drugs. 
A   Fluidextract  of  Berberis  has  also  been  admitted  into  the  U.  S. 

Pharmacopoeia. 

Dose. —   ‘'Average  dose:  2   Gm.  (30  grains).”  (U.  S.  P.) 

BISMITHI  SUBGALLAS. 

Bismuth  Snb^allate. 

Official  in  the  German  Pharmacopoeia  as  Bismutum  subgallicum; 
also  known  as  derrnatol. 

Composition. — Although  somewhat  variable  in  chemical  composition. 

Bismuth  Subgallate  approximates  the  following  formula:  C6H2(OH)3 

C02Bi(0H)2,  which  contains  56.49  per  cent  of  bismuth  oxide  (BigOg). 

The  U.  S.  Pharmacopoeia  demands  that  it  contain  not  less  than  52  per 

cent,  nor  more  than  57  per  cent,  of  pure  bismuth  oxide. 

Character. — An  amorphous,  bright  yellow  powder,  odorless,  taste- 
less, and  permanent  in  the  air. 

Solubility. — Insoluble  in  water  and  alcohol,  and  in  very  dilute  min- 

eral acids.  Readily  soluble  with  decomposition  in  hydrochloric,  nitric, 

and  sulphuric  acids,  if  these  be  heated.  Alkalies  dissolve  it  readily. 
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forming  clear,  low-colored  solutions,  which  rapidly  change  to 

deep  red. 

Dose. — “Average  dose:  0.250  Gm.  =   250  milligrammes  (4  grains).*’ 
(U.  S.  P.) 

It  is  used  in  general  for  the  same  purposes  as  the  subnitrate. 

BISMUTHI  SUBSALICYLAS. 

Bismuth  Subsalicylate. 

Official  under  the  names  of  Bismutum  subsalicylicum  (P.  G.),  Bis- 

mutum  salicylicum  (Swiss),  Bismuthi  Salicylas  (Br.  P.).  The  compo- 

sition varies  somewhat,  but  is  approximately  C6H^(0H)C0.2Bi0.  The 

LI.  S.  Pharmacopoeia  requires  that  it  yield  not  less  than  62  per  cent, 

nor  more  than  64  per  cent,  of  pure  bismuth  oxide. 

Character. — “A  white,  or  nearly^  white,  amorphous  or  crystalline 

powder,  odorless,  tasteless,  and  permanent  in  the  air.” 

Solubility. — Almost  insoluble  in  water;  on  prolonged  boiling  with 
water,  a   more  basic  salt  is  formed  through  the  splitting  off  of  free 

salicylic ‘acid.  Alcohol  or  ether  extracts  salicylic  acid,  with  decompo- 
sition of  the  salt.  Acids  decompose  it,  with  separation  of  a   white, 

flocculent  precipitate  of  salicydic  acid. 

Dose. — “Average  dose:  0.250  Gm.  =   250  milligrammes  (4  grains).” 
(U.  S.  P.) 

other  Unofficial  Bismuth  Compounds. — A   large  number  of  bismuth 

compounds  have  been  proposed  for  medicinal  use  in  the  last  few  years. 

The  following  may  be  mentioned  as  examples:  A   trot  (bismuth  oxyiodo- 

subgallate),  hismal  (bismuth  methylene  digallate),  hismutol  (“bismuth 

sodium  phosphate  salicydate  ”),  crurin  (quinolin  bismuth  sulphoc3"a- 

nate),  eudoxin  (bismuth  tetraiodo-phenolphthalein),  iodogcdlicln  (bis- 

muth oxydodide  methyd-gallol),  orpliol  (bismuth  betanaphthol),  other 

phenolates,  the  benzoate,  the  chrysophanate  {dermal)^  the  cinnamydate 

{hetoform),  the  cresolate,  the  lactate,  the  bilactomonotannate  {lactanine). 

the  phenolsulphonate,  the  tannate,  and  similar  salts;  also  proteid 

compounds,  as  the  peptonate;  compounds  with  resorcin,  pvrogallol 

{helcosol)^  etc. 
BR03I0F0RMUM. 

Broiiioforiii. 
CHBrj 

Official  in  the  German  Pharmacopoeia  as  Bromoformium.  This  is 

tribrommethane,  being  entirely  analogous  in  composition  to  chloro- 
form and  iodoform. 

Character.— A   heavy^  transparent,  colorless,  mobile  liquid  having 

an  ethereal  odor  and  a   penetrating,  sweetish  taste  resembling  chloro- 
form. 
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Solubility. — Only  slightly  soluble  in  Tvater,  but  readily  in  alcohol 

and  ether.  Specitic  gravity  at  25°  C.,  2.808.  It  is  only  slightly  vola- 

tile at  ordinaiy  temperature,  boils  at  148°  C.,  and  solidities  at  6°  C. 

Absolute  bromoform  is  discomposed  in  presence  of  light  and  air 
more  rapidly  than  chloroform.  The  addition  of  1   per  cent  of  alcohol, 

as  in  the  case  of  chloroform,  ^ill  preserve  bromoform  for  months. 

When  decomposed,  bromine  is  set  free,  which  colors  the  liquid  yel- 
lowish red. 

Dose. — “Average  dose:  0.2  Cc.  (3  minims).'’  (U.  S.  P.) 
Caution. — Keep  in  dark  amber-colored,  glass-stoppered  bottles  in  a 

cool  place,  protected  from  light. 

CATAPLAS3IA  KAOLIM. 

Cataplasm  of  Kaolin. 

Introduced  in  response  to  a   request  for  an  external  clay  preparation; 
similar  to  a   number  of  commercial  articles.  The  constituents  are 

kaolin  (oT.T  per  cent),  boric  acid,  methyl  salicylate,  glycerin,  and  small 

quantities  of  thymol  and  oil  of  peppermint. 

CERATUM  RESINJE  COMPOSITl  31. 

Compoiiiid  Rosin  Cerate. 

Composed  of  rosin,  yellow  wax,  suet,  turpentine,  and  linseed  oil. 

For  formula  and  method  of  preparation  see  U.  S.  Pharmacopoeia. 

Minor  changes  in  the  constituents,  not  however  affecting  the  strength 

of  the  active  ingredients,  have  been  made  in  all  the  cerates  with  the 

exception  of  Ceratum  Resinjc. 

Ceratum  Cantharidis,  for  instance,  should  no  longer  have  the  odor 

of  oil  of  turpentine. 

CHLORALFOR3IA3IIDU3r. 

Cliloralforinamide. 

CCl3.CH(OH)NH.COH 

Chloralum  formamidatum  (P.  G.).  Also  known  as  CldwaJamidt^  a 

name  which,  because  it  is  both  inaccurate  and  misleading  (being  prop- 

erK  applied  to  another  substance),  should  not  be  used. 

Chemistry. — It  is  formed  b}"  the  direct  union  of  anh^Mrous  chloral 
and  formamide,  as  shown  by  the  following  reaction: 

H 

OH NHHCC 

Chloral  Formamide  Chloralformamide 

H 

CCl3C<  q+HCONH,  -   CCI3O 

Properties. — Colorless,  lustrous  ciwstals,  odorless,  and  having  a   some- 
what bitter  taste. 
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Soluble  in  water  (1:18.7)  and  alcohol  (1:1.3),  readily  in  glycerin  and 

acetone.  It  is  not  affected  dilute  acids,  but  is  decomposed,  on 

warming  with  alkali  hydroxides,  3delding  chloroform;  it  behaves  in 

this  respect  like  chloral  h^^drate,  and  is,  hence,  incompatible  with 

alkalies.  Chloral  is  formed  b}^  its  decomposition  in  the  bod}^;  the 

formamide  which  is  formed  at  the  same  time  is  supposed  to  stimulate 

the  circulation  and  thus  counteract  the  depression  caused  by  the 
chloral. 

Dose. — ‘‘Average  dose:  1   Gm.  (15  grains).”  (U.  S.  P.) 

Caution. — Keep  in  amber-colored,  well-stoppered  bottles.  It  is 
easily  decomposed  in  solution  by  heat;  hence  heat  should  not  be  used 

in  preparing  aqueous  solutions.  Avoid  combination  in  full  dose 

with  other  drugs  of  a   similar  pli3^siologic  action,  for  example,  Sul- 

phoneth3dmethane  {trional)^  Sulphonmethane  {suljyhonal)^  H3^drated 
Chloral,  etc. 

Allied  Compounds.— Chloral,  like  other  aldeh3"des,  forms  maiw  addi- 
tion products  more  or  less  comparable  with  chloralformamide.  Thus, 

with  eth3d  carbamate,  chloral  unites  to  form  uralium ;   with  dextrose 

it  forms  chloralose;  with  antip3uine,  hyjmal;  with  am3dene  h3"drate, 
dormiol^  etc. 

Croton  chloixil  (But3d-chloral  H3"dras,  Br.  P.)  is  trichlorbut3dalde- 

h3^de  hydrate  (CH3CHClCCl2CH(OH)2).  Other  tri-chlor  substitution 
products  recently  proposed  as  hypnotics  are  Moretone  or  cuitson 

(trichlorpseudobut3dalcohol  or  acetone-chloroforni)  and  isopral  (tri- 

chlorisopropyl  alcohol). 

CINNALDEHTDUM. 

Ciuiiamic  Aldehyde. 

CeH^CH-.CH.COH 

Obtained  from  oil  of  cinnamon  or  prepared  S3mtheticall3".  It  is  the 
chief  and  essential  constituent  of  oil  of  cinnamon,  and  should  be 

present  to  the  extent  of  about  75  per  cent  133-  volume  in  a   good  oil. 

Character. — A   colorless  liquid,  having  a   cinnamon-like  odor  and  a 

burning,  aromatic  taste.  It  ma3^  be  used  for  nearl3^  all  purposes  in 
place  of  the  official  oil  of  cinnamon.  Pure  S3mthetic  Cinnamic  Alde- 

h3Ae  occurs  in  the  market,  and  has,  to  a   great  extent,  displaced  the 
natural  oil  of  cinnamon. 

Solubility. — Sparingl3"  soluble  in  water,  readih"  in  alcohol,  lixed  and 
volatile  oils. 

Dose. — “Average  dose:  0.05  Cc.  (1  minim).”  (U.  S.  P.) 



30 

COCAINA. 

Cocaine. 

CnH,,NO, 

Official  under  same  name  in  the  British  Pharmacopoeia.  An  alkaloid 

obtained  from  several  varieties  of  Coca.  Hitherto  only  the  most 

frequently  used  salt  of  Cocaine — the  hj^drochloride — was  official  in 
the  U.  S.  Pharmacopoeia. 

Properties.— Slightly  soluble  in  water  (1:600),  much  more  so  in 

alcohol  (1:5),  more  readily  in  both  when  warm;  insoluble  in  glycerin. 

Cocaine  is  a   methyl  compound  of  benzoylecgonine.  When  it  is 

boiled  with  water  methyl  alcohol  is  first  split  off,  then  benzoic  acid; 

these  changes  occur  more  rapidly  with  dilute  acids  or  barium  hydrox- 

ide. Conversel}"  cocaine  may  be  built  up  by  introducing  the  methyl 
and  benzoyl  groups  into  ecgonine  (a  compound  having  the  empirical 

formula 

Cocaine  is  contained  in  the  newly  introduced  Oleatum  Cocainae. 

Dose. — “Average  dose:  0.030  Gm.  =   30  milligrammes  (i  grain).” 
(U.  S.  P.) 

Substitutes  for  Cocaine. — A   number  of  synthetic  compounds  with 

names  suggestive  of  that  of  cocaine  have  recently  been  introduced  as 

local  anaesthetics.  Among  the  best  known  of  these  are  heta-eucaine 

(the  hydrochloride  of  benzoyl-vinyl-diacetonealkamin);  holocaine^ 

which  may  be  regarded  as  a   derivative  of  acetphenetidin  (phenace- 

tin)\  tropacocaine  (benzoylpseudotropein);  nlrvanin^  aiidesthin  (para- 

amido-benzoic  acid  ester)  and  ortlioforni^  complex  derivatives  of  benzoic 

acid.  Stovain  is  a   recent  addition  to  this  group. 

codeine:  phosfhas. 

Codeine  Phosphate. 

Official  under,  same  name  in  the  British  Pharmacopoeia  and  as  Codei- 

num  phosphoricum  in  the  German.  Hitherto  the  free  alkaloid  alone 

was  official  in  the  U.  S.  Pharmacopoeia. 

Character. — “Fine,  white,  needle-shaped  ciystals  or  crystalline 

powder,  without  odor,  and  having  a   bitter  taste.” 

Solubility. — Soluble  in  2.25  parts  of  water,  261  parts  of  alcohol, 
more  so  when  either  is  warmed.  The  aqueous  solution  has  a   slightly 
acid  reaction  to  litmus. 

Dose. — “Average  dose:  0.03  Gm.  =   30  milligrammes  (i  grain).” 
(U.  S.  P.) 
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CODEINE  fSl  LPHAS. 

Codeine  Sulphate. 

(Ci,H,iN03),.H,S0,^5H,0 

Character. — Long,  glistening,  white  needles,  prisms  or  crystalline 

powder,  efflorescent  in  the  air,  odorless  and  having  a   bitter  taste. 

Solubility. — Soluble  in  about  30  parts  of  water  and  1,035  parts  of 
alcohol — much  more  so  when  either  is  warmed. 

The  aqueous  solution  is  neutral  to  litmus  paper. 

Dose. — “Average  dose:  0.030  Gm.=30  milligrammes  (i  grain).” 
(U.  S.  P.) 

Similar  Morphine  Derivatives. — Codeine  is  methylmorphine 

(CH3)NOg).  Dionine  is  ethylmorphine  hjxlrochloride  (Ci7Hi7NO(OH) 

OCgHgHCl  +   HoO.  Peronine  is  benzylmorphine  hydrochloride 

N03(CeHgCH„)HCl).  Heroine  is  diacetvlmorphine  (Q,Hi,NO(QH3 

O,),). 
Syrupus  Codein^e,  X.  F.  is  a   1   per  cent  solution  of  Codeine  Sulphate 

in  Svrup. 
COLCHICINA. 

Colchicine. 

An  alkaloid  obtained  from  Colchicum.  The  U.  S.  Pharmacopoeia 
demands  that  the  official  Colchici  Cormus  contain  not  less  than  0.35 

per  cent  and  the  Colchici  Semen  not  less  than  0.55  per  cent  of  colchi- 

cine. Although  classed  with  the  alkaloids,  colchicine  has  an  acid 
reaction. 

Character. — Pale  yellow  leaflets  or  a   pale  yellow,  amorphous  pow- 
der, turning  darker  on  exposure  to  light,  having  an  odor  suggesting 

damp  hay  and  a   very  bitter  taste. 

Solubility. — Soluble  in  water  (1:22)  and  readily  so  in  alcohol. 

Incompatibility. — Colchicine  is  precipitated  from  solution  by  tannic 
acid. 

Dose. — “Average  dose:  0.0005  Gm.  =   0.5  milligramme  grain).” 
(U.  S.  P.) 

CRESOL. 

Cresol. 

A   mixture  of  three  isomeric  cresols  obtained  from  coal  tar,  freed 

from  phenol,  hydrocarbons,  and  water.  Sometimes  erroneously  called 

cresylic  acid.  Cresol  is  methyl  phenol,  the  three  isomeric  forms  being 

known  chemically  as  ortho-,  meta-,  and  para-cresol. 

Character. — A   colorless  or  straw-colored  refractive  liquid  having  a 

phenol-like  odor  and  tui’iiing  yellowish-brown  on  prolonged  exposure 
to  light. 
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Solubility. — Soluble  in  water  (1:60)  and  miscible  in  all  proportions 

with  alcohol  and  gdj^cerin. 
Miscible  with  alkali  hydroxide  solutions,  forming  alkali  cresolates, 

homologous  with  alkali  phenolates. 

Purity. — ‘‘If  1   Cc.  of  cresol  be  mixed  with  1   Cc.  of  glycerin,  a   clear 
solution  should  be  produced,  from  which,  on  the  addition  of  1   Cc.  of 

water,  the  cresol  should  completely  separate  (absence  of,  and  dis- 

tinction from,  phenol).” 

Dose. — “Average  dose:  0.05  Cc.  (1  minim).”  (U.  S.  P.) 

i\Iuch  has  been  written  concerning  the  germicidal  and  toxic  proper- 

ties of  cresol.  It  is  generally  held  that  cresol  is  more  toxic  to  bacte- 

ria than  is  phenol,  but  that  it  is  less  toxic  to  higher  animals  than  is 

the  latter.  Tollens  (Arch.  f.  exper.  Path.  u.  Pharm. ,   52,  p.  220;  1905) 

finds  that  para-cresol  is  more  than  twice  as  toxic  for  mice  as  is  phenol, 

ortho-cresol  has  the  same  toxicit}",  while  meta-cresol  is  less  toxic. 
Thus  the  toxicity  of  a   cresol  will  depend  upon  the  relative  proportion 

of  the  three  constituents  and  these  seem  to  vary  in  different  prepara- 

tions; Tollens  finds  some  specimens  to  be  more  toxic  than  phenol. 

The  U.  S.  Pharmacopoeia  does  not  specificallv  state  the  proportions 

in  which  the  three  cresols  are  present,  although  it  fixes  limits  for  the 

boiling  point,  specific  gravity,  and  solul)ilit}\  A   preparation  on  the 

market  under  the  name  of  tricresol  {enteral)  is  said  to  contain  35  per 

cent  of  ortho-cresol,  10  per  cent  of  meta-cresol,  and  25  per  cent  of 

para-cresol;  it  is  soluble  to  the  extent  of  2.2  to  2.55  per  cent  in  water. 

The  physiological  action  of  the  cresols  is  almost  identical  with  that  of 

phenol. 

The  cresols  are  constituents  of  coal  tar  and  other  crude  antiseptic 

substances.  Being  but  slightly  soluble  in  water,  the}^  are  often  used 
in  the  form  of  emulsions  or  are  dissolved  with  the  aid  of  salts  or  of 

soap.  The  official  Liquor  Cresolis  Compositus  (q.  v.)  belongs  to  the 

latter  class;  it  is  practically  identical  with  the  Liquor  Cresoli  sapo- 

natus  of  the  German  Pharmacopoeia  and  the  preparation  on  the  market 

known  as  lysol.  The  mixtures  known  as  creolins  usually  contain 

impure  cresol  dissolved  with  the  aid  of  rosin  soap;  the}^  usually  form 
emulsions  when  diluted  with  water.  In  solveol  and  solutol  the  cresols 

are  held  in  solution  by  means  of  salts.  A   vast  number  of  similar  com- 

pounds are  upon  the  market,  usualh’  under  fanciful  names. 
Losophan  and  eitrophen  are  iodine  compounds  of  cresol.  Kresamine 

is  an  aqueous  solution  of  tricresol  and  ethylenediamine. 

ELIXIR  ADJUTANS. 

Adjuvant  Elixir. 

This  is  made  b}^  the  addition  of  Fluidextract  of  Glycyrrhiza  to  Aro- 
matic Elixir.  An  excellent  vehicle  for  bitter  or  nauseous  remedies. 

A   somewhat  similar  elixir  is  to  be  found  in  the  National  Formulary 
under  the  same  name. 
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ELIXIB  FERRI,  QUININ  E   ET  STRYCHNINE  PHOSPHATUM. 

Elixir  of  Iron,  Quinine  and  Strychnine  Phosphates. 

This  is  the  official  representative  of  a   large  class  of  popular  prepa- 

rations on  the  market;  the  formula  is  an  improvement  on  a   similar 

one  in  the  National  Formulary.  (See  also  Glyceritum  Ferri,  Quininse 

et  Strychninae  Phosphatum).  Some  of  the  commercial  elixirs  bearing 

this  name  are  said  to  contain  no  phosphoric  acid. 

Dose. — ‘‘Average  dose:  d   Cc.  (1  fluidrachm.).”  (U.  S.  P.)  Each 
iiuidrachm  contains  0.064T  Gm.  (1  grain)  of  ferric  phosphate,  0.0324 

Gm.  (i  grain)  of  quinine,  and  0.001  Gm.  grain)  of  stiychnine. 

EMPLASTRUM  AHH.ESIYUM. 

Adhesiye  Plaster. 

This  is  to  take  the  place,  of  Emplastrum  Resin^e  (U.  S.  P.  1890), 

from  which  it  differs  chiefly^  in  the  substitution  of  rubber  for  rosin. 

For  formula  and  method  of  preparation  see  the  Pharmacopoeia. 

EMULSUM  OLEI  MORRHU.E. 

Emulsion  of  Cod  Lirer  Oil. 

A   standard  official  preparation,  containing  50  per  cent  of  cod  liver 

oil,  which  might  well  replace  many  of  the  proprietary  articles. It 

may  be  flavored,  to  suit  the  taste,  with  Oil  of  Gaultheria,  Oil  of  Bit- 

ter Almond,  etc. 

Dose. — “Average  dose:  8   Cc.  (2  fluidrachms).”  (U.  S.  P.) 

EMULSUM  OLEI  MORRHU  E   CUM  HYPOPHOSPHITIBUS. 

Emulsion  of  Cod  Liver  Oil  with  Hypopliospliites. 

Similar  to  the  above,  but  containing  the  hypophosphites  of  calcium, 

potassium,  and  sodium. 

Dose. — “Average  dose:  8   Cc.  (2  ffuidrachms).”  (U.  S.  P.) 

EMULSUM  OLEI  TEREBINTHIN.E. 

Emulsion  of  Oil  of  Turpentine. 

A   15  per  cent  (by  volume)  emulsion  of  rectified  oil  of  turpentine, 

containing  5   per  cent  (by  volume)  of  expressed  oil  of  almond. 

Dose. — “Average  dose:  4   Cc.  (1  ffuidrachm).”  (U.  S.  P.)  One 
fiuidrachm  contains  about  9   minims  of  oil  of  turpentine. 

The  National  Formulary  gives  a   somewffiat  similar  preparation 
under  the  name  of  Emulsio  Olei  Terebinthin^e. 

«   The  character  of  some  of  these  preparations  is  shown  by  tlie  statement  (Jolir. 

Amer.  Med.  Assoc.,  44,  p.  1943;  1905)  that  a   specimen  of  a   “Tasteless  Cod  Liver 

Oil”  contained  no  oil  whatever.  ^ 
31207— No.  23—05   3 



34 

EUUENOL. 

Eu^eiiol. 

CeH3(OH)(OCH3).C3H,4:3;l 

An  unsaturated,  aromatic  phenol  obtained  from  Oil  of  Cloves  and 
other  sources. 

Chemistry. — Chemically  it  is  para-ox3"-meta-methox3"-all3d-benzol 
having  the  formula: 

C-CH,-CH=:CH2 /\ 
HC  CH 

I   1 
HC  COCH3 

Character. — A   colorless,  or  pale  yellow,  thin  liquid,  highl3"  refrac- 

tive, and  haAung  a   strongl3^  aromatic  odor  of  cloves  and  a   pungent, 

spicy  taste. 

Solubility. — Almost  insoluble  in  water,  easil3'  soluble  in  alcohol; 
should  be  soluble  in  2   parts  of  TO  per  cent  alcohol. 

This  is  the  chief  constituent  of  Oil  of  Cloves  and  ma3"  be  used  instead 
of  the  latter;  it  is  also  the  chief  constituent  of  Oil  of  Pimenta. 

Dose. — ‘‘Average  dose:  0.2  Cc.  (3  minims).”  (U.  S.  P.) 

Caution. — It  should  be  kept  in  well-stoppered  amber-colored  bottles, 

in  a   cool  place,  protected  from  light.  Exposure  to  air  causes  the  oil 
to  become  darker  and  thicker. 

Derivatives. — Eugenol  acetamide  and  eugenolcarbinol  have  been 
recommended  as  local  anfesthetics  and  antiseptics;  eugenol  iodide  is 

said  to  resemble  aristol.  Benzeugenol  is  the  benzoic  ether  of  eugenol. 

EXTRACTUM  MALTI. 

Extract  of  Malt. 

This  and  Maltum  (q.  v.)  are  reintroductions  into  the  Pharmacopoeia 

of  articles  admitted  to  the  1880  revision  but  dismissed  in  1890;  it  is 

contained  in  the  National  Formular3".  Extractum  Malti  Eluidum, 

N.  F. ,   is  a   h3"dro-alcoholic  extract. 

Properties. — Malt  extract  consists  of  easily  assimilable  carhoh3"- 

drates- — maltose  and  dextrin — and  small  quantities  of  proteids;  the 

ash  contains  the  phosphates  of  calcium  and  magnesium.  If  the  malt 

has  not  been  overheated  (b3^  which  the  diastase  would  be  destroyed), 

and  if  the  extract  is  prepared  according  to  the  U.  S.  Pharmacopada 

process,  the  preparation,  when  fresh,  will  contain  diastase  which  is  an 

efficient  ferment  for  the  conversion  of  starch  into  dextrose;  the  dia- 

static  power,  however,  rapidly  deteriorates  on  keeping. 



35 

Malt  extract  is  contained  in  numerous  infant  foods  and  in  malted 

milks.  It  is  said  that  much  glucose  is  frequentl}^  added  to  the  malt 

extracts  on  the  market.  Man3Miquid  “malt  extracts”  contain  con- 
siderable quantities  of  alcohol,  and  are  very  similar  to  beer. 

Dose. — “Average  dose:  16  Cc.  (1  liuidrachms).”  (U.  S.  P.) 
It  should  be  kept  in  well-closed  vessels  in  a   cool  place. 

EXTRACTU3I  RHA3INI  PURSHIANAl. 

Extract  of  Cascara  Sagrada. 

Also  official  in  British  Pharmacopoeia.  This  solid  extract  and  the 

Aromatic  Fluidextract  of  Cascara  Sagrada  are  two  new  preparations 

of  the  bark  introduced  into  the  Pharmacopoeia.  Formerly,  only  the 

fluid  extract  was  official.  One  part  of  the  solid  extract  represents 

the  activit}^  of  four  parts  b}"  weight  of  the  bark. 

Dose. — “Average  dose:  0.250  Gm.  =   250  milligrammes  (4  grains).” 
(U.  S.  P.)  This  represents  1   Gm.  (15  grains)  of  the  bark  and  is  equal 

to  the  Pharmacopoeial  dose  of  the  fluidextract,  namely,  1   Cc.  (15 

minims). 

For  a   recent  discussion  of  the  chemistry  of  Cascara  Bark  see  Jowett, 

Proc.  Amer.  Pharm.  Assoc.,  1901,  p.  288. 

.   EXTRACTUM  SCOPOLJE. 

Extract  of  Scopola. 

This  is  prepared  b}^  evaporating,  to  a   pilular  consistence,  the  Fluid- 
extract  of  Scopola  (q.  v.).  The  latter  is  prepared  from  the  rhizome 

of  Scopola  carniolica^  a   plant  closeh^  related,  in  its  characters  and 

properties,  to  belladonna  and  hj-oscyamus. 
The  U.  S.  Pharmacopoeia  demands  that  the  extract  of  scopola  con- 

tain 2   per  cent  of  m}Mriatic  alkaloids;  for  method  of  assay  see 

Pharmacopoeia. 

Dose. — “Average  dose:  0.010  Gm.  =   10  milligrammes  (|  grain).” 
(U.  S.  P.) 

EXTRACTOI  SOIBLL. 

Extract  of  Sumbiil. 

Prepared  from  the  Fluidextract  of  Sumbul  (q.  v.). 

In  the  F.  S.  Pharmacopoeia  1890  the  onl}^  preparation  of  Sumbul 
was  the  tincture;  this  is  now  dropped  and  the  extract  and  fluidextract 
admitted. 

Dose. — “   AA^erage  dose:  0.250  Gm.  =   250  milligrammes  (1  grains).” 
(U.  S.  P.) 

FLUIDEXTRACTA. 

Fluidextracts. 

In  the  1890  Pharmacopoeia  the  solid  and  the  fluid  extracts  were 

grouped  together;  this  resulted,  at  times,  in  confusion  both  as  to 
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identity  and  strength  of  the  several  preparations.  To  avoid  this,  the 

new  Pharmacopoeia  gives  to  the  fluidextracts  a   new  alphabetic  posi- 

tion, grouping  them  by  themselves;  thus  Extractum  Aconiti  Fluidum 

(U.  y.  P.,  1890)  becomes  Fluidextractum  Aconiti  in  the  Eighth  Decen- 

nial Revision.  lYherever  practicable,  assay  processes  have  been  intro- 

duced, thus  ensuring  preparations  of  definite  and  uniform  strength. 

Many  of  the  solid  extracts  are  directed  by  the  Eighth  Revision  to  be 
made  from  the  fluidextracts. 

Three  fluidextracts,  those  of  Lobelia,  Sanguinaria  and  Squill,  form- 

erly made  with  alcohol  or  (Sanguinaria)  with  alcohol,  acetic  acid  and 

water,  are  now  made  with  hydro-acetic  acid. 

FLLIDEXTEACTOI  BERBERIDIS. 

Fliiidextract  of  Berberis. 

Prepared  from  Berberis  (q.  v.). 

Dose. — “Average  dose:  2   Cc.  (30  minims).^’  (U.  S.  P.) 

FLUIDEXTRACTUM  EUOXTMI. 

Fliiidextract  of  Euoiiynius. 

The  solid  extract  of  Euonymus,  which  was  already  official,  is  now 

prepared  from  this  fiuidextract. 

Dose. — “Average  dose:  0.5  Cc.  (8  minims).”  (LT.  S.  P.) 

FLUIDEXTRACTUM  URAXATI. 

Fliiidextract  of  Pomegranate. 

Hitherto  only  the  bark  of  the  stem  and  root  of  Granatum  (Pome- 

granate) has  been  official ;   it  was  often  administered  in  the  form  of  a 

decoction  (official  in  the  Br.  P.),  but  this  was  verv  unpleasant  to  take, 

owing  to  the  large  amount  of  tannic  acid  present.  A   mixture  of  the 

tannates  of  the  most  important  active  constituents  (four  alkaloids)  of 

Granatum  has  also  been  introduced  under  the  name  PelletieriiiBB  Tan- 

nas  (q.  v.). 

Dose. — “Average  dose:  2   Cc.  (30  minims).”  (U.  S.  P.) 

FLUIDEXTRACTUM  QUERCUS. 

Fliiidextract  of  Qiierciis. 

Prepared  from  the  official  Quercus  (Quercus  Alba,  L^.  8.  P.,  1890), 
the  bark  of  the  white  oak.  The  medicinal  properties  depend  upon  the 
tannin  contained  in  the  bark. 

Dose. — “Average  dose:  1   Cc.  (15  minims).”  (IT.  S.  P.) 

FLUIDEXTRACTU3I  QUILLAJJ:. 

Fliiidextract  of  Quillaja. 

The  tincture  of  Quillaja  (soapbark)  was  already  official. 

It  has  sometimes  been  proposed  to  use  quillaja  or  one  of  its  most 

important  constituents  (saponin)  as  an  emulsifying  agent  for  cod-liver 
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oil,  etc. ;   in  the  present  state  of  our  knowledge  such  use  would  seem 

to  be  unjustifiable  (see  Keirle  and  Dunning,  Proc.  Amer.  Pliarin. 

•   Assoc.,  52,  p.  402). 

•:  Dose. — “Average  dose:  0.2  Cc.  (3  minims).”  (IT.  S.  P.) 
This  fluidextract  is  contained  in  the  National  Formulaiw. 

FLUIDEXTRACTLAI  RHAMNI  PURSHIAXAl  AROMATICUM. 

Aromatic  Fluidextract  of  Cascara  Sa^rada. 

This  is  the  Aromatic  Fluidextract  of  Cascara  Sagrada  of  the 

National  Formulary.  It  difiers  from  the  Fluidextract,  which  was 

already  official,  in  having  an  aromatic  flavor  and  being  devoid  of  the 

intensely  bitter  principle  occurring  in  the  bark.  It  might  well  take 

the  place  of  a   number  of  commercial  articles.  The  Extractum  Rhamni 

Purshian®  (q.  v.)  is  also  a   new  introduction. 

Dose. — “Average  dose:  1   Cc.  (15  minims).”  (U.  S.  P.) 

FLUIDEXTRACTr^I  SCOPOLAl. 

Fluidextract  of  Scopola. 

Prepared  from  Scopola  (q.  v.)  and  containing  0.5  per  cent  of  the 

mydriatic  alkaloids  of  this  drug.  A   method  of  assay  is  given  in  the 

U.  S.  Pharmacopoeia. 

Dose. — “Average  dose:  0.05  Cc.  (1  minim).”  (U.  S.  P.) 
This  dose  contains  0.00025  gram  (gl^  grain)  of  the  scopola  alkaloids. 

FLEIDEXTRACTUX  STAPHISAGRI.E. 

Fluidextract  of  Stapliisagria. 

Prepared  from  the  seeds,  the  official  part,  of  Belplnnium  stapliisa- 
gria  (Stavesacre).  Several  bases  have  been  described  as  occurring  in 

stavesacre,  but  they  may  all  be  decomposition  products  of  the  aconitine- 
like alkaloid,  delphinine. 

Dose. — “Average  dose:  0.05  Cc.  (1  minim).”  (F.  S.  P.) 

FLUIDEXTRACTL^I  SUMBTL. 

Fluidextract  of  Sumbul. 

This  and  the  Extract  of  Sumbul  (q.  v.)  are  new  additions,  while  the 

tincture  (U.  S.  P.,  1890)  is  dropped. 

Dose. — “Average  dose:  2   Cc.  (30  minims).”  (U.  S.  P.) 

OAMBIR. 

(xaiubir. 

This  takes  the  place  of  Catechu  of  the  Pharmacopoeia  of  1890. 

Catechu  is  an  extract  prepared  from  the  wood  of  Acacia  catechu  (natu- 

ral order  LeguminosEe) ;   Gambir  is  an  extract  prepared  from  the  leaves 
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and  twigs  of  Uncaria  gamlxlr  (fain.  Eubiaceas.).  Both  drugs  contain 

a   large  percentage  of  tannic  acid  and  its  compounds.  Gambir  was 

introduced  on  account  of  the  difficult}"  of  obtaining  in  the  market  true 
Acacia  catechu.  The  Tinctura  Catechu  Composita  and  the  Trochisci 

Catechu  (U.  S.  P.,  1890)  are  replaced  b}^  Tinctura  Gambir  Composita 
and  Trochisci  Gambir. 

Dose. — ‘‘Average  dose:  1   Gm.  (15  grains).”  (U.  S.  P.) 

GELATINUM. 

Crelatin. 

Official  in  the  British  Pharmacopoeia  under  the  same  name;  in  the 

German  as  Gelatina  alba.  The  U.  S.  Pharmacopoeia  demands  that 

upon  ignition  it  leave  not  more  than  2   per  cent  of  ash.  Most  of  the 

gelatin  on  the  market  has  an  acid  reaction. 

(tELATINUM  GLYCERINATUM. 

Glycerinated  Gelatin. 

A   mixture  of  equal  parts  of  gelatin  and  glycerin.  The  mass  when 

cold  is  solid,  but  easily  melts  on  applying  gentle  heat. 

Basis  for  suppositories  and  bougies. 

Of  late  years  both  ointments  and  cerates  have  been  largely  super- 

seded, especially  in  Europe,  by  dermatologic  pastes  and  glycero- 

gelatins.  The  former  are  mixtures  of  the  medicinal  agents  w"ith 
starch,  dextrin,  or  kaolin,  and  glycerin,  soft  soap,  petrolatum,  or 

lard,  and  are  intended  chiefly  for  antiseptic,  astringent,  or  germicidal 

effects.  The  glycero-gelatins  are  firmer  than  the  pastes,  and  must  be 
melted  before  they  can  be  applied. 

glandult:  suprarenales  siccti. 

Desiccated  Suprarenal  Glands. 

The  cleaned,  dried,  and  powdered  suprarenal  glands  of  the  sheep  or 

ox,  freed  from  fat. 

Properties. — A   light,  yellowish,  amorphous  powder,  having  a   slight 
characteristic  odor;  partially  soluble  in  water.  One  part  of  the  dried 

glands  represents  approximately  6   parts  of  fresh  glands. 

Aqueous  extracts  of  the  glands  rapidly  deteriorate  on  keeping  and 

should,  therefore,  be  freshly  prepared. 

Dose. — “Average  dose:  0.250  Gm.=250  milligrammes  (d  grains).” 
(U.  S.  P.) 

The  blood-pressure  raising  constituent  of  the  suprarenal  glands  is 
upon  the  market  under  the  names  adnephrin^  adrenaline^  epinephrine^ 

epirenan^  hemisine^  paranep>hrin^  8up>rarenalin^  suprarenin^  etc. 
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GLANDULE  THVEOIDE.L  SICCJ:. 

Desiccated  Thyroid  Glands. 

The  cleaned,  dried,  and  powdered  thyroid  glands  of  the  sheep,  freed 
from  fat. 

A   liquid  preparation  is  official  in  the  British  Pharmacopoeia. 

Properties. — A   yellowish  amorphous  powder,  having  a   slight  pecul- 
iar odor;  partially  soluble  in  water. 

Dose. — •Mverage  dose:  0.250  Gm.  =250  milligrammes  (L  grains)." 

(r.  s.  p.)  _   . Numerous  extracts  of  the  thyroid  are  upon  the  market,  many  of 

them  purporting  to  be  the  active  constituent.  Aiodine.  ojXfthyroidine^ 

and  thyrogJandine  are  other  preparations  on  the  market. 

Thyreoidectin  and  rodagen  represent  a   new  series  of  preparations 

quite  recently  introduced  which  must  not  be  confused  with  the  above: 

their  action  is  stated  to  be  exactly  the  opposite  of  that  of  the  thyroid 

preparations.  Thyreoidtctin  is  prepared  from  the  blood,  rodagen 

from  the  milk,  of  animals  from  which  the  th^u’oids  have  been  removed. 

GLTCERITUX  FEREI,  QUININT  ET  STETCHNINT  PHOSPHATLAI. 

Glycerite  of  the  Phosphates  of  Iron,  Qiimine  and  Strychuiue. 

This  preparation  is  a   concentrated  form  of  one  of  the  popular  and 

useful  com  binations  of  tonics  which  might  well  replace  some  of  the 

many  commercial  articles;  it  is  prepared  according  to  a   fixed  and 

definite  formula  (see  U.  S.  P.),  whereas  the  latter  class  are  made 

according  to  the  special  formula  of  the  dift'erent  manufacturers. 
(See  also  Elixir  Ferri,  Quinine  et  Strychninje  Phosphatum.)  This 

glycerite  is  a   stable  solution  which  may  be  kept  in  stock,  and  from 

which  the  Syrup  of  the  Phosphates  of  Iron,  Quinine  and  Strychnine 

ma}'  readily  be  prepared. 

Dose. — ‘‘Average  dose:  1   Cc.  (15  minims)."  (E.  S.  P.)  1   Cc.  con- 
tains 0.080  Gm.  =80  milligrammes  (li  grains)  of  soluble  ferric  phos- 

phate, O.IOL  Gm.=10I  milligrammes  (1|  grains)  of  quinine,  and 

0.0008  Gm.=0.8  milligrammes  (g^o  gi’ain)  of  strychnine.  The  ratio 
of  quinine  to  strychnine  is  four  times  as  great  in  the  glycerite  as  in 
the  elixir. 

GUAIACOL. 

Giiaiacol. 

CeH,(OH)(OCH3)l:2 

One  of  the  chief  constituents  of  creosote:  prepared  either  from 

beechwood  tar,  or  synthetically.  Chemically  it  is  the  monomethyl 

ether  of  pyrocatechin  (orthodihydroxy-benzene). 

Character. — Either  a   clear,  colorless  or  light  yellow,  oily  fluid,  or 

colorless,  prismatic  crystals,  which  melt  at  28.5°  C.  It  has  an  agree- 
able, aromatic  odor. 
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Solubility. — Soluble  in  water  (1:53),  gl3^cerin  (1:1),  and  easih’  in 
alcohol.  Being  phenolic  in  character,  it  readily  dissolves  in  caustic 

alkalies  and  forms  salts  with  a   large  number  of  acids,  one  of  which 

(the  carbonate)  has  been  made  official. 

Of  late  years  creosote  has  been  largel}"  superseded  b}"  guaiacol,  upon 
which  the  value  of  creosote  no  doubt  depends. 

Dose. — “Average  dose:  0.5  Cc.  (8  minims).”  (U.  S.  P.) 
Caution. — It  should  be  preserved  in  dark,  amber-colored  bottles, 

protected  from  the  light.  Guaiacol  which  has  become  dark  from 

exposure  to  light  ma^^  be  rendered  colorless  by  redistillation.  To  be 
used  cautiously  with  other  drugs  of  similar  ph^^siologic  action,  e.  g., 

Creosotum,  Resorcinol,  Phen\dis  Salicylas,  etc. 

GUAIACOLIS  CARBONAS. 

Griiaiacol  Carbonate. 

(C6H,(0CH3)0)2.C0 

A   guaiacol  derivative  obtained  b}^  the  action  of  carbonyl  chloride 
upon  sodium  guaiacolate. 

Also  known  as  duotal. 

Character. — A   white,  crystalline,  neutral  powder,  nearly  odorless 
and  tasteless. 

Solubility. — Insoluble  in  water;  soluble  in  cold  (1:48),  more  so  in 

hot,  alcohol;  slightl}"  solul)le  in  gl}xerin  and  fattv^  oils. 

Dose. — “Average  dose:  1   Gm.  (15  grains).”  (U.  S.  P.) 
Other  Guaiacol  Compounds. — Numerous  combinations  of  guaiacol  with 

other  acids,  etc.,  are  in  the  market,  such  as  the  benzoate  {henzosol), 

benzyl-guaiacol,  cacodylate  {cacodyl iacol)^  cinnamate  {styracol)^  phos- 

phate, salicvlate  {guaiacol -salol)^  sulphonate,  valerianate  {geosot),  etc. 

HAMAMELIDIS  CORTEX. 

Hamanielis  Bark. 

Both  the  bark  and  twigs,  and  the  leaves  of  Ilamamdis  mrginiana 

are  now^ recognized  by  the  Pharmacopoeia;  the  former  are  introduced 

under  the  above  title  and  the  old  Hamanielis  (U.  S.  P.,  1890)  becomes 
Hamamelidis  Folia. 

Dose. — “Average  dose:  2   Gm.  (30  grains).”  (U.  S.  P.) 

HEXAMETH  YLEN  AMINA. 

Hexametliylenainine. 

(CH,)eN, 

A   condensation  product  of  formaldehyde  and  ammonia.  Chemically 

it  is  hexamethylene  tetramine.  Also  known  as  aininoform^  ammonio- 
foTinaldehyde^  cystamine^  cystogen^  forming  uritone^  and  urotropin. 
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Character. — Colorless,  lustrous,  odorless  crystals,  having  a   sweetish, 
then  somewhat  bitter,  taste.  Its  aqueous  solution  has  an  alkaline 
reaction  to  litmus. 

Solubility. — Easily  soluble  in  water  (1:1.5),  less  so  in  alcohol  (1:10). 
In  solution  it  is  decomposed  by  dilute  sulphuric  acid  with  liberation 

of  formaldehyde;  it  is  precipitated  by  tannic  acid  and  mercuric  chloride. 

Dose. — “Average  dose:  0.250  Gm.  =   250  milligrammes  (4  grains).” 
(U.  S.  P.) 

Caution. — It  should  be  kept  in  well-stoppered  bottles. 

Allied  Compounds. — Hexamethylene-tetramine  readily  forms  com- 
pounds with  a   large  number  of  substances;  among  those  suggested  for 

use  in  medicine  the  following  may  be  mentioned: 

Hexameth3denamine  salic^date,  urotropin  salicylate^  or  saliformin;  a 

colorless,  crystalline  powder  of  nauseous,  sweetish,  astringent  taste. 

Hexamethylenamine-ethylbromide,  hromalhi,  or  hromoformin;  a 
colorless,  crystalline  powder  of  a   sweetish  saline  taste. 

Hexameth^denamine-tannin,  tannopin^  or  tannon;  a   brown  tasteless 
powder,  nearly  insoluble  in  water  and  alcohol. 

Dioxybenzol-hexameth3denamine,  lietralin^  contains  60  per  cent  of 
hexameth3denamine. 

Chinotropin  and  chinoformin  are  quinates  of  hexameth3denamine. 

Helmitol  is  a   recentl3^  introduced  compound  of  hexameth3denamine  with 
anhydrometh3dene  citric  acid.  Citarin  (sodium  anhydrometh3dene 

citrate)  is  another  compound  from  which  formaldehyde  is  split  off  in 

the  organism. 
HOMATROPINJE  HYDROBROMIDUM. 

Homatropine  Hydrobroiiiide. 

CifiH.iNOs.HBr 

Official  under  the  same  name  in  the  British  Pharmacopoeia;  as  Hom- 

atropinum  hy^drobromicum  in  the  German  and  Swiss  Pharmacopoeias. 

“The  hydrobromide  of  an  alkaloid  obtained  by  the  condensation  of 

tropine  and  mandelic  acid.” 

Chemistry. — Atropine  may  be  broken  up,  b3"  the  action  of  alkalies, 
into  an  alkaloid,  tropine,  and  an  aromatic  acid,  tropic  acid.  Tropine 

is  a   pyridine  derivative  having  the  structural  formula 

CH,— CH   CH, 

N(CH„)  (*;hoh I   I 
CH— CH   CH, 

Tropine  forms  ester-like  compounds  with  man3^  acids;  the  compounds 
with  aromatic  acids  are  called  tropeins.  Homatropine  is  one  of  these 

tropeins;  as  stated  above,  it  is  formed  by  the  union  of  tropine  and 

mandelic  acid;  the  latter  is  phen3dglvcollic  acid 
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Tropic  acid  (the  acid  of  atropine)  is  phen^dhydracrylic  acid 

Scopolamine  (hyoscine)  is  formed  b}"  the 

union  of  tropic  acid  with  scopoline,  a   compound  similar  to  tropine. 

Properties.— Small,  colorless,  odorless,  rhombic  crystals  or  crystal- 
line powder,  having  a   bitter  taste.  Soluble  in  5.7  parts  of  water  and 

32.5  parts  of  alcohol.  It  should  be  kept  in  well-stoppered  vials  pro- 
tected from  light. 

.   Dose. — ‘‘Average  dose:  0.0005  Gm.  =   0.5  milligramme  (yjg  grain).” 
(U.  S.  P.) 

The  ph3"siological  action  of  homatropine  is  similar  to  that  of  atro- 

pine, but  it  is  less  poisonous.  The  m}"driatic  effects  of  homatropine  : 

appear  more  quickl}^  and  pass  off‘  in  a   shorter  time  than  do  those  of  I 
atropine. 

The  hydrochloride,  sulphate,  and  salic}date  of  homatropine  have  ; 

been  used,  but  the}"  seem  to  have  no  advantage  over  the  hydrobromide.  ! 

Eiqyldlialmin  is  a   recently  introduced  mydriatic,  having  a   physio-  ̂  

logical  action  very  similar  to  homatropine;  it  is  a   mandelic  acid  deriv- 
ative of  heta-eucaine. 

HYDRASTINA. 

Hyd  rastiiie. 

CnIbiNOe 

An  alkaloid  obtained  from  Hydrastis.  The  U.  S.  Pharmacopoeia, 

Eighth  Decennial  Kevision,  demands  that  Hydrastis  contain  not 

less  than  2.5  per  cent  of  Hydrastine.  Hydrastis  contains  also  the 

alkaloids  berberine  to  the  extent  of  3.5  to  5   per  cent,  and  canadine, 

but  its  physiological  action  is  due  largely  to  the  Hydrastine.  Hydras- 

tine is  frequently  called  in  commerce  the  “white  alkaloid  of  hydrastis.” 
The  alkaloid  hydrastinine  (the  hydrochloride  of  which  is  official)  is 

obtained  from  Hydrastine  by  the  action  of  oxidizing  agents.  The 

alkaloid  Hydrastine  should  not  be  confused  with  the  mixture  of 

hydrastine,  berberine,  etc. ,   sold  under  the  same  name. 

Properties. — “   White,  to  creamy  white,  glistening  prisms,  sometimes 

of  large  size,  possessing  a   bitter  taste,  and  permanent  in  the  air.”  , 
Almost  insoluble  in  water;  soluble  in  135  parts  of  alcohol.  |j 

“If  a   crystal  of  Hydrastine  be  dissolved  in  diluted  sulphuric  acid 

and  a   solution  of  potassium  permanganate  (1  in  10)  be  added,  a   blue  ' 

fluorescence  will  be  developed  (distinction  from  hydrastinine).” 

Dose. — “Average  dose:  0.010  Gm.  =   10  milligrammes  Q   grain).”  i 
(U.  S.  P.) 

Hydrastine  is  extensively  used  in  preparing  the  so-called  “color-  ' 

less  hydrastis,”  which  is  a   solution  of  the  alkaloid,  in  a   mixture  of 
water  and  glycerin,  with  the  aid  of  hydrochloric  or  sulphuric  acid. 
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I0D0L13I. 

lodol. 

Tetraiodopyrrol,  a   derivative  of  the  base  pyrrol  (QH5X)  obtained 

by  the  direct  action  of  iodine  upon  the  base  in  the  presence  of  alcohol. 

Properties. — A   light,  grayish-brown,  crystalline  powder  without 

odor  or  taste.  Very  slightly  soluble  in  water  (1:4900).  much  more  so 

in  alcohol  (1:9):  soluble  in  fixed  oils. 

Dose. — ‘‘Average  dose:  0.250  Gm.  =250  milligrammes  (4  grains)." 
(U.  S.  P.) 

This  is  one  of  the  vast  number  of  compounds  proposed  in  the  last 

few  3'ears  as  substitutes  for  iodoform.  The  iodine  of  iodol  is  appar- 
ently less  easily  split  off  the  molecule  than  that  of  iodoform,  and  it  is 

said  to  be  less  liable  to  produce  poisoning. 

Other  iodine  compounds. — Among  the  enormous  number  of  other 

iodine  compounds  proposed  as  substitutes  for  iodoform  may  be  men- 

tioned: Thymolis  lodidum  (U.  S.  P.,  Eighth  Decennial  Revision,  com- 

monly known  as  aris.toI)\  airol  (bismuth  oxy-iodo-gallate.  with  20  per 

cent  of  iodine);  >anoform  (diiodo-methylsalicylate);  the  potassium, 

sodium,  mercury,  and  zinc  salts  of  sozoiodolic  acid  (phenol-sulphonic 

acid  in  which  two  atoms  of  hydrogen  have  been  substituted  by  two 

atoms  of  iodine — C6H,l2< 
(OH) 

SO.OHy' 

,   known  as  sozoiodokites :   nosojdien, 

antinosine^  and  eudaxine  (all  iodine  compounds  of  phenolphthalein): 

Josophan  and  europhen  (combinations  of  cresol  and  iodine):  Joretin  and 

vioform  (derivatives  of  quinoline  containing  iodine):  diiodofonn 

(tetraiodoethylene.  GIJ:  sodium  diiodosalicylate;  acetone  iodide: 

iodoso-benzoic  acid,  etc. 
Various  mixtures  of  iodoform  and  other  substances  have  been  made 

with  the  object  of  concealing  the  odor  of  the  former;  thus,  eJca-iodo- 

fonn  is  said  to  consist  of  iodoform  and  paraformaldehyde;  anozol  of 

iodoform  and  thymol:  iodoformin  of  iodoform  and  hexamethylene 

tetramine,  etc.  lodoformogen  is  a   proteid  compound  of  iodoform, 

lodoformum  Aromaticum,  X.  F.,  is  a   mixture  of  iodoform  and 
coumarin. 

KAOLIMM. 

Kaolin. 

Official  in  the  British  Pharmacopoeia  under  same  name.  A 

native  aluminum  silicate,  consisting  largely  of  the  pure  silicate 

HgAkSioOg—HoO.  It  is  a   very  pure  clay. 

Properties. — Soft,  white  or  yellowish-white  powder,  odorless,  and 

having  an  earthy  or  clay-like  taste. 
Insoluble  in  water. 
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Kaolin  is  contained  in  Cataplasina  Kaolini  (q.  v.).  It  is  used  in 

dusting  powders;  also  in  pills  containing  easiW  reduced  bodies,  such 

as  silver  nitrate  or  potassium  permanganate,  which  can  not  be  mixed 

with  ordinary  excipients. 

LIQUOR  ANTISEPTICUS. 

Antiseptic  Solution. 

A   solution  of  mild  aromatics  and  antiseptics  similar  to  certain  com- 

mercial preparations.  Among  other  things  it  contains  about  2   per 

cent  of  boric  acid,  0.1  per  cent  each  of  benzoic  acid  and  thymol,  and 

25  per  cent  of  alcohol. 

Dose. — ‘^Average  dose:  4   Cc.  (1  tiuidrachm).”  (U.  S.  P.) 

LIQUOR  CHLORI  COMPOSITUS. 

Compound  Solution  of  Chlorine. 

Clilorine  Water. 

This  takes  the  place  of  Aqua  Chlori  (U.  S.  P.,  1890).  The  method  of 

preparation  (for  which  see  the  Pharmacopoeia)  is  materially  changed 

and  simplified.  When  freshh^  prepared  it  contains  about  0.4  per  cent 
of  chlorine  with  some  oxides  of  chlorine  and  potassium  chloride. 

Dose. — “Average  dose:  4   Cc.  (1  tiuidrachm).”  (U.  S.  P.) 

LIQUOR  CRESOLIS  COMPOSITUS. 

Compound  Solution  of  Cresol. 

Liquor  Cresoli  saponatus  is  the  official  German  title  of  a   somewhat 

similar  preparation.  It  is  essentially  a   linseed-oil-soap  solution  of 

cresol,  of  50  per  cent  strength;  the  soap  dissolves  the  cresol  as  do 

alkalies.  This  is  a   mixture  of  much  more  definite  composition  than 

many  commercial  preparations  of  similar  nature. 

For  practical  use  the  50  per  cent  solution  is  diluted  with  water  to 

various  degrees  according  to  need. 

Other  preparations  of  this  nature  are  known  as  creolin^  disinfectol^ 

enter  OCT  esol^  germol^  cresolin^  lysol^  h/sitol,  etc.  (See  Cresol). 

LIQUOR  FORMALDEHYDI. 

Solution  of  Formaldehyde. 

An  aqueous  solution  containing  not  less  than  37  per  cent  by  weight 

of  absolute  Formaldehyde  (H.COH);  an  assay  process  is  provided. 

Official  in  the  German  Pharmacopoeia  as  Formaldehydum  solutum  and 

variousl}"  known  as  formalin^  fc/nnol^  methylaldehyde^  oxy methylene^ 
methanol^  etc. 

Properties. — Formaldehyde  itself  is  a   gas  at  ordinary  temperatures 

having  a   very  pungent  odor.  The  various  products  on  the  market  are 

solutions  of  the  gas  in  water.  Formaldehyde  readily  undergoes  a 



i   molecular  change  called  pohmierization,  whereb}^  a   solid  form  is 

obtained,  known  as  paraformaldehyde  or  simph^  paraform.  When 

■   a   solution  of  formaldehyde  is  evaporated  by  heat,  and  more  slowly  by 

long  standing,  paraformaldehyde  separates  as  a   white,  tlocculent, 

nearly  odorless  mass,  which  is  almost  insoluble  in  water,  alcohol,  or 

'   ether,  and  which  begins  to  sublime  below  100°  C.  When  heated, 
paraformaldehyde  vaporizes  and  reforms  the  gaseous  formaldehyde. 

It  occurs  in  the  market  in  tablets  which  are  employed  for  disinfecting 

purposes. 

Formaldehyde  is  very  active  chemicalh^;  it  has  a   strong  reducing 

action  on  silver,  copper,  and  mercur}^  salts,  and  unites  readily-  with 
ammonia,  forming  the  official  odorless  Hexamethylenamine  (which 

see).  It  is  easily  oxidized  by  hydrogen  dioxide  and  potassium  per- 

manganate, especiall}^  in  alkaline  solution. 
Several  dusting  powders  containing  formaldehyde,  in  combination, 

have  been  introduced;  thus,  gluiol  is  a   compound  of  gelatin  and  for- 

maldehyde, amyloform^  of  starch  and  formaldehyde,  etc. 

Formaldehyde  is  a   constituent  of  maii}^  food  preservatives,  embalm- 
ing preparations,  etc. 

Caution. — Keep  well  stoppered  in  a   moderately  cool  place  and  pro- 
tected from  light. 

LIQUOR  soon  PHOSPHATIS  COMPOSITUS. 

Compound  Solution  of  Sodium  Phosphate. 

A   fairly  stable  concentrated  solution  containing  1   Gm.  of  Sodium 

Phosphate  in  each  Cc. 

Dose. — “Average  dose;  8   Cc.  (2  fluidrachms).”  (U.  S.  P.) 
Keep  well  stoppered  and  moderatelv  warm. 

MAGNESII  SULPHAS  EFFER VESCEXS. 

Effervescent  Magnesium  Sulphate. 

A   similar  compound  is  official  under  the  same  name  in  the  British 

Pharmacopoeia;  known  also  as  eli'ervescent  Epsom  salt,  and  as  magnesii 
sulphas  granulatus. 

This  ma}"  take  the  place  of  Magnesii  Citras  Effervescens  (U.  S.  P., 
1890),  which  has  been  dropped. 

Dose. — “Average  dose:  16  Gm.  (210  grains).”  (U.  S.  P.) 

MALTUM. 

Halt. 

This  is  a   reintroduction;  Maltum  was  official  in  the  U.  S.  Pharma- 

copoeia, 1880,  but  was  dropped  in  1890.  Used  for  the  preparation  of 

Extractum  Malti  (q.  v.). 
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MANGANI  DIOXIDUM  PR.llClPITATUM. 

Precipitated  Maiig’auese  Dioxide. 

To  replace  Alangani  Dioxiclum,  U.  S.  Pharmacopoeia,  1890.  It  con- 

sists chiefl}"  of  manganese  dioxide  (MnOg),  with  small  amounts  of 
other  oxides  of  manganese,  corresponding  to  not  less  than  80  per  cent 

of  manganese  dioxide.  The  Alangani  Dioxidum  (1890)  was  the  native 

crude  manganese  dioxide  and  was  onl}^  required  to  contain  at  least  66 

per  cent  of  the  pure  dioxide. 

Dose. — ‘‘Average  dose:  0.250  Gm.  =   250  milligrammes  (4  grains).” 
(U.  S.  P.) 

MANGANI  HYPOPHOSPHIS. 

Mang“aiiese  Hypophospliite. 

Mii(PHA)2  +   H,0 

It  should  contain  not  less  than  97  per  cent  of  pure  manganese 

hypophospliite. 

Dose. — “Average  dose:  0.200  Gm.  =   200  milligrammes  (3  grains).” 
(U.  S.  P.) 

It  is  contained  in  Syampus  Hypophosphitum  Compositus. 

METHYLTHIONIN.P  HYDROCHLORIDUM. 

Metliyltliioiiine  Hydrochloride. 

Methylene  Blue. 

CuIIibNsSCI 

Chemically,  it  is  tetramethylthionine  hydrochloride. 

Properties. — Dark,  green,  ciwstalline  powder,  or  prismatic  crystals 

having  a   bronze-like  luster. 

Ileadil}^  soluble  in  water,  somewhat  less  so  in  alcohol;  the  solutions 

are  of  a   deep  blue  color. 

Incompatible  with  potassium  iodide.  Reducing  agents  decolorize  it. 

Dose. — “Average  dose:  0.250  Gm.  =   250  milligrammes  (4  grains).” 
(U.  S.  P.) 

Caution. — Not  to  be  confounded  with  commercial  methylene  blue, 

which  is  often  the  zinc  chloride  double  salt  of  tetramethjdthionine,  is 

employed  as  a   dye  or  stain,  and  is  unfit  for  internal  administration. 

Alethylene  azure,  a   dye  which  has  recentl}^  come  into  prominence  as 

a   stain  in  histology  (Romanowsky’s  stain,  for  example,  depends  upon 

the  methylene  azure  present  in  “ripened”  methydene  blue),  is  derived 

from  methydene  blue  by  the  addition  of  two  atoms  of  oxy^gen  to  the 

sulphur. 

N 
-Ccjllg^^ 

N(CH3), 

N(CH3),C1 
I 

N 
>80^ 

■N(CH3)3 

N(CH3),C1 

Methylene  blue Methylene  azure  (chloride) 
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jlethylene  azure  is  almost  always  present  in  even  the  best  specimens 

of  methylene  blue.  It  may  be  detected  by  adding  ammonia  to  a 

solution  of  methylene  blue  and"  then  shaking  with  ether;  the  methy- 
lene azure  passes  into  the  ether,  which  is  colored  red. 

i   P   OLEATA, 

)   ill  Oleates. 

Three  new  oleates  have  been  introduced  and  one  (Oleatum  Zinci, 

U.  S.  P.,  1890)  dropped. 

For  method  of  preparation  see  the  Pharmacopoeia. 

The  oleate  of  cjuinine  is  also  in  the  National  Formulary;  other 

(unofficial)  oleates  in  the  National  Formulary  are:  oleate  of  aconitine, 

lead  oleate,  and  zinc  oleate  (different  from  the  U.  S.  P.  1890  Oleate  of 

Zinc). 
OLEATU3I  ATROPINJE. 

Oleate  of  Atropine. 

Containing  2   per  cent  of  atropine. 

OLEATOI  COCAINkE. 

Oleate  of  Cocaine. 

Containing  5   per  cent  of  cocaine. 

OLEATUM  QUINIXT. 

Oleate  of  (Quinine, 

Containing  25  per  cent  of  quinine. 

OPIEM  GRAM  LATUM. 

Granulated  Opinni. 

Opium  dried  at  a   temperature  not  exceeding  85°  C.  and  reduced  to 
a   coarse  (No.  20)  powder;  Opii  Pulvis  is  prepared  similarly,  but  it  is 

reduced  to  a   veiw  tine  powder;  the  Pharmacopoeia  requires  that 

it  contain  not  less  than  12  per  cent  nor  more  than  12.5  per  cent  of 

crvstallized  morphine  when  assayed  by  the  pharmacopoeial  process; 

the  powdered  and  deodorized  opium  are  also  required  to  contain  this 

percentage  of  ciystallized  morphine. 

The  Tincture  of  Opium  is  now  made  from  granulated  opium  instead 

of  from  powdered  opium,  as  in  the  U.  S.  Pharmacopoeia,  1890.  Much 

of  the  tincture  of  opium  on  the  market  seems  to  be  under  strength: 

it  is  hoped  that  a   more  uniform  product  will  be  obtained  by  the  use 

of  granulated  opium. 

Dose. — ••  Average  dose:  0.065  Gm.  =   65  milligrammes  (1  grain).’’ 
(U.  S.  P.) 
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PARAFFIM3I. 

Paraffin. 

A   mixture  of  solid  liYdrocarbous.  chiefly  of  the  methane  series. 

The  paraflin  of  the  U.  S.  Pharmacopceia  melts  between  51.6^  and  57.2^ 

C.  The  **hard  paraflin”  (Parafiinum  Durum)  of  the  British  Pharma- 

copceia melts  between  54.4"  and  57.2"  C.,  while  the  “Paraffinum 

solidurn”  of  the  German  Pharmacopceia  melts  between  74-  and  80-  C. 

pelletierina:  taxnas. 

Pelletierine  Tannate. 

•*A  mixture  in  varying  proportions  of  the  tannates  of  four  alka- 

loids (punicine.  iso-punicine.  methyl-punicine.  and  pseudo-punicine) 

obtained  from  Punka  gmnatum''  (Pomegranate).  Also  known  as 
puniciuum  tannicum.  The  alkaloids  are  also  known  as  pelletierine. 

iso-pelletierine;  etc. 

Character. — A   yellowish-white,  odorless,  amorphous  powder,  hav- 

ing an  astringent  taste,  and  a   weak  acid  reaction. 

Solubility. — Soluble  in  water  (1:235).  alcohol  (1:12.6).  and  in  warm 
dilute  acids. 

Dose. — “Average  dose:  0.250  Gm.  =250  milligrammes  (4  grains).” 
(P.  S.  P.) 

The  pelletierines  of  commerce  seem  to  vary  greatly:  some  are  ten 

times  as  poisonous  as  others.  While  the  U.  S.  Pharmacopceia  names, 

as  the  average  dose  of  the  tannate.  0.25  Gm..  some  writers  recom- 

mend 0.75  to  1.5  Gm.  Very  unpleasant  effects  are  said  to  have 
resulted  from  0.4  to  0.5  Gm. 

PETROLITOI  ALBl  31. 

White  Petrolatum. 

“A  white  unctuous  mass  of  about  the  consistency  of  an  ointment.” 
it  is  puritied  petrolatum  and  is  used  in  the  preparation  of  the  Oint- 

ment of  Boric  Acid,  the  Ointment  of  Phenol  (Unguentum  Acidi  Car- 
bolic!. U.  S.  P..  1890).  etc. 

PHEXOL  LIOrEFACTTlI. 

Liquefied  Phenol. 

Practically  the  Acidum  Carbolicum  Licpiefactum  of  the  British  and 

German  Pharmacopoeias.  It  is  prepared  from  Phenol  (Acidum  Carboli- 

cum. U.  8.  P..  1890)  by  the  addition  of  distilled  water  in  the  propor- 
tion of  1   Gm.  of  the  latter  to  9   Gm.  of  Phenol.  The  U.  S.  Pharma- 

copoeia Phenol  must  contain  not  less  than  96  per  cent  of  absolute 

phenol:  whereas  this  preparation.  Phenol  Liquefactum.  contains  not 

less  than  86.4  per  cent,  by  weight,  of  absolute  phenol  and  about  13.6 
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per  cent,  by  weight,  of  water.  Introduced  on  account  of  the  ease  of 

dispensing. 

1   Gm.  of  Phenol  (U.  S.  P.)  equals  about  1.11  Gm.  of  Liquefied 

Phenol,  or  1   Gm.  Liquefied  Phenol  equals  about  0.9  Gm.  of  Phenol. 

Dose. — ‘‘Average  dose:  0.0.5  Cc.  (1  minim).”  (L.  S.  P.) 

PILOCARPIN.E  XITRAS. 

’Pilocarpine  Nitrate. 

CnH.eN^O^.HNOs 

This  is  the  onh"  salt  of  pilocarpine  official  in  the  British  Pharmaco- 
poeia. The  revised  U.  S.  Pharmacopoeia  contains  two  salts  of  pilocar- 

pine; the  Pilocarpin^e  Hydrochloras  (U.  S.  P.,  1890)  is  retained  under 

the  name  of  Pilocarpinee  Hydrochloridum,  and  the  nitrate  is  introduced. 

Character. — Colorless,  or  white,  shining  crystals,  odorless,  and  hav- 

ing a   fainth"  bitter  taste.  It  is  permanent  in  the  air,  whereas  the 
hydrochloride  is  deliquescent  on  exposure  to  the  air. 

Solubility. — Soluble  in ‘water  (1:4),  alcohol  (1:60),  in  warm  alcohol 
(1:16).  The  aqueous  solution  (1  in  100)  is  acid  to  litmus. 

Dose. — “Average  dose:  0.010  Gm.=10  milligrammes  (4  grain).” 
(U.  S.  P.) 

PILUL.E  LAXATIVE  COMPOSITE. 

Compound  Laxative  Pills. 

An  official  preparation  which  ma}"  well  replace  a   number  of  similar 
commercial  articles. 

Each  pill  contains  0.013  Gm.  =   13  milligrammes  (|  grain)  Aloin, 

0.0005  Gm.  =0.5  milligramme  (^  Jg  gi’^in)  Strychnine,  0.008  Gm.  = 
8   milligrammes  (4  grain)  Extract  of  Belladonna  Leaves,  and  0.004 

Gm.  =   4   milligrammes  (yV  grain)  of  Ipecac. 

Dose. — “Average  dose:  2   pills.”  (U.  S.  P.) 
Pilulte  Aloini,  Strychninae  et  Belladonnee,  N.  F.,  contain,  with  the 

exception  of  the  Ipecac,  the  same  active  ingredients  and  in  the  same 

proportions. 

PILULT  PODOPHYLLI,  BELLADONNA  ET  CAPSICI. 

Pills  of  Podophyllum,  Belladonna  and  Capsicum. 

Each  pill  contains  0.016  Gm.  =   16  milligrammes  (i  grain)  Resin  of 

Podophvllum,  0.008  Gm.  =   8   milligrammes  (^  grain)  Extract  of  Bel- 
ladonna Leaves,  and  0.032  Gm.  =   32  milligrammes  (i  grain)  Capsicum. 

Dose. — “Average  dose:  1   pill.”  (U.  S.  P.) 
The  same  pill  is  included  in  the  National  Formulary  under  the  same 

name. 

31207 — No.  23 — 05- 4 
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PULYIS  ACETANILIDI  COMPOSITUS. 

Compound  Acetanilide  Powder. 

A   mixture  of  Acetanilide,  Caffeine,  and  Sodium  Bicarbonate;  it  is  a 

modification  of  the  National  Formulary  article  of  the  same  name  a;nd 

has  been  known  as  Acetanilid  Compound  (Aulde).  The  sodium  bicar- 

bonate increases  the  solubilit}"  of  the  acetanilide. 

Dose. — ‘‘Average  dose:  0.500  Gm.  =   500  milligrammes  (7i  grains).” 
(U.  S.  P.) 

Acetanilide  is  the  cheapest  of  the  common  antipyretics  and  it  is 

extensive!}^  used  in  the  “   headache  powders  ”   sold  under  such  a   variety 

of  names.  These  powders  frequertl}^  contain  also  caffeine  and  an 
alkaline  salt,  usually  sodium  bicarbonate  or  ammonium  carbonate. 

(For  analyses  of  a   number  of  these  powders  see  Jour.  Amer.  Med. 

Assoc.,  Yol.  44,  p.  1790,  1905.) 

quinina:  salicylas. 

Quinine  Salicylate. 

2C2oH2,N20,.C,H603  -f  H2O 

Character. — Colorless  needles,  permanent  in  air,  but  acquiring  a 
pinkish  tinge  after  a   time. 

Solubility. — Soluble  in  cold  water  (1:77),  somewhat  more  so  in  warm 

(1:35),  in  alcohol  (1:11),  and  in  gly^cerin  (1:16). 
It  contains  68.79  per  cent  Quinine  (the  Bisulphate  contains  59.1  per 

cent  Quinine,  the  Hydrobromide  76.6  per  cent,  the  Hydrochloride 

81.8  per  cent,  the  Sulphate  74.3  per  cent).  The  Bisulphate  is  soluble 

in  8.5  parts  of  water,  the  Hydrobromide  i»  40  parts,  the  Hydrochlo- 

ride in  18  parts,  the  Sulphate  in  720  parts;  the  official  alkaloid  (con- 

taining 3   molecules  of  water)  is  soluble  in  1,550  parts  of  water. 

Dose. — “Average  dose:  0.250  Gm.=250  milligrammes  (4  grains).” 
(U.  S.  P.) 

SABAL. 

Sahal. 

The  partial  1}"  dried  ripe  fruit  of  Serenoa  serrulata^  commonly-  known 
as  saw  palmetto. 

Not  much  is  known  concerning  the  active  principles  of  this  drug, 

and  there  seems  to  have  been  no  satisfactory-  investigation  of  its  phy-- 
siological  action.  Coblentz  found  in  the  pulp  of  the  berries  a   volatile 

oil,  a   fixed  oil,  a   fat,  an  alkaloid,  a   resin,  dextrin,  and  glucose. 

Dose. — “Average  dose:  1   Gm.  (15  grains).”  (U.  S.  P.) 
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SAFROLUM. 

Safrol. 

CeH3.C3H5.(OOCH2)  1:3:4 

“The  methylene  ether  of  allyl  pyrocatechol,  found  in  oil  of  sassafras, 

camphor  oil,”  etc. 

Properties. — A   colorless,  or  faintly  yellow,  liquid  with  a   sassafras- 
like odor.  Soluble  in  about  its  own  volume  of  strong  alcohol  and  in 

about  30  volumes  of  TO  per  cent  alcohol. 

Safrol  is  contained  to  the  extent  of  80  per  cent  in  the  official  oil  of 

sassafras  (Oleum  Sassafras).  Much  of  the  safrol  of  commerce  is 

obtained  from  camphor  oil.  Safrol  is  used  to  a   considerable  extent  in 

flavoring  drinks  (sarsaparilla  waters)  and  perfuming  soaps.  Heffter 

(Arch.  f.  exp.  Path.  u.  Pharm.,  35,  p.  354)  considers  safrol  to  be  the 

most  poisonous  of  the  volatile  oils,  and  thinks  its  widespread  use  not 

unattended  with  danger.  The  effects  of  chronic  poisoning  are  similar 

to  those  of  yellow  phosphorus. 

Dose. — “Average  dose:  0.3  Cc.  (5  minims).”  (U.  S.  P.) 

SCOPOLA. 

Scopola. 

The  dried  rhizome  of  Scopola  carniolica^  Jacquin  (Fam.  Solanacedc). 

Scopola  is  closely  related  to  Belladonna  and  Hyosc}uimus. 

The  Pharmacopceia  demands  that  the  drug  contain  not  less  than  0.5 

per  cent  of  alkaloids;  it  is  assayed  by  the  same  process  as  are  bella- 
donna leaves. 

Preparations  admitted  into  the  U.  S.  Pharmacopoeia,  Eighth  Decen- 

nial Revision:  Extract  of  Scopola  and  Fluidextract  of  Scopola  (q.  v.) 

Dose. — “Average  dose:  0.045  Gm.  =   45  milligrammes  (f  grain).” 
(U.  S.  P.) 

The  alkaloid  of  Scopola  is  almost  wholly  hyoscyamine.  The  content 

of  the  alkaloids  in  Scopola  is  remarkably  uniform  (about  0.55  per 

cent),  whereas  the  percentage  of  alkaloids  in  Belladonna  varies  from 

0.2  to  above  1   per  cent. 

There  has  been  much  discussion  as  to  how  far  Scopola  can  replace 

Belladonna  in  therapeutics;  its  preparations  are  said  to  be  used  exten- 

sively in  the  manufacture  of  “belladonna  plasters.” 

SCOPOLAMINA]  HYDROBROMIDUM. 

Scopolamine  Hydrobromide. 

CnH^iNO^.HBr  +   SH^O 

“The  hydrobromide  of  an  alkaloid  obtained  from  plants  of  the  Sol- 

anacedc;  chemically  identical  with  Hyoscine  Hydrobromide.” 
Although  Hyoscine  Hydrobromide,  which  was  admitted  into  the 

U.  S.  Pharmacopoeia,  1890,  and  Scopolamine  Hydrobromide  are  iden- 
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tical.  both  names  are  used  in  the  U.  S.  Pharmacopoeia,  Eighth  Decen- 

nial Revision,  as  separate  headings,  because  most  people  are  familiar 

with  the  name  Hyoscine  but  not  with  Scopolamine.  Scopolamine  is 

formed  by  the  imion  of  tropic  acid  with  scopoline.  a   compound  similar 

to  tropine.  (See  Homatropine.) 

In  the  British  Pharmacopoeia  Scopolamine  Hydrobromide  is  used  as  a 

synonym  for  Hyoscine  Hydrobromide:  in  the  German  Pharmacopoeia 

only  the  name  Scopolaminum  hydrobromicum  is  retained. 

Dose. — 'Hlverage  dose:  0.O005  Gm.  =   0..5  milligramme  grain).*’ 
(U.  S.  P.) 

SERUM  AMIDIPHTHEEIfUM. 

Aiitidiplitlieric  Serum. 

Diphtheria  Antitoxin. 

**A  fluid  separated  from  the  coagulated  blood  of  a   horse  immunized 

through  the  inoculation  of  diphtheric  toxin.*' — U.  S.  Pharmacopoeia. 
The  German  Pharmacopoeia  recognizes  also  the  dried  serum. 

Autidiphtheric  serum  gradually  loses  its  power,  the  loss  in  one  year 

varying  between  10  and  .30  per  cent. 

“The  standard  of  strength,  expressed  in  units  of  antitoxic  power, 
should  be  that  approved  or  established , by  the  U.  S.  Public  Health 

and  Harine-Hospital  Service.”  (U.  S.  P.)  All  manufacturers  selling 
diphtheria  antitoxin  in  the  District  of  Columbia,  or  in  States  other 

than  the  one  in  which  it  is  manufactured,  must  secure  a   license  issued 

by  the  Secretary  of  the  Treasury  on  recommendation  of  the  Surgeon- 

General  of  the  Public  Health  and  ̂ larine-Hospital  Service.  (F or  a   full 

discussion  of  the  oflicial  standard,  see  Rosenau.  M.  J. :   The  immunity 

unit  for  standardizing  diphtheria  antitoxin,  Bulletin  Xo.  21,*  Hygienic 
Laboratory.  U.  S.  Public  Health  and  iUarine-Hospital  Service.  1905.) 

Dose. — ‘Leverage  dose:  3.000  units.  Immunizing  dose  for  well 

persons:  500  units.**  (L.  S.  P.) 
Caution. — Should  be  kept  in  sealed  glass  containers  in  a   dark  place 

at  temperatures  between  1.5^  and  15^  C.  (10~  and  59^  F.). 

SODII  ARSEXAS  EXSICCATES. 

Exsiccated  Sodium  Arsenate. 

Xa^HAsO^ 

This  is  the  same  as  the  Sodii  Arsenas  of  the  British  Pharmacopoeia; 

also  known  as  anhydrous  sodium  arsenate. 

Properties. — An  amorphous,  odorless,  white  powder.  Permanent  in 

dry  air.  Soluble  in  3   parts  of  water:  A'ery  soluble  in  boiling  water. 

This  is  prepared  from  Sodium  Arsenate  (already  official)  by  expel- 
ling by  heat  the  seven  molecules  of  water  of  the  latter.  The  hydrous 

sodium  arsenate  (Sodii  Arsenas.  U.  S.  P.)  is  efflorescent  in  dry  air 
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and  somewhat  deliquescent  in  moist  air;  hence  the  percentage  of  arse- 

nic is  somewhat  uncertain.  The  nesv  preparation  is  permanent  in  dry 

air.  The  hydrous  sodium  arsenate  contains  dO.d  per  cent  of  water; 

hence,  a   given  weight  of  this  substance  will  contain  but  little  more 

than  half  as  much  arsenic  as  an  equal  weight  of  the  exsiccated.  The 

average  dose  of  the  latter  is  accordingly  placed  at  about  one-half  that 
of  the  former. 

Dose. — “Average  dose:  0.003  Gm.  =   3   milligrammes  (gV  grain).'’ 
(U.  S.  P.) 

SODII  CARBONAS  3I0X0HTDRATUS. 

3Iouoliydrated  Sodium  Carbonate. 

XaXOs-HoO 

Sodii  Carbonas  and  Sodii  Carbonas  Exsiccatus  (U.  S.  P. ,   1890)  are 

dismissed  from  the  Pharmacopoeia  and  the  monohydrated  salt  intro- 
duced. 

The  Sodii  Carbonas  contained  ten  molecules  of  water  of  crystalliza- 

tion or  63  per  cent:  part  of  this  Avas  lost  on  exposure  to  air,  so  that 

the  salt  was  of  uncertain  strength.  The  Sodii  Carbonas  Exsiccatus 

contained  about  26  per  cent  of  water  and  probably  corresponded  to 

the  formula  Aa^COg  -j-  2H._,0.  This  salt  was  somewhat  hygroscopic. 
The  monohydrated  salt  does  not  effloresce  at  ordinary  temperatures, 
nor  does  it  absorb  much  moisture.  It  is  therefore  more  uniform  in 

composition  than  either  of  the  others. 

Character. — A   white,  crystalline,  granular  powder,  odorless  and  hav- 
ing a   strong  alkaline  taste.  It  is  somewhat  less  soluble  than  Sodii 

Carbonas  (U.  S.  P.,  1890),  but  more  so  than  Sodii  Bicarbonas. 

Solubility. — Soluble  in  Avater  (1:2.9),  in  boiling  water  (1:1.8),  in  gly- 
cerin (1:8);  insoluble  in  alcohol. 

Dose. — ‘'AA'erage  dose:  0.250  Gm.  =   250  milligrammes  (1  grains).” 
(U.  S.  P.) 

SODII  CITEAS. 

Sodium  Citrate. 

2ya3C6H50,-fllHoO 

Properties. — A   white,  granular  powder,  odorless.  It  slowly  efflo- 
resces on  exposure  to  dry  air.  Soluble  in  1.1  parts  of  cold  Avater  and 

in  0.1  part  of  boiling  water;  slightly  soluble  in  alcohol. 

Dose. — “Average  dose:  1   Gm.  (15  grains).*'  (U.  S.  P.) 
A   carbonated  solution  of  Sodium  Citrate  is  contained  in  the  National 

Formulaiy  under  the  name  of  Liquor  Sodii  Citratis  and  in  the  German 

Pharmacopoeia  under  the  name  Potio  RiveG 
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SODII  PHOSPHAS  EPFEETESCENS. 

EfIerTesceiit  Sodinni  Phosphate. 

A   similar  compound  is  official  under  the  same  name  in  the  British 

Pharmacopoeia. 

It  is  composed  of  the  Exsiccated  Sodium  Phosphate,  Sodium  Bicar- 

bonate, and  Tartaric  and  Citric  acids.  It  contains  just  sufficient 
sodium  bicarbonate  to  neutralize  the  tartaric  and  citric  acids  when  it 

is  dissolved  in  water,  and  the  carbonic  acid  gas  liberated  gives  a   pleas- 
ant acidulous  and  ehervescent  taste. 

Dose. — ‘CAverage  dose:  8   Gm.  (120  grains).’’  (U.  S.  P.) 
It  should  be  kept  in  well  stoppered  bottles. 

SODII  PHOSPHAS  EXSICCATES. 

Exsiccated  Sodium  Phosphate. 
Xa,HPO, 

This  is  also  called  anhydrous  sodium  phosphate;  it  is  obtained  by 

driving  off  the  water  of  crystallization  of  Sodium  Phosphate  (U.  S.  P.), 

which  amounts  to  60.3  per  cent  of  the  latter's  weight.  In  a   given 
weight  of  the  exsiccated  salt  there  are  two  and  a   half  times  as  much 

sodium  phosphate  as  in  the  same  weight  of  the  crystallized  salt. 

It  is  a   white  powder  which  absorbs  moisture  readily  when  exposed 

to  the  air  and  is  gradualh^  transformed  into  a   salt  of  the  composition. 
IsagHPO^  +   iHgO,  which  contains  about  47  per  cent  of  water;  the 

latter  salt  is  permanent. 

Dose. —   ’hAverage  dose:  1   Gm.  (15  grains)."  (U.  S.  P.) 

STRONTII  SALICTLAS. 

Strontium  Salicylate. 

SrCC.HAla  +   2H2O 

Character. — White,  ciystalline  powder,  odorless  and  having  a   sweet- 
ish saline  taste. 

Solubility. — Soluble  in  water  (1:18)  and  alcohol  (1:66),  much  more  so 
when  these  are  boiling. 

Incompatibility. — Incompatible  with  ferric  salts,  mineral  acids,  qui 
nine  salts  in  solution,  spirit  of  nitrous  ether,  and  sodium  phosphate 

in  powder. 

Dose. — ‘^Average  dose:  1   Gm.  (15  grains).”  (U.  S.  P.) 
Keep  in  well  stoppered  bottles,  protected  from  heat  and  light. 

Strontium  Lactate  (U.  S.  P.,  1890)  has  been  dismissed  from  the 

Pharmacopoeia;  the  bromide  and  iodide  are  retained. 
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STROPHANTHINFMo 

Stroplianthiii. 

A   g'lucoside  or  mixture  of  glucosides,  obtained  from  Strophanthus. 

Character. — A   white  or  faintly  3"ellowish  crystalline  powder,  con- 
taining varying  amounts  of  water  of  ciwstallization.  Permanent  in 

the  air.  Taste  intensely  bitter;  great  caution  should  be  used  in 

tasting  it. 

Solubility. — Very  soluble  in  water  and  diluted  alcohol. 

Dose. — “Average  dose:  0.0003  Gm.  =0.3  milligramme  grain).” 
(U.  S.  P.) 

Caution. — Keep  in  well  stoppered  amber  colored  bottles.  Its  solu- 
tions are  veiw  liable  to  decompose  and  should  be  freshK  prepared. 

Exceedingly  powerful  poison.  There  is  no  known  chemical  assa}"  for 

this  drug*  and,  as  it  is  liable  to  variation,  physicians  would  do  well  to 
secure  specimens  which  have  been  tested  physiologically. 

STRYCHNINE  NITRAS. 

Strycliiiiiie  Nitrate. 

C,iH,,N,0,.HN03 

Character.— Colorless,  glistening  needles,  odorless,  and  having  an 

intensely  bitter  taste;  permanent  in  the  air. 

Solubility. — Soluble  in  water  (1:42),  alcohol  (1:120),  and  glvcerin 
(1:60);  much  more  soluble  in  warm  water  or  alcohol. 

The  b}"drochloride  (the  onh^  strvchnine  salt  official  in  the  Br.  P.) 
and  the  Sulphate  (already  official  in  the  U.  S.  P.)  both  contain  water 

of  crvstallization  and  effloresce  in  dry  air.  The  Nitrate  (the  only  salt 

official  in  the  P.  G.)  contains  no  water  of  cr^^stallization  and  is  perma- 
nent in  the  air. 

Dose. — “Average  dose:  0.001  Gm.=l  milligramme  (Pj  grain).” 
(U.  S.  P.) 

SULPHONETHYLMETHANUM. 

Siilphoiietli)  Imetliaiie. 

( Trional. ) 

(CH3)(VH3)C(S0AH5)2 

This  substance  is  commonl  v   known  bv  the  trade  name,  trional.  It  is 

official  in  the  German  Pharmacopceia  under  the  name  Metlndsulfona- 

lum;  in  the  French  and  Swedish  Pharmacopoeias  it  is  called  Trional, 

and  in  the  Austrian  Phai-macopmia,  Trionalum.  It  should  not  be  con- 
fused with  Sulphonmethanum  (q.  v.)  {s^il phonal). 

Chemistry. — Chemicallv  it  is  diethylsulphonemeth^dethyhnethane 

^   regarded  as  methane  (CHJ  in 

which  two  hydrogen  atoms  are  replaced  by  eth}dsulphone  (SOoCgHg) 
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groups,  one  by  a   methyl  (CHg)  and  the  fourth  by  an  ethyl  (CgHg) 

group.  (For  method  of  preparation  see  Sulphonmethanum.) 

Character. — Colorless,  lustrous,  odorless,  crystalline  scales  which 

have  a   bitter  taste  in  aqueous  solution.^’ 

Solubility. — Soluble  in  195  parts  of  water,  more  readily  in  boiling- 

water,  and  readily  soluble  in  alcohol  and  ether.” 
It  melts  at  76°  C.;  hence  if  a   test-tube  containing  some  of  the 

powder  be  placed  in  hot  water,  the  substance  will  melt;  Sulphonmeth- 

anum (the  melting  point  of  which  is  125.5°  C.)  will  not  melt  under 
these  circumstances. 

The  aqueous  solution  should  be  neutral  to  litmus  paper;  no  odor 

should  be  evolved  when  1   Gm.  is  dissolved  in  50  Cc.  of  boiling  water. 

Dose. — “Average  dose:  1   Gm.  (15  grains).”  (F.  S.  P.) 
The  German  Pharmacopoeia  fixes  2   Gm.  as  the  largest  single  dose 

and  d   Gm.  as  the  maximum  amount  to  be  given  in  one  day. 

Caution. — Should  not  be  combined  in  full  dose  with  full  doses  of 

other  drugs  of  similar  physiological  action,  e.  g..  Hydrated  Chloral, 

Chloralformamide,  Sulphonmethane,  etc. 

SULPHONMETHANUM. 

Siilplionmethaiie. 

{Sulphonal.) 

(CH3)A(S0AH5), 

This  substance  is  commonly  known  the  trade  name,  sulphonal — a 

name  which  has  been  adopted  by  the  British  and  several  other  Phar- 

macopoeias. It  should  not  be  confused  with  Sulphonethylmethanum 

(q.  V.). 

Chemistry — Chemically  it  is  diethylsulphonedimethylmethane 
CH. 

>C< 
SOXhH, 

CH.  ̂ ^^SO  C   H’  chemical  structure  of  this  substance,  as  well 

as  that  of  Sulphonethylmethane.  is  explained  by  the  following  reac- 

tions involved  in  one  process  of  its  manufacture:  acetone  and  ethyl- 

mercaptan  unite  (under  the  infiuence  of  dr}"  hydrochloric  acid  gas)  to 
form  dimethyldiethylmercaptol 

^|>CO  +   2HSC.H,  =   CH,  gg  +   H,0 
Acetone  Ethylmercaptan  Dimethyl-diethylmercaptol 

Through  oxidation  with  potassium  permanganate  the  sulphur  atoms 

combine  with  oxygen  to  form  sulphone  (SO^)  groups;  the  resulting 

product  is  diethylsulphonedimethylmethane  (CH3)2C(S02C-2H5)2  —   n 
name  shortened  in  the  Pharmacopoeia  to  Sulphonmethane.  It  may  be 

regarded  as  methane  (CHJ  in  which  two  hydrogen  atoms  are  replaced 

by  methyl  (CHg)  groups  and  two  by  ethylsulphone  (SO2C2H5)  groups. 
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If methylethylketone >   CO  be  used  in  the  above  process 

instead  of  acetone,  dieth3dsulphoneniethylethylniethane  (Sulphonethyl- 

methanum,  U.  S.  P.)  is  formed: 

C,H, 

ch: 
CO 2HSC,H,  = 

Methylethylke- 
tone 

Ethylmercap- 
tan 

.   p   ,   SC,H, 3   >   ̂   <   SC,H, 

Methylethyldiethylmereaptol 

H3O 

C3H3 
CH, 

<   SC3H3 

<   SC3H3 ,   _   CA  y   SO3C3H3 +   “   CH3  >   *-'  <   SO3C3H3 
Diethylsulphonemethylethyl- 

methane 

The  chemical  name  is  abbreviated  by  the  Pharmacopoeia  to  ‘^Sul- 

phonethylmethane”  which  is  commonly  known  as  trional;  the  tri  of 
the  latter  name  indicates  the  presence  of  three  ethyl  (CgH^J  groups.  If 

two  ethyl  groups  are  introduced  in  the  place  of  the  methyl  groups, 
C   H   SO  C   H 

the  resulting  compound  q   >   C   <   what  is  commonly 

knoAvn  as  tetronal;  the  latter  name  indicates  the  presence  of  four  ethyl 

groups.  As  a   general  rule,  the  introduction  of  ethyl  groups  into  a 

compound  increases  the  h}^pnotic  action. 

Character. — Colorless,  odorless,  and  nearly  tasteless  prismatic  crys- 

tals, permanent  in  the  air. 

Solubility. — Soluble  in  water  (1:360)  and  in  alcohol  (1:47),  much  more 

so  in  boiling  water  (1:15)  and  boiling  alcohol  (1:2).  It  melts  at  125.5°  C. 
A   pure  preparation  is  neutral  to  litmus  and  evolves  no  odor  when 
boiled  with  water. 

Dose. — “Average  dose:  1   Gm.  (15  grains).”  (U.  S.  P.) 
The  German  Pharmacopoeia  fixes  the  maximum  single  dose  at  2   Gm. ; 

the  maximum  daily  dose  at  4   Gm.  Kast  recommends  that  not  more 

than  2   Gm.  be  given  to  a   man  nor  more  than  1   Gm.  to  a   woman  at  a 

single  dose,  and  that  if  the  drug  is  used  for  any  length  of  time  the 

administration  be  frequents  discontinued  for  from  one  to  several  da\^s. 

The  urine  should  be  watched,  and  if  there  are  indications  of  h^emato- 

porphyrin  the  use  of  the  drug  should  be  discontinued. 

SYRUPUS  HYPOPHOSPHITUM  COMPOSITUS. 

Coiiipoiiml  Syrup  of  Hypopliosphites. 

Syrupus  Hypophosphitum  cum  Ferro  (U.  S.  P.,  1890),  is  dropped, 

but  this  mav  take  its  place,  as  it  contains  iron  (although  in  considerably 

smaller  proportion).  It  contains  5   hy^pophosphites,  Hypophosphorous 

Acid,  Quinine,  and  Stiwchnine.  It  is  adopted  (with  slight  changes) 

from  the  National  Formulary  and  is  similar  to  a   number  of  well-known 
commercial  articles. 

Dose. — “Average  dose:  8   Cc.  (2  fluidrachms).”  (U.  kS.  P.) 
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TALCUM. 

Talc. 

A   native  li3^drous  magnesium  silicate,  official  under  the  same  name 

in  the  German  Pharmacopoeia.  The  German  Pharmacopoeia  contains 

a   dusting  powder  Pulvis  salic^dicus  cum  Talco  consisting  of  salic^dic 

acid,  starch,  and  talc;  some  of  the  commercial  talcum  powders  contain  i 
talc  and  boracic  acid. 

Properties. — Talc  occurs  as  a   grayish-green  solid  with  waxy  luster,  j 

or  a   white  or  pale  gray  powder.  It  feels  greas}"  to  the  touch,  hence  il 

it  is  popularh^  called  soapstone.  It  is  used  as  a   dusting  powder,  and 
in  some  pill  masses. 

TALCUM  PURIFICATUM. 

Puri  fled  Talc. 

Talcum  purified  treatment  with  hydrochloric  acid.  Used  in  the  i 

pharmacopoeial  method  of  preparing  certain  official  waters  of  volatile 
oils. 

The  same  preparation  is  to  be  found  in  the  National  Formulaiw. 

THYMOLIS  lODIDUM. 

Thymol  Iodide. 

{Ariatol.) 

(Ceib.cH3.O3Tb.oi).,  *   : 

Official  in  the  French  Pharmacopoeia  as  Diiodothymol.  Variouslv 

known  as  aristol,  annidctUn^  and  thyrnotoL  ' 
Chemistry. — Chemically  it  is  dithymol-diiodide.  It  is  obtained  by 

the  condensation  of  two  molecules  of  thymol  (a  methylisopropydphe- 

nol)  and  the  introduction  into  its  phenolic  group  of  two  atoms  of 
iodine: CH3 

CII3 

i 

CH3 

1 1 
c 

1 

c 
1 

c 
/\ 

HC  CH 
II  1 

HC  C . 

G   GH 
IL  1 HC  COH 

II  1 
HC  COI IOC  CH 

\/ \/ \/ 
G c c 
I   I   i 
C3H,  C3H,  C3II, 
Thymol  Dithymol-diiodidc  (Thymolis 

lodidum) 

Character. — A   bright,  chocolate-colored  or  reddish-yellow,  bulky 

powder,  almost  tasteless,  and  having  a   slight  aromatic  odor. 

Solubility. — Insoluble  in  water  and  glycerin,  soluble  with  difficulty 

in  alcohol,  readily  soluble  in  fatty  oils  and  in  ether,  vaseline,  chloro- 
form, and  collodion. 
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It  contains  46.14  per  cent  of  iodine  (Iodoform  contains  96.7  per 

j   cent,  lodol  89  per  cent  of  iodine). 

,   Caution. — Keep  in  amber-colored  bottles,  protected  from  light. 

Other  thymol  derivatives. — Many  other  derivatives  or  compounds  of 

^   thymol  have  been  suggested  for  therapeutic  use,  e.  g.,  thymotal 

I   (th}miol-carbonate),  thyinacetin  (analogous  to  -phenacetln),  thymoform 
!   (condensation  product  of  thymol  and  formaldehyde),  iodotliymoforin 

(iodized  thymoform).  mercuiy  compounds  of  thymol,  thymosalol^  etc. 

TINCTIRA  GAIIBIR  C03IP0SITA. 

Compound  Tincture  of  Ganihir. 

To  replace  Tinctura  Catechu  Composita  (U.  S.  P. .   1890).  (See 

Gambir.) 

Dose. — Average  dose:  4   Cc.  (1  fluidrachm)."  (U.  S.  P.) 

TIXCTFRA  LI3IOMS  CORTICIS. 

Tincture  of  Lemon  Peel. 

Similar  to  the  Tinctura  Limonis  (Br.  P.),  but  twice  as  strong. 

TROCHISCI  GAMBIR. 

Troches  of  Gamhir. 

To  replace  Trochisci  Catechu  (U.  S.  P..  1890). 

UNGUENTUM  ACIDI  BORICI. 

Ointment  of  Boric  Acid. 

A   10  per  cent  ointment  made  with  Paraffin  and  White  Petrolatum. 

Similar  to  the  Ungnentum  Acidi  Borici  of  the  British  and  German 

Pharmacopoeias. 

I   NGL  ENTl  M   HYBRARGYRI  BILI  TUM. 

Blue  Ointment. 

This  preparation  contains  67  per  cent  of  Unguentum  Hydrargyri, 

which  is  called  ̂ lercurial  Ointment.  Heretofore  “Blue  Ointment'' 

and  ‘‘YIercurial  Ointment’'  have  been  s^monymous.  Mercuilal  Oint- 
ment contains  about  50  per  cent  of  metallic  mercury,  while  Blue 

Ointment  contains  about  33.5  per  cent. 

I   NGI  ENTI  M   ZIMT  STEARATIS. 

Ointment  of  Zinc  Stearate. 

An  ointment  containing  50  per  cent  of  Zinc  Stearate.  The  zinc 

present  in  the  ointment  is  ecpiivalent  to  about  7.5  or  8   per  cent  of 
zinc  oxide. 
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YANILLINUM. 

Yaiiillin. 

C6H3.On.OCH3.GOH  4:3:1 

/CHO  (1) 

Methyl  ether  of  protocatechuic  aldehyde  CgHg — OCH3(3),  occurring 
\OH  (4) 

naturally  in  vanilla  or  made  synthetically.  Vanilla  (U.  S.  P,)  contains 

from  1   to  2   or  3   per  cent  of  v^anillin. 

Eugenol,  the  principal  constituent  of  oil  of  cloves,  is  allylmethyl 

P3u*ocatechol,  and  by  oxidation  yields  vanillin,  the  allyl  group  being 
oxidized  to  the  aldeh3xle  group,  (CHO),  present  in  vanillin. 

Character. — Colorless,  prismatic  needles,  having  the  odor  and  taste 

of  vanilla,  and  melting  at  80°  to  81°  C. 

Solubility.  — Soluble  in  cold  water  (about  1:100),  in  warm  (1:15), 

easil}^  soluble  in  alcohol,  glycerin,  ether,  and  chloroform. 

Being  a   phenol  in  character,  it  readil}"  dissolves  in  dilute  alkali 

h}^droxides,  from  which  it  is  precipitated  by  acids.  It  is  extracted 

completel}^  from  its  solution  in  ether  by  shaking  with  a   saturated 

aqueous  solution  of  sodium  bisulphite,  from  which  it  may  be  precipi- 

tated again  b}"  sulphuric  acid. 

Purity. — The  Pharmacopoeia  guards  against  a   possible  adulteration 
with  acetanilide  l)v  the  following  test:  on  warming  0.1  Gm.  of  Vanillin 

with  concentrated  alcoholic  solution  of  sodium  hydroxide,  adding 

chloroform  and  again  Avarming  it  should  not  giA^e  the  disgusting  odor 

of  phenAd  isoc}"anide;  such  an  odor  Avould  indicate  acetanilide. 

Dose. — ‘‘Average  dose:  0.030  Gm.=30  milligrammes  (i  grain).” 
(U.  S.  P.) 

Caution. — Keep  in  well-stoppered  bottles,  in  a   cool  place,  and  pro- 
tected from  the  light. 

X   /   o-co. Coumarin  (   CgHV  |   )   the  anh3"dride  of  orthocinnamic  acid V   \CH=CH^ 

is  an  odoriferous  principle  found  in  the  Tonka  bean  (1.5  per  cent), 

and  elseAvhere,  Avhich  resembles  A^anillin  in  odor.  It  forms  colorless, 

shining  prisms,  melting  at  67°  C.,  and  soluble  in  400  parts  cold,  45 
parts  of  hot  water,  and  in  7.5  parts  of  alcohol,  easily  solul)le  in  ether. 

“Extracts  of  A^anilla”  are  sometimes  found  to  be  made  not  from  the 

true  vanilla  bean,  but  to  be  alcoholic  tinctures  of  S3uithetic  vanillin  or 

coumarin.  Such  sophistication  can  readily  be  detected,  as  follows: 

If  some  of  the  extract  be  freed  from  alcohol  by  evaporation,  made  up 

to  its  original  Amlume  with  water  and  acidified  with  acetic  acid,  a   red- 

dish brown  precipitate  of  resin  will  form  in  the  case  of  a   true  extract; 
absence  of  such  resin  would  indicate  an  artificial  extract.  The  filtrate 

from  this  resin,  in  a   true  extract,  should  give  a   copious  precipitate 

Avith  basic  lead  acetate  solution;  an  artificial  gives  none. 
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^"Distinction  between  vanillin  and  coumarin:  an  aqueous  solution 
of  vanillin  is  turned  blue  by  a   few  drops  of  ferric  chloride  solution 

(D.  S.  P.  test),  coumarin  is  not.  An  aqueous  solution  of  coumarin, 

unlike  vanillin,  forms  a   precipitate,  when  iodine  in  potassium  iodide 

is  added  in  excess,  at  first  brown  and  flocculent,  and  afterwards,  on 

shaking,  forming  a   dark-green  curd}"  clot. 
A   case  has  recently  been  reported  in  which  vanillin  was  adulterated 

(to  the  extent  of  50  per  cent)  with  terpin  hydrate;  the  adulteration 

was  readily  detected  by  the  lack  of  a   definite  melting  point. 

yixrii  coc.E. 

Wine  of  Coca. 

An  official  wine  prepared  from  the  Fluidextract  of  Coca;  it  may 

well  replace  some  of  the  commercial  articles  of  this  name. 

Dose. — ‘‘Average  dose:  16  Cc.  (d  fiuidrachms).'-  (U.  S.  P.) 
This  is  practicallv  the  same  preparation  as  the  Yinum  Ervthroxyli, 

N.  F. 
ZIXCI  PHENOLSULPHOXAS. 

Zinc  Piienolsulphonate. 

Zn(CeH,(0H)S03)2-8H20 

Commonly  known  as  zinc  sulphocarbolate;  official  in  British  Pharma- 

copoeia as  Zinci  Sulphocarbolas.  It  should  contain  not  less  than  99.5 

per  cent  of  pure  zinc  paraphenolsulphonate.  (C6H^(0H)S03)2Zn  1 : 1+ 

8H2O. 

Character. — Colorless,  transparent,  rhombic  prisms,  or  tabular  crys- 
tals, odorless,  and  having  an  astringent,  metallic  taste;  effloresces  on 

exposure  and  may  become  pink. 

Solubility. — Easily  soluble  in  water  or  alcohol.  The  aqueous  solu- 
tion is  acid  to  litmus. 

Dose. — “Average  dose:  0.125  Gm.— 125  milligrammes  (2  grains).” 
(U.  S.  P.) 

Caution. — Keep  in  small,  well-stoppered  bottles. 

ZINCI  STEARAS. 

Ziuc  Stearate. 

Used  in  preparing  Unguentum  Zinci  Stearatis. 
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CHANGES  IN  OFFICIAL  LATIN  TITLES  OF  PHARMACO- 
PIEIAL  PREPARATIONS. 

Pharmacopoeia,  1890. Pharmacopoeia,  Eighth  Revision. 

Acidum  Arsenosum   

Acidmn  Carbolicum   

Acidum  Chromicum   

Aloe  Barbadensis   

Aloe  Socotrina   

Alumini  Hydras   

Ammonii  Valerianas     

Amyl  Nitris   

Apomorphinae  H3’drochloras 

Aqua  Cblori   

Argenti  Nitras  Dilutus   

Arnicae  Flores   

Calx  Chlorata   

Chloral   j   

Arseni  Trioxidum. 

Phenol. 

Chromii  Trioxidum. 
Aloe. 

Aloe. 

Alumini  Hydroxidum. 

Ammonii  Valeras. 

Amylis  Nitris. 

Apomorphinae  Hydrochloridum. 

Liquor  Chlori  Compositus. 

Argenti  Nitras  Mitigatus. 
Arnica. 

Calx  Chlorinata. 

Chloralum  Hydratum. 

Cocainae  Hydrochloras       

Colchici  Radix   

Emplastrum  Resinae   

Extractum  Aconiti  Fluidum   

Extractum  Apocyni  Fluidum      

Extractum  Aromaticum  Fluidum   

Extractum  Aurantii  Amari   

Extractum  Belladonnae  Foliorum  Alcoholicum   

Extractum  Belladonnae  Radicis  Fluidum   

Extractum  Buchu  Flmdum   

Extractum  Calami  Fluidum   

Extractum  Calumbae  Fluidum   

Extractum  Cannabis  Indicae  Fluidrun   

Extractum  Capsici  Fluidum   

Extractum  Chimaphilae  Fluidum   

Extractum  Chiratae  Fluidum   

Extractum  Cimicifugae  Fluidum   

Extractum  Cinchonae  Fluidum   

Extractiun  Cocae  Fluidum   

Extractum  Colchici  Radicis   

Extractum  Colchici  Seminis  Fluidum   

Extractum  Conii  Fluidum   

Extractum  Convallariae  Fluidum   

Extractum  Cubebae  Fluidum...   

Extractum  Cypripedii  Fluidum   

Extractum  Digitalis  Fluidum   

Extractum  Ergotae  Fluidum   

Extractum  Eriodictyi  Fluidum   

Extractum  Eucaljq)ti  Fluidum   

Extractum  Eupatorii  Fluidum   

Extractum  Frangulae  Fluidum   

Extractum  Gelsemii  Fluidum   

Cocainae  Hydrochloridum. 

Colchici  Cormus. 

Emplastrum  Adhaesivum. 

Fluidextractum  Aconiti. 

Fluidextractum  Apocjmi. 

Fluidextractum  Aromaticum. 

Fluidextractum  Aurantii  Amari. 

Extractum  Belladonnae  Foliorum. 

Fluidextractum  Belladonnae  Radicis. 

Fluidextractum  Buchu. 

Fluidextractum  Calami. 

Fluidextractum  Calumbae. 

Fluidextractum  Cannabis  Indicae. 

Fluidextractum  Capsici. 

Fluidextractum  Chimaphilae. 

Fluidextractum  Chiratae. 

Fluidextractum  Cimicifugae. 

Fluidextractum  Cinchonae. 

Fluidextractum  Cocae. 

Extractum  Colchici  Cormi. 

Fluidextractum  Colchici  Seminis. 

Fluidextractum  Conii. 

Fluidextractum  Convallariae. 

Fluidextractum  Cubebae. 

Fluidextractum  C>T)ripedii. 

Fluidextractum  Digitalis. 

Fluidextractum  Ergotae. 

Fluidextractum  Eriodictyi. 

Fluidextractum  Eucalypti. 

Fluidextractum  Eupatorii. 

Fluidextractum  Frangulae. 

Fluidextractum  Gelsemii. 

(67) 
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Changes  in  official  Latin  titles  of  pharniacopceial  'preparations — Continued. 

Pharmacopoeia,  1890.  Pharmacopoeia,  Eighth  Berislon. 

Extractuin  Gentianse  Fluidum   

Extractum  Geranii  Fluidum   

Extractum  Glycyrrhizae  Fluidum   

Extractum  Grindelise  Fluidum   

Extractum  Guaranse  Fluidum   

Extractum  Hamamelidis  Fluidum   

Extractum  Hydrastis  Fluidum   

Extractum  Hyoscyami  Fluidum   

Extractum  IpecacuanhEe  Fluidum   

Extractum  Kramerise  Fluidum   

Extractum  Lappse  Fluidum   

Extractum  Leptandree  Fluidum   

Extractum  Lobelise  Fluidum   

Extractum  Lupulini  Fluidum   

Extractum  Matico  Fluidum   

Extractum  Mezerei  Fluidum   

Extractum  Fucis  Yomicee  Fluidum   

Extractum  Pareirse  Fluidum   

Extractum  Phytolaccse  Radicis  Fluidum   

Extractum  Pilocarpi  Fluidum   

Extractum  Podophylli  Fluidum   

Extractum  Pruni  Virgiuianae  Fluidum   

Extractum  Quassiae  Fluidum   

Extractum  Rhamni  Purshianse  Fluidum   

Extractum  Rhei  Fluidum   

Extractum  Rhois  Glabrae  Fluidum   

Extractum  Rosse  Fluidum   

Extractum  Rubi  Fluidum   

Extractum  Sabinse  Fluidum   

Extractum  Sanguinariae  Fluidum   

Extractum  Sarsaparillae  Fluidum   

Extractum  Sarsaparillae  Fluidum  Compositum   

Extractum  Scillae  Fluidum   

Extractum  Scutellariae  Fluidum   

Extractum  Senegae  Fluidum   

Extractum  Sennae  Fluidum   

Extractum  Serpentariae  Fluidum   

Extractum  Spigeliae  Fluidum  . , 

Extractum  Stillingiae  Fluidum, 

Extractum  Taraxaci  Fluidum  , 

Extractum  Tritici  Fluidum 

Extractum  Uvae  Ersi  Fluidum   

Extractum  Valerianae  Fluidrun   

Extractum  Veratri  Viridis  Fluidum   

Extractum  Viburni  Opuli  Fluidum   

Extractum  Viburni  Prunifolii  Fluidum. 

Extractum  Xantboxyli  Fluidum   

Extractum  Zingiberis  Fluidum   

Ferri  Oxidum  Hydratum   

Ferri  Oxidum  Hydratum  cum  Magnesia 

Glyceritum  Acidi  Carbolici   

Gossypii  Radicis  Cortex   

Guaiaci  Resina   

Hamamelis   

Hydrastininae  Hydrocbloras   

Fluidextractum  (Sentianae. 

Fluidextractum  Geranii. 

Fluidextractum  Glycyrrhizae. 

Fluidextractum  Grindeliae. 

I   Fluidextractum  Guaranae. 

Fluidextractum  Hamamelidis  Foliorum. 

t   Fluidextractum  Hydrastis. 

Fluidextractum  Hyoscyami. 

Fluidextractum  Ipecacuanhae. 

Fluidextractum  Krameriae. 

Fluidextractum  Lappae. 

Fluidextractum  Leptandrae. 

Fluidextractum  Lobeliae. 

Fluidextractum  Lupulini. 

Fluidextractum  Matico. 

Fluidextractum  Mezerei. 

Fluidextractum  Xucis  Vomicae. 

Fluidextractum  Pareirae. 

Fluidextractum  Phytolaccae. 

Fluidextractum  Pilocarpi. 

Fluidextractum  Podophylli. 

Fluidextractum  Pruni  Virginianae. 

Fluidextractum  Quassiae. 

Fluidextractum  Rhamni  Purshianae. 

Fluidextractum  Rhei. 

Fluidextractum  Rhois  Glabrae. 

Fluidextractum  Rosae. 

Fluidextractum  Rubi. 

Fluidextractum  Sabinae. 

Fluidextractum  Sanguinariae. 

Fluidextractum  Sarsaparillae. 

Fluidextractum  Sarsaparillae  Compositum. 

i   Fluidextractum  Scillae. 

Fluidextractum  Scutellariae. 

Fluidextractum  Senegae. 

Fluidextractum  Sennae. 

Fluidextractum  Serpentariae. 

Fluidextractum  Spigeliae. 

Fluidextractiim  Stillingiae. 

Fluidextractmn  Taraxaci. 

■   Fluidextractum  Tritici. 

Fluidextractum  Uvae  Ursi. 

Fluidextractum  Valerianae. 

Fluidextractum  Veratri. 

Fluidextractum  Viburni  Opuli. 

Fluidextractum  Viburni  Prunifolii, 

j   Fluidextractum  Xanthoxyli. 
Fluidextractum  Zingiberis. 

Ferri  Hydroxidum. 

Ferri  Hydroxidum  cum  Magnesii  Oxido. 

Glyceritum  Phenolis. 

Gossypii  Cortex. 
Guaiacum. 

Hamamelidis  Folia. 

Hydrastininae  Hydrochloridum. 

! 

IJ 
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Changes  in  official  Latin  titles  of  pharmacopoeial  preparations — Continued. 

Pharmacopoeia,  1890. Pharmacopoeia,  Eighth  Rerision. 

Hyoscinse  Hydrobromas   

Hyoscyaminse  Hydrobromas 

Liquor  Potassse   

Liquor  Sodse   

Liquor  Sodae  Chloratse   

Magnesia   

Magnesia  Ponderosa   

Mangani  Dioxidum   

Mel  Despumatum   

Methyl  Salicylas   

Morphinse  Hydroehloras   

Naphtalinum   

Naphtol   

Oleum  Betulae  Volatile   

Petrolatum  Molle   

Petrolatum  Spissum   

Phytolaccse  Radix   

Pilocarpinse  Hydroehloras  . . 

Potassa   

Potassi  Bichromas   

Quercus  Alba   

Quininae  Hydrobromas   

Quininae  Hydroehloras   

Resorcinum   

Salol   

Sevum   

Soda   

Sodii  Hyposulphis   

Sodii  Sulphoearbolas   

Spiritus  Glonoini   

Stramonii  Folia   

Tinctura  Amieae  Florum   

Tinetura  Stramonii  Seminis. 

Tinctura  Veratri  Viridis   

Unguentum  Acidi  Carbolici. 

Veratrum  Viride   

Vinum  Ferri  Citratis   

Zinci  Valerianas   

Hyoscinae  Hydrobromidum. 

Hyoscyaminae  Hydrobromidum. 

Liquor  Potassii  Hydroxidi. 

Liquor  Sodii  Hydroxidi. 

Liquor  Sodae  Chlorinatae. 

Magnesii  Oxidum. 

Magnesii  Oxidum  Ponderosum. 

Mangani  Dioxidum  Praecipitatum. 

Mel  Depuratum. 

Methylis  Salicylas. 

Morphinae  Hydrochloridum. 

Naphthalenum. 

Betanaphthol. 

Oleum  Betulae. 

Petrolatum. 

Petrolatum. 

Phytolacca. 

Pilocarpinae  Hydrochloridum. 

Potassii  Hydroxidum. 

Potassii  Dichromas. 

Quercus. 
Quininae  Hydrobromidum. 

Quininae  Hydrochloridum. 

Resorcinol. 

Phenylis  Salicylas. 

Sevum  Preparatum. 

Sodii  Hydroxidum. 

Sodii  Thiosulphas. 

Sodii  Phenolsulphonas. 

Spiritus  Glycerylis  Nitratis. 

Stramonium. 

Tinctura  Arnicae. 

Tinctura  Stramonii. 

Tinctura  Veratri. 

Unguentum  Phenolis 

Veratrum. 

Vinum  Ferri. 

Zinci  Valeras. 



ARTICLES  DISMISSED  FROM  THE  PHARMACOPIEIA. 

Absinthium. 

Acidum  Carbolicum  Crudum. 

Alcohol  Deodoratum.i 

Allium. 

Ammoniacum. 

Ammonii  Xitras. 

Antimonii  Oxidum. 

Antimonii  Sulphidum. 

Antimonii  Sulphidum  Purifieatum. 

Antimonium  Sulphuratum. 

Argenti  ledidum. 

Amicse  Radix. 2 

Asclepias. 

Aspidosperma. 

Barii  Dioxidum,3 

Bryonia. 

Cascarilla. 

Castanea. 

Catechu.^ 

Caulophyllum. 

Ceratum  Cetacd. 

Cetraria. 

Charta  Potassii  Nitratis. 

Chelidonium. 

Chenopodium. 

Cinchouina.5 

Cinnamomum  Cassia.® 

Crocus. 

Decoctum  Cetrarise. 

Decoctum  Sarsaparillse  Compositum. 

Dulcamara. 

Elixir  Phosphori.' 
Emplastrmn  Ammoniaei  cum  Hydrargyro. 

Emplastrum  Amieae. 

Emplastrum  Ferri. 

Emplastrum  Ichthyocollae. 

Emplastrum  Picis  Burgundicae. 

Emplastrum  Picis  Cantharidatum. 

Emplastrum  Resinae.s 
Emulstun  Ammoniaei. 

Extractum  Aconiti.® 

Extractum  A.rnicae  Radicis. 

Extractum  Arnicse  Radicis  Fluidmn. 

Extractum  Asclepiadis  Fluidum. 

Extractum  Aspidospermatis  Fluidum. 

Extractum  Castanese  Fluidum. 

Extractum  Cinchonae. 

Extractum  Colchici  Radicis  Fluidiun.^o 

Extractum  Conii. 

Extractum  Cusso  Fluidum. 

Extractum  Dulcamarae  Fluidum. 

Extractum  Gossypii  Radicis  Fluidum. 

Extractum  Iridis. 

Extractum  Iridis  Fluidum. 

Extractxun  Jalapae. 

Extractum  Juglandis. 

Extractum  Lobeliae  Fluidum  (hydro-alcoholic 

menstruum).  12 
Extractum  Menispermi  Fluidum. 

Extractum  Podophylli. 

Extractum  Rumicis  Fluidum. 

Extractum  Sanguinariae  Fluidum  (hydro-alco- 

holic menstruum).  12 

Extractum  Scillae  Fluidum  (hydro-alcoholic 

menstruum).  ^2 
Extractum  Scoparii  Fluidum. 

Extractum  Stramonii  Seminis.13 

Extractum  Stramonii  Seminis  Fluidum. 

Extractum  Uvae  L’rsi. 
Ferri  lodidum  Saccharatum. 

Ferri  Lactas. 

Ferri  Yalerianas. 

Glyceritum  Vitelli. 

Guaiaci  Lignum. 

Hydrargyri  Cyanidum. 

Hydrargyri  Subsulphas  Flavus. 

Ichthyocolla. 

Illicium. 

Infusum  Cinchonae. 

Inula. 

Iris. 

Juglans. 
Kamala. 

Linimentum  Sinapis  Compositum. 

Liquor  Ferri  Acetatis. 

Liquor  Ferri  Citratis. 

Liquor  Ferri  Nitrath:. 

Liquor  Sodii  Silicatis. 
Macis. 

Magnesii  Citras  Effervescens.^^ 
Massa  Copaibae. 
Melissa. 

Menispermum. 

Oleatum  Zinci.’® 
Oleum  Aurantii  Florum.i® 

Oleum  Bergamottae. 

Oleum  Mjrciae. 

Oleum  Phosphoratum. 

Oleum  Sesami. 

Pepsinum  Saccharatum. 

Phytolaccae  Fructus.i’ Picrotoximun. 

PHulae  Alces  et  Asafoetidae. 

Pilulae  Antimonii  Compositae. 

Pilulae  Rhei. 

Pix  Burgundica. 

Plvunbi  Carbonas. 

Potassa  cum  Calce. 

Potassa  Sulphurata. 

Pulsatilla. 

(70) 



n 
Pulvis  Antimonialis. 

Quinidinae  Sulphas. 

Quininae  Valerianas. 

Resina  Copaibae. 
Rhus  Toxicodendron. 

Rosa  Centifolia. 

Rubus  Idaeus. 

Rumex. 

Sambueus. 

Sodii  Carbonas.18 

Sodii  Carbonas  Exsiccatus.is 

Spiritus  Aurantii. 

Spiritus  Limonis.19 
Spiritus  Myrciae. 

Spiritus  Myristicae. 

Spiritus  Phosphori. 
Stramonii  Semen. 

Strontii  Lactas. 

Syrupus  Allii. 

Syrupus  Althaeae. 

Syrupus  Hypophosphitum  cum  Ferro.20 
Syrupus  Rubi  Idaei. 
Tabacum. 

Tanacetum. 

Tinctura  Arnicae  Radieis. 

I

 

 

Tinctura  Bryoniae. 
Tinctura  Catechu  Composita.21  • 

'   Tinctura  Chiratae. 

;   Tinctura  Croci. 

j   Tinctura  Cubebae. 
Tinctura  Humuli. 
Tinctura  Matico. 

Tinctura  Rhei  Dulcis. 

Tinctura  Stramonii  Seminis.^^ 

Tinctura  Sumbul.- 

Trochisci  Catechu.ss 
Trochisci  Cretae. 

Trochisci  Ferri. 

Trochisci  Ipecacuanhae. 

Trochisci  Menthae  Piperitae. 

Trochisci  Morphinae  et  Ipecacuanhae. 

Trochisci  Zingiberis. 

Unguentum  Plumbi  Carbonatis. 

j   Unguentum  Plumbi  lodidi.  * 
I   Unguentum  Stramonii  (seed). 2^ 

j   Vinum  Colchici  Radieis. 25 

j   Vitellus. 

i   Zinci  Phosphidum. 

1   The  standard  of  Alcohol  in  the  Eighth  Revision  has  been  raised,  making  it  about  equivalent  to 

Alcohol  Deodoratum  (U.  S.  P.,  1890). 

2   Arnicae  Flores  (U.  S.  P.,  1890)  becomes  Arnica  in  the  present  revision. 

3   Never  used  in  medicine:  heretofore  only  in  the  preparation  of  Aqua  Hydrogenii  Dioxidi. 

4   Replaced  by  Gambir. 

5   Cinchoninae  Sulphas  is  retained. 

6   Saigon  and  Ceylon  are  retained,  and  Cinnamic  Aldehyde,  the  most  important  constituent  of  Cin- 

namon, has  been  introduced.  * 
^   The  Pills  of  Phosphorus  are  retained. 

8   Replaced  by  Emplastrum  Adhaesivum. 
9   Alkaloid  Aconitine  introduced. 

10  Fluidextractum  Colchici  Seminis  is  retained,  and  Colchicine  is  introduced. 

Gossypii  Radieis  Cortex  (1890)  =   Gossypii  Cortex,  Eighth  Revision. 

12  The  new  Fluidextractum  is  a   hydro-acetic  acid  extract. 

^^Stramonii  Folia  (1890)  =   Stramonium,  Eighth  Revision,  of  which  there  are  an  extract,  a   fluid- 
extract  and  a   tincture.  The  present  extract  is  made  from  the  fluidextract. 

See  Magnesii  Sulphas  Effervescens,  page  45. 

See  Zinci  Stearas,  page  61. 

16  Oleum  Aurantii  Corticis  is  retained. 

11  Phytolaccse  Radix  (1890)  =   Phytolacca, Eighth  Revision. 

18  See  Sodii  Carbonas  Monohydratus,  page  53. 
19  Tinctura  Limonis  is  introduced. 

20  See  Syrupus  Hypophosphitum  Compositus,  page  57. 

21  Replaced  by  Tinctura  Gamhir  Composita. 

22  Fluidextractum  Sumbul  is  introduced. 

23  Replaced  by  Trochisci  Gambir. 

21  Made  from  Extractum  Stramonii,  Eighth  Revision. 

25  Vinum  Colchici  Seminis  is  retained. 



TABLE  OF  AVEKAGE  DOSES,  AS  GIVEN  BY  THE  U.  S. 
PHARMACOPCEIA,  EIGHTH  DECENNIAL  REVISION. 

The  Pharmacopoeial  Convention  of  1900  instructed  the  Committee  of 

Revision  ‘‘to  state  the  average  approximate  (but  neither  a   maximum 

nor  a   minimum)  dose  for  adults,  *   *   *   the  metric  system  to  be 

used,  and  the  approximate  equivalent  ordinal*}’  weights  or  measures 

inserted  in  parentheses,’’  and  the  Committee  was  further  directed  to 
make  the  following  distinct  declaration:  “That  neither  this  Conven- 

tion, nor  the  Committee  of  Revision  created  by  it,  intends  to  have 

these  doses  regarded  as  obligatory  on  the  ph}’sician  or  as  forbidding 

him  to  exceed  them  whenever  in  his  judgment  this  seems  advisable.” 

(72) 
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Anaesthetic  mixtures   
Anaesthin   

Anaesthol   

Anaesthol  (Speier)   
Analgesine  (French  Pharm.)   
Aneson   

Anestyl   

Anhydromethylene  citric  acid   

Anhydromethylene  sodium  citrate  . 
Annidalin   

Anodynin       
Anozol   

Aniidiabetin   

Antidiphtheric  Serum   
Antinosine   

Antipyrina   
Antipyrine   
Antipyrine,  Allied  Compounds   

Antipyrine,  Incompatibilities   
Antipyrinum  (Austr.  Pharm.)   
Antiseptic  Solution   
Antitoxin,  Diphtheria   

Apolysin   

Aqua  Chlori  (U.  S.  P.,  1890)   
Aqua  Hamamelidis   

Aqua  Hamamelidis  Spirituosa,  N.  F 
Aquae   
Aristol   
Aromatic  Elixir   

Aspidium,  Oleoresin  of   
Atropine   
Atropine,  Oleate  of   
Belladonna   

Belladonna  plasters   
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    17 
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    41 
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Benzaldehyde     24 
Benzaldehydum     24 

I   Benzeugenol     34 
I   Benzin,  Purified  Petroleum         25 
i   Benzinum  Purificatum     25 
i   Benzosol     40 

!   Benzosulphinide     25 

Benzosulphinidum     25 
Benzoylecgonine       30 

Benzoylpseudotropein         30 
Benzoyl  sulphonicimide     25 

Benzoylvinyldiacetonealkamin     30 
Benzylguaiacol     40 
Benzylmorphine  hydrochloride     31 
Berberine     26,42 

Berberis     26,36 

Berberis,  Fluidextract  of     26,  36 

Beta-eucaine     30, 42 
Betanaphthol       23 
Bismal     27 

Bismuth  betanaphthol     27 

Bismuth  Compounds  ( Unofiicial )         27 

Bismuth  methylene  digallate         27 
Bismuth  oxide     26,  27 

Bismuth  oxyiodide  methylgallol     27 

Bismuth  oxyiodosubgallate   27, 43 

‘   ‘   Bismuth  sodium  phosphate  salicylate  ”     27 
Bismuth  Subgallate     26 
Bismuth  Subsalicylate       27 

Bismuth  tetraiodophenolphthalein     27 

Bismuthi  Salicylas,  Br.  P     27 
Bismuthi  Subgallas     26 

Bismuthi  Subsalicylas     27 
Bismutol         27 

Bismutum  salicylicum  (Swiss  Pharm.)     27 

Bismutum  subgallicum,  P.  G     26 
Bismutum  subsalicylicum,  P.  G       27 
Bitter  Almond,  Oil  of     24 

Boric  Acid,  Ointment  of     48,  59 
Bromalin     41 

Bromoform     27 

Bromoformin     41 
Bromoformium,  P.  G     27 
Bromoformum     27 

Butyl-chloral  Hydras,  Br.  P     29 
Cacodyliacol     40 
Caffeine     50 
Calomel     23 
Calumba     26 

Camphor     17 

Camphor  oil       51 
Camphoric  Acid         17 
Canadine     42 
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Page, 

Capsicnm.  Oleoresin  of     15 
Carbamic  acid             20 

Carbamide   .*     20 
Cascara  Sagrada,  Aromatic  Flnidextract  of         3o.  37 
Gascara  Sagrada.  Extract  of     35 

Cataplasm  of  Kaolin.         2S 
C ataplasma  Kaolini         2S 
Catechn  U.  S.  P.  1S90  )         37 

Cerate,  Compound  Rosin         28 
Ceratnm  Canthari«iis     28 

Ceratum  Eesinte  Composittim     28 
Chelene     21 
Chiniformin     41 

Chinopherdn     17 

Chinoiropin         41 

Chloral,  anhy<irous     28 

Chloral.  Hydrateii               23, 29,  56 
Chl.oralamide               28 

Chloralformamide       28,56 

Chloralformamide,  Alliei  Compouncis     29 
Chloralformamidum     28 

Chloralo.S€         29 
Chloralum  formamidatum,  P.  G       28 

Chloretcme         29 

Chlorine  W ater         44 

Chloroform         15, 21,  25 
Cinnaldehydnm     29 
Cinnamic  Aldehyde     29 
Cinnamon,  Oil  of     29 
Citarin         41 

Citrophen     17 
Cloves,  Oil  of         34 
Coca,  Flnidextract  of     61 
Coca,  Wine  of   7     61 
Cwaina         30 
Cocaine     30 
Cocaine,  Oleate  of           47 

Cocaine.  Substitutes  for     30 

Codeinte  Phosphas     30 
Codeinte  Sulphas         31 
Codeine  Phosphate         30 

Codeine  Sulphate         31 

Codeinum  phosphoricum,  P.  G     30 

“   Cod  Liver  Oil,  Tasteless  ’’     33  foot-note) 
Colchicina     31 
Colchicine     31 

Colchici  Cormus     31 
Colchici  Semen     31 

Coryl     21 

Coumarin   43,60 
Creolin            32,44 
Creosote                 39 

Creosotum     40 



Ill 

Page. 
Cresol     31,43,44 

Cresol,  Compound  Solution  of     44 
Cresol  Derivatives     32 

Cresol  i   n     44 

Cresylic  acid     31 
Croton  chloral       29 

Crurin     27 

Cystomine         40 

Cystogen   -     40 
Delphinine         37 
Dermatol     26 

Dermol     27 
Diabetes  mellitus     16 

Diacetic  acid     16 

Diacetylmorphine     31 
Diethylmalonylurea     20 

Diethylsulphonedimethylmethane     56 

Diethylsulphonemethylethylmethane     55,  57 
Diiodoform     43 

Diiodomethylsalicylate     43 

Diiodothymol  (French  Pharm. )     58 
Dimethyldiethylmercaptol     56 
Dimethylketone         15 

Dirnethylphenylisopyrazolon     22 
Dionine     31 

Dioxybenzol-hexamethylenamine     41 
Diphtheria  Antitoxin       52 
Dmnfeclol     44 

Dithymoldiiodide     58 
Dormiol     29 

Dulcin     26 

Duotal         40 

Ecgonine       30 
Ekaiodoform     43 

Elixir  Adjuvans         32 

Elixir,  Adjuvant     32 
Elixir,  Aromatic     32 

Elixir  Ferri,  Quinin^e  et  Strychninse  Phosphatum            33 
Elixir  of  Iron,  Quinine  and  Strychnine  Phosphates         33 
Emplastrum  Adhaesivum     33 

Emplastrum  Eesinae  (U.  S.  P.,  1890)         33 
Emulsio  Olei  Terebinthinae,  X.  E     33 
Emulsion  of  Cod  Liver  Oil     33 

Emulsion  of  Cod  Liver  Oil  with  Hypophosphites     33 

Emulsion  of  Oil  of  Turpentine     ̂3 
Emulsum  Olei  Morrhuae     33 

Emulsum  Olei  Morrhuae  cum  Hypophosphitibus       33 
Emulsum  Olei  Terebinthinae     33 

Enterocresol             44 
Enterol     32 

Epinephrine         38 
Epirenan         38 

Epsom  salt,  effervescent              45 
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Ether   

Ethyl  bromide   

Ethyl  Carbamate       

Ethyl  Carbamate,  Eelated  Products   

Ethyl  Chloride   

Ethylenediamine       

Ethyl  mercaptan     

Ethylmorphine  hydrochloride   
Eu.do.vine       

Eugenol   

Eugenol  acetamide   

Eugenolcarbinol   

Eugenol  Derivatives   

Eugenol  iodide   

Euonymus,  Eluidextract  of   

Euphorine   

Euphthahnin   

Eupyrine   

Europhen     

Extract  of  Cascara  Sagrada   
Extract  of  Malt   

Extract  of  Scopola       
Extract  of  Sumbul       

Extractum  Hamamelidis  Fluidum  E.  S.  P.,  1890) 
Extractum  Malti       

Extractum  Malti  Fluidum.  X.  F   

Extractum  Rhamni  Purshiante   

Extractum  Scopohe   
Extractum  Sumbul   

Ferric  chloride   

Ferripyrin   
Fluidextracta   

Eluidextract  of  Berberis   

Eluidextract  of  Cascara  Sagrada,  Aromatic   
Eluidextract  of  Coca   

Eluidextract  of  Euonymus   

Eluidextract  of  Glycyrrhiza   
Eluidextract  of  Lobelia   

Eluidextract  of  Pomegranate.           

Eluidextract  of  Quercus   

Eluidextract  of  Quillaja   

Eluidextract  of  Sanguinaria   

Eluidextract  of  ScopKjla   

Eluidextract  of  Squill   

Eluidextract  of  Staphisagria   
Eluidextract  of  Sumbul   

Fluidextracts   

Fluidextractum  Berberidis         

Fluidextractum  Euonymi   
Fluidextractum  Granati   

Fluidextractum  Hamamelidis  Foliorum   

Fluidextractum  Quercus   

Fluidextractum  Quillajte   

Page. 
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32 56.  57 
31 

27.  43 -34.60 
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32, 43 
35 

34 

35 

35 

24 

34 

34 35, 37 
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Fliiidextractum  Khamni  Purshiame  Aromaticum     37 

Fluidextractum  Scopolse   -     37 

Fluidextractum  Staphisagri?e     37 
Fluidextractum  Sumbul           37 

Formaldehyde     40,  44,  59 
Formaldehyde,  Solution  of     44 

Formaldehydum  solutum,  P.  G         44 
Formalin     44 

Formamide       28 
Formin     40 
Formol     44 

Freezing  mixtures         21 
Gambir     37 

Gambir,  Compound  Tincture  of     59 
Gambir,  Troches  of     59 
Gelatin     38,  45 

Gelatina  alba,  P.  G     38 

Gelatin,  Glycerinated     38 
Gelatinum     38 

Gelatinum  Glycerinatum     38 
Geosot     40 

Gerinol     44 

Ginger,  Oleoresin  of     15 
Glands,  Desiccated  Suprarenal         38 

Glands,  Desiccated  Thyroid     39 

Glandulse  Suprarenales  Siccse           38 
Glandulae  Thyroidese  Siccae     39 
Glucisimide     25 

Gluside       25 

Glusidum,  Br.  P     25 
Glutol     45 

Glycerite  of  the  Phosphates  of  Iron,  Quinine  and  Strychnine     39 

Glyceritum  Ferri,  Quininae  et  Strychninae  Phosphatum     33,  39 
Glycerogelatins        38 
Granatum     36 

Grape  Boot,  Oregon     26 

<jr  uaiaoQj              ......   ..........   .......   .........  17,  39 
Guaiacol  Carbonate     -10 
Guaiacolis  Carbonas     40 
Guiacol  Compounds  (Unofficial)     40 
Guaiacolsalol             40 
Guakampliol     17 

Gunning’s  test  (Acetone)     15 
Hamamelidis  Cortex         40 
Hamamelidis  Folia     40 
Hamamelis  (U.  S.  R,  1890)     40 
Hamamelis  Bark     40 
Flamamelis  Water         24 
Haematoporphyrin       57 
Hedonal     20 
Helcosol     27 
Helmitol     4I 
Ilemisine   

31207— No.  23—05   8 
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Page. 

Heroine           31 

Hetoform     27 

Hetralin     41 

Hexamethylenamina     40 

Hexamethylenamine     40 

Hexamethylenamine,  Allied  Compounds     41 

Hexamethylenamine-ethylbromide     41 
Hexamethylenamine  salicylate         41 

Hexamethylenamine-tannin     41 

Hexamethylene-tetramine     40,  43 
Holocaine     30 

Homatropinge  Hydrobromidum     41 

Homatropine     41 

Homatropine  Hydrobromide         41 

Homatropinum  hydrobromicnm,  P.  G     41 

Hydrastina     42 

Hydrastine     42 

Hydrastinine     42 

Hydrastis     26,42 

Hydrastis,  White  alkaloid  of..     42 

Hydriodic  Acid,  Diluted     18 

Hydrocyanic  acid     24 

Hyoscine     42 

Hyoscine  Hydrobromide     51 

Hyoscyamine     51 

Hyoscyamus     51 

Hypnal     23,29 

Hypnone     15 

Hypophosphorons  Acid     18 

Hypophosphites,  Compound  Syrup  of         57 
Iodine     43 

Iodine  compounds     43 

Iodoform     15,  43,  59 

Iodoform,  Substitutes  for     43 

lodoformin     43 

lodoformogen       43 
lodoformum  Aromaticum,  X.  F   

lodogallicin   

lodol     

lodolum         43 

lodosobenzoic  acid           43 

lodothymoform   

Isonitrosoantipyrine     ̂3 

Isopelletierine     48 

Isopral   

Isopunicine     48 

Isopyrazolon   

Kaolin     43 

Kaolin,  Cataplasm  of         ^3 

Kaolinum     43 
Kelene   

32 
Kresamine   

Kryofin   -   -   
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Page. 

!   Krystallose.     26 
!   Lactanine     27 

Lactophenin             17 
Laxative,  Pills  Compound         49 
Lead  Oleate,  N.  F     47 

Legal’s  test  (Acetone)         15 
Lemon  Peel,  Tincture  of     59 

Liquor  Antisepticus     44 

I   Liquor  Chlori  Compositus     44 
Liquor  Cresolis  Compositus     32, 44 

Liquor  Cresolis  Compositus,  similar  preparations     44 
I!  Liquor  Cresoli  saponatus,  P.  G     32, 44 
Liquor  Formaldehydi     44 

I   Liquor  Saccharini,  N.  F     26 
Liquor  Sodii  Citratis,  N.  F     53 

Liquor  Sodii  Phosphatis  Compositus.      45 

i   Lobelia,  Fluidextract  of     36 
Loretin     43 

Losoplian       32,  43 
Lupulin,  Oleoresin  of     15 

Lysitol     44 

Lysol     32,44 

Magnesii  Citras  Effervescens  (U.  S.  P.,  1890)     45 
Magnesii  Sulphas  Effervescens       45 

Magnesii  sulphas  granulatus     45 
Magnesium  silicate,  hydrous     58 

Magnesium  Sulphate,  Effervescent     45 
Malakin     17 

Malarine     15 

Malt         45 

]\Ialt,  Extract  of       34 
Maltum   -   34,  45 
Mandelic  Acid         41 

Manganese  Dioxide,  Precipitated     46 

Manganese  Hypophosphite        46 

Mangani  Dioxidum  (U.  S.  P.,  1890)     46 
Mangani  Dioxidum  Praecipitatum     46 

Mangani  Hypophosphis     46 

Menispermum  (U.  S.  P.,  1890)     26 
Mercurial  Ointment     59 

Mercurous  Chloride     23 
Metacresol     31 
Methanal     44 

Methylaldehyde     44 
Methyl  chloride     21 

Methylisopropylphenol         58 
Methyl  phenol     31 
Methylene  azure     46 

Methylene  Blue     46 

Methylethyldiethylmercaptol     57 
Methylethylketone     57 
Methylmorphine     31 

Methylpropylcarbinolurethane         20 
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Methylpunicine   

MethylsulEonalum,  P.  G   
Methylthioninae  Hydrochloridum   

Methylthionine  Hydrochloride   
Metozin   :   

Mirbane,  essence  of   
Mixtures,  anaesthetic       

Mixtures,  freezing   
Morphine  derivatives   
Neurodin   

Nirvanin   

Nitrobenzene   

Nosophen       

Oil,  camphor   
Oil  of  Bitter  Almond   
Oil  of  Sassafras   

Ointment,  Blue   
Ointment  of  Boric  Acid   
Ointment  of  Phenol   
Ointment  of  Zinc  Stearate   

Ointment,  Mercurial   
Oleata   

Oleate  of  Aconitine,  N.  F   

Oleate  of  Atropine   
Oleate  of  Cocaine   

Oleate  of  Quinine   
Oleates    

Oleatum  Aconitinae,  N.  F   

Oleatmn  Atropinse   ^       
Oleatum  Gocainae   

Oleatum  Quinise   

Oleatum  Zinci  (U.  S.  P.,  1890)      
Oleoresins       
Oleum  Sassafras   

Opii  Pulvis   

Opium,  Granulated   
Opium  Granulatum   

Opium,  Tincture  of   
Opothyroidine   

Orpliol   
Orthocinnamic  acid   
Orthocresol   

Orthodihydroxy  benzene   
Orthoform   

Orthosulphamide  benzoic  acid  anhydride 
Orthotoluolsulphamide   

Orthotoluolsulphonic  acid   
OxydimethylcMnizin   

Oxymetliylene   

Palmetto,  Saw   
Paraacetphenetidin   
Paraamidobenzoic  acid  ester   

Paraamidophenetol   

Page. 
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46 

46 22 

24 

21,25 
21 

31 

20 

30 24 

43 

51 24 

51 

59 48,  59 
48 

59 

59 

47 
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47 47 
47 
19 
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51 

47 
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47 

39 
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Page. 

I   Paraamidophenol         16 
Paracresol     31 

■   ;   Paraffin     48 
'1  Paraffin,  hard     48 
I   Paraffinum     48 
I   Paraffinum  Durum,  Br.  P         48 

I   Paraffinum  solidum,  P.  G     48 

’   Paraform         45 
j!  Paraformaldehyde       43,  45 

!'  Paranephrin     38 
Paraoxymetamethoxyally  Ibenzol     34 

I   Paraphenetidin     15, 16 
!;  Paraphenetolcarhamide       26 

I   Pelletierinse  Tannas     36,  48 
I   Pelletierine     48 
I   Pelletierine  Tannate         48 
I   Pepper,  Oleoresin  of     15 
yPeronine         31 
I   ̂   Petrolatum  Album        48 

Petrolatum  White     48 

I   “   Petroleum  Benzin,  Purified     25 
'   Petroleum  Ether       25 
.   i   Phenqcetin     16,  30 

Phenacetinum     16 

Plienacetin-ur  ethane       20 

i '   Phenazon     22 
Phenazonum,  Br.  P     22 
Phenetidin  series     17 

Phenocoll         17 

:   Phenol  (Carbolic  Acid)     16,  23,  32,  48 
jij,  Phenol  Liquefactum         48 

/ 1   Phenol,  Ointment  of       48 

I'  Phenolphthalein       43 
Phenolsulphonic  acid     43 

Phenyldimethylisopyrazolin         22 
Phenylglycollic  acid                 41 
Phenylhydracrylic  acid     42 

I'  Phenylis  Salicylas     40 |j  Phenylmethylketone         15 
Phenylon   1     22 
Phenylurethane     20 

I   Phosphorous  acid     18 

i   Pills,  Compound  Laxative       49 
Pills  of  Podophyllum,  Belladonna  and  Capsicum     49 
Pilocarpinse  Hydrochloras  (U.  S.  P.,  1890)     49 
iPilocarpinse  Hydrochloridum       49 

I   Pilocarpinee  Kitras         49 
Pilocarpine  Nitrate     49 

[   Pilulse  Aloini,  Strychninse  et  Belladonnae,  N.  F         49 
M   Pilulte  Laxativse  Composite   ,       49 

I '   jPilulse  Podophylli,  Belladonnae  et  Capsici     49 
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Pimenta,  Oil  of       
Plaster,  Adhesive   
Plasters,  belladonna   

Pomegranate   

Pomegranate,  Fluidextract  ol   
Potio  Riveri,  P.  G   

Powder,  Compound  Acetanilide   
Powders,  Headache   

Powders,  Migraine   

Protocatechuic  aldehyde,  Methyl  ether  of 
Prussic  acid   

Pseud  opunicine   
Pulvis  Acetanilidi  Compositus   

Pul  vis  salicylicus  cum  Talco,  P.  G   
Punicine   
Punicinum  tanicum   

Pi/ramidon   

Pyrazol   
Pyrazolin   
Pyrazolon   

Pyrazolonum  phenyldimethylicum,  P.  G . 

Pyrocatechin,  Monomethyl  ether  of   

Pyrocatechol,  Allylmethyl   
Pyrocatechol,  Alhdmethylene  ether  of . .   . 
Pyrrol   
Quercus,  Fluidextract  of   

Quiilaja,  Fluidextract  of   
Quillaja,  Tincture  of   

Quininae  Salicylas   
.   Quinine     

Quinine,  Oleate  of   

Quinine  Salicylate   

Quinine  salts,  percentage  of  quinine  in . . . 
Quinine  salts,  solubility   
Quinoline   

Quinoline,  bismuth  sulphocyanate   

Resopyrin   
Resorcin   
Resorcinol   

Rodagen   

Romano wsky’s  stain       
Rosin  Cerate,  Compound   
Sabal   

Saccharin   

Saccharinol   

Saccharin,  Soluble   
Saccharinose   

Saccharinum  (xlustr.  Pharm. )   
Saccharol   

Safrol   
Safrolum         

Salacetolum       

Salicylic  acid   

Page. 
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Saliformin     41 

i   Saliphen     17 

'   Salipyrin     23 
'   SalocoU     17 

Salophen     17 

:   ̂ISanguinaria,  Fluidextract  of     36 
•   Sanoform     43 

'   Saponin     36 
,,  Sassafras,  Oil  of     51 
V   Saw  Palmetto       50 

Saxin         26 

Schleich  Mixtures  (Anaesthestic)     25 

Scopola     37,51 

I   ,   Scopola,  Extract  of     35 

j   ; Scopola,  Fluidextract  of     35,  37 
;   ;   Scopolaminae  Hydrobromidum     51 

Scopolamine         42,52 

Scopolamine  Hydrobromide     51 

.^vt  Scopolaminmn  hydrobromicum,  P.  G     52 
Scopoline     42,  52 
Sedatin         17,  22 

Serum,  Antidiphtheric     52 

Serum  Antidiphthericum     52 

;   Soapbark             36 
Soapstone           58 
Sodii  Arsenas,  Br.  P     52 

*   Sodii  Arsenas     52 

I I   Sodii  Arsenas  Exsiccatus         52 

If  I   Sodii  Bicarbonas     53 

■■  I   Sodii  Carbonas  (U,  S.  P.,  1890)     53 
j   I   Sodii  Carbonas  Exsiccatus  (U.  S.  P.,  1890)     53 
I   Sodii  Carbonas  Monohydratus     53 

y.  Sodii  Citras         53 

II  -   Sodii  Phosphas  Effervescens     54 1 1   Sodii  Phosphas  Exsiccatus     54 

1 1   Sodii  Salicylas     23 
If  Sodium  anhydromethylene  citrate     41 

I   i;  Sodium  Arsenate     52 

j   y   Sodium  arsenate  anhydrous     52 

I   '   Sodium  Arsenate  Exsiccated         52 
I   Sodium  arsenate  hydrous     52 
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