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SOME OBSERVATIONS AND EXPERIMENTS ON MALAYAN ANO- 

PHELES WITH SPECIAL REFERENCE TO THE TRANSMIS- 

SION OF MALARIA? 

I, EXPERIMENTAL AND NATURAL INFECTION OF INSECTS WITH MALARIA, WITH 

SOME NOTES ON THE MORPHOLOGY AND BIOLOGY OF CERTAIN TYPES OF 

ANOPHELES ROSSI 

By MARSHALL A. BARBER? 

(Kuala Lumpur, Federated Malay States) 

TWO TEXT FIGURES 

The studies and observations on which this paper is based 

were conducted with the support and under the auspices of the 

International Health Board of the Rockefeller Foundation. 

The work was done for the most part during 1915 and 1916, 

and most of the anophelines studied were collected in Selangor 

State, Federated Malay States. Certain details regarding the 

method of feeding mosquitoes on gamete carriers, selection of 

material, dissection, and the like will be given in connection with 

the tables or included in the description of the technic. 

In the identification of Malayan Anopheles I have depended 

chiefly on the publications of Stanton, and I owe much to him 

for personal aid in identifying certain specimens. The works 

of Watson, Strickland, Leicester, and other observers in Malaya 

have also been of much assistance, not only in the classification, 

but also in the study of biological and epidemiological character- 

istics of species. 

* Received for publication September, 1917. 

* Bacteriologist in the Bureau of Science, Manila, July, 1911, to April, 

1915.—EDITOR. 
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A good deal of work was done on varieties of A. rossi. The 

large number and the wide distribution of these forms make 

them of interest from the epidemiological point of view, and 

the abundance and accessibility of material made them a favor- 

able subject for the study of certain problems in infectivity with 
malarial parasites. 

At the time when these experiments were begun, but one 

variety of A. rossi had been reported from the Malay Peninsula, 

namely, A. rossi var. indefinitus Ludl. In the earlier feeding 

experiments most of the material was collected in brackish water 

near Port Swettenham. Here the imagoes varied little, and 

it was assumed, probably on good grounds, that all were var. 

indefinitus. Later a quantity of material was collected from 

fresh water, in particular from a certain group of fish ponds near 

Kuala Lumpur. In this lot of material much variability was 

observed in the breadth of the first black palpal band. There 

was a continuous series of specimens varying from those exhibit- 

ing no such band to those with a terminal black almost equal in 

length to the terminal white. Some specimens with the broader 

band together with the corresponding larval skin were submitted 

to Doctor Stanton, who noted that larva and imago were similar 

to specimens. collected by him in Java. He subsequently sent 

some of the Java specimens to the British Museum, where they 

were identified as A. rossi Giles, on the basis of the larval char- 

acters and of the broader black band. Dr. S. T. Darling had 

previously noted wide variation in the larve of A. rossi collected 

near Kuala Lumpur. It seemed probable, then, that we had 

to do with two types of A. rossi, namely, A. rossi var. indefinitus 

and A. rossi Giles or a form’ somewhat similar to it, and further 
studies were undertaken regarding the characteristics of these 

two types. For the sake of brevity in description the two Ma- 

layan types will be referred to as “type indefinitus” and “type 

Giles.” 
In the course of comparative infection experiments carried out 

with these two types and in connection with other observations, 

over 6,500 larve and many hundred adults were examined. 

Some of the results of these observations are summarized as 

follows: 
Larva.—The chief characteristics of the larva of the two types 

correspond to the published descriptions of A. rossi var. in- 

definitus and of A. rossi Giles. respectively. The principal dif- 
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ference between the two forms in the larva lies in the character 
and arrangement of the clypeal hairs. In indefinitus the anterior 

internal pair are long, the anterior external! relatively short, and - 

the posterior pair very short and situated near the interior 

pair, not directly behind these but in such a position that lines 

drawn in a direction directly anterior to the posterior pair 

would divide the space between the anterior internal into three 

approximately equal parts. In type Giles the external anterior 

pair are somewhat longer, and the posterior pair, which are 

somewhat longer than those of var. indefinitus, lie much far- 

ther back and are nearly directly behind the anterior internal 

pair. Some variations in size and position occur in these types, 

but the combination of characters is such that the observer is 

- rarely left in doubt as to which type a given larva belongs. 

While the clypeal hairs of both types are typically simple, I 

noted various adventitious forkings and branchings, and these 

were by far more frequent in type Giles. These branchings 

varied from a simple forking of one of the anterior internal hairs 

to a branching or forking of four or more hairs and sometimes to 

a duplication of hairs. The first variation mentioned was by far 

the most frequent. The branching was noted in mature larve, 

but was more frequent in young larve. Some small larve with 

these adventitious branchings were isolated and examined two 

days later, when they were found to have lost the branches. 

Larvee were examined under a cover glass, and where there was 

any doubt of the presence of these anomalies, specimens were 

examined under higher powers of the microscope, in order to 

exclude possible error from the confusion of branching with the 

appearance afforded by the crossing of hairs. 

In 3,019 larvee of type Giles anomalies of clypeal hairs in some 

degree were noted in 130, or 4.3 per cent. In 3,525 larve of 

type indefinitus they were noted in only 2, less than 0.1 per cent. 

Possibly many anomalies were overlooked, since the matter was 

more or less incidental to other observations, but in comparing 

the two types, both examined in the same way and both of various 

ages, it is evident that type Giles is more variable in this re- 

spect. The matter may be of small weight in itself, but taken in 

connection with the’ greater variability of adult type Giles, it 

goes to show that type Giles is the less stable form. Further 

we are put on our guard against attaching much specific or 

varietal value to minor variations in clypeal hairs. 
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Adult.—The only adult character that appears to be of any 

value in distinguishing females of the two types is the length of 
the first black palpal band. The variability of this character is 
shown in Table I, where females are compared according to the 

ratio that the length of the first black band bears to the length 

of the portion of the palp covered by this band and the terminal 

white band, or 
first black 

first black+terminal white 

All specimens included in these tables had been previously iden- 

tified in the larval stage. 

In the smaller group under A, of Table I, palp measurements 

were made under the low power of a compound microscope by 

means of an eyepiece micrometer. The insects were chloro- 

formed and, while stil! fresh, placed each on a slide in a definite 

position; the palps were then covered by a small cover glass 

in such a way as to bring them parallel to the slide. The same 

specimens were measured by means of a hand lens without a 

scale. The hand lens measurements are entered under B, of 
Table I, for comparison. The line of demarkation between the 

bands, usually definite under the hand lens, sometimes ap- 

peared irregular under the high power. Further, terminal 

seales that do not get their full value under the lens may be 

included in the high-power measurement. The two sorts of 

measurement, therefore, cannot be expected to agree exactly. 

However, the aim was simply to compare approximately the 

variability of the two types in regard to a certain character, 

and in that respect the hand-lens measurement appears to agree 

closely enough with the more accurate method to suffice. In C 

larger numbers are included and only hand-lens measurements 

are given. Since many of the anophelines included under C 

were to be used subsequently for infection experiments, it is ob- 

vious that they could be examined only in the living stage. They 

were measured in test tubes, usually but one or two in a tube, 

and were viewed as nearly as possible at right angles to the 

palps. The hand-lens measurements are only approximate, but 

as stated above, the approximate agreement of measurements 

under A and B of the table indicate that the hand-lens meas- 

urements were sufficiently accurate to show, in a general way, 

the amount and character of the variability in length of the 
terminal palpal bands of the two forms. 
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TABLE I.—Palp ratios of different varieties of A. rossi. 

Barber: The Transmission of Malaria 5 

Incidence of cases. 

A, EYEPIECE MICROMETER MEASUREMENT. 

Type Type | Var. in- Type Type | Var. in- 

pavio. |, ies, | Giles, |aeenitie| ora || navn. |, ior, | Giles, |epnibie| nova, 
water. water. water. water. water. water. 

ON GO | te Oe oe [Rabe Nera 2 2 0.25 2 4 i 7 

LO}S CU Th 1 a fs Pe 1 1 0.26 2 5 1 8 

ONO) eee ees [Pees Bea 2 2 0.27 3 Gils Ps eeere ) 

EELS | ees Ue | is alae Be 2 2 0.28 3 1 1 5 

(1) 553 Pes ete ee a 1 1 0.29 6 4 1 i1 

(2) eee TE eee ee 1 0.380 10 Ae ea tase ey i 

OMT4Y ites ee 1 2 8 0.31 4 (Ah ee emeo cae 8 

(yale; |e esas eee 3 3 0.82 3 Me eas 7 | 
OMG iene eck sd 1 2 3 0.33 7 Ap ae oat as Wi ll 

ONL jg| een ara a 4 4 0.34 sees pee es ORME ee, q 

OTS i wen i q 8 0.35 Bip lense aac a Seas Ss Behe 5 

OvpL Os | ewe ees 1 4 5 0.36 Buea Soe ee 5 

OPO Sie ie ee 6 6 0.37 1 Diies seacie 3 

OSS (ee eee eure eco oe 5 5 0.38 ini fie 7S oe te a ee le 4 

ier 022 2 2 5 9 0. 40 8 a eee eres 4 | 

nes 1 ° d 4 || Total 70 49 Se 
0.24 2 4 2 3 | 

Ratio. 

B AND C. HAND-LENS MEASUREMENT. 

B. Same specimens as A. Cc. All Soe including 

Type Type | Var. in- 
Giles, Giles, |definitus, Total 

brackish| fresh fresh ‘i 
water. water. water. 

es MOS ie Fl i are eee 2 2 

ee ercl een iae rae 2 2 

BE ea oA Gre eae Se 2 2 

ey eee 1 5 6 

pa ee 2 15 17 

4 8 21 83 

23 13 4 40 

17 WZ |co ase eres 29 

19 Hi egsteesee ees 26 

q Gi eae ree 13 

70 49 51 170 

and B. 

Type Var. in- 

prackish |2mitus,| cpotay 
and fresh fresh 
water. water. 

ae Se 15 15 

1 12 13 

2 87 39 

q 47 54 

14 120 134 

64 209 278 

191 61 252 

118 9 127 

109 4 118 

97 1 98 

Gai ie eee eee 64 

AR! ake eel 48 

25) | See a 25 

6) ee Be Bee 8 

19 Esse 13 

7656 515 1,271 
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It will be observed in Table I that type indefinitus has the 

narrower range and, in general, the less variability. The amount 

of overlapping of the two types is such as to indicate the im- 

possibility of differentiating female adults of these types by pal- 

pal ratios alone, unless the first black band should have a length 

near the maximum of type Giles or the minimum of type inde- 

finitus. No other adult character has been thus far noted suffi- 

ciently constant to differentiate these forms. Type Giles of 

brackish-water origin seems to have less variability than the 

fresh-water forms. However, all of the brackish-water type 

Giles were collected in one locality, and collections from a variety 

of brackish-water habitats might show a greater amount of 

variability. To sum up, the data given in this table indicate 

that it is difficult, if not impossible, to describe adults of certain 

closely related members of the rossi group without recourse to 

the statistical study of many specimens. Larval characteristics 

must be taken into account in differentiation, and possibly breed- 

ing experiments will be necessary to furnish the final data for 

the classification of some more closely related types. 

Habitat.—The larve of type indefinitus of Malaya are most 

commonly found in muddy pools exposed to the sun, and the 

greater part of my material was collected in such places. Ano- 

pheles rossi Giles of India is reported to frequent similar places. 

In Malaya, however, so far as my observation has gone, larve 

of type Giles are never found in such pools, but frequent ponds 

or large pools relatively clear and supplies with grass or other 

vegetation. They are commonly found associated with /uli- 

ginosus, barbirostris, and sinensis. In the collection of many 

hundreds of larve in small muddy pools, I have never once found 

this type. Type indefinitus, while commonest in muddy pools, 

seems to be less selective in its habitat and is found in a variety 

of places. It is sometimes associated with type Giles in ponds. 

On a number of occasions I have found small muddy pools con- 

taining only type indefinitus, while a few feet away ponds 

contained type Giles in abundance. 

The relatively restricted habitat of type Giles, especially its 

absence from small muddy pools, would be evidence that it is phy- 

logenically distinct from type indefinitus and would raise the 

question as to whether it may not differ, biologically at least, 

from A. rossi Giles of India. 

No microscopical character was noted that was of much use 

in distinguishing the two types of Malaya in collecting. Type 

indefinitus of muddy pools seems slightly larger than type Giles, 
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but when both are found together in ponds they appear in- 
distinguishable to the naked eye. When occurring in ponds, 

in the younger stage both much resemble A _ fuliginosus 

macroscopically. 

Type Giles appears to be rather common in the Federated 

Malay States. It was found by me in seven different places 

within 6 or 7 kilometers of Kuala Lumpur. In one of these 
places—certain fish ponds—they could be collected in large 

numbers throughout a period of several months, and they were 

abundant in two other ponds. I also found them in fresh water 
at Tronoh, Perak. In brackish water many were collected in 

some pools well supplied with alge at Port Weld, Perak. The 

brackish-water larve seemed a little darker in color and the 

adult slightly darker than in the fresh-water type, though prob- 

ably this was only a slight local variation. The occurrence of 

this type in brackish water, the ordinary breeding place of 

A. ludlowi in Malaya, is noteworthy, since the larva of type Giles 

and that of ludlowi appear identical. It is evident that aduit 

as well as larval stages are necessary in distinguishing these 

forms. 

SUSCEPTIBILITY TO PARASITES OF MALARIA 

In comparing the two types of rossi in regard to susceptibility 

to malaria, five pairs of caged anophelines were fed on gamete 

carriers, one member of a pair type Giles, the other, type inde- 

finitus. All specimens were examined in the larval stage and 

the types separated before emergence. Each pair of cages was 

fed at the same time and on the same gamete carriers. In two 

of the pairs both types were collected from the same pond and 

at the same time. The members of a pair are almost exactly 

comparable, except that in two pairs some mosquitoes that 

emerged late were introduced into cages after the cages had 

been once exposed to a carrier. The majority of those intro- 

duced later were of type Giles, so that any error from this 

source, if such exists, would tend to reduce the percentage in- 

fected of type Giles. In every pair but one type Giles showed 

at dissection much the higher percentage of infected mosquitoes. 

In the exception 3 out of 4 indefinitus dissected were infected 

and none out of 3 type Giles. The results of this comparison are 

summarized in a small table appended to the bottom of Table II. 

It will be seen that of type Giles 37.2 per cent were infected 

of 94 dissected, while of type indefinitus only 11.0 per cent were 

infected of 73 dissected. Type Giles gave on the average twice 

e 
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as Many zygotes per infected mid-gut and a larger percentage 

of sporozoites than type indefinitus. The only sporozoites found 
in indefinitus occurred in the mid-gut and were apparently 

degenerate. 

_» A curious difference was observed in the tendency to develop- 

ment of ova in the two types. In 3 out of 5 cages and in 39.5 per 

cent of the total number dissected type Giles showed ova well 

advanced in development, often as early as the sixth day after 

feeding, while well-developed ova never appeared in type énde- 

finitus. In 4, at least, of the 5 pairs males were included with 

the females in cages. 

Some further observations on these two types and on other 

types of rossi will be made in connection with certain tables and 

in the summary at the close of this paper. From the compara- 

tive observations on the two types there seems to be substantial 

evidence for regarding them as distinct forms, biologically and 

morphologically as well, even though they may not be distinguish- 

able in the adult stage. Further the question may be raised 

_whether type Giles of Malaya may not be a different form from 

A. rossi Giles of India. In view of the great variability of the 

Malayan type, its restricted breeding places, and its suscepti- 

bility to infection with malarial parasites, it may be at least a 

biological variant, its characteristics dependent in some measure 

on its topographical environment. 

In Table II are summarized the laboratory experiments on 

infection with malarial parasites of various species of Malayan 

Anopheles. Only controlled lots are included in this table, that 

is, lots in which at least one insect of some species became in- 

fected at a feeding. In other words, one or more of the gamete 

carriers used had viable gametes at the time the feeding was 

done. In regard to the species included, A. ludlowi is the com- 

mon brackish-water species of Malaya, having a larva like that 

of type Giles and an adult resembling A. rossi, but with distinctly 

speckled legs. In the specimens I have observed the length of 

the first black palpal band is similar to that of the broader 

banded specimens of type Giles as described above, but appar- | 

ently ludlowi varies less than type Giles in this respect. Ano- 

pheles ludlowi of Malaya seems to be usually a brackish-water 

type, though I took some specimens in a large cement-lined 

reservoir on Kuala Selangor Hill, far above high tide, though - 

near the sea. Whether the Malayan ludlowi is identical with the 

form described by Ludlow from fresh water in the Philippines, 
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only a study of considerable numbers of the two types will 

show. 

Of the types of rossi included in the table, A. rossi var. inde- 

finitus and A. rossi type Giles refer to type indefinitus and type 

Giles compared above. “Known” means that forms were iden- 

tified by examination of both larva and adult, and “probable” 

refers to such specimens as were identified by adult characters 

alone taken in connection with the character of the breeding 

place. The coast indefinitus all came from brackish water, and 

the character of the adult, of the breeding places, and of such 

larvee as were examined makes it practically certain that they 

were all of the indefinitus type and not mixed with type Giles. 

This is the more likely, since practically all came from one 

locality where type Giles was not found. The inland ‘probable’ 

is also almost surely of the indefinitus type, since all were col- 

lected in the small muddy pools where, as stated above, type 

Giles was never found. The Giles inland “probable” is less 

certain, but of a large series of larve subsequently collected 

from the same habitat, practically all were of type Giles on 

microscopical examination. The mixed group needs no comment. 

The less certain forms were included, since all were rosst. 
No other species needs special comment except hunteri, a form 

recently described by Strickland * and closely allied to A. sepa- 

ratus of Leicester. 

The columns in Table II under dissection of salivary glands 

include practically none dissected before the tenth day after 

feeding on the gamete carrier. The percentage with infected 

salivary glands is based only on specimens with infected gut. 

Practically every specimen with sporozoites in the salivary glands 

had odcysts, empty or otherwise, in the mid-gut, and it is believed 

that the percentage of gut-infected specimens that showed spo- 

rozoites in the glands gives a more definite idea of the tendency 

of a species once infected to form sporozoites than would a per- 

centage based on all dissections, many of them negative. From 

the percentage of dissections with ova well developed (the last 

column of the table), dissections of specimens caught in the adult 

stage are excluded, a large percentage of which already had ova 

well formed at the time of first feeding. The rossi type indefini- 

tus and type Giles compared ‘in the small table appended at the 

bottom are included in the body of the table as well. 

‘Indian Journ. Med. Research, 4, 2. 
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TABLE I1.—Anophelines infected in the laboratory. Controlled series. All 

dissections. 

3 | | 
t | Mid-gut. 

Species of Anopheles. Cages. e Number aoe 
| ‘Is- wi 5 apart Infected. ios per gate 

| zoites. OE 3 

Q | | eee 

/ | Per cent. | 

AU ludlowie >= ee 20 69 42 60.9 2 19.0 

A. rossi var. indefinitus, coast _____- i 28 | 129 31 24.0 1 12.1 

| A. rossi var. indefinitus, inland | 

\ palin oper ex Sepals oP get ol ik 6 | 85 | 8 9.4 al 3.3 
| A. rossi yar. indefinitus, inland | 

“probable sce soe nse Serco 3 42 2 4.8 | 0 2.0 
| A. rossi type Giles, inland “known’’_ 7 118 37 32.7 4 b6.6 

A. rosst type Giles, inland “‘proba- 

Dley Sere de eee eee Se 19 159 45 28.3 16 9.6 fs 

A. rossi type Giles, indefinitus, in- east 
land mixed c.2-)0b se). S Sisnired 9 160 25 | 5.6 | 4 8.3 

668} 148] 21.6 | 26) 7.9 

20 9 45.0 0 ©25.2 

6 4 66.7 1 | 34.5 

9 8 33.3 1) 4.0 

10 7 70.0 0 5.3 

14 10 71.4 1 5.2 

143 26 | 17.5 45. 3.6 
8 i 12.5 0 1.0 

107 3 2.8 1 7.0 

29 | 1 3.4 0 3.0 

1, 103 | 258 | 22.9 37| 10.6 

COMPARATIVE SERIES. INCLUDED IN THE ABOVE. 

|———— 

| A. rossi type indefinitus ....__-._--- 5 73 

A. rossi: type Giles: .---2s5-- eee 6 94 

Ur 1 Wow to Bache ed an | ae rae 167 

® Sporozoites apparently abnormal. 

> One “‘very many” counted as 50. 
© Two “very many” counted as 50 each, 

4 In three cases possibly infected before exposure to gamete carrier. 

© Subtracting those counted twice. : 
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TaBLe Il—Anophelines infected in the laboratory. Controlled series. All 
dissections—Continued. 

Salivary glands, dissections 10 days 
¢ after feeding. 

| eum Sa eegy Dissec- 
e Dissections with tions 

Species of Anopheles. mid-gut positive. | with ova 
With well de- 

Dissec- | BDOrO: veloped.® 
Ons: zoites. Infected 

| Number. | salivary 
| glands. 

[eae if 

é Per cent. | Per cent. 

PALA O LN Vere ns ee eee ee a ME Ee Le Sane 23 | 3 13 | 23.1 48.4 

| A. roast var. indefinitus, coast__--------.------ f 37 0 | 12 0.0 7.8 

A. rossi var. indefinitus, inland “known” _-__- | 16 0 | 1 0.0 0.0 

| A. rossi var. indefinitus, inland “‘probable”’ __- 0 0 0 0.0 4.8 

| A, rossi type Giles, inland ‘“known’’___-_-_-__- 19 2 ible 18.2 30.1 

A. rossi type Giles, inland ‘‘probable’’____--__- 125 14 42 33.3 82.4 

| A. rossi type Giles, indefinitus, inland mixed__ 24 0 18 0.0 11.6 

| Wotaltall7:osst 8a. see Sa ont ee 221 | 16 84 19/03) eee 
iT | ee SS 

leecA OCI 2: Hee ur Ve ueal es LS pera i ee to 0 | 0 0 0.0 0.0 

Weedtaconitus@icere UP ater UCU SIR 1 1 | 1 100.0 83.8 
eAmsulsginosua: Se eae, <8 ee ee 2 | 0 1 0.0} 0.0 

PAM iiccculatis wees lute Nahe \ ee mine Donne | 0 0 0 0.0 0.0 
VAN awariee a ase baie ins Se Be Unc 6 2 | 4 50.0 0.0 

| PAR aim rosus ye «ite nse tN oes eee Sh 26 b2 Gi eee Gyk2) 
HAY FUL IVECT Um ete ak ee Ie SI 0 0 | 0 0.0 87.5 

PANU RT DUT OSLTIS aoe e eaa S - eeee e 8 1 0 0.0 39.3 

fap AWsrmensintoe a Musee SA tobe ee 6 0 0 0.0 82.8 

Motaleets ction tt Bo) Neer gh 293 26 | 109 22.9) 30.8 
oa ; =a S 

COMPARATIVE SERIES. INCLUDED IN THE ABOVE. 

A. rossi type indefinitus -__-..----------------- 4 | 0 1| 0.0 0.0 

AMT OSStity De Giles isan ae ene ee ee 18 | 2 10 | 20.0 | 39.5 

Tota emits PON oe 2G ee 22 | 2 il | 18.2 | Te 
1 

* Exclusive of those caught in adult stages. 

» In both cases possibly infected before exposure to gamete carrier. 
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Most of the data found in Table II require little comment 

and will be summarized in connection with the species summary 

at the end of this paper. It may be noted, however, that of 

species that include a fair number of dissections: ludlowi, ma- 

culatus, and kawari have relatively high percentages infected. 

Anopheles aconitus is also high, but the numbers are few. The 

brackish-water indefinitus is well above the fresh water, but both 

are below rossi type Giles. Anopheles barbirostris and sinensis 
rank low in percentage infected. Anopheles ludlowi, rossi type 

Giles, aconitus, and kawari show the more-marked tendency to 

form sporozoites in the salivary glands. Anopheles umbrosus 

may be included under those readily forming sporozoites, al- 

though the specimens with sporozoites in the salivary glands had 

been caught in the imago stage and may have been infected be- 

fore feeding, since other specimens taken at the same time and 

from the same locality showed sporozoites, although not exposed 

to a gamete carrier. Anopheles indefinitus showed no sporo- 

zoites in the salivary glands, although fair numbers of the 

brackish-water type were dissected. Anopheles maculatus was 

largely used as a control, and none were dissected till ten days 

after feeding on the gamete carrier. The number of specimens 

of different species showing sporozoites in the mid-gut is in- 

cluded in the table, since the proportion of these gives us some 

indication of the probability that a species may under some 

conditions form sporozoites in the salivary glands. 

Many cages, including many dissections, were done that 

are not included in Table II, since in these there was no control 

to show that the gametes were viable at the time of feeding. 

The relative numbers of controlled and noncontrolled cages and 

dissections are given in Table III. 

TABLE III.—Comparison of controlled and noncontrolled series. 

iF Controlled. Noncontrolled, 

Per cent. 

49.3 lil 

53.2 969 

Per cent. 

50.7 

ic. 
In a large proportion of the experiments the blood of the 

gamete carrier was examined on the day of feeding and usually 

at the time of feeding. In a small proportion of cases the 

carrier was examined on the day preceding or the day following 

feeding. No carrier was used, in crescent carriers at least, 

who did not have a sufficient number of gametes to infect, or 1 

Caren 2 Bee ae are ee nm ee ee eee 108 

| Dissections oases se see eee aenes eee i) 508 
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per hundred leucocytes at least. Nearly all of the carriers, 

including those who failed to infect mosquitoes, had a much 

higher percentage of gametes than 1 per cent. In many cases, 

no doubt, it was more or less a matter of chance that no infec- 

tions occurred, but that there is a difference in carriers aside 

from the number of gametes harbored in the blood, and that 
the same carrier may vary at different times, will be shown in 

connection with later tables, especially Tables X and XI. In 

a considerable percentage of the noncontrolled cages the carrier 

at some previous feeding had inetd some of the mosquitoes 

exposed. 

In Table IV are given the percentages of infection of the 

mid-gut in both controlled and noncontrolled cages. These per- 

centages are of little value in comparison of species where num- 

bers are small, since chance plays a large part in the result, but 

where numbers are large, the table may be of use in indicating 

in a general way the probability that mosquitoes of a given 

species may become infected through biting one or more of a 

miscellaneous lot of carriers such as might be found in a ma- 

larious community. 

TABLE 1V.—Controlled and nonconirolled cages by species. 

Ricca 

Species of Anopheles. | Fuss: Positive. | 

i pie : Brom, cb | 
| Per cent. | 

| VAPEUUL CLOW) reer ener ee eh Ree eee ete Hoses ane osae StS cee | 96 43.4 

| Var. indefinitus, brackish water _._...------.--.----.-------------------- fe 344 9.0 | 

War ein definite raknOWns ete atte ee ee ie la SO no) SNA 165 4.8 | 

Warenincejlivitis masproba Dies esase ene eee tae ewer ele ipa ae aE 13 2.7 

ime pel Gilestpe knowns 2 senso] eerste eee a A eet eee a ee 175 21.1 

line ne\Giles*mproba blaze sosesn ee emer nee oe Aen 2 A one hee 306 14.7 
Pv De GileBUROeniTItsIMIXCO nc 8a an sae cee ee soe ee oo nee ees saa eae see cee 245 10.2 

PAGO CTY e eee et ee ee es a a es See e on ako eee teen seca ee | 31 29.0 

RAE CONTLILS oko tee eee te oh ee SS oe eo ess ee ake eee } 22 18.2 

| A. fuliginosus_.-—-.-------- ~~ nn nnn a nnn 88 ee ees | 33 Chal 

WAP ertaculatisie teen meee cerns tare mbna a ene fast Ne Ney Veo uinaes., aM 40 17.5 

WMA SCC AL CLIC Uetencie mete one Et here ere eee ne cee re Ne SUMO eth a Sees | 31 32.3 

| A. umbrosus ____----- Pcs ee ae ENR RES ee tue ira a Meee ey al | 240 10.4 | 

IARPARURICNLent r= steno a ee one ee ee bia Lowe te a ia eee | 10 10.0 | 

FAMED OLY DUROSCIGUS a rete ea ar ae Oe lei RE eee ae a | 197 ats 

SaeAparensis a atees so ce anes BEN spad Sores An eset eat Man iat Se Ste oe | 64 1.6 

| Aly COA Mom one pe Sere Censors te cece Steps capes pee a ee Se See eee | 1 0.0 | 

In Table V dissections ave classified according to the type of 
gamete harbored by the carrier. Controlled series alone are 
included. 



14 The Philippine Journal of Science 1918 

TABLE V.—Conirolled series. Dissections according to gamete carriers. 

1 

| , ; t ; : Benign tertian Benign tertian| Benign tertian plus quartan Crescents only. 
only. plus crescents. plus’ crescents.) 

| Species of Anopheles. Lita ete ee 

Dis- Pos- Dis- Pos- Dis- Pos- Dis- 
sected.| itive. |sected.| itive. |sected.| itive. |sected. 

P. cent. P. cent. = cent. 

| A Tardloare. ate: Men eee 61| 65.6} hy ue CY Peek | PO |<) get ae 
| A.andefinitus, brackish water | 101| 29.7] | 28] 3.6 [cof |< fase 
| A. indefinitus, “known” _._---- PPR Res A a eae 12 | 0.0 | See 
| A. indefinitus, “probable’_...| 42} 4.8 |_--.----|_------ ae Ne 

Type Giles, ““known’’__--------- | 113 $2.7 |--=----- ies a Ie oe (a Sos ees i 

Type Giles, ‘“‘probable’”’ ______ ae 159 2853 |= ee ee ee | ceawetecs ee ee 

Type Giles and indefinitus, | | | | 

| TM KeM eee Seer ee GO | TSA Eee pease eee tess | ae 
|" eAaembrosus 22 See | 447 | 16.2 8 | 0.0 8| 33.3| 
| A, barbirostris -.....----------- | 82 OL0i/eseemens ee aA 20.0 | 15 

WA> SIRONGIS oon oe | 21 0:0 es Eee eaee| t See eres | g 

| Monte ee ee ag rear flee Isa ik 3 | 0.0 | ae 
A kook 2 2 eee 1g} 50.0 2 0;01/S5..2.2]hs. ee 
a acontbua toe Socal re eke tf eee een 2 | eg eee owe 
A. maculatus.._..-----.-------- Bij 00.0 eae ape ee By), «40:0. |=. <a eee | 

|:eAn aware nace enn enone 5D bane ska bn | Lat 2 0.0 | | 
A> FULCURORUGS ee ee 3 33.3 Jaanoenn|o==aa—as 5 40.0 1 0.0 

Total se ee, eg eee 976 | 24.1 46 6.5 57| 22.8 24] 88 

It will be noted in Table V that the majority of the carriers 

harbored crescents. Where two sorts of gametes occurred in 
one or more carriers in the course of a feeding experiment, there 

was in most cases doubt as to which kind of parasite infected 

the mosquitoes. However, in the case of barbirostris exposed 

to three carriers having different kinds of parasites, it seems 

clear that the mosquito found infected was infected with benign 

tertian. Well-formed sporozoites were present in the odcysts 

in the gut. Only six days intervened between exposure to the 

quartan carrier and dissection, and only four days intervened 

in the case of the crescent carrier, periods of time too short 

for the formation of sporozoites. So it is at least highly prob- 

able that the effective gamete was from the benign-tertian 

carrier in which the interval between feeding and dissection 

was eight days. In the case of the single positive dissection 

in sinensis the evidence is less clear, but it is highly probable 

that the single positive mosquito found was infected with sub- 

tertian. Only two small odcysts were found in the gut, these 

apparently not over 6 days old (measurement 22.1 and 30.6 

microns in diameter, respectively), and ten days had elapsed 

since the last exposure to a benign-tertian or to a quartan 
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carrier. The arrangement of the pigment in the odcyst re- 

sembled that of subtertian, although I have observed much varia- 

bility in this character in undoubted subtertian odcysts. The 

sinensis had been exposed to a relatively “potent” carrier, No. 

1997, to be described later. It will be observed in this table 

that infections were obtained with both benign tertian and cres- 
cents in ludlowi and in var. indefinitus from brackish water. 

In Table VI all gamete carriers are classified according to 

their number and the character of gamete harbored. Carriers 

are arranged under three columns: Those under A were known 

to harbor viable gametes at one feeding, at least; those under 

B appeared in connection with positive feedings, but were never 

the sole carriers under such circumstances—they must he clas- 
sified as doubtful; those under C were always negative, never 

appearing in connection with a positive feeding. 

TABLE VI.—Number and character of gamete carriers. 

—— 

la. known|p  doubt-| C, nega- 
ful Type of parasite. to be pos- Raed Total. 

Crescenta sea sse ee oe ee Se es 19 20 18 57 

Benignytentian alone 222-2. (ca 22= ese ee ee an eee eee 2 9 7 18 

Crescents plus benign tertian____...-.___---_-._.------_- 1 0 its 2 

BYU REIN yep Ae SE 0k Er a ee re 0 it 3 4 

Total ease ia seer RS ua eae No ce ee oo 22 30 29 81 | 

Percentage ofierand total ossesse a esata ee eae 27.2 37.0 Obs 8) hose eee = 

The high percentages under B and C, of Table VI, are note- 

worthy, since they indicate the large proportion of gamete car- 

riers who apparently harbor. nonviable gametes. 

In some cages the females were examined singly in test 

tubes after the first feeding, and those known to have taken 

blood were separated and given no further exposure to a car- 

rier. In other cages, and possibly the larger number, insects 

were exposed twice or more to the same or different carriers 

and the “blooded” ones were not separated. In rossi, at least, 

there was some indication of a greater mortality subsequently 

among the “blooded” females, which were taken out immediately 

after feeding. Further, examination of test cages seemed to 

indicate clearly that few, if any, of the stronger females failed 

to take blood when given two or three opportunities, especially 

if the first feeding was done a day or more after emergence. 

Apparently few, if any, of the weaker ones that failed to take 

blood under these conditions lived long enough to be dissected. 

Of the dissections in the controlled series 282 known to have 
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taken blood and separated after the first feeding gave 27.7 per 

cent positives. Of those not separated, but as a rule given 

repeated feedings, 451 dissections gave 26.6 per cent positive, 
a percentage little below that of those known to have taken 

blood. 

It may be of interest to know what relation, if any, the 

number of times mosquitoes exposed to gamete carriers bears 

to the percentage infected and to the average number of odcysts 
per positive mid-gut. : 

Crescent series alone give the best basis for comparison, and 

such dissections, all from the controlled series, are summarized 
in Table VII. 

TABLE VII.—felation of the percentage infected and the average number 

of odcysts per mid-gut to the number of times exposed to a crescent 
carrier. 

| Ex . | Dis- sas 
xposed to carrier. recto Positive. 

| Per cent. 

One 2255-285 2- i sere oon ee ee ee eens 415 20.5 

| Dwice 22s Assisi. n2cctcinan sa sskecca seo ee ee er ee 213 27.2 

j) whee times <= ~ <<. = — Je a nee ees | 208 18.8 

PRS Nt a 102 30.4 

| Wive times .-=. =... 22. .22-s52acs-canqenas sean eee eee eae i 20 45.0 

U Six times)'.£2.-- 5.2 25.022 ee ec | 18 72.2 
| Eres 

Total J2so2'-oeetwe acu ce nse ee 976 24.1 

Twelve species with greatly varying susceptibility to infection 
are included in this summary, and the probable error is great; 

however, the numbers are large enough to indicate that there is 

no very marked positive correlation of number of feedings to 

percentage infected or average number of odcysts, except that in 

the aggregate those exposed four, five, and six times show a 

higher percentage of infections than those exposed fewer times. 

There was little indication in any series of infection exper- 

iments of a new infection occurring in a once infected gut through 

a later feeding of the mosquito on a carrier. There was some 

variation in the size of odcysts, but such variation could be 

found in insects exposed but once. Further we note in Table VII 

that the average number of odcysts does not increase with the 

number of feedings. The most probable case of a superimposed 

infection was afforded by a lot of wmbrosus collected in the adult 

stage. These showed a fair percentage of specimens infected 
previous to exposure to a gamete carrier. A lot of these were 
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exposed to a crescent carrier on two successive days and on 

each of the three following days to a benign-tertian carrier. 

Nine days after the first exposure they were dissected. 'The 

mid-gut of one specimen showed 9 odcysts not segmenting and 

apparently about 9 days old. Sporozoites were present in the 

salivary glands. In the wall of the gut beside one of the im- 

mature odcysts apparently mature sporozoites were found. 

There was some evidence here of a superimposed infection of 

the same insect. 

Much evidence may be found in these experiments to indicate 

that the probability of infecting a mosquito depends on factors 

other than the number of gametes present in the carrier at the 

time of feeding. In Table VI, under A, we have 22 positive 

carriers. In fifty-eight feedings with these carriers the per- 

centage of crescents averaged 14.8 per hundred leucocytes. In 

the always negative carriers, column C, thirty-four feedings gave 

an average of 23.2 per cent of crescents. However, 4 of these 

later feedings were done on insects apparently less robust, 

since reared from larve kept for some time in the laboratory. 

If we omit these four feedings we have an average of 15.1 per 

cent of crescents for the negative carriers, a percentage still 

slightly above that of the positive carriers. 

This subject is approached in another way in Table VIII. 

Here dissections of the controlled lots are summarized with 

respect to the relation that the percentage infected and the 

“average number of odcysts per infected mid-gut bear to the 

number of crescents present in the carriers at the times of feed- 

ing. Crescent percentages are arranged in groups, and as many 

dissections as could be brought into these groups are included 

in the table. Some dissections had to be omitted, because the 
mosquitoes had been exposed to carriers of such widely varying 

percentages that they could not be brought into any group. 

Anopheles umbrosus, barbirostris, and sinensis had many nega- 

tives, and these were nearly all found in two crescent groups; so, 

for the sake of comparison, a second series of columns is given 

in which these species are omitted. 

It will be noted in Table VIII that the percentage infected 

does not increase with the increase in percentage of crescents, but 

comparing groups in which there was a fair number of infected 

specimens, we note a steady rise in the average number of odcysts 

as the gametes increase. The 75.1-100.0 group is scarcely com- 

parable, since there were only two infected mosquitoes in that 

group. 
152242 2 
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TABLE VIII.—Relation of percentage infected and average number of edcysts 

per infected mid-gut to percentage of crescents in carrier at time of 
feeding. 

! Anopkel b Sy sy j “ } Nopheles UNLOTOGSUS, Garbi- 

SIEpecies: \rostris, and sinensis deducted. | 

: Crescents per 1) leucocytes. = | , | 

} | Dis- | Average} Dis- Average | 
: | sected. pe odeysts.; sected. | fected. obeyste. | 

| { if 

E ; Saharan oe sia | 
| Per cent. Per cent. 

1A six Ost ioe. So ts pe Be eee 22} 50.2| 3.0 7|  6o7) at 
| SCSFTEPI0CO: aes. oe ee ees 276| 22.5 6.4 219) 28.8 6.4 
| RO jp i0 ea Pee oh hee | 298/ 185 15.9} 207] 27.0] 15.9 
ACES TENSE So eee eee ee Lee 91 | 27.5 20.8 | 90 | 28.8 20.8 
DOS ets Onsale a ee eee ee 0} 0.0 0.0 | 0} 0.0] 0.0 | 
[Tipe ised wae 16, 12.5 6.5 | is} 12.5]. 65 | 
| Matal, AAMT sy. STE! 703 22.2 11.9 | 549, 28.4 | = 

A certain carrier, patient 1997, had at one time the remark- 

ably high percentage of 161.5 crescents. Some of the higher per- 

centages of No. 1997 could not be included in Table VIII, since 

this carrier was at that time associated with carriers of much 

lower percentages on the same lots of mosquitoes. Some features 

of this carrier are of especial interest, and the data are given 

somewhat in detail. He was a Chinese, male, aged 24, and 

formerly a coolie on a rubber estate. He had been in the Fed- 

erated Malay States about two years. He had a history of fever 

without rigor about one and one-half years previously, but had . 

never before been in the hospital. When he came under our 

observation he had entered the hospital for chancre and did 

not know that he had malaria. Certain data on this case are 

included in Table IX. 

This case is remarkable for the high percentage of crescents 

and for the lack of symptoms of malaria in the presence of many 

parasites, rings as well as crescents. The fever on July 1 is 

apparently the only symptom observed that can be ascribed 

to malaria. This carrier was used for many mosquitoes and 

was very “potent” in infecting them. Data cannot be given 

for all cages, since this carrier was generally used in connection 

with other carriers on the same cages. In one cage he was the 

sole carrier. This cage gave: Anopheles kawari, 6 positive of 

7 dissected; maculatus, 1 positive, 1 dissected; and fuliginosus, 

1 dissected, negative. There were four exposures to the carrier, 

although some mosquitoes were introduced into the cage after 

the first and second exposures. Gametes ranged from 161.4 per 

cent to 57.7 per cent. The one successful infection of sinensis, 
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if from a crescent carrier (see under Table V), was from this 

carrier when gametes were 13.6 per cent. Table IX shows 

the gradual decrease of spleen and crescents under quinine 

treatment. 

TABLE IX.—Certain data on crescent carrier 1997. 

Crescents ‘ : | 

es |e) eigen tees ner | Tove: Remarks. | 
| cytes. 
{ | ae ze Los RARE ha ely a Ra SD A a ee 

June 24 SRNin Pe resentas st sous oneal nue ee | 

June 25| 117.1 |-._-- la et eee ne ieee eee | 
June 26 ATA OH (Beene ee we eal eee 

PICU ER ZO memeet ee septa eu NBT ots | 400.8 | Spleen enlarged. 

June 30 161.4 | About 100____________- 100.4 | Entered our ward. | 
July i | 65.8 | About 200___-_____--_- | 108.4 | Quinine 30 grains. Spleen to umbilicus. 

July 2 | SOS2iEA DOU t eo etme sane 99.2 | Quinine 30 grains and treatment contin- | 

} ued on subsequent days. 

July 3 Bien me wilt anya ees. oa» 100. 0 | 

PUY aee spe ca As eee te eee normal | 

ATED i hs eR a I i Ieee ee ae | Spleen, handsbreadth. Given thymol for | 

| hookworm. | 

July 7) O52 ee as 5 aes eM tee ans oe | | 

July 8 ABS Ou MSS a Mer 22a Selena fae | 
July 9 Soy Rat ete See is Gh ie | 
July 10 Cs Por (sed SA ee ye A ec) Spleen two and a half fingersbreadth, | 

July 11 | AS HLS Tec eae eer ieee | 

July 12 | Ass Ala eS se Latay Nad AI RCSe rset I | 

July 13 BEN i CRAIC ee oe OS | EU EE | 
July 14 CSIP eS ae a a Ata ae Oe | 

July 15 EIGGT nuke Saeegasthe 8s SING Cs es 
July 16 SAGE Th Ri ae oe SEY eS ecole ol ee cece ee Spleen one fingersbreadth. | 

July 17 (0 Iie Ss Sau AS Se aaa 
July 18 QOH ae Aaa we SAC eee Ree ts 

July 20 | OR AR Roeene See een eee eee Seen ee Spleen just palpable. 

July 21 | QoMiea etna rme. wee IM | 
July 22 (OSs(yg Sa UCT a ae ae Meee | 
July 23 QR esc a cece kel: Tre be A aii Nee 

| July 24 ORI Eee eee eu ueteaserleaet sos. Discharged. | 
i 

The relation of the viability of gametes to their number in 

the blood of the patient is of interest on purely scientific as well 

as on epidemiological grounds, and the data of experiments with 

several crescent carriers will be given in more detail. Tables 

X and XI contain the data of three carriers on whom a consid- 

erable number of cages of mosquitoes were fed. In Sin Tee, 

Table X, mosquitoes known to have taken blood were not sepa- 

rated, but two or more feedings were done on the same lot. In 

Plantation No. 1, Table X, “blooded”? females only were in- 
cluded in all species, and there was but one exposure to the 

carrier. 



1918 The Philippine Journal of Science 

eae 
mance 

| 
a
e
s
 

| 
eens 

| 
a
m
e
 

gy a 
a 

a
e
 CT 

i
g
 
e
e
 
|
S
 

ee 
ae 

e
e
e
 

RC 
I 
(
a
m
i
 

aes 
ois en 

g
a
 

e
e
e
 
|
 

0°0 
|
 g 

“"=""" 
8 *), AequIDAONy 

Soa 
aie 

eal |
 oe 

Saeiaeanen| b
e
 g
e
e
 

Ra 
|
e
 a
 e
R
 
a
g
 e
p
e
e
 

a
 
|
 a
t
 

a
r
 e
e
e
 

(far me 
R
e
 
e
p
e
e
 

ne 
| 

SE 
E
G
E
 S
S
 RR e

e
e
,
 

(deem 
ee 

eee 
m
e
e
t
 
e
g
g
 

AOC 
MUO AO 

A
T
 

B
E
 
O
E
 

E
E
 

a
i
e
 

ra 
a
r
 aaa 

| 
ia 
a
S
 

c
e
e
 

a
e
 

|| 
ae 

as 
ace 

|e 
c
e
 ee 

ae 
|
|
 eae a

e
 

ae 
0
0
 

0
0
 

S 
“
~
~
 2
 “9 “g t

a
q
u
i
s
a
A
o
N
 

G
r
e
e
 

eon asl |
 Doane 

o
e
 

Tees 
S
e
m
a
 

m
a
c
 c 

Ga 
a Mccain: 

A
e
 

A 
a
e
 

e
m
a
 

| 
o
R
 

he Ba 
te 

es 
ae 

0
0
0
2
 

P
a
g
e
 

O
S
 S
W
 
E
G
 G
e
e
 

seme air l
e
a
s
 

Qin 4 ay LOC 
DLO AO AT: 

OTR 
OTE 

SE 
i
e
 

oat ti
 

alae 
ala Kei 

oe 
cece 

|| 
me 

|
|
 

a 
cee ce

 
| 
m
e
 

i
 

in 
a 

| 
ee 

n
h
 
(
a
i
i
 

| 
an” 

aes a
m
o
 

liee a 
= 

ag 
|
S
 
#8 

‘Z ‘I tequieaony 

"quan 
L
a
g
 

"yuan 
h
a
g
 

"quan 
L
a
g
 

"yuan 
L
a
g
 

"9U90 
d
a
d
 

"quan 
L
a
g
 

{ 

fe 
ae 

e
e
d
 
sees 

[
r
a
e
 
s
s
 

e
e
 
S
e
e
 
e
e
 

a
 
=
|
 

"
O
A
I
T
I
B
O
g
 

“
p
o
q
z
o
o
s
s
i
q
d
 

“
O
A
L
L
I
S
O
G
 

“
p
o
y
o
o
s
s
i
g
 
|
 
“
o
A
I
p
I
S
O
g
 

“
p
o
p
o
o
s
s
i
q
g
 
|
 
“
e
A
I
z
I
s
O
0
g
 
|
 

*
p
o
y
o
e
s
s
i
g
 
|
 
“
e
A
L
g
I
s
O
o
g
 

*
p
o
z
o
e
s
s
i
q
?
 

“
O
A
I
P
I
S
O
T
 

*
p
o
y
o
o
s
s
i
q
g
 

“14DMNDY 
“YW 

“SNYDINIDUL 
“7 

| 
“SNYVUOID 

“V7 
} 

“SISUGUIS 
“VW 
o
e
 

“VY 90H 
“YW 

“SLLJSOLIQLDQ 
“WY 

‘axed 

| 
pape 

Spe 
a
e
r
a
 

i
e
 

| 

|
 

“4nZ 
UL soqyIselug 

|
 

} 

[oe 
e
e
e
 

Se 
ese 

a
 

=
 

a
e
 

= 
=
 

=
 

F
e
 
alae 

tail |
 ici i

g
s
 

age 
| 

e
e
 

m
e
 

oe 
c
e
 

M
e
 
p
e
 

O
T
 

€'&& 
g 

tertageeoeam 
es moltSS O

 
Dav 

Daeir 
Sande 

Ee CL 
OH 

ULO DONT 

a
 

t
e
 

a 
em 
e
t
 

a
a
a
 

R
c
 

aca 
an 

-
a
 

| 
0°0 

0°0 
oq 

Tse 
3
%
 

g's 
Ge5 

7 
> 

sar 
7 

"= 
h
g
 

“q aequreaony: 

0
0
 

EEG 
s
e
y
r
e
t
 

a
h
 aoe a

t
 |
e
 
a
 
g
t
 

8°S 
§°&8 

9 
eye 

2
%
 

Glee 
l
a
t
i
c
e
s
 

eee 
o
s
 L‘9 

‘
Q
a
s
q
u
i
a
a
o
n
 

| 

0
0
 

ala 
O
T
 

€°S& 
{
i
 a}
 

8°FS 
0°00T 

9 
9's 

| 
6°P 

Vey 
h
a
e
 
Mead aes 

e
e
n
 a
e
 9 *p ‘§ JoquIeAoNT 

|
 

|
 ie
r
 

ee 
| 
S
o
m
a
y
a
)
 

ae 
| 

a 
|
 

e
s
 

ee 
9°6 

0°06 
OL 

6
9
 

T'8 
L0G 

eal | cman tone v
i
a
 ce
 2§ 

‘3 ‘Tdequiaaony 
| 

"
q
u
a
e
 
L
a
d
 

“
y
u
a
n
 
h
a
g
 

°
y
U
a
9
 
h
a
g
 

"
y
u
a
n
 
L
a
g
 

°
7
U
9
9
 
L
a
g
 

“
q
u
a
d
 
L
a
d
 

} 

| 
} 

e
e
]
 

—
—
-
 

—
 

—
 

e
n
 

a
 

|
 

“qn2 
“OAINISOg 

|
 “poqyoassiqg 

“
q
n
 

“AAIVIBOg 
|
 “pez,essigy 

. 
; 

dAIqIsod 
8
A
t
t
s
o
d
 

“BuLpea 
*SUIpe9d. 

*sulpse 

PATHEOT 
|
 “P22PKSIT 

|
 15 

8484000 
Jed 

83840090 
a
a
a
 

c
u
t
e
r
 

e
l
e
c
 

|
 

SABIOAY 
*4n2 

ul sez{seaeg 
osB1IAy 

“4nZ 
ul soyisereg 

n
e
d
 

| 
| 

is 
|
 

few 
e
e
e
 

e
e
 |
 eee 

S
l
e
e
 

| 

| 
*(4n3 

ut soyissaed 
“19JVA 

YSLOvIG 
oe 

A 
6 

} 
c ‘BNSOLQULN 

*y 
) 

i
t
i
e
p
i
e
e
s
 

1880L 
“YW 

C
H
A
N
 

7
.
 

| 
M
E
P
L
 
ERS) 

| 
| 

|
 

| 
| 

‘
G
G
L
 
N
I
S
 
A
H
I
d
a
v
o
 

‘
T
O
N
 
“
w
o
y
M
I
U
D
]
 T
 pun 

aay, 
U
G
 

s4erttna 
Juaaseid 

{oO 
U
o
s
L
i
m
d
w
M
o
j
g
—
 X
 A

T
A
 

I,
 



21 va f Malar SMUSSLON O Barber: The Tran XIII, B,1 

‘p
ad
oj
ea
ep
 

A[
[N

y 
yY
yY
Bn
wV
s 

se
oS

eu
it

 
gz
 

JO
 

y
o
 

su
g 

» 
*q
n3
 

ul
 

4S
A9
90
 

a
u
g
 

2 
“A

LO
pe

LO
ge

, 
oy
} 

UL
 

d
n
d
 

10
 

sa
re

, 
Wo
IZ
 

po
tq

 
et
oM
 

si
ay
}O
 

[T
y 

‘p
ed
op
es
ep
 

A[
[M
F 

yY
yS

ne
o 

s
o
o
R
e
u
r
y
 

q
 

“S
ul

us
aA

a 
Ss

io
yj

}O
 

[[
@—
Su
ip
ss
y 

Su
iu

s0
;{

 
2 

0'
0 

Tq
 

0°
0 

0°
0 

bt
) 

0°
0 

at
a 

0°
0 

0
0
 

‘a
s 

0°
0 

Tq
 

0°
0 

0°
0 

IL
 

0
0
 

64
 

0°
0 

0°
0 

6é
P 

0°
0 

Pa
 

0°
0 

0°
0 

91
 

0'
0 

94
 

0°
0 

0°
0 

ot
 

Fa
g 

S
h
 

a 
e
e
 

L
T
 

$°
l2
 

It
 

T
M
 

ie
ee
 

G
R
E
 

ee
 

ee
 

0°
€ 

9°
¢ 

8T
 

0
0
 

aq
 

LO
T 

0°
09
 

g 
0
0
 

Lg
 

0
°
 

PT
L 

L 
Se
g 

we 
2 

ac
l 

(e
t 

e
e
 

Q'
s 

8 
IT
 

LT
 

yu
na
 

Lo
g 

*4
Wa

o 
L
O
 

"q
n3

 
AA
IZ
IG
Og
 

|
 

“p
az
oo
ss
iq
g 

any
sog

 
|-p

oro
oss

i 
|,
 

2M
20

S 

“(
NZ
 

ul
 

sa
z1
se
1E
d)
 

‘e
ns
o.
qu
in
 

“y
 

e
s
B
I
O
A
Y
W
 

“{
NS
 

Ul
 

Sa
qI
se
Ie
gq
 

*1
9Y

BA
A 

YS
TH

OB
IQ

 
‘S
NP
LU
YI
PU
L 

“I
BA
 

28
80
4 

“F
r 

0'
0 

0°
0 

Lee
 

E
u
l
a
 

g
e
i
e
r
e
 

o
e
 

ee
 

ca
 

Si
S 

t
a
e
 

a
a
n
 

a
 

e
e
 

g
e
e
s
 

OT
 

to
qu
ie
sa
q 

Se
em
a 

e
e
e
 

| om
en
 

s
o
e
 

(
o
e
 

om
 

r
e
 

9°
% 

T
S
“
 

Fa
>"
sS
c5
0 

a. 
o 

1G
ae
qu
ie
ae
cy
 

--
--
--
--
--
--
|-
--
--
--
-~
-~
--
]-
--
-~
--
--
--
--
|-
--
--
--
--
--
-|
--
--
--
--
--
--
 

6°
9 

$5
2 

L
e
e
d
a
 

ew
 

PE
 

ao
qu
re
oa
(y
. 

--
--
--
--
--
--
|-
--
--
--
--
--
-|
--
--
-~
--
--
--
-|
--
--
--
--
--
--
|-
--
--
--
--
--
- 

Ll
? 

OS
es
 

aa
a 

s
i
a
 

o
e
 

CT
 

ae
qu
me
se
g:
 

Gp
po
nr
 

on
an
 

|
 

he
en

 
in

na
 

| po
re
 

a 
ea

e 
ae

 
ao

a 
a
 

6°
? 

i 
Se
 

S
e
 

Se
e 

oa
 

O
d
 

WI
S 

IO
: 

0°
0 

0°
0 

Ce 
e
h
 

ac
es
 

a
s
s
e
s
 

ca
se

s 
a
 

Sil
os 

ee
 

gl
ia
s 

S
e
 

e
r
e
 

IT
 

Jo
qu
ie
.e
q 

09
 

@°
8s
 

Side
 

o
e
 

a
 

a 
ee
 

ee
e 

Bil
in 

e
d
]
 

ag
e 

ae 
oe 

ee
 

OT
 

t
e
q
 

Gr
e 

2a
CT
 

$'
T 

0°
00
T 

Seter<epbitele
eieaaa 

> p
R
a
l
b
a
s
 

a
e
 

e
 

ON
D 

R
c
 

gi
es
 

ee
 

a 
er

ie
 

ae
 

(H
EE
 

RC
RE
LA
 

L 
0°
6T
 

$"
es
 

[Spo
sa 

So
e 

P
e
 

fi
at
 

e
i
g
i
e
e
a
t
o
e
t
n
l
 

io
ta

 
ei

te
 

a
a
a
 

O7
8:
 

e
l
l
 

ar
e 

= 
a
a
 

8 
t
e
q
u
i
s
D
e
q
 

0'
OF
 

0°
00

T 
Dis

 
e
e
 

ic
in

e 
e
s
t
e
s
 

|
 

R
e
 

a
e
 

e
s
 

C
C
l
 

ka
ka

 
a
e
 

oe 
ee
 

2 
t
a
q
u
i
s
s
e
q
 

06
 

SO
F 

ER
 

S
e
e
 

a
l
 

en
 

p
e
n
g
,
 

a
o
e
 

CO
D 

G
I
 

la
c 

|
 
i
t
a
 

T
e
a
 

oa
 

9 
te

qu
ie

se
qy

 
°
9
U
9
9
 

L
a
g
 

“
Q
U
B
I
 

L
O
T
 

°
Q
U
A
9
 

A
O
 

“
q
u
a
n
 

L
o
g
 

“
y
n
 

“
O
A
I
N
I
B
O
G
 

“
p
s
z
v
o
e
s
s
i
q
,
 

| 
ea

tq
is

od
 

“
B
u
i
p
s
e
y
 

“B
Uu

Lp
ac

y 
“B

ul
ps

oy
 

de
d 

5
3
8
4
0
0
0
)
 

P
a
y
,
 

p
u
o
s
e
s
 

48
41
7 

o
D
B
I
O
A
V
 

“
4
S
 

Ul
 

so
zI
sB
IE
g 

-a
1e

q 

“a
mo

rp
n)

 
"w
 

“q
ua

os
ed

g 

‘
T
O
N
 

N
O
I
L
V
I
N
V
1
T
d
 

U
E
I
W
A
V
v
o
O
 



1918 tence Journal of Se ippine il The Ph 22 

‘ALopBLoqul, 
Oy} 

UL 
w
d
n
d
 

10 
aAqB, 

Wor, 
parq 

o1aM 
S10y}O 

[Py 
“pedojeaesp 

A
n
y
 

3ysnes 
sooveuay 

» 

“quan 
L
T
 

| 
*@AIVISOg 

|
 *pozoassiCy 

“1LDNDy 
“Yr 

‘yos 
ul 

sysh99O 
A
N
O
Y
 

«| 

pe
e 

d
e
a
r
n
a
e
e
 

U
g
e
m
a
n
e
n
t
o
a
n
 

be
 

g
e
 

at
e 

Sa
l 

be
t 

eo
 

e
e
e
 

n
l
 

a 
a
a
 

Y
S
 

S
E
 

h
s
 

e
e
 

O
T
 

t
e
q
u
t
e
o
a
c
y
 

|
 

4
 

|
 

G
T
 

J
a
q
u
a
s
a
c
y
 

ra
ne
ca
s|
ee
on
cn
sc
an
cr
ia
na
ss
an
 

w
f
 

Je
qU
Is
DB
(]
 

oo
 

P
e
a
s
e
 

le
==
==
=-
 

2
 

J
o
q
u
e
s
e
q
 

~~
 

[[
 

t
o
q
u
i
a
s
0
q
 

| | 

bn epeiete aed ee dada OT teqursseq 

n
a
e
 

S
A
G
 SEO SES 

Sea 
mae 

ges 
ater 

|
 ee 

waren 
mee! 

(VE) 
| 0% 

|
-
-
-
-
"
=
=
=
 

g
 aaquiesaqy 

v
e
e
:
 

“aos 
Pe| M

e
w
 

a
n
e
 

$
'
e
e
q
 

fu 
0°0 

1
8
 

N
i
e
c
e
 

§
 
r
o
q
u
I
s
D
0
q
,
 

<
i
 <
>
 g
e
n
i
a
l
 
(
O
S
 
e
e
l
 

LDH) 
T
e
 

0°0 
i
b
 

j
=
 

b 
a
a
q
u
u
e
s
e
q
 

=rae 
eee 

eanseca 
tc 

Bas 
oan |
 Ran em RAR 

aes 
mmm 

sae 
mcr 

y
 ese 

c
e
e
 Co |

 Re
n
e
S
 

cea 
Ace 

a
e
 
|
 e
a
t
 = 

e
d
e
n
 
¥
 ~-=="-= 

9 aoquia90q 

"M99 
o
d
 

| *4uao 
Lay 

| 
quan 

Lay 
| 

| 
-ywao 

“aq 
“199 

LOL 
| 

“ODATIISOT 
“payaassiqy 

‘AAIII80g 
|
 *pojessIq 

|
 “OAIUGO 

| “peyoosst(] 
|
 “eArqsog 

|
 “poyoossyq 

“OALIISOG 
e
e
n
 

“‘EnyDNODUL 
“W 

“SNYLLOID 
“VW 

| 
“SIsWaUls 

“V7 
“1yaoy 

“WV 
*81.4480419.1D9 

“YW 
| 

a7 8q 
i 

j 
“qn 

UL sozisvaeg 
|
 

*‘ponuyuop—T 
“ON 
N
O
L
L
V
I
N
V
I
d
 

Y
a
l
a
U
u
v
o
 

‘
P
O
N
U
L
Y
U
O
D
—
P
 

“OAT 
UOYjNIUD), J

 PUY 
IO, 

W
G
 
StaLsuna 

PuaIsaL9 
[0 H

O
S
L
.
M
d
W
O
O
—
X
 

ATA], 



XII, B, 1 ' Barber: The Transmission of Malaria 23 

It will be noted in Table X that carrier Sin Tee was capable 

of infecting mosquitoes even after the percentage of crescents 

had fallen to 1.1, while carrier Plantation No. 1 apparently ran 

out of viable gametes and failed to infect even when the per- 

centage of crescents was as high as 7.8 and a fair number of 

mosquitoes of susceptible species were exposed, all known to 

have taken blood. Plantation No. 1 was probably getting more 

quinine than Sin Tee, but as numerous experiments have shown, 

quinine apparently has little effect on gametes further than to 

increase the rate of their disappearance. 

Table XI includes similar data of another crescent carrier, 

patient 537. Here only one species was exposed to the carrier, 

A. rossi type Giles “probable” (see discussion preceding Table 

II). In part of the cages only “blooded” females, separated 

after one feeding, are included. Other cages were exposed twice 

on succeeding days, and the females known to have taken blood 

were not segregated. The number of “blooded’’ mosquitoes 

surviving to be dissected appears in the last column of the table, 

data worthy of note but of little value for comparison, since the 

time intervening between feeding and dissection varied from 

three to thirty days. 

TABLE XJ.—Gamete carrier 537. All A. rossi. 

eis | | | | 
| | Known to | In cage | Ayerage cae Cres- (Times ex- | |  Dis- odcysts 

Date of feeding. | eente | moseds Baveitaker) | ee ; Saal, | | Positive. eee 

| eeu liar. fea : = 
t | ! 

| Per cent. | | | | Per cent.| 

February 26___________ 29.9 | ft ANT Tee 76 | PO SE Ce 
February 26and27....| 35.2 | Dy |DARBaewe ees (ea ae | 26, 98.5) 31.5 
February 27_.__------- 35.2 sUHAN Sees 31 | 4| 0.0 | 0.0 

| February 27and 28). 27.7 OY) bers eee te | seen Ji 6B FOO 
February 28____._----- lo eb Ie | PATI eee | 20 | 2 | 0.0/ 0.0 

| February 28and29....| 22.8 Cal ce esac 12) 80.0) 100+ 
March 2. ._..-.----_--- | 10.8 ANG RUAN ce | 27 | 4 25.0} 2.0 
March} Sue /c22 suc 2h | 9.6 de |aaoes Gly Seas | 7 | 2 | 0.0/ 0.0 ! 

| March 8and4.......| 5.1 Pe Eee [esti ag 1) 100.0; 10 | 
| March 4and 5.-_..---- ye 1.7 P| Seetece, <eiecae | eae ee | 18} 69.2] 3.0 | 

It will be noted in Table XI that carrier 537 also retained 

viable gametes until the percentage of crescents had dropped to 

5.1 and, at the second feeding, to 1.7.. In both Table X and 

Table XI it will be noted that there was a tendency to 

decrease the average number of odcysts as the percentage. of 

gametes decreased, but there wags no corresponding decrease 

in the percentage of mosquitoes infected. It will be also noted 

in both tables that the percentage of positives among mosquitoes 
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known to have taken blood is little greater than that of those 

exposed two or three times without segregation of those known 

to have taken blood. 

The explanation of the great variability in the infectivity of 

gamete carriers independently of the percentage of gametes in 

the blood is not apparent. Dr. 8. T. Darling has suggested that 

it is due to a disparity in numbers of the sexes of gametes. It 

may be also conceived that in the presence of a sufficient number 

of both sexes there is in gametes some biological factor, not 

apparent morphologically, which determines their fertility. 

Possibly gametes originating in the same odcysts, or it may 

be in the same mid-gut, are less mutually fertile than gametes 

from more widely differing sources. Analogies will be found 

in other organisms. Further data will be necessary for the 

explanation of this problem. 

In Table X may be noted the failure of wmbrosus collected in 

the imago stage to become infected. Further data on the relation 

of the source of mosquitoes to their susceptibility to experimental 

infection with malarial parasites are included in Table XII, 

where the percentages infected and the average number of 

odcysts per infected gut are compared with respect to the source 

of the insects used. Only controlled series and only the four 

species of which material was taken in the adult stage are in- 

cluded in the table. 

TABLE XII.—Certain species compared as to the susceptibility of material 
from different sources. 

Mosquitoes collected in Mosquitoes collected as 
imago stage. larvee or pups. 

| Species of Anopheles. =; = 31 

Dis- =a Average Dis- =a Average 
sected. Positive. odcysts.| sected. Positive. odcysts. 

Per cent. | Per cent. 

pA’ smbyogusts 22 S550 3 orm 100 6.0 4.5 | 43 44.2 3.8 

A. rosst var. indefinitus, brackish | | 

water sees) een ote ed 12 8.3 8.0 | 117) 15.6:| satacs 
PAS udlowwt 2 See a oe eee Bees 2 0.0 0.0 67 | 62.7 19.0 

A NK CH. 2 Sooo on ose ee ee | 15 26.7 216.5 5 | 100.0 | 8 $2.2 

TOGA eee ae ene oe 129 8.5 9.2 | 232 41.4| 14.5 
| 

Entry recorded as “‘very many.’’ Here reckoned as 50 odcysts. 

It is seen in Table XII that mosquitoes collected in the adult 
stage show in every species a lower percentage of infection, and in 

the total and every species but one a lower average number of 

odcysts per infected gut than mosquitoes collected as larve or 
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pupz and subsequently bred out in the laboratory. Mosquitoes 

collected as adults are apparently less avid of blood than those 

from the other source, but this cannot wholly explain the differ- 

ence in infectivity.- In some lots insects taken in the imago stage 
were known to have taken blood, and but a small proportion be- 
came infected. A record was kept of some series of insects 

caught in the imago stage with regard to the proportion taking 

blood at one exposure. In 5 lots of uwmbrosus, 44 out of 87 once 

exposed took blood; in rossi var. indefinitus, brackish water, 15 

out of 20; in kochi, 7 out of 8. Asa routine, material taken as 

adults was kept one or two days before exposure to 2 carrier, 

in order that they might have time to digest the blood already 

present in the gut. They were then, as a rule, exposed several 

times; it is probable that the majority of them took blood on re- 

peated exposures. Whatever the explanation, there is evidence 

that such insects are less susceptible to infection, and they cer- 

tainly afford less favorable material for infection experiments. 

The periods of time intervening between exposure to gamete 

carriers and dissection are summarized in Table XIII. Only 

controlled series are included. Since the same cage was some- 

times exposed on several succeeding days, the day groups are 

made large, so as to include as large a proportion as possible 

of the dissections. In lots exposed to carriers on a series of days 

one cannot, of course, determine exactly the period intervening 

between actual infection and dissection. 

TABLE XIII.—Periods intervening between feeding and dissection. 

| Days. a pu Positive. | 

Bae : . 7 2 ee ae wien | 
lee cent. | 

SUN TEC CONS eee eae ee an ee eae ae aaron 258 27.9 | 

Seventtomine sora a oe een an oe pera e eect a ees sean n oa hee eens 134 23.9 | 

Mlenkto fit teen = ee ome eee SS ete st oe ele te ee 251} 33.1 
itteentandione-halt: LO] twenty a ee ea nee 87 | 19.5 

Twenty-one to twenty-eight and one-half________.-_____-_-------------------- | 13 | $0.8 

| otal tee ard oe Le a PEAIAD 5) ERT IS Os OTL ) | 29.5 | 

Specimens were often dissected in the earlier day periods in 

order to determine the percentage of gut infections. Where 

there was evidence of infection in a cage, further dissections 

were often postponed to a time when sporozoites might be found. 

This explains the relative fewness of dissection in the 7- to 

9-day group as compared with the 3- to 6- and 10- to 15-day 

groups. 
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In Table XIV dissections at later periods of 101 mosquitoes 

are compared with respect to different stages of development 

of the parasites. Only positive specimens are included, and in 

nearly all cases at least ten days had intervened between feeding 

and dissection. In cases where cages had been exposed two 

or more times, the time in days is given as definitely as possible. 

For example, the entry ‘11-11.5” means that the mosquitoes 

‘were fed on the carrier on the evening of one day and again on 

the morning of the next and that 11-11.5 days intervened be- 

tween those dates and dissection. All positive cases of all 

species dissected ten or more days after feeding are included in 

this table. 

In Table XIV we note that the first appearance of sporozoites 

in the gut was eight days after feeding. The species was rossi, 

and it had been given one feeding on a crescent carrier. The 8- 

to 12-day sporozoites in the gut of ludlowi was probably benign 

tertian, and the 4- to 8-day sporozoites in the gut of barbirostris 

probably benign tertian as well (see under Table V). The first 

appearance of sporozoites in the salivary glands, twelve to 

twelve and one-half days, was in a group of rossi infected by 

a crescent carrier (No. 537, Table XI). The 12- to 16-day ap- 

pearance of sporozoites in kawavi followed feeding with crescent 

carrier 1997 (Table IX). In the case in which sporozoites were 

found in the salivary glands twenty-five to twenty-five and one- 

half days after feeding (twenty-five days after the last feeding, 

crescent carrier 537), sporozoites were found in the salivary 

glands of another specimen of the same feeding that was dis- 

sected nine days previously. In another lot fed on the same 

crescent carrier eleven days intervened between the first and the 

last finding of sporozoites in the salivary glands. We have here 

some data as to the length of time sporozoites may remain in 

the salivary glands. : 

We note in this table the large proportion of dissections, many 

of them long after the time of infection, in which only degenerate 

or much retarded odcysts were found. In practically all such 

cases the salivary glands were examined and were always found 

negative. The evidence for abnormality in these odcysts is based 
not only on retardation of growth, but also on their appearance. 

Abnormal vacuolization and watery or coarsely granular pro- 

- toplasm were sometimes seen, and in some cases. the odcyst not 

only remained small after a long period, but also gave the im- 

pression of an encysted body. In only one or two cases were 

the odcysts themselves parasitized by “black spores” or by some 

similar organism. 
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TABLE XIV.—Later stages of development of parasites. Dissections 
according to days after feeding. 

Oécysts only. | Sporozoites. 
l= 

| Degener-| 
Interval! Large, SSegment-|~. x | 

Species of Anopheles. ane eppar ing or in ae In gut In sali- Pokal eet 
eeding. jently un-| prezoo- vary 

segment-'sporangi- tarded. only. glands. 
ed nal stage No spo- : “| rozoites. 

Barber: The Transmission of Malaria 7A | 

bs Stat ths 

A. rossi, type Giles, and 

A. 

mostly type Giles. 

Type Giles, ‘“‘known”’ 

A. indefinitus, * 

indefinitus mixed; | 

‘known’’__ 

A, rossi, salt water, prob- 

ably indefinitius. 

A. ludlowi 

. fuliginosus ---- 

. umbrosus -__----- 

POA OUD vetime Sasa Re 

MCL COTUUCLS eee ae 

. barbirostris..------ - 

Nr PNP ENS TN PrP OOO rt BRK DOH RP RPE NDP WOR DY DH eH DO OWH eB oem OD Pe 

aR Re ON Oe 

| 

| 
| 

| 

a 
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In the varieties of rossi, especially, the proportion of these 

abnormal odcysts is large, even in cases dissected sixteen or 

more days after feeding. Even if we do not regard these odcysts 

as degenerate, but merely much retarded in growth, the occur- 

rence of so large a proportion of them must affect the species 

as a carrier of malaria, since the delay in formation of sporo- 

zoites would materially decrease the proportion of infected mos- 

quitoes surviving to transmit infection. In all varieties of rossi, 

34 mosquitoes exhibiting only abnormal odcysts were found, 

while cases that showed sporozoites in either gut or salivary 

glands totaled only 33. The temperature prevailing during these 

experiments was high and so nearly uniform that differences 

in the rate of development of malarial parasites could be hardly 

ascribed to variations in temperature. 

MOSQUITOES INFECTED IN NATURE 

In Table XV are summarized by species the results of dissec- 

tions of mosquitoes caught in the adult stage. None of these 

were subsequently exposed to a carrier except in the case of a 

lot of 14 wmbrosus, of which three had sporozoites in the sali- 

vary glands. These fourteen were caught in the hospital of a 
certain rubber estate and later exposed to a carrier. They were 

dissected five to eight days after feeding, and three had sporo- 

zoites in the salivary glands. Since it is highly improbable that 

sporozoites could be formed in the salivary glands within eight 

days, it seems fair to reckon these three with the naturally in- 

fected lot. Other specimens of umbrosus caught at the same 

time and place and not subsequently exposed to a carrier showed 

sporozoites in the salivary glands. 

It has seemed worth while in the table to classify the dissec- 

tions of the different species according to the locality in which 

the mosquitoes were taken. In all cases the mosquitoes were 

caught in places where gamete carriers might be expected, but 

the degree of probability of infection varied greatly in the dif- 

ferent localities. The probability was the least in “houses near 

the coast,” although two positive wmbrosus were found there at 

different times (at Port Swettenham). The “plantation coolie 

lines” were in all cases highly infected with malaria. In “hos- 

pitals” most of the collections were made in the malaria ward of 

a large hospital, where many cases of malaria were admitted, 

or in the hospital of a highly infected plantation. 
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The degree of development of ova is noted in the table, since 

this gives some indication of the age of the insect and, conse- 

quently, of the probability of its having had time to become 

infected. A iarge proportion of the insects was found lurking 

in buildings in the daytime, but some specimens were taken 

by lamplight. The latter are indicated in the column under 

remarks. Such insects in this series showed little development 

of ova, the wings were little frayed, and the indications were 

that most of these had freshly emergéd and were, therefore, 

less likely to be found infected. 

It will be observed in Table XV that sporozoites in the salivary 

glands were found only in specimens of A. umbrosus and ludlowz?. 

In some specimens of A. umbrosus the sporozoites appeared ab- 

normally thick and short, but in other specimens they were 

apparently normal. In the positive specimens of ludlowi, spo- 

rozoites, wholly normal in appearance and staining, were found 

in large numbers in the salivary glands, and besides, four large 

pigmented odcysts appeared in the mid-gut. The single posi- 

tive specimens of maculatus had two pigmented odcysts ap- 

parently about 6 days old. Of the total 667 dissections of 

the mid-gut, odcysts were found in 38, or 0.4 per cent; in 508 

dissections of the salivary glands 7, or 1.4 per cent, were pos- 

itive for sporozoites. In 167, chiefly A. wmbrosus, the mid-gut 

alone was examined. In a few cases the gut showed no trace 

of infection, but sporozoites were found in the salivary glands. 

It is evidently best to examine both gut and salivary glands 

if one is to ascertain the total number of positives in naturally 

infected mosquitoes. 
It will be noted that all of the specimens of A. kawari, macu- 

latus, and tessellatus and a large proportion of the specimens 

of aconitus, sinensis, and fuliginosus were taken at night. As 

stated in the introduction to Table XV, such material apparently 

includes a larger proportion of recently emerged insects than 

does material collected in houses by day. The one positive spe- 

cimen caught by lamplight, maculatus, had immature odcysts 

only. 

In the collections in which at least one infected mosquito was 

found at the same time and place we have the best basis for 

comparison of the amount of infection in different species. In 

this series the numbers taken under such circumstances are too 

small to afford a sound comparison, but the results may be given 

for what they are worth. 
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TABLE XVI.—Positive and negative Anopheles in four collections. 

ene : ase 
| lection Positive. | Negative. 
| No. 

! 

| BN "4 Alvembrosus:=— = <a e eee 46 A. wmbrosus. 

| Bil Al aembrOsus 2 le ee 7 A. umbrosus, 1 A. rossi, 1 A. ludlowi. 

| 3)) LA smaculatus]--- 2. Seo o ee ee 2 A. barbirostris, 1 A. sinensis, 1 A. tessel- 

| latus. 

4 | Av ladlowe2 22) ee ee ee ee 2 A. ludlowi, 2A. umbrosus, 5 A. rossi. | 

Of the 8 positives of different species ova were well developed 

in 5. In nearly every case where a positive was obtained the 

average percentage of well-developed ova in both positive and 

negative dissections was high. 

SUMMARY BY SPECIES 

Anopheles ludlowi— Much evidence has been adduced by 

Christophers and others that indicates that ludlowi is an im- 

portant carrier of malaria in certain coast regions. The high 

percentage of infections with ready formation of sporozoites 

observed in the experimental series described in this paper, as 
well as the finding of a naturally infected specimen with sporo- 

zoites in the salivary glands, would go to confirm the evidence 

already obtained regarding the dangerous character of this 

species. 

Anopheles rossi—The comparatively high percentage of in- 

fections observed by me in the brackish water type of var. 

indefinitus would bring this form under suspicion, although spo- 

rozoites are apparently not readily formed. Epidemiological 

evidence in the coast regions of the Federated Malay States is 

at fault, since this type of rossi is there so commonly associated 

with ludlowi and uwmbrosus, both known carriers. 

The var. indefinitus collected in fresh water shows a low degree 

of susceptibility to experimental infection and but little tendency 

to formation of sporozoites. Neither experimental nor epide- 

miological evidence indicates that this species is an important 

carrier. 

Anopheles rossi type Giles of Malaya shows a comparatively 

high percentage of infections in laboratory experiments, and 

sporozoites are readily formed. Further, as shown in the second 

part of this paper, this type is capable of infecting man under 
experimental conditions. Epidemiological evidence from other 

countries, India in particular, indicates that A. rossi Giles is 

rarely, if ever, a transmitter of malaria. But, as stated in the 
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earlier part of this paper, there is some evidence that type Giles 

of Malaya may differ, biologically at least, from A. rossi Giles of 

India. Certainly the local type is easily infected experiment- 

ally, while the Indian type is reported to be rather refractory. 

It is difficult to get satisfactory epidemiological evidence 

in Malaya in regard to type Giles, since it is there commonly 

associated with fuliginosus, aconitus, and other potential carriers. 

In one or two instances I have found the larva of type Giles 

in the same part of a lake in which maculatus and kawari 

were found. The immediate vicinity of a certain extensive 
breeding place of type Giles near Kuala Lumpur was not parti- 

cularly malarious, but the people in the vicinity, chiefiy Chinese, 

were in the habit of protecting themselves by means of bed nets. 

In another group of houses half a kilometer away and situated 

near a breeding place of maculatus the people protected them- 

selves in a similar way and were comparatively free from ma- 

laria. In both cases the population was relatively stable, and 

possibly the introduction of a susceptible and less well-protected 

group of people into either place might be followed by an out- 

break of malaria. Type Giles showed a marked avidity for blood 
in feeding experiments, and it is known to frequent dwellings. 

These characteristics, taken in connection with the experimental 

evidence, would bring this type under suspicion. 

Anopheles umbrosus.—The evidence obtained in these experi- 

ments, both in regard to the artificially and naturally infected 

insects, would confirm Watson’s conclusion that A. wmbrosus is 
an important carrier in Malaya. The susceptibility of this 

species under experimental conditions is relatively low, but it 
may breed in immense numbers, and evidence from laboratory 

experiments as well as from the condition of adults caught in 
nature indicates that it is a relatively long-lived species. No 

exact experiments were made as to its power of flight, but 

adults were often found in considerable numbers at some dis- 
tance from breeding places, so that it is probable that wmbrosus 

is a strong flier. 

Anopheles aconitus.—Stanton and James have recorded natural 

and artificial infection of this species. There were but few 

numbers in my experimental series, but the percentage of infec- 

tions was high, and sporozoites occurred in the salivary glands. 

This species is often found in houses and readily takes blood. 
It may be found at considerable distances from its breeding 
places, and although a small mosquito is apparently capable of 

long flight. The evidence goes far to incriminate this species. 

1522423 
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Anopheles kocht.—No special study was made of this species, 
and only such specimens as happened to be collected with other 

species were exposed to gamete carriers. A high percentage of 

gut infections was obtained, but none were dissected late enough 

to observe any formation of sporozoites. 

Anopheles fuliginosus.—Stanton reports both natural and ex- 

perimental infection of this species in specimens collected in 

Malaya. The numbers in my experiments were small, but in 

the experimental series one third of the specimens dissected 

was infected. Sporozoites were found in the gut only. 

Anopheles maculatus.—In my series this species was largely 

used as a control of the susceptibility of other species, and 

I dissected none late enough to obtain sporozoites. The one 

gut-infected specimen found in nature has been mentioned in 

connection with Table XV. However, the works of Watson, 

Stanton, Strickland, and others have established the fact that 
this species is one of the most important carriers in Malaya. 

Anopheles kawari.—The experiments in this series indicate 

that this species is highly susceptible to infection under experi- 

mental conditions. The percentage of gut infections was high, 

and sporozoites were formed in the salivary glands. None were 

found infected in nature, but nearly all of the specimens dis- 

sected had probably recently emerged. It is difficult to get 

satisfactory epidemiological evidence, since this species is so 

commonly associated with maculatus. 

Anopheles barbirostris and sinensis.—Both are certainly little 

susceptible to infection experimentally. Only three infected 

insects were obtained in a large series of barbirostris, and only 

one was obtained in sinensis. Stanton has found zygotes in 

sinensis in nature. In view of the facts that these species may 

be infected with malaria, that they occur in large numbers, and 

that they readily visit houses and take blood from man, they 

cannot be wholly acquitted of carrying malaria, but the low 

percentage of infection and the epidemiological evidence indicate 

that neither species is an important carrier in Malaya. 

Anopheles huntevi.—The number included in my experimental 

series is too small to show anything further than that this 

species may be infected. 

In regard to the commoner jungle species of Malaya I have- 

obtained no results on aitkeni further than to prove that it will 

take blood when exposed to a carrier. Of those taking blood, 

the single one that lived long enough to be dissected was neg- 

ative, but the larvee had been long kept in the laboratory before 
they emerged, and maculatus controls bred under the same con- 
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ditions were also negative. Anopheles tessellatus was found 

abundantly on one occasion, both in jungle and in pools more 

or less exposed to the sun, but there was no opportunity of test- 

ing them on a carrier at that time. Of a smal! lot of larve 

obtained later, only two adult females were obtained, and both 

failed to take blood. 

In summary, laboratory experiments can only prove the sus- 

ceptibility of a species of mosquito to malaria under more or 
less artificial conditions and, in a large series, the approximate 

degree of susceptibility. However, judging from the agreement 

of laboratory experiments with other evidence in the case of 

known carriers, it may be concluded that a high percentage of 

infections experimentally with the formatien of sporozoites in 

the salivary glands furnishes strong presumptive evidence 

against a given species. The evidence adduced in connection 

with A. rossi (Table XIV) makes it probable that some species 

of Anopheles may be readily infected with malaria parasites, 

but offer comparatively unfavorable conditions for their develop- 

ment. On the whole, the experiments included in this paper 

make it doubtful whether any common Species of Anopheles in 

Malaya, with the possible exception of two or three jungle 

forms, is immune to infection and can be wholly acquitted of 

carrying malaria under certain conditions. 

TECHNIC 

No attempt is here made to describe the entire technic em- 

ployed in this work, but it may be worth while to mention a 

few modifications of the usual technic that have proved es- 

pecially serviceable. 

Where many larve have to be examined, I have found a spe- 

cial kind of slide very convenient. Four small pieces of cork 

or thick cover glass are cemented to an ordinary slide in such 

a position as to support a cover glass, say 3/4-inch square, at 

the corners. These cork supports are made of such a height 

that a larva placed under the cover is held, but not crushed. 

As larve vary somewhat in size, it is well to have two or three 

sorts of slides at hand. These are best made in duplicate, in 

order that one may examine one or two larve on one slide, while 

an assistant is placing other larve on a second. It is convenient 

to have a cover glass that projects a little over the slide, so 

that it is easily caught in the fingers in transferring it to another 

slide. I have examined many hundreds of larve in this way, 

and I find that one can work very rapidly by this method 

and, judging from the subsequent development of the larve, 
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with no injury to the insect. The cover glass makes the use 

of higher powers convenient, and the details of the larve are 

more clearly seen than when examined without a cover. 

In many of these experiments I have used as mosquito cages 

lantern chimneys as described by Darling. For the greater part, 

however, I have used the common wooden sieves sold for a few 

cents each in eastern markets. These were used at the sugges- 

tion of Dr. H. P. Hacker, and I have developed the idea and 

have found these sieves a most useful sort of cage. <A hole about 

one inch in diameter is cut in the middle of the wooden side, and 

a piece of mosquito netting is tied over the open end of the 

sieve. When it is desired to introduce into the cage mosquitoes 

as they are bred out, larvz or pup are placed in a wide-mouthed 

glass jar, over which a piece of mosquito netting or cloth is 

tied. A hole is cut in the middle of the cloth about the size of 

the opening in the side of the sieve. The sieve ig then tied firmly 

over the jar in such a position that its lateral opening commu- 

nicates with the opening in the cloth on top of the jar. If the 

_ jar is nearly filled with water, practically all of the mosquitoes 

on emerging will enter the sieve. One has then only to remove 

the sieve, place a flap of its netting over the lateral opening, 

and push the string down to hold it in place. The cage is then 

ready to be exposed to a gamete carrier, immediately or after 

the mosquitoes have been kept long enough to become hungry. 

Or it is easy to take out the mosquitoes by means of test tubes 

introduced through the lateral opening and examine them singly 

before placing them in cages for feeding. - 

In exposing such cages to a gamete carrier, the carrier lies on 

his back, the thighs or calves are moistened with a bit of wet 

cotton, and the cages are placed flat under them in close contact 

with the skin. A blanket is then placed over the lower part 

of the patient’s body. ‘Towels or other cloths may be tied around 

the cages so as to secure a better contact with the patient’s skin. 

Several cages may be placed under the same carrier at the same 

time. 

In my experiments feeding was usually done in the early fore- 

noon or in the late afternoon. It was not found necessary to 

wait until nightfall. Mosquitoes usually fed well if exposed a 

day after emerging. Anopheles rossi often bit well within 

twelve or fifteen hours after the pupal stage. In one lot of 121 

females of A. rossi over 85 per cent took blood within less than 

fifteen hours after emerging. 

After feeding, the cages may be placed metal side down on 
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ordinary dinner plates filled with wet sand or merely partly 

filled with water. The wooden sides of the sieves keep moist, 

and further moisture can be secured by allowing a flap of the 

covering to dip into the water or by placing wet pieces of filter 

paper on the top. The cages in most of these experiments were 

placed in a meat safe, which was kept in the laboratory and 
carefully protected from ants. 

No food is necessary if the mosquitoes are to be dissected 

within a few days. In the case of mosquitoes kept for longer 

periods, I have followed the method of Darling by feeding with a 

pinch of white sugar placed on moist filter paper in contact 

with the top of the cage. The proportion of mosquitoes thus 

fed that became infected with yeasts or bacteria was. much 

smaller than among those fed on fruit juices of any kind. 

For dissection the mosquitoes were removed from the cage 

singly by means of test tubes. The test tubes, each containing 

a single mosquito, were plugged and placed in a rack on the 

table convenient to the microscope. Each specimen was chloro- 

formed immediately before dissection. Where positives were 

found in the first ones examined, the remainder were sometimes 
returned to the cage and reserved for dissection after the par- 

asites had further matured. 
The chloroformed mosquito may be spilled from the test tube 

directly on a slide and dissected immediately or after a prelimi- 
nary examination under the low power of a compound micros- 

cope. Very fine sewing needles, ground to a blade at the tip 

and fixed in a stick, make convenient dissecting needles when 

nothing else is at hand. Very shallow drops of salt solution are 

most convenient in dissection. In order to prevent the rounding 

of the drops, I have used slides carefully cleaned in the ordinary 

way, and I have not found it necessary to use slides prepared 

with bile. After the gut is drawn out, I have found it con- 

venient to remove the excess of liquid with a bit of filter paper 

cleanly cut at the margins. This may be manipulated with the 
needles under the dissecting lens. The drop is thus rendered 

very shallow, and the malpighian tubes once drawn back re- 

main in position. More liquid may be added, if necessary, 

after the cover glass has been adjusted. If the last segment of 

the abdomen is left on the gut, this will not be crushed too flat 

by the cover glass. If one wishes to flatten the gut further, one 

has only to press down the cover with a needle. 

With an assistant to chloroform the mosquitoes and keep a 

slide ready prepared for use, one can dissect rapidly. The dis- 

section itself and the subsequent examination of the gut salivary 
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glands I have done personally in every case. The gut and sali- 

vary glands were always examined with a high dry lens and often 

with the oil immersion as well. Sporozoites were examined 

fresh and subsequently stained with Giemsa or some similar 

stain, in order to get confirmatory evidence through the staining 

reaction. I have made fair preparations of the gut also with 

the Giemsa stain. The gut is opened and spread on the slide 

as one would stretch a skin on a board for drying. If the gut is 

spread in a minimum of fiuid and just at the moment of drying, 

the wall of the gut may be made to lie in a single layer and 

keep its position on the slide. After thorough drying, one may 

stain as with a blood film. In a proportion of cases one may 

get preparations in which the cells of the gut and those of 

odcysts give somewhat the Giemsa values such as are obtained 

in thin blood films. 

The sieve cages described above are convenient in collecting 

adult mosquitoes. Insects caught in test tubes are introduced 

into the cage through the lateral opening, which is easily kept 

closed with a flap of the covering. Such cages, covered with 

a moist cloth and placed in a basket, may be carried by rail or 

motor car for hours with little apparent harm to the insects. 

The cages may be placed on plates supplied with water and 

kept there for a day or so until the insects have digested the 

blood often present in the gut at the time of collection. They 

‘are then ready for dissection. 

Il. EXPERIMENTAL INFECTION OF MAN WITH MALARIA BY MEANS 

OF ANOPHELES ROSSI 

At the time these experiments were undertaken, there were . 

no infected rossi available of which the larvz had been examined, 
so that we lack the crucial test as to which type of malaria rossz 

was used for infecting the experimental cases. However, the 

evidence points very strongly to type Giles. After feeding in- 

fected mosquitoes on the experimental cases, the whole lot ex- 

posed was always examined singly in test tubes and the ones that 

had taken blood were immediately dissected. By this means it 

was known what individual mosquitoes were infected of those 

that had bitten the patient. The sporozoite-infected speci- 

mens that bit these experimental cases all had the broader type 

of terminal black band.‘ 

Further we have seen in part I of this paper that type Giles 

*Two that bit case 727 had palp ratios of 0.8 and 0.3—, respectively. 

The one that bit case 408 had 0.3 (see Table I). 
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is readily infected experimentaliy with formation of sporozoites 
in the salivary giands, while type indefinitus is little susceptible 

to experimental infection. Again the pond where the mosqui- 

toes that were used in these experimental cases were obtained 

was examined repeatedly during some six months subsequent to 

these experiments, and nearly 99 per cent of the hundreds of 

rossi larve collected were of the Giles type. Such evidence, 

taken by itself, would not be convincing, since the anopheline 

fauna of a given pond often varies, especially if the water level 

varies greatly, but the constancy of this type in the breeding place 

over such a long period may have some value as confirmatory 

evidence. 

Considering all the evidence, it is practically certain that type 

Giles rossi infected the experimental cases, but one cannot wholly 

exclude the possibility that one or more of the insects was of 

type indefinitus. 

Both experimental cases—Chinese coolies—freely volunteered 

- to submit to those experiments, and both had seen enough of ma- 

laria to be fully aware of the possible consequences of infection. 

No, 727, male, 26 years of age, born in China, had lived in the 

Federated Malay States a little less than five years. About two 

years previous to the experiments he had had one attack of fever 

with rigors daily, the attack lasting about two weeks. He had 

no history of fever since. The spleen was normal. He had 

had secondary eruptions of syphilis about one year previously. 

As shown in Table XVII, a daily blood examination showed no 

parasites until the fourteenth day after exposure to infected 

mosquitoes. 

On March 15 and 16 three attempts were made to in- 

fect No. 727, but only five mosquitoes took blood. One of 

these had odcysts in the mid-gut, but none had sporozoites in 

gut or salivary glands.. On March 17 mosquitoes that had been 

deprived of sugar for two days were applied and five out of 

eleven exposed took blood. Two of the five had sporozoites 

in the salivary glands. The others were negative, in both 

gut and salivary glands. Dissections were made immediately 

after feeding. These mosquitoes had been infected by crescent 

carrier 537 (Table XI) nineteen to nineteen and one-half days 

previously. Mosquitoes had been exposed twice to the crescent. 

carrier, and on the first exposure, the evening of February 26, 

the percentage of crescents was 35.6. . 

Both of the sporozoite-bearing mosquitoes had well-developed 

ova, a further indication that they were of type Giles, since, in 

the comparative infection experiments (see discussion preceding 
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Table II), type Giles showed a fair percentage of cases with 
well-developed ova at dissection, while type indefinitus showed 

practically none, comparing insects of the same age at dissection. 

Experimental case 408, male, 33 years of age and formerly a 

mining coolie, was born in China and had been in the Federated 

Malay States four years. He had no history of fever. He had 

had beriberi three years previously and still had the beriberi 

gait, but was well nourished and otherwise in good physical 

condition. The spleen was not enlarged. No parasites were 

found in the blood for seventeen or more successive daily exam- 
inations. On March 20 the mosquitoes remaining from the lot 

used in case 727 were exposed to No. 408, but none bit, although 

they had not been given food for five days. On the same date 
seven of another lot were tried, and none bit. On March 21 the 

four of the seven remaining alive were tried and two bit. The 

first bit feebly and took only a small quantity of blood. The 

second was observed to bite twice, at least, and took a fair amount 

of blood. On dissection the first showed no parasites, but the 

second had one empty odcyst in the gut and sporozoites in the 

salivary glands. Of another lot of three tried on the same day 

one bit. It had odcysts, apparently degenerate, in the mid-gut, 

but no sporozoites in the salivary glands. So it seems clear that 

the subject was bitten by only one sporozoite-infected mosqui- 

to and that this one bit at least twice. This mosquito was also 

infected from crescent carrier 537 (Table XI) sixteen to sixteen 

and one-half days previously. The lot of mosquitoes were ex- 

posed twice to this carrier on succeeding days. At the first 

exposure the percentage of crescents was 5.1, at the second, 1.7. 

Various observations on these two experimental cases are com- 

pared in Table XVII. 

No. 727 showed no rise of temperature until some eight hours 

after parasites were found in the blood, while no parasites were 

found in No. 408 until the third day after the rise of temperature. 

No. 727 showed marked symptoms, headache, severe vomiting, 

and on the third and fourth days after illness began, severe 

attacks lasting about twenty minutes characterized by convulsive 

symptoms, clutching of the fingers, pain in the throat, and rapid 

and shallow respiration. The spleen was not enlarged at any 

time in this case. No. 408 had practically no symptoms at 

all, except that he complained of headache on one day. There 

was marked enlargement of the spleen. Both cases made a rapid 

and complete recovery under quinine treatment. Temperature 

charts of both cases are given. 
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TABLE XVII.—Cuases experimentally infected with malaria by A. rossi, 
compared by days. s 

CASE 1727.2 

| 
after in | Parasites. panes 3 Symptoms. Spleen. Quinine. 

oF, Grains. | 

1-13 | Negative (daily exam- | Normal-____- None ee ene NOL al eee nee ee Nil. i 

ination). | 
14 | Few atlla.m.b_._.___. LO0!8icea ee Slightpessee ss eae doe eee Nil. | 

16 | Increased -__._._..-_---- pi} joe eee Marked = ssess|eonas Chye ee eee Nil 

16 | Little change _______---- 1LOS'6e a LS ees doe. i so-52 Dullness increased -_- Nil. | 

17 | Marked increased-_-___--- 10332 = Se ee Severe_-___.-- Not enlarged -_--.-_-- 40 | 

18 | Only 1 found___.---_--_- CS A Pe oyess@i2e4 Normal Sees ae aan 45 | 

12) Fes Bt.) nie Sr ED Se Normal._-__- SlightHes 2 sets| eee eae eae 40 

ZO) PNewativ erere see as ee ‘sittleor nones|sese ses eee eee ee 380 

Pa et Oe eae ee ed | eee ee ree ee Lee al ee ce eae ede 

22) eae Ore rete ee eae | Pees eee Sees Os he See oe oa aw eae Ze bedeesesl 

25) Cement nee Ree ei ts COMORES TCHS eT en ree | i Sten 

CASE 408.4 

1-13 | Negative (daily exam- | Normal-_-_.- | INone meses INormallseen==aeeene a= Nil | 
ination). | | 

14 | Negative..-._..-.2-----.|-- esidolsecse | Se dove.cen ee eyes do tb... ac2se Nil. 

6) |seeee (; Co eee mee Noe aaah rt eM ay G hy ee eae Ca bny eee | dO) ae ee eee Nil 

16) |=2--. (: (ones eee ares aera eed doysaea ee do eee) ees Gojesee te ee Nil 

Tf) eed (1 (see SE eR A NOO2 Se eee doses Not palpable --___---- Nil. 

18) |b eee (, [ange ere enrages LOIS ere eens el ey doe ees Palpable==s22=- == Nil. | 

19) Rew cee Ms ee: i donean ts Two and a half fin-| Nil. | 
gersbreadth. | 

20 | Increased --._--...__--_- 10312 eee | ae Glee een nee a GON Se sens ss osesee Nil 

21 | Further increased _____- QOir se Sued Slighteo--— Umbilicus -.-._--.-.-- 39 

22 | Negative___..-.-.-----_. Normal__.__- ING eee eee Coe shn Bae aann oe 40 | 

DSi Ree dorset tea re ee hte dope eel ope eis Maen Ne era c LEN 30 

8 Case 727. Blood examined daily eighteen days after disappearance of parasites, negative. 

Quinine treatment was continued at least ten days. 

> For numbers, see Table XVIII. 

¢ Began to rise from 4 to 8 o’clock in the afternoon; 100.8° was the midnight temperature. 

4 Case 408. Blood examined daily twelve days after disappearance of parasites, negative. 

Spleen April 15 (=twenty-fifth day) slightly reduced; April 20, 3 fingersbreadth; April 25, 

1.5 fingersbreadth; April 27, palpable below ribs; April 29, palpable, deep respiration only; 

May 2, not palpable. Quinine treatment was continued eighteen days. 

Some details as to the number of parasites found on different 

days are given in Tables XVIII and XIX. In case 727 an at- 

tempt was made to estimate roughly the number of parasites 

appearing in the peripheral blood on different days. A large 

number of erythrocytes were counted, or rather their number 

estimated, in a thin preparation stained by Hasting’s stain. The 

estimate was made by means of a disk inserted into the eyepiece 
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and so ruled as to divide the field into quarters and eighths. By 

counting fractional parts of the erythrocytes found in a field 

and comparing similar fields, an estimate, more or less precise, 

a 
piclaia lao peer seas eee ee eee eaaceeeae 

Tt} HEHE 

12iei618}9 nee 
EH 

4 
March 26 26, IQ9I6. 

LAM] P MIA MlF MIA MPM. LA. ML FM. | M.] A. M.} P MTA MIR MM.) 
IZ ole la voile] 6 kel 2 [ola yoee 2Iie le boley2] 6154 apace cp dae cca 

gE) 30 3/ 
ee = Abas 1, 1916. 

Temperature. 

aa aaIA 
(AZT 6181 
Peo 

April 8-13, 1916. 
é emeeriat PM] A. MIP MI 
JSGUER ARGUE? AABTTE ia eee aa aE qa2|+e) 

2a 

Fic. 1. Temperature chart of Thi Mue. 
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was made of the proportion of parasitized erythrocytes. For 
comparison, the number of parasites found in thick films was 
estimated in terms of the number per 100 leucocytes. The ratio 

ACMA PRN ARE is eM ASM S| Me ACE Ml NP Sem eimArE Ms EP Deval sASM)| iPM 
2 lalayeley ela vozizlalelavaelalelaboe wlelayaalz|lelalabaizllelalaaleatelaloiala|+ caaazalelayaazis olavaaz iol van 

% | ett i a! = EE} et 

. i ! t =3 + FI IS 

Shi r SI 
; ; : es Ge I] 

36 Raa See eco eeeeae 
{ij ft = 

16 17 18 i 19 20 Gl 
; March 16-21, 1916. 

AGnNi | BPanhn DrARIMN a RRSMN | ASSN S| REA MAAN MT Re Ma ITATMs| PEM al AloM: ePcoM.: 
ZHlealag2WMelsyovaziylcleyolaz wlelapaaz WAZ Ve 2) AG eyaaz Aes yaAZ4cleyaa 
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Fig. 2. Temperature chart of Thang Hong. 

of daily increase or decrease of parasites as obtained by the two 

methods is compared. In experimental case 408 only the pro- 

portion of parasites in the thick film was estimated. 
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TABLE XVIII.—Case 727. Parasites in peripheral blood. 

| Thin film. Thick film. 

Serie RR a ee 11 a ama | 
Para- ro | = 
sites tio ara- 

Date. nee ~ | Para-| per | of in- Petco Para- | sites ! 
tencsts.| Bites | 10,000 | crease| {7 t+ | sites |per 100) crease | blood | 
ss Saal found.} ery- | orde- | ~,4 ~ | found.| leuco- | orde- | sam- — 
mated: thro- | crease. ; cytes. |crease.| ples. | 

| cytes | 
—_ i —— —— _ | 

| t oF. 1 

Marchig02esssesee nese | seme 0} eaeeerns | aanee ee | aceeane 0) Seen eee beeen ae | 

March 31, 11a. m. (14th | i 

day) 22.223. -2 eo) 64, 800 3 0.5 1.0} 1,000 39 3.9 

April 1, 10.45 a. m_____. 47, 900 37 tht 16.4 600 237 39.5 

April 2, 11.30 a. m_____- 57, 100 34 5.9 11.8 600 337 56.2 

April 3, noon_-----.---- 18, 200 39 21.4 42.8 400 756 | 189.0 

becosntete: tormee|keoescec! FP [pee sres| pene necd 500 136 27.2 

Aprilio VEes0latme saeco naan nee Ue ees pee one st eee ees eee 

8 Quinine was administered ut 4 o’clock in the afternoon. 

TABLE XIX.—Case 408. Parasites in peripheral blood. 

| | 
i Thick film. | 
| 'Tempera- 
acc] ReneS! ; ture e 

time o: Date. Parasites) Ratio of = 
Leuto- Parasites; per 100 | increase taking 
cytes f d 1 d blood j 

counted.| *OUN@- | Zeuco- | orde- | samples. | . cytes crease. 

April 9, 7.30 a. m. (19th day)...-.-.----------. | a4 Gi. acne eee 
April ONT 20am tee ee et, a | 3, 000 5 0.17 1 

8 Long search. > Quinine was administered at 4 o’clock in the afternoon. 

It will be observed in Table XVIII that, while there is some 

correspondence between the ratios of increase and decrease ob- 

served in No. 727 by the different methods, the results are at 

variance, especially on the third day. It seems probable that 

there was, at least, a diminution in the rate of increase of the 

parasites on that day. Probably the results given by the thick 

films are more reliable. The probable error is great in basing 

results on these small samples, whatever the method used. The 

results may give us some notion of the rate of increase or de- 

crease of parasites, but only an approximation as to their abso- 

lute numbers in the peripheral blood. 

In both cases the parasites examined carefully in thin films 
were evidently subtertian. No crescents were observed in either 

experimental case. 
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In summary, the evidence seems clear that these experimental 

cases were infected with malaria as the result of exposure to A. 
rossi infected in the laboratory. The possibility of a relapse 

from a former infection must be always taken into account in 

such experiments when performed in a malarious country. But 

that such relapses should follow exposure to infected mosquitoes 
in two cases, one occurring fourteen and the other seventeen 

days after exposure, would be a remarkable coincidence indeed, 
especially in view of the fact that both patients had been known 

to be free from fever many days before the experiments and 

that both showed the same type of parasite as that that in- 

fected the mosquitoes. 

It also seems clear that a single mosquito of A. rossi may infect 
at one exposure. The fact that the case that received sporo- 

zoites from two infected mosquitoes, and, presumably, the larger 

dose, showed an earlier appearance of parasites and the more 

marked symptoms may be only a coincidence, but it is worthy of 

note. One can do little more than guess at the number of sporo- 

zoites injected by a single mosquito, but judging from the number 

of sporozoites found at dissection after feeding on the experi- 

mental cases and comparing with the numbers observed in the 

salivary glands of many infected mosquitoes of the same species, 

one would say that the effective number is a matter of hundreds 

rather than of thousands, and more probably a matter of scores. 

It is noteworthy that the case (No. 408) that had the longer 

incubation period (seventeen days), the fewer parasites, and 

the less severe symptoms had a marked enlargement of the spleen. 

No. 727, with the shorter incubation period (fourteen days), the 

greater number of parasites, and marked symptoms, showed no 

enlargement of the spleen. This case had a history of a previous 

attack, while No. 408 had none. It is interesting to compare 

gamete carrier No. 1997 (Table IX), who showed enormous 

numbers of subtertian parasites, practically no symptoms, and 

a marked enlargement of the spleen. He had a history of a 

previous attack. This small group of three cases certainly serves 

well to show the great variety of manifestations observable in 

subtertian malaria. 
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DOES THE IRRITANT ACTION OF EMETINE HYDROCHLORIDE 

EXTEND TO THE KIDNEY ?2 

By D. DE LA PAZ and R. MONTENEGRO 

(From the Department of Pharmacology, College of Medicine and Surgery, 

University of the Philippines) 

Emetine possesses a powerful local irritant action, but its 

irritant effect on the kidneys and other remote organs, except 

the gastrointestinal tract, is not definitely known. Duck- 

worth, (2) in 1869, observed the frequent occurrence of albu- 

minuria in animals poisoned with emetia.? Zeff(8) found small 

amounts of albumin in the urine of most of his patients treated 

with emetine for pulmonary disease. According to Foulkrod, (3) 

the kidney undergoes some damage, and albuminuria results 

in animals given emetine. Shortly after the discovery by Ved- 
der(6) and Rogers(5) that emetine is amcebicidal, it has been 

extensively used in amcebic dysentery in large doses injected 

repeatedly for a considerable length of time. It is surprising 

' that this method of employing the drug has not apparently given 

rise to renal complications. Does the irritant action of emetine 

extend to the kidneys when it is administered as it is usually 

done in ameebic dysentery? The difficulty of obtaining a satis- 

factory information from the patients is self-evident. We have, 

therefore, carried out the present experiments on animals. 

Active full-grown dogs were used for the experiments. They 

were given soap and water baths and rubbed dry with towels, 

and each was placed in a clean metabolism cage. Their diet 

consisted of rice, meat, and fish. Food and water were given 

only once in twenty-four hours at about the same time each 

day, but the animals were allowed each time as much as they 

could eat and drink. The urine for twenty-four hours was 

collected daily in a graduated cylinder and examined for casts 
and albumin. We used the test for albumin, described by Glaes- 

gen.(4) This offers two advantages over Heller’s nitric acid 

test; it detects the presence of a smaller pathological amount 

of albumin and gives a sharper reaction. When at least five 

successive examinations showed the absence of albumin and casts 

* Received for publication August 11, 1917. 
*Emetia is the alkaloid of ipecacuanha, according to Duckworth. It is 

probably impure emetine. 
1622424 49 
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in the urine, four dogs were given hypodermic injections of a 1 

per cent solution of emetine hydrochloride crystals (Paul-Merech). 

Baermann and Heinemann(1) consider that about 4 milligrams 

per kilogram of body weight are the maximal intravenous dose 

for man. We gave our dogs 1 milligram per kilogram of body 

weight. This dose corresponds to 65 milligrams or 1 grain for 

an adult weighing 65 kilograms; it is, according to Vedder(7) 

and others, usually sufficient to destroy the amcebe in the in- 

testine of a dysenteric patient. The injection was repeated once 

daily until the animals died. 

Emetine caused vomiting, a rise of temperature, and hemor- 

rhagic diarrhea. One dog survived six injections; two dogs, 

seven; and one dog, eleven. Post-mortem examination revealed 

congestion of the internal organs, skin, and subcutaneous tissue; 

hemorrhages in the intestine; and in two dogs, ecchymoses at 

the sites of injection. Table I gives the results of daily exam- 

inations of the urine of four emetinized dogs. 

The examination of the urine, as shown in the table, does not 

give conclusive evidence that emetine has induced inflammation 

of the kidneys. The appearance of albumin in the urine of dog 

1 on the second day of emetine injection and in the urine of 

dog 3 on the fifth injection cannot be due to inflammatory 

changes; otherwise it should have appeared on the succeeding 

days and its quantity should have been increased by the subse- 

quent injections of emetine. We cannot explain the significance ~ 

of the short hyaline casts that appeared in the urine of dogs 

1, 2, and 3. We also observed them in the urine of three saline 

controls. However, the fact that their appearance was not ac- 

companied by albumin except in one instance (that is, on the 

fifth injection in dog 3) diminishes their importance as a sign 

of inflammatory lesion of the kidneys. This is confirmed by the 

examination of the sections of the kidneys. When examined 

histologically, the kidneys of dog 1 showed very slight acute pa- 

renchymatous degeneration; the kidneys of dog 2 showed con- 

gestion and its results, hemorrhages between the layers of the 

capsules, and slight if any degeneration of the tubular epithe- 

lium; the kidneys of dog 3, congestion and slight degeneration of 

the tubular epithelium only; and the kidneys of dog 4, very 

little recognizable pathological change on account of extensive 

post-mortem alteration. The absence of inflammation that 

emetine readily induces in the eye, respiratory passages, ali- 

mentary canal, and subcutaneous tissue indicates that it is not 

eliminated by the kidneys, or if it is, that it passes through them - 

in very high dilution. 
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TABLE I1.—Ewamination of the urines of four emetinized dogs. 

cp cies Dog Urine A 6 
Day of injection. No in 24 Albumin. |Casts on 1slide. Remarks. 

hours 

c.cm. 

1 1 PUTA Ae oH oa The amount of urine is ap- 
proximate. Theurinewas 

| voided outside of the cage. | 

r | 2 390 | Negative ____- None = seca The amount of urine is ap- | 

First ---.-----.-- I ; proximate. About 150cu- | 

bic centimeters were void- | 

| | ed outside of the cage. 

| ily ts eae dome aa Aa do ths | 
| Ax) | a2 doveeeienna Pe =doe ieee i 

PANO) |) SBS ee dowecee = The amount of urine is ap- 

| proximate. About 30 cu- 

| bic centimeters were void- | 

Second ___-_-_--- ed outside of the cage. 

2 175 | Negative _____|----- (0 LoVe eae 

3 BYAH ona Opes were oversea yas= S 

4 TBI) 10) eee eee dor. 2s | 

1 Gy eee Gosse sete soot GO.ete5cee5 | 

ee ee es, | Pll CE opiates se hak dors | 
3 160) | 2ee= domo ae. | dope ees 

4 6b) sean (3 Cape eh oye sonse | 

1 QR ASRS Bae es 2 

v 2 872 | Negative -_-_--- None 2222.2 

Fourth)----22—- = 3 100) 2a dots ast 4 short hya- | 

Min@s see 2- 

4 BOhieesa doysoes sae INONneG eee sea =— 

1 290 | Abundant -24|ee=-2 dots =t2 5s Albumin probably camefrom | 

the bloody stools found in | 

the cage. } 

ifthy: 222s oe eee 2 160 | Negative _____|----- dosases=- 5 

3 On piraceseunesa=4 Several short | 

hyaline -___- S | 

4 610) esas dope aes None --_------ Albumin probably camefrom | 

“the bloody stools found in 

the cage. 

1 90 | Negative _.___|----- dow saseos 

2 VAS ease doth eee losses domesses | 

Sixth s-ceoeeee 8 TG) ees do _-_=.---| 2 short hya- | 

lines2-52-- 3 | 

4 0) | eee Gon tasecoe None ___---...| The last injection was given | 

this day. The dog was | 

founddeadon thenextday. | 

1 I) eae doyassee = 2 lshort hya- | 

Seventh __.______ line__--_---- Do. | 
PAW PANY Vee (0 Vo) shrine INOne meee es P | 

3 130 | Secon rem oleae Ne Sate | Urine was mixed with bloody | 

, | stools. Thedogwasfound | 

dead. | 

‘Wighth —2---2---- 2 63 | Negative ____- lshort hya- | 

linesteee--. 

Ninth ieee 2 IPAS ese doe: Several short 

hyaline ____- 

Tenth\=-2s2258=45 2 20H eeoee oy ee ae | ees dost s. | 

Eleventh .______- 2 CF sa epee See Pees et Urine was mixed with bloody | 

stools. The dog was found | 

dead on the next day. | 
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Six dogs were used as controls; two received hypodermic in- 

jection of 6.7 milligrams of uranium nitrate per kilogram of. 

body weight for two days in succession, and the remaining four 

received daily injections of sterile saline solution.. The saline 

controls were autopsied after they had received the same number 

of injections as the emetinized animals. Saline solution did 

not produce hemorrhages at the places of injection nor abnormal 

changes in the urine and the kidneys, except the appearance of 

the short hyaline casts that were noted in the urine of three 
dogs already referred to. Their appearance cannot be ascribed 

to the injection of saline solution, because they were observed 

to appear periodically in the urine of these dogs even before the 

injections. Uranium nitrate caused the appearance of albumin, 

desquamated renal cells, granular casts, and finally anuria. 

When autopsied seven days after the first injection of uranium 

nitrate, one dog showed hemorrhage at the point of injection, 

anasarca, and acute tubular nephritis, while the other showed 

acute diffuse nephritis involving especially the tubules. 

CONCLUSIONS 

Our results show that emetine hydrochloride gave rise to con- 

gestion and slight parenchymatous degeneration of the kidneys. 

While in one dog the drug produced hemorrhages at the sites 

of injection and between the layers of the renal capsule, and at 

the site of injection in another dog, in no case did its irritant 

action extend to the parenchyma of the kidneys, although we 

administered it in a quantity that, when injected daily, even- 

tually caused the death of the animals. 

We wish to thank Professor B. C. Crowell, of the department 

of pathology and bacteriology, University of the Philippines, for 

examining the sections of the kidneys. 
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REVIEWS 

The Diagnostics | and | Treatment of Tropical | Diseases | by | -E. R. Stitt, A. 
B., Ph. G., M. D. | [10 lines] | second editon | revised and enlarged 

| with 117 illustrations | Philadelphia | P. Blakiston’s Son & Co. | 1012 

Walnut street | Copyright, 1917. Pp. i-xiii+1-534. Cloth, $2 net. 

The second edition of Stitt’s Diagnostics and Treatment 

of Tropical Diseases has been brought well up-to-date by the 

addition of chapters on typhus fever and Rocky Mountain 

spotted fever in Part I, of one chapter dealing with special 

diagnostic problems in the tropics, and of another discussing the 

diagnostic value of clinical manifestations of diseases in the 

skin and organs of special sense. The work as a whole is to 
be commended as a clear and concise description of diseases in- 

cident to the tropics. 

deers 

Diseases | of the | Stomach, Intestines, | and | Pancreas | by | Robert Coleman 

Kemp, M. D. | [9 lines] | third edition, revised, with 438 illustrations 

| Philadelphia and London | W. B. Saunders Company | 1917 | Pp. 

1-1096. Cloth, $7 net; half morocco, $8.50 net. 

From the preface to the third edition: In view of the great 

value of the x-ray as an aid to diagnosis in the gastrointestinal 

tract, a special section has been devoted in this new edition to 

the radiography of gastric ulcer, gastric cancer, duodenal: ulcer 

and gall-bladder disease and in addition, there are a large number’ 

of radiographs of other conditions. 

Many physicians have neither time nor opportunity to devote 

to a practical clinical course, and next in value to this for the 

purpose of instruction is the employment of photography to 

demonstrate the methods of diagnosis and treatment. Of this, 

advantage has been taken. 
As visceral displacements have recently assumed an important 

position, their symptoms, diagnosis, and treatment, notably by 

mechanical methods, are specially described. Typhoid fever is 

included in this volume on account of its intestinal complications 

and for the purpose of differential diagnosis. 

A chapter is devoted to Diverticulitis, which has become an 

important subject. 

‘The endeavor has been made to indicate as clearly as possi- 

ble the conditions that call for surgical procedure. 

53 
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Asthma | presenting an exposition | of | the nonpassive expiration theory 

| by Orville Harry Brown, A. B., M. D., Ph. D. | formerly assistant 
professor of medicine, St. Louis University | with a foreword by | 
George Dock, Se. D., M. D. | professor of medicine, Washington 

University Medical School, St. Louis | Thirty-six engravings | St. Louis 

| C. V. Mosby Company | 1917 | Cloth, pp. 1-330. 

The author presents in this volume an extremely comprehen- 

sive study of “Asthma.” His theory of the condition, the “Non- - 

passive Expiration Theory,” is well conceived and is clearly 

stated and certainly should excite further study and research. 

The book is based on nine years’ study of asthma, and the theory, 

for which the author claims “that preasthmatic states can be 

recognized thereby and successfully combated,”’ certainly de- 

serves careful consideration by practitioners. Not the least 

pleasing feature of the work is the author’s style. The work is 

heartily commended -to the student and especially to the general 

practitioner, who as a rule needs something of this character to 

rouse him. 

Doctor Brown does not play up his own theory to the exclu- 

sion of others, but gives a historical view of the subject and 

discusses very numerous ancient and modern theories of asthma 

as well as the many remedies and treatments. The latter seem 

to be about as numerous and varied as the theories. Almost 

everything from electric-light baths to diphtheria antitoxin and 
from resection of the fifth and sixth ribs to doses of pulverized 
human skull in water seems to have been used in attempts to 
relieve asthmatics. 

The bibliographies at the ends of chapters are very full. For 

‘example, there are 470 citations following the chapter on his- 

torical observations and theories, 213 following the chapter on 

treatment, and 70 following clinical history, physical signs, and 

symptoms. The general index is a useful addition. The index 

to authors contains 724 names and many more entries. 

-The book is illustrated with a variety of engravings. Some 

are reproduced from kymograph records and from drawings; 

others are half tones from Roentgenograms. The book shows 

care and good taste in the printing, and the text paper is 

without gloss. . 
J. A. J. and R. C.. McG. 

Traumatic Surgery | by | John J. Moorhead, B. S., M. D., F. A. C. S. | [4 

lines] | with 522 original | illustrations | Philadelphia and London |! 

W. B. Saunders Company | 1917 | Pp. 1-760. Cloth $6.50 net; half 
morocco, $8 net. 

- From the preface: This book is written with the main idea 



XII, B, 1 Reviews 55 

of placing in one volume the information necessary to diagnose 

and treat all the usual and most of the unusual effects of ac- 
cident and injury. 

The profession at large has become reawakened to the prob- 

lems of accident surgery, and, incidentally, has come into a 

new relationship with the injured because of the operation of 

compensation and allied laws; likewise, the victims of accident, 

and civic, judicial, legal, and other agencies are exacting from 

the physician a higher grade of care and placing on him an 

added burden of responsibility. 

The text also aims to state the measures which the writer has 

found most practical in his own experience, and an effort has 

been made to unify and standardize the treatment of such com- 

mon injuries as wounds, infections, burns, and the usual frac- 

tures. It will be noted that stress is placed on the routine use 

of but few antiseptics, the drainage of all wounds, the imme- 

diate and complete reduction of fractures, and non-reliance upon 

complicated splints or those that hide the part or are irremovable. 

The writer believes that open air and sunshine is the best 

treatment for any infected wound in any location from any 

source, because purulent secretion is soon checked, there are 

no pus-soaked or wound adhering dressings (literally pus poul- 

tices), and the comfort of the patient is measurably increased 

and healthy granulations and minimum scarring occur promptly. 

For many years now this plan has been employed, and the writer 

is convinced that its efficacy is best proved by the statement that 

skin-grafting has not been necessary since this form of aérother- 

apy and heliotherapy has become routine in his practice. 

Handbook of Gynecology | for Students and Practitioners | by | Henry Foster ~ 

Lewis, A. B., M. D. | [5 lines] | and | Alfred de Roulet, B. Sc., M. S., 
M. D. | [3 lines] | With one hundred and seventy-seven | illustrations _ 
| St. Louis | C. V. Mosby Company | 1917 | Cloth, pp. 1-452. 

Experimental | Pharmacology | by Dennis E. Jackson, | Ph. D., M. D. | 
associate professor of pharmacology, Washington University | Medicai 

School, St. Louis | With three hundred ninety original illustra- | tions 

including twenty-four full-page | color plates | St. Louis | C. V. Mosby 

Company | 1917 | Cloth, pp. 1-536. 

Darwin was so repulsed by the study of geology because of 

the poor presentation of the subject that he resolved never again 

to have anything to do with it. Fortunately he revised his 

decision. One of the reviewer’s pet theories is that the first 

presentation of a subject is the most important for the student. 

If this theory is sound, the laboratory manual holds a responsi- 
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ble position. Doctor Jackson’s Experimental Pharmacology 

should make friends among both instructors and students. It 

will take a load of detail from the shoulders of the busy instructor 

by means of the extended and careful descriptions of methods 

and apparatus. 

A feature that is sure to appeal to the student is the very 

generous use of line drawings to illustrate even the simplest 

instruments and apparatus. For example, the tracheal can- 

nula is illustated by three drawings, showing small, medium, and 

large-sized cannulas. Such simple and well-known laboratory 

equipment as the beaker, the evaporating dish, the battery jar, 

the scalpel, and the medicine dropper are illustrated. Four 

figures are given to show various sizes and styles of forceps. 

Each illustrated set-up, either simple or elaborate, is fully sup- 

plied with legends in large clear type. Parts of the more 

complicated apparatus in many cases are depicted in additional 

drawings. Colored plates are used to show innervation and blood 

vessels of various animals. Numerous reproductions of kymo- 

graph tracings show the student the kind of records that it 

is possible to secure. The text that goes with all of these 

illustrations is worthy of them. In simple, straightforward 

language the author tells what to do, something of what is to 

be looked for, and by frequent questions stimulates interest in 

the subject. The author writes with a frank, friendly style 

that is certain to win the confidence of the average student. See 

the following from A Note to the Student (p. 31): 

The student will often find it necessary to carry out his work with ap- 

paratus entirely different from that described in the text ard often perhaps 

with an equipment which is exceedingly unsatisfactory. He should by no 

means be discouraged thereby, for much of the most valuable experimental 

work of all history has been performed with crude and unwieldy apparatus, 

- and often under most discouraging circumstances. To accomplish much 

with little is a sure sign of ability and the medical student who approaches 

the subject of experimental pharmacology at the present time will find 

numerous opportunities to demonstrate his aptitude in this direction. 

Part one of this book begins with a Preliminary Exercise in 

which the organization of the class into working groups and the 

assignment of tables and apparatus are outlined, followed by 

168 experiments. 

The general anesthetics, being of fundamental importance for the pro- 

gress of the course, are taken up first. Fol’owing this is a group of drugs 

chiefly characterized by their action on the central nervous system. After 

these come a series of substances possessing specific actions on some one or 

more parts of the involuntary nervous system. These are followed by 

drugs which act mainly on the circulatory system, then follow the antipy- 
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retics, a few miscellaneous drugs, and finally a few ceDeEimente on acids, 
alkalies, and some of the heavy metals. 

The second part of the book contains two chapters, one on shop work 

and one on photography. These are chiefly of interest to the instructor, 

and it is advised that these be read in connection with the general prepa- 

ration of apparatus, equipment, etc., for the course in pharmacology. 

[p. 25.] 

A list of dealers in apparatus, tools, supplies, equipment, etc., 

and an index complete the volume. 

The book is printed from large, clear type, and the experiment 

captions are distinguished by the use of heavy-faced type. The 

binding is such that the book remains open at any desired page 

without the necessity of breaking its back or using weights. 

| R. C. McG. 

Commonwealth of Australia. | Quarantine Service. | Service Publication 
No. 3. | The History of Small-pox in Australia, 1788-1908 | Compiled 
from various sources by | J. H. L. Cumpston, M. D., D. P. H., Di- 

rector of Quarantine for the | Commonwealth of Australia. | Issued 
under the authority of the | Hon. the Minister for Trade and Cus- 

toms | 1914. | By authority: | Albert J. Mullett, Government Printer, 
Melbourne. | Paper, pp. 1-182. : 

Australia has indeed been fortunate in that all available data 

with regard to the visitations of smallpox’ over the entire con- 

-tinent and during more than a century can be presented with 

such a wealth of detail within the limits of one small volume 

_and that the entire toll of life has been only a little over 500. 

Its good fortune is the more notable in that its relative freedom 

from the disease is not due to vaccination, the number of vac- 

cinations officially recorded being only a little over 30 per cent 

of the births. 

Vaccination acts were passed in South Australia in 1853, in 

Victoria and Tasmania in 1854, and in Western Australia in 

1861, requiring the vaccination of infants within six or twelve 

months of birth. During most of the decade from 1890 to 1899 

the Tasmania Act is stated to have been a dead letter, no funds 

having been provided for its enforcement in certain years, 

while in Western Australia it appears that the Act was never 

thoroughly enforced, and an amendment for the relief of con- 

scientious objectors was added in 1911. South Australia had 
already taken similar action in 1901. It appears that compul- 

sory vaccination has never been required in New South Wales 

and Queensland, though public vaccinators were appointed, and 

a Vaccine Institute was long maintained at Sydney. The main 
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source of lymph supply since 1883 has been the Vaccine Depot at. . 

Melbourne, Victoria. 

The most serious single epidemic was that that occurred at 

Sydney from May, 1881, to February, 1882, with a record of 

154 cases, 40 of which were fatal. The expenses to the state 

incident to this epidemic were in excess of 400,000 dollars. 

Thororgh compulsory vaccination would have cut it short by sev- 
eral months, saved lives and suffering, and nine tenths of the 

expense. 
A most interesting epidemiologic problem is presented, but 

not solved, in the work. Why, with probably more than half the 

population of Australia unprotected by vaccination, and a large 

proportion of the remainder only partially protected-by a single 

vaccination in infancy, have the epidemics of smallpox been so 

easily controlled. Doctor Cumpston advances the hypothesis 

that “the controlling factor under Australian conditions has 

been the absence of sufficient aggregation of population to 

permit of the spread of the disease so rapidly as to become 

beyond control.” Very good as far as it goes, but not very 

convincing when applied to populous capitals such as Mel- 

bourne and Sydney. 

J. D. LONG. 
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PROCEEDINGS OF THE MANILA MEDICAL SOCIETY | 

REGULAR MONTHLY MEETING, NOVEMBER 5, 1917 

The regular monthly meeting of the Manila Medical Society 

was held in the College of Medicine and Surgery on the evening 

of November 5, 1917, at 8.30, President Ruth presiding. There 

were 19 members and 2 visitors present. 

The minutes of the last meeting were read and approved as 

read. 

The application for active membership of Major J. H. H. 

Scudder, M. C., U. S. Army, which had been favorably considered 

by the council, was presented to the society for ratification. The 

society ratified the recommendation of the council, and the 

secretary was instructed to notify Major Scudder of his ac- 

ceptance to active membership. 
H. G. MAUL, 

Secretary-Treasurer. 

SCIENTIFIC PROGRAM 

ABSCESS OF THE BRAIN IN A CHILD 

By Dr. Maria MENDOZA-GUAZON 

The brain of a male child, age 1.5 years, with an abscess in 
the central part of the left occipital lobe due to a staphylococcus 

infection, was shown. A _ well-developed pyogenic membrane 

was present. 

SPECIMENS OF INTESTINAL LESIONS 

By Dr. B. C. CROWELL 

Forty-six preserved intestinal specimens illustrating the le- 

sions of typhoid fever and of ameebic and bacillary dysenteries 

were presented. These were suspended from a screen with 

“bulldog” paper clips for exhibition. Eighteen specimens showed 

the types of lesions encountered in typhoid fever, over half 
with ulceration of the colon (eight cases to a pronounced 

degree) ; the frequent location of lesions near the ileoczecal valve 
and the involvement of the appendix were noted. Seventeen 

specimens from cases of entamoebic dysentery were exhibited; 

two of these had superimposed lesions of bacillary dysentery. 
Duodenal ulcer was observed in two cases and gastric ulcer in 

59 
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two other instances in this series. Eleven specimens were 

shown illustrating bacillary colitis, one case among these with 

superimposed cholera, a second with ameebic colitis, and a third 

with typhoid lesions. 

INFECTIONS WITH COCCIDIUM AND ISOSPORA IN ANIMALS IN 
THE PHILIPPINE ISLANDS AND THEIR POSSIBLE 

CLINICAL SIGNIFICANCE 

By Pror. FRANK G. HAUGHWOUT 

In the light of the recent discovery in Manila of several species 

of coccidia, the attention of the society was directed to the 
possibility of the infection of. human beings by these parasites 

of the lower animals. Several instances were cited where pro- 

tozoan parasites of lower animals had been found infesting man, 

and attention was called to recent human infections with Coccv- 
dium and Isospora in the war zone. The paper was illustrated 

by microscopical demonstrations showing stages in the life eycle 

of both Coccidium and Isospora, the pathological changes pro- 

duced by them, and comparative material illustrating the ease 

with which eggs of helminths may be mistaken for the cysts 

of coccidia and vice versa: 

PHILIPPINE CONTACT POISONS 

By Pror. E. D. MERRILL 

There was a general discussion of contact poisons, not only 

those found in the Philippines, but those occurring in other 

countries. The talk was illustrated-by the exhibition of her- 

barium specimens. The matter of those plants causing injuries 

by purely mechanical means was briefly mentioned, spines, 

bristles, etc.; the general characters of the nettle type of sting- 

ing hairs was discussed, with the structure of the hairs and 

their irritating contents. The fact was emphasized that all 

poisons of the contact type that cause violent skin eruptions, 

comparable to the Rhus or poison oak poisoning, were all from 

representatives of a single natural family, Anacardiacez, or 

mango family; including Rhus, Semecarpus (lacquer poisoning), 

Mangifera (mango), and Gluta (rengas). The poisonous prin- 

ciple in these plants is a nonvolatile, very permanent oil, highly 

irritating in character. Treatment indicated is washing the 

infected parts with alcohol or by treatment with lead acetate, 

the former acting as a solvent, the latter forming an insoluble 

compound with the toxicodendrol; vaseline and salves should 

never be used, as they merely spread the irritating oil. In 

conclusion, the stinging crystals or rhaphides of oxalate of lime, 
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as found in representatives of the Aracez (gabi family), and 

certain palms were discussed; these cause intense irritation 

when brought in contact with the mucous membranes. 

UNUSUAL LOCATION OF VACCINATION TAKE 
(DEMONSTRATION) 

By Dr. O. ScHOBL 

An accidental vaccination on the hand resulted from a cut 

due to the breaking of an ampule containing vaccine, even though 

the wound was cleansed with 2 per cent lysol solution. Pho- 

tographs taken at intervals of three days were presented to show 

the development and healing of the take, which was fully de- 

veloped on the ninth day. A secondary take followed. The 
case is of particular interest because the patient had smallpox 

thirty-five years ago and because of repeated nonsuccessful vac- 

cinations since that time. 

R. B. GIBSON, 
Editor of the Proceedings. 
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BONE AND JOINT LESIONS OF YAWS WITH X-RAY FINDINGS 

IN TWENTY CASES? 

By HERMAN G. MAUL” 

(From the Laboratory and X-Ray Department, Department Hospital, 

‘ Manila) 

SEVEN PLATES 

While attending the clinical course of instruction of the grad- 

uate school of tropical medicine and public health of the College 

of Medicine and Surgery, University of the Philippines, during 

the 1916 session, my attention was directed to the study of the 

painful bone and joint involvements occurring in some cases of 

yaws. This complaint prevailed among a great number of pa- 

tients that were subsequently seen in the barrios of Las Pinas 

and Paranaque. 

Through the courtesies of Doctors Luis Guerrero, Domingo, 

and Argiielles arrangements were perfected by which a group 

of one hundred cases of yaws was collected for study. 

My work was confined to the cases suffering from bone or 

joint lesions. Any one who has attempted such a work among 

Filipinos realizes that there are certain limitations in obtaining 

reliable information that might materially affect one’s conclu- 

sions. The first month of the work was spent in gaining the 

confidence of the patients by frequent visits to their homes, by 

furnishing free medicine, and by assuring them of no incon- 

venience and of a cure of the disease. 

The diagnoses of these cases were made by the histories, by 

the clinical symptoms and manifestations, and by the demon- 

stration of Treponema pertenue under the dark-field microscope 

* Read, by permission of the Chief Surgeon, Philippine Department, before 

the Manila Medical Society, Manila, and authority granted for publication 

in this Journal August 6, 1917. 

* First lieutenant, Medical Corps, United States Army. 
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in the cases where an open lesion was present, and by a careful 

history of those without open lesions, so as to remove any doubt 

as to the diagnosis. 

Twenty per cent of the cases of this group of patients, as 

they presented themselves for treatment, suffered from bone 

or joint lesions. These patients were persuaded to come to 

the Department Hospital, Manila, for X-ray pictures and treat- 

ment. A rontgenological survey of all the bones of the body 

was made of each case, regardless of whether or not the patient 

complained of pain in the part X-rayed. Subsequent X-ray pic- 

tures were made, in order to follow the progress of the lesions 

under treatment. 

In the majority of cases the lesions show as rarefied areas, 

irregularly oval or elliptical in shape with the long axis parallel 

to that of the bone in which the lesions are located. The size 

varies from the smallest discernible area to one that is two 

or three centimeters in length. The rarefication presents mod- 

erately well-defined borders separating it from the unaffected 

bone and varies in translucency from the slightest differentia- 

tion of unnatural transparency to one simulating a perforation. 

Most of the lesions appear to originate in the interior of the 

bone, while a number can be seen as small excavations on its 

outer surface. When the lesion is on the surface of the bone, 

the periosteum is usually destroyed, but occasionally the cortex 

shows thickening, and the periosteum is separated from the bone. 

In two cases of this series there is a general thinning of the 

cortex of the bone and a loss of the cancellous-tissue appearance. 

About two per cent of the cases show a nodular type of lesion, 

evidenced by swelling over the surface of the bone, with a lo- 

calized thickening of the cortex, which sooner or later in the 

course of the disease shows rarefication in its center. 

In the chronic lesions marked irregularity of the bony out- 

line is evident, and the picture characteristic of the earlier 

lesions is more or less lost. The bone as a whole becomes 

deformed, and the growth of the bone is interfered with both 

in length and breadth. This dwarflike picture is most fre- 

quently noticed in the cases showing the lesions in the epiphyses. 

Within the joints the destruction is most frequently seen on the 

parts of the articular surfaces most exposed to trauma, as oval 

or irregularly shaped excavations, making the outline of the 

articular surface rough and uneven. It is concluded from 

this series of cases that the joint pains complained of are due 

in most part to the presence of the lesions on the articular 

surfaces. 
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With the exception of the 2 per cent of cases showing as 

a swelling over the surface of the bone, the X-ray picture is 
different from the bone lesion of syphilis, in that: (1) The 

periosteal proliferation is absent, and (2) the thickening of the 

cortex of the bone is absent. Also, in the 2 per cent of cases 

where thickening of the cortex is present, the thickening remains 
localized, does not tend to extend along the whole length of the 

bone, and sooner or later shows rarefication in the center of 

the lesion. 

The bone lesion of yaws may simulate (1) tuberculous or 

septic central abscess, (2) gumma, (3) hydatic cyst, (4) benign 

cyst, (5) fibrous osteitis, (6) enchondroma, (7) endothelioma, 

(8) secondary carcinoma, (9) myeloma, and (10) sarcoma. The 
differential diagnosis can be made only by combining the radio- 

graphic appearances with all clinical data, including the history, 

physical signs, and evidence of disease or tumor in other parts 

of the body. 

Summarizing the findings in Table I, it is seen that in 20 

cases of bone lesions in yaws: 

1. The shaft of the bone is the most frequent location of the lesion and 

shows involvement in 80 per cent of the cases. 

2. The epiphyses or articular surfaces are involved in 20 per cent of the 

cases. 
8. The tibia is the bone most frequently involved (40 per cent of this series). 

4. The order of frequency of occurrence of the lesions in the other bones 
is as follows: 

(a) Tarsal bones, 40 per cent (75 per cent of these lesions occur 

in the os calcis). 

(b) Fibula, 35 per cent. 

(c) Phalanges of feet and hands, each 30 per cent. 

(d) Metatarsal bones, metacarpal bones, and radius, each 20 per 

cent.. 

(e) Patella and humerus, each 15 per cent. 

(f) Femur and ulna, each 10 per cent. 

(g) Carpal bones, ribs, sternum, and pelvic bones, each 5 per cent. 

(h) In the bones not mentioned no lesions were found. 

5. There is no constant relation of the location of the external lesion to the 

bone lesion. 

6. The order of frequency of occurrence of the lesions in the joints is as 

follows: Knee, finger, ankle, and elbow. 

7. The lesions are multiple in 75 per cent of the cases, the greatest number 

being one hundred thirteen. 

8. The time between the appearance of the primary lesion and bone lesions 

varies from six months to nine years, with an average of two and 

eight-tenths years. In this series 45 per cent of the cases showed bone 

lesions one year; 15 per cent, two years; 5 per cent, three years; 10 

per cent, four years; 5 per cent, five years; 15 per cent, six years; 

and 5 per cent, nine years after the appearance of the mother yaw. 
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Fifty per cent of the cases of this series were under 15 years 

of age; 75 per cent, under 20 years of age; and 90 per cent, 

under 30 years of age. 

In the observations made by McCarthy,(17) in 1906, on the 

prevalence of tertiary lesions in defined localities and among 

certain classes of people, he gives the frequency of their occur- 

rence and their description as follows: 

(1) Chronic thickening of the skin on the palmar surface of the hands 

and soles of the feet.—The fissures in cases extended only partially through 

the skin, were painless and dry, and caused no further discomfort than a 

feeling of uncomfortable roughness over the affected parts. 

In others, the cracks extended down to the muscular layer, exuding a 

sero-purulent discharge and were extremely tender on pressure. The 

sensibility of the surface of these parts is greatly diminished. 

(2) Chronic indolent ulceration of various parts of the body.—These 

ulcers varied in size from small ones to those of the size of a hand or 

larger. When not associated with periostitis, the ulcers are painless and 

heal slowly. When multiple, the general health is greatly impaired, anemia 

and emaciation set in, and chronic invalidism is caused. Ankylosis caused 

by cicatricial contraction of extensive ulceration on the flexer aspect of 

joints has been observed in several cases. 

(3) Periostitis and osteitis are other sequele frequently seen.—The shaft 

of the tibia, radius, and ulna are the usual sites of these complications. A 

swelling resembling a syphilitic node, appears over the shaft of the bones 

involving all the tissues covering it. This is at first painless. As the 

growth enlarges, the bones become thickened and the surface of the skin is 

glazed and purplish, and pain on pressure is present. The skin in time 

breaks down and troublesome ulceration results. When joints are affected, 

usually the knee, finger, and elbow-joints, with this variety of the disease, 

ankylosis results. 

Necrosis of the nasal and palate bones resembling the syphilitic affection 

of this nature, have been seen in several cases. 

(4) Cartilaginous tumors on the elbow and knee joints have been observed 

in nine cases. These tumors were painless, and caused no discomfort except 

for their size and position. They were ascribed by the sufferers to an 

antecedent attack of yaws. 

Rat, (29) Daniels,(13) and Boissiére reported cases with de- 

struction of the nose and palate and discussed the probability of 

these lesions being due to yaws. Boissiére also noted tibial in- 

volvement, joint swelling, and dactylitis. 

Castellani(9) cites the sequelee of two cases as follows: 

Case 1. Young Singhalese girl of about 14 years of age. No history of 

syphilis either congenital or contracted: five years of age suffered, together 

with all other members of the family, from yaws and was treated in a 

Government Hospital from which she was discharged cured a few months 

later. She remained in till four months ago when she noticed a slight 

indolent swelling on the right leg which increased in size and finally broke 

out leaving a rather large ulceration. Two months later when I examined 
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her, several ulcers were present in both legs, of irregular shape, thin mar- 

gins, rather deep and without much secretion; the left tibia was arching 

forward; moreover on one of the ribs an indolent gumateous-like swelling 
was present. In the secretions of the ulcers no spirochaetes were found. 

The girl has been treated with potassium iodide and the ulcers have healed 
leaving large whitish irregular scars. 

Case 2. Singhalese girl about 11 years of age. Sister of the previous 

patient. No history of syphilis; genital organs intact. Five years ago she 

suffered from yaws at the same time as her sister. She recovered and 

remained in good health until three months ago when an ulcerative process 

developed on the soft palate which at the time I examined her, had already 

destroyed the uvula. The patient presented the thickening of the metacar- 

pal bones and phalanges which had caused a certain distortion of the right 

hand. The potassium iodide treatment was begun two months ago, and 

the patient is rapidly improving, the ulcerative process of the palate being 

already arrested and healed. No spirochaetes were found in the ulcer. 

Ashburn and Craig(1) cite experiments produced by Neisser, 

Baermann, and Halberstadter (18) where three monkeys (Maca- 

cus cynomolgus) were inoculated subcutaneously with the bone 

marrow from a monkey (Macacus cynomolgus) infected with 

frambeesia, with the result that one of the three inoculated with 

bone marrow developed the disease after an incubation period 

of forty-four days. 

It is very evident that the majority of bone and joint lesions 

of yaws is the result of a general infection. The explanation 

of the peculiar selective bone manifestations in some cases may 

be similar to that of the various manifestations of syphilis due 

to variations in strains.(18, 21, 22, 23, 31) The experiments at- 

tempted by me to reproduce the bone lesions in animals have 

been so far unsuccessful. 

In the treatment of these cases the Castellani(5, 6) mixture 
was used according to directions, except that a small amount of 

‘glycerin was added to improve the taste and so get the patients 

to take the treatment consistently. 

= TABLE I.—Castellani’s mixture in the treatment of yaws. 

PLATtArZeMe tl Cys aes tes ae eee eR REMI ES. Seemann a! SEA vee ee ee grains _- 

Sodiumisalicylate tse. seen ee meee ene oe NN Noe ek ee eee es doe 

IR OtasslUmMpi0d 0G seamen ee eee ee we Reine Bee re. tee oe ee drachm -_-_ 

Sodiumpbicarbonatetesssenaseue saunas Alo AL SUS eth jee eee oN grains 

VMS CLS) oles ee Sete te eS 2,5 le ounce 

Salvarsan was used in three of the cases, two of which received 

0.4 gram, while the third received 0.2 gram, given intravenously. 

In the observation of these cases, over a period of five months, 



70 The Philippine Journal of Science 1918 

the effect of the treatment on the regeneration of the bone:at 

the sites of the bone lesions was studied by radiographs taken 

at monthly intervals as nearly as was practicable. In every case 

the clinical and subjective symptoms disappeared long before the 

radiographs showed the bone lesions to have disappeared. 

The histories of the most important cases are as follows: 

CASE 1 

B. U., Filipino, 8 years old. The primary lesion was on the 

right leg, while the patient was still a nursing baby. The sec- 

ondary lesions appeared soon afterward and were most mani- 

fest on the hands and about the mouth. The secondary lesions 

gradually disappeared without treatment, but the mother yaw 

remained for over a year. Five years later the proxima! pha- 

lanx of the index finger of the right hand became swollen and 

enlarged. Soon the adjacent fingers became similarly involved, 

but the patient stated that the fingers were not painful. On 

February 10, 1917, the X-ray pictures showed a total of nineteen 

bone lesions including those on the articular surfaces. The Cas- 

tellani treatment was given in one-half the adult dose, but the 

patient soon complained of gastric disturbance and headache. 

The amount was then reduced to one-fourth the adult dose. 

After five months the bone lesions showed definite improvement, 

and considerable regeneration of the bones had taken place. 

CASE 2 

M. S., Filipina, 10 years old. The primary lesion was on the 

left leg in 1915. The secondary eruption, which appeared six 

weeks later, gradually disappeared after the third month with- 

out treatment. In August, 1916, she complained of pain in the 

left leg, which condition persisted until she was seen in Feb- 

ruary, 1917. The X-ray pictures at this time showed one lesion 

in the lower part of the tibia and four in the os calcis. Further 

observation of this case was not possible. 

CASE 3 

P. G., Filipina, 15 years old. The primary lesion appeared 

on the left leg in October, 1911. This lesion improved without 

treatment, but did not completely heal. The secondary eruption 

appeared three weeks later and was most marked upon the feet. 

Other lesions were scattered about the face, anus, and vulva. 

After one and one-half years the eruption had disappeared ex- 

cept from the lower extremities. It was elicited that severe 

rheumatoid pains involving all the joints developed about six 

months after the appearance of the primary lesion and persisted 



XIII, B, 2 Maul: Bone and Joint Lesions of Yaws il 

during the next four years. During this period of her illness 

the soft tissues of the middle finger of her left hand became 

contracted and the finger could not be extended, the external 

lesions had become large ulcers, and the bone and joints of 

both extremities were so painful that she suffered constantly. 

In 1915 she was admitted to a hospital in Manila in a helpless 

condition. During the two years she remained there the con- 

dition was but little relieved, and upon returning to her home 

she became entirely helpless from the pain she suffered. The 

ulcerations were deep and painful and emitted a foul odor of 

decomposition. 

When the patient was seen in February, 1917, she weighed 

22.68 kilograms (50 pounds) and was 1.1 meters (38.5 feet) in 

height. There were large areas of scar tissue and of ulceration 

involving the greater part of the lower extremities. She was 

badly emaciated and anzmic and cried continuously when she 

attempted to walk or move about. An X-ray survey of all the 

bones of her body was made and a total of 52 bone lesions, 

including those on the articular surfaces, was found. She was 

given the Castellani treatment in full doses three times a day, 

one-half hour before meals. She continued to take the treat- 

ment regularly for the next two months, but still suffered from 

the bone and joint pains. The X-ray pictures taken at this 

time showed very slight improvement of the bone and joint 

lesions. She was then given 0.4 gram of salvarsan intravenously- 

The relief of the symptoms was as marvelous as in the cases 

cited by Strong in his work on cutaneous yaws, (33) in 1910, and 

the change in the bone and joint lesions became manifest ra- 

diographically within a month’s time. No more salvarsan was 

given, but the Castellani treatment was continued until July 1, 

1917, when the X-ray pictures showed almost complete regenera- 

tion of the bone where the lesions had been. At first the lesions 

showed a lessened degree of translucency, then a diminution 

in size, and later a return of the cancellous-tissue appearance. 

During the treatment she had persistent thirst, some saliva- 

tion, and nasal catarrh, but no gastric disturbances. 

CASE 4 

D. S., Filipino, 7 years old. The primary lesion was on the 

neck, in June, 1915. One month later the mother yaw began 

to disappear, and a general secondary eruption followed after 

a short febrile period. As the secondary eruption disappeared, 

rheumatoid pains appeared in several of the joints. 

When the case was first seen on February 10, 1917, the right 
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arm was flexed at the elbow and made useless by a contracture 

on the anterior surface of the joint. This contracture had per- 

sisted for the past year. At this time the Castellani treatment 

was started in one-half the adult dose, and by the end of the 

second week the contracture had disappeared, but the painful 

bone lesions persisted for some time. Rontgenograms after full 

five months’ treatment showed a marked improvement of the 

lesions, but regeneration was not complete. While taking the 

treatment, the patient vomited on several occasions, showed 

marked depression on the fifth day, becames salivated, and had 

severe catarrhal symptoms. 

CASE 5 

A. G., Filipino, 26 years old. The primary lesion appeared 

in August, 1914. This lesion persisted about one month. One 

month later the secondary eruption appeared about the axilla, 

elbows, mouth, anus, and prepuce, and these lesions disappeared 

without treatment, but soon afterward contractures of the ex- 

tremities and severe rheumatoid pains in the feet developed. 

These conditions existed for about two years, and at the time 

I first saw him, he was able to get around and do light work. 

The X-ray pictures showed bone lesions in the left os calcis, on 

the articular surface of the upper extremity of the left tibia, 

and on the phalanges of the hands. The patient was started on 

the Castellani treatment February 10, 1917, and by February 25 

marked improvement was evident. To hasten the recovery of 

the case, 0.2 gram of salvarsan was given intravenously, but 

the case did not return subsequently and could not be followed. 

CASE 6 

A. S., Filipino, 60 years old. The primary lesion appeared 

on the right leg on June 5, 1915. Two months later he de- 

veloped the secondary eruption and a varicose condition of the 

veins of the middle finger of the right hand. The finger became 

twice its normal size and was spindle-shaped, boggy, and worm- 

like to the touch, but was not painful. (It is questionable if 

this condition had any relation to the yaws.) He complained 

of pain in the tibia and femur, which had existed for one year 

at the time he was first seen on February 10, 1917. The ront- 

genograms showed a total of ten lesions. Those of the phalanges 

of the hands showed a marked narrowing of the cortex of the 

bones, while the one on the upper end of the tibia was on the 

surface of the bone and was excavated in character. He was 

given the Castellani treatment, which he took regularly, and 
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although he stated that his pains had left him, the lesions were 

still evident by the X-ray after five months’ treatment. 

CASE 7 

C. R., Filipino, 28 years old. The primary lesion was on the 

right knee in September, 1911. Two months later the secondary 

eruption appeared, after which there were violent rheumatoid 

pains in the phalanges on the feet and hands. One year after 
the initial lesion the distal phalanges were swollen and knoblike. 

On February 10, 1917, the X-ray showed rarefication of the 

terminal phalanges of the toes and thinning of the cortex of 

the phalanges of the hands. He was given the Castellani treat- 

ment, but he disliked the medicine, and the case could not be 

followed. 
CASE 8 

F. P. (As this case is one from which the description of the 

bone lesion has been made, a more detailed history will be given 

as prepared through the kindness of Doctor Domingo, senior 

house physician at the Philippine General Hospital.) General 

data: Filipina, 27 years old. Married, housewife by occupa- 

tion. Born in Paranaque, Rizal, and has lived there ever since. 

She came to the Philippine General Hospital during the latter 

part of January, 1917, complaining of pain in the bones and 

joints, although she also presented several sores on the face, 

scalp, and neck. Smokes five to seven cigarettes each day. 

Family history.—No history of tuberculosis or syphilis. Fa- 

ther and mother living and well. Has seven brothers, one of 

whom is in the United States, while the rest are in Paranaque. 

All are living and well, except one, who has the same external 

lesions as the patient. 

Personal history.—The patient had her first menses at the 

age of 13 and married when 15 years of age. She has had four 

children, one of whom died of swba,? one has bubas* at present, 

and the other two are well. Has not had any miscarriages. Her 

husband is living and well and has no history of venereal disease. 

The youngest child is still nursing the mother. 

Previous tllness.—None relevant to the present condition. 

Present complaint.—Primary lesion started in August, 1916, 

as a small papule on the anterior aspect of the left ankle. It 

was neither painful nor itchy. It continued to grow, and about 

January 16, 1917, when the case was seen with Doctor Guerrero 

at the Philippine General Hospital, the lesion was about 2 centi- 

* Infantile beriberi. SAWS: 
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meters in diameter, in the form of a large round ulcer with more 

or less irregular edges and elevated granulating surface, from 

which an abundance of serum could be expressed. Examination 

of this serum showed twenty or more Treponema pertenue to 

every field. One cubic centimeter of this serum was taken from 

this lesion for inoculation of animals. In the latter part of Oc- 

tober, 1916, the secondary eruption appeared on the face, scalp, 

neck, abdomen, and vulva. When the patient was admitted 

to the hospital, these lesions were nearly all circular in outline, 

although a few of the lesions on the face were more or less 

elliptical. They were raised from the surface and covered by 
a thick, hard yellowish crust. Removal of the crust left a 

raw, granulating surface. Some of the lesions of the face and 

abdomen were flattened out and deeply pigmented at the edges. 

The pains in the bones and joints started in December, 1916, 

and gradually became more and more intense, until she could 

hardly walk. The phalangeal joints of the fingers were swollen 

and painful. No other joints were swollen, but pressure on the 

bones and other joints produced intense pain. There was no 

fever nor headache. 

Rontgenograms of her hands were at this time taken by Doc- 

tors Fernandez and Argiielles, and an abundance of lesions 

was present in all the bones. The Castellani treatment was 

given to her by Doctor’ Guerrero until she left the hospital. I 

saw the case again on February 25, 1917. The external lesions 

were healed, but she still complained of pains in the bones. She 

had continued to take the Castellani treatment rather irregularly. 

She was induced to take her medicine as prescribed until March 

2, when it was learned that she refused to continue with the 

treatment. Nevertheless she readily submitted to treatment by 

salvarsan, and 0.4 gram was given intravenously on March 4. 

The X-ray pictures taken on the same day showed no changes 

from those taken in February at the hospital. There was a 

total of 113 lesions. By the end of the second week, after this 

injection, the patient was entirely relieved of pain. In April 

the X-ray picture showed a very definite regeneration of the 

bone at the sites of the lesions. By the early part of July 

only a few places could be recognized where the lesions had 

existed. 
CASE 9 

R. F., Filipino, 16 years old. The primary lesion occurred 

on the right knee in September, 1911. The secondary eruption 

appeared one month later and gradually disappeared without 

treatment. He stated that in 1914 he suffered with pains in 
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the joints involving the shoulders, elbows, hips, and knees and 

the phalangeal joints of the fingers and toes. At the time he was 

seen, February 10, 1917, he was entirely well, except that his 

right heel was painful. The X-ray pictures showed only one 
lesion in the os calcis. The case could not be followed. 

CASE 22 

R. C., Filipino, 15 years old. The primary lesion was on the 

left knee in 1905. The secondary lesions appeared a few months 

later and persisted until 1913. No treatment was given. The 

secondary lesions gradually disappeared, but the mother yaw 

did not heal. From this time the bones and joints of the lower 

extremities became painful, and by August, 1916, he was unable 

to walk. He was in this helpless condition when I saw him on 

February 25, 1917. The X-ray pictures showed a total of 18 

lesions, involving the os calcis, scaphoid, tibia, fibula, and the 

articular surfaces of the tibia and femur on the right side and 

the os calcis, tibia, fibula, and the articular surfaces of the bones 

of the knee joint on the left side. After one month’s treatment 

by the Castellani mixture he was able to walk with considerable 

ease. The case failed to come for further treatment and could 

not be followed. 

Cases 10, 11, 12, 20, 21, 23, 24, 25, 30, and 31 are of minor in- 

terest and are only referred to in Table I. 

CONCLUSIONS 

1. The majority of cases of yvaws with bone and joint in- 

volvement shows characteristic X-ray lesions. 

2. The radiograph can be used as an additional means of dif- 

ferentiating yaws from syphilis, when there is involvement of 

the bone, and as a confirmation of the evidence that the two 

diseases are distinct. 

3. The pains complained of in the joints are due, in most part, 

to the presence of the lesions on the articular surfaces. 

4. Twenty per cent of patients infected with yaws develop 

bone or joint lesions when not treated. 

5. Regeneration of the bone is complete at the site of the 

lesion, if the destruction has not been too great. 

6. The Castellani treatment causes a gradual disappearance 

of the bone and joint lesions. 

7. Salvarsan is a specific in these cases, and rapid regenera- 

tion of bone follows its use. 

I wish to express my appreciation to Doctors Crowell, Guer- 
rero, Fernandez, Domingo, and Argiielles for their help and 
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courtesies shown while doing this work and to Mr. Hallare, who 

acted as interpreter and furnished most of the histories of the 

cases. 
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ILLUSTRATIONS 

PLATE I 

. Case 3. Multiple yaw lesions in patella and tibia. One variety of 

painful joints. 

. Case 2. Shows three lesions in the os calecis. This involvement is 

very frequent and makes walking difficult and painful. 

PLATE II 

. Case 1. Shows characteristic joint lesion on the articular surface 

of the bone involved. 

. Case 3. Ankylosis following chronic joint lesion of yaws. 

PLATE III 

. Case 3. Shows contracture on flexure surface of second finger of 

right hand. Multiple bone lesions. Large cutaneous lesion and 

thickening of soft tissues on the palmar surface of index finger 

of right hand. 

. Case 8. Five months later. Shows the disappearance of the con- 

tracture. A few of the bone lesions can be distinguished. 

PLATE IV 

. Case 8. Mother yaw, before treatment. 

Case 8. Mother yaw, after treatment by the Castellani mixture. 

. Case 8. Yaws, secondary eruption, before treatment. 

. Case 8. Yaws, secondary eruption, after treatment by the Castellani 

mixture. This patient also had bone lesions that developed in less 

than six months after the mother yaw (see Plates V and VI). 

PLATE V 

. Case 8. Multiple lesions in the bones that showed no change after 

six weeks of treatment by the Castellani mixture. 

. Case 8. This case showed definite change within one month after the 

administration of 0.4 gram of salvarsan intravenously. Three 

months later regeneration of the bone was practically complete. 

PLATE VI 

. Case 8. Typical bone lesions of yaws. 

. Case 8. Regeneration of the bone at the sites of the lesions. 

PLATE VII 

. Case 1. Shows bone and joint lesions before treatment. 

. Case 1. Shows lesions five months after treatment by the Castellani 

mixture. Note lack of regeneration of bone and deformity. 

. Case to show the chronic bone lesions of yaws with deformity. 

Case of Drs. R. Fernandez and Argiielles. 
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MaAutL, H. G.: BONE AND JOINT LESIONS OF YAWS.] [Puiu. Journ. Sct., XIII. B, No. 2 

Fig. 1. Lesions in patella and tibia. Case 3. 

Fig. 2. Lesions in os calcis. Case 2. 

PLATE |. 





MAuL, H. G.: BoNeE AND JOINT LESIONS or YAws.] [Puit. Journ. Sct., XIII, B, No. 

Fig. 1. Joint lesions. Case l. 

Fig. 2. Ankylosis, following joint lesion. Case 3. 

PLATE Il, 
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Maut, H. G.: BONE AND JOINT LESIONS or YAws.]| [PHiL. Journ. Sct., XIII, B, No. be 

Fig. 1. Flexor contracture and multiple bone lesions. Case 3. 

Fig. 2. Five months later. Case 3. 

PLATE III. 
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Maut, H. G.: BONE AND JOINT LESIONS or YAws.|]| [PuHiL. Journ. Scr., XIII, B, No. 2. 

Fig. 1. Mother lesion, before treatment. Fig. 2. Mother lesion, after treatment. 

Fig. 3. Secondary eruption, before treatment. Fig. 4. Secondary eruption, after treatment. 

PLATE IV. Case &. 
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Fig. 1. No bone regeneration after six weeks of Castellani treatment. Case 8. 

Fig. 2. Regeneration of bone of the same case after salvarsan. Case 8. 

PLATE V. 





MAuL, H. G.: BONE AND JOINT LESIONS or YAws. | [Puit. Journ. Scr., XIII, B, No. 2 

Fig. 1. Typical bone lesions of yaws. Case 8. 

Fig. 2. Regeneration of bone at sites of lesions. Case 8. Same as above. 

PLATE VI. 





Maut, H. G.: BoNE AND JoINT LESIONS or YAws.] [PuHin. Journ. Sct., XIII, B, No. 2. 

Fig. 1. Chronic bone and joint lesions with deformity. Case 1. 

Fig. 3. Chronic bone lesions with deformity. Case from Doctors Fernandez and Arguelles. 

PLATE VII. 





INFECTIONS WITH COCCIDIUM AND ISOSPORA IN ANIMALS 

IN THE PHILIPPINE ISLANDS AND THEIR POSSIBLE 

CLINICAL SIGNIFICANCE ? 

By FRANK G. HAUGHWoUT 

(From the Department of Medical Zodlogy, College of Medicine and Surgery, 

University of the Philippines) 

FIVE TEXT FIGURES 

The recent discovery in Manila of several species of Sporozoa, 

presumably belonging to the order Coccidiida, which have been 

found infesting animals of common species, brings us face to 

face with the possibility of human coccidial infections, and the 

purpose of this paper is to present a few of the facts regarding 

these infections for the information of physicians who may en- 

counter such conditions in their practice. So far as I have 

knowledge, no case of human coccidiosis has been reported in 

the Philippine Islands, but conditions supervening upon the war 

have led to the discovery in other parts of the world of many 

cases of undoubted coccidial infection, and these cases, taken in 

conjunction with older but less exact reports of similar infec- 

tions, justify us in the belief that coccidiosis of man may in time 

to come be looked upon as a definite clinical entity and a con- 

dition that may crop up at almost any time or place. 

In introducing the subject it seems desirable to make it clear 

just what is meant by coccidia. This term is rather loosely 

employed to describe a group of Sporozoa that are intra- 

cellular parasites, having an asexual cycle within epithelial 

cells where reproduction takes place by the process known as 

schizogony, and a succeeding sexual process involving the union 

of sexually differentiated gametes and spore formation within a 

cyst. In a general way the life cycles correspond to the clas- 

sical cycle worked out by Schaudinn in the case of Coccidiwm 

schubergi. But it must be borne in mind that the terms “coc- 

cidium” and “coccidia” are frequently used in a rather loose 

and general way, and all organisms spoken of as “coccidia’”’ are 

not necessarily of the genus Coccidiwm. The genus Coccidium 

is only one of a large number of genera grouped under the 

order Coccidiida. This order is broken up into four families 

*Read before the Manila Medical Society, November 5, 1917. Received 

for publication October, 1917. 
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by Léger, whose classification I follow: Asporocystidz, Disporo- 

cystide, Tetrasporocystidze, and Polysporocystide. The two 

genera we Shall consider in this paper are the genus /sospora 

and the genus Coccidium, belonging, respectively, to the families 

Disporocystide, in which the odcyst contains two sporocysts, and 

Tetrasporocystide, in which the odcyst contains four sporocysts. 

Within the past few weeks the department of medical zodlogy 

has received material that apparently represents six different 

kinds of coccidial infection. To Dr. H. Windsor Wade, of the 

Bureau of Science, we are indebted for calling our attention 

to an interesting parasite in the kidney of the guinea pig, which 

may prove to be identical with Seidelin’s Klossiella cobayae, a 

member of the family Polysporocystide. Dr. Edward S. Ruth, 

of the department of anatomy, of the College of Medicine and 

Surgery, has furnished us with material showing a coccidial 

infection of undetermined nature in the testis of the house li- 

zard. Dr. Elias Domingo, a graduate student in the depart- 

ment of medical zodlogy, has recently found a Coccidium and a 

species of Isospora in the intestinal tract of the house lizard. 

In our own department we have found Isospora bigemina in the 

intestine of kittens, while Coccidium cuniculi has been prev- 

iously reported here in the rabbit. This latter is believed by 

many authorities to be identical with the parasite that has been 

reported in man. 

This immediately raises the question as to the specificity of 

these parasites, and at the outset permit me to say that I con- 

sider the matter to be far from settled. To be on the safe side, 

however, it seems to me that we must assume that coccidial 

infections in animals, of a kind that is apt to be found about 

our houses, are a source of danger and should be so regarded 

until the contrary is proved. Let me cite a few examples in 

support of this contention. J 

Trypanosoma (Schizotrypanum) cruzi,(15) the cause of Cha- 

gas fever in South America, was first seen in its invertebrate 

host Conorhinus megistus, a blood-sucking hemipterous insect, 

before it was found in the blood of human beings. Lynch, (13) 

whose work calls for amplification, has described the rat as a 

host of Entameba histolytica, the cause of entamecebiasis in man. 

Lanfranchi(11) has recently become infected with a laboratory 

strain of either Trypanosoma brucei or Trypanosoma evansi, 

both parasites of cattle. Krempf(10) has recently reported a 

hemogregarine in man, while the work of Dutton and Todd, (3) 

Fantham,(4) Fantham and Porter,(6) and others in induced 
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herpetomoniasis and Leishmania infections is strongly sug- 

gestive of the possibility of the origin of kala-azar in man 

from the bites of insects harboring herpetomonads. It is finally 

beginning to dawn upon us, after many bitter lessons, that in 

the past we have paid entirely too little attention to the relations 

between parasites supposed to be specific to lower animals and 

conditions of disease occurring in man. 

In dealing with the problem of coccidiosis in man, we are 

greatly handicapped by the vagueness and lack of information 

contained in reports on these infections. We have, so far as I 

know, no report of clinical or pathological findings in any of 

these cases, save the case reported by Davaine,(2) which dates 

back to 1858, which will lend us much help. Until recently 

the descriptions of the organisms found have been so incomplete 

as to leave us in doubt, in most cases, as to which genus was 

involved or, in many other cases, if, indeed, the organism was 

a protozoon at all. We have no literature on the intracellular 

phases in the cycle of the human parasite. Some of these re- 

ports are of interest to the pathologist, but they leave much 

to be desired from the viewpoint of the protozodlogist. 

Coccidia are typically parasites of epithelial cells during their 

trophic phases, but Smith (17) has pointed out that they may 

be found between epithelial cells or even occupying subepithelial 

positions; however, such conditions are more or less aberrant. 

Infection takes place through the ingestion of matter contamin- 

ated with the spores of the parasites, and liberation of the sporo- 

zoites from the sporocysts takes place under the influence of 

the digestive juices of the small intestine. The sporozoites, 

which are minute, sickle-shaped bodies, penetrate the cell mem- 

brane of the epithelial cells and come to rest in the cytoplasm, on 

which they proceed to feed. As it feeds, each parasite grows, 

the host cell becomes enormously hypertrophied, compressing 

the adjacent cells, and the host-cell nucleus is crowded down to 

the basement membrane. Finally the trophozoite has reached 

the limit of size, multiple division (schizogony) takes place, 

the cell membrane ruptures, and a number of merozoites are 

set free to infect other epithelial cells. This is the so-called 

asexual or multiplicative phase in the life cycle, and it is re- 

peated for a variable number of generations until conditions 

supervene that initiate the sexual or propagative phase, which 

is spoken of as sporogony. 

Sporogony involves the production of sexually differentiated 

gametes, their union in fertilization, and the subsequent forma- 
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tion of cysts and spores. The significance of this process is 

not limited to spore formation, for with fertilization goes a 

complete rejuvenescence of the organism—a renewal of its 

vitality, which is not without its clinical significance. The busy 

practitioner is prone to regard this phase of the life cycle as 

leading up only to the infection of new hosts, and while this is 

an important desideratum in regard to future hosts, it yet has 

a very important bearing on the welfare of the original host. 

The belief is very current among protozodlogists that proto- 

zoa, like other animals, are endowed with a certain potential of 

vitality that declines as the organism grows old. That is to 

Say, a protozodn passes through periods that we characterize 

as youth, maturity, and senescence. With senescence the or- 

ganism attains a degree of almost total protoplasmic stability, 

and unless some revitalizing agency intervenes, it dies literally 

of old age. In nature this rejuvenescence is brought about by 

the process of fertilization, which seems to be universal through- 

out the entire animal kingdom, and the organism issues from 

it endowed with a new potential of vitality with which to cope 

with the vicissitudes through which it must pass, which, in the 

case of a parasite, are many. 

So it is with the coccidia. The organism passes through many 

asexual generations, gradually exhausting its vitality. Perhaps, 

also, there is the added burden of a declining food supply or 

other unfavorable conditions. In other words, the vitality of 

the parasite has become lowered, and it must have relief, else 

it will die. 

To this condition the organism reacts by developing its prop- 

agative or sexual phase, and once this has been initiated re- 

infection of the original host becomes impossible except through 

the original channels—autoinfection ceases. Gradually the schi- 

zogonous or asexual cycle ceases, and the intracellular tropho- 

zoites become gametocytes, after which stage they are incapable 

of continuing the infection. The sexual phases develop, the 

cysts pass out with the feeces, and in time, the host is completely 

purged of its original infection though not necessarily immune 

to subsequent infections. Here the necessity for fertilization 

to restore the flagging vitality of the parasite has been met and 

has operated to bring about the self-limitation of the disease; 

spore formation has, in a measure, been incidental. 

May this not, in part, explain the lack of information on human 

coccidial infections? Our information on the symptomatology 

of human coccidiosis is very meager. Some of the writers speak 
of diarrhcea, but there they stop. Chronic diarrhea, unless 
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accompanied by more urgent symptoms, is frequently treated 

lightly by the sufferers themselves. It seems from what we 

know of the self-limitation of many coccidial infections in the 

lower animals that the same thing may occur in man and pass 

almost unnoticed, especially in countries where routine exami- 

nations of stools are seldom made. Furthermore coccidial cysts 

are frequently mistaken for the eggs of helminths and vice versa 

by the inexperienced microscopist. 

It may be urged that the very similar life cycle of the malarial 

parasite and the tendency of old malarial cases to relapse ap- 

parently contradict this theory of self-limitation, but I should 

like to point out that in Coccidiwm and Isospora gametogony is 

completed and sporogony starts and is carried on to an advanced 

stage in the original host. There is encystment, and the cysts 

pass out and complete their development before it is possible 

for them to infect a new or the same host. 

In Plasmodium, however, we have an alternation of hosts, spo- 

rogony being completed within the body of the mosquito. The 

sexual cycle in man is carried to the gametocyte stage only, 

and we have no evidence that this stage is infective to the orig- 

inal host. We are left here to speculate as to whether relapses 

of malarial fever are due to the presence of a relatively small © 

number of trophozoites, which lie dormant in the spleen or 

bone marrow or which may even be free in erythrocytes in 

the circulation, or to some autogamous, parthenogenetic, or sim- 

ilar process, aS Schaudinn and others have suggested. 

It must not be inferred from this that all coccidial infections 

of this type tend toward spontaneous recovery. In many in- 

stances the infections are rapidly fatal. Cyclospora karyolytica 

gives rise to an enteritis in the ground mole, which may bring 

about a fatal termination in forty-eight hours, the intestinal 

discharges consisting almost entirely of desquemated epithelium 

and parasites. Young animals are prone to succumb quickly, 

and this should make us especially watchful in the case of chil- 

dren, who ordinarily come in closer contact with animals that 

may harbor parasites than do adults. 
The most reliable information regarding coccidial infections 

in man comes to us from the British workers in the war zone, 

although Wenyon and O’Connor(23) mention human infections 

with Isospora in Egypt. Fantham (5) reports four cases of 

coccidial infection, “apparently Isospora type,’ found during 

the examination of the stools of 1,305 British soldiers in the 

various hospitals in the western command. These cases were 

all dysenterics who had become infected chiefly in Gallipoli, al- 
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though a few were brought in from Flanders. Woodcock (25) 

had previously reported similar cases that had been received 

from Gallipoli, which he thought were infections with Isospora. 

The cysts he saw contained one and sometimes two masses of 

protoplasm. Dr. G. C. Low also came across one case, and 

Wenyon saw three others at the London Hospital. 

Wenyon(21) has reported briefly but intelligibly on these 

three cases and confirms Woodcock’s conjecture that his cases 

were of Isospora infection. Wenyon comments on these cases 

as follows: 

As the coccidium develops in the intestinal epithelium, it of course brings 

about destruction of the epithelial cells themselves, and so must be regarded 

as of some pathogenic importance, although the symptoms of human intes- 

tinal coccidiosis have not been definitely determined. In animals, such in- 

fections are often the cause of serious enteritis, which may have a fatal 

termination. 

Wenyon continued his study of this parasite(22) and figures 

the odcysts in various stages of development. The cysts are 

oval, measuring 27 p» to 30 » by 12 » to 15 », and contain two spo- 
rocysts, each containing four sporozoites and a mass of residual 

protoplasm. 

In still another paper (20) this same author reports a case of 

infection with Coccidium in a soldier invalided home from Gal- 

lipoli. This case is interesting in that the cysts passed by this 

patient did not in the least resemble the cyst of the rabbit 

Coccidium, but more closely resembled the cysts of Coccidiwm 

falciforme found in the intestine of the mouse: They were al- 

most spherical, measuring 20 » in diameter, whereas Coccidium 

cuniculi of the rabbit produces oval cysts that measure 28 p 

to 42 » by 14» to 28 ». The odcyst of this coccidium, as is to be 

expected, contains four sporocysts, each containing two sporo- 

zoites and a mass of residual protoplasm. In addition to this, 

the odcyst of Wenyon’s Coccidium was not smooth externally 

like that of Coccidium cuniculi, but was covered with irregular- 

ities in the form of small nodular ridges and elevations, and the 

same condition was seen in the sporocysts. Wenyon states that 

while his Coccidiwm resembles most nearly that of the mouse, 

it is impossible for him to state definitely if it is actually this 

species or one quite distinct. 

Briefly discussing the matter of the infection of man with 

both Isospora and Coccidium, Wenyon says the question is one 

of great interest. Infection, he says, undoubtedly takes place 

by way of the mouth, but whether the dust, food, or water, or 

all three of these are involved remains to be determined. He 
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adds that the possibility of infection through association with 

animals that are passing the odcysts in their fzeces must be 

investigated. 

The belief is current that the cysts of coccidia are exceedingly 

resistant to untoward environmental conditions. Apparently 
they are much more resistant than the cysts of species of Hn- 

tameeba. It must, however, be said that their impermeability 

makes it exceedingly difficult to determine whether they are 

living or not, by the application of the eosin test, which gives 

such excellent results in the case of Entameba. The depart- 

ment of medical zodlogy is at present conducting a series of 

tests to determine how long they will retain their vitality under 

approximately normal and under experimental conditions. This 

is an investigation that will consume considerable time—several 

years in fact, but our preliminary investigations show us that 

they are extraordinarily resistant to a variety of reagents that 

quickly kill the cysts of Entameba. I have watched, under the 

microscope, the development of cysts of Isospora bigemina in a 3 

per cent solution of potassium bichromate, in water treated with 

thymol, and in double-strength Gram’s iodine solution, and I 

have even seen cysts that would resist the application of Bouin’s 

picro-aceto-formol solution for more than four hours. Other 

workers have reported on the resistance of coccidial cysts to 

desiccation, but it is too early to report anything on this from 

our laboratory. 

It would not be surprising to discover that these cysts remain 

viable after two or even three or more years. Indeed the 

cysts of Coccidium avium have been shown to be infective two 

years after passage from the intestine of the infected fowl.(7) 

Mast(14) has shown that the cysts of Didiniwm nasutum, a free- 

living infusorian, will retain their vitality for a period of five 

years in air-tight vials. He has found that drying in ordinary 

atmospheric conditions does not destroy the cysts. In fact, he 

believes they will live longer dry than in a solution. 

However, Wenyon and O’Connor(24) corroborate Kuenen 

and Swellengrebel in their assertion that the cysts of Hntameba 

histolytica will not withstand drying. They add that cysts of 

this parasite will survive for thirty days in water, again con- 

firming Kuenen and Swellengrebel. They point out the im- 

portance, however, of making a considerable dilution with water 

to keep down bacterial and fungoid overgrowths that tend to 

destroy the cysts. 

This is in keeping with the findings of Hadley,(9) who ad- 

vises the study of cyst development in Coccidiwm in 5 per cent 
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solutions of potassium bichromate, which will arrest putre- 

factive changes that tend to bring about abnormal development 

of the cysts. 

From the foregoing it will be seen that the disposal of matter 

containing coccidial cysts may prove to be a very troublesome 

problem. Quicklime seems to exert the most destructive action 

on these cysts of any of the disinfectants in common use. 

Cysts of species of the genus Coccidiwm are frequently passed 

in a stage of advanced development, so that they may become 

infective very soon after they leave the intestinal tract of the 

original host. But development to the sporozoite stage in the 

case of Isospora does not, as a rule, become complete until two 

or three days have elapsed after the cysts have left the host. It 

should be understood that the sporozoites are the end product 

of sporogony, and they are the form in which the parasite enters 

the epithelium of the new host. If a cyst in a developmental 

stage preceding sporozoite formation is taken into the alimen- 

tary tract of a new host, the cyst envelope is dissolved and an 

inert mass of protoplasm is liberated that is incapable of doing 

harm and that probably very quickly disintegrates. 

Notwithstanding the immense amount of work that has 

been done on this group of the Protozoa, apparently very little 

has been done on the specificity of these parasites to partic- 

ular hosts. Coccidiwm cuniculi is generally credited with being 

infective to rabbits, dogs, cattle, and man, it being suggested 

that man may become infected through eating livers of rabbits 

containing the sporocysts of the coccidium. This theory seems 

to me to be untenable. In the first place the cysts seem to be 

unable to complete their development in the liver and in many 

cases eventually degenerate. Furthermore the presence of car- 

bon dioxide in the liver apparently exerts an exceedingly dele- 

terious effect upon them, resulting finally in their destruction. (1) 

Such a condition is frequently found in old rabbits that 

have spontaneously recovered from an earlier coccidial infec- 

tion. But even allowing that these causes may not always 

be operative, it seems to me hardly likely that the cysts will 

retain their vitality through the process of cooking, even though 

they be walled off from the general mass of the liver by con- 

nective tissue capsules. A method of infection similar to that 

obtaining in the case of Entameba histolytica or other protozoa 

or helminths of similar habitat seems to me much more likely. 

On the other hand, on contrasting the two almost similar 

species, Coccidium avium of birds and Coccidium cuniculi of the 

rabbit, it is seen that the rabbit coccidium will not infect birds 
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and conversely that the bird coccidium will not 

infect rabbits. 
Isospora bigemina is known to be infective to 

dogs, cats, and polecats, and is suspected of being 

infective to man,: although Wenyon and O’Con- 

nor(23) report negative results on feeding a kitten 

and a mouse the developed cysts of Isospora taken 

from a human case in Egypt. They add that Isos- we. 1. cyst 

pora is frequently found in cats in Alexandria, but Sp paco ele 

that the odcyst “is quite unlike that of the human mse) uae 

parasite. The odcysts of the cat isospora resemble cee 

those of the European form.” : 

However, the size of the oocysts is not a safe criterion on 

which to found species any more than is the number of mero- 

zoites formed by a schizont in the asexual phase. These varia- 

tions are found within the species and may be almost as striking 

as the variations found in the size of the trypanosomes. They 

are governed largely by conditions within the host—particularly 

in regard to the food supply. Multiple infections of epithelial 

cells modify the parasite greatly, and these modifications ap- 

pear in the asexual phase as reductions in the size of tropho- 

zoites and in the number of merozoites produced and in the 

sexual phase in the production of smaller cysts, this being rather 

strikingly illustrated by the Coccidiuwm found here by Dr. Elias 

Domingo. In the strain of Jsospora bigemina carried on in 

our laboratories the cysts have been uniform in size, no very 

striking differences having so far appeared. 

All of this probably accounts in a large degree for the lack 

of uniformity in size of the cysts of known species as reported 

by different observers and points out the need for added infor- 

mation on the problems of cross-infectivity and the dangers 

these animal species hold for human beings. 

- Regarding the coccidia on which we are at 

present working, little can be said at this time, 

so I shall direct your attention to the illustrations 

that accompany this article. The cysts of Doctor 

Domingo’s Coccidium tend toward the oval in 

shape, though some are nearly spherical. The 

oval cysts measure about 20 yw by 16 », while 

those that are spherical measure from 19 ,» to 

20 » in diameter, which brings them rather close, 

wel ree in point of size, to the measurements recorded 

ly developed cysts by Wenyon for his human coccidium. 

ot ty Gocetdtuyn, The cysts of Coccidiwm cuniculi range from a 
cuniculi. 
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length of 33 » to 49 », with a breadth of from 15, to 28. There 

are few, if any, data regarding the size of Coccidiwm cuniculi 

cysts recovered from human cases. 

Measurements of a few cysts of our cat /sospora show a varia- 

tion in length of from 29 » to 38 » and in breadth of from 22 u 
to 29 », all cysts being oval. These figures do not wholly coincide 

with measurements of cysts, presumably of the same species, 

made by other workers. Stiles(18) reports measurements of 

from 24 » to 40 » in length and from 19 » to 28 » in breadth, while 

Swellengrebel(19) gives a length of from 39 » to 47 » and a 

breadth of from 26 p to 37 un. 

Wenyon apparently had no opportunity to measure large num- 

bers of the cysts of his human /sospora, and measurements taken . 

from the scale on his figures give a length 

of from 27 » to 30 » and a breadth of from 
12 to 15 yp. The coccidium of Railliet and 
Lucet, (16) which Fantham(8) seems inclined 

to place in the genus /sospora, was reported 

by these writers to form cysts measuring 

15 » by 10 pp. Lastly Doctor Domingo’s 

Isospora of the lizard seems to measure from 

16.5 » to 27.6 » in length by from 14 uz to 23 
» in breadth. 

Other figures might be quoted, but it seems 

to me that they offer us little help in our 

problem of determining the pathogenicity of 

Be AACN ee ate the coccidia of the lower animals to man. 

PieeNotidesslopmient And now in conclusion let me say a word 

about the identification of these cysts. It is 

probably needless for me to say that this department would 

welcome the opportunity to work up any material of this nature 

that may be sent to it. The main thing that the observer must 

be on his guard against is the confusing of the cysts of helminths, 

particularly the eggs of trematodes and of hookworms, with 

coccidial cysts and vice versa. As a rule, the eggs of helminths 

will be found to be much larger than the sporozoan cysts, but 

there is no denying the fact that unsegmented eggs of this type 

do bear a striking resemblance to the o6dcysts of coccidia, and 

this resemblance may even extend to the early stages of segmen- 

tation of the eggs, particularly the two-cell stage. The best 

plan is to dilute the stool with a considerable quantity of water 

and set a number of the cysts aside in a moist chamber for 

two or three days. 

In the coccidial cysts the protoplasm entirely fills the cyst 
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in the early stage, but later it contracts to a 

spherical mass in the center, leaving clear 

spaces at each pole of the cyst. Eventually 

this mass divides, in the case of Isospora into 

two masses and in the case of Coccidium 

into four masses. A cyst membrane forms 

around each of these daughter masses, and 

some hours later sporozoites and a mass of 

residual protoplasm can be made out in each 

of the sporocysts that are contained within 

the odcyst. Jsospora forms four sporozoites 

in each sporocyst and Coccidium two. This 
d x - : Fic. 4. Cyst of Isospora 

establishes the identification beyond a doubt. bigemina, showing de- 

All these changes may be seen by making VEO SOS OF IO 
cysts. 

examinations of the cysts under the micro- 

scope at varying intervals, or the cysts may simply be set 

aside in the moist chamber for from forty-eight to seventy-two 

hours and then examined. It is a comparatively simple matter 

to isolate individual cysts with a capillary pipette under the 

microscope. 

Finally I desire to say that while I do not predict that coccidia 

will be found infesting human beings in the Philippine Islands, 

still, in view of the fact that we have found coccidia in domestic 

animals here, I see no reason why human coccidiosis should 

not occur here as it has in other places. It is not hard to see 

how occasional cases may have been overlooked in the past or 

may be overlooked in the future. It is on the general practi- 

tioner ve we must largely rely for the opportunity to develop 

our knowledge of this very important con- 

dition, and the need for that knowledge 

seems to me to be imperative. 

NOTE.—Since the above was written I have 

read the paper of Savage and Young,” in 

which they report the finding of six cases 

of infection with ‘‘Coccidium isospora.” It 

seems safe to assume that the writers were 

dealing with infections by parasites of the 

genus Isospora. Five of these cases were 

u in the hospital under the observation of the 

Fic. 5. Completely de- authors. All of these five patients were 

veloped cyst of Isospora suffering from dysentery. Two had the 
bigemina. 

“Report on the treatment of fifty-nine cases of Entameeba histolytica 

infection, Journ. Roy. Army Med. Corps (1917), 29, 249. 
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acute entameebic type, two were bacillary, and one was suffering 

from a chronic entameebic infection. 

Treatment with emetine compounds had no effect whatever 

on the sporozoan infection. One case was treated especially for 
the elimination of the Isospora, by the hypodermic administra- 

tion of emetine hydrochloride over a period of nine days, 

thirteen grains in all being given. The infection was “practi- 

cally unaffected.” Then silver nitrate injections were tried. 

A solution of 1 in 2,000, one pint, was given for eight days. 

The writers report the disappearance of the “coccidia” after 

three days of treatment; they were found on one occasion only, 

four days after the last silver nitrate injection. Daily examina- 

tions were then made for sixteen days, during which the stools 

were free from the infection. 

However, the authors go on to say that in all the other cases 

except one the parasites disappeared from the stools without 

special treatment. This, to say the least, is suggestive of con- 

firmation of the view that the development of sporogony 

automatically purges the host of its infection in a large propor- 

tion of cases. It should not however, give us a false sense 

of security, for the possibility of liver complications should not 

be overlooked. 

Experience with ipecac and the emetine compounds in pro- 

tozoan infections other than those with Entameba histolytica 

should lead us to expect negative results in the treatment of 

coccidial infections. There is very little evidence to show that 

either ipecac or emetine has any but the slightest effect on 

Entameeba coli or any of the flagellated protozoa. At the same 

time it is not certain from the report of Savage and Young 

that the silver nitrate injections worked a cure in the case in 

which they were tried. Nevertheless it seems reasonable to 

assume that in view of the fact that coccidial infections are, 

for the most part, limited to the epithelial layer of the intestine, 

local treatment would tend to be more effective than in the 

case of Entameba histolytica, which works its way deep into 

the submucosa, where it is safe from the action of drugs 

similarly applied. 

In still another recent article, Castellani® states that coccidio- 

Sis is comparatively common in the Balkans. He cites fourteen 

cases reported by Richards from the 43d General Hospital, 

Salonika, and six cases seen by himself in Macedonia. Of the 

latter group two, he says, exhibited diarrhea, but the others 

* Journ. Trop. Med. & Hyg. (1917), 20, 202. 
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showed no intestinal symptoms. He describes the treatment 

as having been unsatisfactory following the use of emetine and 

a long series of “so-called intestinal disinfectants,” all of which 

yielded very poor results. In two cases methyl blue seemed to 

act beneficially. 
The foregoing data yield us at least thirty-four  well- 

authenticated cases of human coccidiosis of recent occurrence, 

which should act as a stimulus to future research into this 

condition. 
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ILLUSTRATIONS 

TEXT FIGURES 

. Cyst of Coccidium cuniculi in early stage of development. 

. Completely developed cyst of Coccidium cuniculi. 

. Cyst of Isospora bigemina in an early stage of development. 

. Cyst of Isospora bigemina, showing development of sporocysts. 

. Completely developed cyst of Isospora bigemina. 
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EXPERIMENTS ON THE TREATMENT OF RINDERPEST WITH 

VARIOUS DRUGS + 

By WILLIAM HUTCHINS BOYNTON 

(From the Bureau of Agriculture, Manila) 

The following experiments have been accomplished at various 

times during a period of approximately six and one-half years. 

The veterinary division, of the Bureau of Agriculture, is fre- 

quently confronted with men who claim to have specific cures 

for rinderpest, and when their so-called cures are given the 

proper trial, they are found lacking in curative powers. On 

account of these frequent claims and rumors of cures it was 

thought advisable at this time to publish the results of our experi- 

ments on various drugs, as these results may aid in obtaining 

a better idea of a method of treatment and may also give a 

clearer insight into the location of the fountain head of the 

virus in the animal body. 

In the laboratory only highly susceptible animals are used, 

which are obtained from localities where rinderpest has sup- 

posedly never existed or where a considerable number of years 

has elapsed since the last appearance of the disease. A highly 

virulent strain of virus is also used in all the work. The viru- 

lence of the strain is kept up by taking the infective material 

from animals in the early stage of the disease, that is, the first 

or second day after the initial rise in the temperature. If the 

infective material is obtained from animals in the last stages of 

the disease, the virus soon loses its potency, undoubtedly due to 

the action of the antibodies upon it, which have a tendency to 

weaken the virus and to render the results unreliable. 

If the records of the veterinary division, Bureau of Agricul- 

ture, are consulted, it will be notice that in those localities where 

the cures for rinderpest have been so successful the recovery of 

animals under normal conditions has been very high, averaging 

in many instances in the neighborhood of 60 per cent. If the per- 

son administering the cure is at all shrewd, he can easily elimi- 

nate the doubtful cases and in that way obtain a high percentage 

of recoveries from his drugs, providing the drugs are not too 

harmful to the animals and are administered in small enough 

doses. 

1 Published in Phil. Agr. Rev. (1917), 10, 272. 
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The drugs used in the following experiments were as follows: 

(1) Eosin; (2) medicinal methylene blue (Merck) ; (3) cacody- 

late of soda; (4) atoxyl; (5) quinine sulphate; (6) camphorated 

oil; (7) creolin; (8) permanganate of potash; (9) ergot; (10) 

iodine; (11) potassium iodide; (12) gentian violet; (13) 

adrenalin hydrochloride; (14) nuclein; (15) formalin; (16) 

chlorazene; (17) castor oil; (18) alcohol; (19) fluid extract of 

nux vomica; and (20) fluid extract of gentian. 

With the small amount of experimentation that has been 

given to each drug, no promising results have been obtained 

by the method in which they were administered and the dosage 

in which they were given. 

In all the experiments where sodium chloride solution was 

made use of to dilute the drug for intravenous and intraperi- 

toneal injections, 0.85 per cent was used. It was found when 

giving large intravenous and intraperitoneal injections that if 

the fluid was warmed to about 41° C. the animals withstood the 

injections with much less discomfort than when the solutions 

were cooler. All the large intravenous injections were per- 

formed in the manner illustrated in Plate I. 

EOSIN 

Eosin was used with the idea that it might have a special 

affinity for the virus of rinderpest, at it is one of the diffuse 

stains and penetrates well. 

EXPERIMENT 1 

Batanes bull 3153, which had contracted rinderpest by expo- 

sure to sick animals and had run a high temperature for forty- 

eight hours, was injected subcutaneously on the afternoon of 

May 30, 1911, with 2 grams of Grubler’s W. Gelb eosin dissolved 

in 100 cubic centimeters of sterile distilled water. 

July 1 this animal’s temperature subsided to normal, but it 

developed inappetence and diarrhea and died July 3, presenting 

good lesions of rinderpest upon autopsy. The subcutaneous and 

mesentery tissues had taken on a pinkish coloration, resulting 

from the free distribution of eosin throughout the body, which 

apparently had no ill effects upon the virus of rinderpest. 

MEDICINAL METHYLENE BLUE 

Methylene blue was used in experiments 2 and 47 with the 

idea that if perchance the virus of rinderpest was an intracor- 

puscular organism this dye might have a direct action upon it, 

as is the case in malaria: Its antipyretic and anodyne actions 

were also considered. 
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EXPERIMENT 2 

Batanes bull 3116 was injected on May 23, 1911, with 30 cubic 

centimeters of filtered blood handled as follows: Five cubic 

centimeters of virulent rinderpest blood from bull 3135 was 

diluted up to 500 cubic centimeters with sterile 0.85 per cent 

sodium chloride solution; this diluted blood was then passed 

through a Berkefeld N. filter under 3 kilograms’ pressure. 

This animal presented its first rise in temperature on the 

morning of May 28, registering 39.2° C. 

During the afternoon of May 29, or thirty-six hours after 

the first rise in temperature, this animal was injected subcu- 

taneously with 2 grams of Merck’s medicinal methylene blue 

dissolved in 100 cubic centimeters of sterile distilled water. 

May 30 this animal’s urine was dark blue. Its visible mucous 

membranes also took on a bluish coloration. 

May 31, diarrhea, eating little. 

June 1-3, diarrhoea, not eating. 

June 4, died, presenting good lesions of rinderpest upon 

autopsy. 

The methylene blue thus administered had no apparent ill 

effect upon the virus of rinderpest. 

CACODYLATE OF SODA 

Cacodelate of soda was tried with the idea that it might have 

an action upon the virus of rinderpest similar to that which it 

has upon Treponema pallidum, although arsenobenzol (salvarsan, 

606) has been tried on rinderpest with negative results. (The 

reference to the experiments with salvarsan cannot be located.) 

EXPERIMENT 3 

Carabao 3088 had contracted rinderpest by exposure to sick 

animals. 

May 17, 1911, the fourth day of temperature, this animal was 

injected intravenously in the femoral vein with 6 grains of 

cacodylate of soda. The animal’s temperature subsided to nor- 

mal in one and one-half days after the injection, but it suffered 

severely from photophobia; diarrhcea, not eating. 

The animal died the night of May 19, presenting marked 

lesions of rinderpest. 
EXPERIMENT 4 

Batanes bull 3158.—-This animal had been injected with viru- 

lent rinderpest blood. 

May 19, 1911, which was the second day of temperature, this 

animal was injected intravenously in the femoral vein with 5.25 
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grains of cacodylate of soda. The temperature decreased 

on May 20, but the animal presented marked symptoms of 

photophobia. 

May 21-23, diarrhea, not eating. 

This animal died May 23, presenting marked lesions of rinder- 

pest upon autopsy. 
EXPERIMENT 5 

Batanes bull 3135.—This animal had been injected with viru- 

lent rinderpest blood. 

May 23, 1911, eighteen hours after the first rise in temperature, 

this animal was injected intravenously in the femoral vein with 

3 grains of cacodylate of soda. 

May 24, this animal presented symptoms of photophobia. 

May 25, eating little. 

May 26-28, diarrhoea, not eating. 

May 28, died of rinderpest, presenting marked lesions. 

From the results of experiments 3, 4, and 5, it will be seen 

that cacodylate of soda as it was used in these cases had no ill 

effect upon the virus of rinderpest and, if anything, aggravated 

the disease, causing a much more pronounced photophobia than 

is normally present in rinderpest and also more pronounced 

intestinal lesions than are usually noticed. From these results 

it appears that arsenic compounds are contraindicated in 

rinderpest. 

ATOXYL 

Atoxyl was tried because it has such a pronounced action 

in clearing the blood stream of trypanosomes in cases of surra 

infection, and there was a possibility that it might have a similar 

action upon the virus of rinderpest. 

EXPERIMENT 6 

Batanes bull 3119.—This animal had been injected with 30 

cubic centimeters of virulent rinderpest blood serum? on July 

8, 1911. 

July 11, it presented a rise in temperature, registering, in the 

afternoon, 40.2° C. 

July 12, it developed a diarrhcea. 

July 14, which was the third day after the initial rise in tem- 

perature, this animal was injected subcutaneously with 5 grams 

of atoxyl dissolved in 60 cubic centimeters of sterile distilled 

water. 

? Virulent rinderpest blood was allowed to stand in the ice box for twenty- 

four hours, then the serum was drawn off and injected. 
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The animal’s temperature dropped to slightly high normal 

shortly after the injection, registering 39.4° C., but it presented 

marked symptoms of photophobia. 

July 16, this animal died, presenting marked lesions of rinder- 

pest upon autopsy. 

The atoxyl gave symptoms similar to those of the cacodylate of 

soda and appeared to stimulate the virus instead of retarding 

its action. 

QUININE SULPHATE 

Quinine sulphate was used with the idea that it might have an 

action upon the virus of rinderpest similar to that which it 

has upon malaria. Its antipyretic action was also taken into 

consideration. 

EXPERIMENT 7 

Batanes bull 4315.—This animal was injected on November 

24, 1911, with 25 cubic centimeters of rinderpest blood that had 

been kept in a clotted form in a large test tube for ninety-six 

hours in the incubator at 37° C. The clotted blood was taken 

from the test tube and macerated in a sterile mortar with a 5 

per cent potassium citrate solution, and the liquid material thus 

obtained was injected. 

November 30, in the forenoon, this animal presented its first 

rise in temperature, registering 39.6° C. 

December 1-2, diarrhoea, eating little. 

December 3-4, diarrhoea, not eating. 

December 4, this animal was given quinine sulphate in cap- 

sules per orum in the following doses: 
Grams. 

8.30 a. m. 5 

Ib ei0) fi5 1, 5 

2.30 p. m. 5 

5.30 p. m. 5 

This animal died during the night of December 4 and pre- 

sented good lesions of rinderpest upon autopsy. 

From this experiment it will be noted that the animal received 

20 grams of quinine sulphate per os with no effect upon the 

disease, although it was in the last stages of the disease when 

the treatment was undertaken. 

EXPERIMENT 8. QUININE SULPHATE AND ERGOT 

Fuga carabao 67.—This animal was injected on January 28, 

1917, with 50 cubic centimeters of virulent rinderpest blood 

from carabao 65. 
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January 29 this animal received intraperitoneally 8 grams 

of quinine sulphate dissolved in 1,000 cubic centimeters of sterile 

distilled water slightly acidulated with sulphuric acid. The 

injection was made at this time to try to abort the disease. In 

two hours after this injection the carabao was lying down, eating 

little, and presenting slight nervous symptoms. 

January 30, this animal was standing up and eating well, but 

had a forenoon temperature of 38.9° C. and an afternoon tem- 

perature of 39.5° C. 

January 31, afternoon temperature 40.5°C. The animal 

looked bright and was eating well. 

February 1, forenoon temperature 39.9° C.; administered intra- 

peritoneally 10 grams of quinine sulphate dissolved in 1,000 cubic 

centimeters of acidulated 0.85 per cent sodium chloride solution ; 

afternoon temperature 40° C.; not eating; carabao standing up. 

February 2, forenoon temperature 39° C.; diarrheea starting ; 

slight discharge from eyes; administered subcutaneously 8 cubic 

centimeters of fluid extract of ergot; afternoon temperature 

39.8° C.; diarrhea, not eating. 

February 3, forenoon temperature 39.7° C.; animal very sick; 

sunken eyes; arched back; drooling; grinding teeth; swallowing 

frequently; diarrhcea, not eating; blood-stained slugs of mucus 

in feces; administered 10 cubic centimeters of fluid extract 

of ergot subcutaneously. 

February 4, carabao 67 found dead in the morning; autopsy 

presented good lesions of rinderpest. 

EXPERIMENT 9. QUININE SULPHATE AND IODINE 

Batanes cow 4168.—This animal was injected January 19, 

1917, with 50 cubic centimeters of virulent rinderpest blood 

from bull 4164. 

January 22, this animal presented its first rise in temperature, 

registering, in the forenoon, 39.7° C.; administered intraperi- 

toneally 2 grams of quinine sulphate dissolved in 500 cubic cen- 

timeters of acidulated sodium chloride solution and intravenously 

with 1,000 cubic centimeters of sodium chloride solution in which 

0.75 gram of iodine and 2 grams of potassium iodide had been 

dissolved; afternoon temperature 39.7° C.; muzzle moist; urine 

dark. 

January 23, forenoon temperature 40° C.; animal looked 

bright; eating; feces slightly coated with mucus containing a 

few flakes of blood; administered intraperitoneally 3 grams of 

quinine sulphate dissolved in 500 cubic centimeters of acidulated 

0.85 per cent sodium chloride solution; afternoon temperature 
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40.5° C.; animal active; muzzle moist; nostrils looked normal; 

eating little. 

January 24, forenoon temperature 39.5° C.; no diarrhea; 

looked bright; eating little; administered intraperitoneally 3 

grams of quinine sulphate dissolved in 500 cubic centimeters of 

acidulated sodium chloride solution. 

Afternoon temperature 40° C.; not eating. 

January 25, forenoon temperature 39° C.; slight diarrhea; 

not eating; swallowing frequently; grinding teeth; looked fairly 

bright; administered intraperitoneally 3 grams of quinine sul- 

phate dissolved in 500 cubic centimeters of acidulated sodium 

chloride solution. 

Afternoon temperature 39.6° C.; diarrhcea, not eating. 

January 26, cow 4168 found dead in the morning; autopsy 

presented marked lesions of rinderpest; intestinal hemorrhage 

very pronounced. 

EXPERIMENT 10. QUININE SULPHATE, IODINE, AND ERGOT 

Batanes cow 4172.—This animal was injected January 22, 

1917, with 50 cubic centimeters of virulent rinderpest blood 

from No. 4186. 

January 25, this animal presented its first rise in temperature, 

registering in the afternoon 40.3° C. 

January 26, forenoon temperature. 39.3° C.; diarrhea, not 

eating; administered intraperitoneally 5 grams of quinine sul- 

phate dissolved in 500 cubic centimeters of acidulated sodium 

chloride solution. It was also injected intravenously with 1,000 

cubic centimeters of sodium chloride in which had been dissolved 

1.5 grams of iodine and 4 grams of potassium iodide. The ani- 

mal withstood the injection well. The afternoon temperature 

was 38.4° C., which was the average normal temperature for 

the healthy animals this day. 
January 27, forenoon temperature 38.2° C.; diarrhcea, not eat- 

ing; animal did not possess good codrdination of movement; 

muzzle moist; administered subcutaneously 8 cubic centimeters 

of fluid extract of ergot; afternoon temperature 38.8° C. 

January 28, forenoon temperature 37.7° C.; diarrhoea, not eat- 

ing; animal lying down; respiration catchy; blood in feces; 

large amount of mucus; administered subcutaneously 5 cubic 

centimeters of fluid extract of ergot. 

Afternoon temperature 38.8° C.; diarrhoea; better in appear- 

ance; breathing regular; lying down; not eating, but drinking 

a little. 

January 29, animal found dead in the morning. Upon autopsy 
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the fauces presented good lesions of rinderpest. The intestinal 

tract did not show marked hemorrhagic lesions. 

IODINE 

Iodine was experimented with after reviewing the results of 

the work done by Lambert, (1) in which he proves that iodine can 

be used in strong enough dilution to destroy staphilococci and 

still have no deleterious action upon living tissue cells. It was 

thought that by using iodine in sufficiently large doses there 

might be a possibility of destroying or attenuating the virus 

to such an extent that the animal would be able to develop resist- 

ance enough to recover. Potassium iodide was used to facilitate 

the solution of iodine and also to have a direct action upon the 

lymphatic system, which is markedly affected in rinderpest. 

EXPERIMENT 11. IODINE AND POTASSIUM IODIDE 

Batanes bull 4164.—This animal was injected January 13, 

1917, with 50 cubic centimeters of virulent rinderpest blood from 

No. 4165. 

January 16, this animal presented a rise in temperature, regis- 

tering, in the afternoon, 40° C. 

January 17, forenoon temperature 39.7° C.; afternoon, 

40.2° C.; diarrhea. 

January 18, forenoon temperature 39.5° C.; diarrhoea, not 

eating; administered intravenously 1,000 cubic centimeters of 

sodium chloride solution in which were dissolved 0.5 gram of 

iodine and 1 gram of potassium iodide; withstood injection well; 

afternoon temperature 39.8° C. 

January 19, forenoon temperature 37.4° C.; diarrhcea, not eat- 

ing; animal very sick; lying down; thick mucus discharge from 

nose; eyes sunken; grinding teeth; swallowing frequently ; blood 

and mucus in feces; catchy respiration. 

This animal died during the morning of the 19th. Upon au- 

topsy it presented marked intestinal lesions of rinderpest. 

CREOLIN 

Creolin was used with the idea of trying to disinfect the 

blood, by either killing or attenuating the virus of rinderpest 

to such an extent that the animal would be able to acquire 

enough resistance to combat the disease. 

EXPERIMENT 12 

Davao carabao 3271.—This animal was injected November 14, 

1911, with 50 cubic centimeters of virulent rinderpest blood 

from No. 3225. 
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November 21, this animal presented its first rise in tempera- 

ture, registering, in the afternoon, 39.9° C. 

November 25-26, diarrhea, not eating ; congested eye; erosions 

in mouth; rash under tail. 

November 27, diarrheea, not eating; administered intrave- 

nously 1,000 cubic centimeters of 1.5 per cent creolin solution 

in 0.85 per cent sodium chloride; animal withstood the injection 

well. 

November 28-29, diarrhcea, not eating; animal very sick. 

November 30, animal found dead in the morning; typical le- 

sions of rinderpest upon autopsy. 

EXPERIMENT 13 

Batanes bull 3306.—This animal was injected on November 

21, 1911, with 25 cubic centimeters of virulent rinderpest blood 

that had been kept in a test tube at 37° C. for twenty-four hours. 

November 26, this animal presented a forenoon temperature 

of 39.2° C.; afternoon, 41° C. 

November 27, administered intravenously 1,000 cubic centi- 

meters of a 1.5 per cent creolin solution in 0.85 per cent sodium 

chloride; the animal withstood the injection well. 
November 29, not eating. 

November 30, diarrhea, not eating; administered intrave- 

nously 1,000 cubic centimeters of a 3 per cent creolin solution 

in 0.85 per cent sodium chloride; the animal withstood the in- 

jection well. 

December 1-5, diarrhcea, not eating. 

December 6, died during the morning, presenting typical le- 

sions of rinderpest. 

EXPERIMENT 14 

Davao carabao 3183.—This animal was injected on November 

29, 1911, with 50 cubic centimeters of virulent rinderpest blood 

from No. 3307. 

December 3, this animal presented its first rise in temperature, 

registering, in the afternoon, 40.2° C. 

December 5, diarrhcea, not eating ; administered intravenously 

1,000 cubic centimeters of a 3 per cent creolin solution in dis- 

tilled water; also given a weak creolin solution to drink. 

December 6, not eating; blood in urine. 

December 7, diarrhcea, not eating. 

December 8, died during the morning, presenting good lesions 

of rinderpest. 
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EXPERIMENT 15 

This experiment was made to test the infectivity of blood of 

an animal that had been given a 3 per cent creolin solution 

intravenously. , 
Batanes bull 3314.—December 6, 1911, this animal was in- 

jected with 25 cubic centimeters of blood taken from carabao 

3183, twenty-four hours after this carabao had been injected 

intravenously with 1,000 cubic centimeters of a 3 per cent creo- 

lin solution. This injection was made to ascertain whether or 

not the virus had been killed in the blood by this heavy in- 

jection of creolin. 

December 9, this animal presented a rise in temperature, 

registering, in the forenoon, 39.2° C.; in the afternoon, 40.1° C. 

December 11-12, eating little. 

December 13-14, diarrhea, eating little. 

December 15—21, diarrhoea, not eating. 

December 22-23, bloody diarrhoea, not eating. 

December 24, this animal died, presenting good lesions of 

rinderpest upon autopsy. 

This proves that the virus was in virulent form in the blood 

of carabao 3183 at the time it was drawn and that the creolin 

had apparently no detrimental effect upon the virus. 

PERMANGANATE OF POTASH 

Like creolin, permanganate of potash was tried for its anti- 

septic effect upon, and its possible attenuation of, the virus. 

Walker(3) has used permanganate of potash on animals sick 

with rinderpest and has obtained some favorable results. How- 

ever, he was working with animals having a high natural im- 

munity to the disease, which undoubtedly accounts for much of 

his success. 
EXPERIMENT 16 

Batanes bull 3307.—This animal was injected on November 

22, 1911, with virulent rinderpest blood that had been kept in 

a test tube in a clotted form for forty-eight hours at 37° C. 

November 27, this animal presented its first rise in temper- 

ature, registering, in the forenoon, 39.7° C.; in the afternoon, 

40.6° C. 
November 29, diarrhoea beginning. 

November 30, diarrhcea, not eating; administered subcuta- 

neously 900 cubic centimeters of a 1-2,000 solution of permanga- 

nate of potash in physiological salt solution. 

December 1-2, diarrhea, not eating. 
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December 3, this animal was found dead in the morning and 

presented good lesions of rinderpest upon autopsy. 

EXPERIMENT 17 

Batanes bull 3309.--This animal was injected on November 

23, 1911, with 25 cubic centimeters of virulent rinderpest blood 

that had been kept in a test tube in a clotted form for seventy- 

two hours at 37.° C. 
November 29, bull 3309 presented its first rise in temperature, 

registering, in the afternoon, 40.2° C. 

December 1, eating little; administered intravenously 1,000 

cubic centimeters of a 1—1,000 solution of potassium permanga- 

nate in physiological salt solution. 

December 2, eating little. 

December 3-4, diarrhea, eating little. 

December 5, diarrhoea, not eating. 

December 6, died, presenting good lesions of rinderpest. 

EXPERIMENT 15 

Batanes bull 3315.—This animal was injected on November 

24, 1911, with 25 cubic centimeters of virulent rinderpest blood 

that had been kept in a test tube in a clotted form for ninety- 

six hours at 37° C. 

November 30, bull 3315 presented its first rise in temperature, 

registering, in the forenoon, 39.6° C.; in the afternoon, 40.8° C. 

December 1, diarrhoea, eating little. 

December 2, diarrhoea, eating little; administered intrave- 

nously 1,000 cubic centimeters of a 1-500 solution of potassium 

permanganate in physiological salt solution. 

December 3, diarrhoea, not eating. 

December 4, diarrhea, not eating; died during the afternoon, 

presenting good lesions of rinderpest. 

EXPERIMENT 19 

Davao carabuo 3184.—This animal was injected on November 

29, 1911, with 50 cubic centimeters of virulent rinderpest blood 

from No. 3307. 

December 4, carabao 3184 presented its first rise in temper- 

ature, registering, in the afternoon, 40.1° C. 

December 5, a 1-300 solution of potassium permanganate was 

being administered intravenously, but the animal died during 

the injection. 

From the four preceding experiments it will be noticed that 

potassium permanganate, whether administered subcutaneously 
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or intravenously, had apparently no detrimental effect upon the 

virus of rinderpest. 

FORMALIN 

Formalin was used on account of its potent antiseptic value, 

with the idea of destroying or attenuating the virus of rinder- 

pest to such an extent that the animal would be able to recover. 

EXPERIMENT 20 

Dalupiri carabao 3182.—This animal was injected on Novem- 

ber 29, 1911, with 50 cubic centimeters of virulent rinderpest 

blood from No. 3307. 

December 3, this animal presented its first rise in temper- 

ature, registering, in the afternoon, 40.9° C. 

December 4, administered intravenously 1,000 cubic centi- 

meters of a 1-4,000 formalin solution in physiological salt 

solution. 

December 6—7, not eating. 

December 8, diarrhcea, not eating. 

December 9, diarrheea, eating little. 

December 12, temperature normal; eating; no diarrhea. This 

animal made a good recovery. 

EXPERIMENT 21 

Chinese bull 743 contracted rinderpest by exposure during 

shipment between Hongkong and Manila. This animal was in 

the last stages of rinderpest when treatment was tried. Bloody 

diarrheea, not eating; catchy respiration ; marked discharge from 

nostrils; still able to stand up. 

July 14, 1917, administered intravenously 1,000 cubic centi- 

meters of sodium chloride solution to which 5 cubic centimeters 

of 40 per cent formalin had been added. This animal died 

during the injection, about 600 cubic centimeters having been 

administered when death occurred. 

EXPERIMENT 22 

Chinese bull 742 contracted rinderpest by exposure during 

shipment between Hongkong and Manila. This animal was very 

sick; bloody diarrhcea; not eating, but strong. 

July 14, 1917, administered intravenously 1,000 cubic centi- 

meters of 0.85 per cent sodium chloride solution to which 1.5 

cubic centimeters of 40 per cent formalin had been added; 

animal withstood injection well. 

July 15, diarrhoea, not eating; flakes of blood in feces; looked 

bright. 



XIII, B, 2 Boynton: Treatment of Rinderpest 107 

July 16, administered intravenously 1,000 cubic centimeters 

of sodium chloride solution to which were added 2.5 cubic centi- 

meters of 40 per cent formalin; withstood injection well. 

July 17-20, looked very sick; diarrhea, not eating. 

July 21, died this forenoon; typical rinderpest lesions. 

EXPERIMENT 23 

Fuga carabao 137 contracted rinderpest by exposure to in- 

fected animals. 

July 14, 1917, this animal presented its first rise in temper- 

ature, registering, in the afternoon, 39.9° C. 

July 15, forenoon temperature 39.6° C.; afternoon, 40.4° C.; 

administered intravenously 1,000 cubic centimeters of sodium 

chloride solution to which 2 cubic centimeters of 40 per cent 

formalin had been added; withstood injection well. 

July 16, diarrhoea, not eating; administered intravenously 

1,000 cubic centimeters of sodium chloride solution to which 2.5 

cubic centimeters of 40 per cent formalin had been added; with- 

stood injection well. 

July 17-20, diarrhoea, not eating; very sick; arched back; dis- 

charge from nostrils and eyes; blood in feces. 

July 20, died, presenting good lesions of rinderpest. 

EXPERIMENT 24 

Jolo carabao 108.—Contracted rinderpest by exposure to sick 

animals. 

July 14, 1917, this animal presented its first rise in temper- 

ature, registering, in the forenoon, 39.1° C.; in the afternoon, 

ADS (Of 

July 15, administered intravenously 1,000 cubic centimeters 

of sodium chloride solution to which had been added 2 cubic 

centimeters of 40 per cent formalin; withstood injection well. 

July 16, diarrhoea, eating little; administered intravenously 

1,000 cubic centimeters of sodium chloride solution to which 

2.5 cubic centimeters of 40 per cent formalin had been added; 

withstood injection well. 

July 17-19, diarrhoea, not eating; very sick. 

July 19, died, presenting good lesions of rinderpest. 

EXPERIMENT 25 

Fuga carabao 131.—Contracted rinderpest by exposure to 

sick animals. 

July 14, 1917, this animal presented its first rise in temper- 

ature, registering, in the afternoon, 39.6° C. 
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July 16, administered intravenously 1,000 cubic centimeters 

of sodium chloride solution to which 2.5 cubic centimeters of 

40 per cent formalin had been added. 

July 17-20, diarrhcea, not eating; very sick; blood in feces; 

mucopurulent discharge from nostrils and eyes. 

July 20, died, presenting good lesions of rinderpest. 

EXPERIMENT 26 

Fuga carabao 132.—Contracted rinderpest by exposure to 

sick animals. 

July 14, 1917, this animal presented its first rise in temper- 

ature, registering, in the afternoon, 40° C. 

July 15, diarrhoea, not eating. 

July 16, diarrhea, not eating; administered intravenously 

1,000 cubic centimeters of sodium chloride solution to which 

2.5 cubic centimeters of 40 cent formalin had been added; with- 

stood injection well. 

July 17-18, diarrhoea, not eating; very sick. 

July 18, died presenting good lesions of rinderpest. 

In the seven experiments just described, it will be noted that 

one animal, Dalupiri carabao 3182, experiment 20, recovered 

from rinderpest. From the results of the six other experiments 

it may be granted that the administration of formalin played 

no part in the recovery, as this animal would undoubtedly have 

recovered without any treatment, as many animals do. 

GENTIAN VIOLET 

Gentian violet was used in this experiment with the idea that 

it might have some direct action upon the virus. Russell(2) has 

found in his research work that gentian violet has a direct 

action upon protozoa in high dilution, but has no detrimental 

effect upon tissue growing in vitro. 

EXPERIMENT 27 

Batanes bull 3931 was inoculated with rinderpest culture on 

July eA 

July 16, this animal presented its first rise in temperature. 

July 19, administered intravenously 1,000 cubic centimeters 

of sodium chloride solution that had 2 grams of gentian violet 

dissolved in it; took injection well. 

July 21-22, not eating. 

July 22, died, presenting good lesions of rinderpest, showing 

that the virus was not affected by the injection. 
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SERUM, NUCLEIN, AND ADRENALIN CHLORIDE 

Nuclein was used to try to develop a leukocytosis in the ani- 

mals and thus increase their resistance, since one of the chief 

symptoms in rinderpest is a leukopenia. 

Adrenalin chloride was used to tone up the blood-vessel walls, 

since in rinderpest the virus or its product has a direct action 

upon the capillary walls, causing them to lose their tone and 

thus become markedly distended with blood, which leads to stasis, 

diapedesis, and exudation, the exudates coagulating and causing 

coagulation necrosis. 

The serum was injected to give the animal a supply of anti- 

bodies and thus increase the resistance. 

EXPERIMENT 28 

Batanes bull 4165.—This animal was inoculated on January 

5, 1917, with 50 cubic centimeters of virulent rinderpest blood 

from bull 4162. 

January 9, bull 4165 presented its first rise in temperature, 

registering, in the forenoon, 39.2° C. 

January 10, in the forenoon, administered subcutaneously 200 

cubic centimeters of antirinderpest serum and 15 cubic centi- 

meters of nuclein solution; in the afternoon, 10 cubic centimeters 

of adrenalin chloride. 

January 11, in the forenoon, administered subcutaneously 15 

cubic centimeters of nuclein solution and 10 cubic centimeters 

of adrenalin chloride; in the afternoon, administered 15 cubic 

centimeters of nuclein solution and 10 cubic centimeters of adre- 

nalin chloride. 

January 12, in the forenoon, animal looked bright; slight 

diarrhcea; temperature 38.5° C.; administered subcutaneously 15 

cubic centimeters of nuclein solution and 10 cubic centimeters 

of adrenalin chloride; in the afternoon, not looking so well; 

diarrhea, not eating; administered 15 cubic centimeters of 

nuclein solution and 10 cubic centimeters of adrenalin chloride; 

temperature 38.8° C. 

January 13, animal very weak; temperature 36° C.; adminis- 

tered 10 cubic centimeters of tincture of nux vomica and 10 cubic 

centimeters of 70 per cent alcohol. 

Animal died in the afternoon, presenting good lesions of 

rinderpest. 

Although the administration of nuclein and adrenalin chloride 

appeared to hold in check the more severe symptoms of rinder- 

pest for some time, it has no effect upon the final termination 

of the disease. 
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DAKIN’S CHLORAZENE 

Dakin’s chlorazene was used with the idea of either destroying 

or attenuating the virus of rinderpest to such an extent that the 

animal would be able to overcome the disease and recover. 

Chlorazene is an ideal antiseptic to use, since it has no cor- 

rosive action. It neither precipitates nor coagulates proteins, 

such as blood serum. It is practically nontoxic even when in- 

jected hypodermically. It is extremely stable and is a powerfu! 

disinfectant in very high dilutions. 

EXPERIMENT 29 

Batanes bull 4322.—This animal contracted rinderpest by ex- 

posure to sick animals. 

July 15, 1917, bull 4822 presented its first rise in temperature, 

registering, in the forenoon, 38.9° C. 

July 17, administered intravenously 1,000 cubic centimeters 

of sodium chloride solution in which 13.8 grains of chlorazene 

had been dissolved; animal took injection without a struggle. 

July 18, administered intravenously 1,000 cubic centimeters of 

sodium chloride solution in which 5 grams of chlorazene had been 

dissolved; the animal began to eat immediately after injection. 

July 20, administered intravenously 1,000 cubic centimeters 

of sodium chloride solution in which 5 grams of chlorazene had 

been dissolved; withstood injection well. 

This animal did not develop any symptoms of rinderpest 

except a rather high normal temperature, and it was thought 

possible that a cure had been effected. It was left in immediate 

contact with animals in various stages of the disease. 

July 29, bull 4322 again presented a high temperature, regis- 

tering, in the forenoon, 39° C.; in the afternoon, 40° C. 

August 1, as this animal continued to run a high temperature, 

it was decided to administer chlorazene again. It received in- 

travenously 1,000 cubic centimeters of sodium chloride solution 

in which 4 grams of chlorazene had been dissolved. 

August 3, diarrhoea, not eating; administered intravenously 

1,000 cubic centimeters of sodium chloride solution in which 4 

grams of chlorazene had been dissolved. 

August 4, diarrhcea, not eating; very sick. 

August 5, died during the night of August 4, presenting good 

lesions of rinderpest. 

There is a question as to whether bull 4322 was suffering 

from rinderpest during the first administration of the drug. 

If it was suffering from rinderpest, the chlorazene injections evi- 
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dently destroyed the virus and also the few antibodies that may 

have been formed, as the second attack was as virulent as is 

noticed in any untreated animal, and the administration of chlo- 

razene during this attack had no ill effect upon the virus. 

EXPERIMENT 30 

Fuga bull 4305.—This animal contracted rinderpest by being 

inoculated with material from bull 4298. 

July 17, 1917, afternoon temperature 40.3° C. 

July 18, administered intravenously 1,000 cubic centimeters of 

sodium chloride solution in which 2 grams of chlorazene had 

been dissolved; animal withstood injection well. 

July 19, administered intravenously 1,000 cubic centimeters 

of sodium chloride solution in which 5 grams of chlorazene had 

been dissolved. 

July 20, administered intravenously 1,000 cubic centimeters of 

sodium chloride solution in which 5 grams of chlorazene had 

been dissolved. 

July 21-22, not eating. 

July 23, bloody diarrhoea; not eating; administered 2,000 cubic 

centimeters of sodium chloride solution in which 10 grams of 

chlorazene had been dissolved. 

July 24, found dead in the morning; good lesions of rinderpest. 

EXPERIMENT 31 

Jolo carabao 96.—This animal contracted rinderpest by expo- 

sure to sick animals. 

July 18, 1917, carabao 96 presented its first rise in temper- 

ature, registering, in the forenoon, 39° C.; administered intrave- 

nously 1,000 cubic centimeters of sodium chloride solution in 

which 3 grams of chlorazene had been dissolved. 

July 19, diarrhcea; administered intravenously 1,000 cubic 

centimeters of sodium chloride solution in which 5 grams of 

chlorazene had been dissolved. 

July 20, diarrhoea, not eating; administered intravenously 

2,000 cubic centimeters of sodium chloride solution in which 10 

grams of chlorazene had been dissolved. 

July 21, diarrhcea, not eating, sunken eyes; discharge from 

nostrils; arched back; lopping ears; ulcers in mouth. 

July 22, diarrhoea, not eating; administered intravenously 

2,000 cubic centimeters of sodium chloride solution in which 10 

grams of chlorazene had been dissolved. 

July 23, found dead in the morning; good lesions of rinderpest. 
1526381——4 
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EXPERIMENT 32 

Fuga carabao 129.—This animal contracted rinderpest by 

exposure to sick animals. 

July 18, 1917, carabao 129 presented its first rise in temper- 

ature, registering, in the afternoon, 39° C. 

July 19, administered intravenously 1,000 cubic centimeters 

of sodium chloride solution in which 6 grams of chlorazene had 

been dissolved. 

July 20, diarrhea, not eating; administered intravenously 

1,000 cubic centimeters of sodium chloride solution in which 5 

grams of chlorazene had been dissolved. 

July 21, diarrhea, not eating; administered intravenously 

2,000 cubic centimeters of sodium chloride solution in which 12 

grams of chlorazene had been dissolved. 

July 22, diarrhoea, not eating; very sick. 

July 23, bloody diarrhcea; not eating; sunken eyes; discharge 

from nostrils and eyes; ulcers in mouth; swallowing frequently; 

catchy respiration. 

July 24, animal found dead in the morning; marked lesions of 

rinderpest. 
EXPERIMENT 33 

Batanes bull 4314.—This animal contracted rinderpest by 

exposure to sick animals. 

July 20, 1917, bull 4814 presented a forenoon temperature of 

40.2° C.; administered intravenously 1,000 cubic centimeters of 

sodium chloride solution in which 6 grams of chlorazene had 

been dissolved. 

July 21, administered intravenously 2,000 cubic centimeters of 

sodium chloride solution in which 12 grams of chlorazene had 

been dissolved; withstood injection well. 

July 22, bloody diarrhoea; not eating. 

July 23, bloody diarrhoea; not eating; administered intrave- 

nously 1,000 cubic centimeters of sodium chloride solution in 

which 5 grams of chlorazene had been dissolved; also intrape- 

ritoneally 1,000 cubic centimeters of sodium chloride solution 

in which 5 grams of chlorazene had been dissolved. 

July 24, bloody diarrhea; not eating. 

July 25, diarrhoea, not eating; flakes of blood in mucus. 

July 26, diarrhoea, not eating; flakes of blood in mucus; ad- 

ministered intravenously 1,000 cubic centimeters of sodium chlo- 

ride solution in which 4 grams of chlorazene had been dissolved. 

July 27, found dead in the morning; typical lesions of 

rinderpest. 
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EXPERIMENT 34 

Fuga bull 4311.—This animal contracted rinderpest by expo- 

sure to sick animals. 

July 20, 1917, bull 4311 presented its first rise in temperature, 

registering, in the forenoon, 38.8° C. 

July 21, diarrhoea, not eating; administered intravenously 

2,000 cubic centimeters of sodium chloride solution in which 12 

grams of chlorazene had been dissolved; animal withstood the 

injection well. 

July 22, found dead in the morning; good lesions of rinderpest. 

EXPERIMENT 35 

Fuga carabao 125.—This animal contracted rinderpest by ex- 

posure to sick animals. 

July 20, 1917, carabao 125 presented its first rise in tem- 

perature, registering, in the afternoon, 40.4° C. 

July 21, administered intravenously 2,000 cubic centimeters 

of sodium chloride solution in which 12 grams of chlorazene 

had been dissolved. 

July 23, bloody diarrhoea; not eating; administered intra- 

venously 1,000 cubic centimeters of sodium chloride solution in 

which 6 grams of chlorazene had been dissolved; also 1,000 

cubic centimeters of sodium chloride solution intraperitoneally 

in which 6 grams of chlorazene had been dissolved. 

July 24, bloody diarrhea; not eating; animal very sick; sunken 

eyes; discharge from eyes and nostrils; ulcers in mouth, swallow- 

ing frequently. 

July 25, diarrhoea, not eating; died during the forenoon; good 

lesions of rinderpest. 

EXPERIMENT 36 

Fuga bull 4310.—This animal contracted rinderpest by con- 

tact with sick animals. 

July 21, 1917, bull 4310 presented its first rise in temperature, 

registering, in the afternoon, 40.2° C. 

July 22, administered intravenously 2,000 cubic centimeters 

of sodium chloride solution in which 9 grams of chlorazene 

had been dissolved. 

July 23, administered intravenously 2,000 cubic centimeters 

of sodium chloride solution in which 10 grams of chlorazene 

had been dissolved. 

July 26, diarrhoea, not eating; administered intravenously 

1,000 cubic centimeters of sodium chloride solution in which 4 

grams of chlorazene had been dissolved. 
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July 27, diarrhcea, not eating. 

July 28, found dead in the morning; good lesions of rinderpest. 

From the results obtained in experiments 29 to 36, inclusive, 

it will be noted that chlorazene by the method in which it was 

administered had no curative effect upon rinderpest. 

SALICYLATE OF MERCURY 

Salicylate of mercury was used with the idea that it might 

have a specific action upon the virus of rinderpest. By hypo- 

dermic injection rapid and powerful action is obtained, free 

from gastrointestinal irritation, which has to be considered when 

treating rinderpest. 

In some of the experiments serum was used simultaneously 

with the salicylate of mercury to try to increase the resistance 

of the animals toward the disease. 

EXPERIMENT 37 

Fuga carabao 128.—This animal contracted rinderpest by ex- 

posure to sick animals. 

July 21, 1917, carabao 128 presented its first rise in temper- 

ature, registering, in the afternoon, 39.8° C. 

July 24, diarrhoea, not eating; given a deep intramuscular in- 

jection of 0.5 gram of salicylate of mercury suspended in 12.5 

cubic centimeters of paraffin oil. 

July 25, diarrhoea, not eating; given a deep intramuscular in- 

jection of 0.5 gram of salicylate of mercury suspended in 12.5 

cubic centimeters of paraffin oil. 

July 26, diarrhoea, not eating; given a deep Sveeatemde ° in- 

jection of 0.5 gram of salicylate of mercury suspended in 12.5 

cubic centimeters of paraffin oil. 

July 27, bloody diarrhcea; not eating; animal very sick. 

July 28, found dead in the morning; good lesions of rinderpest. 

EXPERIMENT 38 

Jolo carabao 98.—This animal contracted rinderpest by ex- 

posure to sick animals. 

July 24, 1917, carabao 98 presented its first rise in temper- 

ature, registering, in the forenoon, 38.9° C.; in the afternoon, 

40° C. 

July 25, given a deep intramuscular injection of 0.5 gram 

of salicylate of mercury suspended in 12.5 cubic centimeters 

of sterile paraffin oil. 

July 26, given a deep intramuscular injection of 0.5 gram of 

salicylate of mercury suspended in 12.5 cubic centimeters of 

sterile paraffin oil. 
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July 27, in the forenoon, diarrhea beginning; in the afternoon, 

diarrhoea, not eating. 

July 28, diarrheea, not eating. 

July 29-31, bloody diarrhcea; not eating; animal very sick. 

August 1, bloody diarrheea ; not eating ; sunken eyes; discharge 

from eyes and nostrils; grinding teeth; swallowing frequently ; 

ulcers in mouth; arched back; straining frequently; catchy 

respiration. 

August 2, anima] found dead in the morning; good lesions of 

rinderpest. 

EXPERIMENT 39. SERUM AND SALICYLATE OF MERCURY 

Fuga carabao 127.—This animal contracted rinderpest by ex- 

posure to sick animals. 

July 27, 1917, carabao 127 presented its first rise in temper- 

ature, registering, in the forenoon, 39.1° C. It was given 300 

cubic centimeters of antirinderpest serum subcutaneously and 

‘intramuscularly 0.5 gram of salicylate of mercury suspended in 

12.5 cubic centimeters of sterile paraffin oil. 

July 28, given a deep intramuscular injection of 0.5 gram of 

salicylate: of mercury suspended in 10 cubic centimeters of 

sterile paraffin oil. 

July 29, diarrhcea, not eating; given a deep intramuscular in- 

jection of 0.5 gram of salicylate of mercury suspended in 10 cubic 

centimeters of sterile paraffin oil. 

July 30, diarrhcea, not eating. 

July 31, bloody diarrhcea; not eating; animal very sick. 

August 1, bloody diarrhoea; not eating; animal very sick. 

August 2, bloody diarrhoea; not eating; died during the fore- 

noon; good lesions of rinderpest. 

EXPERIMENT 40. SERUM AND SALICYLATE OF MERCURY 

Batanes bull 4317.—This animal contracted rinderpest by ex- 

posure to sick animals. 

July 28, 1917, bull 4317 presented its first rise in temperature, 

registering, in the forenoon, 39.2° C.; given 300 cubic centi-: 

meters of antirinderpest serum subcutaneously and 0.5 cubic 

centimeter of sterile paraffin oil intramuscularly. 

July 29, given deep intramuscular injection of 0.5 gram of 

salicylate of mercury suspended in 10 cubic centimeters of sterile 

paraffin oil; in the afternoon, diarrhea, eating little. 

July 30, diarrhoea, not eating. 

July 31, bloody diarrhoea; not eating; animal very sick. 

August 1, bloody diarrhoea; not eating; animal died during the 

forenoon; good lesions of rinderpest. 
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From the results obtained in experiments 37 and 38 it will be 

noted that the deep intramuscular injections of salicylate of 

mercury had no detrimental effect upon the virus of rinderpest. 

From the results obtained in experiments 39 and 40 it will 

be noted that the combination of antirinderpest serum and 

salicylate of mercury had no detrimental effect upon the virus 

of rinderpest. 

ANTIRINDERPEST SERUM 

EXPERIMENT 41 

Fuga carabao 135.—This animal contracted rinderpest by ex- 

posure to sick animals. 

July 30, 1917, carabao 135 presented it first rise in temper- 

ature, registering, in the forenoon, 38.8° C., and was injected 

subcutaneously with 300 cubic centimeters of antirinderpest 

serum. 

July 31, not eating. 

August 1, not eating. 

August 2-3, diarrhcea, not eating. 

August 4, diarrhea, eating little. 

August 5—6, bloody diarrhoea; not eating; animal very sick. 

August 7, animal found dead in the morning; good lesions of 

rinderpest. 
EXPERIMENT 42 

Fuga carabao 134.—This animal contracted rinderpest by ex- 

posure to sick animals. 

August 10, 1917, carabao 134 presented its first rise in tem- 

perature, registering, in the afternoon, 40.1° C. 

August 11, given subcutaneously 1,000 cubic centimeters of 

antirinderpest serum; in the afternoon, diarrhcea starting. 

August 12, diarrhea, not eating. 

August 13-14, bloody diarrhcea; not eating; animal very sick. 

August 15, animal found dead in the morning; good lesions of 

rinderpest. 
EXPERIMENT 43 

Fuga carabao 126.—This animal contracted rinderpest by ex- 

posure to sick animals. 

August 12, 1917, carabao 126 presented its first rise in temper- 

ature, registering, in the forenoon, 39.4° C.; given subcuta- 

neously 1,000 cubic centimeters of antirinderpest serum. 

August 14-15, diarrhoea, not eating. 

August 16, diarrhoea, not eating; aborted. 

August 17, bloody diarrhcea; not eating. 
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August 18, bloody diarrhoea; not eating. 

August 19, bloody diarrhcea; not eating. 

August 20, animal found dead in the morning; good lesions 

of rinderpest. 

From the results obtained in experiments 41 to 43, inclusive, 

it will be noted that antirinderpest serum had no protective 

effect upon the final outcome of the disease when injected in as 

large a dosage as 1,000 cubic centimeters. 

Antirinderpest serum is very effective when used before the 

symptoms of rinderpest make their appearance. 

It is also beneficial when administered in large quantities to 

animals that have a high resistance or are infected with an 

attenuated strain of virus. When handling animals that are 

highly susceptible, such as are used in the laboratory in experi- 

mental work, when such animals are infected with a highly 

virulent strain of rinderpest, such as is used in the laboratory 

in carrying on experiments, and when this type of animal pre- 

sents the first symptoms of the disease, then the administration 

of antirinderpest serum is of no benefit as a protective or 

curative agent. 

CANABIS INDICA AND SERUM 

Canabis indica was used for its antispasmodic, analgesic, 

and narcotic action and also to stimulate the appetite. It was 

thought that possibly by the action of the drug and the support 

it would receive from the antirinderpest serum there might be 

a chance of the animal developing enough resistance to overcome 

the disease. 
EXPERIMENT 44 

Batanes bull 4313.—This animal contracted rinderpest by ex- 

posure to sick animals. 

July 31, 1917, bull 4313 presented its first rise in temperature, 

registering, in the afternoon, 40.2° C. 

August 1, given subcutaneously 300 cubic centimeters of anti- 

rinderpest serum and intravenously 5 cubic centimeters of fluid 

extract of Canabis indica. 

August 2, administered intravenously 5 cubic centimeters of 

fluid extract of Canabis indica. 

August 3, diarrhoea, not eating; administered intravenously 

8 cubic centimeters of fluid extract of Canabis indica. 

August 4, diarrhcea, eating little; administered intravenously 

10 cubic centimeters of fluid extract of Canabis indica. 

August 5, diarrhcea, eating little; administered intravenously 

10 cubic centimeters of fluid extract of Canabis indica. 
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August 6, diarrhea, eating little; blood and mucus; adminis- 

tered subcutaneously 10 cubic centimeters of fluid extract of Ca- 

nabis indica and given a drench of tannin solution. 

August 7, diarrhea, not eating; administered subcutaneously 

10 cubic centimeters of fluid extract of Canabis indica and given 

a drench of tannin solution. 

August 8, found dead in the morning; good rinderpest lesions. 

EXPERIMENT 45 

Batanes bull 4320.—This animal contraeted rinderpest by ex- 

posure to sick animals. 

August 1, 1917, bull 4320 presented its first rise in temper- 

ature, registering, in the afternoon, 39.6° C. 

August 2, injected subcutaneously 300 cubic centimeters of 

antirinderpest serum and intravenously 5 cubic centimeters of 

fluid extract of Canabis indica. 

August 3, diarrhea, not eating; given intravenously 5 cubic 

centimeters of fluid extract of Canabis indica. 

August 4, diarrhea, eating little; given intravenously 10 cubic 

centimeters of fluid extract of Canabis indica. 

August 5, diarrhoea, eating little; given intravenously 10 cubic 

centimeters of fluid extract of Canabis indica. 

August 6, diarrhoea, eating little; given intravenously 10 cubic 

centimeters of fluid extract of Canabis indica. 

August 7, bloody diarrhea; not eating; given subcutaneously 

10 cubic centimeters of fluid extract of Canabis indica and given 

a drench of tannin solution; animal very sick. 

August 8, animal found dead in the morning; good lesions of 

rinderpest. 
EXPERIMENT 46 

Fuga bull 4323.—This animal contracted rinderpest by expo- 

sure to sick animals. 

August 4, 1917, bull 4323 presented its first rise in temper- 

ature, registering, in the forenoon, 39.2° C. 

August 5, diarrhcea; administered subcutaneously 500 cubic 

centimeters of antirinderpest serum and intravenously 5 cubic 

centimeters of fluid extract of Canabis indica. 

August 6, diarrheea, not eating; straining; very sick; adminis- 

tered intravenously 10 cubic centimeters of fluid extract of Ca- 

nabis indica and given a drench of tannin solution. 

August 7, bloody diarrhcea; not eating; straining; very sick; 

given intravenously 10 cubic centimeters of fluid extract of Ca- 

nabis indica; given a drench of tannin solution. 
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August 8, animal found dead in the morning; good lesions 

of rinderpest. 

From the results obtained in experiments 44 to 46, inclusive, 

it will be noticed that the administration of fluid extract of Ca- 

nabis indica and antirinderpest serum had no effect upon the 

final outcome of the disease. The animals used in experiments 

44 and 45 continued to eat for a much longer time than is usually 

the case in a fatal attack of rinderpest, and in this respect the 

Canabis indica helped them. They also did not develop ulcers 

in their mouths until the day before death. 

MEDICINAL METHYLENE BLUE 

EXPERIMENT 47 

Fuga bull 4324.—This animal contracted rinderpest by expo- 

sure to sick animals. 

August 8, 1917, bull 4324 presented its first rise in temper- 

ature, registering 39.9° C. 

August 9, administered intravenously 800 cubic centimeters 

of sodium chloride solution in which 1 gram of medicinal methy- 

lene blue (Merck) had been dissolved; in the afternoon diarrhea 

beginning. 

August 10, bloody diarrhoea; not eating; administered intra- 

venously 500 cubic centimeters of sodium chloride solution in 

which 0.5 gram of medicinal methylene blue had been dissolved. 

August 11, bloody diarrhoea; not eating; animal very sick; 

administered intravenously 500 cubic centimeters of sodium 

chloride solution in which 0.8 gram of medicinal methylene blue 

had been dissolved. 

August 12, animal found dead in the morning; good lesions 

of rinderpest. 

From the results obtained in experiments 2 and 47 it will be 

noticed that medicinal methylene blue has apparently no detri- 

mental effect upon the virus of rinderpest when administered 

either subcutaneously or intravenously. 

MISCELLANEOUS EXPERIMENTS 

The data on the following experiments cannot be located, 

but I have the results of these experiments in mind. 

1. During 1913 a small Batanes bull suffering from an attack 

of rinderpest was injected intraperitoneally with quinine sul- 

phate that had been dissolved in acidulated sodium chloride 

solution. This animal recovered from the disease. Without 

doubt the animal would have made a recovery without any 
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treatment, when the results of further experiments with quinine 

sulphate are considered. 

2. During 1913 two Batanes bulls suffering from rinderpest 

were given subcutaneously injections of camphorated oil, which 

is frequently prescribed as a circulatory stimulant in septicemia. 

Both of these animals died of rinderpest. 

3. In the early part of 1914 two animals that were suffering 

from rinderpest were treated with fluid extract of gentian and 

fluid extract of nux vomica. These drugs were administered 

with the idea of keeping the circulation and appetite toned up. 

Both animals died of rinderpest, the drugs having practically no 

effect upon them, as both animals developed inappetence and 

diarrhcea and died in the usual length of time noticed in severe 

cases of rinderpest. 

4. During the early part of 1914 a bull suffering from rinder- 

pest was drenched with dilute alcohol administered at short 

intervals. This animal developed all the symptoms of rinderpest 

and died of that disease in the usual length of time. 

5. During 1912 several animals were treated with castor oil, 

and all of them developed the usual symptoms and lesions of 

rinderpest and died of that disease. 

FIELD NOTES 

Dr. Stanton Youngberg, chief veterinarian, Bureau of Agri- 

culture, and the several veterinarians in charge of the immun- 

ization stations in the provinces have been using strychnine, 

nitroglycerin, and echinacoid on animals that have a severe reac- - 

tion while passing through the immunization. (Simultaneous 

method, receiving an infecting dose of virulent rinderpest blood 

and a supposedly protecting dose of antirinderpest serum on the 

same day or within one or two days of each other.) 

These workers find that all three of the above-mentioned drugs 

prolong the life of animals by their stimulating effect and in 

many instances seem to sustain life long enough for the animal 

to develop sufficient antibodies to combat the disease and in this 

way make a recovery. They find that when using strychnine 

great care has to be taken in not stopping the use of the drug too 

suddenly, as its action is very transient and if not administered 

at short intervals the animal is apt to suffer a collapse and die 

suddenly. 

With nitroglycerin and echinacoid the stimulating effect is 

of longer duration and collapse is not so frequently noticed. 

Although these drugs are practically useless for animals that 

contract rinderpest in the usual way and have not previously 
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received a protecting dose of serum, the results indicate that 

they may be used on animals that have severe reactions while 

being immunized. 

CONCLUSIONS 

1. From the results of the 47 experiments in which drugs 

and serum were used in treating animals sick with rinderpest, 

it will be noticed that but one animal, carabao 3182, experiment 

20, recovered from the disease and that animals of subsequent 

experiments (21 to 26, inclusive), treated similarly to carabao 

3182, succumbed to the disease, which proves conclusively that 

carabao 3182 would have recovered as readily without any 

treatment. 

2. From the result obtained in No. 1 of the miscellaneous ex- 

periments it is evident that this animal would have made a re- 

covery without any treatment, when the results of experiments 

7 to 10, inclusive, are considered. The animals in these experi- 

ments were treated in a similar manner, and all of them suc- 

cumbed to the disease. 

3. It will be noticed that over fifty animals were experimented 

upon with the various drugs mentioned and that but two animals 

recovered from the disease, which is positive proof that the 

drugs used and administered as they were had no curative power 

for an animal suffering from rinderpest. 
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PROCEEDINGS OF THE MANILA MEDICAL SOCIETY 

REGULAR MONTHLY MEETING, DECEMBER 3, 1917 

MINUTES OF THE MANILA MEDICAL SOCIETY 

The regular monthly meeting of the Manila Medical Society 

was held at the College of Medicine and Surgery on Monday 

evening, December 3, 1917. In the absence of the president 

and the secretary, the meeting was called to order by Dr. B. C. 

Crowell, president of the Philippine Islands Medical Association. 

On motion duly made and seconded, there being no objection, 

Doctor Crowell took the chair and appointed Dr. R. B. Gibson 

as secretary pro tempore. 

Doctor Crowell presented the name of Dr. Emiliano M. Panis 

for membership in the Manila Medical Society. On motion, duly 

seconded and carried, Doctor Panis’s application was referred 

to the council for final action. 

There being no other business, the scientific program for the 

evening was taken up. 

R. B. GIBSON, 

Secretary pro tempore, 

Manila Medical Society. 

SCIENTIFIC PROGRAM 

ON PHILIPPINE MEDICINAL PLANTS 

By Dr. LEON M. GUERRERO 

The flora in the Philippines are rich in pharmacological pro- 

ducts, the systematic pharmacological and chemical investigation 

of which deserves attention. Many plant preparations used by 

the natives or empirically prescribed by quacks have some ther- 

apeutic value. Among these may be mentioned Alstonia scho- 

laris for malaria and which may serve perhaps also as a cardiac 

remedy ; Lunasia amara employed as gastric sedative, but which 

has been found to contain an alkaloid producing nonspinal con- 

vulsions; the seeds of Quisqualis indica, known to the native 

Filipinos as a vermifuge; Tylophora brevipes, similar to 

Tylophora asthmatica of India, which contains an alkaloid 
tylophorine and which is popularly used as an emetic and also 

as an antidysenteric, expectorant, and emmenagogue; Tinospora 
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reticulata, used for malaria and probably containing berberine; 

and several species of strophanthus, the lethal dose of which is 

not unknown to the natives. 

SERUM THERAPY OF BACILLARY DYSENTERY 

By Dr. Pepro T. LANTIN 

Specific serum therapy for bacillary dysentery has until the 

last few years fallen into disrepute. The work of later inves- 

tigators indicates that the serum therapy of bacillary dysentery 

is an effective means of checking the disease. The present paper 

gives the results of the treatment of 20 cases of bacillary 

dysentery treated with antidysentery serum. Of these 20 cases, 

5 were treated medicinally and with intramuscular injections 

of serum, 1 death occurring; 6 were treated with serum intra- 

muscularly and per rectum, with no deaths; 3 cases were treated 

with serum per rectum, with no deaths; and finally 3 cases 

were treated intravenously with serum, with no deaths. The 

majority of the cases were severe; the single case that died 

had been admitted to the hospital in a state of collapse. Admin- 

istration per rectum was done with the patient in the knee- 

chest position, 30 to 50 cubic centimeters being given daily, 

preceded a half hour earlier by sodium carbonate (1.5 per cent) 

to cleanse the bowels and 60 cubic centimeters of starch-solution 

enema containing 10 drops of tincture of opium. Twenty cubic 

centimeters of serum were used twice a day when given in- 

tramuscularly, and 10 cubic centimeters every other day, in- 

travenously with several hours previous administration of 1 

cubic centimeter hypodermically to avoid anaphylaxis. The 

serum treatments were followed by a prompt reduction in the 

number of stools and a diminution of the fever. The per rectum 

administration of serum in the cases so treated brought about 

a marked alleviation of the local symptoms; it may be used in 

mild cases or in conjunction with intramuscular or intravenous 

injections. In view of the facts established in the literature, 

successful results should follow the use of bacillary dysentery 

serum in the Philippine Islands as evidenced in the cases re- 

ported by the writer. 

DISCUSSION 

Doctor Schébl reviewed the types of dysentery bacilli and 

the methods of differentiating these and said that the antitoxic 

serum used was prepared according to Doerr with cultures of 

the Shiga-Kruse group. Doctor de la Paz discussed some phar- 
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macological aspects of the methods used in the per rectum ad- 

ministration of the serum, stating that the lessening of the 

number of stools, because of the morphine given, must be taken 

into consideration if this is to be considered one of the criteria 

of improvement as the result of the serum therapy. Doctor 

Calderon reported that he had experienced little success with 

antidysentery serum, but thought that the freshly prepared local 

product might be more effective. Doctor Albert stated that he 

has practically failed in treating dysentery in children with 

serum, but most of his cases were in a collapsed and dying 

condition when admitted to the hospital. 

REMOTE MANIFESTATIONS OF FOCAL DENTAL INFECTION, 
WITH CASE REPORTS 

By Dr. R. FERNANDEZ 

The writer emphasized the work of the last seven years on 

the importance of focal chronic dental infections to such con- 

ditions as arthritis, neuritis, gastritis, leuceemia, etc. He spoke 

of the local treatment of the abscess, the use of autogenous vac- 

cines, and particularly the diagnosis by means of the Rontgen ray. 

The methods employed require 5 exposures by the extraoscular 

method and 12 by the intraoscular; the former is to be preferred. 

Skiagrams showing focal dental lesions and case histories were 

presented, the results of the treatment being in full accord with 

recent published observations. 

DISCUSSION 

Doctor Crowell pointed out that while attention to the teeth 

as a source of obscure infections is important, we must consider 

also the appendix, other parts of the intestines, the gall bladder, 

the stomach, deflected septum, and hypertrophied turbinates of 

the nose, the ears, and the genito-urinary organs. Doctor Ottofy 

quoted an article by Willoughby D. Miller, an American dentist 

in Berlin, written twenty-seven years ago, in which the signif- 

icance of focal dental infections was pointed out; he reviewed 

the late development of this study in the United States and 

emphasized the necessity of prophylaxis, proper bridge work, 

and the needless extraction of teeth, many of which may be 

saved for the patient. 

R. B. GIBSON, 

Editor of the Proceedings, 

Manila Medical Society. 
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PRELIMINARY REPORT ON THE VIRULENCE OF CERTAIN BODY 

ORGANS IN RINDERPEST + 

By WILLIAM HUTCHINS BoYNTON 

(From the Bureau of Agriculture, Manila) 

The following results were obtained while endeavoring to 

devise a method of securing the aggressins of rinderpest. Since 

the virus of rinderpest cannot at present be satisfactorily cul- 

tivated under artificial conditions, it was decided to try to ex- 
tract the virus from the tissues of animals suffering from this 

disease. From the symptoms, lesions, and microscopical find- 

ings it is evident that the virus attacks primarily the involun- 

tary muscles and the endothelial lining of the capillary vascular 

system and the parenchymatous tissue. This is prominently 

demonstrated in the intestinal tract and in the lymphatic sys- 

tem. Upon microscopical examination of sections of intestine 

from an animal that has died of rinderpest it will be found 

that the capillary vascular system in the mucosa is flimsy. The 

vessel walls are stretched, distorted, and lacking tone and are 

unable to return to their normal shape. This weakened condi- 

tion of the vessel walls leads to congestion, diapedesis of red 

blood cells, and exudation of the blood plasma. As the plasma 

infiltrates the surrounding tissue, it coagulates, resulting in 

coagulation necrosis and the formation of fibrinous casts, which 

are constantly present in the colon of fatal cases. From the 

result obtained by the intravenous injection of various drugs 

and disinfectants(4) it is evident that the virus of rinder- 

pest does not have its fountain head of development in the blood 

stream. The real place where the virus multiplies appears to be 

1 Published in Phil. Agr. Rev. (1917), 10, 410. 
154722 127 
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inside the tissue cells, where the disinfectants cannot penetrate, 

the virus in the blood stream being merely a surplus that is 

thrown off from these tissue cells. In following this line of 

reasoning, it was decided to consider certain tissues, where 

lesions were more or less pronounced, as cultures, and extracts 
were made from them. 

The tissues used in the following experiments were liver, 

spleen, lymph glands, heart, intestines, thymus, skeletal muscle, 

larynx, pharynx, and the back of the tongue from animals that 

were either bled to death for virulent blood or that had died after 

a regular course of the disease. 

The tissues were taken from the animal as soon after death 

as possible. The amount of tissue desired was weighed and 

then ground in a meat grinder that had been previously steril- 

ized in the autoclave to keep external contamination to the 

minimum. The material thus prepared was placed in a steril- 

ized flask, and twice as much phenol solution (the strength of 

which will be mentioned in each experiment) was added. Both 

crude phenol and the pure crystal form were used in these ex- 

periments with similar results, that is, 100 grams of liver were 

ground and placed in a sterile flask, and 200 cubic centimeters 

of a 0.5 per cent phenol solution were added to it. This material 

was kept in the refrigerator, which averages between 15° and 

16° C., and was daily thoroughly agitated two or three times. 

In some experiments the material was placed in a shaking 

machine and agitated continuously for forty-eight hours at room 

temperature, which averages 26° C. in the morning and 28° 

C. in the afternoon, some days rising to 30° C. After forty- 

eight hours of agitation at room temperature the material was 

placed in the refrigerator for twenty-four hours and then filtered 

through gauze to separate the coarse material, and the filtrate 

was replaced in the refrigerator until used. 

When the intestines were to be extracted, they were first 

thoroughly washed free from fecal matter, then placed in a 0.5 

per cent phenol solution for from five to ten minutes, after which 

they were placed in a large container of boiled water, which 

was cooled to at least 37° C. The tissue was allowed to 

soak in this water for a few minutes to dilute the phenol that 

remained intact. By this method a greater percentage of the 

bacteria on the surface of the intestinal mucosa was destroyed. 

Following this treatment the tissue was weighed, passed through 

the meat grinder, and treated in a manner similar to that of the 

other tissues. 

The animals used in these experiments were all highly sus- 
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ceptible. They were obtained from localities where, to our 

knowledge, rinderpest has never been introduced, or from local- 

ities where the presence of rinderpest has not been known for 

many years. These animals were brought to the laboratory 

and placed under observation for various lengths of time, which 

will be mentioned in each experiment. During the period of 

observation in the quarantine shed and throughout the course 

of the experiments their temperatures were taken twice daily 

and their general appearance was noted. The animals were 

kept in an isolation shed while under experimentation and until 

the first symptoms of disease appeared. Usually one or more 

susceptible animals were among them to check up any accidental 

infection that might gain entrance from sources other than by 

inoculation. As soon as the first symptoms of disease made 

their appearance, the animal thus affected was immediately 

transferred to the shed where the sick animals were kept. 

The following abbreviation will be used in the experiments: 

P. C. W., animals used by the Philip C. Whitaker antirinder- 

pest serum plant.. 
EXPERIMENT 1 

Water extract of liver, spleen, and lymph glands, 3 days old. 
Carabao 69.—Known history prior to the experiment: Native 

Fuga carabao, 3 years old, received at the laboratory and placed 

in quarantine January 7, 1917. This animal was kept under 

observation for twelve days before it was used and at no time 

during this period did it present a high temperature or develop 

any symptoms of sickness. 

February 6, 1917, carabao 69 was injected subcutaneously 

with 100 cubic centimeters of a 3-day-old water extract from 

the liver, spleen, and lymph glands of carabao 66, which was 

bled to death on the third day of temperature for virulent blood, 

to be used in immunization work. Fifty grams of each of these 

tissues were used, and 300 cubic centimeters of water were added 

and allowed to extract in the refrigerator. After three days 

of extraction the material was filtered through gauze, and 100 

cubic centimeters of the filtrate were used in this experiment. 

February 10, carabao 69 presented an afternoon temperature 

of 40.5° C. 

February 11, forenoon temperature, 40.3° C.; afternoon tem- 

perature, 40.8° C.; diarrhcea, not eating. 

February 12-13, diarrhoea, not eating. 

February 14, died, presenting typical symptoms and lesions 

of rinderpest. 

° 
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EXPERIMENT 2 

Water extract of liver, spleen, and lymph glands, 3 days old. 

Carabao 72.—Known history prior to the experiment: Native 

Fuga carabao, 2 years old, received at the laboratory and placed 

in quarantine January 24, 1917. This animal was kept under 

observation for twelve days before it was used and at no time 

during this period did it present a high temperature or develop 
any symptoms of sickness. 

February 6, 1917, carabao 72 was injected subcutaneously 

with 100 cubic centimeters of the same extract as was used in 

experiment 1. 

February 9, carabao 72 presented an afternoon temperature 

of 40.5° C. 

February 10-12, diarrhea, not eating. 

February 13, found dead in the morning. This animal pre- 

sented typical symptoms and lesions of rinderpest. 

From the results of these two experiments it will be noticed 

that the watery extract from the organs used was very potent, 

the incubation period being four and three days, respectively, 

and the various symptoms leading up to death were prompt in 

making their appearance after the initial rise in temperature. 

EXPERIMENT 3 

Phenol (0.5 per cent) extract of liver and lymph glands, 5 

days old. 
Carabao 75.—Known history prior to the experiment: Native 

Fuga carabao, 2 years old, received at the laboratory and placed 

in quarantine January 24, 1917. This animal was kept under 

observation for twenty-two days before it was used, and at no 

time during this period did it present a high temperature or 

develop any symptoms of sickness. 

February 16, 1917, carabao 75 was injected subcutaneously 

with 200 cubic centimeters of a 4-day-old 0.5 per cent phenol ex- 

tract from the liver and lymph glands of carabao 73, which was 

bled to death on the second day of temperature for virulent blood, 

to be used in immunization work. 

The extract was prepared as follows: 

Liver, 250 grams; 0.5 per cent phenol, 500 cubic centimeters. 

Lymph glands, 200 grams; 0.5 per cent phenol, 400 cubic centimeters. 

This was placed in the refrigerator, filtered through gauze on 

the third day, and returned to the refrigerator. The material 

had a sweet odor, presenting no evidence of putrefaction. 

February 20, carabao 75 presented an afternoon temperature 

of 39.5° C. 
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February 21, morning temperature, 39° C. 

February 22-23, diarrhea, not eating. 

February 24, found dead in the morning. This animal pre- 

sented typical symptoms and lesions of rinderpest. 

EXPERIMENT 4 

Phenol (0.5 per cent) extract of liver, spleen, and lymph glands, 

5 days old. 

Carabao 81.—Known history prior to the experiment: Native 

Fuga carabao, 2 years old, received at the laboratory and placed 

in quarantine January 24, 1917. This animal was kept under 

observation for thirty-four days before it was used, and at no 

time during this period did it present a high temperature or 

develop any symptoms of sickness. 

February 28, 1917, carabao 81 was injected subcutaneously 
with 200 cubic centimeters of a 5-day-old 0.5 per cent phenol 

extract of the liver, spleen, and lymph glands from carabao 77, 

which was bled to death on the second day of temperature for 

virulent blood, to be used in immunization work. 

The extract was prepared as follows: 

Liver, 250 grams; 0.5 per cent phenol, 500 cubic centimeters. 

Spleen, 175 grams; 0.5 per cent phenol, 350 cubic centimeters. 

Lymph glands, 135 grams; 0.5 per cent phenol, 270 cubic centimeters. 

This was placed in the refrigerator for three days; it was then 

filtered through gauze, and the filtrate was returned to the re- 

frigerator. When the extract was injected, it had a sweet odor, 

presenting no evidence of putrefaction. 

March 2, carabao 81 presented a forenoon temperature of 39.5° 

C. and an afternoon temperature of 40° C. 

March 4-7, diarrhea, not eating. 

March 8, found dead in the morning. This animal presented 

typical symptoms and lesions of rinderpest. 

EXPERIMENT 5 

Phenol (0.5 per cent) extract of heart, 5 days old. 

Carabao 84.—Known history prior to the experiment: Native 

Fuga carabao, 3 years and 2 months old, received at the labo- 

ratory and placed in quarantine January 24,1917. This animal 

was kept under observation for fifty-six days before it was used 

in this experiment. On March 8, 1917, it was injected with 10 

cubic centimeters of culture material in which the virus of rinder- 

pest had been inoculated. The animal presented no ill effects 

from this injection. 

March 22, 1917, carabao 84 was injected subcutaneously with 
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200 cubic centimeters of a 5-day-old 0.5 per cent phenol extract 

of the heart from carabao 85, which was bled to death on the 

fourth day of temperature for virulent blood, to be used in im- 

munization work. 

The extract was prepared as follows: 

Heart, 200 grams; 0.5 per cent phenol, 400 cubic centimeters. 

This was placed in the refrigerator for three days; it was 

then filtered through gauze, and the filtrate was returned to the 

refrigerator. When this extract was used, it had a sweet odor 

and presented no signs of putrefaction. 

March 28, carabao 84 presented a forenoon temperature of 

39.6° C. and an afternoon temperature of 40.7° C. 

March 29, diarrhea. 

March 30, diarrhea, eating little. 

March 31, this animal was bled to death for virulent blood, 

to be used in immunization work. It presented good lesions of 

rinderpest. 

EXPERIMENT 6 

Phenol (0.5 per cent) extract of skeletal muscle, 5 days old. 

Carabao 88.—Known history prior to the experiment: Jolo 

carabao, 8 years and 4 months old, received at the laboratory 

and placed in quarantine March 3, 1917. This animal was kept 

under observation for twenty-six days before it was used, and 

at no time during this period did it present a high temperature 

or develop any symptoms of sickness. 

March 29, 1917, carabao 88 was injected subcutaneously with 

200 cubic centimeters of a 5-day-old 0.5 per cent phenol extract 

of skeletal muscle from carabao 263 (P. C. W.), which was bled 

to death on the first day of temperature for virulent blood, to 

be used for hyperimmunization work in the production of anti- 

rinderpest serum. 

The extract was prepared as follows: 

Skeletal muscle, 200 grams; 0.5 per cent phenol, 400 cubic centimeters. 

This was placed in the refrigerator for three days; it was 

then filtered through gauze, and the filtrate was returned to the 

refrigerator. 

When the extract was injected, it had a sweet odor, present- 

ing no evidence of putrefaction. 

Carabao 88 did not developed any ill effects from this injection. 

April 15, 1917, which was seventeen days after the muscle- 

extract injection, this animal was injected subcutaneously with 
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50 cubic centimeters of virulent blood, to test its susceptibility 

to rinderpest, 
April 19, this animal presented an afternoon temperature of 

AQ ues 
April 21-22, diarrhcea, eating little. 

April 28-25, diarrhoea, not eating; blood and mucous casts in 

the feeces. 
April 26, found dead in the morning. This animal presented 

typical symptoms and lesions of rinderpest, which proves that 

it was highly susceptible to that disease when it was injected 

with the muscle extract. This result also leaves the impression 

that the virus of rinderpest is not harbored in the skeletal mus- 

cles or that it is easily destroyed in this tissue. 

EXPERIMENT 7 

Phenol (0.5 per cent) extract of liver, spleen, and lymph 

glands, 15 days old. 

Carabao 93.—Known history prior to the experiment: Jolo 

carabao, 8 years and 4 months old, received at the laboratory 

and placed in quarantine March 3, 1917. This animal was kept 

under observation for fifty-two days before it was used, and at 

no time during this period did it present a high temperature or 

develop any symptoms of sickness. 

April 25, 1917, carabao 93 was injected subcutanecusly with 

200 cubic centimeters of a 15-day-old 0.5 per cent phenol extract 

of liver, spleen, and lymph glands from carabao 251 (P. C. W.), 

which was bled to death on the second day of temperature for 

virulent blood to be used for hyperimmunization work in the 

production of antirinderpest serum. 

The extract was prepared as follows: 

Liver, 200 grams; 0.5 per cent phenol, 400 cubic centimeters. 

Spleen, 200 grams; 0.5 per cent phenol, 400 cubic centimeters. 

Lymph glands, 200 grams; 0.5 per cent phenol, 400 cubic centimeters. 

This was placed in the refrigerator for three days; it was then 

filtered through gauze, and the filtrate was returned to the re- 

frigerator. When the extract was injected, it had a sweet odor, 

presenting no evidence of putrefaction. 

April 29, carabao 93 presented a forenoon temperature of 39.2° 

C. and an afternoon temperature 40.2° C. 

April 30, diarrhcea; afternoon temperature, 40.9° C. 

May 1, diarrhcea, eating little. 

May 2-3, diarrhoea, not eating. 

May 4, found dead in the morning. This animal presented 

typical symptoms and lesions of rinderpest. 
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EXPERIMENT 8 

Phenol (0.5 per cent) extract of czecum and of colon, 5 days old. 

Bull 4264.—Known history prior to the experiment: Native 

Fuga bull, 4 years old, received at the laboratory and placed 

in quarantine April 12, 1917. This animal was kept under ob- 

servation for three days before it was used; it did not present 

a high temperature or develop any symptoms of sickness during 

this time. 

April 15, 1917, bull 4264 was injected subcutaneously with 

100 cubic centimeters of a 5-day-old 0.5 per cent phenol extract 

of the cecum and colon from carabao 251 (P. C. W.), mentioned 
in experiment 7. 

The extract was prepared as follows: 

Czxcum and colon, 200 grams; 0.5 per cent phenol, 400 cubic centi- 

meters. 

This was placed in the refrigerator for three days; it was then 

filtered through gauze, and the filtrate was returned to the re- 

frigerator. When the extract was injected, it had a sweet odor, 

presenting no evidence of putrefaction. 

April 20, bull 4264 presented an afternoon temperature of 

40.9° C. 

April 21, afternoon temperature, 41.1° C. 

April 22-23, diarrhcea, not eating. 

April 24, bled to death for virulent blood, to be used in im- 

munization work. This animal presented typical symptoms and 

lesions of rinderpest. 

EXPERIMENT 9 

Phenol (0.5 per cent) extract of larynx, pharynx, and base of 

tongue, 5 days old. 

Bull 4265.—Known history prior to the experiment: Native 

Fuga bull, 4 years old, received at the laboratory and placed 

in quarantine April 12, 1917. This animal was kept under 

observation for seven days before it was used; it did not present 

a high temperature or develop any symptoms of sickness during 

this period. 

April 20, 1917, bull 4265 was injected subcutaneously with 

100 cubic centimeters of a 5-day-old 0.5 per cent phenol extract 

of the larynx, pharynx, and base of tongue from carabao 240 

(P. C. W.), which was bled to death on the third day of tem- 

perature for virulent blood to be used in immunization. 

The extract was prepared as follows: 
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Larynx, 50 grams; 0.5 per cent phenol, 100 cubic centimeters. 

Pharynx, 50 grams; 0.5 per cent phenol, 100 cubic centimeters. 

Base of tongue, 50 grams; 0.5 per cent phenol, 100 cubic centimeters. 

This was placed in the refrigerator for three days; it was 

then filtered through gauze, and the filtrate was returned to the 

refrigerator. 

When the extract was injected, it had a sweet odor, presenting 

no evidence of putrefaction. 

Bull 4265 did not develop any ill effects from this injection. 

May 7, 1917, which was seventeen days after the injection 

of the above-mentioned extracts, this animal was injected sub- 

cutaneously with 50 cubic centimeters of virulent blood. 

May 10, bull 4265 presented its first rise in temperature, 

registering, in the forenoon, 39° C.; in the afternoon, 40° C. 

May 11, forenoon temperature, 39.9° C.; bled to death for 

virulent blood, to be used in immunization work. This animal 

presented lesions found in the early stages of rinderpest. This 

proves that bull 4265 was susceptible to the disease when it re- 

ceived the injection of extracts. It also leads to the idea that 

the virus from these parts is either scarce or is easily destroyed 

by the above method of handling, as it will be noticed in ex- 

periment 10 that other tissues from the same animal were virulent 

eight days after extraction. 

EXPERIMENT 10 

Phenol (0.5 per cent) extract of liver, spleen, and lymph 

glands, 8 days old. 

Bull 4266.—Known history prior to the experiment: Native 

Fuga bull, 3 years old, received at the laboratory and placed 

in quarantine April 12, 1917. This animal was kept under ob- 

servation for ten days before it was used, and it did not present a 

high temperature or develop any symptoms of sickness during 

this period. 

April 23, 1917, bull 4266 was injected subcutaneously with 

50 cubic centimeters of an 8-day-old 0.5 per cent phenol extract 

of the liver, spleen, and lymph glands from carabao 240 (P. C. 

W.), mentioned in experiment 9. 

The extract was prepared as follows: 

Liver, 150 grams; 0.5 per cent phenol, 300 cubic centimeters. 

Spleen, 150 grams; 0.5 per cent phenol, 300 cubic centimeters. 

Lymph glands, 100 grams; 0.5 per cent phenol, 200 cubic centimeters. 

This was placed in the refrigerator for three days; it was 
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then filtered through gauze, and the filtrate was returned to the 

refrigerator. 

When the extract was injected, it had a sweet odor, presenting 

no evidence of putrefaction. 

April 26, bull 4266 presented its first rise in temperature, 

registering, in the forenoon, 38.9° C.; in the afternoon, 40.5° C. 

April 28-30 diarrhea, not eating. 

May 1-2, diarrhea, not eating. 

May 3, found dead in the morning. This animal presented 

typical symptoms and lesions of rinderpest. 

EXPERIMENT 11 

Phenol (0.5 per cent) extract of liver, spleen, and lymph 

glands, 15 days old. 

Three animals were used in this experiment, bulls 4269, 4270, 

and 4271. All these animals received a similar amount of the 

same extract on the same day, and all gave similar results. 

Therefore one only, bull 4269, will be considered. 
Bull 4269.—Known history prior to the experiment: Native 

Fuga bull, 3 years old, received at the laboratory and placed in 

quarantine April 12, 1917. This animal was kept under ob- 

servation for twelve days before it was used; it did not present 

a high temperature or develop any symptoms of sickness during 

this period. 

April 25, 1917, bull 4269 was injected subcutaneously with 

200 cubic centimeters of a 15-day-old 0.5 per cent phenol extract 

of the liver, spleen, and lymph glands from carabao 251 (P. C. 

W.), which was bled to death on the second day of temperature 

for virulent blood, to be used in immunization work. 

The extract was prepared as follows: 

Liver, 200 grams; 0.5 per cent phenol, 400 cubic centimeters. 

Spleen, 200 grams; 0.5 per cent phenol, 400 cubic centimeters. 

Lymph glands, 200 grams; 0.5 per cent phenol, 400 cubic centimeters. 

This was placed in the refrigerator for three days; it was then 

filtered through gauze, and the filtrate was returned to the re- 

frigerator. The liver extract had a slight butyric acid okt when 

it was injected; the others were sweet. 
April 27, bull 4269 presented its first rise in temperature, 

registering, in the forenoon, 39.1° C.; in the afternoon, 40.3° C. 

April 28, forenoon temperature, 40° C.; afternoon temperature, 

AN 2°5Ge 
April 30, diarrhcea, eating little. 
May 1, forenoon temperature, 40.5° C.; bled to death for 

virulent blood, to be used in immunization work. This ani- 
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mal presented typical symptoms and lesions of a severe case ot 

rinderpest. 

Bulls 4270 and 4271 died of rinderpest during the forenoon 

of May 4. Both animals presented typical symptoms and lesions 

of rinderpest. 
EXPERIMENT 12 

Phenol (0.5 per cent) extract of liver, spleen, and parotid 

and lymph glands, 16 days old. 

Cow 4260.—Known history prior to the experiment: Native 

Fuga cow, 2 years old, received at the laboratory and placed 

in quarantine April 12, 1917. This animal was kept under 

observation for twenty-one days before it was used; it did not 

present a high temperature or develop any symptoms of sickness 

during this period. 

May 4, 1917, cow 4260 was injected subcutaneously with 200 

cubic centimeters of a 16-day-old 0.5 per cent phenol extract of 

the liver, spleen, and parotid and lymph glands from carabao 

228 (P. C. W.), which was bled to death on the first day of 
temperature for virulent blood, to be used in immunization work. 

The extract was prepared as follows: 

Liver, 200 grams; 0.5 per cent phenol, 400 cubic centimeters. 

Spleen, 200 grams; 0.5 per cent phenol, 400 cubic centimeters. 

Parotid, 100 grams; 0.5 per cent phenol, 200 cubic centimeters. 

Lymph glands, 150 grams; 0.5 per cent phenol, 300 cubic centimeters. 

This was placed in the refrigerator for three days; it was then 

filtered through gauze, and the filtrate was returned to the re- 

frigerator. When the extract was injected, it had a sweet odor, 

- presenting no evidence of putrefaction. 

May 7, cow 4260 presented its first rise in temperature, reg- 

istering, in the afternoon, 40.3° C. 
May 10, not eating. 

May 11-12, diarrhea, not eating. 

May 13, found dead in the morning. This animal presented 

typical symptoms and lesions of rinderpest. 

EXPERIMENT 13 

Phenol (0.5 per cent) extract of liver, spleen, and parotid 

and lymph glands, 20 days old. 
Bull 4272. Known history prior to the experiment: Native 

Fuga bull, 2 years old, received at the laboratory and placed in 

quarantine April 12, 1917. This animal was kept under obser- 

vation twenty-seven days before it was used; it did not present 

a high temperature or develop any symptoms of sickness during 

this period. 
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May 10, 1917, bull 4272 was injected subcutaneously with 

200 cubic centimeters of a 20-day-old 0.5 per cent phenol extract 

of the liver, spleen, and parotid and lymph glands from carabao 

228 (P. C. W.), the preparation of which is described in experi- 

ment 12. The liver extract had a slight butyric acid odor at 

the time of injection. The other extracts had a sweet odor and 

presented no evidence of putrefaction. 

May 14, bull 4272 presented its first rise in temperature, reg- 

istering, in the forenoon, 39.4° C.; in the afternoon, 40.4° C. 

May 16-18, diarrhea, eating little. 

May 19-20, diarrheea, not eating. 

May 21, animal died early in the forenoon, presenting typical 

symptoms and lesions of rinderpest. 

EXPERIMENT 14 

Phenol (0.5 per cent) extract of liver, spleen, and lymph 

glands, 15 days old. 

Carabao 92.—Known history prior to the experiment: Native 

Jolo carabao, 3 years and 6 months old, received at the labora- 

tory and placed in quarantine March 3, 1917. This animal was 

kept under observation for fifty-two days before it was used; 

it did not present a high temperature or develop any symptoms 

of sickness during this period. 

April 25, 1917, carabao 92 was injected subcutaneously with 

200 cubic centimeters of a 15-day-old 0.5 per cent phenol extract 

of the liver, spleen, and lymph glands from carabao 251 (P. C. 

W.), which was bled to death on the second day of temperature 

for virulent blood, to be used in immunization work. 

The extract was prepared as follows: 

Liver, 200 grams; 0.5 per cent phenol, 400 cubic centimeters. 

Spleen, 200 grams; 0.5 per cent phenol, 400 cubic centimeters. 

Lymph glands, 150 grams; 0.5 per cent phenol, 300 cubic centimeters. 

This was placed in the refrigerator for three days; it was 

then filtered through gauze, and the filtrate was returned to the 

refrigerator. 

When the extract was injected, it had a sweet odor, present- 

ing no evidence of putrefaction. 

April 28, this animal presented its first rise in temperature, 

registering, in the forenoon, 39.4° C.; in the afternoon, 39.6° C. 

May 1, diarrhcea; forenoon temperature, 39.8° C.; afternoon 

temperature, 41.1° C. 

May 2-3, diarrhoea, not eating. 

May 4, diarrhcea, eating little. 
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May 5, this animal’s temperature was normal, and it was well 

on the road to recovery. 

June 1, carabao 92 received 50 cubic centimeters of virulent 

blood, which had no ill effect upon it, proving that the animal ~ 

was immune to rinderpest. In addition, this animal was con- 

stantly exposed to animals in various stages of the disease. 

From this result it appears that the virus in this case had 

become slightly attenuated by the extraction. 

EXPERIMENT 15 

Phenol (0.5 per cent) extract of liver, spleen, and lymph 

glands, 29 days old. 

Carabao 104.—Known history prior to the experiment: Native 

Jolo carabao, 7 years and 5 months old, received at the labora- 

tory and placed in quarantine March 3, 1917. This animal was 

kept under observation for seventy-one days before it was used; 

it did not present a high temperature or develop any symptoms 

of sickness during this period. 

May 14, 1917, carabao 104 was injected subcutaneously with 

200 cubic centimeters of a 29-day-old 0.5 per cent phenol extract 

of the liver, spleen, and lymph glands from carabao 240 (P. C. 

W.), which was bled to death on the third day of temperature 

for virulent blood, to be used in immunization work. 

The extract was prepared as follows: 

Liver, 300 grams; 0.5 per cent phenol, 600 cubic centimeters. 

Spleen, 300 grams; 0.5 per cent phenol, 600 cubic centimeters. 

Lymph glands, 150 grams; 0.5 per cent phenol, 300 cubic centimeters. 

This was placed in the refrigerator for three days; it was then 

filtered through gauze, and the filtrate was returned to the 

refrigerator. 

When the extract was injected, the liver had a slight butyric 

acid odor. The other extracts were sweet, presenting no evi- 

dence of putrefaction. 

May 24, which was ten days after the injection, carabao 104 

presented a forenoon temperature of 39° C.; afternoon, 39° C. 

May 25, forenoon temperature, 39.4° C.; afternoon, 41.3° C. 

May 26, diarrhea, eating little; forenoon temperature, 39.9° 

C.; afternoon, 38.7° C. 

May 27, the animal was eating well and its temperature re- 

gistered normal. This animal rapidly recovered from the slight 

attack and to date has not presented any signs of rinderpest, 

although constantly exposed to the disease. 

From the results of this experiment it appears that the virus 
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was markedly attenuated, having just enough vitality to cause a 

slight onset of the disease, which led to a speedy recovery. 

EXPERIMENT 16 

Phenol (0.5 per cent) extract of pancreas, 5 days old. 

Carabao 107.—Known history prior to the experiment: Native 

Jolo carabao, 5 years and 6 months old, received at the labora- 

tory and placed in quarantine March 3, 1917. This animal was 

kept under observation eighty days before it was used and did 

not present a high temperature or develop any symptoms of 

sickness during that period. 

May 23, 1917, carabao 107 received subcutaneously 100 cubic 

eentimeters of a 5-day-old 0.5 per cent phenol extract of pancreas 

from bull 4 (P. C. W.), which was bled to death on the first day 

of temperature for virulent blood, to be used in serum production. 

The extract was prepared as follows: 

Pancreas, 100 grams; 0.5 per cent phenol, 200 cubic centimeters. 

This was placed in the refrigerator for three days; it was 

then filtered through gauze, and the filtrate was returned to the 

refrigerator. 

Carabao 107 never developed any ill effects from this injection. 

June 13, which was twenty-one days after the pancreas-extract 

injection, carabao 107 received 50 cubic centimeters of virulent 

blood. 

June 18, carabao 107 presented its first rise in temperature, 

registering, in the forenoon, 39.8° C.; in the afternoon, 40.6° C. 

June 19, diarrhcea. 

June 20-21, diarrhea, not eating. 

June 22, found dead in the morning. This animal presented 

typical symptoms and lesions of rinderpest. 

From this result it appears that the pancreas extracted in this 

manner is not virulent after five days. 

EXPERIMENT 17 

Phenol (0.5 per cent) extract of liver, spleen, and parotid and 

lymph glands, 55 days old. 

Bull 4285.—Known history prior to the experiment: Native 

Fuga bull, 3 years old, received at the laboratory and placed in 

quarantine May 8, 1917. This animal was kept under observa- 

tion thirty-four days before it was used; it did not present a 

high temperature or develop any symptoms of sickness during 

this period. 
June 12, 1917, bull 4285 received subcutaneously 120 cubic 

centimeters of a 55-day-old 0.5 per cent phenol extract of liver, 
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spleen, and parotid and lymph glands from carabao 228 (P. C. 

W.). This extract was from the same lot used in experiment 

12. At this time the liver extract had a slight butyric acid odor. 

June 20, bull 4285 presented its first rise in temperature, reg- 

istering, in the forenoon, 39° C.; in the afternoon, 40.5° C. 

June 21, diarrhcea; forenoon temperature, 40° C.; afternoon, 

40.6° C. 

June 22-24, diarrhea, not eating. 

June 25, found dead in the morning. This animal presented 

typical symptoms and lesions of rinderpest. 

From this result it appears possible to keep the virus in a 

virulent form for as long a period as fifty-five days in a 0.5 per 

cent phenol solution. 
EXPERIMENT 18 

Phenol (1 per cent) extract of lymph glands, 6 days old. 

Bull 4296.—Known history prior to experiment: Native Fuga 

bull, 2 years old, received at the laboratory and placed in quaran- 

tine June 1, 1917. This animal was kept under observation for 

seventeen days before it was used; it did not present a high 

temperature or develop any symptoms of sickness during this 

period. 

June 18, 1917, bull 4296 received subcutaneously 100 cubic 

centimeters of a 6-day-old 1 per cent phenol extract of lymph 

glands from bulls 1036 and 1037 (P. C. W.), which were bled to 

death on the second day of temperature for virulent blood, to be 

used in the production of antirinderpest serum. 

The extract was prepared as follows: 

Lymph glands, 200 grams; 1 per cent phenol, 400 cubic centimeters. 

This was placed in the refrigerator for three days; it was 

then filtered through gauze, and the filtrate was replaced in the 

refrigerator. 

June 22, bull 4296 presented its first rise in temperature, 

registering, in the forenoon, 39.2° C.; in the afternoon, 41.° C. 

June 24-27, diarrhea, not eating. 

June 28, died during the forenoon. This animal presented 

typical symptoms and lesions of rinderpest, which proves that a 

1 per cent phenol solution will not destroy the virus of rinderpest 

in the lymph glands over a period of six days, nor does the virus 

appear to be attenuated by its presence. 

EXPERIMENT 19 

Phenol (1 per cent) extract of liver, spleen, cecum, and lymph 

glands, 17 days old. 
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Bull 4299.—Known history prior to experiment: Native Fuga 

bull, 2 years old, received at the laboratory and placed in quar- 

antine June, 1, 1917. This animal was kept under observation 

for twenty-five days before it was used; it did not present a high 

temperature or develop any symptoms of sickness during this 

period. 

The extract to be used was prepared as follows: 

Liver, 100 grams; 1 per cent phenol, 200 cubic centimeters. 

Spleen, 100 grams; 1 per cent phenol, 200 cubic centimeters. 

Czcum, 100 grams; 1 per cent phenol, 200 cubic centimeters. 

Lymph glands, 100 grams; 1 per cent phenol, 200 cubic centimeters. 

This was placed in the refrigerator for three days; it was 

then filtered through gauze, and the filtrate was returned to the 

refrigerator. 

June 25, 50 cubic centimeters of each extract were added, 

making a total of 200 cubic centimeters; to this mixed extract 

20 cubic centimeters of a 1-1,000 per cent chlorazene solution 

were added, and the resulting mixture was returned to the re- 

frigerator. 

June 26, 1917, bull 4299 received subcutaneously 100 cubic 

centimeters of the 17-day-old 1 per cent phenol extract of liver, 

spleen, lymph glands, and cecum from bull 1034 (P. C. W.), 

which was bled to death on the first day of temperature for 

virulent blood, to which the 1-1,000 per cent chlorazene solution 

had been added on the previous day. 

July 1, 1917, bull 4299 presented its first rise in temperature, 

registering, in the forenoon, 39.9° C.; in the afternoon, 39.8° C. 

July 2, forenoon temperature, 40.1° C.; afternoon, 40.2° C. 

July 3—5, diarrheea. 

July 6, died in the forenoon, presenting good symptoms and 

lesions of rinderpest. 

This shows that the 1 per cent phenol solution after acting 

seventeen days and the 1-1,000 per cent chlorazene solution 

after acting one day upon the mixed tissue extracts did not have 

any apparent detrimental effect upon the virus of rinderpest. 

EXPERIMENT 20 

Phenol (1 per cent) extract of lymph glands, 20 days old. 

Bull 4302.—Known history prior to experiment: Native Fuga 

bull, 2 years old, received at the laboratory and placed in quar- 

antine June 1, 1917. This animal was kept under observation 

for twenty-eight days before it was used; it did not present 

a high temperature or develop any symptoms of sickness during 

this period. 
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June 29, 1917, bull 4302 received subcutaneously 100 cubic 

centimeters of a 20-day-old 1 per cent phenol extract of lymph 

glands from bull 1034 (P. C. W.) (see experiment 19). 

July 2, this animal presented its first rise in temperature, 

registering, in the afternoon, 40.2° C. 

July 3, forenoon temperature, 39.6° C.; afternoon, 40.2° C. 

July 6—7 diarrhoea, not eating; died during the afternoon of 

July 7. This animal presented typical symptoms and lesions of 

rinderpest. 

EXPERIMENT 21 

Phenol (1 per cent) extract of liver, 21 days old. 

Bull 4303.—Known history prior to experiment: Native Fuga 

bull, 3 years old, received at the laboratory and placed in quar- 

antine June, 1, 1917. This animal was kept under observation 

twenty-nine days before it was used; it did not present a high 

temperature or develop any symptoms of sickness during this 

period. 
June 30, 1917, bull 4303 received subcutaneously 100 cubic 

centimeters of a 21-day-old 1 per cent phenol extract of liver 

from bull 1034 (P. C. W.) (see experiment 19). 

This animal ran a rather erratic temperature from July 3 

until death. 

July 9, diarrhea; afternoon temperature, 40° C., which was 

the highest temperature registered during the course of the 

disease. 

July 10, diarrhea. 

July 11, diarrhcea, not eating; afternoon temperature so low 

that it could not be read. 

July 12, found dead in the morning. This animal developed 

rather atypical symptoms, which do sometimes occur in rinder- 

pest.(3) It presented good lesions of the disease. 

EXPERIMENT 22 

Phenol (1 per cent) extract of spleen, 21 days old. 

Bull 4304.—Known history prior to experiment: Native Fuga 

bull, 2 years old, received at the laboratory and placed in quar- 

antine June 1, 1917. This animal was kept under observation 

for twenty-nine days before it was used; it did not present a 

high temperature or develop any symptoms of sickness during 

this period. 

June 30, 1917, bull 4304 received subcutaneously 100 cubic 

centimeters of a 21-day-old 1 per cent phenol extract of spleen 

from bull 1034 (P. C. W.) (see experiment 19). 
1547222 
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July 3, this animal presented its initial rise in temperature, 

registering, in the forenoon, 39.4° C.; in the afternoon, 40.6° C. 

July 6-8, diarrhea, not eating. 

July 9, died, presenting good symptoms and lesions of rin- 

derpest. 

It will be noticed from the results obtained in experiments 

20, 21, and 22 that the 1 per cent phenol had apparently no 

detrimental effect upon the virus of rinderpest when contained 

in the lymph glands for twenty days and in the liver and in the 

spleen for twenty-one days. 

EXPERIMENT 23 

Phenol (1 per cent) extract of lymph glands, 17 days old. 

Bull 4306.—Known history prior to experiment: Native Fuga 

bull, 3 years old, received at the laboratory and placed in quar- 

antine June 1, 1917. This animal was kept under observation 

for thirty-eight days before it was used; it did not present a 

high temperature or develop any symptoms of sickness during 

this period. 

July 9, 1917, bull 43806 received subcutaneously 100 cubic 

centimeters of a 17-day-old 1 per cent phenol extract of lymph 

glands from carabao 107, which died of rinderpest on the sixth 

day of temperature (see experiment 16). 

The extract was prepared as follows: 

Lymph glands, 200 grams; 1 per cent phenol, 400 cubic centimeters. 

This was placed in the refrigerator for three days; it was 

then filtered through gauze and returned to the refrigerator. 

This animal ran an atypical course of the disease. On July 

10, the afternoon temperature was 39.4° C., which was the 

highest temperature registered. 

July 13-14, diarrhea, not eating. 

July 15, found dead in the morning. This animal] presented 

good physical symptoms and good lesions of rinderpest, but did 

not develop a high temperature. The disease was very acute, 

as the animal was dead on the morning of the sixth day after 

injection. 
EXPERIMENT 24 

Phenol (2 per cent) extract of spleen, 5 days old. 

Bull 4316.—Known history prior to experiment: Native Ba- 

tanes bull, 6 years old, received at the laboratory and placed in 

quarantine June 3, 1917. This animal was kept under observa- 

tion for seventy-two days before it was used; it did not present 

a high temperature or develop any symptoms of sickness during 

this period. 
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August 15, 1917, bull 4316 received subcutaneously 50 cubic 

centimeters of a 5-day-old 2 per cent phenol extract of spleen 

from a bull (P. C. W.) that was bled to death for virulent blood 

on its second day of temperature. This spleen extract was 

agitated at room temperature for forty-eight hours. 

The extract was prepared as follows: 

Spleen, 100 grams; 2 per cent phenol, 200 cubic centimeters. 

This was placed in a shaking machine and agitated contin- 

uously for forty-eight hours at room temperature. At the ex- 

piration of forty-eight hours it was placed in the refrigerator 

for twenty-four hours; it was then filtered through gauze, and 

the filtrate was returned to the refrigerator. 

August 20, afternoon temperature, 39.8° C. 

August 21, forenoon temperature, 38.7° C.; afternoon, 39.8° C. 

August 22, forenoon temperature, 39° C.; afternoon, 40.2° C. 

August 25-26, eating little. 

This animal was given 600 cubic centimeters of antirinderpest 

serum on August 21, 200 cubic centimeters on August 22, and 

100 cubic centimeters on August 25. With the mildness of the 

attack and the administration of the serum the animal made a 

speedy recovery. 

This animal was constantly exposed to animals sick with 

rinderpest. On September 13, 1917, it was injected with 2,000 

cubic centimeters of a 7-day-old 0.75 per cent phenol extract of 

liver and lymph glands. It never developed the disease, proving 

that it had been immunized by its first attack. 

September 27, 1917, it was considered hyperimmune and was 

bled to death for its serum. 

This proves that the 2 per cent phenol and the agitation did 

not destroy the virus of rinderpest, but undoubtedly attenuated 

it to some extent. 
EXPERIMENT 25 

Phenol (2 per cent) and glycerin extract of spleen, 5 days old. 

Bull 4308.—Known history prior to experiment: Native Fuga 

bull, 3 years and 3 months old, received at the laboratory and 

placed in quarantine June 1, 1917. This animal was kept under 

observation seventy-four days before it was used; it did not 

present a high temperature or develop any symptoms of sickness 

during this period. 

August 15, 1917, bull 4808 received subcutaneously 50 cubic 

centimeters of a 5-day-old 2 per cent phenol extract of spleen, 

to which glycerin was added, from the bull (P, C. W.) mentioned 

in experiment 24. 
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The extract was prepared as follows: 

Spleen, 100 grams. 

Glycerin, 50 cubic centimeters. 

Water, 150 cubic centimeters. 

Phenol (pure), 4 cubic centimeters. 

This was placed in a shaking machine and agitated con- 

tinuously for forty-eight hours at room temperature. At the 

expiration of forty-eight hours it was placed in the refrigerator 

for twenty-four hours; it was then filtered through gauze, and 

the filtrate was returned to the refrigerator. 

Bull 4308 did not develop any symptoms of disease from this 

injection. 

August 29, which was fourteen days after the extract injec- 

tion, this animal was injected with 50 cubic centimeters of 

virulent blood. 

September 1, this animal presented its first rise in temper- 

ature, registering, in the forenoon, 39.5° C.; in the afternoon, 

ADEN": 

It ran a rather severe course of the disease, but recovered. 

This proves that the virus was destroyed in the spleen extract 

by the action of the 2 per cent phenol and glycerin. 

Several similar experiments were tried, using liver and lymph 

glands, and it was found that the virus was destroyed in each 

case where glycerin was added. 

EXPERIMENT 26 

Phenol (2 per cent) extract of lymph glands, 8 days old. 

Bull 4335.—Known history prior to experiment: Native Fuga 

bull, 3 years old, received at the laboratory and placed in quaran- 

tine August 28, 1917. This animal was used on the day of its 

arrival; consequently it was not under observation previous to 

the experiment. 

August 28, 1917, bull 4335 received subcutaneously 50 cubic 

centimeters of an 8-day-old 2 per cent phenol extract of lymph 

glands from bull 1660 (P. C. W.), which was bled to death on 

its second day of temperature for virulent blood. 

The extract was prepared as follows: 

Lymph glands, 100 grams; 2 per cent phenol, 200 cubic centimeters. 

This was placed in the shaking machine and agitated con- 

tinuously for forty-eight hours at room temperature. At the 

expiration of forty-eight hours it was placed in the refrigerator 

for twenty-four hours; it was then filtered through gauze, and 

the filtrate was returned to the refrigerator. 

This injection had no ill effect upon bull 4335. 
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September 11, 1917, which was fourteen days after the 2 per 

cent phenol and lymph gland extract injection, this animal re- 

ceived 50 cubic centimeters of a 5-day-old 0.75 per cent phenol 

extract of liver and lymph glands from carabao 97, which was 

bled to death for virulent blood on its fourth day of temperature. 

September 18, bull 4335 presented its first rise in temperature, 

registering, in the forenoon, 39.6° C.; in the afternoon, 39.8° C. 

September 14, forenoon temperature, 40.2° C.; afternoon, 

40.3° C. 
September 15, diarrhoea; bled to death for virulent blood, to 

be used in immunization work. This animal presented good 

symptoms and lesions of rinderpest. 

This proves that the 2 per cent phenol and the agitation 

together destroyed the virus of rinderpest in the lymph gland 

extract after eight days. 

Similar results were obtained by treating liver tissue in the 

same way and for the same length of time. : 

Heart and intestine extracts were found to lose their virulence 

in six days when treated in the above-mentioned manner. 

DISCUSSION 

From the results obtained in the foregoing experiments, it is 

apparent that the virus of rinderpest held in certain tissues of 

the body is not injured when extracted with weak solutions of 

phenol. From many observations that have been made in this 

laboratory during the past seven years, it has been noticed that 

the virus of rinderpest is quickly destroyed in decomposing 

material, either tissue or blood. On the other hand, if virulent 

blood is drawn under aseptic conditions and placed in sterile 

containers, the virus will retain its activity for five or six days. 

If the blood is kept in a clotted form, the virus retains its activity 

a few days longer. It has been shown in previous work(2) 

that when the large water leech (Hirudo boyntoni Wharton) 

is allowed to feed upon an animal sick with rinderpest, the virus 

may remain active for a period of twenty-five days inside the 

body of the leech. In this case the blood is kept from putre- 

factive organisms and also in a semianaérobic condition. 

By extracting certain organs with weak phenol solutions, the 

activity of the putrefactive organisms is kept down to the mini- 

mum, and thus they have little or no effect upon the virus of 

rinderpest. 
Many times a certain method will work in the hands of the 

originator, but when placed in other hands the same good results 

are not obtained. To check this, Drs. Ildefonso Patdu and 
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Florencio Patenia have made these extracts with no supervision 

from me, and the results obtained from these extracts were 

similar to those obtained where I had had full supervision. 

To prove that these extracts would work as readily upon 

animals not used in the laboratory, on three different occasions 

extracts were given to Dr. D. W. Shaffer and Mr. Thomas L. 

Bean to be used as virulent material on animals that were used 

in the production of antirinderpest serum in the Philip C. 

Whitaker antirinderpest serum laboratory. Doctor Shaffer and 

Mr. Bean obtained as good results with the extracts as we had 

in the research laboratory, which proves that these extracts 

work as readily on animals outside as on those inside of the 

laboratory. 

These extracts have been used in the immunization stations 

in the provinces, under the supervision of Dr. Stanton Young- 

berg, chief veterinarian.? In preparing extracts for the prov- 

inces, we use a 0.75 per cent phenol solution. For ordinary 

immunization work it is best not to use an extract over 15 days 

old, as there are other factors that enter in that are apt to 

delude. We have obtained a considerable number of very grat- 

ifying results with old extracts, which will be reported in a 

subsequent paper. On these occasions the animals presented 

no reaction to the injection. After a period of two weeks these 

animals were exposed to rinderpest by various methods, that is, 

by exposure to sick animals, inoculation with virulent blood, and 

inoculation with extracts. These animals presented no ill effects 

from the exposures to which they were subjected, showing that 

they had been immunized by the primary injection of extract. 

From the result obtained by Birch on hog cholera,(1) it is 

possible that tissue extracts can be used as readily in that disease 

as in rinderpest, thereby lowering the enormous expense of ob- 

taining virulent material in the production of antihog-cholera 

serum. 
I wish to thank Dr. D. W. Shaffer for the privilege of securing 

various tissues used in these experiments from animals used by 

him in obtaining virulent blood in the process of making anti- 

rinderpest serum. 

CONCLUSIONS 

1. From the results obtained in experiments 1 and 2, it is 

evident that water extracts of the liver, spleen, and lymph glands, 

3 days old, are highly infectious to susceptible animals. 

2. From the results obtained in experiments 3 and 4, it is 

*Phil. Agr. Rev. (1917), 10. 
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evident that a 0.5 per cent phenol extract of liver, spleen, and 

lymph glands, 5 days old, is highly infectious to susceptible 

animals. 

3. From the result obtained in experiment 5, it is evident 

that a 0.5 per cent phenol extract of heart muscle, 5 days old, is 

highly infectious to susceptible animals. : 

4. From the result obtained in experiment 6, it appears that 

the skeletal muscle is not a suitable tissue for making extracts 

in the case of rinderpest. 

5. From the results obtained in experiments 7, 10, 11, 12, 

18, 14, 15, and 17, it is proved that a 0.5 per cent phenol extract 

of liver, spleen, and lymph glands can hold the virus of rinder- 

pest in a virulent form for periods of time varying from eight 

to fifty-five days. 

6. From the result obtained in experiment 8, it is evident that 

a 0.5 per cent phenol extract of cecum and of colon, 5 days 

old, is highly infectious to susceptible animals. 

7. From the result obtained in experiment 9, it is apparent 

that the larynx, pharynx, and base of tongue are not suitable 

tissues for making extracts in the case of rinderpest. 

8. From the result obtained in experiment 16, it is apparent 

that the pancreas is not a suitable tissue for making extracts 

in the case of rinderpest. 

9. From the results obtained in experiments 18, 20, and 23, 

it is evident that a 1 per cent phenol extract of lymph glands, 

6, 20, and 17 days old, respectively, is highly infectious to 

susceptible animals. 

10. From the result obtained in experiment 19, it is evident 

that a 1 per cent phenol extract of liver, spleen, cecum, and 

lymph glands, 17 days old, is highly infectious to susceptible 

animals. 

11. From the result obtained in experiment 21, it is evident 

that a 1 per cent phenol extract of liver, 21 days old, is virulent 

to susceptible animals. 

12. From the result obtained in experiment 22, it is evident 

that a 1 per cent phenol extract of spleen, 21 days old, is virulent 

to susceptible animals. 
13. From the result obtained in experiment 24, it is evident 

that a 2 per cent phenol extract of spleen, 5 days old, is infectious 

to susceptible animals. 

14. From the result obtained in experiment 25, it appears 

_ that when glycerin is added to a 2 per cent phenol extract that 

has been agitated for forty-eight hours the virus of rinderpest 

is readily destroyed. 



150 The Philippine Journal of Science 

15. From the result obtained in experiment 26, it appears 

that in a 2 per cent phenol extract of lymph glands, 8 days old, 

the virus of rinderpest is destroyed. 

16. From certain results mentioned in the discussion, it is ad- 

visable to use a 0.75 per cent phenol extract not over 15 days old. 

17. From the results obtained in working with rinderpest, 

it is very plausible that similar or even better results may be 

obtained with the virus of hog cholera along these lines. 

18. The tissues best adapted for this work are the liver, spleen, 

lymph glands, heart, fourth stomach, cecum, and colon. 
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NOTE ON THE USE OF ORGAN EXTRACTS IN PLACE OF VIRU- 

LENT BLOOD IN IMMUNIZATION AND HYPERIM- 

MUNIZATION AGAINST RINDERPEST * 

By WILLIAM HUTCHINS BOYNTON 

(From the Bureau of Agriculture, Manila) 

In a paper appearing in this number? it will be noted that 

after an animal has been bled to death for virulent rinderpest 

blood weak phenol extracts can be made from the liver, spleen, 

lymphatics, heart, and intestinal tract and that these extracts 

are as potent as virulent blood. 

One of the problems in the production of antirinderpest serum 

is the reduction in the cost of producing virulent material to 

be used in hyperimmunization. Various methods have been 

used with more or less success. Nicolle and Adil-Bey(3) were 

the first to develop a method by which the virulent material 

could be increased. When an infected animal presented symp- 

toms of diarrhcea, they introduced into the peritoneal cavity a 

mixture composed of 3 volumes of normal saline solution and 

1 volume of a slightly alkaline solution of Martin’s peptone. 

They introduced 6 liters of this material into yearling cattle (the 

quantity varying according to the size of the animal), and after 

three hours the animal was bled to death, the peritoneal cavity 

was opened, and the fluid was aspirated. After allowing this to 

coagulate, the clear liquid was drained off and used. The fluid 

thus obtained gave an increase in virulent material, which was 

used with success in hyperimmunization. 

Ruediger (4) obtained equal results using normal saline solu- 

tion, which he allowed to remain in the peritoneal cavity from 

one to two hours before bleeding the animal to death and with- 

drawing it. The same author(5) also used a 5 per cent sodium 

citrate solution with equal results. 

Holmes(1) diluted the virulent blood with an equal volume 

of potassium citrate solution and claims the diluted blood gave 

better results than undiluted defibrinated blood. 

Martoglio(2) has developed the latest method, in which he 

1 Published in Phil. Agr. Rev. (1917), 10, 448. 

*This Journal, Sec. B (1918), 13, 127; also Phil. Agr. Rev. (1917), 

10, 410. 
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claims to increase the virulent material about 70 per cent. His 

technic is as follows: 

When the infected bovine presents the buccal lesions, usually at the end 

of the fourth or fifth day of the fever, less commonly at the end of the 

third, sixth, or seventh, it is immobilized in the stocks and intubed in the 

jugular and the carotid on the same side. The jugular is put in com- 

munication with a capacious glass receptacle placed on a level with the 

head of the animal and containing saline solution, sterilized and at a 

temperature of 38° to 39°C., leaving the outlet tube of rubber closed by 

compression of pincers. * * * The carotid is put in communication with 

the receptacle which receives the pest blood, and the bleeding begins. 

When the convulsions preceding the death-struggle begin, the bleeding 

should stop. The assistant shuts the tube for drawing the blood with a 

clamp and opens the tube admitting the sodium-chloride solution; im- 

mediately the serious symptom-complex changes, the muscular contractions 

begin to cease, the respiration and pulse that were accelerated become 

regular and the animal when it has received about as much solution as it 

has lost blood, enters a period of calm. 
% % * * * * * 

We usually inject enough solution to make two and a half times the 

volume of blood taken, and without ill results. * * * The operation 

over the animal returns to its shed without assistance. After a lapse of 

about 5 or 6 hours the animal is bled from the same carotid, this time 

until it dies. 

By this method Martoglio claims to wash out the blood vessels 

and lymphatic system and obtain a potent virus. 

Dr. Stanton Youngberg, chief veterinarian, Bureau of Agri- 

culture, and Dr. D. W. Shaffer, formerly in charge of the Philip 

C. Whitaker antirinderpest serum laboratory, Manila, have been 

using a simple method of slightly increasing the production of 

virulent blood as follows: The injected animal is bled from 2 

to 4 liters of blood, depending upon its size, on the second day 

of temperature; the animal is then allowed to stand overnight, 

during which time the body has an opportunity to replace the 

volume of the blood lost; on the following day it is bled to 

death. In the final bleeding practically as much blood in bulk 

is obtained as would be procured in a single bleeding, which 

gives an increase in virulent material corresponding to the 

amount obtained at the initial bleeding. 

TISSUE-EXTRACT METHOD 

Any of the above-mentioned methods can be utilized and an 

enormous increase of virulent material still be obtained by ex- 

tracting the organs in a weak phenol solution. To illustrate 

this point, we shall consider the data obtained from an animal 

of ordinary size, which was bled to death and from whose tissues 

extracts were made. 
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Batanes bull 4318, bled to death August 24, 1917. 

Amount of virulent blood obtained, 9,000 cubic centimeters. 

Weight of organs from which extracts were made: 

Grams. 

Liver 1735 

Spleen 350 

Lymphatics 260 

Fourth stomach 320 

Czcum and colon 2,220 

Heart 680 

Total 5,655 

These organs were passed through a meat grinder and placed 

in twice their bulk of a 0.75 per cent phenol solution; that is, 

the cecum, colon, and fourth stomach were first thoroughly 

washed free from fecal matter, then placed in 5 per cent phenol 

solution for from five to ten minutes, after which they were 

placed in a large container of boiled water, which was cooled 

to at least 87° C. These tissues were then allowed to soak in this 

water for a few minutes to dilute the phenol that remained intact 

{by this method a greater percentage of the bacteria on the 

surface of the intestinal mucosa is destroyed). Following this 

treatment the tissue was weighed, passed through the meat 

grinder, and treated in a manner similar to that adopted for the 

cther tissues (5,565 grams of tissue from this animal « 2—11,130 

cubic centimeters, the amount of phenol solution that should be 

added). This material was allowed to extract for three days in 

the refrigerator, being thoroughly agitated three or four times 

each day. At the expiration of this period it was filtered through 

gauze to separate the coarse material, and the filtrate was 

returned to the refrigerator, ready for use. 

From the above-mentioned animal about 11 liters of extract 

filtrate were obtained, plus the 9 liters of blood, which makes a 

total of 20 liters of virulent material; under ordinary conditions 

but 9 liters would have been secured. 

If this animal had been handled by the method advanced by 

Martoglio, a still greater amount of virulent material would 

have been obtained. Considering that Martoglio obtains a 70 

per cent increase in the virulent blood, it would bring the total 

up to 26,300 cubic centimeters, which would practically triple 

the output of virulent material from this animal, providing it 

had been merely bled to death. 

Both simultaneous immunization and hyperimmunization have 

been accomplished with these tissue extracts at the laboratory 

and in the immunization stations in the provinces. 
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Doctor Youngberg had the extracts used in simultaneous im- 

munization of carabao at the immunization station at Lubao, 

Pampanga Province, Doctor Topacio doing the work. These 

extracts were tried on two different sets of animals. 

July 22, 1917, seventeen head of carabao were brought to the 

station for immunization and were injected with mixed liver, 

spleen, and lymph gland extract in a 0.5 per cent phenol solution, 

5 days old. The doses administered and the final results were 

as follows: Eight animals received 5 cubic centimeters each of 

this extract, five animals giving good reactions; four animals 

received 10 cubic centimeters each of the extract, all of them 

giving good reactions; two animals received 15 cubic centimeters 

each of the extract, neither reacting; two animals received 

20 cubic centimeters each of the extract, one reacting; one 

animal received 25 cubic centimeters of the extract without 

reacting. On August 5, 1917, all the animals that did not react 

were injected with 25 cubic centimeters of virulent blood, and 

none of them developed the disease, proving them to be immune. 

When these animals were injected with the extract, they also 

received from 250 to 600 cubic centimeters of antirinderpest 

serum, the amount of serum administered depending upon the 

size of the animal. 

August 17, 1917, fifteen head of carabao, brought into the 

station for immunization, received 5 cubic centimeters each of 

an 8-day-old liver extract that had been prepared as follows: 

Two hundred grams of liver from an animal bled to death on 

the second day of temperature were passed through a meat 

grinder, and 400 cubic centimeters of a 0.75 per cent phenol 

solution were added to it. This material was placed in the refrig- 

erator and thoroughly agitated three or four times a day. After 

three days’ extraction it was filtered through gauze, and the 

filtrate was returned to the refrigerator, where it was kept until 

it was 7 days old. The extract was then shipped to the Lubao 

immunization station for use in the above injections. Of these 

fifteen animals, seven developed good reactions. Each of these 

animals received from 400 to 600 cubic centimeters of anti- 

rinderpest serum, depending on its size, at the same time the 

extract was injected. One of the reacting animals that received 

400 cubic centimeters of antirinderpest serum succumbed to the 

disease, while the others made good recoveries. The animals 

that did not react were injected with 25 cubic centimeters of 

virulent blood on September 2, 1917, and one developed the 

disease from the second injection. There is a possibility that 

this animal did not contract the disease from the extract injec- 
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tion on account of a slight fault in the technic of administering 

it. Since the skin of a carabao is thick, it is difficult to use 

a small injection such as 5 cubic centimeters and be sure one 

has good penetration of the virus. When working with this 

type of animal, it is best to give at least 10 cubic centimeters at 

an injection. If but 5 cubic centimeters of the material is 

desired, it can be easily diluted to 10 cubic centimeters with 0.85 

per cent sodium chloride solution without affecting the activity 

of the virus, and in this way the necessary amount of material 

is available. 

The animals on which the extract was used were the ordinary 

type one has to handle in the immunization stations, as they 

were obtained from localities where rinderpest had been present 

for a number of years, and many of those brought to the station 

had passed through the disease by natural contact. Since at 

present there is no way of identifying the immunity, all animals 

are subjected to the same treatment. This accounts for the high 

percentage of nonreactors obtained in this work. From the 

results obtained by the use of extracts, Doctor Youngberg states 

that it has the same efficiency as the most potent virulent blood. 

With a strong strain of virulent blood he usually obtains about 

50 per cent reactors on the first injection. With the extract, 

slightly over 50 per cent of reactions were obtained, or in other 

words it picked out all the susceptible animals but one. The 

possible reason for this one not becoming infected from the 

extract has been mentioned. 

In using the extract for hyperimmunization, we have obtained 

some very satisfactory results, but there have been a few in- 

stances where the massive injection of this highly virulent mate- 

rial has resulted in the death of the animal. The possible causes 

for this will be discussed in connection with these animals. 

The first hyperimmunization work with tissue extracts was 

accomplished by Doctor Patdu, upon Chinese cattle. These an- 

imals were imported to the Philippines to be used as work 

animals. Before they could be shipped to the provinces, they 

had to be immunized against rinderpest, which was accomplished 

at the quarantine station. 

Fourteen of these Chinese cattle that had passed through an 

attack of rinderpest during the immunization process were hyper- 

immunized with fixed tissue extract obtained from three different 

animals. These extracts were prepared in 0.5 per cent phenol 

and were 5 days old. Thirteen of the animals received 1,500 

cubic centimeters each of this extract, and one received 1,200 

cubic centimeters. None of these animals developed any serious 
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effects from these injections. They had a slight temperature 

the day following the injections, which soon subsided to normal. 

After several days these animals were bled approximately 4 

liters each. The serum thus obtained has been used in the im- 

munization stations with good results. 

In view of the results obtained in hyperimmunizing the Chi- 

nese cattle with the extracts, Doctor Youngberg had the extract 

tried on some animals in the provincial immunization stations. 

The extract was prepared at the research laboratory, using liver, 

spleen, lymphatics, and heart in a 0.75 per cent phenol solution. 

On the fourth day of extraction this material was filtered through 

gauze and placed in 15-liter demijohns. When it was 6 days old, 

it was taken by automobile to the San Fernando and the Apalit 

immunization stations. On the following day Dr. C. H. Leavitt, 

in charge of the San Fernando immunization station, injected 

five animals with 2,000 cubic centimeters each of this extract, 

and Dr. C. H. Decker, in charge of the Apalit immunization 

station, injected four animals with 2,000 cubic centimeters each. 

Doctor Leavitt states that a short time after the injection the 

animals became stiff, stopped eating, and in the course of a few 

days they presented the appearance of being paralyzed. All 

five of the animals injected died. Doctor Decker had a some- 

what similar experience and lost two of the four animals. 

We then tried the same type of extract at the laboratory on 

two animals that had recently recovered from rinderpest. These 

animals were each injected with 2,000 cubic centimeters of a 

7-day-old extract in 0.75 per cent phenol solution. In contrast to 

the above extracts this material had been kept in the refrigerator 

up to the time of injection. These animals developed a pro- 

nounced cedema in the pendent portion of the body, which com- 

pletely subsided within three days by the aid of slight massaging 

and the application of warm water each morning. Within four 

days these animals were in norma] condition and never presented 

any ill effects from the injections up to the time they were bled 

to death for serum. 

From the results thus obtained it is evident that small Fuga 

and Batanes cattle can withstand 2,000 cubic centimeters of this 

extract at one injection without any serious disturbance. 

A further test was made in trying to locate the cause of the 

losses incurred by Doctors Leavitt and Decker. In this ex- 

periment the extracts were made in a manner similar to that 

followed for those described above. On the sixth day they were 

placed in a demijohn and taken to San Fernando, Pampanga, by 

automobile and returned to the laboratory the following morning. 
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This was done to expose the extracts to climatic conditions in the 

same way that the extracts used by Doctors Leavitt and Decker 

had been exposed. 

Two thousand cubic centimeters of this material were injected 

into a Batanes bull that had recently recovered from rinderpest. 

This animal developed an cedema similar to that developed by 

the others. By massaging and giving a warm bath the cedema 

had practically subsided by the fourth day. On the morning of 

_the fifth day after injection this animal could not rise to its feet, 

but continued to ruminate and ate a little during the forenoon. 

In the evening it was practically paralyzed and was found dead 

the next morning. From the results obtained in this experiment 

and those obtained by Doctors Leavitt and Decker it is evident 

that by exposing these extracts to the climatic conditions existing 

in the Philippines for a period of twenty-four hours they pass 

through certain chemical changes, which are very detrimental 

to animals receiving the extracts in large quantities. The exact 

changes have not been determined, but they appear to be protein 

decomposition or botulism toxin. 

We are doing further work on trying to eliminate the small 

particles of tissue that pass through the gauze, by first filter- 

ing the extract through gauze, then through a layer of cotton 

(method similar to that used in filtering agar), and finally 

passing it through filter paper. By this method we obtain 

a slightly turbid, dark amber-colored liquid. A small Fuga bull 

that recently recovered from rinderpest has been injected with 

2,000 cubic centimeters of this material, which was kept in the 

refrigerator up to the time of injection. This material caused 

a much milder cedema, which practically subsided in two days, 

and the animal suffered no apparent ill effects. There was a 

slight elevation of temperature for two days, but the animal 

continued to eat well and looked bright. 

CONCLUSIONS 

1. Considering the results thus far obtained, it is evident that 

tissue extracts from animals suffering with rinderpest are just 

as potent as virulent blood when used in simultaneous immuni- 

zation work. 

2. Any of the methods advocated for increasing the production 

of virulent material can be utilized, after which the organs can 

be extracted, thereby obtaining a much greater increase in 

quantity. 

3. By using Martoglio’s method and extracting the organs, the 

output of virulent material is practically tripled. 
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4. If the extracts are kept at a temperature of approximately 

15° C., they can be used with safety in 2,000 cubic centimeter 

doses for hyperimmunization. 

5. Considering our results up to date, the extracts should not 

be given in massive injections if they have been exposed for a 

period of eighteen hours to the climatic conditions found in the 

tropics. 

6. These extracts can be produced so easily that this method 

can be used in any immunization station. 

7. Considering the similarity of hog cholera to rinderpest, 

this method should be as applicable in that disease as it is in 

rinderpest, thereby reducing the enormous cost of the virus. 
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COMPARATIVE STUDY ON NATURAL HEMOLYSINS IN INAC- 

TIVATED HUMAN AND MONKEYS’ SERUM ' 

By CARLOS MONSERRAT 

(From the Serum Section, Biological Laboratory, Bureau of Science, Manila) 

The absence in human serum of natural hemolytic amboceptor 

toward the red corpuscles of the monkey has been mentioned in a 

previous communication.’ ‘ 

This study suggested the present experiments, in which twenty- 

three additional samples of human sera were tested with regard 

to their content of antimonkey natural hemolytic amboceptor. 

All these samples, showing a lack of antimonkey hemolytic am- 

boceptor, behaved in the same manner as the forty samples of 

human sera previously tested.’ 
Kolmer and Casselmann‘ have recently studied the hemoly- 

sins in inactivated human serum and found that the said serum 

contains natural hemolysins toward red cells of the following 

animals: Sheep, dog, calf, goat, pig, rat, chicken, horse, rabbit, 

and guinea pig. 

On account of our suggestion to substitute, with advantage, 

monkeys’ corpuscles for human red cells in performing the com- 

plement fixation test for diagnosis of syphilis, it seemed of in- 

terest to compare human serum with that of the monkey with 

regard to hemolytic amboceptor toward red cells of some of the 

animals used by the above-mentioned authors. 

In Table I there are recorded the results obtained by testing 

twenty-three inactivated human sera and one monkey’s serum 

for hemolysins against human red corpuscles and those of the 

monkey, the sheep, the horse, the cow, the goat, the carabao, 

and the guinea pig. 

Technic.—The sera were heated between 55° and 56° C. for 

thirty minutes. The amount used in the test was 0.2 cubic 

* Received for publication November, 1917. 

* This Journal, Sec. B (1917), 12, 249. 

* Loc. cit. 
* Journ, Inf. Dis. (1915), 16, 441. 
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centimeter. To each tube were added 1.5 cubic centimeters of 

physiologic salt solution (0.9 per cent) and 0.5 cubic centimeter 

of a 4 per cent red-cell suspension. The tubes were allowed to 

stand at room temperature for one hour, and during this time 

each tube was frequently shaken. After one hour of exposure 

to room temperature, 0.5 cubic centimeter of ten times diluted 

complement was added, using the pooled sera of three guinea 

pigs. The tubes were placed in the incubator for another hour, 

and then the results were recorded. 

It is evident from the results of these tests (Table I) that 

none of the human sera showed the presence of natural hemo- 

lysins against human, monkeys’, horses’, and guinea pigs’ red 

corpuscles, but the majority of the same sera contained hemoly- 

sins for sheep’s and goats’ corpuscles and in a slight degree for 

cows’, carabaos’, and rabbits’ red cells. 

The one monkey’s serum showed lack of hemolysins against 

human, monkeys’, horses’, cows’, carabaos’, rabbits’, and guinea 

pigs’ corpuscles, and like the human sera this one serum con- 

tained a great amount of natural hemolysins against sheep’s and 

goats’ corpuscles. 

The human, as well as the one monkey’s serum, showed a strong 

agglutination of carabaos’ and rabbits’ red cells. As our first 

experiment was carried out with only one sample of one monkey’s 

serum, we tested in a second experiment the sera of five dif- 

ferent monkeys. These sera gave identical results with the one 

sample previously tested, as is shown in Table II. 

Having established the fact that human and monkeys’ sera 

behave in a similar way with regard to hemolysins toward red 

cells of various animals, we proceeded in the next experiment 

to test the sera of these animals, including that of man and of 

monkey, with regard to the presence or absence of natural hemo- 

lytic amboceptor toward the red cells of each of the animals, in- 

cluding man. The results of these tests are evident from 

Table III. The technic applied in this experiment was the same 

as in previous tests, except the amount of serum used, which 

was decreased to 0.1 cubic centimeter. 
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It is evident from the results of the tests given in Table III 

that monkeys’ serum behaves in the same way as human serum 

does with regard to natural amboceptor toward the various red 

corpuscles used in the test. Furthermore human red cells and 

those of a monkey behave in practically the same way when 

exposed to the action of inactivated sera of various animals and 

guinea pigs’ complement. 

One striking thing, which may be of interest, is the finding 

that rabbits’ serum contains no hemolytic amboceptor for human 

corpuscles, while it has a large amount of natural hemolytic 

amboceptor for monkeys’ red corpuscles. Monkeys’ red cells 

behave in that respect in a similar way as those of the sheep, 

the horse, and the goat. This finding probably explains the fact 

that artificial antimonkey amboceptor of as high titer as that 

of the sheep, the goat, and the horse can be produced. 

This question is being studied in further experiments now 

under way. 
The object of these experiments is to test more than one 

rabbit’s serum and to study the influence of immunization on the 

amount of natural hemolytic amboceptor. 

CONCLUSIONS 

1, Inactivated human sera contain no natural amboceptor for 
monkeys’ red corpuscles, but a great percentage of human sera 

contains a large amount of hemolytic amboceptor for sheep’s 

and goats’ corpuscles. 

2. Inactivated monkeys’ serum contains no natural amboceptor 

for human red corpuscles, but contains a large amount of natural 

hemolytic amboceptor for sheep’s and goats’ corpuscles. 

3. Natural hemolytic amboceptor of human and monkeys’ sera 

are almost identical, not having the same relation in this respect 

with the sera of the sheep, als horse, the cow, the goat, the 

rabbit, and guinea pig. 

4, The serum of the rabbit (one animal) shows hemolysins for 

the corpuscles of the sheep, the horse, the monkey, and the goat. 
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TABLE I.—Showing comparative tests of human sera and one monkey’s 

serum. ; 

[Inactivated serum, 0.2 cubic centimeter; guinea pigs’ complement, 0.05 cubic centimeter; 

—, no hemolysis; +, trace of hemolysis ; +2, slight hemolysis; +8, moderate hemolysis; +4, 

strong hemolysis ; +5, almost complete hemolysis ; +6, complete hemolysis; a, agglutination. ] 

0.5 ce. of 4 per cent Mon- Purans 
suspension of sensi- | }.4) : 
tized red corpuscles 1 1 ay | eer 5 6 7 8 9 10 aT 

com | M. A|B.R./G.N| G. |B.L./A.K| D. |a. AM. C/T. 0.|F. B. 
| aaa —_ a 

| ula ee | 
= eon at. See SS || a a = 

+6 arm) |) SeS3)) Seyi) somos ll sh6) ll sh GP lh chow leat 

= - |-aj-al — = = Sal Sai = = 

= = = = = = || = = aF = Fl as 

=e Sa | a) a |) alee >a | =a.) +a | +a | tal) ea 

ae eB SE ee ee aR) GL SH] sta 
=a a) | Sant sa —a|—a | —a|—a|—a|+a|—a|—a 

= a = sa = | = = SS see |) 
1 i 

Human— 
0.5 cc. of 4 per cent 
suspension of sensi- ; ; 

, tized red'corpuscles | 49 | 43 14 lets 16 7 

as 1S: F F.|V.G.|S.S.|L. B.|F.C.|A.R.\F. F.C. Y. B.|E B|U.S.| GC 

Man): 42-2 eo = — |= = = = | = = = se = _ 

Monkey) 22-2 == = — | = _ _ _ — _ -- _ | — = 

Shegps see rat's ue +3 | +6| +6) +6| +3) +3 | +6| +6 | +6| +5 | +6] — 
Morse: == 5-2-8 = Se SS = Ses = = = ae = 

Cowen eet eee Sta eet Wet Nc SS | = 
sha || ba (| pal a 

Qa 

| es 
=] O = i) ch 09 | 

i) 
| | | i) | | | | | | 

i) 
| | 

TABLE II.—Showing tests of five different samples of monkeys’ serum." 

[Imactivated monkeys’ serum, 0.2 cubic centimeter; guinea pigs’ complement, 0.05 cubic 

centimeter. ] 

| 
0.5 cc. of 4 per enneenansen ot sensitized red | No. 1. | No. 2. | No. 3. Nowa. none: 

i | | 

ae ee ene eee eae = => = = = 

Monkey, Fie oe a ee ees = = = = = 

| Sheep -=---- SN Beste oe 2 canis ue SRR Ee etme +5 +4 +4 | +5 +5 
| HOPS @ wo eee ee aoe oe ee ee eee eee == = = = = 
| Cow ee 2). TEE. 3 oe NS Seen Det Oh cy oe | = = — | = _ 

Goat a.cc2 Sok ee es Se Se a ne } pt! +2 +2 +5 +5 

Pp LEE STe te ocee oeemee ene a siece cere ee ae | —a —a —a | —a —a 

|: (Guinea pig osteo) ean 5 See eee = = | a = 

8 See Table I for abbreviations and signs. 
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TABLE III.—Showing cross tests of sera and red cells of various animals, 
including man.* 

{Inactivated serum, 0.1 cubic centimeter; guinea pigs’ complement, 0.05 cubic centimeter. ]- 

of sensitized red corpuscles of-| man. | kes | Sheep. | Horse.| Cow. | Goat. |Rabbit,| Gnines 

Mia nyse as 2 2 ee Sere = a= = — _— =6) = = 

Monkeys ee ee eae a = = = — = = +4 = 

Sheeprec: 222 esas Sane anies + +6 = = a8 = +6 = 

Horsey 2282. <5. Sasa! = = sr = +2a = +5 = 

Cow, =o ee Ue See ese) = at = = = = = ae 

(CoS yee eels ne As ee ee ah +5 = = +5 = +4 = 

Rabbits ae ee eee ee —a +2a = = = —a = = 

Guinean eee ee tems = = — — _ =— —_ = 

setts 
«See Table I for abbreviations and signs. 
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STUDIES ON CRYPTOPLASMIC INFECTION. 1, DEVELOPMENT aaa = 

OF A CRYPTOCOCCUS IN CULTURES FROM AN ungpase am i 

SIFIED CHRONIC PHILIPPINE ULCER ? i 

By H. W. Wave obeys Ea 
4 

(From the Biological Laboratory, Bureau of Science, Manila) © ts 

FIVE PLATES 

GENERAL HYPOTHESIS 

In the pathology of fungous infections of the deeper tissues 

there are sometimes noted features difficult to explain on the basis 

of the recognized factors of infection. Having been interested 

by certain such observations on the American “blastomycosis,” 

so-called, I was led to undertake a study of mycotic lesions as 

they occur in the Philippine Islands. From the outset there 

were encountered difficulties and peculiarities, and a number 

of observations have been made that, for their explanation, have 

led to the formulation of a tentative hypothesis that departs 

radically from orthodox views. Though it is impossible as yet 

fully to define these observations, it seems desirable to outline 

their chief features in order to indicate the line of investigation 

to which they have led. 

Essentially it appears as if the differentiated, demonstrable 

parasitic element in a mycotic lesion may give rise to a deriva- 

tive substance, morphologically not differentiated and perhaps 

even quite amorphous, that, unlike the known “toxins,” soluble 

‘This article, though preceded by three others having to do with certain 

infectious fungi and the lesions caused by them [Jouwrn. Inf. Dis. (1916), 

18, 618; Arch. Int. Med. (1916), 18, 103; and This Journal, Sec. B (1916), 

11, 267], is the first paper of a contemplated series based on a group of 

more or less related observations and experimental studies, by the sum 

total of which it is hoped that the general hypothesis here outlined may 

be established. 
153993 165 
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or insoluble, is by itself more or less viable and may be capable, 

to a certain extent at least and under certain conditions, of 

persisting as such and even of increasing or growing. 

The hypothetical substance or body (to designate which the 

term “cryptoplasm”’ seems appropriate), though it may play a 

more or less important part in the pathogenic expression of the 

infection, is probably in some cases dependent upon the presence 

of the original differentiated parasitic element for its continuous 

replacement and thus for its perpetuation in the lesion, in which 

case it would be successfully resisted by the host in the absence 

of the formed element. In other cases, however, it may be able 

to perpetuate itself and maintain the lesion. Reversion to the 

differentiated parasitic form may be possible in some cases, 

under proper conditions; in other cases, and under ordinary 

conditions; it probably does not occur. 

There is evidence that the cryptoplasm is, or may become, 

intraleucocytic and that, though morphologically indefinable from 

the protoplasm of the host cell, it may there exert special in- 

fluences, producing special results, and may sometimes even be 

indirectly demonstrable therein by cultural methods as a formed, 

though not necessarily as a specifically differentiated element. 

Such a substance, it is evident, might sometimes be of greater 

immediate importance from the viewpoint of pathogenicity than 

its formed generator. Should it replace the latter entirely in 

a progressive lesion, efforts to demonstrate or isolate the causa- 

tive agent of that lesion by usual methods would of necessity fail. 

Under such conditions the postulates of Koch would be impos- 

sible of fulfillment, since these are based on the essential sim- 

plicity of pathogenic organisms and of their modus operandi, on 

the integrity of form of the invading organism, on its persistence 

during parasitism and final recoverability in cultures as such, 

and on the suitability or adaptability of the organism as such to 

both parasitic and saprophytic life. 

The above hypothesis is based on the results of but two years’ 

work and, no doubt, will be more or less modified by future 

studies. As stated, it has been constructed to cover a group of 

more or less clear-cut observations. Though much of it cannot 

as yet be proved, it is what appeals to me as the more conser- 

vative of two possible interpretations, the other of which will 

not be discussed at this point. 

INTRODUCTION 

In the present report it is desired to describe particularly 

certain features observed in the course of a cultural study of 
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material from a series of chronic, apparently mycotic ulcers, in 

the fresh material from which no parasitic element could be 

detected. These features have to do with the appearance in 

the cultures of a differentiated fungous organism, apparently 

as a result of certain peculiar changes in the very substance of 

the cells of the infected material. 

This is a phenomenon so peculiar, so unlike anything known 

to have been observed in the study of such infections, and so 

radically different from the behavior of infectious organisms as 

generally understood, that it quite overshadows in its possible 

broader significance whatever interest attaches to the pathologic 

condition from which the material was obtained. It constitutes 

an essential contribution to the general hypothesis outlined above. 

At the present time it is impossible to do more than describe 

the findings in detail and discuss the apparent explanation. 

Direct confirmation cannot as yet be had; that must depend upon 

future studies. Indirect evidence supportive of the explanation 

suggested has been found in other studies yet to be reported. 

Chronic ulcerations of types not definitely classifiable are not 

uncommon in the Philippine Islands and, apparently, in other 

parts of the tropics. Many of these are doubtless assignable 

to syphilis. Chronic ulcers, often associated with destructive 

lesions, also occur as a late manifestation of yaws in districts 

where this disease is endemic. There still remain, however, 

ulcers that are not assignable with probability to any recognized 

cause; a small group of such lesions is the basis of this report. 

Few reports of investigations of such lesions in the Philippine 

Islands are to be found. Strong ’ described three types of ulcers, 

in sections from one of which he found bodies that he concluded 

were fungous. The etiology of the other two remained obscure. 

Stitt,’ before the Sixth International Dermatological Congress 

(1907), said that failing to find tropical ulcer as described in 

the textbooks he had concluded that it did not occur in the 

Philippines, though ulcers due to neglected wounds and to the 

infective granulomata were common. In Guam, also, none were 

found, though extensive and mutilating ulcerations were fre- 

quently seen. Among Americans, for the most part sailors in 

the Naval Hospital at Canacao, Philippine Islands, he observed 

two distinct types. One began as a painless swelling that later 

began to ooze, resolving into a chronic ulcer, sometimes under- 

* Strong, R. P., This Journal (1906), 1, 91. 

* Stitt, E. R., Journ. Cut. Dis. (1908), 26, 103; also ref. Journ. Am. Med. 

Assoc. (1907), 49, 1305. 
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mined, sometimes punched out. Deep scrapings showed no 

pyogenic organisms and practically no polymorphonuclear leuco- 

cytes. Lymphocytes predominated with many large cells, 20. 

to 30 microns in diameter, some cf which looked as if they were 

full of small circular bodies, which, however, showed no chro- 

matin staining after Giemsa’s stain. Healing was very slow, 

and treatment was unsatisfactory. The second type was charac- 

terized by an acute exudate with a dirty membrane and irregular- 

staining diphtheroid bacilli. 

Shattuck,‘ at the same meeting, reported a series of 35 cases 

of chronic Philippine ulcers, none of which was a typical “tro- 

pical ulcer’? (phagedenic) ; all were of obscure causation. On 

clinical grounds solely, microscopic findings being negative or 

ambiguous, he concluded that there were four types. Syphilis 

was probably a factor in a few cases and possibly so in the 

great majority; others were not diagnosed. The diagnosis of 

probable syphilis was arrived at by exclusion, not by positive 

findings, and in spite of atypical features. In the group of 19 

cases from Catbalogan, Samar, the resemblance between the 

different individual cases was very striking and pointed to a 

common etiology, although the lesions ranged from simple ulcers 

to contractures and loss of toes and bone destruction. The pos- 

sibility that any of these may have represented late yaws was 

not discussed. 
GENERAL DESCRIPTION 

The present report includes six cases that were seen in the 

clinic of the Sanitary Survey Commission No. 2 of the Philip- 

pine Health Service, during its survey of Hagonoy, Rizal, by 

Dr. T. P. Corpus, the Commission surgeon, acting under instruc- 

tions to note particularly all cases suggestive of blastomycosis 

or any allied condition. Some were seen by me once, others 

twice. Material for study was collected each time, and on the 

second occasion photographs of four of them were obtained. 

More extensive study of the cases themselves was prevented 

by prevailing circumstances. 

GROSS LESIONS 

The lesions varied greatly in duration, extent, and activity, yet 

presented features that suggest a common etiology. However, 

they possessed no peculiarity that could differentiate them dis- 

tinctly as a clinical entity. They developed subcutaneously, 

sometimes as a pustule, usually as a firm nodule that broke 

* Shattuck, R. R., This Journal, Sec. B (1907), 2, 551. 
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down after an indefinite period. Usually they were not in them- 

selves painful, though sensitive to manipulation. 

Shallowness of the ulcer itself and fairly extensive under- 

mining of the skin along an advancing border (as in fig. 2, 

etc.) were features of the superficial lesion. Frequently, how- 

ever, deeper structures had been more or less promptly invaded, 

with disturbance of function and, in one case (fig. 5), shorten- 

ing of an affected member. Fusion of separate ulcers or pro- 

gression of lesions irregularly outward with cicatrization of the 

older central area had given rise to considerable irregularity 

of outline of the affected areas. Induration of the advancing 

margin was usually noticeable, though skin that had become 

well undermined might on the surface still appear practically 

normal. The floor of the ulcer was usually covered with a thin 

layer of pale necrotic material. Beneath this was a shallow, 

pale granular layer of invaded subcutaneous tissue, more or less 

soft and friable, sometimes exuberant and vascular, bleeding 

freely on manipulation. Those lesions invading deeper struc- 

tures could not be investigated. 

The process had sometimes subsided greatly only to break out 

afresh, with activation of indolent lesions and development and 

comparatively rapid extension of new foci. In other cases it had 

progressed slowly for months and years. It had usually resulted 

in more or less destruction and cicatrization of the soft parts 

(fig. 6), though in one case there was considerable thickening 

of the foot, somewhat suggestive of a mycetoma. 

I am informed that administration of potassium iodide in 

large doses caused improvement in the cases so treated; how- 

ever, the period of observation after treatment was begun was 

- too short for results to be apparent. Conditions have prevented 

subsequent observation. 

MICROSCOPIC FINDINGS 

Smears.—Nothing has been found in stained smears to which 

the causative role could be possibly assigned. In those from 

superficial levels bacteria of different types are found, though 

they are not numerous. Polymorphonuclear leucocytes usually 

predominate. In smears from the deeper levels bacteria are 

scarce when found, and cells of the lymphoid type usually pre- 

dominate. Eosinophiles are sometimes numerous. 

The only objects of interest observed with any regularity are 

small, round or oval bodies, staining deeply with Loeffler’s blue 

or Giemsa’s stain, apparently produced by fragmentation of 

leucocytes. In some preparations they are scarce, and in others 
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they are fairly numerous. Most of them measure 2 to 3 microns 

in diameter. They usually lie singly; sometimes they lie in 

pairs. Occasionally a medium-sized body is surrounded by a 
zone of faintly staining protoplasm. 

The formation of bodies presumably identical may be some- 

times seen in a polymorphonuclear leucocyte the nucleus of 

which is breaking up into small, round, clear-cut masses (‘‘chro- 

molysis”). There are usually 3 to 6 of these, measuring 2 to 2.5 

or 3 microns in diameter, though when but two are formed they 

may be 3 to 4 microns. Once liberated by breaking down of the 

cytoplasm, they are no longer identifiable as of leucocytic origin. 

Sections.—Too little tissue has been examined to establish a 

typical histology. The lesion is primarily a chronic inflam- 

matory infiltration of the chorium, with lymphoid and, more 

prominently, plasma cell accumulation. Eosinophiles are usually 

present and sometimes numerous. Abnormal accumulation of 

the normal pigmented cells of the chorium is sometimes seen. 

Proliferative changes are sometimes evidenced by numerous 

prominent blood vessels, of small lumen but thick walls of promi- 

nent cells rich in protoplasm; these lie in a cellular connective 

tissue. Endothelial proliferation may diminish the lumen (figs. 

9 and 11), sometimes obliterating it entirely and producing an 

area of endothelial cells that may suggest an early tubercle (figs. 

10 and 12). In two areas of one section there were found a 

few giant cells with nuclei circumferentially arranged (fig. 17). 

As a whole, this process undoubtedly tends to make the tissue 

liable to degenerative changes. Acute inflammation, with infil- 

tration and subsequent necrosis, apparently develops secondarily, 

though the causative agent is not evident. It may be seen 

developing in and about small vessels, in which thrombosis may . 

occur (fig. 13), dependent upon inflammatory injury of the vessel, 

as in figs. 14 and 15. 

The epidermis is usually somewhat hypertrophic. In one 

instance (fig. 7) it is peculiarly canalized by the papille, which 

sometimes extend very close to the surface. Pigmentation is 

diminished where hypertrophy is evident. The epidermis is 

not invaded, even at the edge of the ulcer. Loss of its integrity 

seems to be dependent on nutritional disturbances caused by the 

underlying lesion (fig. 8). 

Few organisms of any sort can be found in appropriately 

stained sections, even in the acutely inflammatory areas, and 

none can be found in the deeper zones. That the acute reaction 

always results from secondary bacterial invasion seems, from 

this and the number of bacterial colonies that appeared in the 
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cultures, an inadequate explanation. There are sometimes found 

areas containing numerous minute to coccoid or larger granules 

and prominent shreds that stain intensely with basic dyes, 

as if of nuclear material (figs. 13, 14, and 15). Their source is 

not evident, unless they result from chromolysis of leucocytes, 

yet they are found in areas too recently invaded for necrosis 

of the leucocytes ordinarily to be expected. 

In most sections nuclear changes in the leucocytes are notice- 

able. Among typically stained lymphocytes there may be more 

or less numerous round, solid, intensely staining bodies of the 

same size, apparently pycnotic individuals. In the acute exudate, 

both in the recently invaded areas and in regions of extensive 

infiltration and histolysis (figs. 18 and 19), polymorphonuclear 

leucocytes undergo, instead of ordinary necrosis, globular frag- 

mentation (figs. 20 to 28, inclusive), by which the nuclei separate 

into 3 to 6 or 8 discrete, round, dense bodies, which lie in well- 

outlined pale red protoplasm. The size generally varies in- 

versely with the number; occasionally there are as many as 12 

to 15 fragments that are mere granules. This is evidently the 

same process as seen in the smears. The masses apparently do 

not long survive as such after the protoplasm breaks down, 

for free bodies are nowhere numerous. 

In some cells there are but two bodies (figs. 20 and 27), and 

in others but a single, round, comparatively large nuclear mass. 

In its size and in the appearance of its protoplasm this mono- 

nuclear cell is similar to the multinucleated cells; it appears to 

be a polymorphonuclear the nucleus of which has fused into a 

solid, round mass. 

CLINICAL DIFFERENTIATION 

In certain clinical features, but especially in the impossibility 

of establishing a definite clinical diagnosis, this ulcer is like 

certain of those reported by previous authors. Leprosy, tuber- 

culosis, discomycosis (‘‘streptothricosis”), and “blastomycosis”’ 

of any type may be ruled out on the absence of the specific 

organism, as is dermal leishmaniosis, or oriental sore, which 

is not known to exist in these Islands. The lesion is clinically 

unlike the syphilitic ulcer, and the patients denied having had 

primary or secondary lesions. 

The two lesions that have particularly to be differentiated 

are the tropical ulcer and late yaws. The former is rather the 

more similar and is not positively differentiable on clinical 

grounds, though those cases of tropical ulcer that I have seen 

usually did not exhibit the undermining so prominent in the 
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lesions under consideration. Neither the spirochete of tropical 

ulcer nor the fusiform bacillus usually associated with it could 

be found in smears from these ulcers. 

Tertiary yaws is, at least in the oriental tropics, very apt 

to be invoked in explanation of such lesions as the more advanced 

of these cases, and it is very probable that in yaws districts 

similar lesions, because of their negative microscopic findings 

and the beneficial effect of treatments that include potassium 

iodide, might be so diagnosed. JI am strongly of the opinion that 

late yaws can be eliminated in the present instance because 

of dissimilarity of its development, course, and general appear- 

ance; negative history and absence of evidence of early yaws in 

these cases; and freedom of the immediate district from the 

disease. Negative search for the treponema in the chronic cases 

is not valid evidence in this consideration. 

It is, therefore, probable that these lesions were due to some 

unknown infective agent, not demonstrable in smears or sections, 

but characterized by persistence in strictly localized lesions over 

long periods, and capability of causing considerable damage to 

the individual. This being borne in mind, the curious features 

of the cultural findings can be accepted as of more significance 

than might at first seem possible. 

CULTURAL OBSERVATIONS 

Utilizing tissue fragments and scrapings from incisions, a 

large number of cultures were made. The media used included 

ordinary nutrient agar, with and without dextrose, maltose, 

and glycerin, and a number of special fruit media. On none 

of the ordinary media and in no culture planted with fluid 

material were developments of interest observed. In several 

cultures mold fungi developed, evidently from spores contami- 

nating the lesions. Bacterial contamination was practically con- 

stant, though in cultures of material from deep in the lesions 

there were few colonies. In most cultures the tissue elements 

were rapidly destroyed, as was to be expected from the combina- 

tion of autolysis and bacterial overgrowth. However, in tissue 

planted on certain of the special media there occurred, whether 

in spite of, or dependent upon, the influence of the accompanying 

bacteria, certain changes in the leucocytes that are distinctly 

unusual and of considerable interest. 

HYALINIZATION IN NUCLEI OF LEUCOCYTES 

The term hyalinization is used as descriptive of the appear- 

ance in fresh preparations of the leucocytes whose nuclei, wholly 
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or in part, became firmer, larger, and more glistening and that 

separated, sometimes as if by fracture (fig. 31), into two or three 

distinct masses or fragments. In stained smears these masses 

usually showed well-defined outlines, with wide variation in color. 

The more advanced were oval or rounded and deeply stained. 

They were more or less differentiated from those nuclei, or parts 

of nuclei, that were not so intensified (figs. 29 to 38) and that 

sooner or later degenerated. Certain cultures in which bacte- 

ria did not multiply seemed unfavorable for this nuclear change, 

though it was apparently attempted (figs. 41, 42, and 48). 

BASIC FORMS 

These bodies are round, oval, or lenticular, sharply outlined, 

solid, intensely stained by Loeffler’s blue and deeply stained by 

Giemsa’s, without any determinable structural differentiation, 

and range in size from 2 to 4 or 4.5 or from 3.5 or 4 to 5 or 6 | 
microns in different cultures (figs. 39 and 45). Because of their 

essential resemblance to the bodies to which I applied the term 

“basic form,’ they will be spoken of by that name. They were 

found only in cultures of tissue fragments on the fruit media 

and were never numerous. Bacterial growth seemed to facilitate 

their development, if not to be essential. 

Their appearance in fresh preparations and stained smears 

indicate that they develop from the more deeply staining of the 

nuclear elements just described. They are often by no means 

sharply differentiated, for in a single preparation the gradation 

from pale degenerate cell fragments to intensely stained basic 

forms is not abrupt, though the range is usually wide. 

The ultimate end of the basic forms is not evident from their 

appearance. Though in certain instances there was a strong 

suggestion of multiplication by fission, this cannot be asserted 

to have occurred. It is certain that their production was neither 

active nor sustained, and they more or less slowly disappeared. 

CRYPTOCOCCUS 

In one culture from each of cases I and II, there were found, 

after seven months and one and a half months, respectively, 

definitely differentiated fungous organisms, unicellular, of some- 

what yeastlike morphology. These elements were small, usually 

measuring between 1.3 by 1.6 and 2.0 by 2.5, rarely 3.0, microns. 

They were sharply outlined, never doubly contoured, but often 

surrounded by an unstained halo, probably due to shrinkage 

*This Journal, Sec. B (1916), 11, 267. 
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rather than to a special capsular structure. Wide variation in 

density of staining was often apparent. Young individuals (and 

particularly those in case I) tended to stain solidly (figs. 51 

and 52). Older organisms (and particularly those in case II) 

were often granular (figs. 54, 55, and 56), some granules stain- 

ing red by Giemsa’s. In many groups some were unstained (fig. 

59), appearing in stained, wet-mounted preparations as colorless 

hyaline bodies. 

Multiplication took place by a peculiarly clumsy gemmation 

that sometimes approached binary fission (figs. 54, 55, and 57). 

It was evidently a very slow process, for though many individuals 

exhibited it, the numbers of cells produced were not great. 

Microscopically masses of them were found (fig. 49), but nothing 

approaching visible colonies was ever attained. 

Cultivability was so low that in no transplant, even on the 

media ordinarily most favorable to fungus growth, was any 

development observed. It seemed as if the remnants of tissue 

elements were essential to their multiplication. When this was 

dispersed on fresh media, or exhausted in the original cultures, 

growth ceased, and the organisms did not long survive. It is 

possible that, together with special suitability of the medium 

(nutrient prune agar), symbiosis with the accompanying bacteria 

also may have had an influencing role in their development. 

DETAILS OF CASES AND CULTIVATION WORK 

In these reports the common descriptions, including the find- 

ings in smears and in sections of tissue fragments where such 

were examined, will not be detailed. 

CASE I 

“Mycetomalike” foot with ulcers—M., Filipino rice farmer, aged 56 

years, from a barrio somewhat distant from Hagonoy, seen August 17, 
1916. The condition began with a painless soft tumor on the dorsum of 

the left foot two years ago. This did not ulcerate at first, but extended 

in the deeper tissues, the skin later breaking down and producing an ulcer 

that slowly enlarged, finally healing for the most part. When seen, the foot 

and ankle were thick and heavy, with marked induration extending from 

just behind the toes to above the ankle. The whole was rather suggestive 

of a mycetoma, except that there were no sinuses or discernible subcutaneous 

foci of necrosis. No bone destruction was evident. An area of skin over 

the dorsum was ulcerated, with scar tissue about it. Above this, on the 

ankle, was a large fungating ulcer (6 to 8 centimeters in diameter) said 

to be of about one year’s standing. The floor was made up of soft pale 

granulations, from which material was removed for cultures and sections. 

I was unable to see this patient again, but the Commission surgeon reported 

that under potassium iodide the active lesions subsided completely. 
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Small pieces of tissue from three points in the lesion, superfi- 

cial and deep, were planted (August 17) on nutrient banana 

agar and on banana cylinders. In smears (October 4) from 

the material on the latter, bodies of the cell-fragment and basic 

types were particularly noted, though they were at that time 

considered insignificant elements of tissue degeneration. 

No further development having occurred, on November 18 

(three months after planting) the deep-tissue fragment on bana- 

na cylinder was removed, crushed in a drop or two of sterile 

bouillon, and distributed to eight slants of special media. These 

included nutrient prune and nutrient banana agars (some with 

maltose added) and ordinary 2 per cent maltose and dextrose 

agars. The last two cultures quickly became overgrown with 

bacteria, among which very few cell fragments could be found; 

they were finally discarded as negative (January 3, 1917). In 

the fruit agar cultures (November 24) numbers of the forms 

were found, basic forms among them, particularly in the two 

on nutrient prune. On January 3 they had further increased in 

these, but were less numerous in the others. The material from 

several tubes was then transferred to tubes of plain (nonnu- 

trient) banana agar slants, the parent tubes being kept for fur- 

ther observation. 

In the subculture from maltose nutrient prune the various 

forms were numerous on January 17, and at several points 

in the smear there was a distinct grouping of the basic forms, . 

as if they had multiplied ina mass. The other subplants showed 

few forms of interest. All were now sealed with paraffin and 

put away at body temperature. 

On March 11 the smears from parent tubes (from which the 

November 24 transplants had been made) showed occasional 

small, round, basic forms on maltose nutrient prune, a very few 

apparently dividing by an indistinct process of fission. There 

were a few rounded and oval basic forms and numbers of the less 

definite cell-fragment bodies on nutrient banana. 

In one nutrient prune agar culture there was found, among 

the staphylococci and fairly numerous cell-fragment and basic 

forms, a Cryptococcus essentially similar to that previously found 

in a culture in case II. In the smear it occurred singly and 

in small groups (figs. 51 and 52), though sometimes in larger 

masses (fig. 49). Nothing approaching colony formation could 

be detected. 

The January 3 subplants now showed less numerous forms of 

interest than when last examined. Subplants were made from 

the two most promising of them, and a guinea pig (G. P. 73) 
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was inoculated intradermally. Transplants were also made from 

the Cryptococcus culture to several serum-containing agars. No 

evidence of further development was observed. On May 28 

there remained insufficient Cryptococcus-containing material for 

further study, and all tubes were discarded. 

CASE II 

Ulcers and scars of hands and wrist.—K. M., Filipina, age 20 years, a 

laundress, seen August 17, 1916. On the back of the left hand was an old 

depressed scar from an ulcer that had begun two years before and 

persisted for several months, and in the palm of the right hand (fig. 2) 

was the scar of an ulcer that healed about a year previously. The active 

lesions were on the right hand and wrist; dorsally there was an irregular, 

apparently conglomerate ulcer extending to the fingers, of about one 

year’s duration, apparently involving the deeper structures, the second and 

third fingers being maintained, though not rigidly, in flexion. Anteriorly 

on the wrist was another active ulcer, apparently confined to the super- 

ficial tissues. 

On November 17 the dorsal ulcer (fig. 3) showed little change. The 

wrist lesion (fig. 2), however, was extending rapidly; above it was a new 

lesion, but a month old, that was typical, with undermining of the skin at 

the advancing border, an irregular, granular, very vascular base, and scar 

formation where the activity had subsided. 

A fragment of tissue excised on August 3 from the wrist ulcer 

(lower) was planted on a banana-pulp cylinder. It proved to 

be badly contaminated. On November 17 tissue fragments and 

scrapings from superficial and deep levels of the newly developed, 

active ulcer were planted on various media (culture series 1 

and 2). 

Culture series 1.—This series included six cultures on nutrient 

banana and nutrient prune agars planted with small tissue frag- 

ments. On November 25 two were heavily overgrown with molds 

and bacteria and two others contained little but bacteria; these 

were discarded. A smear from a deep-tissue fragment on nu- 

trient banana agar contained numerous small masses and bodies 

ranging from very pale indefinite fragments to clear-cut, densely 

stained bodies. Many similar forms were found on nutrient 

prune agar. The material from the nutrient banana culture 

was removed and distributed to culture series 3 and to fresh 

nutrient banana and prune slants; the latter were made anaérobic. 

Culture series 2.—These cultures, planted simultaneously with 

series 1 with triturated tissue from deep in the lesion, included, 

among others, one slant each of: (1) Plain and (2) maltose 

nonnutrient prune, (3) plain and (4) maltose nutrient prune, 

(5) plain and (6) maltose nonnutrient banana, and (7) plain 

and (8) maltose nutrient banana agars. 
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In most of the cultures bacterial colonies appeared, though 

they developed poorly on the nonnutrient prune and banana 

agars. In smears from several cultures there were found occa- 

sional forms more or less approaching the basic type among the 

bacteria and irregular cell fragments, which were at first rather 

numerous. On December 17 they were still numerous on several 

media, though generally diminished. On January 3, 1917, the 

above described Cryptococcus was found in the culture on nu- 

trient prune agar (medium 3). This was the first time that it 

had been observed. On medium 4 there were few of the cell- 

fragment forms, on 5 and 6 numbers of them were found, and 

on 1, 2, and 7 they were fairly numerous in the heavy bacterial 

growth. 

The Cryptococcus was more plentiful on February 6, though 

nowhere was there a suggestion of colony formation. Various 

cell-fragment forms were still present in most of the other cul- 

tures. In culture 6 they seemed to have increased in numbers. 

In culture 4 some appeared to be attempting to differentiate into 

the Cryptococcus; this, however, did not materialize. 

On March 11 the various formed elements having distinctly 

diminished, transplants were made to other special media, 

and material containing small numbers of the Cryptococcus was 

inoculated into a guinea pig (G. P. 44) intradermally and a 

rabbit (R. 43) intraperitoneally in a porous capsule. The re- 

sults were negative. 

Culture series 3—On November 25 the material from a nu- 

trient banana culture (culture series 1) was distributed on the 

same media as in series 2. The results are of interest only in 

that, starting with a uniform suspension, the forms here prac- 

tically disappeared except on media 1 and 5, where they seemed 

to multiply temporarily. The anaérobic cultures were negative. 

CASE III 

Multiple ulcers of right leg and foot.—L. A., Filipina, age 14, seen August 

17, 1916. Occupation, housework; seldom in fields. The primary lesion 

had appeared about a year previously on the right small toe (fig. 5), which 

had become thickened, decidedly shortened, and was superficially ulcerated. 

The evident involvement of the deeper tissues, with but a very shallow 

ulcer, was noteworthy. The consistence of the exposed tissue could not be 

investigated, the lesion being very sensitive. 

On the inner surface of the leg were two groups of ulcers more or less 

separated by normal skin and scar tissue. The first had appeared seven 

months previously. Anteriorly on the ankle was an abruptly raised lesion 

3 to 4 centimeters in diameter. The skin at the edge was not indurated, 

but was turned abruptly outward, as if by a draw string, for about 0.8 

centimeter. The plateau thus produced consisted of granular friable in- 



ES The Philippine Journal of Science 1918 

flammatory tissue. On the inner surface of the foot was a firm swelling 3 

by 5 centimeters, evidently a developing focus, covered by intact skin; this 

was of several months’ duration. Material for cultures and smears was 

removed from open ulcers, but incision of the unopened mass was not 

permitted. 

On November 18 the lesion over the ankle had lost its fungating character 

(figs. 4 and 5), the mass on the inside of the foot was represented by 

irregular ulcers, and those on the leg (fig. 4) had enlarged and were more 

fused. The condition, as a whole, seemed more active. Small fragments of 

superficial tissue were again secured. 

On August 17 material from three different lesions was 

planted on nutrient banana agar and banana cylinders. The 

cultures became overgrown with bacteria—B. pyocyaneous and 

Staphylococcus aureus chiefly—and molds and were discarded. 

On November 17 other tissue fragments were obtained from 

two active ulcers, though not sufficiently deep for satisfactory 

cultivation work, and plants were made on various media. On 

November 25 numbers of forms approaching the basic were 

found in several cultures, few in others. On January 2, 1917, 

there was apparently no increase of these bodies where they 

were to be found. From three of the possibly favorable cultures 

the material was transferred to plain banana agar slants. On 

February 10 a very few basic forms were found in one of the 

subcultures. Subplants from these to special media, and a gui- 

nea pig (G. P. 110) inoculated intradermally, gave no results. 

Comment.—Though the lesions in this case were fairly active, 

satisfactory material was not obtained. The lesions seemed very 

sensitive, and the patient was unusually timorous. Being ig- 

norant and careless, she had neglected the lesions, and contam- 

inating organisms were particularly numerous. 

CASE IV 

Chronic ulcers of left leg, with deep scars.—The patient, T. P., a Filipino, 

farmer, aged 19 years, was seen November 17, 1916. He was somewhat 

undersized and not robust. The condition had begun eight years before as 

a small sore at the knee. This had spread, evidently superficially, down- 

ward over the entire inner surface and much of the outer, leaving a soft, 

thin, parchmentlike skin extending to the inner malleolus. 

On:the inner surface of the lower half of the leg were three irregular 

ulcers (two shown in fig. 6) in an area of marked tissue loss. This is 

poorly seen from the angle at which the phptograph was taken. Fibrosis 

was extensive and involved the muscular tissue, with some limitation of 

motion. 

The ulcers were fairly typical, extending outward in the more or less 

fibrotic tissue, with slow undermining of the epidermis (fig. 8) and indura- 

tion of the overlying layer. Healing occurred centrally as the lesions 

progressed outwardly, leaving scar tissue (fig. 6). These lesions were said 

to have been active for two years, but it could not be determined positively 
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whether this was a new infection on the superficial scar of the original 
lesion or whether it was a renewal and extension of the latter. The 

progress of the infection was very slow; the Commission surgeon reported 

that the lesion was practically unchanged in three months, 

Tissue for cultures and sections was removed from the edges of the most 

active-looking lesion, and smears were made from several points. These 

show no special feature on microscopic examination, 

Two tissue bits from deep in the lesion were each divided 

and planted on nutrient banana and nutrient prune agars. 

Bacterial growths promptly appeared in all. On November 24 

smears of the softened tissue on nutrient banana showed, among 

the staphylococci, many cell fragments and densely staining 

forms. Very few of the latter were found. In transplants from 

some of these cultures nothing but bacterial growth developed, 

and they were finally discarded. 

After six weeks on one of the original nutrient prune cultures 

the fragment of tissue was removed (January 2) and triturated. 

Occasional clear-cut basic forms and numerous more or less frag- 

mented cells, numbers of them deeply staining, were found. Sub- 

plants of this material were made on plain and nutrient banana 

agars. A rabbit (R. 64) was inoculated in the anterior chamber ; 

it died in three days, apparently from staphylococcic invasion. 

On January 17 the plain banana subplant showed numbers of 

small, usually round, basic forms. The nutrient banana subplant 

was discarded because of contamination. No change occurring, 

further subplants to several other special media were made 

(March 13), another rabbit (R. 108) was inoculated, and two 

or three drops of sterile serum were added to the original culture. 

No further development occurred, and on June 28 all tubes were 

discarded. This rabbit remained negative. 

Comment.—This case presents the lesions of longest standing 

in the series, the greatest area of involvement, and the most 

serious tissue loss. The lesions were very indolent and, there- 

fore, presumably not rich in the infecting agent. 

CASE V 

Early lesion, right foot—B. S., a Filipino, 25 years of age, farmer, in 

excellent general condition, was seen on November 17, 1916. Six weeks 

previously a small pustule had appeared at the center of the lesion pre- 

sented (fig. 1). This had been* scratched and frequently irritated and had 

slowly enlarged. " 

When seen, the lesion appeared as an area of superficial erosion without 

ulceration, measuring 4 by 5 centimeters, on and behind the inner malleolus. 

This area was rough, pale superficially, red in the deeper portions. At 

about the center (arrow, fig. 1) there was a slight opening that led into 

a flat, collapsed cavity. A probe inserted obliquely passed under the skin 
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for about 1 centimeter downward, forward, or upward. The process had 

confined itself to the subcutaneous tissue. Upon incising the overlying 

skin, the cavity was found to be lined by a thin layer of pale necrotic 

material over vascular inflammatory tissue. 

Because of its situation no tissue was removed from the floor, and only 

a small piece was removed from the skin itself. Smears showed bacteria, 

but nothing else of interest. The tissue section is shown in fig. 7. 

Small bits of tissue were planted on nutrient banana and 

nutrient prune agars. On November 25 both tubes showed 

bacterial growth, more on the banana than the prune. In 

smears from the former none of the cell-fragment forms were 

found, though a few were present on January 2, at which time 

the material was transplanted to plain and fresh nutrient ba- 

nana agars. On January 17, these cultures being negative, they 

were sealed with paraffin and put aside at body temperature. 

On February 20 they were still negative and were discarded. 

The nutrient prune culture had shown (November 25) a few 

suggestive forms. Transplants were made (January 2) from 

this to plain and (fresh) nutrient banana agars. On January 

17 the nutrient banana subcultures showed heavy staphylococ- 

cus growth and practically no forms of interest. On the plain 

banana, however, on which the bacteria were largely inhibited, 

numbers of cell fragments were found. All tubes were paraf- 

fined and put away at body temperature. On February 20 only 

the two plain banana cultures showed a few cell-fragment forms; 

a few were still to be found on March 16, but attempts to stim- 

ulate development were unsuccessful. A rabbit (R. 111) was 

inoculated in the anterior chamber without result. 

Comment.—This, the earliest case in the series, I found ac- 

cidentally in the clinic as it was being dressed as an insignificant 

lesion by the clinic attendant. So far as the preliminary find- 

ings indicate, it is probably of the same nature as the above 

cases. 
CASE VI 

Inflammatory tumor beneath scalp—The patient, Filipina, aged about 

30 years, complained, when seen August 8, 1916, of a painful tumor of the 

size of a small olive beneath the scalp on the left side. This had troubled 

her increasingly for three weeks, finally preventing sleep. The mass was 

adherent to the bone, not to the scalp, and was painful, firm, not fluctuant. 

The patient presented no other lesions. 

Exploration by needle elicited no evidence of necrosis or suppuration. 

Incision was not permitted. By aspiration two or three drops of bloody 

fluid were obtained. In a single culture on dextrose agar this was 

negative. Microscopically no organism was found. High lymphocyte and 

eosinophile content (above 10 per cent) suggested a chronic inflammatory 

condition. 
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Subsequently the mass was incised by the Commission surgeon, who found 

only well-vascularized tissue, apparently inflammatory. The condition not 

being relieved, he then infiltrated the mass with 95 per cent alcohol, 5 cubic 

centimeters, twice, two days apart. This caused acute pain, which slowly 

subsided, ceasing entirely after a few days, when the mass began to 

diminish. When the patient was next seen by me (November 17), there 

was no trace of the mass itself, but a distinct irregular, shallow area 

of depression, about 1 by 2 centimeters, could be felt in the bone. This 

evidently resulted from erosion by the tumor, and probably explains the 

severe pain. 

Comment.—The etiology of this lesion is, of course, unknown. 

The efficacy of the treatment applied bespeaks an inflammatory 

process. The findings in the aspirated material (few polymor- 

phonuclears and no organisms) and a negative culture are 

against a bacterial cause. The history, in ulcer cases, of sim- 

ilar nodules preceding ulceration, the apparent lymphocytic and 

eosinophilic infiltration, and the curious tendency to affect the 

bone, corresponding to deep invasion in some of the ulcer cases, 

makes this lesion of interest as possibly of the same nature. 

SUMMARY AND DISCUSSION 

In the cases detailed above, search along usual lines for a 

demonstrable causal organism of recognized type, whether bac- 

terial, protozoal, or fungous, has been totally without result. 

The lesions, which present clinical evidence of etiological sim- 

ilarity, are clearly not bacterial, leishmanial, or of the ordinary 

tropical phagedenic type. There is no positive evidence that it 

is of syphilitic or frambesial origin, nor is a treponema dem- 

onstrable in scrapings. Clinically, therefore, it seems to fall 

into the category of ulcerative and destructive processes of un- 

known etiology. 

Intensive cultural study of excised tissues has resulted in 

observations that are suggestive of a hitherto unrecognized pro- 

cess of infection. On ordinary media bacterial overgrowth was 

always prompt and the tissue elements rapidly degenerated; no 

special feature was seen. On special media, however (nutrient 

banana and, particularly, nutrient prune agars), leucocytes of 

the planted tissue fragments instead of disintegrating under- 

went, in spite of the combined influence of autolysis and bac- 

terial overgrowth, a change unlike that ordinarily to be seen in 

such material. This was a peculiar solidification (suggesting 

hyalinization) that the nuclei underwent, whereby they or parts 

of them became more deeply staining. This is no doubt in part 

due to the peculiar effect of these media, on which tissue autolysis 

is often considerably inhibited. However, apparently by further 
158993——2 
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changes in the denser of these nuclear fragments there developed 

bodies that are, I believe, not referable to changes induced by 

the media alone. These were firm, oval or round bodies, deeply 

staining by Loeffler’s methylene blue and similar stains, clear-cut 

in outline, an appearance that suggested parasitic fungous 

elements. 

In one culture only from each of two cases of the series there 

was finally found a definitely fungous element, a Cryptococcus.® 

In one case it was found after cultivation for six weeks on 

nutrient prune agar, but in the other only after seven and a 

half months on culture media, three months on a banana cylinder, 

and four and a half months on nutrient prune agar. 

The source of the Cryptococcus is not clear. No similar or- 

ganism is to be found in earlier smears from those cultures in 
which it developed. Difficult as it may be to accept, there seems 

to be a direct parental relationship on the part of the described 

basic bodies. Certainly it is not possible to differentiate between 

some of the typical basic forms and some of the more intensely 

stained fungus cells. 

The significance of the fungus depends, of course, upon its 

source. On the evidence it cannot be proved to be essential in 

the lesion, though the conditions under which it developed led 

me to believe this to be the case. To establish this as a fact, 

cultivation of the organism in sufficient amount to permit the 

production of experimental lesions with it would be necessary. 

Though the material available, in large part bacterial growth, 

was expended entirely in attempts at subcultivation, this was 

not accomplished. Animal experimentation could, therefore, 

not be attempted. 

To deny this organism an essential role, one must assume it 

to be a contaminant, either of the lesions or of the two cultures 

involved. If it was in the original material as removed from 

the lesion, it certainly was not evident at the time. Further- 

more, had this been the case, it or some recognizable precursor 

should have appeared earlier in those cultures containing it and 

in more of the cultures made from the tissue fragments in those 

cases. 

*The genus Cryptococcus Kiitz. 1843 includes organisms that reproduce 

by budding only; they do not produce mycelia, or spores. In this group 

fall, in default of essential information, the degraded yeastlike forms 

that may be adopted, with more or less permanency, by higher fungi of 

widely diverse classification. 
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The possibility that it is a laboratory contaminant of the 

cultures cannot, of course, be denied. However, in view of its 

characteristics, and in the light of experience with the conditions 

in this laboratory, this seems to me improbable. The cultures 

were paraffin-sealed, and at no time showed any evidence what- 

ever of ordinary contamination. They at first contained only the 

curious cell-fragment forms among the bacteria, a staphylococcus 

in one case and a proteuslike bacillus in the other. After dif- 

ferent periods of time the Cryptococcus was also found. 

The fungus itself was unlike any of the many strains of yeast- 

like organisms of which I have found descriptions or have my- 

self met with. I have never seen any laboratory contaminant 

that resembled it in the slightest, and it is totally unlike the 

fungi of that class that I have from time to time cultivated from 

sputum, urine, feces, fruit, etc., here and elsewhere. Its cha- 

racteristic features of nonproduction of visible colonies, of an 

unusual and evidently very slow process of multiplication, of 

noncultivability in fresh subplants away from the remnant of 

the tissue material originally planted, though put on media part- 

icularly adapted to the cultivation of fungi, are not suggestive 

of a saprophyte but, on the contrary, bespeak a highly parasitic 

organism. 

The alternative that the observed fungus is essential to the 

lesion seems, therefore, quite possible. The appearance of the 

lesion itself and its course and reaction to potassium iodide 

are indicative of mycotic infection. Though no fungus element 

can be demonstrated in preparations from it, the same is true 

of other microédrganisms. The fungus that was found appeared 

only in cultures of material from two clinically active cases, on 

a medium (nutrient prune agar) that is especially favorable 

to the growth of fungi. The characteristics of the two strains 

seem to be identical and are essentially those of a highly paras- 

itic organism, as might be expected of the causal agent of such 

lesions. Therefore the weight of evidence, positive and negative, 

justifies the serious contemplation, if not the assumption, of the 

conclusion that the described fungus element represented the 

infecting organism. 

From the mycologist’s point of view the Cryptococcus is, un- 

doubtedly, to be regarded as a degraded form of a higher fungus. 

From the viewpoint of the hypothesis outlined above, however, 

assuming that it is the causal organism, it is apparent that it may 
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actually be a comparatively highly differentiated phase of an 

organism not to be demonstrated morphologically in the lesion 

to which it gives rise. 

In what form such an organism would maintain itself in the 

tissues is not evident from the findings. If it is as a formed 

body, it probably resembles so closely some tissue cell as to be 

indistinguishable morphologically or tinctorially. The alter- 

native is that it occurs as a body or substance with little or no 

morphological differentiation, whether maintained intra- or 

extra-cellularly. The observed development of the peculiar 

basic forms from tissue elements in cultures, in conjunction 

with certain of the findings in the lesion, suggests the exist- 

ence of an amorphous intracellular substance that is passed on 

from cell to cell by disintegration of those infected. The granules 

and shreds seen in some of the tissue sections (as in figs. 18, 

14, and 15), and the peculiarly orderly fragmentation of degen- 

erating leucocyte nuclei sometimes seen in older areas (figs. 18 

to 28), might play a part in such a process. Such a substance 

would be, in effect, a localized, nondiffusible “virus” and would 

perhaps be midway between organisms of fixed morphology and 

the recognized filterable viruses that are known only Dy their 

constitutional effects. 

The difficulty of determining whether or not the tissue or 

cultural cell fragments are of pathogenic significance, and not 

simply negligible degeneration products, is obvious. The frag- 

mentation seen in sections, though interesting, is by accepted 

standards ascribable solely to pycnotic degeneration (chromoly- 

sis) and does not suggest any vital process. Further, in pre- 

parations from cultures none but the clear-cut basic forms are 

at all convincing as of possible significance; the lesser forms 

usually appear as negligible fragments of tissue cells that are 

often seen on the special media employed. However, the de- 

velopment of the denser forms and their persistence in spite 

of very unfavorable influences where developed distinguish them 

as of more than incidental importance. 

The contagiousness of this infection is very slight or nil. No 

history of contact with previous cases or of subsequent infection 

of other individuals could be obtained. Were the exudate very 

infectious, this would be a simple matter because of intimacy 

and extreme hygienic simplicity of barrio life among this class 

of Filipinos. From the viewpoint of the suggested etiology of 

the lesion it may be that the invader, after adaptation between 

itself and the host became established, and while losing its mor- 
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phologic identity, also lost its ability to infect a fresh individual, 

or to return to a saprophytic, differentiated form. This seems 

entirely possible in view of the profound, sometimes essentially 

(ultimately) fatal, modifications that may be undergone by such 

organisms in adapting themselves to animal parasitism. 

The hypothesis on which the suggested interpretation is based 

may seem fantastic. Nevertheless the observations described 

and those yet to be reported seem to permit of but one other 

possible explanation. This involves the recognition as pathogens 

of organisms belonging to the peculiar borderline group that 

includes the Myxomycetes or Mycetozoa, which are not recog- 

nized as of any importance whatever in animal pathology. For 

the present it will suffice to call attention to the possibility. The 

hypothesis adopted, based on modification of true fungi, seems 

at this time to be the more conservative and the more probable 

view. However, the distinction is not fundamental, for some 

of the lower fungi (such as the Chytridinez) and the Myxomy- 

cetes are in some respects closely allied. 

Of whatever type the invading organism may finally prove to 

be, the process of “cryptoplasmic”’ infection outlined is based 

primarily on observations and should be correct. At all events, 

there is presented a most baffling problem, one that is not easy to 

approach. Because of its essential peculiarities it will be very 

difficult definitely to establish it. On the other hand, since ne- 

gative results are often inconclusive, it will be equally difficult 

positively to disprove it. 

CONCLUSIONS 

There has been found in one district of the Philippine Islands a 

type of lesion, invasive, and usually more prominently ulcerative, 

of undetermined etiology. On clinical grounds it seems very 

possibly mycotic. No parasite of any type, protozoal, bacterial, 

or fungous, can be demonstrated in the lesion. Fragmentation 

of the nuclei of polymorphonuclei into separate rounded masses 

(“chromolysis”’) is sometimes interestingly prominent. 

In certain cultures on special media, of tissues excised from 

the lesion, the nuclear bodies of leucocytes have undergone modifi- 

cation to produce clear-cut, intensely staining ‘“basic’’ forms. 

From each of two cases, in one culture only, there has developed 

a Cryptococcus of very low cultivability and of cultural require- 

ments suggesting high parasiticity. This is thought not to be 

a contaminator but, in the absence of any recognizable precursor, 

possibly to be a development of the basic forms. 
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This suggested evolution can be explained only on the basis 

of the hypothesis that the infecting organism may have assumed 

a cryptoplasmic state on adapting itself to animal parasitism, 

followed by the invasion and utilization of the tissue cells, par- 

ticularly the polymorphonuclears. 

The general hypothesis as outlined has been formulated as 

a possible explanation of these and other more or less related 

observations, which it is the intention to report in the series of 

articles undertaken. 



Fie. 

FIG. 

Fig. 

14. 

15. 

16. 

Wo 

ILLUSTRATIONS 

PLATE I 

. Early lesion, duration six weeks. Before ulceration. Consider- 

able undermining of skin with but a small sinus. Case V. 

. Ulcers of wrist; upper lesion unusually active, duration one month; 

lower lesion several months. Scar in palm from previous lesion. 

Case II. 
. Spreading lesion on dorsum of same hand, same case. Duration 

about one year. } 

. Lesions of leg, case III. Irregular ulcer on inner surface of foot 

marks the site of a smooth swelling, skin intact, seen three 

months previously. 

. Original lesion, case III. Involvement of bone with some shorten- 

ing of toe. Duration about fifteen months. 

. Lesions of leg, case IV. Full extent of tissue loss not apparent at 

the angle shown. Duration at least two years. 

PLATE II 

. Section from advancing edge of leg ulcer, case IV (see fig. 6), 

showing hyperplasia and canalization of epidermis, with absence 

of infiltration. x 11. 

. Similar section from case J. Thinning of epidermis at edge of 

ulcer evidently secondary to inflammatory lesion below. x 12.5. 

. Endothelial proliferation in small blood vessel, without infiltration. 

x 3800. 
. Tuberclelike focus apparently marking site of small vessel. x 300, 

(Figs. 9 and 10 from same section as fig. 7.) 

. Vessel in center shows both proliferation and early leucocytic in- 

filtration. x 180. 

. Focus of endothelial cells, with a few leucocytes, apparently re- 

sulting from obliteration of a vessel. » 180. 

. Vessel on left contains red blood cells; lumen of that on right 

almost obliterated; that in center obliterated by a thrombus 

containing small, deeply stained granules and fragments. x 180. 

Area of small vessels with considerable leucocytic infiltration. 

Deeply stained granules (nuclear fragments?) and shreds are 

prominent. x 180. 

PLATE III 

Area somewhat similar to fig. 14. x 300. 

Large (mitotic endothelial?) cell seen in lower part of fig. 15. 

x 650. 
Group of six Langerhans’s giant cells. x 300. 

(Figs. 11 to 17, inclusive, from deep tissue, case III.) 
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Figs. 18 and 19. Exudate in superficial necrotic tissue from floor of ulcer. 

Normal-staining polymorphonuclear leucocytes contrasted to 

deeply staining and fragmenting cells. x 500. 

Fig. 20. Contrasting cell containing two nuclear masses with ordinary, less 

densely stained polymorphonuclear. x 950. 

Figs. 21 and 22. Cells with three nuclear masses. X 950. 

Fic. 23. Cell with six nuclear masses (one not visible in this plane). x 950. 
Fics. 24 and 25. Groups of small nuclear masses as deposited by breaking 

up of the cell. x 950. 

Fic. 26. Large cell with six nuclear masses (one not seen), all distinctly 

erescentic (apparently degenerating). x 950. 

27. Two nuclear masses in a leucocyte, density of staining much 

greater than in surrounding cells. x 950. 

28. Two separate bodies, without protoplasm. Whether produced as 

in fig. 27 is not evident. x 950. 

(Figs. 18 to 28, inclusive, from superficial tissue, case III.) 

PLATE IV 

Fics. 29 and 30. Leucocytes separating into deeply staining lobules. 

Smear from culture, case IV, eight days on nutrient prune 

agar. x 1,000. 

Fic. 31. Leucocyte dividing into three sharply edged fragments, of hyaline 

appearance. x 1,000. 

32, Leucocyte producing two rather deeply staining bodies. x 1,000. 

33. Leucocyte divided into three parts, one becoming oval and deeply 

staining, others soft, diffuse, pale-staining. x 1,000. 

34. Oval body in amorphous remnant of cell. x 1,000. 

Fics. 35 and 36. Soft, amorphous degenerating cells. Clear-cut, round 

bodies (approaching the basic form) developed elsewhere. x 

1,000. 

Fic. 37. Large body apparently degenerating. x 1,000. 

38. Free-lying body approaching basic. x 1,000. 

(Figs. 31 to 38, inclusive, from smear from culture, case IV, eight 

days on nutrient banana agar.) 

39. Typical sharply outlined, densely stained basic form. From case 

I, heavily contaminated culture on partially favorable medium. 

x 840. 
40. Irregular mass of degenerating cell material, quite unlike the basic 

forms. From case I, heavily contaminated culture on unfavor- 

able medium. x 840. 

Fics. 41, 42, and 43. Leucocytes with deeply staining nuclear masses in 

smear from tissue fragment, case I, triturated after three 

months on banana cylinder. Bacterial growth slight. x 840. 

This material transplanted to nutrient prune agar gave large 

basic forms; on other media it degenerated more or less 

promptly. F 

Fic. 44. Two forms approaching basic, apparently derived from one cell. 

x 840. 
45. Clear-cut basic form. x 840. 

46. Irregular body (approaching basic type) and very small clear-cut 

body suggestive of an organism. x 840. 
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PLATE V 

Fics. 47 and 48. Groups of more or less clear-cut, deeply stained cell 

fragments and basic forms. x 840. 

(Figs. 44 to 48, inclusive, from case II, culture of tissue frag- 

ments eight days on nutrient prune agar.) 

Fic. 49. Masses of cryptococci, case I. Culture of tissue fragment three 
months on banana cylinder and four months on nutrient prune 

agar. x 1,000. 

50. Scattered cryptococci, case II. Culture of tissue fragments six 

weeks on nutrient prune agar. 

Figs. 51 and 52. Small groups of the cryptococcus, case I, same smear as 

fig. 49. Showing density of staining and irregularity in size 

and outline. x 1,150. 

Fig. 58. Cryptococci, case II, from same culture as fig. 50. Showing 
(arrow) apparent attempt at mycelial growth. (This offshoot 

in the smear is clearly distinct from the surrounding bacteria.) 

< 1,300. 
Figs. 54, 55, and 56. Showing irregularity of size, shape, and mode of 

multiplication, neither clear-cut budding nor simple binary fis- 

sion. x 1,150. 

Fic. 57. Group of four sharply pointed apple-pip-like cryptococci. Their 

shape and close aggregation suggest origin by fission in two 

planes. x 1,150. 

Figs. 58 and 59. Cryptococci apparently degenerating, becoming pale stain- 

ing in the former and unstained in the latter. Spaces believed 

not to represent organisms dropped out of smears. x 1,000. 

(Figs. 54 to 59, inclusive, from same smear as fig. 58.) (Cul- 

tural forms all stained with Loeffler’s methylene blue.) 
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FURTHER OBSERVATIONS ON THE TREATMENT OF YAWS 

WITH CASTELLANI’S MIXTURE 

By L. E. GuERRERO, E. DOMINGO, and M. ARGUELLES 

(From the Department of Medicine, College of Medicine and Surgery, 

University of the Philippines) 

TWO PLATES 

Salvarsan and neosalvarsan are, without doubt, the specific 

remedies for frambcesia; but the high price and shortage of these 

drugs brought about by the war, the lack of hospital facilities 

in districts where the disease prevails, and the fact that patients 

often refuse any kind of injection treatment are some of the 

considerations that led Castellani,(1, 2) in 1915, in Ceylon, and 

us in the following experiments to use his formula in place of 

the drugs. The formula consists of: 
=== oo = = — 

Quantity. 
=e a“: a —|- vA = 

sRarraremeticysas ee wee ss eee ee Re Shee. SED 2 2S ae a ee eee grams_ | 0. 065 

Sodiumisalicylates er Wen Suet itopemes ON lke aa al ale 2 Syne B Bho dy omen 0. 65 

IROtaSsiU mi 1OG 1G Cesena a pt eee ee tL SFR Ale) tae ie do=== 4 

‘Sodiumbicarbonate were yes pense cegee Oe ias VE WOKE UE SUN ee a dos) 1 

NIRS a ea se pe ct Ua iy RO a eS ey ee aL do.---| 30 

The above is given in one dose, diluted in 4 ounces of water, 

thrice daily, for adults and for children over 14 years of age, half 

doses to children 8 to 14 years of age, one-third doses or less 

to younger children, and not more than half doses to Europeans. 

According to Castellani the preparations of antimony, which 

were first introduced in the treatment of yaws by Brault in 1911, 

have a beneficial effect, but their action is slow. Sodium salicy- 

late apparently hastens the disappearance of the thick yellow 

crusts, due to secondary pyogenic infections. Potassium iodide 

potentiates tartar emetic, but its great drawback is that the good 

effects are obtained only by using doses that often give rise to 

iodism. This and the emetic action of the antimony and potas- 

sium tartrate are diminished by the addition of sodium bicar- 

bonate. The formula is pharmaceutically a very inelegant one; 

it is cloudy and has a sediment due to the formation of antimony 
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oxide. The sediment, however, disappears when each dose is 

diluted with four times the amount of water or when 8 cubic 

centimeters of glycerin are added to the formula. 

Castellani tried this formula in eleven cases given in the doses 

mentioned for from ten to fifteen days, followed by from five to 

ten days of rest, then another course for another five or ten or fif- 

teen days. His results were very satisfactory in recent and fairly 

recent cases, in which the disease had started three to twelve 

months previously. In chronic cases the results were much less 

satisfactory. Very mild symptoms of iodism were observed in 

three cases, but were not sufficiently severe to necessitate stop- 

ping the treatment or decreasing the doses. No symptoms point- 

ing to any depressing action on the heart.were noted. 

Spaar(5) obtained excellent results with this treatment in 

three cases, the patients recovering in two or three weeks. 

We have used this treatment in more than 43 cases, including 

7 in the Philippine General Hospital, 14 in Parafaque, and 22 

in Las Pinas. The cases in the Philippine General Hospital 

were all discharged completely cured. 

With the exception of four, all our cases presented, more or 

less moderately, one or several of the following symptoms during 

the treatment: General malaise, weakness, slight fever, nausea, 

vomiting, gastralgia, diarrhcea, pharyngitis, ptyalism, intense 

coryza, lachrymation, congestion of the conjunctiva, cephalalgia, 

and insomnia. One case also presented slight induration or 

nodules of the skin of the face and ears, and another presented 

erythematous patches in various parts of the body. However, 

we did not observe in those cases who were under our immediate 

supervision furunculosis, acne, purpura, nor cedema of the eyelids, 

face, and larynx. The method of administration followed by 

us brings about gradual saturation of the body. We gave on 

the first day one-third dose three times; on the second day, one 

dose twice; and on the subsequent days, one dose three times 

daily. We adopted this dosage in order to ascertain the suscep- 

tibility and gradually to establish tolerance in the patient. The 

number of doses necessary to effect a cure varied from 15 to 

80, and the time elapsing from the commencement of the treat- 

ment till complete recovery was from five to twenty-seven days. 

Of the 14 cases of Paranaque, 10 showed complete recovery, 

while the remaining 4 showed only improvement of the symptoms. 

Seven of the Las Pifias cases discontinued the treatment early, 

3 showed improvement of symptoms, 3 proved refractory, and 

9 recovered completely. To summarize: Of the 36 cases that 

continued the treatment, 24 completely recovered, 7 showed im- 
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provement of symptoms, 7 showed no improvement at all, and 

5 had relapses in from two to five months after the lesions had 

entirely healed. 
The details of the cases treated and the results of the treatment 

are given in the subjoined protocols: 

Case I.—M. P., female, 45 years old, a native of Bulacan. The duration 

of the infection was about nine months. The lesions consisted mainly of 

granulomatous ulcers on the labia majora and a few papillomatous growths 

about the nasal fosse and the left angle of the mouth. The growth was 

covered with a thick yellowish crust. The ulcerations on both labia excreted 

a purulent fetid material. The general appearance of the growth simulated 

“oranuloma pudendi.” The patient received 44 doses of Castellani’s mix- 

ture in nineteen days, and sixteen days later the lesions were completely 

healed. 

Case IJ.—F. P., female, 24 years old. The infection was of six months’ 

duration. The lesions consisted of warty growths on the forehead, face, 

neck, abdomen, and genitals. The mother yaw was an ulcer with irregular 

borders, 2 centimeters in diameter, on the anterior surface of the left ankle, 

The patient entered the hospital to obtain relief from pain in the bones and 

joints. The joints of the fingers and hands were swollen and painful. She 

received 23 doses in ten days and left the hospital after fifteen days with 

complete disappearance of arthritic pain and cicatrization of the lesions. 

Case IIJ—C. F., male, 30 years, married, denied having had venereal 

diseases. The duration of the infection was one year and four months. 

The patient thought that he had contracted the disease from his children, 

who had yaws. The primary lesion appeared as a bed bug bite on the 

left thigh. On scratching the skin over it, the lesion gradually increased 

in size to about 10 centimeters in diameter. Two months later eruptions 

appeared all over the body, but after a year they disappeared without 

treatment. Last January he was admitted to the hospital, complaining 

of pain in the bones. He presented extensive ulcerations on the soles of 

both feet. The Wassermann test was negative. The patient was given 

15 doses in eleven days. He left the hospital completely cured. 

Case IV.—E. Y., female, 19 years old, contracted yaws six months ago. 

She said she had had yaws when she was 12 years old. The scars were 

plainly visible on- the face and on other parts of the body. She had an 

ulcer on the anterior aspect of the right leg, which measured 8 centimeters 

in diameter and 1 centimeter deep. The edges were irregular, and the base 

was formed by necrotic tissue and exposed bone. Wassermann reaction 

was positive. The patient was given 5 drops of saturated solution of potas- 

sium iodide and 5 milligrams of protoiodide of mercury three times daily. 

Aseptic dressing was applied to the ulcer. She experienced no improvement 

from this treatment. Castellani’s formula was then given three times daily, 

and 25 per cent protargol ointment was applied locally. After 54 doses 

the ulcer completely healed, although the pain in the bones persisted for 

some time. 

Case V.—M. Santa Ana, male, 38 years old. The duration of the illness 

was five months. The lesions consisted of granulomatous growths of 

varying size, whose summits were covered with yellow crusts. They were 

distributed on the scalp, forehead, chin, neck, shoulder, back, and buttocks. 

The lesions appeared in crops, accompanied by severe pain in the bones and 
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swelling of all the joints. The bones of the fingers were markedly enlarged. 

He took 24 doses, and after nine days in the hospital the symptoms dis- 
appeared and the lesions healed. 

Case VI.—S. P., 17 years old, male, had yaws for a month. There were 

papules covered with a yellowish crust in the right nostril, and there were 

also scars. The patient entered the hospital on account of pain in the bones 
and swelling in the joints. He said he had had a similar attack one year 

ago. He took 14 doses in six days. The treatment caused amelioration 

of the pain and of the lesions. 

Case VII—A. M., male, 40 years old, contracted yaws four years ago. 

He came for treatment of an old ulcer on the right forearm. It measured 

about 4 centimeters in diameter. The edges were irregular and elevated, 

and the base was covered with yellowish purulent material. The patient 

stayed in the hospital twenty-seven days, during which time he took 80 doses. 

The ulcer had completely healed when he was discharged from the hospital. 

Case VIIJ.—L. S., male, 31 years old, had yaws for one year and four 

months. The lesions were granulomatous nodules of from 1 to 1.5 centi- 

meters in diameter. They were found on the neck and chest. The face 

showed numerous pigmented scars. The patient was given 10 drops of a 

saturated solution of potassium iodide three times daily for nine months. 

The iodide produced only insignificant improvement of the eruptions on the 

face. Castellani’s mixture was then given, and in five days the lesions 

completely healed. 
Case IX.—F. C., female, 40 years old. The patient said she had had an 

eruption eight years ago. She came for treatment of an ulcer on the right 

external malleolus. The ulcer was of five months’ duration. It was about 

4 centimeters in diameter and was covered with fetid whitish material; the 

border was elevated. The ulcer completely healed after the patient had 

taken 39 doses in a period of fifteen days. 

Case X.—F. de G., 40 years old, male, had yaws for one year. The lesion 

appeared as an abrasion of the skin of the forehead. It later developed 

into an ulcer. There were four ulcers on the forehead, from 5 to 10 

centimeters in diameter, at the time of treatment. The edges were elevated 

and granular. Castellani’s treatment caused complete cicatrization of the 

ulcers. 

Case XI.—C. S., female, 16 years old, was ill for four months. At first 

she had a febrile pain in the joint and itching of the skin over the left knee. 

The skin then became covered with a yellow crust, which she thought was 

scabies. Later small papules appeared around the lesion on the knee. 

These spread in two weeks all over the body and assumed the characteristic 

appearance of the manifestation of yaws. The patient believed she had 

contracted the disease from a visitor who had the same disease. She took 

47 doses in eighteen days, and the lesions completely disappeared. 

Case XIJ.—J. F., 34 years old, was the mother of case XI. She had 

yaws for three months. The lesions consisted of granulomatous papules 

on the face and hands and of scaly eruptions on the forearm. The latter 

were arranged in the form of islands 3 to 4 centimeters in diameter. She 

was admitted with case KI. After 41 doses, given in sixteen days, she 

recovered completely. 

Case XIII.—J. T., 27 years old, married, female, had yaws for three 

months. The mother yaw was found on the left middle finger. Seven days 

later granulomatous papules appeared on the face and other parts of the 
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body. She complained of pain in the bones and joints, but no swelling was 

found. She stayed in the hospital twenty-three days and took 66 doses. 

When she was discharged, all the eruptions had completely healed. The 

last three cases were relatives living in one house. Their infection seems 

to originate from the visitor mentioned in case XI. 

Case XIV.—F. O., male, 8 years old. He developed secondary yaws nine 

months ago. On examination there were found secondary lesions, espe- 

cially on the penis and about the anus, and an ulcer with granulomatous, 

irregular border on the left internal malleolus. The diagnosis was tertiary 

yaws. Thirty doses produced complete cicatrization of the ulcers. 

Case XV.—E. C., female, 42 years old, had yaws in 1898. At the time 

of the examination she presented an ulcer on the posterior surface of the 

right forearm below the elbow. The surface of the ulcer was granular and 

was covered with fetid, purulent grayish secretion. It measured about 8 

centimeters in its longest, and 5 centimeters in its shortest, diameter. It 

began as an induration of about 0.5 centimeter. It gradually increased in 

diameter to about 3 centimeters. The diagnosis was tertiary yaws. The’ 

ulcer healed without local treatment after the patient had received 30 doses 

of Castellani’s mixture. 

Case XVI.—I. P., female, 30 years old, had had yaws at the age of 7 

years. About three years ago she was hit on the right knee. A nodule 

appeared on this knee. Later it became an ulcer with deep, irregular 

borders and fetid yellowish gray secretion. The joint was swollen and 

painful, incapacitating the patient for walking. The diagnosis was tertiary 

yaws. She was given 36 doses of Castellani’s mixture, and the ulcer 

completely healed. ; 

The treatment of Castellani undoubtedly exerts a curative in- 

fluence on the various manifestations of frambcesia. In six or 

seven days of treatment the granuloma takes on a livid appear- 

ance, becomes surrounded by a pinkish halo, and begins to flatten. 

The crust dries and gradually disappears, leaving a macule that 

eventually disappears. In deep and extensive ulcers cicatriza- 

tion takes place gradually and concentrically, the entire process 

lasting from fifteen to thirty days. Pain in the bones, pain and 

swelling of the joints, and pruritus are relieved early in the 

treatment, although sometimes the pain in the bones and joints 

recurs even after complete healing of the lesions. 

The relapses and incomplete recovery observed in some cases 

are to be ascribed to an incomplete medication, due to the sus- 

pension of treatment before the destruction of Spirocheta per- 

tenuis was complete. Some of our cases discontinued the treat- 

ment after the disappearance of granulomata and ulcers; while 

others, who were not under our direct supervision, could take 

only a few doses irregularly. We were not able to supply the 

patients with the adequate amount of the medicine, because 

the experiments were carried out in neighboring towns, where 

we had to distribute the preparation gratis. On the whole, the 
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patients do not seem to object to this treatment; on the contrary, 

they willingly submit themselves after they are convinced of 

its gratifying results. 

Our results confirm the conclusion of Castellani that the 
diverse manifestations of frambcesia heal under the influence 

of his treatment. The cure of recent infections by this prepara- 

tion is nearly as marvelous as that by salvarsan and neosal- 

varsan. We cannot assert as yet whether or not the cure is 

permanent, since only a limited number of cases remained under 

our observation for a long time. We believe, however, that the 

continuation of the treatment after the lesions have healed 

(from five to ten days’ treatment with intermissions of from 

ten to fifteen days) will insure a permanent cure. 

The tendency of the mixture to cause emesis and iodism is 

not a serious objection to its routine employment, because these 

untoward effects are slight and may be easily corrected. If 

emesis, gastralgia, and diarrhcea are troublesome, they can be 

prevented by merely increasing the sodium bicarbonate or by 

giving, fifteen minutes before each dose, 4 cubic centimeters of 

paregoric or 1 centigram of codeine. Other untoward effects, 

which are apparently due to vasomotor disturbances, such as 

cedema, lachrymation, coryza, congestion of the conjunctiva, 

etc., are readily overcome by epinephrine. According to Milian, 

(3, 4) this drug also gives excellent results in iodism and cerebral 

symptoms associated with the use of arsenobenzol. He strongly 

advocates the administration of massive doses of the drug, for 

example, 3 milligrams per orem twice daily, and if this fails, 1 

or 2 milligrams injected subcutaneously or intramuscularly. 

In the administration of Castellani’s mixture it is always im- 

portant to bear in mind the possible presence of the larval form 

of hyperthyroidism and also the greater susceptibility of chil- 

dren to iodides, for large doses may give rise to alarming and 

very unpleasant side effects. 

Frambeesia, though not a grave malady quod vitam, has a 

tendency to relapse, running a highly chronic course extending 

for years, and gives rise to rheumatoid pains, osseous deform- 

ities, extensive ulceration (which may serve as a portal of sec- 

ondary infection), and deforming cicatrices, which not only are 

disfiguring but often more or less seriously incapacitate the 

patients, school children and adults alike. Admitting that it 

is not a source of high mortality, it is, however, decidedly a 

cause of high morbidity, entailing material loss to the individual 

and to the community. 
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Frambesia is one of the common diseases in the Philippine 

Islands and is widely distributed. It is impossible to estimate 

the extent of infection, but it is undoubtedly of considerable 

importance. The establishment of ambulatory or provisional 

hospitals in the larger infested districts for the adequate ad- 

ministration of salvarsan would be the ideal method of sup- 

pressing this disease. This being impossible under present 

conditions, the general use of Castellani’s treatment, under suit- 

able administration, offers a practicable means of combating the 

disease. 

We desire to express our gratitude to Doctors Calderon, Lan- 

tin, and Reyes and to Messrs. Hallare and Fernandez for co- 

operation that made this work possible. 
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ILLUSTRATIONS 

PLATE I. YAWS 

. Case VIII, before treatment. 

. Case VIII, five days after treatment. 

. Case XIII, before treatment. 

. Case XIII, after 41 doses given in sixteen days. 

PLATE II. YAws 

. Case XV, before treatment. 

. Case XV, after 30 doses of the mixture. 

. Case XVI, before treatment. 

. Case XVI, after 36 doses of the mixture. 
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GUERRERO ET AL.: TREATMENT OF YAWS.] (Pum. Journ. Sct., XIII, B, No. 4. 

Fig. 1. Case VIII, before treatment. Fig. 2. Case VIII, five days after treatment. 

i 

te 

Fig. 3. Case XIII, before treatment. Fig. 4. Case XIII, after 41 doses given in 

sixteen days. 
PLATE I. YAWS, 





GUERRERO ET AL.: TREATMENT OF YAWS.] [PuiL. Journ. Sct., XIII, B, No. 4. 

Fig. 1. Case XV, before treatment. Fig. 2. Case XV, after 30 doses of the 

mixture. 

Fig. 3. Case XVI, before treatment. Fig. 4. Case XVI, after 36 doses of the 

mixture. 

PLATE Il. YAWS. 
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RECONSTRUCTION OF TWO SETS OF DUCK TWINS, WITH SPE- 

CIAL REFERENCE TO THE EARLY EMBRYONIC DEVELOP- 
MENT OF THE VASCULAR SYSTEM + 

By Epwarp S. RuTH 

(From the Department of Anatomy, University of the Philippines) 

TWO PLATES 

The early stages of a large series of chick and duck twin 

embryos have been studied especially by Kaestner,(2) and a 

few have been recorded by Burckhart,(1) Reichert,(4) and Mit- 

chell.(3) However, up to the present time only a few of the 

embryonic twins have been reconstructed. Kaestner apparently 

was the pioneer in making reconstructions of young twin em- 

bryos. Those figured by him are considerably older than the 

duck twins under discussion in this paper. Much may be eluci- 

dated regarding the early formation and intimate relation of 

embryonic twins by careful detailed study of the serial sections 

and especially by making a reconstruction. In a previous com- 

munication(5) I described four sets of duck twins. Set III 

of that paper has been reconstructed and is figured in this con- 

tribution; set V was found subsequent to the issue of the pre- 

vious publication. These two sets of duck twins have been re- 

constructed according to the Borne method. I wish to express 

my appreciation and thanks to Dr. Ricardo Molina for the re- 

construction of duck twins set V. 

DUCK TWINS SET V 

The duck twins are in the 9-somite stage of development. The 

head and thoracic regions lie parallel to each other, while the 

caudal extremities diverge, forming an angle of about 55°. Sur- 

rounding the embryos is the area pellucida, which is transparent. 

It is more marked on the ventral side of the head in the region 

of the proamnion. 

Ventral side-——The heads are abnormally large and some- 

what club-shaped. In the region of the fovea cardiaca the 

membranes have an increased opacity, extending laterad to the 

* Received for publication October 13, 1917. 
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embryos and pointing caudad. The former is apparently the 

position of the omphalomesaraic, and the latter is apparently 

the position of the median vein. The posterior openings of the 

foregut are separated from each other by a rounded, narrow 

partition. On cross section a tubular vessel occupies this space 

in the partition, separating the posterior ends of the foregut. 

At the extreme tip of the caudal extremity, remains of the prim- 

itive streak are still present. 

Dorsal side.—The heads project slightly dorsad to the pro- 

amnion. They are distinctly separated from each other for a 

short distance where the ectoderm becomes continuous from 

one head to the other. On the median side of the heads there is 

a small cleft where the medullary groove has failed to close 

entirely. This marks the position of the anterior neuropore. 

The medullary groove has closed over in the cephalic region, 

caudad to the anterior neuropore in both embryos; however, it 

again becomes open and remains so throughout its entire extent. 

The caudal portion of the medullary groove in the right embryo 

is slightly more expanded than in the left. The somites are 

regularly developed. The medial ones are somewhat larger than 

those on the lateral sides of the embryos. 

Reconstruction of duck twins set V.—This set of twins is 

somewhat younger than set III. The foreguts are symmetrically 

developed, the openings of which are at first common to both com- 

ponents, but they are soon divided and separated from each other 

by a fold of mesoderm. The tubular hearts are indistinctly de- 

veloped and appear to be double at the middle and caudal third. 

The omphalomesaraic veins join the tubular hearts, the left vein 

having a position much more cephalad than the one on the right 

side. Vaso formative cells link the one tubular heart with the 

other. On the dorsal side several median veins can be seen lying 

on the medial anterior wall between the two pharynges. The 

venous confluence can be made out rather indefinitely; it is not 

so distinct as in set III. As the single tubes approach the 

cephalic end of the pharynx, the one on the left component turns 

abruptly laterally and downward to gain the dorsal side of the 

pharynx, where it becomes the dorsal aorta. The tubular heart 

in the right component passes obliquely and laterally over the 

most cephalic portion of the pharynx to gain the posterior side. 

Both dorsal aortz pass caudad along the lateral and dorsal side 

of the pharynx and are lost in the area pellucida after leaving 

the embryos. On the dorsal side of the pharynx some distance 

above the opening of the foregut a median dorsal vein also makes 
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its appearance (Plate II). This, like the other, is also lost in 

the interembryonic tissue at a distance slightly more caudad. 

DUCK TWINS SET III 

Reconstruction of duck twins set III shows the foreguts and 

vascular system symmetrically developed in every detail (Plate 

II). In the region of the thorax, abdomen, and caudal extremity 

the ectoderm and entoderm are continued from one embryo to 

the other. The dorsal aorte are all distinctly and uniformly 

developed, though their continuation into the vitalline arteries 

cannot be traced. In the region of the fovea cardiaca the venous 

blood vessels form a median confluence by the union of the two 

omphalomesaraic veins with the median vein, which approaches 

the embryos from a caudal interembryonic direction. The large 

median vein is formed from a series of smaller veins beginning 

symmetrically from eight smaller veins. Extending cephalad to 

the venous confluence are two tubular projections. The tubular 

hearts are symmetrically developed. Both hearts, as they ap- 

proach the cephalic portion of the foreguts, divide into two 

ventral aortz, which loop around the lateral sides of the pharynx 

to form the dorsal aorte. The dorsal aortz terminate rather 

abruptly in the region of the venous confluence on the posterior 

side of the foregut. No vitelline arteries appear to be present. 

The medullary tubes and grooves are entirely separate and dis- 

tinct from each other throughout the entire extent of the em- 

bryos; both are symmetrically developed. On the ventral side 

of each medullary tube is a notochord. The foreguts are uni- 

form in every detail. Each component in this set of twins is 

separately developed, with the exception of the venous confluence. 

Here the two embryos appear to have a vascular chamber in 

common (Plate II). All other structures at this stage of de- 

velopment are duplicated. 

DISCUSSION 

_ The two sets of twins have a number of developmental parts 
in common. However, in set V the medial dorsal arteries are 

only partially developed, while the lateral have already joined 

with the ventral aorte. In the older twins the blood vessels 
have apparently assumed a fixed position in relation to the 

embryo, while in the younger twins they are in a migrating 

_ stage, that is, in the younger twins the heart anlage has not yet 

become tubular in several areas. In both twins there is present 

a venous confluence at the proximal end of the tubular hearts 

formed by two omphalomesaraic veins and a median vein. 
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Kaestner shows a similar confluence in a set of his chick 

twins, but does not show a median vein. Furthermore he 

considers the confluence in the process of developing into a 

single heart and concludes that in all probability if growth had 

continued there would have developed a single heart. The con- 

fluence of the veins does not correspond to the position of the 

heart in embryos of this stage of development, but from the 

single tubular heart that lies more cephalad. If any conclusion 

can be drawn, one heart should develop from each tubular heart, 

as this corresponds to the region where it normally develops. 
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ILLUSTRATIONS 

[Drawings by J. Castro.] 

PLATE I 

Fig. 1. Ventral view of duck twins V. pa, proamnion; fc, fovea cardiaca; 

ls, lateral somite; cd’, cd, chorda dorsalis; ps, primitive streak. 

2. Dorsal view of duck twins V. pa, proamnion; an, anterior neuro- 

pore; mg’, mg, medullary groove; Is, lateral somite; mv, median 

veins; ap, area pellucida. 

PLATE II 

Fig. 1. Dorsal view of pharynx and aorte from duck twins III. ph’, ph, 

pharynx; da’, da, dorsal aorte; omv’, omv, omphalomesaraic vein; 

mv, median vein; veh, venous end of heart. 

2. Ventral view of pharynx, tubular hearts, and aorte from duck 

twins III. ph’, ph, pharynx; th, tubular heart; ve, ventral end 

of heart; va, ventral aorta; omv, omphalomesaraic veins; mv, 

median vein. 

38. Ventral view of pharynx and aorte, duck twins V. omv’, omv, 

omphalomesaraic vein; ph, pharynx; th’, th, tubular heart; of, 

opening of foregut; mv, median vein. 

4. Dorsal view of pharynx and aorte, duck twins VY. Ida’, lda, lateral 

dorsal aorte; ph, pharynx; mda, median dorsal aortz2; mv, median 

vein. 
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Ruru, E. S.: RECONSTRUCTION OF Duck TwINs.] [Pun Journ. Sct., XIII, B, No. 4. 

Fig. L. Ventral view of duck twins V. 

Fig. 2. Dorsal view of duck twins V. 

PLATE I. 
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RutH, E. S.: RECONSTRUCTION OF Duck TwWINs.] [PuHit. Journ. Sci., XIII, B, No. 4. 

Fig. 1. Dorsal view of pharynx and aorte. Fig. 2. Ventral view of pharynx, tubular heart, 

Duck twins III. and aorte. Duck twins III. 

lda 

mv 

mda 

Fig. 3. Ventral view of pharynx and aorte. Fig. 4. Dorsal view of pharynx and aorte. 

Duck twins V. Duck twins V. 

PLATE ll. 





REVIEWS 

The Prescription | therapeutically, parmaceutically, grammatically and | 

historically considered | by | Otto A. Wall, Ph. G., M. D. | [7 lines] | 

fourth and revised edition | St. Louis | C. V. Mosby Company | 1917 | 

Cloth, pp. 1-274. Price, $2.50. 

An extremely interesting and readable book, but not one com- 

mending itself as a textbook. The desire of the publishers to 

present a typographically perfect book has apparently been well 

carried out. The use of the term “yelk” for yolk of egg on page 

229 is very questionable. 

dp dats de 

Volume I Johns Hopkins Number | Number I | The | Medical Clinics | of | 

North America | July, 1917 | Published bi-monthly by | W. B. i 

Saunders Company | Philadelphia and London | [6 lines]. Pp. 1-193. 

Price, per year: Paper, $10 (foreign, £2 2s); cloth, $14. 

The first number of The Medical Clinics of North America 

gives one a favorable impression. The feature in this publication 

is the question and answer portion by which means the lecturer’s 

ideas on diagnosis and treatment are forcibly brought before the 

reader. 

J. pACwOr 
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Tropical Medicine, Vol. XIII, No. 4, July, 1918. 

PROCEEDINGS OF THE MANILA MEDICAL SOCIETY 

REGULAR MONTHLY AND ANNUAL MEETING, JANUARY 7, 1918 

MINUTES OF THE MANILA MEDICAL SOCIETY 

The regular monthly and annual meeting of the Manila Medical 

Society was held in the College of Medicine and Surgery on 

Monday evening, January 7, 1918, at 8.30, with President Ruth 

presiding. There were 18 members and 2 visitors present. 

The minutes of the last meeting were read and approved as 

read. 

The applications for active membership of Drs. A. Francis 

Coutant, Emiliano M. Panis, and Isidoro de Santos were pre- 

sented with the recommendation of the council. It was moved 

and seconded that the secretary be instructed to cast a unanimous 

ballot in favor of the above applicants. The motion was carried. 
The program for the evening was then carried out as follows: 

1. Glioma Retinez, by Dr. Herminio E. Velarde. 

2. Poisonous Snakes of the Philippines, by Mr. E. H. Taylor. 

3. A Report of Five Cases of Leukemias Clinically Diagnosed as Spleno- 

megaly, by Dr. José S. Hilario. (This paper was read by title.) 

The annual report of the secretary-treasurer for 1917 was 

read and approved.as read. 

The president next appointed Drs. B. C. Crowell, R. B. Gibson, 

and José Albert as a committee on nominations for the officers 

of the society for the ensuing year. The meeting was sus- 

pended for a few minutes pending the return of the nominating 

committee. 
The nominating committee then returned and recommended 

the following: 

For President: Dr. Otto Schobl. 

For Vice-President: Dr. H. G. Maul. 

For Secretary-Treasurer: Dr. Daniel de la Paz. 

For Councilor for three years to suc- Dr. EH. S. Ruth. 
ceed Dr. J. E. Reed, Jr.: 

For Councilor for five years: Dr. A. P. Goff. 

There being no objection to the nominations, it was moved, 

seconded, and carried that the election of the above-named officers 
as recommended by the committee on nomination be approved. 

The newly elected officers were then informally installed, and 

in the absence of President Schobl, Vice-president Maul presided. 

209 



P10 The Philippine Journal of Science 19ié 

On motion duly made and seconded, Doctor Gibson was un- 

animously elected editor of the proceedings, and a vote of thanks 

by the society was extended him for his excellent and proficient 
work in the past year. 

A vote of thanks was also extended to the outgoing officers. 

There being no further business, it was announced that there 

would be no meeting in February, because of the joint meeting 

of the Philippine Islands Medical Association and the IV Asam- 

blea Regional de Médicos y Farmacéuticos de Filipinas, and the 
meeting adjourned. 

H. G. MAUL, 
Secretary-Treasurer. 

SCIENTIFIC PROGRAM 

SIX CASES OF GLIOMA RETIN: 

By Dr. HERMINIO E. VELARDE 

Case histories, illustrated with photographs and skiagrams, of 

six cases of glioma retinze were presented. All six cases were 

females, the ages being from 1% to 4 years; the condition in 

one case was observed shortly after birth. Cases reported in 

the literature have occurred in children from 10 weeks to 13 

years of age. Other members of the families were not affected. 

In two out of the six cases the condition was bilateral; the usual 

figure is 25 per cent of bilateral cases. Metastatic involvement 

of the liver was observed in two cases, of the scalp in two cases, 

and also of the cervical glands, ribs, shoulders, thighs, pleura, 

and dura mater. The prognosis of the disease is serious and 

almost certainly fatal, as exemplified by the present series, if 

early enucleation is not done. 

POISONOUS SNAKES OF THE PHILIPPINES 

By Mr. E. H. TAYLOR 

Of the 25 deadly poisonous snakes known in the Islands, 18 

species were shown in the demonstration. Of the Crotaline, 

or pit vipers, the following were examined: Trimeresurus gram- 

ineus, from Luzon; T. flavomaculatus, from Luzon; T. schultzet, 

from Palawan; T. wagleri (and two varieties), from Mindoro 

and Palawan; T. haliens, a rare species from Polillo. 

A new yellow viper (recently discovered on Batan Island, 

Batanes Islands), as yet undescribed, was shown. 

The poison apparatus of this group was discussed, and the 

large fangs, which attain a greater size in this group than in 

any other, were observed and discussed. 
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Of the Elapide, which are the most deadly of reptiles, good 

specimens of the following were shown: Naja hannah, the king 

cobra, or hamadryad; N. naja caeca, from Luzon; N. n. miolepis, 

from Palawan; and N. n. samarensis, from Mindanao. 

The last three are the Philippine representatives of Naja naja 

tripudians, the famous spectacled cobra of southern Asia. These 

species are known in Luzon as alopong, or carasaen, the latter 

name being used in the north in the Ilocos provinces and Panga- 

sinan. They may be readily recognized, when alive, by the habit 

of spreading the neck, and in the three subspecies they may 

be recognized by the loud hissing noise made. They are able to 

throw the poison to a distance of at least two meters. 

Of the related genera, specimens of Hemibungaris and Dolio- 

phis were displayed. Special attention was called to the unique 

poison glands found in the latter genus. Instead of being sit- 

uated in the head, they form long club-shaped glands, which 

-are contained in the body cavity; these attain a length in adults 

of at least 20 centimeters. 

Specimens of the aquatic genera Disteira, Lapemis, and Lati- 

cauda were shown. These are the sea snakes; they occur in 

large numbers in Manila Bay. 

The Opisthoglypha (poisonous snakes not regarded as deadly) 

were represented by several species of Botga and by the color 

varieties of Dryophis prasinus, the widely famed dahon palay. 

A few harmless forms were discussed that approximate the 

poisonous forms in color, markings, and habits, and so are very 

frequently confused with them. 

It was requested that more careful observations be made and 

records be kept by provincial doctors of cases of snake bites, 

that effort be made for a more careful recording of statistics 

of death from snake bites by health authorities, and that 

antivenin serums be manufactured in the Islands. 

R. B. GIBSON, 

Editor of the Proceedings, 
Manila Medical Society. 
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Tropical Medicine, Vol. XIII, No. 4, July, 1918. 

PROCEEDINGS OF THE MANILA MEDICAL SOCIETY 

REGULAR MONTHLY MEETING, MARCH 4, 1918 

MINUTES OF THE MANILA MEDICAL SOCIETY 

The regular meeting of the Manila Medical Society was held 

at the College of Medicine and Surgery, March 4, 1918, at 8.30 

in the evening. 

The following members were present: 

Dr. B. C. Crowell. Professor F. G. Haughwout. 

Dr. E. S. Ruth. Dr. H. W. Wade. 

Dr. F. W. Vincent. Dr. J. S. Hilario. 

Dr. R. B. Gibson. Dr. F. Garcia. 
Dr. B. Samson. Dr. D. de la Paz. 

The secretary announced the absence of the president and 

vice-president and with the consent of the society appointed Dr. 

B. C. Crowell to officiate as temporary chairman. 

The minutes of the previous meeting were read and approved. 

A letter from the President-elect, Dr. Otto Schobl, declining the 

acceptance of the presidency of the society, was read and accepted 

with regret. 

Doctor Crowell appointed Doctors Ruth, Gibson, and Samson 

to constitute a committee on the nomination for the president. 

The society took a short recess. 

At the second session the committee announced that Dr. F. W. 

Vincent was unanimously nominated. There being no other no- 

minations, the secretary was instructed to cast a unanimous ballot 

in favor of the nomination. 

With President Vincent in the chair, the reading of the papers 

was then proceeded with. 

The first paper, entitled Studies of Cerebrospinal Fluid in 

Acute Anterior Poliomyelitis, by John A. Kolmer and co-workers, 

abstracted by Dr. John A. Johnston, was read by Doctor Gibson 

in the absence of Doctor Johnston. 

Doctor Wade presented his paper, entitled Cryptoplasmic In- 

fection, which was discussed by Professor Haughwout and Doctor 

Crowell, Doctor Wade closing the discussion. 

The last paper, entitled The Prophylaxis of Malaria, was read 
153993——4 913 
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by its author, Doctor Samson. It was discuseed ie Professor 

Haughwout. 

The society adjourned at 9.55 in the evening. 
D. DE LA PAZ, 

Secretary-Treasurer. 

SCIENTIFIC PROGRAM 

STUDIES OF THE CEREBROSPINAL FLUID IN ACUTE ANTERIOR 
: POLIOMYELITIS* 49 sarunie 

By JoHN ine KOLMER and co-workers 

‘Abstracted by ‘Dr. JOHN A. “JOHNSTON ae fe ; 

“The results summarized in this paper are pasedai aBDOR, they, eX 
aminations made in 868 specimens of cerebrospinal, fluid obtained 

during the epidemic in Philadelphia during 1916. . 

A summary follows :, 

1. The majority of the fluids were water ince or but daintly 

opalescent when viewed against a black backgroundi 1 «( 

2. Seventy-seven per cent.of the fluids showed“an ificitaxe . 

total cells... , ee 

_3. In over. 96, per cent of the fluids from. cases, atten the, ee 
of paralysis the small lymphocyte. variety, of, cells predominated; 
Polymorphonuclear cells “predominated in less than 1 per,cent,of 

the fluids, and, in over, 88 per cent, they eonstinted less.than: 25 
per cent of the cells present... od} 99 womobiesta oft to saan 

4, An increase of protein was found in from. 32 to 42. per gent 
of fluids., With the Noguchi test the fluid, of 1 of,6,cases in the 

preparalytic stage yielded a positive, reaction... The, percentage, 

of positives then became gradually higher, to the, third week.after 

the onset.of paralysis, when a-rapid decrease AB proteins heats 

apparent. a 

>. During the. acute goa of ‘pplioniyelitis,. the. Poppe: “of, AO, 

to 50 per cent of cases yielded a colloidal ald, easton. Os the; 

luetic and meningitic zone types.. .. Ati 

6. The potassium permanganate reduction De caalied ‘pont 
reactions of indices over 2.3 with the spinal fluids of 41 per, cert 

of cases examined from the second to twenty-first days after, the 
onset.of paralysis. LAC ds 

Every fluid was found to contau OCEME. dextrose tor reduce 

Fehling’s solution in some degree, ; I 

8. Increased permeability of the meninges was oe adicateel by 

the presence of natural antisheep hemolysis in; the fluids; of 66 
per cent of cases.in the acute stages. and both the hemolysis and 

: 

*Am. Journ, Med. Sci. (1917), 144, 720-738. 
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a hemolytic complement in 30:per cent. | Both of eaese8 pubetanees 

were absent in the fluids:of ‘controls: ': 

‘9. Substances inhibiting’ saponin: hemolysiso were | not found 

in the fluids of cases, aid to twenty-one war eilee ee BEBeL 

of paralysis:;oio: +: id i Q 

10.(A definite and seauitee dis pmostiv onitt@ior! or eMac aan 

oe has not been: discovered.’ A clear or’ slightly:'opalescent 

fluid flowing under increased pressure, sterile as examined by 

smear and culture when collected aseptically, poor in fibrin, re- 

ducing Fehling’s solution, and containing ‘an increased number 

of cells chiefly.of the mononuclear varietyi are the most constant 

findings:!! An/inerease of protein:.and a high, potassium ‘per- 

manganate’ reduction ‘index ‘strengthen the ‘diagnosis; -while: 2, 

colloidal gold» reaction of ‘the: Iuetic:and :meningitic zone types 
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s DYSQST 90 CRYPTOPLASMIC INFECTION’ 

, 90 D109 /By'Dr. H.W. Wabe® is DOMMLOES 

“The findings. in ccaltuees, of material from. a group of leer of 

undetermined. causation seen in Hagonoy, Rizal, were. described. 

Spirochetal, “blastomycotic,”. etc etiology. was, negatived . by 

absence of the characteristic microscopic findings, and yaws and 
syphilis. could, ‘it was thought,. be eliminated. 

ain certain of the cultures. of tissue fragments on. special media 

the tissue cells, whether in spite. of. or, because of overgrowth 

by bacteria - contaminating the lesions, underwent apparently 

additive changes that sometimes. produced deeply staining bodies 

not ordinarily seen in such material. These were referred to 

as “basic” bodies. In one culture from each of two cases, after 

considerable time, a Cryptococcus was found. 

This fungus, classifiable as a Cryptococcus, was of an unusual 

type. It was not in the least saprophytic, did not even produce 

visible colonies, and did not multiply in subcultures. Therefore 

it could not be isolated. 

The source of the fungus was not apparent. It was suggested 

that, in view of its late appearance in the cultures and its very 

unusual lack of cultivability, it might have arisen from the basic 

bodies. In this case it may have been concerned in the etiology 

of the lesions in an unrecognizable form. 

These observations constitute a contribution toward the estab- 

lishment of a hypothetical “‘cryptoplasmic’”’ mode of infection. 

According to this hypothesis, which refers primarily to certain 

fungus infections, an invading organism may, whether occa- 
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sionally or regularly, wholly or in part, lose its morphologic, 

though retaining its biologic, identity and may exist and act in 

the form of a protoplasmic mass that, if it is not actually amor- 

phous, is at least of such low morphological differentiation as 

not to be demonstrable. This substance is referred to as a 

“cryptoplasm.”’ Other observations that have contributed to 

the formulation of this hypothesis are to be reported. 

PROPHYLAXIS OF MALARIA 

By Dr. BERNARDO SAMSON 

Doctor Samson outlined his methods of treating malaria both 

from the curative and the prophylactic viewpoints. He stated 

that one of the principal difficulties in connection with the pro- 

secution of antimalarial campaigns in the provinces lay in the 

difficulty of establishing an understanding between the people 

and the health officers. The distribution of pamphlets printed 

in English, in Spanish, and in the vernacular he regarded as 

of doubtful utility. Better work, he thought, could be done by 

carefully arranged lectures, illustrated by lantern slides, given 

by the Bureau of Health officials or local physicians. Instruc- 

tion in hygiene in the public schools, he believed, should include 

more information on mosquitoes and the symptoms and conse- 

quences of malaria. Doctor Samson said he thought much good 

would come by enlisting the codperation of hacenderos employing 

large numbers of laborers on their plantations. He advocated 

the free distribution of quinine —F. G. H. 

_ SRB 'GIBSONe 

Editor of the Proceedings, 

Manila Medical Society. 
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THE TISSUE-INVASIVE POWERS OF THE FLAGELLATED AND 

CILIATED PROTOZOA WITH ESPECIAL REFERENCE TO 

TRICHOMONAS INTESTINALIS. A CRITICAL REVIEW * 

By FRANK G. HAUGHWOUT* 

(From the Department of Medical Zoology, College of Medicine and Surgery, 

Uniwersity of the Philippines) 

ONE TEXT FIGURE 

The recent work of Hadley,(20) in which he has demonstrated 

that under certain conditions, so far unascertained, Trichomonas 

may become a destructive cytozoic and histozoic parasite, has 

again brought up the question of the tissue-invasive powers and 

pathogenicity of the flagellated and ciliated protozoan parasites 

found in the intestine of man. The question is of such prime 

importance in the practice of medicine, particularly in the 

tropics, that it seems opportune at this time to review some 

of the literature on these very important subjects. It must be 

confessed at the beginning that it seems impossible to draw 

any very definite conclusions; but force is added to the already 

very prevalent impression that the flagellated intestinal proto- 

zoa should be viewed with suspicion and regarded as pathogenic 

until the contrary is proved beyond dispute. 

From the viewpoint of human pathology the matter can be 

scarcely discussed at this time, for with the exception of Balanti- 

dium infections of the human intestinal tract there are no obser- 

vations upon which to work. The whole problem from the 

clinical, pathological, and experimental viewpoints presents ex- 

* Received for publication March 15, 1918. 

*Professor of protozodlogy and chief, department of medical zodlogy. 
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ceptional difficulties, both to the pathologist and to the proto- 

zoologist. 

A review of the situation brings out some points in parasi- 

tology of great interest from both the theoretical and practical 

viewpoints and raises some questions that promise to form the 

basis for an interesting series of studies. Among other ques- 

tions raised is that that bears on the effects produced upon a 

parasite by the internal reactions of the host, as expressed 

through the tissues and body fluids. In this connection I mean 

reactions of the host that tend to favor the parasite as dis- 

tinguished from the familiar reactions that work to the disad- 

vantage of the parasite. In the past the attention of parasito- 

logists and physicians has been focused largely upon the effects 

of the parasite upon its host—a most natural point of view. 

But in reviewing the subject, especially in the light of recent 

evidence, it is hard to escape the impression that the host, on 

occasion, may transform an apparently harmless parasite into 

one that is pathogenic or even lethal to its host. This is entirely 

apart from conditions of lowered vitality and resistance, which 

proverbially favor the development of infections of all kinds. 

It would seem that the term “harmless commensal” has been very 

much overworked. The case of the intestinal nematode Ascaris 

lumbricoides is very much in point, and apparently the day 

is not far distant when the terms “harmless commensal” and 

“symbiont”’ will be used in the literature with much greater 

caution than has been shown in the past. It has long been my 

belief that time would show that all animal parasites that have 

been regarded as commensals and symbionts in the alimentary 

tract, if not actually giving rise to lesions, would yet be shown 

to affect unfavorably the physiological balance of the host in 

some way. 

Recently this has been strikingly indicated by Gibson, (17) 

who has noted the apparent restraining influence of Ascaris 

infection on the growth of puppies. The phenomena were, to 

be sure, observed in the course of only one experiment, and 

certain other factors may have intervened to bring about the 

results he cites, but they certainly are suggestive. Gibson says: 

The existence of an anti-vitamine or at least of growth inhibiting sub- 

stances formed by ascarids is suggested by an observation which I made in 

connection with some milk feeding experiments with puppies. In a series 

of five young puppies fed on cows’ milk growth stopped in four of the 

animals when 44 days old. Following the administration of an efficient 

vermifuge, there resulted the passage of many ascarids from the four dogs 

in which growth had ceased. Growth was immediately reéstablished. 



x1,B,56 Haughwout: Flagellated and Ciliated Protozoa 219 

Days of the experiment. 

5 3 4 19 23 27 3 EA} 39 43 

Body weight in grams. 

Fic. 1. Growth curves for dogs fed on fresh and autoclaved milk. Note the falling off 

of growth between the twenty-seventh and the thirty-first day. Note also that dog 

2, which was not infected with Ascaris, continued to grow at about the normal rate. 

The growth chart illustrating this case has been published 

by Gibson and Concepcion(18) and is reproduced here as fig. 1, 

by kind permission of the authors. 

This is suggestive of the pernicious effects that may occur 

as a result of heavy infections of protozoa of the so-called 

“harmless commensal” type, particularly in very young children, 

and is entirely apart from the menace they afford as possible 

tissue invaders. It would seem that the end products of proto- 

zoan metabolism, in cases where a host is heavily infected, could 

not fail to affect the host unfavorably, particularly in the upper 

intestine, where absorption is active. It is known that protozoa 

in cultures may themselves succumb to the products of their 

own metabolism, as has been shown by Woodruff (53) in a series 

of experiments with the free-living infusorian Paramecium. 

In connection with the suggestion advanced by Gibson, it should 

be borne in mind that the effects he noted may have simply 

been those of starvation, through the appropriation by the para- 

site of food designed for the host, an effect which would probably 

be particularly noticeable in the case of a young and growing 

animal. 
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It has occurred to me that the condition I have mentioned 

might possibly explain some of the frequent and obscure cases 

of ‘‘auto-intoxication” occurring in the tropics, often under ap- 

parently unexplainable conditions; and possibly, also, the case 

presented by the patient in the tropics who is unable to give 

his physician any further information than that he experiences 

a disinclination to work and “feels rotten’”—a condition often 

referred to as ‘“‘Philippinitis,”’ in the Philippine Islands. I have 

several times been struck by the fact that a large proportion 

of such individuals harbored swarms of trichomonads, when 

there was not a frank infection with helminths, and I have been 

inclined to suspect that had the opportunity been present for 

an examination of the stools on several successive days the 

flagellates would have appeared in the other cases as well. 1 

have noted similar symptoms in individuals suffering from 

heavy infections with Spirocheta eurygyrata. 

Trichomonas is a protozoan parasite of the order Polymasti- 

gida and the subphylum Mastigophora. It is found through a 

wide range of the lower animals and very frequently in man. 

It possesses well-developed motile organs and a cytostome for 

the ingestion of solid food and is, in no sense, to be regarded as 

a primitive or degenerate species. Its nucleus is of the karyo- 

some type and divides with a well-developed mitotic figure in 

which chromosomes have been demonstrated in some species. Its 

life cycle, so far as it has been worked out, seems to be fairly 

complex. Although the behavior of the chromatin under certain 
conditions may be regarded as leading up to it, syngamy has 

not yet been worked out. 

The organism shows more or less variation in size and form. 

Trichomonas intestinalis of man measures, generally speaking, 

from 10 to 15 » in length and from 3 to 5 uw» at its greatest 

breadth. Forms may be found that are almost spherical 

through those that are triangular, short, or elongated. Many 

are pyriform or pear-shaped. The organisms are active 
in their movements, but frequently come to rest, apparently 

to feed. Their food during life in the lumen of the intestine 

consists, for the most part, of bacteria. Three equal flagella, 

inserted in relation to a basal granule or blepharoplast, spring 

from the anterior end of the body and are employed in locomo- 

tion and food-taking. Another, somewhat. stouter flagellum 

runs posteriorly, forming the margin of an extension of the 

ectoplasm, the undulating membrane, and is continued as a free 

lash beyond the posterior end. The inner margin of the un- 
dulating membrane is bordered by a deeply staining linear struc- 
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ture, the parabasal body. A clear, refractile, rodlike structure, 

originating at about the middle third of the body, runs pos- 

teriorly and frequently projects beyond the posterior extremity 

of the body. This is the axostyle. By some authors this is 

believed to be a stiffening rod for maintaining the contour of 

the body. Others speak of it as an attaching organ, while Kofoid 

and Swezy (26) state that it is in the nature of a motile organ, 

or, as they say, “a stout, largely intracytoplasmic flagellum for 

locomotion in a viscid medium.” It has occurred to me that 

it may, under some circumstances, serve as a piercing organ 

in connection with tissue penetration. The cytostome is a 

triangular depression at the anterior end, laterad of the median 

line. Some writers describe a flagellum within it, an observa- 

tion I am unable to confirm. The endoplasm contains one or 

more vacuoles, apparently food vacuoles, for bacteria may be 

frequently seen within them. I have never observed a con- 

tractile vacuole. Excretion may take place by diffusion through 

the body wall or through the cytostome. 

Trichomonas is frequently found to bear four or even five 

anterior flagella, which has caused certain writers to place them 

in different genera under the euphonious, but somewhat ano- 

malous names Tetratrichomonas and Pentatrichomonas. I shall 

not take the time here to discuss the advisability or inadvis- 

ability of founding new genera on such trivial variations as 

these. 

Ohira and Noguchi(40) have created five subgenera to be in- 

cluded under the genus Trichomonas Donné, 1837. They are: 

1. Protrichomonas Alexeieff, with three anterior flagella, 

without an undulating membrane. 

2. Trichomastix Biitschli, with three anterior flagella and 

a trailing flagellum (Schleppgeissel), without an undulating 

membrane. 

3. Trichomonas Donné, with three anterior flagella and an 

undulating membrane. 

4. Macrostoma Alexeieff, emend. Wenyon, with three anterior 

flagella, and an undulating membrane wedged in a deep groove 

(peristome). 

5. Tetratrichomonas Parisi, with four anterior flagella and an 

undulating membrane. 

To these might be added Chatterjee’s Pentatrichomonas, with 

five anterior flagella and an undulating membrane. Other intes- 

tinal flagellates of interest here are: 

Lamblia (Giardia) intestinalis Lambl, 1859. This is an or- 

ganism of peculiarly striking and characteristic appearance and 
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one of the few protozoa that are bilaterally symmetrical. The 

organism is pear-shaped and measures from 10 to 21 », with 

a width of from 5 to12 y». There is an anterior, oblique depres- 
sion or sucking disk, the contractile edges of which are raised 

above the general surface. There is no mouth or cytostome. 

Two axostyles extend from the region of the sucking disk to 

the posterior end, where they continue as two stout flagella. 

There are three other pairs of flagella arising from the borders 

of the hollow disk, giving eight flagella in all. The organism, 

as usually seen, is binucleate, the two nuclei of the karyosome 

type lying within the sucking disk, one on each side of the 

axostyles. Stained, the organism bears a most grotesque re- 

semblance to a spectacled face. This resemblance extends even 

to the cysts. 

Enteromonas hominis da Fonseca, 1915. This organism has 

been placed in the Tetramitidine by Chalmers and Pekkola.? - 
They describe it as being equipped with three unequal anterior 

flagella, lacking a permanent cytostome, undulating membrane, 

and axostyle. The nucleus is of the protokaryon type and is 

joined to the blepharoplasts by a rhizoplast. This organism 

they believe to be allied to the genus Dallengeria Saville-Kent, 

1880. Chalmers and Pekkola regard this organism as patho- 

genic to man, giving rise to diarrhea, ‘‘and by absorption from 

the bowel febrile attacks.”’ They record three cases of this in- 

fection, the first being reported from Brazil by da Fonseca and 

the other two in the Anglo-Egyptian Sudan by themselves. 

They venture the prediction that it may be ultimately found to 

be widespread throughout the tropics. 

Tetramitus mesnili Wenyon, 1910. See Macrostoma. 

Cercomonas hominis Davaine, 1854. Cercomonas is a very 

uncertain genus, but a great convenience to those who are unable 

otherwise to classify an intestinal flagellate. The descriptions 

vary greatly, and undoubtedly other flagellates such as Trichomo- 

nas, Macrostoma, and the like have been called Cercomonas by 

unskilled observers. Cercomonas is described as having a pear- 

shaped body, 10 to 12 » long, which tapers to a point posteriorly. 

’ The flagellum is said to be about 20 » long. A cytostome has 

been described by some writers. 
Prowazekia Hartmann and Chagas, 1910. Species reported 

as occurring in feces are: Prowazekia cruzi, Prowazekia asiatica, 

Prowazekia weinbergi, and Prowazekia javanensis. The general 

characteristics of this genus are the possession of two flagella, 

* Bull. Soc. path. exot. (1917), 10, 756. 
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one of which is directed forward and the other downward and 

backward in heteromastigote fashion. There is a principal 

nucleus (trophonucleus ?), and there is another body of supposed 

nuclear nature that has been variously termed the kinetonucleus, 

or the blepharoplast. Absolute proof of the parasitic nature 

of this organism is still lacking, and there is a tendency to re- 

gard it as a free-living form, which has contaminated stools or 

urine. I have never seen it in pond or tap water, but some 

observers have reported it as occurring free.’ 

To my mind there is some ground for suspecting that Protri- 

chomonas, Trichomastix, Macrostoma, and possibly Cercomonas 

may represent developmental stages in the life cycle of Tricho- 

monas, and Minchin(35) suggests that as Trichomonas and T7ri- 

chomastix frequently occur in the same host they are “perhaps 

to be interpreted as two developmental phases of the same or- 

ganism rather than as distinct generic types.” 

Reproduction in Trichomonas has been described by several 

writers as taking the form of simple longitudinal binary fission, 

which may, at times, give way to multiple fission. Recent inves- 

tigations seem to indicate that either form of reproduction may 

occur. Cyst formation is unproved, many writers doubting if it 

occurs. 

Woodcock (52) considers that Trichomonas may have lost the 

power to produce cysts and considers it likely that ‘infection 

with trichomonas can take place by means of the active, un- 

encysted forms.” (The italics are Woodcock’s.) He found that 

Trichomonas would live and remain active for five and one-half 

hours, both in 0.066 hydrochloric acid solution and also in pan- 

created solution of a strength that would bring about the excys- 

tation of Hntameeba histolytica. 

In this connection Wenyon(50) states that the rounded-out 

forms are capable of resisting the action of gastric juice for 

a considerable time, which might, as Woodcock says, account for 

the safe passage of the naked parasites through the stomach. 

The bodies appearing in the feces of man and of some of the 

lower animals and generally spoken of as Blastocystis enter- 

ocola or Blastocystis hominis have been thought by many to be 

*Macfie (Journ. Trop. Med. & Hyg. (1917), 20, 1), reporting from 

Accra, states that flagellates soon make their appearance in bottles of 

saline solution or distilled water exposed in the laboratory. Apparently 

the organisms develop in the thin layer of fluid between the neck of the 

bottle and the ground glass stopper. They are not usually found in the 

fluids inside the bottles. These flagellates appeared to belong to the genus 

Prowazekia of Hartmann and Chagas. 
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the cysts of Trichomonas, but as will be shown this remains to be 

proved. Prowazek,(48) following a study of them, has declared 

his belief that they are the cysts of a flagellate, Bodo lacerte. 

Added evidence of their flagellate nature has been recently 

produced by Chatton,(9) and further presumptive evidence is 

gained by a study of the plate illustrating Hadley’s paper. (20) 

A review of some of the clinical observations on flagellate 

infections discloses a variety of opinions, which coincide some- 

what with the views that have been held regarding the etiology 

of Entameba histolytica in dysentery. Some writers frankly 

state their belief that Trichomonas and some of the other flagel- 

lates are pathogenic and that they may give rise to the symptom 

complex known as dysentery. Others believe that they will pro- 

duce nothing worse than diarrhcea, while still others adopt an 

intermediate position in holding that while incapable of initiat- 

ing lesions they may aggravate preéxisting lesions. Brurmpt(4) 

has described a case of colitis in a patient returned to France 

from Tonkin that he ascribes to infection with Trichomonas 
intestinalis. Escomel(11) has written of one hundred fifty-two 

cases he speaks of as dysentery, occurring in Peru. The causa- 

tive organism he believes to have been Trichomonas and claims 

that the source of infection was traced to a polluted water supply. 

Mello-Leitao(31) traced cases of dysentery in children in Rio de 

Janeiro to Trichomonas intestinalis and Lamblia intestinalis, oc- 

curring either separately or together. He believes that flagellate 

dysentery is benign, but that the organisms may be pathogenic 

to children under 3 years of age. This form of dysentery, he 

thinks, is the most frequent type occurring in infants. Derrieu 

and Raynaud(10) report a case of chronic dysentery in Algiers, 

which they lay at the door of Pentatrichomonas bengalensis 

Chatterjee, 1915. In the United States, Rhamy and Metts (44) 

state their strong belief in the pathogenicity of Trichomonas 

intestinalis and give detailed clinical reports of several cases. 

The senior author says that in an experience extending over 

seventeen years he has never found flagellated protozoa in stools 

except in cases with existing or recent acute or chronic diarrhea. 

He states his belief that sufficient importance has not been 

placed on the pathogenicity of this parasite. 

Rhamy and Metts review an epidemic of flagellate dysentery 

involving seventy-eight cases with seventeen deaths and they 

also present seven selected cases of their own, none of which, 

however, went to autopsy. These cases they characterize as 

“dysenteric diarrhcea.”” They state that so far as they could 
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ascertain the disturbances were caused by the flagellated proto- 

zoa. They go on to say, however, that cases recovered under 

antidysenteric treatment with ipecac and its compounds. This 

appears to be at variance with the experience of other workers, 

who almost unanimously report unsatisfactory results in the 

treatment of flagellate infections with ipecac and raises the 

question of the possibility that the authors might have over- 

looked Entameeba histolytica in their examination of the stools. 

Apparently bacillary dysentery was not absolutely ruled out. 

The cases they trace to impure water. 

These authors describe the symptoms as consisting of diar- 

rheea with colicky pains, watery or slimy blood-stained stools, 

weakness, dyspnoea, loss of weight, progressive anzemia simylat- 

ing pernicious anemia, and the skin appearing yellow with urti- 

carial or pellagroid eruptions. Later the stools consisted of 

mucus, blood, pus, and active trichomonads. The blood showed 

a moderate eosinophilia (6 to 12 per cent). Proctoscopic exam- 

ination of one of their cases showed the presence of a large shal- 

low ulcer on the posterior wall of the rectum. The remainder of 

the rectum was covered with mucus and was congested. The 

stools of this patient contained blood, pus, and trichomonads. 

A complete description is not given of the organisms seen by 

these authors; that is to say, the description is not sufficiently 

complete to leave their identity as Trichomonas beyond ques- 

tion, and indeed, such is the case with many of the reports that 

are available to me. This makes it difficult in some instances 

to decide what flagellate is involved. 

Of interest in connection with this observation is a case I 

recently saw in consultation with Dr. A. F. Coutant, at St. 

Luke’s Hospital, Manila. The patient was a young American 

woman, married, who some time previous had suffered an acute 

attack of intestinal entamcebiasis. She came to the hospital for 

treatment of a persistent diarrhoea, which, though troublesome, 

did not prevent her from going about. Repeated examination 

of the stools of this patient failed to disclose the presence of 

entamcebee, but the stools contained considerable mucus and 

an occasional red blood corpuscle. Eventually Trichomonas in- 

testinalis was found in small numbers. Proctoscopic examina- 

tion of the patient disclosed a small eroded area on the wall of 

the rectum. This spot was not ulcerated. A small mass of 

mucus was carefully removed from this eroded area with a sterile 

platinum loop. Microscopic examination of this mucus revealed 

a large number of active trichomonads. Under treatment with 
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methylene blue the trichomonads disappeared and with them 

the diarrhcea. Soon afterward the patient left for the United 

States, and the case passed out of observation. : 

Prentiss (42) reports several cases of infection with an or- 

ganism he describes as Cercomonas hominis. He describes it 

as a “flagellated protozoon, bluntly pointed at both extremities, 

with a thin flagellum at one end, which by waving actively im- 

parts motion to the organism similar to that of a tadpole.” This 

organism he has found in the feces of a number of his patients 

in the southwestern United States (he writes from El] Paso, 

Texas). This parasite was found in the feces of patients having 

diarrhcea—some chronic, others acute. Hntameba histolytica 

was not found. Some of the cases assumed a severe form, and 

two terminated fatally with symptoms suggestive more of an 

acute catarrh than of ulceration. In one fatal case that was 

necropsied, the intestine showed no trace of ulceration. The 

author says no other cause of death could be found. The iden- 

tity of the organism seems to be in doubt here. 

Chatterjee,(8) however, is more explicit. He boldly desig- 

nates flagellate dysentery as “a distinct entity.” He studied 

seventy cases in India and tabulates his results in Table I as 

follows: 
TABLE I. 

r ae r= ort i] 

Num- 
ber of 

Organism. | Character of stool. cases 
observ- 

ed 

MOnN0CET COMUNUS 2 ne nae eee @holeraie. 2-222 sc ae ate eee 8 

Prowazeliat ise ee eee ee dot a ee A ee ee ee al 

|... Macrostomay:- 2h ee neck. 3 een ade i hronic dysentery=.-8 5. = 3 ee oe 18 

EDI 2 Ra on in rt eee eee GC eee eee ame aoe eae eae? 15 

POTLAUT TCH ONMUOTIOS So sn ee 0 oe cn ascc ne toe eee ee 32 

He concludes that Macrostoma, Lamblia, and Pentatrichomo- 

nas cause intestinal trouble. Monocercomonas and Prowazekia 

he regards as harmless, pointing out their occurrence in cholera 

motions. To this latter statement I may add, as I have already 

said, that the systematic position of the cercomonads is uncer- 

tain,* and Prowazekia is thought by many to occur as a contami- 

nation of feces or urine and not to be a parasite. 

Nearly every writer on tropical medicine has spoken of diar- 

rhea as a concomitant of flagellate infection. Musgrave(38) 

‘Monocercomonas, according to Alexeieff, has four anterior flagella. 

Sometimes these are of equal length, or two may be shorter and two longer. 
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has given voice to the belief of the early workers in Manila 

that many of these so-called harmless parasites are disease 

producers. He adds that several of the Manila men (he wrote 

in 1906) recognized a diarrhoea caused by “monads.” He says: 

Several types of these parasites, when present in large numbers, are 

very intimately connected with chronic diarrhcea and they are surely much 

more important than they are generally considered to be. [p. 561.] 

He views Lamblia intestinalis with particular suspicion and 

goes on to say that ‘when encountered in great numbers, it is 

always associated with chronic diarrhcea, which disappears with 

the destruction of the parasites.” 

With Lamblia the conditions to me seem to be more obvious, 

for here we have a parasite that we know attaches itself to the 

epithelium by its sucking disk. It seems reasonable to conclude 

that this alone would give rise to considerable irritation, to say 

nothing of the facility with which toxic excretory products of 

the parasite could be absorbed by the epithelium with which it 

is in such close relation. In the cases of the other flagellated 

protozoa we have less information on that point. Musgrave’s 

belief is that Lamblia “bears a decided causative relation to 

the diarrhea.” 
Speaking of the intestinal parasites in general, including the 

helminths, Musgrave concludes that— 

Whatever pathological significance may be attached to these parasites in 
general, some of them, particularly the actively motile ones, such as monads, 

surely aggravate amcebic ulcers in which they may be present. 

Fantham, Stephens, and Theobald(14) say that “like Tr7icho- 

monas, Lamblia can multiply under inflammatory conditions of 

the alimentary tract.” 

Fantham and Porter,(12) following a series of carefully con- 

ducted experiments, reached the conclusion that Lamblia is patho- 

genic to man and is capable of producing diarrhcea, which may 

be persistent or recurrent. Furthermore they hold the view, 

‘which to me is of great importance in considering the relations 

of the intestinal flagellates to man, that the virulence of the 

parasite varies and lambliasis occurs in tropical and nontropical 

countries. Lamblia cysts, they say, will remain infective for 

some time. 

Whatever the case, the flagellates certainly often persist in 

the stools for long periods of time, and diarrhcea is the rule when 

they are present in large numbers. Whether they cause the 

diarrhoea or whether the increase in their number is brought 

about by the diarrhcea is quite another question. The most 



228 The Philippine Journal of Science 1918 

charitable attitude from the viewpoint of Trichomonas is taken 

by Minchin (83) who says: 

The common intestinal flagellates belonging to the genus Trichomonas 

and other genera are * * * not to be regarded as true parasites in 

any sense of the word * * * Many of these intestinal Protozoa are 

perhaps useful, rather than harmful to their host. 

At least four authors report infection with Trichomonas 
through the drinking of impure water, and in at least two cases 

there were epidemic outbreaks alleged to be due to Trichomonas. 

Smithies(47) reports two cases of severe dyspepsia in which he 

recovered Trichomonas from the stomach. These cases occurred 

in the southern United States. The infection in one case he 

attributes to the drinking of unfiltered surface water by the 

patient. In the epidemic in Peru, reported by Escomel,(11) 

which I have already mentioned, he states that examination of 

the reservoirs containing the water used for drinking purposes 

showed the presence of Trichomonas. When the reservoirs 

were cleaned, the organisms disappeared, and the outbreak 

ceased. As will be shown later on, Trichomonas has been cul- 

tivated by at least two groups of workers, and it is a fact well 

known to all tropical workers that the parasites will survive 

in stools for many days. Kofoid and Swezy(26) made cover 

glass preparations of Trichomonas augusta, which they diluted 

with normal salt solution and sealed with vaseline. They report 

that the parasites were “kept alive for several months without 

any change in the medium, or removal of the cover glass.” I 

have had the same experience with Trichomonas lacertxz, which 

I have kept in mounts sealed with paraffin, the organisms con- 

tinuing to live in physiological salt solution for upward of six 

weeks. At the end of that time the sealing of the mounts became 

loosened, and the preparations dried with consequent death of 

the organisms. Lastly there is the epidemic of trichomoniasis 

reported by Rhamy and Metts,(44) as involving seventy-eight 

patients at Liberty Township, Indiana, in 1909. 

Of course, in all these cases possible mistakes in the identity 

of the forms mentioned must be borne in mind. While undulat- 

ing membranes of the type seen in Trypanosoma and Trichomo- 

nas are characteristic of the parasitic species, still there remains 

the possibility of mistaking some of the multifiagellate species 

of free-living protozoa for Trichomonas and other intestinal 

flagellates. 

I might, in passing, remark that I have received, on more than 

one occasion, contaminated stools or urine that have contained 

undoubted fresh-water forms such as Phacus, Arcella, and Pera- 
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nema, and have been asked to identify these new intestinal or 

vesical parasites. Unfamiliarity with free-living species has 

undoubtedly led to the discovery of ‘new protozoan parasites” 

on some occasions. This should not, however, be construed 

either as a reflection on the powers of observation of these 

authors or a denial of the possibility that Trichomonas may be 

capable of living in pond water. Like Balantidium, its food- 

getting apparatus is adequate, and it is likely that it could secure 

its proper food in sewage-polluted waters. But it remains to 

demonstrate the fact experimentally one way or the other or by 

the observation of the organisms in pond water. 

There was an outbreak of diarrhcea at Paranaque, a suburb 

of Manila, in 1914. The local sanitary inspector at that place 

assured me at the time that the diarrhea was epidemic in the 

town and that there had been a large number of cases, some 

of which had been attended with fatal results. He stated his 

belief that the trouble was due to Trichomonas, with which he 

thought the sufferers had been infected through drinking river 

water. He had no material at hand that I could study, and 

pressure of other duties made it impossible for me to investigate 

the matter further. 

Fantham, Stephens, and Theobald(13) believe that air, water, 

and on some occasions food may be vectors of Trichomonas. 

As for Lamblia, Mathis(30) and Fantham and Porter (12) say 

rats are transmitters and reservoirs for the species infesting 

man. A similar condition may exist in the case of Trichomonas 

and the other intestinal flagellates. It is pretty well established 

that pigs are reservoirs and transmitters of Balantidium coli, 

and the rat is under suspicion in connection with entameebiasis. 

Unfortunately Hadley(20) does not figure the intracellular 

stages of Trichomonas in his cases of blackhead in turkeys, and 

we shall have to await his future communications for these. It 

would be interesting to see how closely his intercellular parasites 

coincide in appearance with Entameba histolytica as the latter 

appear in sections through the intestine. Shorn of its flagella, 

undulating membrane, and axostyle and possessing a nucleus 

of the karyosome type characteristic of the entamcebe, it is 

not hard to see how Trichomonas could have been mistaken for 

Entameeba even by careful workers. 

Hadley speaks of the trophozoite stage in the lumen of the 

intestine, as the period of youth during which the organism 

divides by simple, longitudinal fission and accumulates a reserve 

of food substance in the endoplasm. When this food reserve 

has accumulated to a sufficient amount, this method of reproduc- 
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tion gives way to what Hadley styles a form of “autogamous 

reproduction.” This he has not worked out in all its details, 

and I am unable to determine if it is autogamy or merely mul- 

tiple division within a cyst, although he mentions the casting 

off of nuclear material, which might be interpreted as a process 

of nuclear reduction. The fusion of gametic nuclei, such as 

has been ‘described by Wenyon(51) for Entameba muris, is not 

mentioned by Hadley, but he speaks of the possible conjugation 

(copulation?) of fiagellates derived from the original tropho- 

zoite. These flagellates might be in the nature of swarmers 

produced after the reduction process spoken of by Hadley, or 

they might be trophozoites undergoing copulation as has been 

described by Dobell in the case of Copromonas subtilis. Schau- 

dinn in short note,(45) has stated that Trichomonas becomes an 

amceba and that two of these amebe, after giving off reduction 

nuclei, encyst together and carry out syngamy within the cyst. 

Later the zygote breaks up, forming small individuals, leaving a 

mass of residual protoplasm behind. However, this has not 

been confirmed, and indeed the whole process of syngamy in 

Trichomonas remains to be worked out, as does the same problem 

in the larger number of intestinal protozoan parasites. 

In the process described by Hadley, the trophozoite usually 

increases in size, rounds off, and secretes a cyst. The parabasal 

body lengthens, until it forms almost a complete circle near the 

periphery. The flagella, undulating membrane, and cytostome 

are gradually lost, and the vacuole or vacuoles of the trophozoite 

coalesce and enlarge until the single vacuole occupies the greater 

portion of the ventral part of the animal. The cytoplasm and 

nucleus are flattened against the dorsal wall. The chromatinic 

blocks and axostyle degenerate and disappear. The parabasal 

may persist with the blepharoplast for a time, but eventually 

they, too, disappear. 

At this stage the vacuole, which is held to contain the store 

of reserve food, has increased in size, until it occupies the larger 

part of the cell and is surrounded by a crescentic ring of cyto- 

plasm, which seemingly has become much reduced in amount. 

The nucleus is flattened or flask-shaped and divides, the daughter 

nuclei taking up positions at opposite sides of the food vacuole. 

At this stage the organism certainly bears a striking resemblance 

to Blastocystis and to the figures in Chatton’s recent paper. The 

nuclei may then divide to form four, eight, or sixteen daughter 

nuclei, which arrange themselves about the periphery. 

Hadley mentions at this point that smaller portions of nuclear 
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substance may be seen in the cytoplasm following the first nu- 

clear division and states his belief that they represent the reduc- 

tion bodies I have already mentioned. He has not observed 

them in the process of formation. 

Following the multiple division of the nucleus, cytoplasm col- 

lects around each nucleus, and the small cells thus formed break 

from the peripheral ring and enter the centrally situated food 

vacuole, which would then appear to becomé something in the 

nature of a brood chamber. The substance within this vacuole 

seems to be gradually consumed by the cells, which grow in size. 

Next the cyst wall weakens, the young organisms burst out and 

swim off as trophozoites, measuring 4 to 5 » in length by 3 p» 

in width, each equipped with an anterior flagellum, a nucleus, 

and a blepharoplast. Gradually these young forms develop addi- 

tional flagella and the other organelles characteristic of Tricho- 

monas. During this series of developmental changes it would 

appear that the organism might come to resemble Wenyon’s 

Macrostoma mesunili. 
It is at this stage that Hadley says he has evidence of conjuga- 

tion between two or three or even four individuals. This con- 
jugation of more than two individuals would constitute something 

of a departure from the process usually observed in the Protozoa 

where syngamy occurs (when it is not autogamous) between 

two individuals only. It is hard not to regard the union of three 

or even four individuals under such circumstances as being 

wholly fortuitous and probably unproductive of results. At per- 

iods of sexual maturity in the Protozoa it is not infrequently 

observed that the ectoplasm of the organisms becomes sticky, 

so that they have a tendency to adhere in pairs if they blunder 

against each other. This is strikingly seen in the conjugation 

of Paramecium caudatum; and it is not very unusual when 

epidemics of conjugation occur in a culture, as they frequently 

do, to see three or four irregularly attached individuals swim- 

ming about in a clump. Usually the matter adjusts itself with 

the aid of the ciliary currents of the animals, which tend to 

bring them into the proper position for carrying out the process 

of conjugation. 

If conjugation or copulation of these flagellated individuals 

takes place, as Hadley suspects may be the case, it seems to be 

a process of either endogamy or exogamy, depending, of course, 

upon whether union took place between cells derived from the 

same or from different cysts. In that case Hadley’s autogamy 

would fall and the process of nuclear reduction he suggests 
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might be, as I have already said, a reduction process preliminary 

to the formation of flagellated gametes.® 

Following the copulation of these flagellated cells, Hadley men- 

tions the formation of a viscid membrane around the organisms, 

which have meanwhile rounded off. This might coincide with the 

process described by Schaudinn(45) mentioned previously. Fol- 

lowing conjugation, adds Hadley, the membrane hardens to form 

a firm cyst. The single cysts, he says, measure from 10 to 12 

nu, but in the “fused” or conjugated forms the cysts may reach 

a size of 20 to 30 uw. “Double” or “triple” cysts, he concludes, 

may represent a division of the original cysts, whereupon each 

cyst continues to produce daughter cells independently. 

This stage of the life cycle, according to Hadley, is the one 

usually encountered and which has caused Trichomonas to be 

regarded as a harmless commensal; but he goes on to show that 

in another phase of activity the parasite may penetrate the 

epithelium and cause fatal lesions in the intestinal tract. The 

question is, what stimulus is it that causes the organism so 

radically to alter its mode of life. To my mind this very ques- 

tion is to-day one of the most important problems of parasitology. 

In the turkeys observed by Hadley the invasion was invariably 

preceded by diarrhcea with an accompanying increase in the 

number of parasites as the disease advanced. The parasites 

appear not only in the liquid cecal contents, but in the depths 

of the cecal tubules or crypts and finally in the tissues behind 

the epithelial walls. Hadley states that by a process of “‘auto- 

gamous reproduction” the mucosa, submucosa, and muscularis 

mucosz and even the muscular layers are successively invaded, 

until the whole czcal wall is involved. Secondary bacterial in- 

vasions may supervene to bring about results that are almost 

invariably fatal. Here Hadley raises the old question as to 

whether the vast numbers of parasites present are the cause or 

the result of the diarrhcea. This point will be further discussed. 

°In a recent letter to me, Doctor Hadley says: “Regarding the presence 

of syngamy in the reproductive process, I doubt very much that it occurs 

in the flagellated swarmers. I have never seen the least suggestion of it. 

I am rather of the opinion that, when it occurs at all, it takes place in 

the stage after the organism has lost its chief features of flagellate mor- 

phology, has become globoid and possesses a more or less viscid capsule 

or membrane. In fresh preparations such appearances, at least in the 

first adhesive stages, are fairly common.” It is a matter of great regret 

to me that three other papers by Doctor Hadley, dealing with this subject, 

reached me too late for consideration in connection with this paper. They 

should be consulted by all who are interested in the subject. [See Bull. 

Agr. Exp. Station, Rhode Island State College, Kingston, R. I. (1916), 

Nos. 166 and 168, and Journ. Med. Res. (1917), 36, 79.] 
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Apparently the parasites gain entrance to the tissues through 

the goblet cells of the crypts of Lieberktihn. They accumulate 

in large numbers in the fundi of the crypts, causing the walls 

to bulge, with the result that the parasites are literally forced in- 

to the goblet cells, past the nucleus and cell wall, until finally they 

enter beneath the epithelium of the crypt. The passage once 

made, other trichomonads follow and collect in a mass between 

the epithelium and the basement membrane. 

This tendency to collect about the surface of the epithelium 

has been noted by other workers. Kofoid and Swezy(26) and 

Martin and Robertson(29) mention it in connection with their 

search for dividing forms. 

Next the parasites push through the basement membrane into 

the connective tissue of the mucosa and thence to the muscularis 

mucosze and submucosa. The invasion is described as being of 

an intracellular nature as in the case of the Sporozoa. 

Smith(46) has discussed at length some peculiar bodies he 

found in 1916 in a turkey suffering supposedly from blackhead; 

which he was inclined at the time to regard as coccidia that 

had wandered beyond their accustomed habitat, the epithelium. 

Characteristic lesions of blackhead were absent, and several coc- 

cidial cysts were found in the feces. The article is too long to 

quote in extenso, but the author mentions certain things that . 

may have a bearing on Hadley’s observations. Sections of the 

intestinal tract showed that the epithelium had been lifted from 

the core of the villus, leaving the space intervening filled with 

a precipitate of fine granules. The parasites appeared as an 

almost continuous band near the margin of the villus core. The 

striking feature seems to be the appearance of these bodies, 

which were vacuolelike and partially empty. A few were filled. 

Smith says: 

They consisted of some host cell whose cytoplasm had been moulded into 

a shell (or ring in section) with the much flattened nucleus against this 

shell. The contents were a very fine lining membrane within which were 

roundish bodies of various diameters 2 » and more, staining feebly reddish 

and with or without a mass of chromatin. Frequently a body contained 

two chromatin masses situated at opposite poles, as if division had taken 

place. Those bodies which were full of spheres, contained about sixteen 

or more of more or less uniform size. The vacuolated appearance under 

low power was due to the disappearance of some or all of the parasitic 

contents of the host cell. Prolonged search for the characteristic products 

of asexual multiplication—falciform bodies—brought to light only two or 

three parasites containing them. It is not to be denied that these may 

have been moulded into crescent shape by the pressure of the other growing 

and segmenting members in the same membrane. 

156022——2 
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Were these bodies trichomonads undergoing Hadley’s auto- 

gamous reproduction in the tissues? Undoubtedly the turkey 

that formed the material for Smith’s study was infected with 

Coccidium, and parasites found in the epithelial cells were, ac- 

cording to Smith, clearly coccidia. It was the collection of bodies 

in the subepithelial tissues that was regarded by him as repre- 

senting something different. However, he considered them to be 

aberrant coccidia, and the possibility of their being trichomonads 

is not discussed by him. 

Going back to Hadley’s account of Trichomonas, we note that 

this author mentions the engulfing of the flagellates by endothe- 

lial and other phagocytic cells. This, in many cases, seems to 

have had no untoward effect upon the parasites, which showed 

a marked resistance to the phagocytes and even seemed to divide 

within them. Instances in which infection with microérganisms 

is spread by phagocytes are known. Hepatozoén perniciosum, 

a sporozoan parasite of the rat, has been described by Miller (32) 

as passing a portion of its life cycle in encysted form in the 

large lymphocytes of the rat, and protozoan parasites of leuco- 

cytes have been long known. Hadley believes that the protozoa 

in his case use the host phagocyte as food and that they may, 

indeed, fare better within than without the phagocytic cells. In 

the regions of the invaded tissue he has found the majority of 

the parasites present in phagocytic cells, which he cites as proof 

of the role the phagocytes play in spreading the infection. 

In the lumen of the intestine the trichomonads are holozoic 

forms, subsisting largely on the bacteria found there. In the 

tissues their morphology is markedly altered, and the evidence, 

according to Hadley, indicates the substitution of an osmotic 

method of nutrition. A point is raised here as to whether or 

not all tissue-dwelling forms are nourished by absorption or 

whether such forms as Entameba and Balantidiwm do not con- 

tinue to nourish themselves by the holozoic method. If, in the 

tissues, Trichomonas becomes virtually an ameceba, does it take 

in solid food or does it derive its support from fluid substance 

absorbed through the body wall? 

Hadley states that although the motile forms can be recognized 

in the tissues, as can some of the sporulating forms, these are 

relatively scarce, and the stage that shows the well-rounded ball 

of reserve food substance, which appears to be in the nature of 

glycogen, is seldom encountered. Further details as to the ap- 

pearance of these parasites in the tissues are necessary before 

any final conclusions can be drawn regarding the presence of 

an altered form of Trichomonas in the human intestine. 
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The author (Hadley) points out the obvious difficulty of escape 

from the hosts that these parasites buried deep in the tissues 

would meet; but again we may find instances of this very con- 

tingency in the literature on the Protozoa, where the death of 

the host is necessary before the spores can be disseminated. 

However, he shows how the parasites may return to the lumen 

of the cecum by spreading downward and inward through the 

cores of the villi, finally breaking through the epithelium by 

sheer pressure of numbers, much as they made their entrance. 
Kofoid and Swezy,(26) in their studies of mitosis and multiple 

fission in the trichomonads, bring out several points that are of 

interest in connection with the work of Hadley. They state their 

inability to present conclusive evidence ‘that either leads ,to 

gamete formation by maturation divisions, or that either follows 

zygote formation or fertilization.”” This knowledge they believe 

will come only with the solution of the history of the “true 

trichomonad cysts.”’ 

There is a great diversity of opinion as to whether the encysted 

stage of Trichomonas or some other flagellate is represented 

by Blastocystis. Wenyon,(50) while admitting that on occasions 

it has seemed to him that degenerating Trichomonas or Tetrami- 

tus may become centrally vacuolated and resemble Blastocystis, 

thinks it is untenable to view the latter as encysted Trichomonas. 

Kofoid and Swezy are skeptical of the relation of Blastocystis 

to Trichomonas and figure Trichomonas with an engulfed cyst of 

Blastocystis enterocola. However, that does not necessarily 

constitute a conclusive argument, for I have seen Vahlkampfia 

engulf cysts of its own species. Galli-Valerio(15) found double- 

contoured cysts in the feeces of guinea pigs infected with Tvicho- 

monas, after the feeces had been kept in a damp chamber for 

one month. When warmed, the cysts opened and discharged 

small flagellates. Administration of the cysts caused infections 

in other animals. Alexeieff(1) and Brumpt(4) doubt encyst- 

ment in Trichomonas and state their belief that these cysts 

(Blastocystis) represent a stage in the life cycle of some fungoid 

or yeast organism. 

Swellengrebel ° has reviewed the entire controversy and, fol- 

lowing an investigation, reaches these conclusions: 

1. In two cases Blastocystis was found where the presence of Tricho- 

monas or Chilomastix could be excluded with absolute certainty. Con- 

sequently Blastocystis cannot be a normal developmental form of either. 

2. In fresh stools Blastocystis is but seldom found to be alive and even 

° Parasit. (1917), 9, 451. 
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when encountered in this state it dies quickly. After death the central 

sphere soon disappears. 

3. The size of Blastocystis varies greatly and the larger they grow the 

smaller becomes the peripheral fringe of cytoplasm. Living blastocysts 

are relatively small and rich in cytoplasm. 

4. The blastocysts of the cases mentioned here, although having some 

general characters in common differed much as to details of structure. 

This difference was especially marked when the associated parasites were 

different. No blastocysts were found without an associated parasite. 

5. The occurrence of blastocysts in the stools of a man fed on milk 

and eggs only, and the presence of living blastocysts in the man’s stools, 

exclude the idea of their being remains of solid food. 

6. It is probable from the observation recorded in this paper, that 

“Blastocystis” is not the name of a zodlogical genus but of a peculiar form 

of degeneration to which representatives of different genera of intestinal 

protozoa may be liable. The resemblance seen in blastocysts from dif- 

ferent sources which may lead to their being regarded as belonging to 

one species is easily explained by a convergence resulting from the para- 

sites which produce blastocysts losing their characteristics during the 

process of degeneration. 

7. No certain stages of sporulation were seen as described by Alexeieff, 

and the nuclear structure, although variable, never resembled that given 

in his description. It is therefore probable that Alexeieff’s Blastocystis 

enterocola is different from the form described in man under the same 

name. 

Chatton (9) also has done some recent work on Blastocystis, and 

while his preliminary paper does not directly bear on Tricho- 

monas, his account, coupled with his figures, are very suggestive 

in connection with the work of Hadley, Kofoid and Swezy, and 

others. His work is largely confirmatory of that of Prowa- 

zek(43) on Bodo (Heteromita) lacertzx, but the host studied by 

Chatton was the Barbary gecko, Tarentola mauritanica. The 

appearances he notes are similar to those mentioned by other 

writers. He failed to secure a glycogen reaction in the vacuole 

whose contents he assumes to be of protein nature. Alexeieff 

laid some stress on the presence of glycogen in determining the 

bodies to be of blastomycetic nature, but it must be borne in 

mind that the cysts of Entameba at times contain glycogen. 

Chatton describes the formation of flagellated cells within the 

microspheres. He has also seen the coupling of these flagel- 

lates, a performance probably similar to that described by Had- 

ley, but he did not see subsequent fusion. Therefore he thinks 

the existence of copulation at this stage very probable. 

Turning to trichomonad infections in man, there seem, in 

view of the foregoing, to be at least two important observations: 

namely, those of Castellani on Entameeba undulans(7) and of 

Gauducheau on the unity of Trichomonas and Entameeba. (16) 
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This again gives rise to the question as to whether Trichomonas 

as it appears in the intestinal tissues of man, if it does, so closely 

resembles Entameeba as to have been mistaken for the latter 

by the skilled observers who for years have been studying sec- 

tions of the human intestine taken from cases of dysentery. 

Hadley’s sections of the turkey cecum ought to throw consider- 

able light on this matter. 

Castellani described his organism in 1905 as Loschia undulans. 

Gauducheau has reported a similar organism in the feces of 

dogs. Wenyon(50) has already called attention to the similarity 

that Trichomonas bears to Entameba undulans when the former 

is casting off its motile apparatus and assumes the ameceboid 

form. The case reported by Castellani was in a European 

planter of Ceylon, who gave a history of entameebiasis of the 

intestine and liver. His stool contained, in addition to the or- 

ganism described by Castellani, Hntameba and Trichomonas. 

The organism measured 12 to 30 », but smaller forms were 

occasionally encountered. They had no flagella. There was a 

distinct undulating membrane along one border. Long, straight, 

finger-formed pseudopodia were rapidly extended and retracted, 

one at a time. No ecto- or endoplasmic differentiation was 

noted. The cytoplasm was finely granular and contained bac- 

teria and a noncontractile vacuole. 

There now seems little doubt that Castellani’s Entameeba undu- 

lans is Trichomonas. The appearances described by him coin- 

cide so closely with developmental changes that have been seen 

in Trichomonas as practically to banish doubt on this point. 

In the general consideration of these matters it seems worth 

while in passing to mention briefly Ijima’s Ameba miurat, de- 

scribed by him(23) and by Miura.(37) It is not by any means 

certain that the bodies described by these two Japanese workers 

were living organisms. Many writers voice the opinion that 

they were tissue cells present in a serous exudate. In any 

event, the bodies were spherical or ellipsoidal. One end bore 

a small protruberance from which sprang several filamentous 

processes described as pseudopodia, but which more closely re- 

sembled cilia. The whole body measured from 15 to 38 ». The 

cytoplasm was granular with no ecto- or endoplasmic differentia- 

tion. It contained several vacuoles, none of which was contrac- 

tile. One to three nuclei were demonstrated on the addition of 

~ acetic acid. The bodies were discovered in the serous fluid of 

a young woman, who had died of pleuritis and peritonitis endo- 

theliomatosa. Similar forms appeared two days before death in 

the bloody stool of the patient. Amceboid motion was not noted. 
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Gauducheau, (16) in 1912, announced his belief in the identity 

of Entameba and Trichomonas. His observations apparently 

were made on an organism similar to that described in 1907 by 

Billet under the name Trichomonas dysenteriz. Gauducheau 

claims to have isolated and cultivated Entamebe from a case 

of dysentery inman. He describes the organism as reproducing 

by multiple budding and giving rise to large, branched plasmodia. 

Cultivation he found difficult on nutritive agar sown with cultures 
of the Bacillus coli group. The organisms gave rise to spirochzte- 

like bodies in the culture. The ectoplasm was clear and formed 

pseudopodia resembling an undulating membrane, and endogen- 

ous buds were formed within the amceba. In the intestines of 

man and dogs, which had been injected with cultures of these 

amcebe, Gauducheau reported finding all the intermediate stages 

between Entamceba and the flagellate. In the human bowel he 

found branched :plasmodia from which flagella protruded in a 

manner similar to the appearance in his cultures. The flagellate, 

he states, develops to an amceba, and therefore he concludes the 

identity of Entameba and Trichomonas. This caused him to 

fix three stages in the cycle of the parasite: 1, a cycle in the 

tissues of the host, the pathogenic phase; 2, a stage of saprophy- 

tism in the lumen of the bowel or in cultures during which time 

it lives on bacteria; 3, a stage when the completely developed 

organism lives free. He links Castellani’s Entameba undulans 

to this organism. 

Mention has been made of the significance of diarrhcea in 

flagellate infection. Hadley and many others have noted the 

increase in numbers of the parasites under diarrhceal conditions. 

The doubt has lain as to whether the flagellates are the cause 

of the diarrhoea or whether the diarrhea brings about an increase 

in their numbers. If the latter supposition is true, we have 

two possibilities: namely, either the change in composition of 

the feces, through affording a more favorable environment in 

general, or through providing an increased food supply, accele- 

rates division; or else the action of the diarrhcea is merely 

mechanical, tending to flush the flagellates out of the folds of 

the intestine. Barlow(2) found that twenty-five of his one hun- 

dred cases showed the presence of trichomonads in the stools 

after the administration of a purge. Of these cases, twenty-two 

had been reported negative on the routine examination of their 

stools. Alternate diarrhoea and constipation were present in 

fourteen cases, and in six of the latter there were other condi- 

tions adequate to explain their symptoms. Five cases showed 
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the presence of Hntameba histolytica, and three others were 

positive for an Entameba of an undetermined species. 

Barlow. found that indiscretions of diet or the administration 

of cathartics would invariably cause the appearance of the 

parasites, and he concluded that the increase in numbers was 

the result and not a cause of the diarrhoea, and that the augmen- 

tation was dependent upon more favorable conditions for growth 

provided by the fluid stools. His study was based on Trichomo- 

nas, but it apparently was of the tetratrichomonad type, for he 

described his organism as having four flagella. As he was 

unable to demonstrate the axostyle in the examination of several 

hundred specimens, it is barely possible he was dealing with 

Macrostoma or some other species. 

Woodcock (52) believes that Trichomonas, Lamblia, and Balan- 

tidium, like Entameeba histolytica, may occur without causing 

symptoms, “but on the other hand they are potentially harmful.” 

He describes trichomonad stools as loose or thin diarrhceal, con- 

taining sometimes a little mucus and scattered pus cells. In a 

few of his cases manifestly dysenteric stools contained the para- 

sites. The great majority of the stools were never of a dysen- 

teric character, these being cases of pure Trichomonas infection. 

The diarrhoea, however, was troublesome and chronic and often 

resisted all treatment. . 
Castellani,(6) discussing the intestinal flagellates as a group, 

thinks that when present in small numbers they are probably 

harmless, but in large numbers they may give rise to symptoms. 

Lamblia he regards as the most pathogenic of all. The patient, 

he says, complains of the diarrhea, and the yellowish stools may 

contain a little mucus. He has never found blood nor pus. 

Wenyon(50) is another worker who states his belief that diar- 

rheea favors the multiplication of intestinal flagellates. Person- 

ally I have often seen them in formed as well as in diarrhceal 

stools, sometimes associated with Blastocystis or entamcebic in- 

fections, but more often not. I have seen only two pure infec- 

tions with Blastocystis. 

All this raises the question as to how the reactions of the 

environment affect the mode of life of the parasite in regard 

to nutrition and reproduction. Protozodlogists are familiar with 

the remarkable powers of adaptation shown by both the free- 

living and the parasitic Protozoa. The changes in mode of life 

and reproduction that follow the transfer of the malarial para- 

site from the warm environment of the human blood stream to 

the cold and otherwise different environment of the gut of 
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Anopheles are familiar. Similar differences are seen in tke 

case of Trypanosoma lewisi as it lives in the rat and as it lives 

in Ceratophyllus. There are countless other examples, such as 

that afforded by Euglena on its removal from the influence of 

sunlight to darkness. Is it, therefore, wholly improbable that 

changes may occur in the intestinal tract that may lead to the 

substitution of a cytozoic or histozoic life for a ccelozoic life in 

the case of the intestinal parasites? Balantidium and even Enta- 

meoeba, it is well known, may live in the intestinal tract for long 

periods of time without giving rise to symptoms, yet sooner or 

later they may invade the tissues. What are the conditions that 

lead to these diverse modes of life in the same organism living in 

the same site? May we not rather seek the answer in the host 

than in the parasite directly, and is it not something more than a 

mere lowering of vitality? Is there any good reason why 

changed conditions may not substitute tissue parasitism for lu- 

men commensalism in the case of the flagellates? It seems 

improbable that the reactions of immunity as recognized in con- 

nection with bacterial and allied infections are to be considered 

here, for immunity as we know it in the Protozoa seems to be 

of an exceedingly low order.’ Does it not seem that we are 

dealing with chemical affinities of a different nature, chemical 

reactions governing the regulation of the diseases of a charac- 

teristically nonfebrile character unaccompanied by phenomena of 

immunity? These phenomena need not be necessarily restrict- 

ed to the metabolic chemistry of the parasite. They might be 

“In connection with immunity problems with the Protozoa, it must 

always be borne in mind that in many instances animals recover from 

certain protozoal infections, such as coccidiosis, not through the develop- 

ment of any immunity, but solely through the normal life cycle changes 

of the parasite which develop the exogenous phases of the cycle. Once 

this border line is passed, the organism ceases to be infective to the host 

except through the original portal of entry. Gradually the schizogonous 

forms develop the propagative phase, until finally asexual reproduction— 

the only phase in which auto-infection is known to occur in such forms— 

has completely given way to sporogony. This, of course, leaves unan- 

swered the question as to how we may account for persistent carriers of 

coccidial infection. This naturally presupposes either the continuance of 

the schizogonous cycle as the source of supply of gametocytes, or the 

reversion of the gametes or gametocytes back to asexual forms. The 

latter performance is so wholly at variance with established biological 

principles as to be, to say the least, rather improbable. On the other hand, 

we are led to wonder what are the conditions that bring about the pro- 

longed series of asexual reproductions while the organism continues to 

produce oocysts. 
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influenced by chemical changes originating in the cells and body 

fluids of the hosts. 

The feeding habits of free-living forms may give a clue to 

the working out of this problem. They have been extensively 

studied by many workers, who have brought out important 

points. Whether the reactions in these phenomena are purely 

of a chemotactic nature or are combined with changes in surface 

tension remains to be proved. The significant thing, however, 

in connection with the theory I have just advanced is that these 

reactions in the case of parasitic forms are not restricted to 

the protozoa, but may be participated in by cells belonging to 

the host. 

The most striking example of this that I can recall at: the 

present time is that furnished by Lankesterella sp. This organ- 

ism is parasitic in the nucleated erythrocytes of the frog. 

Neresheimer * has described and figured the penetration of the 

parasite into the erythrocyte. When the parasite and erythro- 

cyte are separated by a distance about equal to the length of 

the parasite, amceboid movements on the part of the erythrocyte 

become evident, and eventually the blood cell throws out two 

long, pseudopodialike processes and, as Minchin remarks with 

characteristic felicity, ‘“opens its arms, as it were, to the para- 

site, and engulfs it in a manner very similar to the ingestion of 

food by circumvallation on the part of an ameba.” The para- 

site is then drawn into the body of the erythrocyte, which rounds 

out and resumes its normal form with the parasite in its interior. 

In this instance it must seem that the parasite gives off some 

substance that, even at a distance, awakens a reaction on the 

part of the host cell, which brings about its own destruction by 

aiding the entrance of the parasite. It is conceivable to me that 

under certain conditions epithelial cells may do the same thing. 

The attraction of the gametes of protozoa is a process that 

is possibly in line with the above and is sufficiently distinct from 

anything shown by the bacteria to make us believe that in 

dealing with the factors that determine the relations between 

protozoan parasites and tissue cells we have something radically 

different from the conditions that govern bacterial infections. 

Trichomonas flourishes only in an alkaline medium in the in- 

testine. In the vagina it is found only in mucus having an acid 

reaction and is quickly got rid of by douching with alkaline 

“Arch. f. Protistenk. (1909), 16, 187. 
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fluids.’ If Trichomonas intestinalis is identical with Trichomo- 

nas vaginalis as some writers, notably Lynch, (27) hold, there is 

one example of adaptation to a changed environment. Lynch, in 

what is probably the first successful attempt to cultivate Tricho- 

monas or experimentally to transmit it to a lower animal, culti- 

vated Trichomonas from the vagina and mouth in acidified bouil- 

lon and injected a rabbit rectally, with the result that the feces 

of the rabbit became soft and contained many trichomonads. 

Ohira and Noguchi(40) on the other hand, cultivated the mouth 

trichomonad (a tetratrichomonad in their cases) in a slightly al- 

kaline mixture of ascitic fluid and Ringer’s solution, which they 

found much more favorable than acid media. They grew the 

trichomonads both at room temperature and at 37° C., which was 

7 degrees higher than that at which Lynch was able to cultivate 

the organisms in his medium. Lynch observed no develop- 

mental phenomena in his cultures, but Ohira and Noguchi de- 

scribe multiple fission and the budding off of the daughter cells 

one by one, as has been described by Kofoid and Swezy(26) in 

the case of Trichomonas augusta. Neither Lynch nor Ohira and 

Noguchi saw cysts. In speaking of Trichomonas intestinalis, 

Rhamy and Metts (44) say that the organism lives best in a 

neutral or slightly alkaline medium ‘‘and for this reason any 

tissue of low vitality will harbor them.” 

Disregarding for the moment the question as to whether the 

composition of the intestinal contents at any time influences the 

division rate of the organism, let us consider the possible fac- 

tors bearing on the actual entrance of the flagellated organism 

into the epithelium itself. Several conditions may govern this: 

1, the organism may mechanically bore its way in; 2, it may 

gain entrance through a break in the epithelium brought about 

mechanically by physicochemical changes or through the action 

of some other microéganism; or 3, it may secrete some cytolytic 

agent that attacks the epithelium. The fundamental question is, 

What stimulus is there that causes the organism to behave in this 

manner? ‘That is the problem that presented itself to Hadley 

in his study and that he frankly states cannot be answered with 

any finality at the present time. In the case of the coccidia 

and other obligatory cytozoic parasites, it would seem that the or- 

ganism characteristically and necessarily seeks a home within 

°“Escomel (Bull. Soc. path. exot. (1917), 10, 553) states that the 

reactions of Trichomonas vaginalis toward therapeutic agents are the 

same as those of Trichomonas intestinalis. He found that a 1 per 1,000 

solution of metallic iodine (freshly prepared) would kill both species 

instantly. He bases his conclusions on studies in vitro. 
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the epithelium. But with the flagellates, whose habitat would 

certainly not seem to be normally in the tissues, the case is dif- 

ferent. Hntameba, Balantidium, and the flagellates evidently 

find suitable conditions for life in both the lumen of the intes- 

tine and in the tissues and prosper to a greater or lesser extent — 

in either place. If they show a preference, it seems to be in 

favor of the lumen of the intestine. With the coccidia the 

performance of tissue invasion is obviously in line with the 

regular life cycle; with the flagellates and possibly with Enta- 

meba and Balantidiwm, tissue parasitism appears to be in the 

nature of a departure from the normal. 

In Coccidium, for example, sporogony seems to fill the dual 

purpose of protoplasmic rejuvenescence (through fertilization) 

and the dissemination of spores. It seems to supervene upon 

sexual maturity and lowered protoplasmic vitality, and yet cases 

have been reported of chronic coccidiosis, in which the host 

became virtually a carrier, producing a constant stream of 

spores of the parasite, which obviously meanwhile continues 

its schizogonous cycle. Is this a matter of chemical adjustment 

between host and parasite? 

Calkins’s classical experiments with Paramecium show the 

effects of artificial stimulation on the metabolism and reproduc- 

tive rate of Protozoa and are merely an illustration of the effects 

that may be produced upon a protozo6n by altered environmental 

conditions. These chemical changes may be, in the future, found 

to exert a more profound influence on the activities of parasites 

than we now realize. In 1914 I suggested (21) the possibility that 

relapses of malarial fevers might be brought about by a tran- 

sient glycemia, the blood sugar furnishing the rejuvenating 

stimulation. At the time I had in mind the work of Calkins 

on Paramecium and that of Bass and Johns on the cultivation 

of Plasmodium. This view has been more recently expressed 

by Calkins,(5) who has suggested that the change may be, as 

I myself have long held, in the nature of the equivalent of fer- 

tilization, a process of the restoration of lost vitality, a substitu- 

tion of a labile for a stabile condition of the protoplasm. Ex- 

perimental evidence, as I have stated, points strongly to the 

belief that such a condition of protoplasmic rejuvenation can 

be brought about artificially within certain limits. 

While we have so far no direct evidence of the invasion of 

the human tissues by the intestinal flagellates or flagellates of 

that type, unless we include Ross’s observation of ‘““cercomonads” 

having several flagella and an undulating membrane and tricho- 
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monads in some cutaneous ulcers, we have considerable evidence 

that it may occur under certain conditions in the lower animals. 

Intestinal parasites representing genera frequently seen in 

man do, in the lower animals, pass from the lumen of the intes- 

tine into the blood and lymph on the development of certain 

pathological conditions in the host. This fact was early noted 

by Danilewski in the case of Hexamitus, a flagellated parasite 

in the intestinal tracts of tortoises and frogs. The animals in 

question had long been in captivity. They showed signs of dis- 

tress and exhibited cedematous swellings in the muscles and 

transudation of lymph into the peritoneal cavity. Microscopic 

examination showed the presence of the protozoa in the blood, 

lymph, edemata, and transudations. Plimmer(41) has reported 

a number of similar cases occurring in reptiles and batrachians 

in the London Zodlogical Gardens. He found both Hexamitus 

and Trichomonas in the blood. Plimmer holds that the presence 

of intestinal parasites in the blood stream is to be associated with 

definite and recognizable lesions of the intestinal wall. It is 

fairly well established in connection with the parasitic protozoa 

that in some cases a parasite, which may be perfectly or rela- 
tively harmless when the host is free, may become pathogenie 

or even lethal when the host is in captivity. 

Wenyon(50) points out that intestinal flagellates, like the in- 

testinal bacteria, occasionally invade the tissues shortly before 

or after death. He attributes this to diminished resistance on 

the part of the intestine, which permits the passage of organisms 

that normally live in the lumen of the gut. Diminished resist- 

ance is a broad term that covers up considerable uncertainty. Is 

it wholly, in this case, a matter of lowered resistance, are essen- 

tial chemical changes involved, or do the processes of autodiges- 

tion of tissues of the alimentary tract, which may set in soon 

after death, play their part? 

Wenyon quotes Basile, Gonder, and Stevenson on the matter 

of tissue invasion by the flagellates. Gonder recovered Lamblia 

from the blood stream of a fowl; Basile, Lamblia from the liver 

of arat. The liver was dotted with white cysts containing the 

organisms. Basile inoculated a rat peritoneally with the con- 

tents of some of these cysts and later found Lamblia in the liver 

and mesenteric glands. Stevenson showed Wenyon sections of 

the cecum of a mouse having definite lesions of the mucous 

surface that had been invaded by numerous trichomonads. Lam- 

blia has been shown as invading the glands of the small intestine 

of the rabbit. Wenyon says: 

These are exceptional cases, but so long as they occur there is the. pos- 
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sibility that the invading flagellates will give rise to symptoms of one kind 

or another. * * * If such invasion can occur [speaking of Tricho- 

monas], probably through a surface broken by some other infection, or 

irritant such as sand, it is possible that the flagellates might aggravate the 

lesion or produce definite:ssymptoms. 

So much for Lamblia infections in the lower animals; but 

Fantham and Porter(12) carry the matter farther in their 

inquiry into human lambliasis. They say: 

We may say at once that in both human and animal lambliasis stools, 

as well as at post-mortem examinations, erosion and distortion of the 

intestinal epithelial cells occurred, owing to the direct suctorial action of 

the flagellate Lamblia.” 

Woodcock (52) holds in the case of flagellate infections in man 

that if the normal bowel condition becomes disturbed and its 

resistance lowered the balance between the host and the parasite 

is no longer maintained, and the parasites will, therefore, mul- 

tiply more rapidly and in turn bring about a more intense re- 

action on the part of the host, establishing a vicious circle. He 

believes that the presence of a vast number of parasites in the 

intestine ‘‘with the concomitant production of waste metabolic 

substances, is sufficient to irritate the mucosa and give rise to 

deleterious and toxic effects.” He adds: 

Fortunately, the flagellates appear to be unable to penetrate the mucosa 

in the way that H. histolytica and Balantidium can (given favourable con- 

ditions), and therefore, never (?) produce true dysenteric symptoms, the 

derangement being generally limited to severe or mild diarrhoea, 

Minchin (384) raises the old question as to whether the migra- 

tion of the parasite, when the tissues are involved, is the cause 

of the diseased state or if the diseased state of the host gives 

the parasite a chance to spread to other parts of the body. Aside 

from that point, he makes the exceedingly pertinent remark that 

the fact that intestinal parasites can pass from the gut to the 

blood is of phylogenetic as well as of practical importance. 

Walker(49) discusses the case of Balantidium coli infections 

in man. He speaks of the absence of liver involvement by this 

parasite, quoting the old case of Stockvis,(48) in which ‘‘Para- 

maecium” (Balantidium ?) was recovered from the sputum, the 

parasites presumably having come from the liver by way of 

the lung. 

In connection with the involvement of the liver in entame- 

biasis and balantidiosis it is customary to regard the route of 

invasion as lying through the portal circulation, the parasites 

entering the radicles of the portal vein. It must be borne in 

” The italics are mine.—F. G. H. 
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mind, however, in connection with the powers shown by Enta- 

meeba and Balantidium to penetrate deep into the tissues of the 

intestine that the close apposition of portions of the colon to 

the surface of the liver make it possible that the liver may 

become involved as a result of the direct migration of the para- 

sites through the tissues, a contingency that has been in the 

minds of certain pathologists for some time. The possibility 

of the conveyance of the parasites through the lymph channels 

must not be entirely overlooked. The likelihood of retrograde 

infection through the bile ducts is rather remote, although it 

is conceivable. Stress has been laid by some of the workers 

on the presence, more or less frequently, of Balantidiwm in the 

blood vessels and the lymph spaces, and Bowman(3) and 

Walker (49) both report the presence of Balantidium in the lymph 

glands of the mesentery. 

Walker states his firm conviction that Balantidiwm will pass 

through the healthy epithelium. This process, he says, is not 

accompanied by necrosis or ulceration of the epithelium; it con- 

sists of the pushing aside or at the most a rupture of the 

epithelium. In every case, he says, entrance is through the 

epithelium and in no case within the tubules. Once within the 

tissues, the presence of the parasites is certainly associated with 

necrosis. Walker adds that the lesions and cellular reactions 

produced in the early stage before being complicated by secondary 

bacterial invasion are characteristic and are distinguishable from 

those due to bacterial infection. 

In experimental work performed on monkeys, Walker found 

the epithelium intact “‘except for mechanical injury due to en- 

trance of the balantidia or to minute hemorrhages, but no 

exudate or ulcerations.” He also concludes that lesions in the 

intestinal epithelium from bacterial infection or other causes 

are not only not necessary for the entrance of the Balantidiuwm 

into the tissues, but that in none of the monkeys in which such 

lesions existed have the balantidia taken advantage of them to 

enter the tissues. 

Manlove(28) cites two cases of balantidial dysentery in man, 

in support of Walker’s contention that Balantidium may produce 

“abscesses” in the intestine that are sterile except for the 

presence of the protozodn. Walker mentions the fact that the 

Balantidium found in the pig, which he holds to be identical 

with that infesting man, seldom if ever penetrates the tissue of 

the pig intestine. On this point I can speak from experience, 

for I have found Balantidium in sections of the pig intestine 
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not only in the tissue, but in the blood vessels as well; in fact, 

the microscopic picture was similar to that seen in the case of 

human balantidiosis. 

Walker also points out the fact I have mentioned that an 

individual may harbor Balantidium over long periods of time, 

apparently without sustaining harm. But sooner or later, he 

adds, the patient so parasitized develops balantidial dysentery. 

The periodic appearance of the parasites in the stools that he 

notes is a phenomenon seen frequently in connection with the 

intestinal Protozoa as a group. 

The oral apparatus of Balantidium is similar to that of a 

number of free-living Heterotrichida, and indeed Balantidium 

is suspected of being capable of existence free in pond water. 

The oral apparatus of this organism does not seem, at first 

glance, particularly to adapt it for penetration of the tissues; 

and if we are to adopt the views of Walker and of Manlove, 

it remains to discover how this may be brought about. 

Bowman quotes Glaessner(19) as having recovered a very 

active diastase and a fairly strong hemolytic substance in ex- 

tracts of Balantidium coli from the feces. These ferments 

exerted no effect on dilute albumen, on peptone solution, or on 

fibrin. One naturally asks why they should and why they should 

be concerned in cytolysis. Any such supposition seems to me 

to be entirely untenable. It seems to be much more probable 

that Glaessner, after all, merely isolated some of the normal 

digestive ferments of the parasite. Both diastatic and hemolytic 

ferments seem to be exceedingly necessary to the carrying out 

of the normal anabolic processes in an animal living in such an 

environment as that in which Balantidium lives. A diastatic 

ferment (‘‘amcebodiastase”) has been isolated from amcebe. 

Proteolytic ferments have been isolated from other protozoa, and 

their action has been the subject of considerable study by 

Nirenstein, Greenwood, Metchnikoff, and others. 

It is still an open question whether Hntameeba and Balanti- 

dium enter the tissues through or between the cells and whether 

the entrance is effected mechanically or by the aid of cytolysins. 

Manlove(28) quotes Crowell" as stating his belief that the 

question of the essential pathogenicity of Balantidium is not 

yet absolutely settled. As to the invasive power of the or- 

ganisms, Manlove says: 

Doctor Crowell expressed the theory that it seems reasonable to conclude 

that some substance (toxin?) originating from the balantidia is able to 

“ Crowell, B. C., personal communication. 



248 The Philippine Journal of Science 1918 

produce necrosis of the tissues, and the inflammatory phenomena that occur 

later are the result of the action of the accompanying bacteria. Also one 

could imagine that this hypothetical toxic substance from the balantidia 

produces a cytolysis of the epithelial cells of the mucosa with which they 

come in contact and so forms a portal of entrance to the deeper tissues for 

the organisms. 

Restating this view to me, Crowell? holds that it is logical 

to suppose that, if the balantidia are capable of producing within 

the tissues a substance that brings about necrosis, this same 

substance might be employed in the initial penetration of the 

intact epithelium. 

However, it may be pointed out that a fundamental objection 

that might be opposed to this hypothesis is the fact that sub- 

stances that are capable of producing marked injury to the 

unprotected connective and other tissue elements of the sub- 

mucosa may have no effect whatever on the healthy epithelium, 

the chief function of which is constantly to protect the under- 

lying tissues from substances that would be injurious. To in- 

jure by a toxic substance the intact epithelium would, it seems 

to me, require a stronger toxin than the changes produced, once 

having effected penetration, would indicate. That is, of course, 

provided there is no specific epitheliolysin, of which there is 

no evidence. On the other hand, much of the evidence I have 

already quoted points to the mechanical invasion of the intestine, 

rather than to the employment of cytolysins. Walker has stated 

his belief that entrance is accomplished by the pushing aside 

or rupture of the epithelium, and similar evidence in the case 

of Trypanosoma lewisi seems to have been produced by Minchin 

and Thomson (36) and by Noller, (39) in the case of Trichomonas 

by Hadley, and in the case of Trypanosoma gambiense by 

Hindle. (22) 

Carrying the case to the parasitic Rhizopoda, the active, 

powerful pseudopodia, formed mainly of ectoplasm as seen in 

Entameba histolytica, are in marked contrast to the relatively 

blunt, inactive pseudopodia of Hntameba coli, which contain 

comparatively little ectoplasm, and suggests the possibility that 

it is this difference in the structure of the pseudopodia that 

enables Entameba histolytica to push its way between the cells. 

Are cytolytic agents necessary here? Or, in the case of Ba- 

lantidium, are the cell membranes or bridges between the cells 

able to withstand the powerful currents set up by the cilia 

* Crowell, B. C., personal communication. 
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and membranelles of the adoral zone of the organism when 

closely and persistently applied to the surface of the tissue? 

Once the entrance is forced, it would be about as easy for one 

of these ciliates to worm its way in as it would be for an 

amceba. Their bodies are plastic to a degree that at times 

superficially resembles pseudopodia formation, and they accom- 

modate themselves to every obstacle they meet as may be 

readily seen by any one who will take the time to study a cover 

slip preparation from a case of Balantidium infection containing 

actively moving parasites. 

After having gained entrance to the tissues, it seems to me 

for the present reasonable to believe that the nutrition of these 

organisms continues to be holozoic within the tissues, so we are 
left to speculate as to whether necrosis in the tissues, where 

involvement is unaccompanied by the presence of bacteria, is 

due to the secretion by the organism of some special cytolytic 

ferment, or whether it is brought about*by the action on the 

tissues of the normal katabolic products of the parasites, a 

theory which seems to me not wholly devoid of reason. This 

may also apply as well to Entameba histolytica as to the flagel- 

lates and ciliates. 

But aside from tissue penetration, the situation contains fur- 

ther inconsistencies. Balantidium, from such reports and per- 

sonal experiences as are available to me at this time, seems to 

be more frequently seen in the blood vessels of the intestine 

than Entameba. In spite of this, however, Balantidium is never 

found in the liver; whereas Entameeba is very frequently found 

there and in other parts of the body. Why is this? 

May we not find our answer in the general tendency of the 

flagellated and ciliated protozoa, spermatozoa, and the like to 

swim against the current, whereas the relatively passive enta- 

moebee are carried willy-nilly by any current to a point where 

they meet with some obstruction, finally to lodge and reproduce, 

provided the conditions are favorable? Balantidium and Tri- 

chomonas, with their powerful, well-developed motile organs, 

would surely have less trouble in stemming the tide of the 

slow-moving venous and lymph circulation than even the poorly 

equipped spermatozoon has in breasting the current of the 

ciliated Fallopian tubes. And yet the population of the world 

attests the success of the spermatozoon, and the absence or com- 

parative absence of extra-intestinal infections with Balantidiwm, 

Trichomonas, Lamblia, and the like seems to betoken equal 

156022 3 
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success on the part of these organisms in avoiding being carried 

away. This apparently constitutes an application of the prin- 

ciple of the “‘avoiding reaction” as described by Jennings (24) 

in his studies on the tropisms in the Protozoa. In the smaller 

vessels of the intestine, aside from the obstruction afforded by 

the walls of vessels having a caliber smaller than the diameter 

of the parasite, the flow is probably too slow to bring about the 

degree of stimulation necessary to excite this reaction. The 

parasites would probably be prevented by the excessive blood 

pressure from even entering the arteries, but granting that they 

might do this, the stimulation would probably pass above the 

optumum, and the organisms would be passively swept back. 

But in the larger radicles, where the current is away from 

the intestines, it is conceivable that the flow would be of about 

the right intensity to cause the parasites to about face and turn 

“upstream.” At the same time it would be strong enough to 

sweep the entamcebe ‘toward the liver. If this hypothesis will 

hold, it would be added evidence to the effect that in hepatic 

involvement the main path would be through the portal circula- 

tion. Lastly, however, it must not be forgotten that there still 

remains the possibility that the balantidia may reach the liver, 

but find the conditions for continuation of life unsuitable at that 

site. If Stockvis’s observation is correct, that contingency 

seems to be ruled out. The possibility of the conveyance of the 

cysts of Balantidium to the liver through the blood stream ap- 

pears to be too remote for consideration at this time. There 

is no definite proof that Balantidiwm forms cysts in the tissue, 

and it would require to be shown that the cysts would open 

under the influence of any agent that is likely to be present in 

the liver. Normally these cysts may be expected to open under 

the influence of some digestive ferment only, though it is well 

known to protozodlogists that certain protozoan cysts will open 

under the influence of ferments secreted by bacteria or through 

external or internal influences of an uncertain nature. The 

cysts of the intestinal parasites, however, appear to be adapted 

to the action of the intestinal juices. 

Turning back to the flagellates, let us review what evidence 

we actually have of their tissue-invading powers. 

Minchin and Thomson, in their great memoir on Trypanosoma 

lewisi and its relations to the rat flea Ceratophyllus fasciatus, (36) 

describe in considerable detail an intracellular stage in the 

stomach of Ceratophyllus following the penetration of the epithe- 

lium. They were not so fortunate as to observe the actual 
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penetration of the cell by the parasite, but Noller, (89) who did, 

states that he saw— 

a trypanosome of which the pointed hinder end had already penetrated into 

an epithelial cell. The flagellum-bearing anterior end beat violently and 

incessantly, whereby the trypanosome penetrated further and further into 

the cell. After I had watched this spectacle for about five minutes the try- 

panosome, which had so far penetrated into the cell as far as the middle 

of its body, suddenly shot into the cell and stirred up the granular cell- 

contents by its lively movements. Since, however, the cell was torn on its 

opposite side the trypanosome shot out of the cell again. 

In discussing the type of cell attacked by the trypanosomes, 

Minchin and Thomson are somewhat in agreement with the 

observations of Walker. They never saw intracellular stages of 

the trypanosomes in the cells of the epithelial crypts. The 

trypanosomes never occurred in any cell that was not definitely 

a part of the general epithelium, and the appearances they saw 

seemed to suggest that “‘the attack is usually made on the side 

of the cell; the occasional, though rare occurrence, however, of 

intracellular stages in quite young cells, shows that the trypa- 

nosomes can penetrate into epithelial cells before the separation 

between them has developed.” 

Of course, the general character of the epithelium of the ali- - 

mentary tract of the flea probably differs in important details 

from that of the epithelium in the human digestive tract, but 

the conditions that exist in certain cells and that may profoundly 

influence tissue invasion are suggested in the following paragraph 

from the paper of Minchin and Thomson: 

The trypanosomes attack by preference the fully-formed, but still young 

and vigorous cells, which may contain granules of the normal type and 

even yellow bodies, but no fatty deposits; cells which may be well char- 

acterized as adolescent in type, and which, stain a clear, light-grey with 

iron-hematoxylin after Flemming-fixation. It is in such cells that the 

earlier stages of the intracellular multiplication are to be found in flourish- 

ing condition and often in considerable numbers; but if the trypanosomes 
are numerous the cell soon becomes exhausted. 

Evidence of the possibility of the transmission in man of 

Trypanosoma gambiense by coitus was brought forward by Koch, 

(25) in 1907, and the transmission of Trypanosoma equiperdum 

in dourine has long been an established fact, although trypa- 

nosomes have not been demonstrated in the seminal fluid, and the 

possibility of even slight abrasions of the mucous membranes of 

the contracting parties still remains. 

Hindle(22) has made a study to determine the possibility of the 

entrance of trypanosomes through the intact skin and mucous 
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membranes. Using Trypanosoma gambiense, he was able to 

secure infections per os, care being taken to prevent the pos- 

sibility of producing lesions in the mouths of the rats used. 

Attempts to secure infection by coitus between rats were un- 

successful, but careful experiments in infection through the 

vagina were successful. Infection was also secured by applying 

the infected blood to the unshaved skin of rats, and Hindle con- 

cludes that Trypanosoma gambiense is able to penetrate the 

sound mucous membrane and the undamaged skin. 

It seems from this that certain, at least, of the flagellates 

experience no difficulty whatever in penetrating cells and tissues. 

Minchin and Thomson have shown that apparently the side of 

the cell is the most vulnerable point. Furthermore they cite 

the adhesive properties of the flagellum under certain circum- 

stances when the organism may attach itself to the epithelial 

surface by its flagellum and then bore its way in, posterior end 

first. Might not a similar action be possible in the case of 

Trichomonas, where the axostyle would play an important part? 

This, of course, apart from the condition where Trichomonas 

might assume an amceboid form, as described by Castellani(7) 

. for Entameba undulans, and bore its way in by its long, powerful 

pseudopodium. Cvrithidia is known to attach itself to epithelium 

by its shortened flagellum. This would give us, then, three 

separate relations existing between intestinal flagellates and the 

epithelium: 

1. Close application to the surface of the epithelium without 

actual penetration. Lamblia. 

2. Attachment by a flagellum, which may penetrate the cell 

membrane. Crithidia. 

3. Actual penetration of the cell and entrance of the entire 

organism into the cell body and subsequent liquefaction of the 

cell contents. Trypanosoma, Trichomonas, Hexamitus, and pos- 

sibly Lamblia. 

The ameeboid, flagellated, and ciliated protozoa of the ali- 

mentary tract represent a group standing apart from the other 

protozoan parasites. For the most part they are, in regard 

to structure, mode of life, and nutrition, not very different from 

free-living forms we may find in almost any mud puddle or 

watering trough. That they show certain tendencies toward 

development to obligatory tissue parasitism cannot be denied, 

but they can scarcely be said to have “arrived.” 

The amceboid forms as represented by the entamcbe are 

strikingly similar in structure and mode of life to Vahlkampfia 
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and other small free-living amcebe, while Chlamydophrys ster- 

corea closely resembles some of the free-living testate forms. 

The flagellates exhibit elaborate motile apparatus and, in many 

cases, well-developed mouth parts for the ingestion of food. 

The ciliated parasites such as Balantidium, Nyctotherus, Dip- 

lodinium, Ophryoscolex, and the like not only resemble free- 
living forms in regard to their motile and food-getting organs, 

but many of them are highly organized in other ways, through 

the possession of neuromotor apparatus. Opalina seems to con- 

stitute an exception to the rule. 

The absence in most parasitic forms of the contractile or 

excretory vacuole, which is cited by many as a characteristic 

of the parasitic protozoa, is not by any means necessarily, an 

adaptation purely to a parasitic mode of life. It is an adapta- 

tion, to be sure, but parasitism is not the only thing that de- 

termines it. The marine species of protozoa for the most part 

do not possess contractile vacuoles. The gradual transfer of 

a marine species to a fresh-water environment will frequently 

cause it to develop a contractile vacuole, which it will lose on 

its return to salt water. So that the possession or absence of 

this organelle seems to be governed largely by the osmotic 

tension of the medium in which the organism finds itself. 

In other words, Are these forms to be considered as on the same 

plane with the blood and obligatory tissue parasites as the try- 

panosomes and coccidia? It would seem not. The intestinal 

flagellated and ciliated protozoa of man, with the exception of 

Lamblia, do not show evidences either of a high degree of adapta- 

tion to a parasitic mode of life or evidences of structural degen- 

eration as a result of parasitism. They have not found them- 

selves. They are, in a measure, creatures of impulse subject to 

the play of natural forces that are yet to be understood, respond- 

ing to frequently changing stimuli by varied reactions that are 

the despair of the physician and parasitologist alike. They have 

yet to settle down and behave with the almost mathematical 

regularity that we have grown to expect of their more conven- 

tional] brethren, such as the coccidia and trypanosomes. 

With the flagellates it appears that tissue parasitism is a 

departure from the normal and with only lesser force would 

this seem to apply to Balantidium and Entameba. It is per- 

fectly clear that many of these parasites may live in the in- 

testinal tract over long periods of time without causing trouble— 

perhaps they may never cause trouble during the life of the 

host. On the other hand, the day may come when some con- 
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dition arises—lack of resistance on the part of the host or some 

other change in the host that intervenes to endow the parasite 

with new powers, as has been hinted by Hadley—and the para- 

site strikes boldly out into a new field, the tissues. What these 

conditions are remains to be determined. That they can be ex- 

plained on the same ground as we explain bacterial invasions 

has been a popular supposition, which it seems to me would 

be wise for us to abandon for the present at least and to look 

for something new. We now know considerable about the re- 

actions between animals and plants (bacteria), and it seems 

about time we added to our knowledge regarding the reactions 

between host animals and parasitic animals. 

Other points of inquiry bear on the discovery of the conditions 

under which a parasite is harmless to its host when the latter 

lives free but becomes pathogenic or even lethal when the host 

is in captivity and of the possible free life of certain intestinal 

protozoa as suggested by Rhamy and Metts, Escomel and 

Smithies, and supported by laboratory experimentation. 

The time has arrived when workers in the field of parasitology 

should fairly face the situation presented by the intestinal flagel- 

lates. They have been under suspicion for many years, during 

which time there has been gradually accumulating a mass of 

evidence against them. No progress will be made if we are to 

continue to employ, as our criteria of pathogenicity or non- 

pathogenicity, the presence or absence of blood and pus in the 

stools. Among the possible effects that may be produced by 

these organisms may be mentioned: . 

1. The production of antigrowth vitamines or growth-inhibit- 

ing substances, as suggested by Gibson. 

2. The production of substances directly toxic. 

3. Unfavorable effects upon the host through the liberation of 

the products of metabolism of the parasite. 

4. Mechanical irritation of mucous surfaces by the parasites 

when present in large numbers. 

5. Interference with absorption in the intestine through the 

adherence of large numbers of parasites to the surface of the 

epithelium, as in the case of Lamblia. 

6. Actual invasion and destruction of the tissues with all its 

concomitants and sequele. 

Analysis of the work of Castellani on Entameba undulans, 

of Gauducheau on Entameba and Trichomonas, and of Hadley 

and others on the tissue-invasive power of Trichomonas and the 
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other intestinal flagellates seems to be suggestive of what may 

be expected in man in regard to these parasites. 

Next in order appears to be the desirability of attempting to 

explain the conflicting opinions expressed by different authors 

regarding the pathogenicity of the intestinal flagellates. It has 

been shown that some workers regard these forms as harmless 

or capable, at the most, of giving rise to nothing worse than 

diarrhcea, while others frankly express the belief that they may 

produce dysentery—actual lesions of the bowel. Is it possible 

that we have here different strains of the same organism, some 

showing and others not showing tissue-invasive powers—a con- 

dition somewhat resembling the relation between Hntameba 

histolytica and Entameeba coli? 

Another problem is that of cross-infectivity. Many of the 

genera found in lower animals are found in man. Are the 

species found in the lower animals capable of life in man? The 

rule is known to apply in the case of Balantidium, it seems to 

be the case with Lamblia, and Lynch has produced evidence to 

show that the rat is a true host and not merely a carrier of 

Entameeba histolytica. 

The actual invasion of the tissues of the human intestine by 

the flagellated parasites remains to be demonstrated, but it may 

have occurred and we may have passed it by. It seems conceiv- 

able, as I have suggested, that Trichomonas in the tissues may 

so closely resemble Entamceba as to have been mistaken for the 

latter. Evidence that tissue invasion by these same parasites 

occurs in the lower animals seems to be sufficiently convincing. 

However, it is still to be proved how this takes place. To 

my mind the evidence, so far at least as the flagellates and 

ciliates are concerned, seems to favor mechanical penetration of 

the tissues rather than entrance with the aid of cytolytic agents. 

But it is also a fact that necrotic changes in the tissues may 

be associated with the presence there of the parasites. These 

changes might be due either to definite cell-destroying ferments, 

or might simply be the result of the action of katabolic products 

of the parasites that happen to be toxic to the cell elements. 

From the evidence, cytolytic ferments appear to be unnecessary 

in many cases, certainly with many of the flagellates and pos- 

sibly in the cases of the ciliates and amceboid forms. 

But this should not preclude a study of the cytolytic enzymes 

that may be produced by these organisms. If they exist, the 

investigations should include an inquiry into the conditions under 

which they are formed with a view to discover whether they 

are constantly secreted or are produced only under special in- 
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fluences either existing at some definite period of the life cycle 

of the parasite or originating in the host. 

Enough has been shown effectually to despoil Trichomonas 

and its cousins of the reputation for harmlessness to man they 

have previously had. It remains to determine some effective 

remedy for them. 

With this should be coupled a closer study of the bionomics 

of the protozoa parasitic in the alimentary tract. It is only 

through such a study that we can hope to secure the knowledge 

of the intricate and often seemingly anomalous relations be- 

tween these parasites and their hosts that will lead us to a 

better understanding of their activities and that will make it 

possible to discover the appropriate means for controlling the 

conditions to which they give rise, from the viewpoints of both 

cure and prevention. 

ADDENDUM 

Since the foregoing was written, several papers dealing with 

various phases of the problem of flagellate infection of the in- 

testine have come to hand. To deal with them would involve the 

resetting of a considerable portion of this paper. Particularly 

worthy of the attention of those who are interested in the subject 

is the paper of Chalmers and Pekkola, '* in which they discuss 

Chilomastix mesnili and give a systematic review of the Tetrami- 

tide. Gabel in his paper on the pathogenic flagellates * gives an 

extensive bibliography of the literature on flagellate diarrhcea. 
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ILLUSTRATION 

Fig. 1. Growth curves for dogs fed on fresh and autoclaved milk. 
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PRELIMINARY REPORT ON VARIOUS METHODS OF SERUM 

APPLICATION IN BACILLARY DYSENTERY + 

By PeEpRo T. LANTIN 

(From the Department of Medicine, College of Medicine and Surgery, 

University of the Philippines, and the Philippine General Hospital, Manila) 

TWO TEXT FIGURES 

Since the announcement to the world of the specific therapy 

of bacillary dysentery introduced by Shiga in 1898, this form 

of treatment has fallen into a state of apparent lethargy in the 

hands of the medical profession probably because of the failure 

of other observers to secure confirmatory results. It is only 

during recent years that the “renaissance,” so to speak, of the 

biological applications of this treatment has attracted many 

followers. Leading observers who have contributed much to 

the knowledge of this subject are Shiga, Kruse, Rosenthal, 

Kraus and Doerr, Rosculet, Vaillard and Dopter, Irimescu, 

Karlinski and Ludke. (2) 

The specific treatment is based on purely biological principles. 

By immunizing animals, Shiga, the pioneer in this field, could 

produce sera with which he was able to decrease the mortality 

rate of endemic dysentery in Japan from 35 to 9 per cent. (4) 

During an epidemic in 1905 in Rumania Rosculet used prophy- 

lactic injection of serum in 18 persons, while 18 other persons 

exposed under the same conditions were used as controls. While 

none of the exposed persons who received serum showed any 

symptoms of the disease, the controls developed bacillary dysen- 

tery. Bahr has claimed that polyvalent sera are both antitoxic 

and bactericidal.(1) These facts themselves speak highly for 

the specific treatment of the disease and its bright future in 

connection with the treatment of the disease. 

Other investigators, however, have pronounced the serum 

treatment of bacillary dysentery a failure. It is probable that 

(a) the serum at their disposal was defective, (b) the treatment 

was begun too late, or (c) the diagnosis had not been confirmed 

bacteriologically and the etiology of the disease was not estab- 

lished. Under ‘such circumstances, what beneficial effects could 

*Read before the Manila Medical Society, December 3, 1917. Received 

for publication January 17, 1918. The serum used in this work was sup- 

plied by the Bureau of Science. 
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be expected from the administration of antidysenteric serum? 

On the other hand, experiences of those observers who have 

made careful studies of serum therapy as applied to this disease 

speak in favor of this method of treatment. 

According to the present communication the use of specific 

treatment seems to be an effective means of checking the progress 

of the disease in cases of true bacillary dysentery. Out of 20 

cases that I have so far had the opportunity of treating, only one 

has died. Different methods of administering the serum, name- 

ly, intramuscularly, intravenously, and per rectum (serum 

enema), have been employed. . 

During September, October, and November, 1917, there were 

admitted to the medical wards of the Philippine General Hospital 

20 cases of bacillary dysentery, which were treated with serum. 

Diagnosis in all these cases was based upon clinical symptoms 

and laboratory examinations. Out of 17 cases in which cultures 

were made from the feces, six were negative. Of the 11 cases 

that were found to be positive, two were of the Shiga and one 

of the Flexner type. Further differentiation of the rest was 

not made owing to the fact that there were no media available 

for this purpose. 

Of these 20 cases, five were treated medicinally combined with 

intramuscular injection of serum with one death; six cases 

intramuscularly with no deaths; three cases treated both with 

intramuscular injections and antidysenteric serum per rectum 

with no mortality; three cases treated solely with serum per 

rectum with no deaths; and finally three cases treated intra- 

venously, with no deaths (see tables). 

TABLE I.—Drugs and serum intramuscularly." 

ee ea ; 7 - c ia <— a 7 = a a ¥ 7t2 es | = id saat 

Case. | Name. | Age. | Sex. Result. Culture. | Complication. | Remarks. 
| | . 

| ee a 

1] CR. 26| F Recovered -___--- at tia (oes Seren 

2; R.C 18) AM eee (: (eee Ee 2 iy (eae eet eee eee, 

3| E.G Lal DMN Se doy=- trees No media. |__- tov tse 
Aden G 25a ee doles A- i + Pes ccesseeccceea se 

5] J.D 29 F Dred ses eae = Lobar pneumo- | Patient had been 

| nia. sick sixteen days 

and was in col- | 

lapsed condition 

on admission. 

| No autopsy per- 

formed. 

a Jn the culture column in this and following tables — means dysentery bacilli were not 

obtained in cultures, though sought for; + means dysentery bacilli were obtained in cultures. 

When the type of dysentery bacilli isolated was identified, it is so indicated (see text). In 

each case, search was made for amebe. : 
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TABLE II.—Serum intramuscularly alone. 

Case. | Name. | Age. | Sex. Result. | Culture. 

ss | bee ft =e z a re ere 

6 | G.S 22 F Recovered LSet ule REE IRR Ne ee Deas NS Wi + 

|| Ts, |) PA] i ee Choy es A a Get [foe arate 
Sil SeErS0) |e 42 eatin (ewe Seen ee PONS Eilat ried oc aa ged a cia oo + 
Sy) oe} 22 A Shia Bi (lee ays ea Oe Sel Ep YAS ly A and SIO ah Sk Se Lae _No media 

100 || SAr ia: 21 Sis VE eee Le rN iar Mie gr ets ye ye rn Do 

11 106 26 | M0) Bese (8 (is tS a tl en RR RR AIS puis AN Se = 

TABLE III.—Serum intramuscularly and per rectum. 

f ) n l a aE = l ar ae 

| Case. | Name. | Age. | Sex. | Result. | Culture. 

| i) | WCE I ale) |) i Ferrets ee mene Se Sees econ A EM a 
134 |PESCPAC oe 274 (Vin | ee edo ewe Perea Me ne se) = Doc SoU een ee ina | + (Shiga) 

J.M. 24| M 

TABLE IV.—Serum per rectum alone. 

[ | Re Sear 
| Case. | Name. | Age. | Sex. | Result. | Culture. 

ne MA | eae nel eset 2 SIE Ae a a 

163) Seas 45) Mins | WRecoveredtisere samo een eeey ke SOE ye BO Ee + 

16| GR. ae ey Oke ee ee wee Oo eo Mao oases ee ee + (Flexner) 

| if || aig | 5G.) IME ee dO Manes ea eens rte rarer nd SCE Ts wrens UES 5: = 
L J be 

TABLE V.—Serum intravenously alone. 

; 3 a 

| Case. | Name. | Age. | Sex. | Result. Culture. | Remarks. | | ee ie eee 
18 | E.B 20; F | Recovered. == - === es | Shiga + | 1 day before treatment. 

19 | A.M. BO WS ens Operas ee ss ee = 10 days before treatment. 

Le 20) Zac: STA am Vie | eben Glo Sa Ses fee teen ee — Do. | 

Table I is intended to show the cases in which drug therapy 

was combined with serum treatment. With the exception of a 

single case that died, having been admitted to the hospital in 

a condition of collapse at the end of sixteen days of sickness, 

all the other cases were of moderate severity. The average 

duration of treatment, excluding one case that succumbed, was 

four and one-half days. 

Table II shows the cases treated intramuscularly with serum 

alone. In this group one case (8) was severe, the rest were 

only moderately so. The average duration of treatment was 

four days. 

Table III presents cases treated with serum intramuscularly 

and per rectum. These were all severe, a fact which very likely 
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is responsible for a longer average duration of the disease, 

namely, seven days. Case 12, for instance, was having almost 

continuous bowel movements consisting of a few drops of pure 

blood every few minutes. The patient was able to count only 

large evacuations; he gave thirty-five as the number of evacua- 

tions during twenty-four hours, which is probably five times less 

than the actual number of bowel movements. 

Table IV presents cases treated with serum per rectum only. 

All these cases were moderately severe. The average duration 

of treatment was four days. 

Table V presents cases treated intravenously with serum. 

These cases were all severe. Patients were able to count only 

large evacuations, for they were passing stools consisting wholly 

of blood almost continuously. The average duration of treat- 

ment was five days. 

The serum per rectum was given in the following way: The 

patient is in the knee-chest position. The injection of the serum 

was preceded by a cleansing enema of 1.5 per cent solution of 

sodium bicarbonate; this was followed by another enema of 

starch solution with a few drops of tincture of opium (60 cubic 

centimeters with 10 drops of tincture of opium) to diminish the 

irritability to the intestine; a half hour later the serum was 

given per rectum. The amount of serum used was from 30 to 

50 cubic centimeters daily, depending upon the severity of the 

case, although the serum can be frequently given without any 

danger and in larger doses. 

The intramuscular administration of serum was done with 

the usual aseptic precautions. Twenty cubic centimeters of the 

serum were given twice a day, usually injected into the buttock. 

Larger doses may be given, depending, of course, on the severity 

of the case. Willmore advises the injection of 80 to 120 cubic 

centimeters daily in desperate cases;(7) Lukis administers 20 

cubic centimeters four times a day every six hours.(3) Bahr 

emphasized the necessity of first cleansing the bowel by the use 

of a saline purgative, preferably sodium sulphate, so as to 

accelerate the repair of the ulcerated mucous membrane and 

also to eliminate unabsorbed toxins, which are responsible for 

the symptoms of collapse frequently met with in acute and 

severe cases. 
Last of all is the use of serum by intravenous injection. It 

was done by the closed method and under rigid asepsis. Usually 

the median basilic vein was selected, being commonly prominent. 

To avoid anaphylactic symptoms, one cubic centimeter of the 
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serum may be previously injected intravenously about six hours 

before the full dose is given. My dosage was 10 cubic centi- 

meters every other day, although Sandwith has given 20 

cubic centimeters (of the Lister Institute preparation) daily to 

adults and 10 cubic centimeters to children. (6) 

It is not the purpose of this paper to discuss the clinical 

symptoms of the disease, for these are generally well known. 

The main point that I wish to bring out is the broader applica- 

tion in the field of medicine of a therapy based on scientific 

principles. 

Again I have to state that it has long been definitely known 

that specific bacteria are the causative factors of this disease 

and that they produce definite pathological changes, particularly 

in the large intestine. Observations of those writers who have 

made careful studies of this disease have led to the conclusion 

that the toxins act locally and, when absorbed in large amount, 

produce toxemia. Experiments on animals support these views. 

Injection of dysenteric toxins into susceptible animals produces 

similar symptoms and anatomical changes in the large intestine 

to those observed in human beings. These are the findings of 

Flexner and Sweet and of Doerr.(2) Doerr, however, could 

save the animals from the effects of a lethal dose of toxin by 

previous injections of serum. Similar experiments were re- 

ported by Todd and later by Vaillard and Dopter.(2) Sandwith 

states that serum is both antitoxic and bactericidal. 
In view of the established facts set forth by authentic observers 

on this subject, the local use of the serum seems, to my mind, 

not to be unscientific. Considering well the morbid changes 

in the large intestine, where acute inflammation and ulcerations 

are taking place, and recalling that it is the site where the virus 

flourishes the best, continuously elaborating the toxins, we can 

see at once the working basis of the local application. As it has 

been found that the serum is both antitoxic and bactericidal, 

it would mean, then, the neutralization, locally, of the unabsorbed 

toxins and the decreased vitality of the virus, if not its actual 

death. 

As to how far these aims are accomplished, I am not yet in 

a position to state; but it suffices to say that twenty-four hours 

after the administration of serum per rectum the patient feels 

a marked alleviation of the local symptoms. The colicky pain 

is markedly diminished; the stools may still be very bloody, yet 

greatly decreased in number; and the temperature is lower. 

During successive days the stools gradually become less bloody 

156022——4 
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and mucoid, then feculent, then of a soft consistence, finally 

becoming normal. I am fully aware of the drawbacks of this 

method. The serum may not reach the whole area of tissue in- 

volved, or it may fail to neutralize the toxins already absorbed 

in the system, as has been observed in cases 13 and 17. In these 

two cases charts were made, showing the comparative effects of 

the serum given per rectum both on the temperature and stools. 

It is an illustration of a case where serum per rectum is a 

failure, because the toxin has been already absorbed by the 

system. 

The advisability of the administration of serum by intramus- 

cular injection can be readily seen. Knowing that the toxins 

of the microorganisms have been already absorbed, naturally 

we expect the neutralization of the poisons by the serum, which 

contains specific antibodies. The results are gratifying. If 
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the serum is given, the patient, formerly restless, becomes quiet, 

the temperature gradually falls, the colicky pains and tenesmus 

are less severe, and the stools are diminished in number. These 

results may be observed after from twenty-four to forty-eight 

hours. In case of callapse, which is present frequently in severe 

cases, the pulse becomes fuller and stronger a few hours after 

injection. There is marked abatement of subjective symptoms 

on the following days. In my experience it seems that the com- 

bination of intramuscular administration and serum enemata in 

acute cases is advisable, for we combata the disease from two 

sides, namely, (a) neutralization of the toxins in the blood and 

(b) direct action of the serum on the bacteria and their poisonous 

products in the lower part of the large intestine. The response 

of the different patients to administration of serum is shown: in 

fig. 1 (case 8) and in fig. 2 (cases 12 and 13). 

The action of the serum introduced intravenously is similar 

to that of the intramuscular administration, but the effects are 

more rapid, as shown in fig. 1 (case 18). In the three cases 

that I treated intravenously with serum, one case was of one 

day’s duration before treatment, and the results are seen in 

fig. 1 (case 18). In the other two cases, in which the duration 

of the disease was ten days before treatment, the effect of the 

serum was not so rapid as in the early case; the temperature 

fell, and the abdominal pain and tenesmus were diminished, but 

the frequency of bowel movements was only slightly affected. 

The reaction following the intravenous injection is mild. Out 

of three cases one felt a slight chilly sensation beginning forty 

minutes after injection and lasting only for ten minutes. 

The intravenous injection should be made with caution. It is 

not improbable that serum may produce embolism under certain 

conditions. 

So far as it was possible to gather from the available statistics 

on the rate of the mortality in bacillary dysentery treated with 

drugs as compared with the mortality in cases treated with 

serum, the following data show the observations of other 

investigators. 

a. Cases treated with drugs: 

Philippine General Hospital,(5) fiscal year 1912-1913— 

Males, 191 with mortality of 17.8 per cent. 

Females, 75 with mortality of 20 per cent. 

Other hospitals (5) — 

Japan, 16.5 to 30.2 per cent mortality. 

Singapore (1902), 25.4 per cent mortality. 

Ceylon (1908), 28.7 per cent mortality. 
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Hongkong (1902), 37.3 per cent mortality. 

British New Guinea: 

1902, 22.80 per cent mortality. 

1903, 26.6 per cent mortality. 

Egypt, 70 per cent mortality. (7) 

b. Cases treated with serum: 

Bahr (Fiji Island), 106 cases, 1.8 per cent mortality. (1) 

Sandwith (England), 9 per cent mortality. (6) 

Shiga (Japan), 9 per cent mortality. (4) 

Willmore (Egypt) (1912-1913), 12 per cent mortality. (7) 

My cases 20 (1 death), 5 per cent mortality. 

In the above figures there is seen a considerable difference in 

mortality between the two methods of treatment. Undoubtedly 

the serum has done a great deal toward reducing the death 

rate. 

While my investigations along this line have barely started, 

and my opportunities have so far been limited, I abstain from 

drawing definite conclusions for the present, although it cannot 

be doubted that the value of the specific treatment is strongly 

indicated as shown in the results hitherto attained. I hope, 

however, to carry out this work on a larger scale when ample 

opportunities are presented to me, from which definite conclu- 

sions may be drawn. 

In conclusion I wish to express my obligations to Professor 

Ariston Bautista, chief of the Department of Medicine, for allow- 

ing me to carry out this work in his department; to Doctors 

Guerrero, Sison, Domingo, and Gutierrez for valuable suggestions 

during the course of treatment, and to Doctors Esquivel, Ba- 

fuelos, Hilario, Baltazar, and Concepcion for their codperation. 

I am especially indebted to Dr. Otto Schobl, of the Bureau of 

Science, who furnished me the serum and who made several 

bacteriological examinations of the stools for me. Also I have 

to thank him for his kindness in translating the German 

literature. 
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ILLUSTRATIONS 

Fig. 1. Cases 8, 17, and 18. Solid line, stools; broken line, temperature. 

One square is equivalent to one stool. 

2. Cases 12 and 18. Solid line, stools; broken line, temperature. One 

square is equivalent to one stool. 
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NOTE ON THE PORTAL OF ENTRY IN EXPERIMENTAL CHRONIC 

PULMONARY (SYSTEMIC) BLASTOMYCOSIS ' 

By H. W. WADE 

(From the Biological Laboratory, Bureau of Science, Manila) 

That the usual portal of entry in systemic infections by the 

so-called Blastomyces dermatitidis of Gilchrist and Stokes is the 

respiratory tract itself has been held by most authors who have 

discussed the matter. This opinion has seemed justified by the 

usual absence of cutaneous foci or at least of any but apparently 

_secondary lesions markedly in contrast with the usually extensive 

pulmonary involvement, evidently of long standing. In sur- 

prisingly few cases has a distinct history of cutaneous blasto- 

mycosis preceding the general invasion been obtained. 

The possibility of error in a decision as to the point of origin 

in a generalized case, based on the evidence of lesions existing 

late in the disease, has been demonstrated by the findings in 

monkeys inoculated with this organism. In most of those that 

have died, especially when the inoculation was peripheral (sub- 

cutaneous or intramuscular), pulmonary lesions were found. In 

all but one animal these were essentially acute, appearing as 

granulomatous nodules or at the most as small circumscribed 

abscesses. 

In one animal, in which death did not ensue until after a 

much longer period than usual, lesions developed that resembled 

those usually found at autopsy in human cases. 

This monkey (No. 119), a full-grown, vigorous female, was 

inoculated on March 26, 1917, subcutaneously on the right side 

of the belly with 3 cubic centimeters of vigorous bouillon culture. 

A blastomycotic abscess developed within a few days at the in- 

oculation site, and the inguinal lymph nodes on the same side 

became markedly enlarged. After about a month the abscess 

discharged, following which it retrogressed, so that on May 2 

only a small, shallow ulcer remained. At this time it was noticed 

that the animal was well along in pregnancy. On June 10 she 

delivered an apparently normal young one. Though thin, the 

mother appeared to be in good health. The cutaneous lesion 

had practically disappeared, there being only a slight induration 

* Received for publication December 18, 1917. 
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beneath the small scar. About July 1 observation was discon- 

tinued, the animal being apparently negative. 

She did not gain weight, however, and the young one appeared 

to be undernourished. After three months more both animals 

were very thin, though in neither was any definite evidence of 

disease detected. In spite of special care, the mother continued 

slowly to lose weight and strength and on October 28 was no 

longer able to sit up. She died that night, seven months after — 

inoculation and four and a half months after delivery. No 

cough was ever noted, there was no hemorrhage, and as is usual 

in blastomycosis in the monkey, there was no elevation of tem- 

perature on the few occasions when this was taken. 

Autopsy. (October 29, 1917).—Autopsy disclosed a chronic 

pulmonary blastomycosis with cavitation very similar to that 

seen in man. The lobes of both lungs were adherent to each 

other, and lesions in adjacent lobes had become continuous in 

places. The visceral and parietal pleurze were irregularly ad- 

herent, chiefly in the upper part, though the blastomycosis itself 

had not extended to them. The cavities were practically of equal 

extent in both lungs, involving considerable areas and communi- 

cating with the bronchi. They were lined with gray necrotic 

material of unpleasant odor. The walls were of variable thick- 

ness, fibrosed in places, but for the most part actively granulo- 

matous. 

The other organs presented no perceptible blastomycotic focus. 

The liver was somewhat fatty, the spleen was a trifle enlarged 

and slightly congested, and the kidneys showed a fairly marked 

cloudy swelling. One small inguinal lymph node on the right 

side, no larger than a small pea, contained a single drop of pus. 

Material from the lungs, in fresh and stained smears and in 

tissue sections, showed abundant organisms, together with the 

tissue changes typical of this infection. Cultures were not.made, 

there being no possible doubt as to the identity of the organism. 

In fresh preparations of material from a cut surface of the 

spleen occasional blastomycetes were found, though there was 

no indication of local activity on their part. Preparations from 

other abdominal viscera were negative for the organisms. A 

few were found in the pus from the right inguinal lymph node. 

DISCUSSION 

The lesion described was the only instance of chronic pul- 

monary infection, similar to that found in human cases, that has 

developed in a total of about 40 monkeys variously inoculated 

with this organism. In all other instances that have proved 
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fatal and in which pulmonary lesions were found these were 

comparatively acute and were either small granulomatous nodules 

or small circumscribed abscesses. Metastasis to the lungs has 

been almost constant and often very extensive, particularly in 

the monkeys inoculated peripherally ; metastases in other viscera 

have, on the contrary, been comparatively uncommon. In a few 

cases it has happened, in animals that have been subjected to 

unfavorable influences, that the focus at the point of sub- 

cutaneous inoculation proved comparatively insignificant, in 

contrast to the extensive pulmonary involvement. 

In the animal under discussion pulmonary metastases from 

the original subcutaneous focus developed, possibly after a period 

of quiescence, in spite of the subsidence of the peripheral lesion. 

Whether the metastases would have progressed to a fatal issue 

in an ordinary animal without the physiological responsibilities 

of maternity cannot be said, though it seems to me likely that, in 

spite of the fact that the monkey is more susceptible to this 

infection than any other laboratory animal, the secondary foci 

might have been overcome as was the subcutaneous lesion. 

The factors that may have influenced the development are for 

the present discussion incidental to the fact. The point is that 

had the animal been seen first after the subsidence of the lesion 

at the point of inoculation, where only a clean, inconspicuous 

sear remained, there would obviously have been little possibility 

of recognizing that as the portal of entry of the infection. 

It is evident that should similar pulmonary metastasis from 

a primary subcutaneous or other focus occur in a human case, 

with subsequent disappearance of the original peripheral lesion, 

which need never have been particularly large or striking, the 

onset of the systemic disease might well appear to coincide with 

or to follow a cold or other temporary disturbance, as, for 

example, was the history in the majority of the cases reviewed 

by Stober.? This would serve to concentrate attention unduly 

upon the respiratory tract as the point of origin. In view of 

the long latency possible in this infection this exacerbation might, 

as in pulmonary tuberculosis, be at a date comparatively remote 

from the time of primary invasion. 

SUMMARY 

A full-grown monkey, later found to be pregnant, was in- 

oculated subcutaneously with the so-called Blastomyces dermati- 

tidis, a small abscess resulting. After two and a half months, 

*Stober, A, M., Arch. Int. Med. (1914), 13, 509. 
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at which time the abscess had healed, she delivered a healthy 

young one. Neither thrived; the mother slowly became thinner 

and died of exhaustion four and one-half months after delivery. 

Autopsy revealed a bilateral, chronic pulmonary blastomycosis 

similar to that usually found in human cases. From the evidence 

presented during the last five months of life, or elicited by 

autopsy, the erroneous conclusion that the infection was primarily 

pulmonary could hardly have been avoided. By analogy it seems 

possible for systemic blastomycosis in man to be similarly 

inaugurated, perhaps at a considerable time before, by a tem- 

porary or inconspicuous peripheral lesion. Therefore, though 

it is highly probable that the respiratory tract may more or less 

frequently be primarily affected, the conclusion that this is the 

constant or even the usual portal of entry is hardly to be justified 

on the basis of imperfect history or of late clinical and autopsy 

findings. 



PRESERVATION OF CHOLERA STOOL SPECIMENS FOR 

DELAYED BACTERIOLOGIC EXAMINATION + 

By C. S. PANGANIBAN and OTTo ScHOBL 

(From the Serum Section of the Biological Laboratory, Bureau of Science, 
Manila) 

The importance of bacteriologic diagnosis of Asiatic cholera 

is generally appreciated by practical sanitarians. Its importance 

increased considerably since it became generally known that by 

means of bacteriological examination of feeces the detection of 

cholera carriers could be made possible. As reliable as the 

laboratory procedure is to detect the cholera vibrios when present 

in the feces even in small numbers, the rapid disappearance of 

cholera vibrios in the feces exposed to higher temperature 

particularly in presence of other intestinal bacteria is no doubt 

responsible for the failures in delayed examinations. It would, 

therefore, be of some value if a method could be devised to 

preserve the specimen for such a length of time as is necessary 

to transport it from the source to a laboratory equipped for 

bacteriological diagnosis of cholera. 

Several ways suggest themselves from previous experiences of 

others and our own. 

1. The method of preserving feces with glycerin suggested 

by Teague’ for deiayed examination of typhoid stools. 

2. Sodium chloride solution. It was found in previous re- 

searches concerning the survival of cholera vibrios in water that 

cholera vibrios remain alive in sea water for a considerable length 

of time—in our particular experiment, between 106 and 120 

days.* This experience could be probably made use of. 

3. Bile. This medium, first recommended by Otolenghi, 

possesses selective properties of high degree with regard to 

cholera vibrios. Cholera vibrios in pure culture survive in bile 

for an indefinite length of time. This fact was referred to 

briefly in a previous communication* and has been utilized 

‘Received for publication February 21, 1918. 

“Teague, Oscar, and Clurman, A. W., Journ Inf. Dis. (1916), 18. 

* Schobl, Otto, Phil. Journ. Sci., Sec. B. (1914), 9, 479. 

‘Idem, Journ. Inf. Dis. (1916), 18, 307. 
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since by keeping stock cultures of cholera growing in bile 

medium. 

The present investigation consists of three experiments, 

namely, with glycerin, with sodium chloride solutions, and with 

bile, respectively. Although these experiments have not been 

carried out simultaneously, the salt solution used in each of the 

experiments serves as tertiwm comparationis and allows fair 

comparison of the results of the three groups of experiments. 

EXPERIMENT I. GLYCERIN 

About 3 grams of stools were ground up in 30 cubic centi- 

meters of 0.6 per cent salt solution. The mixture was filtered 

through cheesecloth. Twenty cubic centimeters of 0.6 per cent 

salt solution were added to two 24-hour old cultures of cholera 

vibrios, the cultures were washed, and the suspension was added 

to the filtrate of the stool mentioned above. Thus prepared arti- 

ficial cholera-stool emulsion was thoroughly shaken in a flask 

containing glass beads. 

Five cubic centimeters of 0.6 per cent salt solution and 40 

per cent, 50 per cent, and 60 per cent glycerin, respectively, 

were put into four separate sterile test tubes, and to each one 

of these were added 5 cubic centimeters of the above suspension 

of feces. The tubes were then thoroughly shaken and left at 

room temperature (32° C.). One peptone water culture was 

planted from each of the four tubes immediately by transferring 

three loopfuls of their content. After twenty-four hours’ in- 

cubation Dieudonné’s plates were made from the peptone cul- 

tures. At the end of twenty-four hours’ incubation the colonies 

that developed on the plates were examined. Smears were made, 

and microscopic agglutination was performed. 

The three tubes containing the mixture of artificial cholera 

feeces and glycerin in various strength of percentage as well as 

the fourth tube containing no glycerin but only salt solution were 

examined daily for the presence or the absence of cholera vibrios 

by the procedure just described. 

The results of this experiment (Table I) show that glycerin 

has no preserving action for cholera vibrios. In 20 per cent and 

in 25 per cent concentrations the cholera vibrios survived four 

days only, while in the tube containing 30 per cent glycerin no 

cholera vibrios could be found on the fourth and the subsequent 

days. These findings are in accord with those obtained by 

Ruediger, who made similar observations while testing the ger- 

micidal action of glycerin. 
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EXPERIMENTS II AND III. SALT SOLUTION AND OX BILE 

Five cubic centimeters of sterile sodium chloride solution, in 

concentration of 0.5 per cent, 1 per cent, 2 per cent, 5 per cent, 

10 per cent, 15 per cent, 20 per cent, 25 per cent, and 30 per 

cent, were placed into a set of sterile test tubes, and 5 cubic 

centimeters of 50 per cent, 75 per cent, and pure ox bile were 

put into the tubes of the second set. In both of these sets one 

tube containing 5 cubic centimeters of sterile normal salt solu- 

tion was used as a control. 

About 10 grams of normal stool were ground up in 100 cubic 

centimeters of sterile normal salt solution, and the mixture was 

filtered through cheesecloth. Ten cubic centimeters of sterile 

normal salt solution were added to each of four 24-hour-old 

agar cultures of cholera vibrio, which were then washed, and 

the suspension was added to the filtered emulsion of the stool. 

The final mixture of cholera vibrios and stool was thoroughly 

shaken in flasks containing glass beads. Five cubic centimeters 

of this suspension were then added to each one of the tubes 

containing varying concentrations of salt solution and ox bile, 

respectively. The tubes, after the addition of cholera stool 

suspension, were thoroughly shaken and were kept at room tem- 

perature (32° C.). Immediately after mixing, one peptone 

water culture was planted from each of the tubes by transferring 

three loopfuls of the stool emulsion. After twenty-four hours’ 

incubation Dieudonné’s plates were planted from the peptone 

culture. At the end of another twenty-four hours’ incubation the 

colonies that developed were examined microscopically. Smears 

were made, and miscroscopic agglutination was performed. 

Similarly peptone water cultures, Dieudonné’s plate, and mi- 

croscopic examinations of the colonies were made every day 

during the first week, after which time examinations were made 

once a week only. It is evident from Table II that sodium 

chloride preserved the cholera feeces successfully for the period 

of five weeks, at least, in concentration of from 0.5 to 5 per 

cent. In concentration higher than 5 per cent the vibrios could 

not be found after five and four days, respectively. 

In Table III the results of the experiment, in which bile was 

used as preservative, are tabulated. It shows successful pre- 

servation of cholera feces in dilution of 50 per cent, 75 per cent, 

and 100 per cent of bile with normal salt solution as a control. 

In the previous experiments the sodium chloride solution and 

ox bile gave equally good results as preservatives of cholera 

stools for delayed examination when the amount of cholera 
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vibrios in the feeces was considerable, but when the amount of 

cholera vibrios in the feces was decreased, the ox bile proved 

to be superior to the sodium chloride solution (Tables IV and V). 

CONCLUSIONS 

1. Glycerin, sodium chloride solution, and ox bile were tested 

for their value as preservatives of cholera faeces for delayed 

bacteriological examination. 

2. Glycerin was found unfit for that purpose, while sodium 

chloride solution and bile gave good results. 

3. Ox bile was found superior to sodium chloride solution in 

those instances where the cholera vibrios were present in the 

feeces in.small numbers. 

TABLE I.—Showing the preserving action of glycerin on cholera vibrios. 
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TABLE II.—Showing the preserving action of salt solution on cholera vibrios. 

| Dieudonné’s plate. 

Concentration of salt solution. In days. In weeks. 
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TABLE III—Showing the preserving action of ox bile on cholera vibrios. 

DIEUDONNE’S PLATE. 

[ In days. In weeks. 

| Concentration of bile in H20. 
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TABLE IV.—Showing the preserving action of 1 per cent salt solution on 

cholera vibrios. 
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4 Not tested after two days. b Not tested after three weeks. 
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TABLE V.—Showing the preserving action of pure ox bile on cholera vibrios. 

DIEUDONNE'S PLATE. 

In days. In weeks. 
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of loop. | | 
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REVIEWS 

A Practical Text-book | of | Infection, Immunity | and Specific Therapy | with 

special reference to immunologic technic | by | John A. Kolmer, 

M. D., Dr. P. H., M. Se. | [4 lines] | with an introduction by | Allen 
J. Smith, M. D., Se. D., LL. D. | [1 line] | with 147 original illus- 

trations, 46 in colors | by Erwin F. Faber | [1 line] | second edition, 

thoroughly revised | Philadelphia and London | W. B. Saunders Com- 

pany | 1917. Cloth, pp. i-xiii—1-978. Price $7.00 net. Half 

morocco, $8.50. 

The following is from the preface to the second edition: 

Additions and alterations have been made throughout; special attention 

has been given the subject of local infection; the Schick toxin test for 

immunity in diphtheria and active immunization in diphtheria and active 

immunization in diphtheria with toxin-antitoxin mixtures; complement- 

fixation in tuberculosis and other bacterial infections and a quantitative 

Wassermann reaction based upon my studies with the co-operation and 

assistance of Dr. Claude P. Brown, Dr. Toitsu Matsunami, and Dr. Berta 

Meine, aiming to standardize this important test. The chapters on ana- 

phylaxis have been revised and particular attention given the subject of 

anaphylactic skin reactions. Lange’s colloidal gold reaction has been 

included. The chapter on the treatment of various infections with bac- 

terial vaccines has been enlarged and the non-specific activity of bacterial 

vaccines discussed. The section on the treatment of certain of the acute 

infectious diseases, and particularly acute anterior poliomyelitis, with the 

serum of convalescents and normal persons has been amplified; blood 
transfusion has been included. Special attention has been devoted to the 

chapter on Chemotherapy, and the results of the studies of Dr. Jay F. 

Schamberg, Dr. George Raiziss, and the author bearing upon the toxicity 

of salvarsan and its congeners and the reactions following their adminis- 

tration have been included and discussed. The subject of Bacterial Che- 

motherapy, which promises much in the future, has been amplified from 

the theoretical and technical viewpoints. 

American Addresses | by | Sir Berkeley Moynihan, M. S., F. R. C. S. | 
[ornament] | Philadelphia and London | W. B. Saunders Company 

| 1917. Cloth, pp. 1-148. Price $1.75. 

From the preface we quote the following: 

The papers included in this volume were read in Chicago and elsewhere 

during October and November, 1917. I hope they may help my American 

colleagues to some appreciation of the causes and conditions of the war, 

and afford some help to them in their treatment of the many phases of 

surgical diseases with which they will be called upon to deal. 

The papers represent not only my own views and experience, but those 

of others also. In forming my opinions upon the several matters dis- 

156022—5 981 
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cussed I have received very great help from the many consultations and 

discussions I have had with many of my friends in the different war zones 

of France and England. 

The book contains the following chapters: The causes of the 

war; gunshot wounds and their treatment; wounds of the knee- 

joint; on injuries to the peripheral nerves and their treatment; 

and gunshot wounds of the lungs and pleura. 

Tumors of the Nervus Acusticus | and the Syndrome of the Cerebellopontile 

Angle | By | Harvey Cushing, M. D. | [five lines] | Illustrated | 

Philadelphia and London | W. B. Saunders Company | 1917. Pp. 

i—viii—1—296. Cloth, $5.00 net. 

From the preface we quote the following: 

In the course of preparation of a monograph dealing with a series 

of meningeal fibro-endotheliomata, a careful review was necessitated of 

the pathological as well as the clinical aspects of these interesting tumors. 

They have their point of origin in certain definite regions, and a’ tentative 

subdivision had been made of those arising from the spinal meninges, 

those from the basilar meninges, and those from the superior envelopes 

of the brain. 

It was apparent that the spinal and basilar lesions usually arose from 

the meninges at the point of exit of a spinal or cerebral nerve root, and 

it was anticipated that many of the tumors of the cerebellopontile angle 
which involve the acoustic nerve would be included in the series, for the 

majority of them had previously been diagnosed from their gross ap- 

pearance, though admittedly with some reservation on histological grounds, 

as endotheliomata. 

Hesitation was felt in regard to the inclusion in the series of some of 

the spinal cord tumors, and these doubts became intensified when the 
lateral recess tumors came to be assembled and closely inspected. 

A thorough rehearsal of the material at hand, comprising twenty-nine 

histologically certified cases, together with a much larger number of prob- 

able though unverified ones, which nevertheless were useful from the 

standpoint of their clinical data, so clarified many obscure matters relating 

to these peculiar and unmistakable tumors of the VIIIth nerve that they 

have been made the subject of this separate study, and a report upon the 

60 endotheliomata proper must await its turn. Unquestionably the acoustic 

tumors are most distinctive growths and such relationship as they have 

to the meningeal tumors occurring in the lateral recess will be pointed 

out in its proper place. 

Some important monographs on the subject have already been published, 

of which Folke Henschen’s Inaugural Dissertation, 1910, is the most note- 

worthy, but in all of them the various tumors of the cerebellopontile angle 

have been incorporated, whereas the acoustic neuromas will alone occupy 

our attention to the exclusion of other tumors of the recess except in so 

far as they are of interest from the standpoint of differential diagnosis. 
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PROCEEDINGS OF THE MANILA MEDICAL SOCIETY 

REGULAR MONTHLY MEETING, APRIL 1, 1918 

MINUTES OF THE MANILA MEDICAL SOCIETY 

The regular meeting of the Manila Medical Society was held 

at the College of Medicine and Surgery, April 1, 1918, at 9 

in the evening. 

One visitor and seven members were present. 

The minutes of the previous meeting were read and approved 

as read. 

On the recommendation of the council, the application of Drs. 

Herminio Velarde y Esquivel and Walfrido de Leon for active 

membership was ratified by the society. 

In the absence of Dr. J. A. Johnston, his interesting paper 

on Twenty-five Years of Laboratory Work was read by Dr. R. 

B. Gibson. 

Dr. José S. Hilario followed with a paper entitled the Widal 

Test at Different Stages of Typhoid Fever, which was discussed 

by Doctors Gonzales, Vincent, and de la Paz. 

Dr. Isabelo Concepcion presented a paper on Analysis of Nor- 

mal Filipino Urine. This paper was discussed by Doctors 

Gibson, Gonzales, Hilario, and de la Paz. 

Doctor Esquivel, visitor, next demonstrated a case of splen- 

omegaly. 

The chairman announced that by action of the council the 

meeting of the society during May, June, and July would be 

suspended on account of warm weather and the next meeting 

would be in August. 

The meeting was adjourned at 11.15. 

ID. DE LA PAZ, 

Secretary-Treasurer, 

Manila Medical Society. 

SCIENTIFIC PROGRAM 

TWENTY-FIVE YEARS OF LABORATORY WORK 

By Dr. JoHN A. JOHNSTON 

An interesting contrast of the workers, methods, and labora- 

tories of twenty-five years ago with those of to-day. 
i 283 
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THE GRUBLER-WIDAL TEST AT DIFFERENT STAGES OF 

TYPHOID FEVER 

By Dr. J. S. HILArRIo 

The diagnosis of infectious diseases by means of agglutina- 

tion test is one of the most useful means that is available to re- 

cognize infectious diseases such as typhoid fever. The present 

paper gives the findings in 818 cases submitted to the Grubler- 

Widal test, of which 607 were typhoid, 154' were doubtful or 

suspected typhoid, and 77 were other diseases. Of 818 tests 

performed, 404 were positive, giving a percentage of 56.8 pos- 

itive. The test was performed with Bacillus typhosus, B. para- 

typhosus-A, and B. paratyphosus-B simultaneously on each in- 

dividual case. During the first week of typhoid infection the 

percentage positive found was 42.3; during the second week, 

65.4; during the third week, 65.9; during the fourth week, 72.8; 

during the seventh week, 100. A series of 440 cases submitted 

to simultaneous tests with three organisms of the typhoid- 

paratyphoid group has given the following results: With Bacillus 

typhosus the positive tests were 52.04 per cent; with B. para- 

typhosus-B, 30.04 per cent; with B. paratyphosus-A, 9.77 per 

cent. In a series of 226 positive tests the presence of group- 

agglutinations among members of the typhoid-paratyphoid group 

is shown by the following: Group-agglutination between typhosus 

and paratyphosus-B was found in 44.6 per cent; between typhosus 

and paratyphosus-A in 5.3 per cent; and between typhosus, 

paratyphosus-A and paratyphosus-B in 6.6 per cent. As to 

diseases other than typhoid the results of the test made were 

as follows: Of 103 cases of undetermined fever 43 were positive 

for typhosus, giving an average of 41 per cent; of 4 cases of 

malaria, 1 was positive for typhosus and 1 for paratyphosus-B; 

of 3 cases of pneumonia, 1 was positive for typhosus; of 2 cases 

of meningitis, 1 was positive for typhosus; of 1 case of pulmon- 

ary tuberculosis, 1 was positive for typhosus; of 2 cases of 

bronchopneumonia, both were positive for typhosus; and 1 case 

of dysentery and 1 case of puerperal fever were also positive for 

typhosus. In view of the above data, the following conclusions 

may be established: 
(1) Infection with Bacillus typhosus is the most frequent in 

Manila, while paratyphoid infections also occur, although not 

so frequently, the infection with paratyphosus-B being more 

frequent than that with paratyphosus-A, which is rare. 

(2) Typhoid-paratyphoid-B group-agglutinations are the com- 
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monest, representing about 50 per cent of all the group-aggluti- 

nations observed. ; 

ANALYSIS OF NORMAL FILIPINO URINE 

By Dr. ISABELO CONCEPCION 

Analyses were reported of the twenty-four hour urines of 

students, laboratory helpers, prisoners, and hospital servants. 

Characteristic findings for Filipinos are a small volume, low 

total nitrogen (3.05 to 12.63 grams), a low percentage of urea 

nitrogen with reference to the total nitrogen, low uric acid 

(average 0.376 gram), and low chlorides (average 5.86 grams 

as sodium chloride). The ammonia, the creatinine, the un- 

determined nitrogen, and the ratios nitrogen phosphoric acid 

and nitrogen sulphur are in accord with the low nitrogen values 

of the Filipino dietary. 

R. B. GIBSON, 

Editor of the Proceedings, 

Manila Medical Society. 

The Philippine Islands Medical Association held a joint scien- 

tific and social session February 4 to 9, inclusive, with the IV 

Asamblea Regional de Medicos y Farmaceuticos de Filipinas. 

The scientific proceedings will be published with those of that 

organization. At the close of the scientific sessions, the busi- 

ness meeting of the association was adjourned to follow some 

meeting of the Manila Medical Society in the near future at 

the call of the secretary-treasurer, at which time the election 

of officers was to be held. 

MINUTES OF THE PHILIPPINE ISLANDS MEDICAL ASSOCIATION 

Postponed business meeting, April 1, 1918. 

The meeting was called to order at the close of the regular 

monthly meeting of the Manila Medical Society, the vice-presi- 

dent, Doctor Calderon, presiding. 

The report of the nominating committee was presented and 

on motion, duly seconded, the secretary-treasurer was instructed 

to cast the ballot for the association for the following nominees: 

President: Dr. Fernando Calderon. 

Vice-presidents : Dr. E. S. Ruth. 

Dr. Jesus Gonzalez. 

Councilor: Dr. Daniel de la Paz. 

There being no further business, the meeting was adjourned. 

; R. B. GIBSON, 
Secretary-Treasurer, 

Philippine Islands Medical Association. 
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ENDEMIC MALARIA IN THE PHILIPPINE ISLANDS AS A 
MILITARY PROBLEM? 

By FRANK G. HAUGHWoUT 

(Professor of Protozodlogy and Chief, Department of Parasitology, College 

of Medicine and Surgery, University of the Philippines.) 

' New institutions in a developing country almost always bring 

new problems of a troublesome and perplexing nature. The 

degree of success that attends efforts to solve these problems 

is in direct proportion to the foreknowledge and farsightedness 

of those who are called upon to cope with them. With the re- 

cruiting of large bodies of men, and their organization into a 

military unit, problems of vital concern to those of the medical 

and allied professions charged with safeguarding the health of 

the military force and of the public in general are almost certain 

to develop. Closely allied with these problems are our obliga- 

tions, not only to our own community, but to others with whom 

we come in contact, and we should be culpably negligent should 

we fail to bear them well in mind and exert ourselves to 

meet them. 

In this paper I shall deal with a single phase of one of these 

problems only—the malaria problem—and I shall try to present 

an outline of some of the recent work on the subject, which I 

consider pertinent to the question. Even at the risk of being 

termed an alarmist, I shall try to show that aside from the peril 

of cholera, typhoid, the dysenteries, and smallpox malaria con- 

stitutes one of the gravest medial problems, if not the gravest, 

with which an army medical corps has to deal in connection with 

organization work in the tropics. 

Another blood parasite that is almost equally to be dreaded 

1Read before the Manila Medical Society, August 5, 1918. 
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is the nematode Filaria bancrofti. Its transmitting agent, 

Culex* fatigans, is common in Manila and the vicinity and is 
of wide general distribution. 

There was recently published a newspaper article? based on 

figures compiled by the Bureau of Health and issued on June 

28, 1918, in which attention was called to five diseases that 

the Philippine Islands must fight. The statistics showing the 

deaths from these five diseases during the last decade are here 

given: 

Smallpox 21,978 

Beriberi 47,052 

Cholera 52,804 

Tuberculosis 192,841 

Malaria 247,675 

These figures furnish an interesting illustration of the psy- 

chology of the masses. Generally, two or three cases of cholera 

or smallpox will suffice to reduce the average community to a 

state of mind bordering on hysterics, and to evoke a prompt 

and strong reaction on the part of the local health authorities. 

The constant presence of beriberi and tuberculosis brings 

about another strong reaction in the form of the establishment 

of societies, organized to supplement the work of the health 

authorities. This is quite as it should be; but, meanwhile, the 

effective partnership of Anopheles and Plasmodium shows in 

ten years a ledger credit in this country of nearly a quarter 

of a million human lives unostentatiously, but none the less 

effectively, terminated by malarial fevers and their complica- 

tions and sequele. 

Many prominent capitalists and business men of the Philip- 

pine Islands consider malaria one of the most serious impedi- 

ments to the commercial and economic development of the 

country that exists. Notwithstanding all this, no one seems 

ever to have dreamed of founding an antimalaria society, or 

of going out on the highways and byways to solicit funds for 

the suppression of malaria or for the establishment of institu- 

tions for the treatment of those who have fallen victims to it. 

The distribution of malaria in the Philippine Islands, as shown 

by the records of the Bureau of Health, is a matter of some 

interest, especially when compared with two other serious dis- 

eases—cholera and tuberculosis. I quote from the published 

records of the Bureau of Health,(24) as to the causes of death 

during the year 1916. 

* Manila Daily Bulletin (July 1, 1918), 6. 
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TABLE I.—Deaths from cholera, tuberculosis, and malaria in the Philippine 
Islands during 1916. 

in 7 Tubercu- | Tuberculo- 
Province. Malaria. is larial Cholera. | losis of | sis of oth- 

: the lungs.| er organs. 

621 OSs See 145 2 

Nueva Wcija\=J22s- 22 ea ee 525 70 one AT7 31 

INWeVasViZCayaveses oe santos a eae ene 127 SOR ee ee 90. 2 

OccidentalsNeprosaesse a. = 2a eee 1,049 154 1, 293 1, 021 68 

OrientalUNegros)- 222 2222220 e Se eel a eee 1, 067 65|| See ei sceaes 229 63 

IPalawan so sso Pee eas a ee es 66 WARE Ss SR ECE 34 9 

Ipam pang ayers cas ae eae a ee ta 593 129 203 647 19 

Pangasinan 22222265. oo s- seo at eae ae 8, 119 197 2 1, 476 80 

IRiza ce ee wee ee Slee Sat 276 79 377 415 111 

Romplom ese ar Fee A ea a ee 146 31 138 67 11 

Samartsee sees a. Ae ee wee ue 525 13 256 218 104 

ISOLSOS ON ee re ae ae me a eee Ar Be pe ne Td Ri eh ee ak ols eal 

Surigadoi:2st ree hs 2 oe ee a eee POC tre a ee OP a 33 13 

TRarlacs Oe Pte ee. LAE ee eae EE etre H 391 50 1 412 15 

Mavahaste sen ceo. yore sian ee Ree ie 790 158 10 | 702 43 

(Winitoyn sale ae a) 1 de rc 321 Sid aoa at iene 297 9 
Zambales. -—~ 22 oi e2 2 5. SE 5 122 31 | 269 9 

21, 506 2, 239 7,193 | 16, 114 1, 491 

| ) 

These figures will be seen to total 2K follows: 

Cholera 7,198 
Tuberculosis 17,605 

Malaria 23,745 

In other words, the deaths from cholera and tuberculosis, 

combined, were only 1,053 in excess of those reported as being 

caused by malaria and malarial cachexia. 
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Two entire provinces—Leyte and Sorsogon—are unreported; 

and other questions, such as the accuracy of diagnosis in all 

cases and the difficulty of securing correct reports from the wild 

tribes and the sparsely settled and inaccessible districts in the 

country, are apparently not considered. So that, if a precise 

study of the incidence and distribution of malaria in the Philip- 

pine Islands were to be made, the statistics given above would 

have to be carefully analyzed. In the main, however, the fig- 

ures probably give a fair idea of the proportion malaria bears 

to the other two most dreaded diseases, and of its relative extent 

and distribution throughout the Islands. 

The death rate from malaria, as evidenced by these statistics, 

is startling enough; but there is another factor which has a 

direct bearing upon the effects of malaria on the population 

of a country, which seems to be totally neglected although, on 

reflection, it must appeal to every physician practicing in the 

tropics. That factor is furnished by death of the fceetus in 

utero as a result of a supervening attack of malaria suffered 

by the mother. Cases in which the pregnant woman aborts 

during an attack of malaria are all too familiar; under treat- 

ment she may survive, but her child is lost. I can give no 

figures as to the extent of this; however, I can cite some inter- 

esting data collected by the sanitary authorities of Burma(3) 

based on the child population of all the districts in that province. 

The province was very thoroughly canvassed and a large 

number of persons examined. The table gives comparative fig- 

ures of the child population, under 10 years of age, per hundred 

married females of child-bearing age (15 to 40 years). It is 

probably a reliable statement of the relative proportional dis- 

tribution of the child population and of the relative productive 

capacity of the female population in the different districts. In- 

spection of the figures will show that the child population is 

materially reduced in malarious districts as contrasted with those 

that are nonmalarious. The table follows: 

TABLE II.—Child population of Burma. 

| Malarious Districts. Children. Relatively nonmalarious districts. | Children. 

Kyaukeeteee en ane eee 186))||\"\Magwe.:.>.-252.... 522-4) oe 245 | 

Mandalay ee ae ee eee 188 ||| Sagaing- 2-22 =.=) Ss ee 244 | 

Tha yetmy Guess ee eee 19841) Mei ktila..2--5.2025 oo 244 

Prome’. = ==--- 2 eee 198") Myingyan? 22222505" eee 240 

Yamethin/-222 25-42 222-5 - seat nt 208 || Lower Chindwin-_-__--__--=__ --___- | 236 

| Ma-ubin Pa It aa Baihcoes 5 ele 210/|"Pakokkeu sce -0 = s-S oe ee | 223 

SCH wel nce ae ee eee 218 | | 
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All this should help us to form an opinion as to the extent 
of the fundamental problem that will be presented by the impor- 

tation into Manila and its vicinity of several thousand men, 

drawn from the various provinces in the Islands? and destined 
to form the ranks of a military unit. That a not inconsiderable 

proportion of these men will prove to be carriers of the malarial 

parasite is a probability that it will not be safe to disregard; 

that, as such, they will constitute a source of danger naturally 

follows. 

First, they will be a source of danger locally; for Manila 

harbors mosquitoes of the malaria-transmitting type, and local 

conditions show a tendency to become increasingly favorable to 

their development. However, it is not particularly my purpose 

to deal with the Manila problem in its especial reference to 

the danger to the civilian population of that city. 

Secondly, they will constitute a serious source of danger to 

their camp mates wherever an encampment may be established. 

Before such an encampment is established a careful preliminary 

survey of the site proposed should be made by thoroughly com- 

petent men. Neglect to do so may give rise to an exceedingly 

discouraging and depressing experience, especially if the camp 

be located in proximity to a native village where malaria is 

almost certain to be endemic, if not epidemic. In this connec- 

tion Hoffman(14) lays stress on the value to the army medical 

corps of the services of an expert entomologist. 

Lastly—and herein lies a duty to those with whom they may 

be called upon to serve, and that duty involves a heavy obliga- 

tion—there is the danger to troops from other countries, should 

the fortunes of war send the Philippine contingent to associate 

with them. Unless the work of weeding out or sterilizing mala- 

ria carriers is conscientiously and effectively carried out before 

leaving the home country, the troops may do far more harm 

than good. They are certain to be the bearers of new and malig- 

nant strains(5) of the parasites. It would not be a new ex- 

perience, for other troops have come from the Far East bearing 

similar indirect aids to the enemy. 

Important and destructive as they are, the intestinal parasitic 

diseases constitute a more controllable problem among troops at 

war than does malaria. Trench hygiene will, within certain 

bounds, control the diseases conveyed by contaminative methods; 

* Attention is particularly directed to the returns from Ambos Cama- 

rines, Oriental and Occidental Negros, and Pangasinan, which report 

deaths caused by malaria varying from 1,000 to more than 3,000 during 

1916. 
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but in a bullet-swept country, dotted with water-filled shell 

holes, or in places still more favorable to the development of 

Anopheles there is little opportunity to control malaria through 

the eradication of mosquitoes. Recourse must be had to quinine 

prophylaxis—the efficacy of which in all cases is open to doubt— 

or to the elimination of carriers of the parasite. As suggested 

in a previous paragraph, much can be done in the home country 

to minimize the danger, before the troops leave for the front. 

The formidable problem presented by malaria on the battle 

line and at the base has been well borne in on the military 

surgeons of all countries during the present struggle. The 

protean nature of the disease itself is perfectly familiar to every 

physician. Carles(4) places malaria in the same class with en- 

tameebiasis and syphilis, as a disease eminently chronic and 

characterized by frequent revivals of manifestations, which re- 

quires persistent treatment over years, as is the case with 

syphilis and entamcebiasis. He considers every man suffering 

from grave malarial infection disqualified for duty for a period 

of from six months to a year. In such cases every return to 

a fatiguing occupation brings about a new exacerbation and a 

general decline in health as a consequence. 

Gill(12) has recently made an interesting inquiry into malaria 

as it exists in the Indian army. In his opinion the greater part 

of the sickness in the native Indian army is attributable, either 

directly or indirectly, to malaria. In the Punjab, for instance, 

one of the great recruiting grounds, the recruits come from a 

population that is widely infected every year, and in some years 

grossly infected. Examination of the men in the ranks as well 

as of the recruits has shown that a large proportion of them, 

*The problem of prophylaxis against malaria in tropical countries 

presents difficulties that are not met in most temperate climates. The 

importance of the elimination of the anopheline mosquito is by no means 

to be discounted, for it is of incalculable value in communities peopled 

by persons of intelligence and having a well-organized health service. 

But in sections of a tropical country, to which a health service has not 

been extended, the problem is different. In such places the eradication 

of breeding places of the mosquito, except under the most favorable natural 

conditions, is virtually an impossibility. No aid in the carrying out of 

antimosquito work can be expected from semicivilized populations. Unless 

it is possible to enforce what virtually amounts to military discipline, 

the systematic use of quinine as a prophylactic cannot be carried out. 

The screening of houses or even of beds cannot even be dreamed of. Of 

all the health problems met in such communities, malaria is by far the 

most formidable. The eradication of malaria under these circumstances, 
still remains a laboratory problem and will so remain until means are 

discovered for killing the gametocyte in the human body. 
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while seemingly in perfect health, show enlarged spleens. 
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Cases 

of this character may never enter the hospital at all, or they 

-may enter to receive treatment for some other ailment con- 

tingent upon chronic malaria, although not so recorded on the 

hospital returns. 

Gill goes on to state that the problem of the prevention of 

malaria in war resolves itself largely into the prevention of 

malaria, in cantonments at the very least, in times of peace— 

this in order that the army may confidently take the field free of 

autogenous infection, especially if conditions there be favorable 

to the spread of malarial infection. 

Gill has shown the conditions met in India by the recruiting 

staff. The sequel at the front is shown by Woodcock. (36) 

I quote from the latter author (p. 300): 

Until July there was scarcely any malaria, but during that month it 

The worst months were September and October. 

Parasites were found in forty-three per cent of the cases, and especially 

among the Indians; quite five or six per cent in addition were obviously 

malarial bloods, although no parasites could be found. The findings are 

summarized in Table IV. 

began to increase. 

TABLE IV.—CaASEs oF MALARIA, AUGUST 1 TO NOVEMBER 30 INCLUSIVE. 

- 
Exami- p 

A Number Malignant : 2 
nelicne positive. Rartinnt Benign tertian. Quartan. 

‘Pact Pict IPN ct 

British erases 463 178 66 37 112 63 0 0 

Indians and Egyptian 

Labour Corps -------_- 374 192 153 19.7 37 20. 2 2 1 

Totalsoo ase 22sec oe 837 370 219 59.2 149 40 2 0.5 

[The form of this table differs slightly from the original, but the numbers and headings are 

unchanged.—EpiIrTor. | 

Among the British, benign tertian was twice as frequent as malignant 

tertian (pernicious), but among the Indians and Egyptian Labour Corps 

the malignant form was by far the most common. The rarity of quartan 

cases was noteworthy, only two being met with, both occurring in Indians. 

I was struck by the scantiness of the parasites in quite a number of the 

benign tertian cases among the British. Probably insufficient prophylactic 

dosage of quinine was responsible, checking but not completely inhibiting 

the development of the parasites. 

In all the British malignant cases, the parasites (in the ring-form) 

were frequent or numerous, whereas the contrary was often the case 

among the Indians. On two or three occasions, malignant parasites 

very bacilliform in character were seen, but a few typical rings could 

always be found by searching. Crescents were never found in the British 

cases, as nearly all of these were new infections. 

in (Oy ahy 
[The italics are mine, 
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Of course these figures would require careful analysis if one 

were to establish a proportion of infections among the British 

troops as having been derived from the Indians and the Egyp-. 
tians. The predominance of benign over malignant infections 

in the British troops might then be found to be due to the com- 

parative scarcity of anophelines of the species suitable for trans- 

mitting the malignant parasites. The fact remains, however, 

that the Indians and Egyptians seem to have been preponderant 

as harborers of the malignant parasite in a late stage of its 

development; and, even if they were not responsible for the 

incidence of the disease among the British, they not only helped 

to fill the hospitals, but also caused a corresponding decrease in 

the efficiency of their unit. i 

The baleful influence of malaria is by no means restricted to 
the medical side of the military hospital. Vandenbosche(34) 

has made a study in Salonika of the effects of malaria on wounds. 

Many of the phenomena he records are more or less familiar 

to physicians who have practiced in malarious regions. He 

states that even slight wounds will bring on an attack of malaria 

in patients who have previously suffered from the disease and 

that operations frequently have the same effect, the paroxysm 

occurring from one to six days after the operation. Such re- 

lapses, according to Vandenbosche, are prone to follow chloro- 

form anesthesia, and he recommends the substitution of ether. 

From my own experience in connection with a series of recent 

surgical cases at St. Luke’s Hospital, Manila, in collaboration 

with Dr. A. F. Coutant, I incline to the opinion that relapse 

may also follow prolonged ether anesthesia. 

Vandenbosche’s observations bear out those of Gill: that, in 

intensely malarious regions, latent malaria is all the more dan- 

gerous since in those districts persons, who to all appearances 

are perfectly healthy, may yet be gametocyte carriers, even 

though they had manifested no symptoms of the disease. 

In his rounds of the hospitals in Salonika, Vandenbosche was 

able to observe most diverse hemorrhagic phenomena in mala- 

rious subjects. These took the form of epistaxis which was 

occasionally fatal, hemoptysis, hematuria, and petechial and 

ecchymotic patches. He regards every malarial subject as a 

potential “bleeder” and advises that surgical procedures be under- 

taken only under the strictest precautions. He points out the 

tendency of the disease to blur the clinical picture produced 

by a wound or by other complications, and admonishes surgeons 

to remember the possibility of malaria before enlarging or open- 

ing a wound on elevation of temperature. Malarial gangrene 
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he mentions as a rare but possible complication. He also speaks 

of cases of malaria that simulated appendicitis so closely as to 

bring the patient to the operating table. 

The frequent failure of protozoan parasites to play the game 

according to the rules is a constant source of perplexity to phy- 

sicians and parasitologists. It has long been an accepted rule 

that an attack of malaria might be expected to develop in from 

ten to fifteen days after the bite of an infected anopheline. 

Garin(10) dissents from this, and cites his evidence to the con- 

trary, secured through a study of conditions in Macedonia. He 

produces evidence of a clinical and microscopical nature, tending 

to show that persons may become infected with malaria but 

remain in perfect health for a more or less indefinite period, 

until the introduction of some extraneous factor causes the 

infection to light up and become active. 

This behavior on the part of the parasite he attributes to the 

possession of a partial and variable degree of immunity on the 

part of the host. This immunity he believes to be partly natural 

and partly acquired, the acquired immunity having developed 

as a result of the prolonged use of quinine as a prophylactic. 

He believes the disease may become active in patients of this 

type following upon severe muscular fatigue, wounds, surgical 

operations and chloroform anesthesia, overexposure to the sun, 

or even typhoid inoculations. 

Kaminer and Zondek(17) report having found parasites in the 

blood of apparently healthy persons. ‘They say of these persons 

that at least they were free from fever, and complained of 

nothing worse than a little headache and a feeling of lassitude. 

Of interest in this connection is the observation of Delanoe(6) 

in an epidemic of malaria in the Oulad Hassoun, Western Mo- 

rocco. A remarkable feature of this outbreak was the early 

appearance of a large number of gametocytes in the blood of 

persons stricken with malaria. Similar phenomena have been 

recorded by other observers, which should serve as an indication 

that primary malaria must be strictly dealt with, especially in 

localities where conditions for transmission are favorable. 

Malaria as a problem may be regarded from three distinct 

standpoints: First, there is that aspect of malaria that most 

frequently comes under the notice of the physician—the active 

manifestation of the disease, which may express itself in a more 

or less typical, clinical picture. There are the familiar benign 

and malignant tertian fevers, with exacerbations occurring about 

every forty-eight hours; the less frequently observed quartan 

fevers, with attacks every seventy-two hours; double tertians 
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and quotidians, giving rise to the daily attacks of ague; double 

quartans, mixed tertians and quartans, postponing and anticipat- 

ing attacks; and the rest of the more or less bewildering series 

of clinical manifestations to which malaria may give rise, all of 

which are familiar to practitioners in the tropics. While the 

experienced man grows to regard with suspicion all pyrexial 

attacks, and to look for the unexpected picture in malaria, still, 

it is the part of wisdom to suspend judgment on any atypical 

case suspected to be malaria until the microscope confirms that 

suspicion. However, this phase of malaria will not be discussed 

in the present paper. 

Secondly, there is the matter of relapses, which has a very 

vital bearing on the prevention of malaria among troops. It 

is impracticable to discuss the theoretical considerations of mala- 

rial relapses, for this would involve a discussion of the cytology 

and physiology of the organism. 

Lastly, there is the problem presented by the carriers; that is 

to say, persons who are parasitized with Plasmodium, but show 

no apparent symptoms of the disease. These constitute the most 

dangerous group, and the group to which I shall devote the most 

attention. 

The detection of infected, but apparently healthy, recruits and 

their separation from the healthy and uninfected recruits are 

matters that will severely tax the knowledge, skill, and resources 

of any army medical corps; yet this work must be thoroughly 

done, if the uninfected recruits and the neighboring troops at 

the front are to be protected against the menace of the carriers. 

Once detected, there still remains the task of sterilizing the 
malarial carrier, and this may prove in some cases a task of 

almost equal difficulty. 

It is not my purpose to outline here a course of procedure 

that might be followed by army medical authorities, for that 

is a matter that naturally lies wholly within their province and 

responsibility. I merely wish to set forth a few of the points 

of attack of which a protozodlogist might avail himself. These 

would be entirely aside from clinical data, such as pyrexia, 

splenic enlargement, and so forth. Under the heading of labor- 

atory procedure we would have to consider: 

1. FRESH AND STAINED BLOOD FILMS 

The ordinary blood films are not to be relied upon for the 

detection of carriers. A long search may or may not reveal 

gametocytes or an occasional trophozoite, suspicious pigmenta- 

tion of leucocytes or mononucleosis. To state it plainly, the 
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examination of such preparations with the expectation of dis- 

covering even a fair proportion of carriers amounts to a waste 

of time, pure and simple, unless the general blood picture, in 

the absence of parasites, yields the evidence of latent malaria. 

The Ross thick-film method may be employed. This, in all 

probability, will yield a higher proportion of positives than the 

thin smears; still, many will be missed. Reliance must not be 

placed on this method, if it is desired to secure accurate results. 

The differential leucocyte count may, in itself, be sufficient to 

place a man under suspicion as being a latent malarious subject. 

Fever and parasites may be absent; but if the blood shows a high 

percentage of mononuclear leucocytes or if there is occasionally 

a transient leucocytosis unaccompanied by fever, one may sus- 

pect malaria and place the subject under observation. 

2. CONCENTRATION AND CULTURAL METHODS 

There are several of these, all based in principle on the scheme 

underlying Bass’s method of cultivating Plasmodium. The or- 

iginal procedure was devised by Bass and Johns(1) and involves 

a careful technic which, however, is not beyond the resources 

of the advanced student of medicine. Modifications have been 

devised by Row(27) and by J. G. and D. Thomson.(33) All of 

them are practical. In selected cases one may use the technic 

of Dudgeon and Clark,(9) although these authors point out that 

they have failed to secure results in infections with Plasmodium 

vivax of benign tertian fever. The method of Bass and Johns 

may probably be considered as the best for precise work. 

3. PROVOCATIVE METHODS 

By these are meant the employment of certain drugs, biological 

products, or the quartz lamp. Such measures have a tendency 

to force the parasites out of the spleen, bone marrow, and else- 

where, into the peripheral circulation, where they can be detected 

on the ordinary blood films and then be dealt with by the regular 

specific treatment. 

James,(15) in an able paper, has reviewed the etiology of 

malarial relapses. Relapses, he says, almost invariably follow 

the so-called spontaneous cure of primary cases of malaria; that 

is, the cessation of symptoms without treatment. This is just 

the class of cases for which we must be very watchful in a body 

of men drawn from malarious tropical regions, for it is ex- 

tremely likely that a large proportion of such men never received 

treatment for the malaria from which they have suffered. - In- 

fections insufficiently treated with small doses of quinine will, 
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James goes on to say, in all probability relapse. If prompt and 

vigorous treatment is instituted after the onset of an attack of 

malaria, relapses are less likely to occur; and, conversely, the 

later the primary attack is treated (even though the doses of 

quinine given were large and treatment continued for a long 

time), the more certainly will the symptoms recur. 

James says, further, that occasionally relapses will occur when 

parasites are present in the blood and the patient has not stopped 

taking quinine. He also believes that the infection will, in 

time, die out, if reinfection is excluded and death does not take 

place. This, he adds, applies in the last analysis even to persons 
who are carriers, but who manifest no febrile symptoms though 

parasites may be found in the peripheral blood. 

Under the first heading, the detection of carriers through 

the medium of blood films, but little need be added to what has 

already been said. The difficulties are pretty well understood 

by all laboratory workers. Macfie and Ingram(18) have called 

attention to a condition they encountered in West Africa that 

adds to the difficulty of identifying species of the parasite in 

blood films. These workers noted the rarity of crescents in the 
blood of peripheral subtertian infections they encountered in 

that field. This made necessary the identification of the para- 
site from the character of the trophozoites, a task that offers 

some difficulty to the inexperienced microscopist. 

Of interest in connection with the examination of blood for 

malarial parasites is the question as to the number of parasites: 

that are necessary to produce fever. Ross and Thomson (26) 

have made some studies on sporulating forms in the peripheral 

blood and give the following figures: 

In benign tertian fever 100 adults per cubic millimeter of 

blood are necessary to produce a fever of 99° F., and 300 adults 

or more per cubic millimeter are necessary to produce a fever 

of 100° F., or over. 

In malignant tertian fever 3,000 young rings per cubic milli- 

meter of blood are necessary to cause a fever of 99° F., while 

from 5,000 to 300,000 young rings per cubic millimeter will 

give a fever ranging from 99° to 106° F. 

This has led these authors to state that in a case of true 

malaria the microscopist is certain to find parasites if the blood 

is taken at the time of the paroxysm, except in those theoretical 

cases of malignant tertian fever when all the parasites are 

sporulating simultaneously. This is in line with the statement 

attributed to Ronald Ross by Dudgeon and Clark(9) as follows: 
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But for a broad general rule we may, I think, accept the principle 

(pending more exact researches) that if we cannot find the parasites 

after careful search their number is not usually sufficient to produce 

fever. 

This statement of Ross’s, made in 1911, with the reserve 

characteristic of the careful scientist, will certainly not be safe 

to follow to-day in the handling of carriers, and it is questionable 

if it is to be strictly followed in the case of active malaria. 

The theoretical cases mentioned by Ross and Thomson, where 

malignant parasites mature simultaneously, are sufficiently com- 

mon occasionally to trouble a microscopist who tries to find the 

trophozoites of Plasmodium falciparum during a febrile attack. 

In this connection it will be interesting to recall the statements 

of Garin and of Kaminer and Zondek I have already given. 

James,(15) too, has pointed out the difficulty of attacking the 

parasites in the parenchyma of the spleen and in the bone mar- 

row with quinine. In this connection he cites cases in which 

patients dying from malaria showed no parasites in the periph- 

eral blood, but did show a few in splenic smears, where of course 

the erythrocytes were much less abundant. He also noted that, 

in cases where the patient died after three to five days’ treat- 

ment with quinine, the parasites were more frequently seen in 

the spleen and bone marrow when the quinine had been admin- 

istered orally, less frequently when it had been administered 

by hypodermic injection, and least frequently when the quinine 

had been given in three to four doses of 22.5 grains intraven- 

ously. His explanation was that the parasites in the spleen 

and marrow escape the full effects of the quinine, so that when 

those in the peripheral circulation are killed some still remain 

in the spleen and marrow. When these multiply above a certain 

number, they appear in the peripheral circulation, and further 

multiplication there brings about a febrile relapse. While much 

of this does not have a direct bearing on the question of hand- 
ling carriers, the general point might well be borne in mind. 

As to concentration and cultural methods I can do little more 

than refer the reader to the original papers of the authors to 

whom [I have already alluded. The methods in every case are 

too detailed and technical to make their presentation here prac- 
ticable; but many of them are of great and undoubted aid in 

the detection of parasites in the blood when these are present 

in numbers too few to admit of discovery on the ordinary .blood 

film except after long and painstaking search. 

Some two years ago at a meeting of this society, I ventured 

to suggest to my medical colleagues the advisability of resorting 
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to the use of adrenalin for the purpose of dislodging malarial 

parasites from the internal organs and the fine capillaries. My 

suggestion passed without comment in the debate. Several other 

men have since thought of the same thing, have been able to 

carry it into execution, and have achieved results that, to say 

the least, are interesting in their bearing on the topic under 

discussion. 

Neuschlosz(22) has very recently demonstrated that malarial 

parasites resting in the spleen parenchyma may be made to 

enter the peripheral circulation through the exhibition of sub- 

stances believed by some to have the power of causing contrac- 

tion of the spleen. It may be said in passing that it is yet to 

be shown that these drugs produce contraction of the spleen. 

He has used adrenalin, ergot, and extract of hypophysis. The 

reaction is accompanied by a typical paroxysm and fever, the 

parasites appearing in the blood from four to six hours after 

the injection. According to the observations of Neuschlosz, the 

parasites make their peripheral appearance more promptly after 

the administration of adrenalin than they do after extract of 

hypophysis has been given, but with the latter substance they 

remain in the circulation for a longer period of time. 

Di Pace,(8) working on the same principle, has reported suc- 

cess following the administration of salts of berberin and of 

strychnine—preferably the nitrate.® 

Mandoki and Maule(19) have used Coci’s quinine method in 

the provocation of blood parasitosis in malaria and were able 

to detect latent malaria in 50 per cent of the cases thus treated. 

This test offers the objection, however, that it necessitates the 

exhibition of the quinine for four weeks. 

Von Draga,(35) in a series of experiments, has succeeded in 

reviving latent malaria by the injection of sterilized milk. In 

5 of his cases there was no reaction; in 13 there was an imme- 

diate rise of temperature followed, after an interval of ten to 

fourteen days, by fever and the appearance of the plasmodia 

in the blood. In 3 cases he found parasites in the blood, apart 

from the specific ‘‘milk-injection-fever.” 

°The experiments of Di Pace have recently been repeated by King 
[Indian Journ. Med. Res. (1918), 6, 116], who has failed to confirm the 

results of Di Pace. King states that strychnine, in most cases, does not 

bring about an increase in the number of parasites in the peripheral 

circulation. He concludes that the drug offers no aid in the routine diagnosis 

of latent malaria. As to the action of strychnine on the spleen, King 

states that in large doses it brings about a reduction in the size of large 

spleens, but has no effect on spleens that are only slightly enlarged. 
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Brauer (2) employed horse serum in his investigations at Sku- 

tari, Albania. In tropical malaria he witnessed an immediate 

increase in the number of schizonts and gametocytes. Injec- 

tions of the serum brought out parasites he had been unable to 

detect in the blood in some cases, and he therefore employed 

the method in the detection of latent malaria. Supplementary 

to other treatment he employed injections of horse serum, fol- 

lowed in four hours by an intravenous injection of quinine. 

His use of milk as employed by von Draga was attended with 

less success. 

Jarno,(16) on the other hand, reports having tried Brauer’s 

subcutaneous injections of horse serum in 37 cases of malaria, 

without success. He says nothing about its applicability to the 

detection of carriers. 

Muller(21) adds to these provocative methods the irradiation 

of the spleen with the quartz lamp. 

Reinhard(25) holds that in latent malaria quinine fails, be- 

cause the parasites are not in the general circulation. There- 

fore, except in relapses, they are inaccessible to quinine 

treatment unless first carried into the peripheral circulation. 

As to the cause of relapses, he ascribes them to a purely mechan- 

ical factor—the influence of the blood pressure which on eleva- 

tion would tend to sweep the parasite out of the sinuses and 

capillaries and into the circulation. This, to say the least, seems 

quite logical; but at the same time it would seem that other 

causes as well might bring about the relapses. J. G. Thom- 

son, (382) in a careful analysis, has finally disposed of Schaudinn’s 

anomalous theory of the parthenogenesis of the macrogameto- 

cyte. It has long been my belief,(13) first expressed in 1914, 

that malarial relapses might be induced by a transient hypergly- 

cemia. Evidence I have since gathered has strengthened that 

belief and indicates confirmation of the early views of Bass and 

his coworkers on the influence of blood sugar on the clinical 

course of malaria. Strikingly suggestive data along these lines 

has recently been published by de Langen and Schut ° in their 

work on tropical acclimatization. 

Reinhard quotes Bach as having shown that irradiation of the 

spleen with the ultra-violet quartz lamp will bring the parasites 

into the circulation. Quinine is then given. He adds that still 

better results than those he cites are obtained by the use of 

the “aureole lamp” of Siemens and Halske. 

Finally, in connection with the general problem of examination 

” * Nederl. Tijdschr. voor Geneesk. (1918), 1, 336. 
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of the blood and detection of latent cases, reference should be 

made to the work of Meyerstein(20) in connection with the 

Wassermann reaction on malarious subjects. He has shown that 

the Wassermann reaction is frequently positive in tertian mala- 

ria during the first days following access of fever. This partic- 

ularly applies with the ethereal heart extract of Lesser. A 

positive reaction is seldom obtained after the tenth day, partic- 

ularly in intractable cases with a tendency to relapse. 

Meyerstein holds that the reaction depends on, but does not 

completely coincide with, the presence of malaria parasites in 

the blood. He found that the Wassermann reaction dissap- 

peared simultaneously with the parasites under the influence 

of quinine and also in two cases treated with neosalvarsan. The 

conclusions he draws are: That it is unlikely that the disap- 
pearance of the Wassermann reaction during the treatment of 

a case of malaria signifies a final cure; and that, on the other 

hand, cases of malaria that—apart from any question of syphi- 

lis—give a positive Wassermann reaction must be considered 

as requiring further treatment. 

The outlining of a method of systematic examination of mil- 

itary recruits along the lines laid down in this paper naturally 

presupposes a comparative study of the work of the several 

men cited, and the provisional scheme that follows is only put 

forward as a suggestion of a general method which might, 

however, be considerably modified with experience. It is taken 

for granted that all recruits will receive a thorough physical 

examination and that this, in the natural course of events, 

would include an inquiry into the previous history of malaria; 

palpation of the spleen, bearing in mind the tropical splenome- 

galies of unknown etiology, anemia, jaundice, cachexia, and 

the like. 
The laboratory examination of the recruits might profitably 

be taken up in three stages as follows: 

FIRST STAGE 

One Ross film and one or two thin blood smears from each 

recruit. The thick film is to be used for the detection of the 

presence of parasites, and the thin films for the identification 

of species, if the thick film does not yield that information 

through the presence of crescents; these slides to be taken on 

two successive days, the morning of the first day, and the late 

afternoon or evening of the second day if the first specimen is 

negative. A careful differential leucocyte count should be made 
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in each case with a view to detecting any mononucleosis. All 

positives discovered by this test are to be sent to the hospital 

for treatment; the cases reported negative by the examiners to 

be passed on to the 

SECOND STAGE 

This involves the utilization of the provocative methods of 

the first group I have described; namely, adrenalin, hypophysial 

extract, ergot, strychnine,’ berberin, quinine. 

The choice would naturally depend on a study of the com- 

parative action of the various drugs or upon the individual 

taste of the military medical officer codperating in the work.® 

Positives detected at this stage would be sent to the hospital 

for treatment, and the negative cases would thereupon pass on 

to the 

THIRD STAGE 

Here would be used the biological reagents of the second 

group; namely, milk, horse serum, the quartz lamp. 

Positives finally detected here would, of course, go to the 

hospital for treatment. The negatives, however, should be kept 

under medical surveillance for a definite period and watched 

particularly for symptoms following periods of severe physical 
exertion, muscular fatigue, or exposure. 

In this paper it is not my purpose to go into the matter of 

the treatment of malaria. It seems desirable, however, to call 

attention to a recent very important contribution to malariology. 

Skinner and Carson,(29) working in India in 1911, conceived 

the idea that irradiation of the spleen by the Roentgen rays 

might bring about the destruction of malarial parasites lying 

within the substance of that organ. The authors experimented 

on eleven cases of malaria, some of them very serious, accom- 

panied by splenomegaly, and in some cases running a temper- 

ature of more than 104° F. Some of the cases were admitted 

to the hospital in collapse. These patients were treated by three- 

to five-minute exposures to the Roentgen rays. 

“See footnote 5, p. 300. 

*I have recently undertaken a series of studies on the action of these 

and other drugs, especially with a view to determining, among other 

things, their effect on the sugar content of the blood. The work is being 

undertaken in collaboration with some of my colleagues and will include 

a clinical and pharmacological as well as a protozodlogical study of the 

action of the drugs. It is hoped that a preliminary paper may be 

pubished in the near future. 

156709——2 
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In every case splenic pain was relieved, and the engorged 

spleen reduced. The temperature fell and did not usually rise 

again; when it did rise, further treatment of the same nature 

brought it down permanently. Recovery, they reported, was 

not attended by the anemia usually present in cases treated with 

quinine. In no case did the authors fall back upon quinine in 

cases treated by the Roentgen rays, while they successfully 

treated cases that had shown no cure on the administration 

of quinine. 

Medical history repeats itself. The work of Skinner and 

Carson seems to have been practically forgotten for several years, 

for a search of the literature available to me has resulted in 

the discovery of no further work along this line until the papers 

of Pais and of Deutsch published last year, which I have recently 

seen in abstract. 

Pais(23) has reported on fifty patients treated by spleen irra- 

diation. His success seems to have been not quite so brilliant 

as that of Skinner and Carson, but he seems to have been 

successful in arresting the disease in nearly all cases, and to 

have brought about a reduction of the spleen to its normal out- 

lines. He states that small doses in a first attack attenuate the 

disease; larger doses appear to change the cycle of the fever. 

In his experience new generations of parasites appear to dis- 

play exalted virulence under the influence of the rays. In con- 

nection with chronic cases that have failed to improve under 

quinine, he states there may be complete recovery under the 

influence of the Roentgen rays, or at least the infection may 

be so modified that quinine will work a cure. 

Deutsch(7) employed deep irradiation of the spleen in 27 

cases. Of these 17 were malignant, and the other 10 benign, 

tertian fever. In almost all there was speedy reduction ef the 

spleen, irrespective of other results. Of the 10 benign tertian 

cases, 7 were reported as free from fever and gametocytes for 

a period of six months and were therefore regarded as cured. 

The effect of the treatment became apparent, as a rule, after 

the first application of the rays, when the relapse next due 

failed to appear. Of the 3 cases that were not benefited, 2 were 

used in the preliminary experiments and were given treatment 

with a lower dosage; the other had failed to yield to quinine 

treatment. 

Of the 17 subtertian cases 9 were apparently uninfluenced by 

the treatment; in 4 others the attacks ceased for a month, and 

in the other 4 parasites were absent from the blood and there 
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was no fever over a period of several months. All of these 17 

cases had been unsuccessfully treated with quinine and salvarsan. 

Just a word in conclusion regarding quinine and the question 

of quinine-fast parasites. The facts regarding arsenic-fast try- 

panosomes are fairly familiar, but there is much doubt as to 

whether or not strains of quinine-fast plasmodia develop follow- 

ing the prolonged use of quinine. 

James(15) in 1913 stated his belief that the malarial parasite 

develops some resistance to quinine, and since then several other 

workers have expressed the same belief. 

Teichmann (30) has made an interesting series of clinical and 
experimental studies on quinine habituation and the apparent 

quinine-fastness of Plasmodium. Working in a German mil- 

itary hospital in Turkey, he noted the apparent failure of quinine 

as a prophylactic for malaria in certain cases of both benign 

and subtertian fever. He found that patients who had not taken 

quinine previously responded readily to the regular treatment. 

On the other hand in those who had taken quinine regularly 

the parasites appeared as soon as the quinine was withdrawn 

or even persisted during its administration. He has reviewed 

the usual explanations for this condition, but notes that many 

patients were suffering from dysentery and enteritis, so that 

the quinine was incompletely absorbed. He ascribes much of 

the trouble to quinine habituation of the body leading to a 

reduction in, or even disappearance of, the specific action of the 

drug, and he gives some interesting experimental data in con- 

nection with that contention. 

He concludes that a certain concentration of quinine in the 

blood is necessary before the drug will exert its specific action. 

In quinine habitues smaller and smaller quantities of quinine 

are there; the quinine-fastness of the parasites is therefore only 

apparent. The plasmodia are still sensitive to it, but the qui- 

nine is not present in sufficient amount to kill them. He there- 

fore gives the quinine intermittently. Teichmann states that 

he is not opposed to the employment of quinine as a prophy- 

lactic; he urges its systematic but careful use. If malaria does 

develop in spite of the prophylaxis, he advises treatment by the 

administration of quinine in intermittent and rising doses. 

On the other hand, Giemsa and Halberkam,(11) reviewing the 

work along this line, state that they have not been able to 

confirm the contention of Teichmann, and also that of Neu- 

schlosz, that elimination of the drug is different in those accus- 

tomed to quinine than in those who have not been used to 

taking it. 
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The results of Russell,(28) who also experimented with inter- 

mittent quinine, resemble those of Teichmann. In repudiating 

the quinine-fast theory, he states his belief that in apparent 

quinine-fastness of the parasites the trouble is traceable to im- 

perfect absorption of the drug. He remedies this by combining 

the quinine with iron and strychnine or capsicum and ginger, 

which combinations in his hands brought about a cessation of 
the relapses. 

But, nevertheless, judging from the behavior of protozoa of 

this type under adverse environmental conditions, there is biolo- 

gical soundness in the following statement of David Thom- 

son : (31) 

Since crescents or gametes (sexual parasites) are the agents which 

infect mosquitoes, thereby propagating and spreading the disease, it is 

of extreme importance to rid the blood of them. Small doses of quinine 

encourage their production and intermittent large doses have the same 

effect. I hold, therefore, that except in unusual circumstances clinicians 

who adhere to treatment in small doses, or who give large doses (thirty 

grains daily) intermittently are doubly guilty of malpractice, and that 

patients who refuse to undergo a thorough course of treatment are not 

only foolish to themselves, but are in addition a danger to a tropical 

community infested with mosquitoes. 

To this I may add that our present knowledge regarding 
gamete carriers should teach us that ridding the blood of game- 

tocytes effectively involves prolonged treatment directed against 

their progenitors, the trophozoites. I have no knowledge of the 

length of time a gametocyte may live, as such, in the circulation. 

The microgametocytes have little to fall back upon during this 

period in the life cycle of the organism, when food-taking would 

seem to be impossible, and they probably perish very quickly. 
The macrogametocytes contain a certain store of food substance 

which becomes available during sporogony; and, even if this 

is convertible into energy during life in the blood, there is a 

limit to it, and once exhausted it would seem that the cell would 

quickly die. Therefore, the persistence of gametocytes in the 

blood of a malarial convalescent would appear to be evidence 

of the presence, somewhere within the host organism, of the 
asexual forms that are continuously developing into the sexual 

forms. 

Ross’s conclusions regarding the efficacy of tartar emetic in 

the elimination of crescents seem not to be borne out by later 

work; and, until more proof of its efficiency in this direction is 

brought forward, we must, in the work of sterilizing carriers, 
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continue to repose faith in active treatment directed against 

the trophozoites. 

SUMMARY 

1. The recruiting of large bodies of men destined to form 

‘army units, from areas in tropical countries where malaria is 

known to be endemic or epidemic, is certain to bring together 

many men who, apparently healthy, are yet carriers of the 

malarial parasite and are capable of conveying it to healthy 

persons. It likewise imposes a heavy responsibility upon the 

medical staff of any military organization so obtaining its 

recruits. 

2. These carriers, in the presence of anopheline mosquitoes, 

are a source of peril to any community that is comparatively 

free from the malarial fevers. They are likewise a peril in 

their own garrison, and great care should be exercised in the 

selection of a site on which to establish a training camp. 

38. Such men, on undergoing the heavy work of military train- 

ing, with its attendant fatigue and exposure, are extremely 

likely to develop the disease in its active form with the con- 

sequence that the effective strength of their unit will be reduced. 

4, At the front, in a foreign country where antimosquito mea- 

sures may be impracticable and quinine prophylaxis fraught 

with difficulties, these carriers are a source of peril to all neigh- 

boring troops, especially as they may be the bearers to the troops 

of other nations of new and virulent strains of the parasites. 

5. Carriers should be sought out with care. No reliance 

should be placed on the simple examination of blood films; some 

will be detected by this method, but many will escape detection. 

Use should be made of concentration or cultural methods, supple- 

mented in the negative cases by provocative methods that will 

tend to awaken the latent infections and bring the parasites into 

the peripheral circulation, where they can be destroyed by the 

usual specific treatment. 

6. In the event of quinine failing to act, investigation should 

be made to see if the drug is being absorbed and turned into 

the blood stream in sufficient volume to bring about the des- 

truction of the organism. If the drug is not being utilized by 

the patient, either the condition should be corrected by the use 

of adjuvants or some other form of treatment should be 

instituted. 

7. If all of these measures fail, the recruit should be honorably 
discharged from the service. 
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The surgical importance of malaria in connection with 

wounds and operative procedure should likewise be well borne 

in mind by the surgical staff. The tendency of latent malaria 

to become active under the influence of wounds, surgical pro- 

cedure, and anesthesia is well established by several observers. 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

(16) 

(17) 

(18) 
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A STUDY OF THE CALCIUM GLANDS IN THE COMMON 

PHILIPPINE HOUSE LIZARD + 

By Epwarp S. RuTH 

(From the Department of Anatomy, University of the Philippines) 

TWO PLATES 

_A calcium deposit in the region of the neck posterior to the 

opening of the external auditory meatus was noted in many 

snakes, frogs, and lizards and described by Wiedersheim (3) 

many years ago. He says in part: 

Auf deren Nervenendstelle ruht eine diinne Membrana tectoria von 

Hufeisenform, und dartiber findet sich eine Kleine Aussammlung von 

Otolithen. 

Der bei Fischen und Amphibien auf manchen Excursionen angetroffene 

Ductus Endolymphaticus hat jene auch bei den Reptilien noch nicht einge- 

stellt und das bei vielen bis unter das Schadeldach reichende Ende stellt 

bei Embryonen von Hidechsen und auch von Schlangen bei Kalkkrystalle 
fiihrendes Sackchen vor, welches, weis durch die Haut. schimmernd, mit 

blosem Auge erkannt wird. Bei Ascalaboten geht von daher eine weitere 

Entfaltung aus. Das Sackchen tritt an der Parieto-occipitalnaht durch 

diese um sich subcutan zwischen der Musculatur des Nakkens, zum Theil 

auch des Schultergiirtels, als vielfach gebuchteter Schlauch zu vertheilen, 

bis zum Pharynx und der ventralen Seite der Halswirbelsdule herab. Eine 

weiche Otolithenmasse erfillt ihn. 

The functional activity of this gland seems, however, to have 

been entirely neglected, and no observations have been recorded. 

Boulenger(1) noticed this gland, but believed, with Sauvage, 

that it was a pathological condition. He states: 

From New Caledonia I have examined one specimen, presented by M. 

Delacour to the Paris Museum, and described by Dr. Sauvage as Lepido- 

dactylus crepuscularis, Bavay. One of the characters pointed out by Dr. 

Sauvage as distinguishing the supposed latter species from L. lugubris, 

‘viz. the presence of a large gland on each side of the neck, is an individual 

(apparently pathological) character, and occurs in many species of the 

Geckonide. 

Stejneger(2) also describes this calcium deposit on the lateral 

side of the neck as follows: 

On each side of the neck behind the ear opening there may be seen in 

many geckos a more or less enlarged oblong swelling which, in large 

* Received for publication May 2, 1918. 
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specimens, often assumes great dimensions—equalling one-half the size of 

the skull. This sac is filled with caleareous matter, which is connected 

with the ear by ducts or canals. Professor Wiedersheim, who was the first 

to describe this organ in detail, considers it an auxiliary to the auditory 

apparatus, having as its object the perfecting of the sense of hearing in 

the animals. These calcareous masses are popularly, but erroneously, be- 

lieved to be the undeveloped eggs which the females are supposed to carry 

about in a sort of pouch until they are deposited in some safe place for 

hatching. 

While severing the spinal cord in the region of the medulla, 

I was attracted by a grayish white substance that oozed from ~ 

the region of the neck. This substance soon became hard on 

exposure to the air. This gland containing the milky substance 

was constant in two species of the pregnant house lizards. 

Under the microscope this milky substance was seen to be of 

an amorphous nature when fresh, but on exposure to the air 

small crystals were formed. In all probability these were crys- 

tals of calcium carbonate. At first it was believed that this 

calcium gland was present only in pregnant lizards and that 

it probably bore a definite relation to the formation of the cal- 

cium shell about the egg substance. However, the gland is pre- 

sent both in the male and in the female, but there is an increased 

functional activity during pregnancy. 

I am indebted to Mr. E. H. Taylor, of the Bureau of Science, 

for the proper classification of the Philippine house lizards, for 

much material given me, and for many specimens that were 

loaned to me, for all of which I wish to express my appreciation. 

There are four common Philippine house lizards found in Ma- 

nila: Cosmybotus platyurus, Hemidactylus frenatus, Peropus 

mutilatus, and Hemidactylus luzonensis. The calcium gland is 

found in only two of the above-named species, Cosmybotus platy- 

urus and Peropus mutilatus. In Hemidactylus frenatus and 

H. luzonensis no calcium is stored in the gland in the region of 

the neck. However, in these two species a spongy reticulum 

is found in the region of the neck, which will be described 

more in detail in a subsequent paragraph. All four species are 

ovoviviparous, the embryo developing to a length of more than 

1 millimeter before the egg is laid. 

The calcium glands are found, one on each side of the neck, 

lying immediately behind the opening of the external auditory 

meatus. They are slightly oblong, the greatest diameter being 

in an anteroposterior direction. Their position is semicircular, 

the extremities reaching the anterior and posterior sides of the 

neck (Plate II, fig. 1). The gland in the pregnant Cosmybotus 

platyurus is much the largest, having an average anteroposterior 



XIII, B, 6 Ruth: The Philippine House Lizard 313 

diameter of 8.3 millimeters on the right side, while the gland on 

the left side has an average length of 7.3 millimeters. The 

average lateral diameter was 6.3 millimeters. The calcium 

glands of pregnant individuals of Peropus mutilatus are some- 

what smaller, having an anteroposterior diameter of 5.4 milli- 

meters and a lateral diameter of 4.2 millimeters. In all preg- 

nant lizards where the egg substance was almost ready to receive 

its calcium shell the gland was always found engorged with 

calcium milk. In several instances after the shell had been com- 

pletely formed and the eggs were ready to be laid the calcium 

gland was found to be practically devoid of its calcium content. 

When the gland is engorged with calcium milk, small, filled cana- 

liculi are seen to communicate with the occipitoparietal sinus, 

which also is filled with this milky fluid. The females in which 

the eggs were not developed showed the same type of gland as 

found in the male. All male lizards of this species that were 

examined contained only a comparatively small amount of cal- 

cium in the gland, while in a number there was no calcium 

_ deposit whatever. In no instance was the gland found enlarged 

and engorged as it was in the pregnant lizards. The average 

anteroposterior diameter of the calcium gland in the male speci- 

mens was 4 millimeters, while the lateral diameter was 3 milli- 

meters. It is plainly evident that the functional activity of the 
calcium gland is greatly increased during the period when the 

calcium is secreted to form the shell about the egg substances. 

In Peropus mutilatus the gland is somewhat smaller than in 

Cosmybotus platyurus. However, the same general conditions 

obtain in this species as in Cosmybotus. The gland in the preg- 

nant lizard is always large and is filled with amorphous calcium. 

In the male the gland, in a large proportion of specimens, con- 

tained no calcium deposit whatever. 

In both species the gland, when engorged, can be easily seen 

lying underneath the skin. In Cosmybotus platyurus the gland 

lies somewhat more superficially than in Peropus mutilatus. 

When an effort is made to remove the skin of Cosmybotus, it 

sometimes adheres firmly to the gland, so that the latter is broken. 

In Peropus the gland lies more deeply—well below the superficial 

fascia, and therefore the overlying skin and the gland never 

adhere to each other. In both species the gland is well sur- 

rounded by voluntary muscle fibers. 

The calcium glands were also studied in a large series of the 

gecko (Gekko gecko), which is a species of lizard very much 

larger than the house lizard. In all the females, many of which 

were pregnant, a calcium deposit was present in the gland. In 
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twenty of the male specimens studied a calcium deposit was 

found in only four, while in the remaining number there was a 

complete absence of the calcium. Here, again, is the striking 

difference in the functional activity of the gland in the pregnant, 

the nonpregnant, and the male lizards. 

Taylor, in an unpublished observation, has also seen a calcium 

deposit in many of the young lizards after hatching. 

The calcium gland in Cosmybotus platyurus and Peropus muti- 

latus are histologically identical. Under low-magnifying power 

the gland is distinctly lobulated, with a pattern much like the 

external surface of a mammalian lung. There is no distinct 

capsule, and the external wall is surrounded by a loose con- 
nective tissue reticulum. From the external wall trabecule ex- 

tend into the gland, dividing it into follicles. Each follicle is 

lined with a single layer of large cuboidal epithelial cells that 

lie on a basement membrane. The connective tissue intervening 

between follicles is extremely loose in texture. Between the 

adjacent walls of the follicles is a rich capillary network. In 

the active gland the follicle is filled with an amorphous substance 

into which the cells have wandered. The cells that lie near 

the epithelial wall retain their cellular characteristics distinctly. 

As they wander farther out into the center of the follicle, they 

become more and more disintegrated. Whether or not these cells: 

take an active part in the production of the amorphous calcium is 

not definitely known, although it seems probable that they do 

play some role in the formation of calcium by the gland. The 

peripheral follicles are, as a rule, smaller than those placed more 

centrally. Voluntary, or striped, muscles often extend with the 

trabeculz into the medullary portion of the gland. 

In Hemidactylus frenatus and H. luzonensis the gland is com- 

posed of a reticular structure forming numerous small follicles, 

which have never been found to contain a deposit of calcium. 

However, in the pregnant lizards a calcium milk is found filling 

the sinuses on the superior and medial sides of the orbital cavity 

as we!l as the sinus in the region of the occipitoparietal suture. 

SUMMARY AND CONCLUSIONS 

The calcium gland in the region of the neck of the common 

house lizard is undoubtedly an auxiliary to the auditory organ, 

inasmuch as it supplies a calcium salt for the formation of 

the otoliths of the ear. 
In pregnant lizards the calcium gland is thrown into a greater 

functional activity, which immediately decreases when the cal- 

cium shell about the egg substance is formed. 
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According to Wiedersheim the calcium gland is an auxiliary 

to the auditory apparatus. On the one hand, it may be possible 

that this gland, during pregnancy, becomes more active, thus in- 

creasing the keenness of the auditory sense rendered necessary 

at that time for the protection of the parent and her progeny. 

On the other hand, there is evidence to show that the calcium 

gland prepares the calcium salt that is carried by the blood 

stream to the oviduct, where it is deposited as the shell surround- 

ing the egg substance. 
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ILLUSTRATIONS 

PLATE I 

From left to right, lizards 1 and 2, Hemidactylus frenatus, male and fe- 

male, showing a complete absence of calcium deposit in the gland. 

In No. 2, the calcium shell completely covers the egg substance. Li- 

zards 3 and 4, dorsal view, are Cosmybotus platyurus, pregnant 

females, showing large engorged calcium gland on each side of the 

neck. The last two illustrations show ventral views of lizards 8 and 4, 

illustrating the extent of the calcium gland on the ventral side of 

the neck. The eggs are almost fully developed in 3 and 4, and are 

ready to receive the surrounding deposit of calcium to form the 

shell. 
PLATE II 

[Drawings by V. de los Santos. ] 

Fig. 1. Low-power drawing of calcium gland, showing follicles contain- 

ing an amorphous calcium deposit. x<140. 

2. High-power drawing, showing cells wandering into the. amorphous 

calcium deposit in the follicle. 670. 
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Low-power drawing of calcium and gland, showing follicles containing an amorphous 

calcium deposit. > 140. 
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Fig. 2. High-power drawing, showing cells wandering into the amorphous calcium deposit in the 

follicle. > 670. 
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A STUDY OF ONE HUNDRED THIRTY-FIVE HUMAN EMBRYOS 
AND FCETUSES COLLECTED IN THE PHILIPPINE ISLANDS 2 

By Epwarp S. RutH 

(From the Department of Anatomy, University of the Philippines) 

The human embryos figured in this publication were all secured 

in the Philippine Islands, most of them from Manila and a few 

from the surrounding provinces. Several of the specimens are 

of European parentage and are so indicated; all others are Fili- 

pinos, belonging to the Malayan race. Beyer(2) divides the Fili- 

pino people (exclusive of the Negritos) into four fundamental 

types: Short and tall Mongol, Primitive Caucasian, and Indone- 

sian. It will be of interest to see whether a numerical index can 

be prepared to determine these types in the early stages of 

development. 

The splendid embryological collection that is rapidly growing 

has been made possible only by the codperation that is being re- 

ceived from the physicians and surgeons of the Philippine Is- 

lands. I take this opportunity to thank all the physicians who 

have generously donated material to promote the science of 

embryology in the Philippine Islands. In the period of three 
years almost one hundred fifty specimens have been col- 

lected. Much is yet to be accomplished in the field of embryology, 

and it is hoped that many more of the earlier stages of the 

developing human embryo may be secured. 

The measurements of all specimens were taken immediately 

after reaching our laboratory. The embryos are, as a rule, 

sent to us in a fixing fluid, the larger ones in 10 per cent for- 

malin, the younger ones in Bouin’s fluid. 

The crown-rump and standing-height measurements are taken 

according to Mall’s method. All the smaller specimens are 

weighed after being in the preserving fluid for some time, while 

some of the larger foetuses are weighed in the fresh state. 

The menstrual age was obtained only in a limited number of 

cases, and no definite conclusions can be drawn at this time as 

to the size of the embryo for a definite age. However, there 

seems to be a parallelism between the length of the Filipino 

1 Received for publication May 9, 1918. 
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and European embryos for a given age in the several cases for 

which data are at hand. Much more information must be 

accumulated before any definite statement along this line is justi- 

fied. Albert and Arvisu(1) have taken a large series of measure- 

ments on Filipino children from 6 to 36 months of age. A 

comparison of the height of Filipino and a series of American 

children measured and reported by Grover (4) is almost identical 

up to the tenth month. In fact, a comparison of the two tables 

shows that during the seventh or eighth month of life the Fili- 
pino children have a greater length than American children. 

The weight of Filipino children is invariably greater than in 

American children of the corresponding age after the sixth 

month. After the tenth month the difference in size between 

American and Filipino children at once becomes apparent. 

Whether this difference is due to an environmental cause or a 
hereditary influence has not yet been determined. Undoubtedly 

heredity plays a very important role, but other causes and in- 

fluences should not be overlooked. Gibson and Concepcion, (3) 
in a series of five puppies fed on cows’ milk, found that growth 

stopped in four of the animals when 44 days old. Following 

the administration of an efficient vermifuge there resulted the 
passage of many ascarids. Growth was immediately reéstab- 
lished. The growth charts of these dogs are published in con- 

nection with another problem. This points out the importance 

of considering influences that undoubtedly have a bearing on the 

growth rate of an individual. That the Filipino is shorter in 

stature is a well-known fact, but the explanation for this has 

not yet been satisfactorily determined. 

It will be necessary to study a large series of specimens in 

order more thoroughly to understand the causes that bring about 
miscarriages, abortions, and premature births. Mall(5) was 

the first to show this importance, and his contribution marks 

the beginning of investigations in this new field. Experimental 

teratology in the last two decades has done much toward explain- 

ing the formation of many of the pathological specimens and 

monstrosities. As the physicochemical laws of life are studied 

more and more, the laws governing the formation and develop- 

ment of monstrosities will be made more comprehensive. The 

production of cyclopes by the experimental work of Stockard (8) 

and of Werber(9) is one of the first decisive steps along this 

line. Our conception of the formation of certain types of mon- 

sters, especially the cyclopes, has been made clearer by the 

work of Stockard. He found that by treating fish embryos with 

a mixture of sea water and magnesium chloride over 50 per cent 
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of the fertilized ova would develop into cyclopes, or one-eyed 

monsters. Werber obtained similar results by treating fish eggs 

with very dilute solutions containing acetone and butiric acid. 

Table I shows a complete list of the embryos collected in the 
Philippine Jslands. All measurements are computed in milli- 

meters. The crown-rump measurement is taken with calipers 

from the vertex of the head to the most distal region of the 

buttocks. The standing height, according to Mall,(6) is the 

crown-rump plus the thigh and leg length. The thigh length 

is taken by describing an are about the head of the femur, 

representing the distance from the head of the femur to the tip 

of the buttocks. The distance from the described arc on the 
thigh to the knee joint represents the length of the thigh below 

the buttocks. This is necessary, as otherwise the distance from 

the head of the femur to the described arc, which represents the 

distance from the head of the femur to the distal tip of the but- 

tocks, would be duplicated, if the embryo is measured when body 

and lower extremities are placed in a straight line. 

The measurements of the chorionic sac were taken in three 

dimensions. The weight of the embryos is taken in grams. 

Only a few of the smaller ones were weighed in the fresh state; 

all others were taken after having been in a fixing fluid for some 

time. In the terminology of the pathological specimens an at- 

tempt is made to use terms that indicate to which group the 

embryo belongs as adopted by Mall,(7) who divided his pathol- 

ogical specimens into seven groups. This is especially adaptable 

for the first four groups, in which no embryo is present. A brief 

history of the mother is given, her age, number of pregnancies, 

full-term pregnancies, and abortions. The menstrual age is reck- 

oned from the first day of the last menstrual period to the date 

of abortion. 
As stated in Table I, out of 266 pregnancies, 183, or 64.4 per 

cent, were full-term births; 75, or 28.6 per cent, abortions; and 

8, or 3.0 per cent, ectopic. The percentage of abortions in my 

series is a great deal higher than Mall reports, who found ap- 

proximately 80 full-term births to every 20 abortions. In this 

series there are approximately 70 full-term births to every 30 

abortions. The percentage here will be probably reduced when 

a larger series of cases is collected. The causes of abortion 

here are probably due in a large proportion of cases to general 

systemic diseases, such as beriberi, and other tropical diseases. 

Certainly a comparatively few, if any, are self-induced. Vene- 

real disease is also almost unknown here, especially among the 

laboring class. There is, however, a great deal of endometritis 
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among the common people, especially in multipara, in which the 

uterine passages are not properly treated following parturition. 

This undoubtedly accounts, in a degree at least, for a larger 

percentage of abortions. 

TABLE II.—Showing the number of normal and pathological specimens 
from uterine and ectopic pregnancies. 

[ Uterine spe- Ectopic spe- 
cimens. cimens. 

Month. Growth. Total. 

Nor- | Patho-| Nor- | Patho- 
mal. |logical.| mal. | logical. 

mm. 

Jantiary? <u.) Uso o2 Ne ee eee eee O- 2.5 0 5 0 1 6 

Mebruary 23) 280 soe a ee 26- 25 7 20 3 9 39 

Mair 82 8 eo eae ee 26- 68 11 7 0 2 20 

Aprile sees se ees Oe ee eee 69-121 13 5 0 0 18 

May! sch eek Jo eee Lo ee ee 122-167 18 1 0 0 19 

Trnrve eee ree i Sn) de SL Se 168-210 14 3 ty) 0 17 
Wy ie a ACs SS oe ee eee 211-245 4 8 0 0 7 

VAumusts. < os oS ob eke ce oe ee ee 246-284 2 5 0 0 7 

September: 222232256525 2222 26S See 285-316 0 0 0 0 0 

Qctober:) 22-2 220232) S22 one ee SR 317-336 1 1 0 0 2 

Motal 2c asse ee eee oe eA | ee eee 70 50 3 12 135 
| 

Total number of uterine specimens, 120, or 88.8 per cent, 

Total number of ectopic specimens, 15, or 11.2 per cent. 

Table II shows the number of normal and pathological speci- 

mens obtained both from uterine and ectopic pregnancies. The 

numerical index indicating the rate of growth per month is taken 

from the one adopted from Mall. The largest number of abor- 

tions occurred in the second month of gestation. The number 

then gradually decreases in each succeeding month, with only 

two abortions in the last month of pregnancy. The largest per- 

centage of pathological specimens, 120, or 88.8 per cent, are 

uterine, and 15, or 11.2 per cent, are ectopic pregnancies. The 

total number of normal specimens is 73, or 54.8 per cent, while 

the pathological specimens number 62, or 46 per cent. Of this 
latter number 37 per cent are from uterine and 8.8 per cent are 

from ectopic pregnancies. 
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REVIEWS 

The Elements | of the | Science of Nutrition | by | Graham Lusk, Ph. D., Sc. 
D., F. R. S. (Edin.) | professor of physiology at the Cornell Univer- 

sity Medical College, | New York City | third edition, reset | Phila- 
delphia and London | W. B. Saunders Company | 1917 | Cloth, pp. 
1-641. 

This third and enlarged edition of Professor Lusk’s book 

needs no recommendation to those who are acquainted with 

his former valuable presentations of this subject. To those 

who have not had access to Professor Lusk’s book it may be 

said that it is a thorough and scholarly presentation of the 

general methods, data, and facts of our present day knowledge 

of nutrition in health and disease, to which he personally has 

contributed so much. 

R. B. GIBSON. 

A Laboratory Manual and Text-Book | of | Embryology, | by | Charles 

William Prentiss, A. M., Ph. D., late professor of microscopic anat- 

omy, Northwestern University Medical School, Chicago | revised and 

extensively rewritten by | Leslie Brainerd Arey, Ph. D. | associate 
professor of anatomy, in the Northwestern University Medical School, 

Chicago | second edition enlarged | with 388 illustrations | many in 
color | Philadelphia and London | W. B. Saunders Company | 1917 | 
Cloth, pp. i-viii+1—411. 

The second edition of Prentiss’ Text-Book of Embryology 

as revised by Professor Arey, is indeed improved and brought 

more up to date. While preserving the general arrange- 

ment of the book, the text has been made more readable 

and clearer, especially to the student, by important additions 

and some excellent new illustrations. The rearrangement of 

some of the very long paragraphs is also of decided advantage. 

The new chapter on the morphogenesis of the skeleton ig a va- 

luable and needed addition. It is unfortunate that this edition 

also failed to include a bibliography, though this is to a certain 

extent compensated by the more frequent mention of names of 

authors and investigators. This book like its predecessor should 

prove of great help both to teachers and students of embryology. 
A. GARCIA. 

Chemical Pathology | Being a Discussion of General Pathology from the 

Standpoint of | the Chemical Processes involved | By | H. Gideon 

331 
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Wells, Ph. D., M. D. | professor of pathology in the University of 

Chicago and in | Rush Medical College, Chicago; director of the | 

Otho S. A. Sprague Memorial] Institute | third edition, revised and 
reset | Philadelphia and London | W. B. Saunders Company | 1918 | 
pp. 1-707. Cloth, $4.25, net. 

From the preface to the third edition: 

Despite the war, active investigations in the chemical problems of 

disease have continued, even in those countries most deeply involved in the 

conflict. Although some of the later publications of foreign countries 

have not been directly accessible, but few have not been available at least 
through abstracts, and it is believed that most of the literature of im- 

portance, within the scope of this book, has been considered in its revision, 

although the rule previously followed of quoting only from the original 

articles has of necessity been violated in several instances. The new 

additions to our knowledge in the three years since the second edition was 

issued have been so numerous that it has again been necessary to reprint 

the entire work. Several subjects have been largely rewritten, especially 

Gout, Specificity of Immunological Reactions, Anaphylaxis, Icterus, Aci- 

dosis, Diabetes and Uremia. New sections have been added on the Abder- 

halden Reaction, Specificity, Chemical Basis of Growth, Atrophy, and the 

Pressor Bases, as well as many briefer additions. 

The Principles | of | Hygiene | A Practical Manual for Students, | Phy- 
sicians, and Health-officers | By | D. H. Bergery, A. M., M. D., Dr. P. 
H. | Assistant Professor of Hygiene and Bacteriology, University of 

| Pennsylvania | Sixth edition, thoroughly revised | Philadelphia and 
London | W. B. Saunders Company | 1918 | pp. 1-548. Cloth, $3.50 

net. 

From the preface: 

This book has been prepared to meet the needs of students of medicine 

in the acquirement of a knowledge of those principles on which modern 

hygienic practices are based; to aid students in architecture in com- 

prehending the sanitary requirements in ventilation, heating, water-supply, 

and sewage-disposal; and to aid physicians and health officers in familiariz- 

ing themselves with the advances made in hygienic practices in recent 

years. 
The rapid strides made in our knowledge of the entire subject of hygiene 

has rendered such a book, based upon the more recent discoveries, almost 

a necessity to students of medicine. 

No attempt has been made to treat the subject in an exhaustive manner, 

the object being merely to give the general principles upon which the 

health officer and the physician work in their respective capacities in 

dealing with conditions which are detrimental to health or which tend to 

improve health. 

The entire range of subjects comprising the comprehensive field of 

hygiene has not been discussed, but all those subjects which appeared to 

the author to be most important for those for whom the book has been 

prepared have received the consideration which their relative importance 
demanded. 

The metric system of weights and measures has been employed through- 

out the work except in quotations, because this system is now in general 
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use in all scientific laboratories in the United States, and because it is in 
every way preferable to the cumbersome and conmplicated system, with its 

various units, which is still in common use. 

Handbook | of | Suggestive Therapeutics | Applied Hypnotism | Psychic Science 

| A manual of practical psychotherapy, designed | especially for the 

practitioner of medicine, surgery, and dentistry | By | Henry S. 

Munro, M. D. | Omaha, Nebraska | Fourth edition, revised and en- 

larged | St. Louis | C. V. Mosby Company | 1917 | Cloth, pp. 1-481. 

The Venereal Diseases | A Manual of Treatment | An Outline of their 
Management, Prepared | for the Use of Medical Officers of the Army 

| from the office of the Surgeon General of the Army | September 

15, 1917 | Chicago | American Medical Association, 585 North Dear- 

born Street | 1917 | Cloth, pp. 1-100. 

Collected Papers | of | The Mayo Clinic | Rochester, Minnesota | edited by 
| Mrs. M. H. Mellish | Volume IX | 1917 | Philadelphia and London 
| W. B. Saunders Company | 1918 | Cloth, pp. i-ix+1~-866, inclusive 

of index. 

This volume consists of some hundred or more papers, most of 

them illustrated, on a variety of subjects of interest to the prac- 
titioner. The contributors, thirty-five in number, are all mem- 

bers of either the Mayo Clinic or the Mayo Foundation for 

Medical Education and Research, and some of both. 

The Hodgen | Wire Cradle Extension | Suspension Splint | the exemplifi- 
cation of this splint with other helpful appliances | in the treatment 

of fractures and wounds of the | extremities and its application in 

| both civil and war | practice | by | Frank G. Nifong,’M. D., F. A. 
C. S. | with an introduction by | Harvey G. Mudd, M. D., F. A. C. S. 
| with 124 illustrations | St. Louis | C. V. Mosby Company | 1918 | 
Cloth, pp. 1-162, price $3.00. 

From the preface: 

It is a patriotic impulse that impels the author, a neophyte, to make 

this effort to explain, as lucidly as he may, this appliance and its proper 

application. He realizes that it could be taught much better by master 

to pupil; having the knowledge and art passed on from one to another. 

It is his hope that this may be done, until the great usefulness and ef- 
ficiency of this splint becomes known and thoroughly popularized. This, 

then, is the object of this little book. It is written for men thoroughly 

acquainted with anatomy and the subject of fractures in general. No 

effort is made to compile a “big book.” It is the desire to be as concise as 

possible, and with singleness of purpose teach the virtues of the Hodgen 

extension suspension splint. 
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156709 ——4 

ERRATA 

: In line 10, for THOMPSON read THOMSON. 

: In line 27, for Bahr read Sandwith. 

: In line 28, for (1) read (6). 
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PROCEEDINGS OF THE MANILA MEDICAL SOCIETY 

REGULAR MONTHLY MEETING, AUGUST 5, 1918 

MINUTES OF THE MANILA MEDICAL SOCIETY 

The regular meeting of the Manila Medical Society was held 

at the College of Medicine and Surgery, August 5, 1918, at 

8.45 in the evening, with Dr. F. W. Vincent in the chair. 

The following members were present: 

Dr. F. W. Vincent. Dr. F, Calderon 

Dr. J. Albert. Dr. S. de los Angeles. 

Dr. R. B. Gibson. Prof. F, G. Haughwout. 

Dr. H. W. Wade. Dr. R. Fernandez. 

Dr. I. Concepcion. Dr. H. Velarde. 

Dr. D. de la Paz. 

The minutes of the previous meeting were read and approved. 

The recommendation of the council with regard to the applica- 

tions of Drs. Miguela G. Baltazar, Lamberto Leiva, and Flo- 

rencio Lara for active membership was ratified by the society. 

The chairman announced the resignations of Drs. B. C. 

Crowell and H. G. Maul as councillor and vice-president of the 

society, respectively. Their resignations were accepted by the 

society with regret. The chairman also announced the absence 

for the remainder of the year of Dr. E. S. Ruth, a councillor 

for three years. He appointed Doctors Albert, Gibson, and 

Concepcion to constitute a committee on the nomination for 

vice-president and two councillors. 

The society took a short recess. 

At the second session the nomination committee submitted the 

following nominations: 

Major John H. H. Scudder, for vice-president. 
Dr. H. W. Wade, for councillor to succeed Doctor Crowell. 

Dr. P. Guazon, for councillor vice Doctor Ruth during his absence. 

These nominees were unanimously elected. 

On motion of Professor Haughwout, duly seconded, the follow- 

ing resolution was unanimously approved: 

That a committee of three be appointed to draft an appreciation of the 

late Dr. Paul Clements, the same to be spread upon the minutes of the 
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Manila Medical Society and the Philippine Islands Medical Association 

and a copy thereof to be transmitted to the family of Dr. Clements. 

That this committee include at least one man closely associated with 
Dr. Clements. 

In accordance with this resolution the president appointed a 

committee consisting of Professor Haughwout, chairman, and 
Doctors Long and de los Angeles. 

Dr. de los Angeles then read a very interesting paper on The 

Medical Aspect of Criminology: Its Bearing on the Philippines. 

At the conclusion of the reading of this paper the president 

asked to be excused on account of an urgent call. Doctor Gibson 

was then requested to preside over the meeting in the absence 

of the vice-president elect, Doctor Scudder. 

With Doctor Gibson in the chair, the discussion of Doctor 

de los Angeles’ paper was opened, Doctors Gibson, Calderon, 

Leiva, and Wade, Professor Haughwout, and the author parti- 

cipating in the discussion. 

Dr. Lamberto Leiva followed with a paper entitled Mosquitoes 

around Manila and Vicinity—a Health Problem, which was dis- 

cussed by Doctors Gibson and Wade, and Professor Haughwout. 

The last paper, which was on Endemic Malaria in the Philip- 

pine Islands as a Military Problem, was read by Professor 

Haughwout. This paper was discussed by Doctors Gibson, 

Wade, and de la Paz, Professor Haughwout closing the 

discussion. 

The meeting adjourned at 11.05 in the evening. 

D. DE LA PAZ, 

Secretary-Treasurer. 

SCIENTIFIC PROGRAM 

THE MEDICAL ASPECT OF CRIMINOLOGY: ITS BEARING 
ON THE PHILIPPINES 

By Dr. SIxTo DE LOS ANGELES 

A plan of procedure is presented for the purpose of establish- 

ing a necessary and fundamental system of study and classifica- 

tion of criminals in the Philippine Islands by taking into account 

the influence of the natural factors of crime generally accepted 

by criminal anthropologists and sociologists. The report in- 

cludes a study of the cephalic indices by regions between Filipino 

criminals and noncriminals, and the incidence of the various 

eranial anomalies among forty-four dead Filipino criminals 
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in relation to the character of the crimes for which they were 

convicted. 

MOSQUITOES AROUND MANILA AND VICINITY: A HEALTH 

PROBLEM 

By Dr. LAMBERTO LEIVA 

Attention was called to the presence of both the culicine and 

anopheline mosquitoes around Manila and vicinity. Their rela- 

tion to disease was discussed briefly. The suggestion also was 

made that the new and shortened route between the yellow fever 

zone and Manila brought about by the opening of the Panama 

Canal may allow certain yellow fever cases which are as yet 

in their incubation period to pass our quarantine stations un- 

noticed. The danger, therefore, lies in the possibility of the 

presence of a Philippine species of mosquito able to transmit 

yellow fever. So far, Stegomyia fasciata persistans Banks has 

not been proved to be a carrier of this disease. This mosquito 

and other species of the genus Stegomyia are indigenous to the 

Philippine Islands. 

It was stated that two important factors are at work against 

the spread of malaria in Manila: First, nearly every malaria 

patient receives ready and prompt treatment with quinine, there- 

by leading to a great reduction of gametocyte carriers; secondly, 

the systematic work of the ‘‘mosquito brigade,” for which no 

inconsiderable credit is due. 

Mosquito control was next discussed. A few remarks were 

made on the study of the life history of the mosquito as being 

of importance in applying methods of mosquito extermination. 

The organization and workings of the “mosquito brigade” of 

Manila were briefly described. The difficult situation that 

arises is that a few men are not able to inspect and oil breeding 

places as frequently as is necessary; namely, every twelve days. 

It was pointed out that systematic work of this nature is neces- 

sary to prevent a new generation of mosquitoes being given a 

lease of life after the preceding brood has been exterminated. 

Mosquitoes, if let alone, are always a menace to the safety 

and comfort of the human population. It is a health problem 

that calls for active measures of a sanitary campaign—a condi- 

tion where eternal vigilance is truly the price of safety, and 

a false sense of security is fraught with grave danger to even 

this community.—L. L. 
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ENDEMIC MALARIA IN THE PHILIPPINE ISLANDS 
AS A MILITARY PROBLEM 

By Professor F. G. HAUGHWOUT 

Professor Haughwout’s paper dealt mainly with the problem . 

of latent malaria and “malarial carriers” as likely to manifest 

themselves in the assembling of large bodies of men recruited 

from endemic centers of malaria. He outlined and discussed 

some of the methods that have been employed in the detection 

of latent malaria. The paper also discussed the matter of 

“quinine-fast” parasites, and recent work on the treatment of 

malaria by the use of the Roentgen rays.—F. G. H. 

R. B. GIBSON, 
Editor of the Proceedings, 

Manila Medical Society. 
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PROCEEDINGS OF THE MANILA MEDICAL SOCIETY 

REGULAR MONTHLY MEETING, SEPTEMBER 2, 1918. 

MINUTES OF THE MANILA MEDICAL SOCIETY 

The meeting was called to order at 8.40 in the evening at 

the Philippine General Hospital by the president, Dr. F. W. 

Vincent. 

Twelve members were present and one visitor, Major Frank 

Suggs, of the Medical Corps, United States Army, and medical 

staff of the Philippine General Hospital. 

The minutes of the previous meeting were read and approved. 

President Vincent presented the applications of Drs. Amparo 

Concha, Joaquina E. Tirona, Facundo Esquivel, and A. L. Lejano 

for active membership. It was moved and seconded that the 

secretary cast the ballots in favor of the applicants. Carried. 

Dr. Potenciano Guazon, author of the first paper of the evening, 

was absent. 

Dr. Gervasio Santos presented a case report of A Vesical Cal- 

culus of Unusual Size. 

Dr. Regino G. Padua read a paper on Cystolithiasis among the 

Filipinos in Association with Dietetic Deficiency, which was 

discussed by Doctors Gibson, Wade, and de Leon. 

The meeting was adjourned at 10.15 in the evening. 

j D. DE LA PAZ, 

Secretary-Treasurer. 

SCIENTIFIC PROGRAM 

A CASE REPORT OF A VESICAL CALCULUS OF UNUSUAL SIZE 

By Dr. GERVASIO SANTOS 

A report of a case of vesical calculus was presented, and the 

stone, which weighed over 700 grams, was exhibited. The com- 

position of the calculus had not been determined. The large size 

of the stone and its evident rapid rate of formation were the 

unusual characteristics in this case. 

CYSTOLITHIASIS AMONG THE FILIPINOS IN ASSOCIATION WITH 

DIETETIC DEFICIENCY 

j By Dr. REGINO PADUA 

The observations of Osborne and Mendel on rats indicate a 

possible association of dietetic deficiency with the formation of 
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phosphatic urinary calculi. The Filipino diet is essentially of 

an insufficient and limited character, particularly from its avita- 

mino nature. The results of the present investigation show that 

a relation apparently exists between the general dietetic inade- 

quacy and deficiency among the Filipinos and the incidence of 

phosphatic calculi, in contrast with the reported predominance 

of uric acid and urate calculi in Europe and the United States. 

R. B. GIBSON, 

Editor of the Proceedings, 

Manila Medical Society. 
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anterior poliomyelitis, 214. 

Suba, 73. 

in acute 

T 

Tarentola mauritanica, 236. 

Tetramitus, 235. 

mesnili, 222. 

Tetratrichomonas, 221. 

Tinospora reticulata, 123. 

Tissue-invasive powers of the flagellated and 

ciliated protozoa with especial reference to 

Trichomonas intestinalis, 217. 

Treponema pertenue, 63. 

Trichomastix, 221. 
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vaginalis, 242. 

Trimeresurus flavomaculatus, 210. 

gramineus, 210. 

haliens, 210. 

schultzei, 210. 

wagleri, 210. 

Trypanosoma, 252. 

brucei, 80. 

equiperdum, 251. 

evansi, 80. 

gambiense, 248. 

lewisi, 240. 

(Schizotrypanum) cruzi, 80. 

Tumor, inflammatory, beneath scalp, 180. 

Twenty-five years of laboratory work, 283. 

Tylophora asthmatica, 128. 

brevipes, 123. 
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Uleer, development of a eryptococeus in cul- 

tures from an unclassified chronic Philip- 

pine, 165. 

Uleers and sears of hands and wrist, 176. 

chronic, of left leg, with deep scars, 

178, 

multiple, of right lez and foot, 177. 
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Unusual location of vaccination take (demon- 

stration), 61. 

Urines, examination of the, of four emetized 

dogs, 51. 
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Vahlkampfia, 235. 

Vascular system, reconstruction of two sets 

of duck twins, with special reference to the 

early embryonic development of the, 201. 

Virulent blood, note on the use of organ ex- 

tracts in place of, in immunization and 

hyperimmunization against rinderpest, 151. 
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WADE, H. W., Studies on cryptoplasmie in- 

fection. I, Development of a eryptococecus 

in cultures from an unclassified chronic 

Philippine ulcer, 165; Note on the portal of 

entry in experimental chronic pulmonary 

(systemic) blastomycosis, 271. 

Wall, O’to A., see Reviews (book). 

Wells, H. Gideon, see Reviews (book). 

NG 

Yaws, bone and joint lesions of, with X-ray 

findings in twenty cases, 63. 

Castellani’s mixture in the treatment 

of, 69, 191. 

site of lesion, bone involved, interval 

between appearance of primary and 

bone lesions, and ages of patients in 

twenty cases of, 66. 
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