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infectious diseases to which our swine are subject. The nature and
cause of these diseases are made clear, and knowing these, we can
apply the curative and preventive measures which the progress of
medical science has made possible, or which future researches may
show to be available. .
D. E. SALMON,
Chief of the Bureau of Animal Industry.
.Hon. J. M. RUSK,
Secretary of Agriculture.
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is coiled upon itself somewhat like a watch spring. The cecum is bound down to
the dorsal wall of the abdominal cavity on the right side. Similarly the rectum and
a small portion of adjacent colon is fastened down by peritoneal folds. If, starting
from cxcum and rectum as fixed points, the entire large intestine be folded on itself
at the middle point of its length and the whole coiled up, beginning at this point as
the free central end, we have imitated the general arrangement of the large intestine
in the abdomen. The coiled part is loosely bound together and readily movable in
the abdomen. As regards the dimensions the following meusurements are taken from
a male pig about 7 months old, and 39 inches long from the tip of snout to root of tail.
The intestine was distented with normal feces: 1, ceecum, extending from closed end
to ileo-ccal valve, 7§ inches long; 2, from valve to duplicature or bend in the center
of the coil, 5 feet; 3, from the latter point to anus, 6 feet. It will be noticed that the
folding takes place in the middle of the entire length of the large intestine.

In the description of the regions the duplicature is a convenient point at which to
distinguish the upper from the lowercolon. Where the rectum begins it would be diffi-
cult to determine without careful anatomical observations. Provisionally, its limit
if determined by its old original signification may be placed at eight to twelve inches
from the external opening or anus.

In examining the large intestine it is best to begin the separation at the fold or
bend in the center of the coil and continue until the caecum and lower colon are
reached. The cecum is easily removed with the small intestine attached. Thelower
colon is associated with the duodenum in the same mesentery and is crossed by it.
Care must be taken not to injure either tube at this point in attempting to separate
them. In beginning it is best to tie a string around the tube at the flexure as a
landmark for future reference.

The writer has used, apparently without discrimination, the English
and the metric system of weights and measures. It will be noticed,
however, that in the more strictly scientific part of the work only the
metric system is used, while in those portions which may be interesting
to a wider circle the English system is substituted. -
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It will be seen that of these ten pigs eight were inoculated subcu-
taneously with doses ranging from 23 to 5 cubic centimetres of a bouil-
lon culture. Two died from 1 to 2 months after inoculation, the remain-
ing 8ix in from 7 to 18 days thereafter with a peculiar disease of the
liver and generalized jaundice.

Two inoculated into the lung tissue through the right chest wall re-
mained unaffected. .

The liver in these cases was greatly enlarged and so firm that when
removed from the body there was no change of form. There was no
obstruction to the flow of bile in the bile ducts. The discase of the
liver tiesue itself was shown in sections of cases 289 and 375 to be due
to inflammatory foci within the lobules. In some of these foci the pa-
renchyma cells were still visible, but very feebly stained ; the trabecular
arrangement was destroyed; the nuclei of the cells very much shriveled
or absent. In other foci the parenchyma was replaced by numerous
round cells. From these observations it would seem that the disease
consisted of necrosis of a mass of hepatic cells followed by round cell
infiltration. These foci varied in size from one-eighth to one-half the
area of the lobule. Almost every lobule was affected, either several
small areas or one large area of disease being present in each, situated
usually near the periphery. In No. 375 there was also very extensive
cellular infiltration beneath the capsule.*

That the disease was induced by the inoculation can not be very well
denied in view of the facts in the case. The animals used were from
four different lots purchased from four different owners.t No other
animal in these lots died with these lesions of the liver. The inocula-
tions must, therefore, be considered as the direct cause of the fatal
result.

These experiments are in so far remarkable as future subcutaneous
inoculations with swine-plague bacteria from other sources, with one
exception, produced no effect. 1 have not observed this disease since
the time these experiments were made. The only explanation which
can be made is that these varieties of swine-plague bacteria had a
slightly different pathogenic power which manifested itself in the man-
ner described.

* Much ill.considered criticism has been leveled at these experiments and results
by F. 8. Billings, and they are, therefore, presented again simply to show the un-
founded character of these criticisms. While the term cirrhosis used in the earlier
reports may not have exactly expressed the diseased condition of the liver, it should
also be remembered that the field of comparative pathology is not sufficiently devel-
oped to aid us in choosing terms or in finding certain diseases already described and
named. . -

t Nos. 287-294, bought June 1, 1886, when 8 weeks old, from Mr. M.; Nos. 329-335,
bought Aug. 27, 1886, when 8 weeks old, from Mr. B.; Nos. 363-367, bought Oct. 18,
1886, when 8 weeks old, from Mr. J.; Nos. 368-382, bought Oct. 18, 1886, when 8
weeks old, from Mr. J. F.
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attached to intestines. The walls of & portion of the lower small intestine very
much swollen, serosa dark red. On the mucosa which is congested a yellowish,
pasty exudate loosely rests, occupying the side to which mesentery is attached.
This exudate is made up of lencocytes imbedded in strands of fibrin. Peyer’s patches
along this region and down to ileo-cecal valve are deeply congested and swollen so
as to appear boat-shaped. (The bacteria had evidently traveled along mesentery
and invaded the walls of the small intestine.)

Large intestine distended with dry feces. Mucosa of ceecum and colon more or
less congested, the congestion limited mainly to summits of folds. The lymphatic
patch near valve very hyperamic and swollen.

In each pleural sac about 50 cubic centimetres of reddish sernm. A thin'membra-
nous exudate covering the dependent half of both lungs easily scraped away as a
pale yellowish pulpy mass. The remainder of pleura opaque, a barely visible exu-
date covering it. The lungs are hyperemic, the free border of the ventral and ce-
phalic lobes collapsed. Bronchial glands swollen and hyperamic.

Pericardium thickened, clouded ; vessels injected. A Larely visible exudate on it.
Vessels of heart surface very much distended. Petechizz on left auricle and under
endocardium of left ventricle near semi-lunar valves. Right heart distended with a
dark, soft coagulum.

In the peritoneal exudate, which consists chiefly of fibrin and a few leucocytes,
immense numbers of the injected bacteria are present, showing after staining the
polar arrangement of protoplasm very distinctly. The pleural exudate composed of
the same elements. In some leucocytes up to twenty bacteria. In the spleen and
blood from the heart large numbers of swine-plague bacteria. Agar cultures from
the spleen, pleural, and peritoneal cavities contain only the injected bacteria. A
bouillon culture from the spleen likewise pure.
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In the spleen a few minute oval bacteria detected. With a platinum needle the
surface of an agar tube and a bouillon tube inoculated. On following day the
former showed a considerable number of round, grayish colonics, 1} to 3 millimetres
(one-sixteenth to one-eighth inch) in diameter; condensation water clouded. In this
tube only swine-plague germs detected. The bouillon culture contains a considerable
number of minute granules, representing clumps of swine-plague bacteria.

An agar culture from the liver grew like the spleen culture and contained only swine-
plague germs.

At the autopsy an agar and a bouillon tube inoculated from the right pleura. In
the former only the condensation water became turbid and contains swine-plague
germs exclusively. The bouillon tube remains sterile; similarly a bouillon tube from
pericardial exudate remains sterile. (It is highly probable that the flocculent growth
of the swine-plague germs in bouillon and the sterility of these tubes was occasioned
by an unsuitable condition of the bouillon.)

From a bit of lung tissue, the pleural surface of which had been thoroughly
scorched, gelatine roll cultures were prepared. After a number of days the first roll
showed a large numbes of colonies as mere points, the second roll about 100 colonies,
somewhat larger. From both tubes bouillon was inoculated from individual colonies.
These contained after development only swine-plague bacteria.

At the same time the scorched lung tissue was pricked with platinum needle and
an agar tube inoculated. On the surface a considerable number of similar colonies
appeared on the following day. Some of these examined were swine-plagne germs.
In the condensation water a few chains of a short, motionless rod appeared among
the great bulk of swine-plague germs.

At the same time a rabbit was inoculated from the lung tissue. It was dead next
morning. Enormous numbers of polar stained swine-plague germs found in stained
proparation of spleen pulp. An agar culture confirms the microscopic examination.

No. 3. Died last night. Female; weighs about 25 pounds; in very poor condition.
Spleen considerably engorged ; contains a small number of bacteria; nature to be
determined by cultivation.

Digestive tract: One ulcer on the gums of lower jaw. Stomach contents like
those of No. 2. In the fundus an area of mucosa, about 4 inches in diameter, is nearly
black from extravasation, and thickened. A zone several inches wide outside of this
is deeply reddened. The mucosa of duodenum and ileum more or less discolored the
vessels, showing arborescent iujection. In the cscum, the mucosa is of a bluish-
gray color, und dotted with a dozen sloughs, one-eighth inch diameter, of a yellow
color; the tissue at the margin of the slough thickened, elevated. The Peyer’s patch
near valve deoply congested and sprinkled with enlarged grayish follicles. Mucosa
of colon more or less discolored and hypers@mic in patches; only three small ulcers
found. Theliver appears normal, the bile in bladder very thick, flaky. Punctiform
ecchymoses on surface of kidneys.

In the lungs the major portion of both ventral lobes is solidified, the tips being
emphysematous. The hepatized portions are bright red in color, with faint yellow-
ish mottling.

Bacteriological examination: Cover-glass preparations of the hepatized lung tissue
show no bacteria. From a bit of tissue two gelatine roll cultures prepared and a"
rabbit inoculated. Roll A subsequently contained a large number of apparently iden-
tical colonies. Roll B, about fifty of the same colonies and one chromogene. Care-
ful examination of these revealed hog-cholera bacilli. The inoculated rabbit died
within 36 hours. At the place of inoculation the bit of lung tissue was surrounded
by & small area of purulent infiltration and dilated blood-vessels. In the blood and
spleen a very large number of swine-plague bacteria. A bouillon culture from the
blood faintly clouded on the following day, and holding in suspension barely visible
granules made up of clumps of swine-plague bacteria. No motile bacteria detected.

The spleen of the pig contajned g few bacteria, character not determinable, With &
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From the liver a gelatine roll, an agar and a bouillon tube inoculated, each with
minute particles of tistue. In the roll numerous colonies appeared, evidently all hog
cholera. The two tube cultures likewise contained only hog-cholera bacilli.

No. 5. October 15. Small male pig, weighing about 25 pounds, died last night.

8kin about urinary meatus reddened. Subcutaneous inguinal glands enlarged,
firm, juicy, faintly mottled with red.

Stomach contracted. Contents same as in preceding cases. Mucosa in large folds,
summits of which somewhat reddened. Slight discoloration of mucosa of lower ileuam.
Contents of large intestine firm, in form of lumps. In the cmcam about ten ulcers,
from one-eighth to one-half inch in diameter, the largest button-shapped, flattish, a
firm, yellowish, necrotic base extending into subjacent muscular coat. Complete
necrosis of Peyer’s patch at valve. In the colon a small number of large and small
button ulcers. The so]ntsry follicles projecting as large as split peas. When squeezed
a white soft mass exudes from a central depression.

Liver rather firm in texture. Gall bladder contains semi-liquid, flaky bile.

Spleen slightly enlarged. Kidneys on section very pale.

Both lungs edematous. Hepatization involves the free tip of both small cephalio
lobes of the right lung, the major portion of the ventral lobe of the left lung. In
both principal lobes are a moderate number of small hepatized foci. In both bronchi
a large quantity of very viscid muco-pus, which extends down into the branches of
the principal lobes. These latter and the terminal portion of the principal bronchi
contain plugs of lung wosms. Bronchial glands enlarged, firm, pale.

Baocteriological examination: In cover-glass preparations from the spleen a very few
bacteria resembling somewhat hog-cholera bacilli seen. An agar culture inoculated
with platinum wire remained sterile. On the following day spleen taken from re-
frigerator and & second agar tube inoculated with particle of pulp. In this tube a
colony of greenish fluorescent bacilli appeared.

From hepatized lung tissue two gelatine rolls were prepared. The first one was
spoiled by a few liquefying colonies; the remaining small colonies were inaccessible.
The second roll remained sterile.

A rabbit inoculated snbcutaneously with a particle of lung tissue died in 24 hours.
At the place of inoculation considerable purulent thickening of skin with ecchymosis
of the subcutis. Numerous very small coccidin cysts in liver. Spleen enlarged,
congested. (Bacteriological notes of this rabbit mislaid.)

No.6. October 15. Small female in very poor condition; died last night; more or
less decomnposition. Ventral aspect of body reddened. Subcutaneous inguinal glands
enlarged, firm, and very hyper@mic.

Stomach much contracted, empty. Mucosa of fundas beset with punctiform hem-
orrhages. Small intestine not marked by changes; one ulcer in lower ileam. Con-
tents of caecum and colon of a somewhat pasty consistency mixed with coarse sand.
In the cacum about six old, flattish ulcers, from one-fourth to one-half inch in diam-
eter, also a patch of easily removable, membranous exudate several inches square
In the colon near the valve several ulcers and a similar patch of exudate.

In the lungs the hepatization, though extensive, is 1more or less scattered in foci as
follows:

A few hepatized foci in left cephalic, one large hepatized mass in ventral, and four
wedge-shaped masses in lef¢ principal lobe. In the right lung, fully two-thirds of the
median and the whole of the ventral lobe solidified. The latter lightly glued to the
neighboring lobes. Disseminated through it are very many necrotic foci aboat one-
eighth inch in diameter. In the right principal lobe several hepatized masses. In
both bronchi a large number of adult lung worms. Pericardium thickened ; vessels
injected. Spleen not enlarged or congested.

Bacteriological examination: Spleen found more or less decomposed. No germs in
cover-glass preparation. In an agar culture therefrom numerous isolated And confla-
ent hog cholera colonies appeared on following day.

A rabbit inoculated suboutaneously with a bit of lung tissue (the particular region
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Large quantities of lung worms in left bronchus and branches coutained in the
caundal third of principal lobe. Right bronchus not opened. Pericardium thickened,
opaque. Heart surface covered with a thin, transparent pseudo-membrane. Left
auricle hemorrhagic. A clot distending the right heart and forming of it a complete
cast. Center of clot pale.

Bacteriological examination : From spleen two agar cultures made. One remains
sterile. In the other on second day a faint growth starting from condensation water
upwards, The latter contains clumps of swine-plague bacteria and large bacilli with
termninal spore. Several gas bubbles in agar.

From the pleural exudate of right lung an agar and a bouillon culture prepared at
autopsy. On following day a large number of punctiform colonies on agar surface.
Minute flakes in condensation water. In bouillon minute granules, representing
clumps of minute oval cocci. In both tubes only swine-plague bacteria. °

From the more recently hepatized regions of lungs which contain large numbers of
swine-plague bacteria and some large bacilli, two gelatine rolls and two aga® plates
prepared.

In the gelatine roll A two forms of colonies appeared, one with disk homogeneous,
the other with a distinct peripheral zone. In roll B unly one kind appeared. A
number of bouillon tubes were inocnlated from colonies in roll B which turned out
to be streptococci. From roll A bits of gelatine were removed to bouillon with
warmed platinum needle, some cultures remained sterile while others contained
streptococei.

On the agar plate A, large numbers of apparently identical colonies appeared. On
plate B, a moderate number developed. Of these a few examined were made up of
swine-plague bacteria.

A large rabbit inoculated with a particle of lung tissue died within 20 hours. No
internal changes, excepting a probably preéxisting fatty condition of the liver. Few
swine-plague bacteria detected with the microscope. An agar and a bouillon culture
from heart’s blood contained only swine-plague bacteria on second day.

No. 9. October 18. Female pig; died last night; weighs about 30 pounds. Sub-
cutaneous glands of groin enlarged, firm, cortex hypersmic.

One small necrotic patch on mucous surface of lower lip. Stomach «ith fandus

pale, pyloric region bile-stai ned. Around the cardiac expausion are about thirty
yellowish-white, confluent, and isolated ulcers from one-eighth to one-fourth inch in
diameter. They are raised above the level of the mucosa, flat on top. Projecting
slough soft, friable; base of ulcer very firm, extending into muscular coat. Mucous
membrane of duodenum bile stained ; arborescent injection of minute vessels. Mucosa
of ileum more or less discolored and inflamed. Large intestine with walls very mueh
infiltrated and mucosa extensively destroyed by necrotic changes. In the cacum, a
large patch of ulceration having a peculiar gnawed appearance, surrounding islands
of intact mucosa. On section the mucosa is found converted into a yellowish-white,
firm mass.
" In the colon patches like these are interspersed with a large number of isolated cir-
cular ulcers with blackish, depressed surface and a subjacent yellowish, firm, thick
base extending into the muscular coat. Besides these, there are a considerable num-
ber of ulcers with an elevated, soft, necrotic top, easily scraped away. Inlower colon,
large patches of destroyed mucosa.

Spleen very large, friable, pulp very dark. Liver tissue apparently unaffected.
Bile rather thick. Kidneys with parenchymatous degeneration of cortex.

Lungs as whole much affected. In the right lung all but the dorsal third of the
ventral lobe solid, enlarged, bright red, with large and small masses of a pale-greenish
color disseminated through it. A portion of the cephalic lobe solid, in the same con-
dition. One-half of the median lobe similarly diseased. The principal lobe glued to
ventral lobe by a thin pseudo-membrane. About one-third along the ventral aspect
solidified in masses from one-half to three-fourths inch in diameter, these masses ex-
tending from diaphragmatic to convex surface of the lobe. The interlobular tissue
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siouns easily loosened. The ventral lobe is a mottled bright red. The small air subes
occluded with semi-solid plugs, easily squeezed out. This condition not observed in
the other lobes, excepting in the principal, in which the terminal bronchus and
branches are occluded with plugs of lung worms and muco-pus.

In the right lung, the ventral lobe in the same condition as corresponding lobe of
left side, containing in addition numerous necrotic foci. The cephalic fifth of prin-
cipal lobe hepatized; the hepatization of a bright red color, with faint regular yel-
lowish mottling. Cephalic half of the small median lobe in the same condition.
The bronchi in the tip of principal lobe occlnded with masses of lung worms and in
part hepatized. In trachea and bronchi much muco-pus. '

Bacteriological examination: In preparations from the spleen bacteria not detected.
An inclined agar tube inoculated with platinum needie contained in & few dayssa
large number of minute apparently identical colonies. So far as could be determined
no hog-cholera bacteria present. A bouillon culture inoculated with a particle of
pulp contained both hog-cholera and swine-plague bacteria.

From the liver the same cultures prepared. In the agar tube besides a large num-
ber of small colonies are six larger ones. These consist of hog-cholera bacilli, the
former of swine-plague bacteria. In the bouillon tube both germs are present.

No inculations or cultures were made with lung tissue from this case. An agar
and a bouillon tube were inoculated with a platinum loop from pleural exudate at
the autopsy. In both only swine-plague germs appeared.

No. 11. October 22. Black female, weighing 22} pounds, died last mght Sabou-
taneous ingninal glands indurated; cortex reddened. Some hemorrbagic points in

- parenchyma. Fine shreds of exudate on serous surface of large intestine.

In stomach a small quantity of food. Over the entire fundus the mucosa intensely
congested and swollen. No ulceration. Small intestine not affected. Large intes-
tine contains a small quantity of turbid fluid. Mucosa much pigmented. In the
ceecum and upper colon a small number of ulcers with slightly projecting slough;
lower colon considerably congested. Follicles swollen; when compressed, a white
curdy plug issues from a central opening.

Both lungs diseased. In the right lung near the caudal border of principal lobe a
wedge-shaped mass of hepatized tissue, of a bright red color. The peribronchial
and interlobular tissne infiltrated over this region, and the pleura covered with a
thin exudate. In the bronchi of this lobe are masses of mucus and pusin which
lung worms are imbedded. In both cephalic and ventral lobes are masses of hepa-
tized tissue; in the former also a large necrotic mass.

The two small lobes of the left lang are converted into a greenish-yellow necrotic
mass, which cuts like firm cheese. In the principal lobe are three foci of hepatization,
two of them near the tip of the lobe, where the bronchus and branches are occluded
with lang worms imbedded in mucuos.

Pericardium thickened, vessels injected.

Cultures made in bouillon and on agar from pleural exndate. The bouillon eultnre
contained after several daysonly hog-cholera bacilli. The agar tube was lost. From
a particle of lung tissue a gelatine roll A, and agar plate B prepared. On the agar
plate six small coloniesappeared, made up of swine-plague bacteria. No coloniesap-
peared in the gelatine roll.

A rabbit was inoculated with a particle of lung tissue. It died in. 9 days with
characteristic hog-cholera lesions. Cultures from the spleen contained only hog-
cholera bacilli.

From the spleen and liver, bouillon and agar tubes were inoculated with platinum
wire. In all four tubes only hog-cholera bacilli appeared subsequently.

No. 12. October 26. White female pig, weighing about 30 pounds. Died yesterday
afternoon and placed in refrigerator until this morning. Subcutaneous inguinal
glands enlarged, hyper@mic. Inabdominal cavity some dark-colored seruam.,

One ulcer on mucous surface of lower lip and one on gums. Stomach eontracted.
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portion of the principal lobe two small hepatized foci. Numerous lung worms in ter-
minal bronchuns.

In the right lung between ventral aud cephalic lobes a portion of hepatized mot-
tled lung tissue. Somewhat back of this region a mass of necrotic tissue, separated
from the surroundiog tissue by a greenish-white line and covered by a thick opaque
pleura of the same color. In the principal lobe a large wedge-shaped mass of hepa-
tized tissue extending inwards from the lateral border several inches. On section it
is dark red, mottled with grayish circles and irregular lines. The pleura much thick-
ened, opaque. Another wedge-shaped hepatized mass situated near caudal tip, per-
haps further towards necrosis thun the preceding one. Pleura covering it necrosed.
Lung worms in the terminal bronchns imbedded in muacus.

Cover-glass preparations from the more recent pneumonic masses show very few
germs. From the right pleural cavity a bouillon and an agar tube inoculated. In
the former, motile hog-cholera bacilli; in the latter about seven colonies of the same
size composed of motile bacilli, probably hog cholera, though they appear somewhat
too large. A black rabbit inoculated in subcutis with a particle of lung tissue died
in seven days. At the place of inoculation the subcutis is intilirated over an area of
several square inches with pns. No peritonitis; spleen large, containing many hog-
cholera bacilli; necroses inliver.

In cover-glass preparations from spleen and liver a conmderable number of hog-
cholera bacilli detected. From spleen an agar and a bouillon tube were inoculated
with platinum needle. Both contain only hog-cholera bacilli on following day.
Cultures from the spleen gave the same resalt.

The lesions found in these thirteen cases may be summarized briefly
as follows :

No. 1. October 12. Extensive hepatization of lungs with necrotic foci; lung
worms ; exudative pleuritis and pericarditis. Congestion and necrosis of stomach;
hypermmia, pigmentation, and ulceration of the large intestine; ulcers small, ulcer—
ation evidently follicular. Only swine-plague bacteria found.

No. 2. October 12. Spleen large. Fully four-fifths of lungs hepatized, with necro-
tic foci; pleuritis and pericarditis; lung worms; bronchitis. Small ulcers in large
intestine. Only swine-plague bacteria found.

No. 8. October 12. S8pleen large. Pneumonia slight; no pleuritis. Hemorrhagic
inflammation of stomach. Ulcers in large intestine. Both hog-cholera and swine-
plague bacteria detected.

No. 4. October 14. Maultiple pneumonic foci in lungs. No pleuritis. Lung worms.
Hyperzmia of stomach. Ulcers and patches of necrosis in large mtestine Only
hog-cholera bacilli detected.

No. 5. October 15. Scattering pneumonic areas; bronchitis; lung worms. Ulcers
in large intestine (button ulcers). Only swine-plague bacteria detected.

No. 6. October 15. Considerable hepatization of all lobes; lung worms. Large
uleers in large intestine. Only hog-cholera bacilli detected.

No. 7. October 15. Spleen large. Hepatization not extensive; pleuritis; bron-
chitis; no lung worms. Only Peyer’s patch near valve ulcerated. Only swine-plague
bacteria found.

Na. 8. October 17. About four-fifths of lung tissue hepatized, with necrotic fooi;
pleuritis and pericarditis. Lung worms. No ulcers in large intestine. Infarcts in
kidneys. Only swine-plague bacteria found. :

No. 9. October 18. About one-half of lung tissue hepatized with necrotic foci;
pleuritis; lung worms; bronchitis. Necrotic patches and ulcers in stomach and
large intestine. Spleenlarge. Both-hog-cholera and swine-plague bacteria detected.

No. 10. October 19. Spleen large. Three-fourths of lung tissue hepatized, with
necrotic foci; pleuritis; bronchitis; lung worms. Ulceration of stomach and large
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No. 275 became very sick after the inoculation. It refused to get up and eat, and
breathed with difficulty. It was found dead November 19, i. ¢., between 2 and 3
days after the inoculation.

8kin not discolored. The cut subcutancous vessels exude drops of dark blood. In
the abdomen a few elastic threads of coagulated exudate stretched across coils of in-
tostines. o

In right pleural cavity about 100 cubic centimetres of hlood-stained serum. Lungs
adherent to ribs by means of a thick, soft, easily removable exndate. Lobes of right
lang glued to each other and to pericardium ; they are not enlarged. The pleurs of
the ventral half of principal lobe is converted into a thick, wrinkled, and bleached
layer; beneath it the lung tissue is hepatized. The dorsal portion of this lobe, still
air-containing, covered with patches and shreds of exudate. The cephalic and ven-
tral lobe solidified, not enlarged ; grayish-red on section.

The left lung likewise covered in part with pleuritic exudate. The ventral two-
thirds of principal lobe covered with a thick pseudo-membrane and hepatized, very
firm ; on section, red, mottled with gray. The ventral and cephalic lobes collapsed,
covered with exudate, which extends to contiguous pericardium. (See plate vi).
The entire diaphragmatic portion of pleura of both principal lobes and median lobe
converted into a wrinkled, necrotic mass. Pericardial sac contains much reddish,
turbid fluid. The surface of the heart covered with a whitish, firm, roughened exu-
date.

Stomach contracted ; contains a smgll quantity of bile-stained liqnid. The mucosa
of the fundus bluish-red, swollen. The whole covered with a layer of viscid bile-
stained mucus. The remainder of digestive tract free from inflammation.

In the liver the central region of acini dark brownish red, the outer portion pale
brownish.

The presence of the injected swine-plague bacteria in the organs of this animal
were determined by the following cultures:

From the spleen, in which no bacteria were detected under the microscope, an agar
tube inoculated with platinum wire and a bouillon tube by adding a particle of pulp.
The bouillon tube became clouded with swine plague. The agar tube remained
sterile. A rabbit inoculated subcutaneously in the ear with a platinum loop dipped
into the boaillon culture died within 20 hours. In blood and spleen very large num-
bers of swine-plague bacteria. In cultures from these organs only these germs pres-
ent.

A small area on the hepatized left principal lobe scorched, and a small particle cut
out with flamed scissors. From the serum filling the cavity thus formed, which con-
tained large numbers of swine-plague bacteria, one gelatine roll, and from this two
agar plates prepared. The roll remained free from growth; also one agar plate.
On the other appeared a large number of minate colonies and several large colonies
of bacillus subtilis. The former were identified as swine-plague colonies. From the
left pleural exudate an agar tube was inoculated. Abundant growth of swine-plague
baocteria on the following day.

From the hepatized region of the left principal lobe portions were placed in alco-
hol and subsequently sections prepared. The alveoli and small air tubes' densely
packed with masses of cellular exudate. The interlobular tissue distended with a
network of fibrin and a scanty number of leucocytes. In the contiguoas, still per-
vious areas, some air tubes were occluded with cellular plugs, and either around these
or independent of them were isolated groups of alveoli occluded with round cells.
Swine-plague bacteria were present in enormous numbers both in the parenchyma
and the interlobular tissue. They were densely and uniformly sprinkled around and
between the cells, in some places forming dense zoidglwa. They were much smaller
than in cultures, being just visible at 500 diameters, (See plate x1, figs. 2 and 3.)

These inoculations show that these bacteria injected subcutaneously
have little or no effect, but when introduced into one of the large se-
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Pottions of lung tissue from different lobes, hardened in alcohol, were examined.
Sections from recently affected lung tissue, bordering on normal tissue, showed the
alveoli to be filled in some lobules with blood corpuscles and fibrin; in others there
was, in addition, a filling up of scattered alveoli with round cells. In still others the
alveolar capillaries were greatly distended with corpuscles, almost occluding the al-
veoli. Imbedded in the fibrinous plugs of the alveoli were colonies of minute cocci,
almost every alveolus containing one or more such colonies. In sections from tissues
in more advanced stages there were,in addition to the more dense cell infiltration,
large masses of the minute bacteria occupying the alvecoli in some portions of the
section, Any regularity in the distribution of these bacteria not observed.

No. 2. Examined at the same time. White female, weight 15 pounds. 8kin on
ventral aspect of body moderately reddened. Subcutaneous inguninal glands hy-
perzmic.

Stomach contains a small quantity of turbid liquid. Mucosa of fundus consider-
ably reddened. In the small intestine the vessels of villi appear injected, especially
in duodenum. In the czcum and colon the entire mucosa has an intense purplish hue,
shading into a wine color. This most marked in the cicum and upper 4 or 5 inches
of colon, where the epithelium appears necrosed. The inflammation gradually dimin-
ishes and disappears in the rectum.

Exudative pleuritis as in case 1; the pseudo membrane as thick as heavy paper.
About two-thirds of right lung hepatized. The cephalic and ventral lobe entirely
solidified, also adjoining half of the principal lobe. In thecaudal portion of the latter
several hepatized foci. Lung worms in terminal bronchus. The tip of cephalic lobe
completely necrosed. The ventral lobe contains large, yellowish-white, homogeneous
foci of dead tissue. Median lobecompletely hepatized. Through it are disseminated
necrotic foci.

In left lung, principal lobe entirely hepatized. Hemorrhagic, grayish-red, and
grayish lobules found on the same cut surface. Ventral and cephalic lobes merely
congested. Pericardium thickened.

Spleen small, pulp darker than normal and softened. Liver asin No.1. Bile very
thick, dark-colored.

Bacteriological examination: An agar and a bouillon tube were inoculated each
with a particle of spleen pulp. The agar tube remained sterile. The bouillon be-
came faintly clouded on the second day and contained only swine-plague baocteria.

The hepatized lung tissue and pleural exudate both show presence of swine plague
germs; the lung tissue coutains immense numbers of them. With a bit of the latter
a gelatine roll A and agar plate B prepared. In the gelatine roll, a considerable
number of very minute brownish colonies appeared within a week. They were all
alike. Several transferred to Louillon at intervals and the resulting cultures care-
fully examined. Only swine-plague bacteria detected. The agar plate had a moder-
ate number of colonies, those growing on surface ffom 2 to 3 millimetres in diameter.
These also proved to be swine plague when examined and transferred to bouillon for
further identification.

At the antopsy an agar and a bouillon tube were inoculated from the right pleural
cavity. On the agar appeared a large number of isolated and confluent colonies all
apparently alike. Some of these, as well as the growth in the condensation water,
were examined and found to be swine-plague bacteria. The bouillon contained also
a streptococcus and a bacillus, imparting a sour smell to the culture. A rabbit in-
oculated with a particle of lung tissue died in 6 days. The subcutaneous infiltra-
tion and the peritonitis precisely as in the rabbit inoculated from No. 1. The spleen
contained scarcely any, the blood few, and the peritoneal exudate an immense number
of swine-plague bacteria. Agar cultures from exudate and blood and a bouillon cul-
ture from the exudate contained only swine-plague bacteria.

The presence of swine-plague bacteria on the inflamed mucosa of csecum was dem-
onstrated by inoculating a rabbit with a particle of mucosa which had been washed
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be detected. The small air tubes likewise filled with densely packed cell masses. The
interlobular tissue in a state of inlammatory edema.

November 12.—No. 4, small female, weighing about twenty pounds. Died last
night. Ventral surface of the body moderately reddened. Considerable quantity of
subcutaneous fat. Lymphatic glands in groin slightly enlarged and reddened.

Oue ulcer at base of left lower front tooth. Stomach contracted and containsa
small quantity of liquid resembling tomato juice. The mucosa of fundus over an area
3 inches in diameter of a dark wine-red color ; the hyperwmia extends through entire
mucous layer. On the surface a very delicate, easily removable psendo-mugbrane.
Mucosa of duodenum pigmented and bile-stained. In lower ileum some patches of
punctiform ecchymosis. In large intestine feces adhering rather firmly to mucosa,
which is reddened and pigmented in spots and patches and somewhat rough to the
touch. .

In thracic cavity lungs covered with false membrane and in part adherent to chest-
wall and pericardium. On removing them, the pleuritis and hepatization found
nearly as extensive as in the preceding case, i. e., the greater part of both small lobes
in each lung hepatized and exceedingly firm ; in the principal lobes disseminated foci
of hepatization both of the grayish-red and the hemorrhagic type. Lung worms not
detected. In the air tubes of the ventral lobes cylinders of whitish pus. In the large
bronchi reddish frothy liquid. Pericarditis as in preceding case. On the epicardium
a very delicate pseudo-membrane,

Liver tissue very firmn to the touch; bile thick. Pyramidal portion of kidneys dark
red. Spleen small, somewhat darker colored than in normal condition.

Bacteriological examination: Cover-glass preparations of the pleural exadate show
a moderate number of swine-plague bacteria. In the lung tissue there are immense
numbers of these bacteria, with an occasional large bacillus amongst them. From the
right plearal cavity an agar and a bouillon tube, from the left an agar tube inocalated
at the autopsy. In these tubes a considerable number of identical colonies appeared
made np of swine-plague bacteria. In the condensation water of an agar culture
from right pleura occasional streptococci to be seen. The bouillon tube became ani-
formly clouded with swine-plague bacteria, After two weeks a few very large colo-
nies of strange bacteria had developed in both agar tubes.

With a particle of lung tissue a gelatine roll A and an agar plate B prepared. Roll
A broke; plate B showed in a few days about 50 colonies, evidently alike. Those
examined and transferred to bouillon consisted only of swine-plague bacteria.

A rabbit inoculated with a particle of lung tissue remained unaffected. Another
rabbit received a subcutaneous injection of one-eighth cabic centimnetre bouillon from
an agar colony of lung plate. This rabbit died in 13 days with a very large abscess
at the point of inoculation.

In the spleen of pig no bacteria were detected with the microscope. In the liver
several germs resembling swine-plague bacteria were observed. With particles of
liver and spleen tissue two agar and two bouillon tubes were inoculated. Only the
bouillon tube from the liver became fertile and contained a diplococcus; no swine-
plague bacteria.

Sections from the lung tissue hardened in alcohol and stained in various ways weie
carefully examined. In the same section were lobules in which the alveoli contained
fibrin and very few cells, others in which much desquamation of the epithelial cells
had taken place, and others in which the alveoli were occluded by dense cell masses.
In some places the septa had apparently disappeared and a continuous plug of densely
massed cells extended through a number of continuous alveoli. The small air-tubes
were likewise filled up with cell masses. The interlobular tissue distended with
geruam, the lymph channels similarly distended and containing masses of leucocytes.
In all alveoli excepting those containing only the desqnamated cells, the very minute
oval swine-plague bacteria are present in immense numbers, disseminated singly
through the cedematous tissue and in large zodgleea amongst the cellular masses.
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bronchitis; lung worms; swelling of solitary follicles of large intes-
tine, contents expressible. :

No. Lungs. | Pleura. ‘ Spleen. Liver. Intestines.
L '
> 8
2 i wine plague.
3 ... . ‘Iezative ...................... Swlne pl.gno P
41...do.c.ceannn..... | Swine plague and Vegatlve ..... Negative .....
streptococei. i
5 Swineqllague bac. | Swine plague..... ... do eecue..... cedo.aa.......
ooli, chromogene.

It will be observed that these five animals died of swine plague pure
and simple. Hog-cholera bacilli were absent. An examination of the
pathological notes shows in every case extensive pneumonia, accom-
panied by exudative pleuritis and terminating in some cases in necrosis
of lung tissue. Perhaps the most instructive feature of the disease
is the inflammation of the stomach and large intestine, which was
especially marked in the second case. In the third, besides the intense
hyper®mia, there was evidence of exudation.

That such intense hyper@mia, provided the bacteria continue to act
on the membrane, or provided they are of the proper degree of viru-
lence, may lead to croupous and diphtheritic deposits and subsequent
ulceration, needs no comment. Moreover, the swelling of the solitary
follicles with discharge of contents, as observed in No. 5, may lead to
subsequent ulceration. Itisinteresting to note that the disease reached
its severest expression in No. 2, both as regards lungs and intestines,
and in later cases the lesions became less extensive.

The table giving the results of the bacteriological work shows a grad-
nal disappearance of the swine-plague bacteria and the invasion of other
bacteria. Thus, in the spleens of Nos. 1, 2, and 3, swine-plague bacteria
were detected while the cultures from the spleens of Nos. 4 and 5 re-
mained sterile. That these bacteria perish very speedily in the body
is highly probable when we bear in mind that they die very rapidly in
culture media, a fact to be pointed out further on.

The swine-plague bacteria causing this outbreak were not so virulent
as those of the preceding one as demonstrated by the inoculation of
rabbits from lung tissue and pure cultures. While those of the pre-
ceding outbreak destroyed rabbits in 20 hours, these were fatal in from
2 to 13 days, according to the size and age of the rabbit. The following
inoculation, made about 4 weeks after the last case was examined, serves
as an additional illustration :

December 6, 1839.—A large white rabbit inoculated subcutaneously on right ear
with a loop rubbed over the growth of an agar culture. The animal was found dead
December 10. From the place of inoculation on the right ear, suppuration had ex-
tended down over the muscles of the neck. In right pleural sac, on pleura of ribs

and right lung, a thick creamy deposit. A similar, more consistent exaudate on epi-
cardium, which is more or less ecchymosed. Other organs not affected.
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Having thus demonstrated an outbreak of pure swine plagne among
the animals in pen 3, let us turn briefly to the diseased swine in the
other pens which came under observation. It will be remembered that
one pig from pen 5 died November 10, and was taken to the Experiment
Station, where it was kept in the refrlgerator until November 11. The
subject is sufficiently important to warraut the reproduction of the notes:

No. 6. Stomach contracted ; contains a small quantity of food. One ulcer at the mar-
gin of the eesophageal expansion, the latter covered with a thin brownish-yellow layer
of desquamated epithelium. In theileum small ulcers, about 2 to asquare inch, one-
eighth inch across; adherent slough stained yellow. Extensive ulceration in cecum
and upper colon. The ulcers vary from one-eighth to one-half inch in diameter, black-
ish on the surface. The base consists of a firm yellowish-white tissue extending into
muscular coat. Six inches below the valve one large, button-shaped ulcer, the firm
base extending to serosa and three-eighth inch think. The serosa underit discolored
and the meso-colon adherent to it. In the lower colon are a large number of circular
pale spots on the discolored, pigmented mucosa, representing probably the places to
which exudates had been attached but now shed.

Lymph glands in lesser omentum and meso-ceecum with cortex hemorrhagic.

In left pleural cavity large patches of blood extravasation under pleura of ribs.
No pleuritis. Posterior mediastinal and bronchial glands hemorrhagic. Throughout
the entire lung tissue are disseminated hepatized foci of various sizes surrounded by
healthy and more or less emphysematous tissue. Thus in the right lung about one-
half of both cephalic and ventral lobes and a small voluimne of principal lobe involved.
In the left lung one-half of cephalic lobe and tip of ventral lobe hepatized; in the
principal lobe six small foci. One-half of median lobe hepatized. The small air
tubes plugged with thick muco-pus. In the principal lobe several of the foci directly
traceable to plugs of lung worms, which are very abundant.

Spleen somewhat enlarged, discolored; pulp soft.

Bacteriological examination: In spleen pulp a considerable number of hog-cholera
bacteria detected. An agar and a bouillon tube inoculated with platinum wire. In
the former a considerable number of isolated colonies of the same size appear, which
are, 8o far as examined, hog-cholera bacilli. In the bouillon tabe only hog-cholera
bacilli observed. A rabbit inoculated with a particle of spleen pulp died in 4 days.
At the point of inoculation a small abscess. Spleen large, dark, softened ; contains a
a few hog-cholera bacilli. Numerous very small points of necrosis on liver surfaces.
In an agar culture from the spleen only hog-cholera bacilli detected.

With a particle of lung tissue in which a few hog-cholera bacilli were observed a
gelatine roll A and an agar plate B prepared. In the roll there were present at end
of a week a large number of small brownish colonies and about fifty several times
larger. By carefully removing the smaller ones to bouillon these were found to be
hog-cholera bacilli. The large colonies not examined. On the agar plate a consider-
able number of vigorous hog-cholera colonies appeared in 2 days.

Case 7. November 13. Large white female, 5 months old, weight 65 pounds. Ven-
tral aspect of body and ears bluish red. Subcutaneous fat abundant. Lymphatic
glands of groin with surface purplish and parenchyma mottled red and gray. A
small number of ecchymoses on abdominal side of diaphragm. Spleen very large,
blackish, soft.

Stomach partly filled with food. Mucosa of fundus, and, in fact, of fully one-third
the whole area of stomach surface, intensely reddened. The hyperzmia extends to
submucous tissue. Slight ecchymosis and pigmentation of duodenum. Occasional
petechi® iu ilenm; Peyer’s patch near valve pigmented. Entire mucosa of cscum
and colon purplish gray and dotted with petechim. On mucosa of cmcum about 30
pale circular spots slightly depressed, which evidently were the seat of adherent
sloughs or exudates. In rectum petechiz; glands of meso-colon hemorrhagic.
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hind quarters. They died 3 to 5 days after showing signs of disease.
Some lived longer, others died quite suddenly.

Of the forty-two pigs remaining July 23, twenty died between July
23 and July 28, five died on the Experiment Station, and only seven, out
of a total of ninety-seven, lived through the disease.

Seventeen animals came under our observation. Of these, twelve
were examined on the farm and the remaining five sent alive by express
to the Experiment Station. Here they all died within a week after their
arrival, Of those examined on the farm, Nos. 1 to 4, inclusive, and
Nos. 11 and 12, came under Dr. Kilborne’s observation. From Nos. 5
to 10, inclusive, cultures were made on the farm by the writer. Cul-
tures were therefore made from eleven cases only.

The bacteriological examination of Nos. 5 to 10, inclusive, can not be
regarded as thorough, owing to the innumerable insect pests on the
farm. Much work, however, was bestowed upon Nos. 13 to 17, inclu-
sive, which died at the Station. The notes of this outbreak are reported
in detail, while the usual summary will be given farther on.

No. 1. July 21, 1890. Weight of animal about 50 pounds. Skin not reddened. A
few delicate fibrils of exudate stretching over coils of intestines. Spleen very much
enlarged, congested.

Digestive tract. Stomach contains a small quantity of food. Mucosa of fundas
intensely hyperamic, bordering on hemorrhage.

Small intestine nearly normal. Contents of large intestine liqguid. The mucosa
of cecum and entire colon nearly concealed by a layer of dirty, greenish-yellow, diph-
theritic membrane, quite readily scraped away, exposing a deeply reddened, raw
surface.

Right lung normal. The entire left lung is covered with a pale yellowish (friable)
exudate, which glues this lung to surrounding parts. The lung itself contains
masses of hepatized tissue, aggregating, perhaps, one-fourth of the entire lung.

The lymphatic glands generally are enlarged; the cortex, and sometimes medul-
lary portion also, infiltrated with blood. Other viscera not markedly changed.

No. 2. July 21, 1890. Weight of animal about 75 pounds. Died very suddenly
during the day. No skin lesions. Spleen barely larger than normal.

Digestive tract. Only the large intestine was markedly affected. The mucosa
extensively pigmented with occasional patches of byper@mia. In colon just below
the valve one ulcer one-half irch across and a few smaller ones discovered.

Each pleural sac contained nearly 500 cubic centimetres of slightly-clouded serum
containing large masses of gelatinous coagula. The lungs free from pneumonia.

Lymphatic glands and remaining viscera not diseased.

No. 3. July 22. Weighs about 40 pounds; died during the night. Had been sick
at least a week according to statement of owner. Spleen moderately gorged with
blood.

Digestive tract. The mucosa of czcum and upper half of colen more or less pig-
mented and beeet with rather deep ulcers from one-eighth to one-third inch in
diameter.

Fully three-fourths of the right lung is hepatized and contains a few necrotic
caseous masses. The pleura of this lung covered with considerable pale yellowish
exudate and adherent to pericardium. Left lung and pleura normal.

No. 4. July 22. Animal died quite unexpectedly last night. Slight exudative
peritonitis. Spleen engorged.

Digestive tract. Stomach normal, filled with food. Mucosa of large intestine
extensively pigmented, merging into hypersemia in the lower colon. Numerous

.
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appeared on the inclined sarface of the agar about thirty isolated colonies, circular,

- slightly convex, 1} millimetres in diameter, grayish, translucent. 'The clear conden-
sation water contained a flocculent deposit. Colonies and condensation water show
minute oval cocci apparently identical with swine-plague bacteria.

From these colonies a peptone bouillon tube, an agar tubo, and a gelatine tube were
inoculated August 25. On the following day the liguid culture contained minate
clumps adhering to sides of tube. Liquid nearly clear. The agar tube showed s
delicate grayish line on the surface. Both tubes contained only the minute oval
cocci. The gelatine tube remained free from growth. To test the pathogenic nature
of the germ a rabbit was inoculated in the ear from a colony of the original spleen
culture July 28. (This mabbit had been inocnlated Jaue 3 into the thigh with a
very attennated culture of swine-plague bacteria sent to the laboratory.) The rab-
bit died in 24 days. From the original inoculation an abscess as large as a hen’s egg
had formed on the superficial muscular layer of the thigh. Spleen much enlarged,
soft. In stained cover-glass preparations of spleen, liver, and blood numerous swine-
plague bacteria were detected. A tube of agar was inoculated from the blood and a
tube of bouillon from the spleen. On the following day a uniform grayish glistening
layer had appeared on the agar surface, made up, so far as the microscopic exami-
nation could go, of non-motile oval cocci. The bonillon culture, uniformly clouded,
contained the same bacteria only. These were readily identified as swine-plague bac-
teria.

No. 10. This animal died during the night; examined at 7 a. m. next moraing,
July 23. Subcutaneous lymphatic glands in the groin very large, in part hemor-
rhagic. Spleen enlarged, firm, not congested. In the digestive tract the mucosa of
cmcum is concealed by a very thin necrotic layer; mucosaitself purplish. This con-
gestion extends along entire colon ; meso-colic lymphatics hemorrhagic.

In thorax, the base of all lobes ot‘ both lungs involved in bright red hepatization.
Pleural sacs contain considerable sernm which distends also the interlobular tissae.
Heart muscle quite pale and discolored in patches.

A small number of tube cultures in agar and gelatine were prepared at the autopsy
as follows :

An agar tabe inocnlated with a bit of spleon tissue showed no growth on the fol-
lowing day. Condensation water turbid, however, containing a large spore-bearing
bacillus, the bacillus becoming spindle-shaped or nearly spherical when the spore
fully matured. No other bacteria detected. On the second day a faint growth had
extended on the agar surface, and a small motile bacillus detected. Agar plates were
then made to isolate this bacillus, which was quite easily accomplished since the large
spore-bearing bacillus failed to grow on plates. The small bacillus formed grayish,
slightly gelatinous surface colonies. It was actively motile, the motion being chiefly
a twirl with little change of place. Careful subsequent tests showed it to be entirely
different from the hog-cholera bacillus with which it might have been confounded.

From the kidney two minute bits of tissue were transferred, one tp a tube of agar,
the other to gelatine. The agar tube contained on the following day about fifty col-
onies of the same germ found in the spleen culture of No. 9, i. e., swine plague. In
the condensation water the large spore-bearing bacillus was also present, and a few
gas bubbles in the agar. The gelatine tube showed very slight liquefaction of the
gelatine on the surface where the bit of kidney tissue lay. This was probably due
to the large bacillus which did not develop any more in this situation.

From the liver an agar and a gelatine tube culture were prepared in the same
manner.

In the agar tube a considerable naumber of colonies of the swine-plague bacteris
had appeared July 25. No other germs subsequently detected. In the gelatine cul-
ture slight liquefaction took place, owing to the presence of an actively motile bacillus
in chains. -

An agar tube inoculated from the pleural effusion remained sterile.
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In the lungs the cephalic and ventral lobes are involved in pale red hepatization
without pleunrisy.

The asbdominal and thoracic lymph glands more or less hemorrhagic throughout
their substance.

The following five sick animals were sent by express to the Experi-
ment Station of the Bureau July 28. They reached the Station next
day and were placed ina disinfected pen.

No. 13 dies July 31, 3 p. m.; placed in refrigerator until August 1. Weighs about
30 pounds. Skin on ventral aspect of body more or less reddened ; over the ster-
num a few excoriations. The enlarged inguinal glands show as lumpe under the skin.
On section they present a mottled gray and red surface. the red limited chiefly to
the cortex. (Edema of the subcutis over right knee.

False membrane covers the left half of the mass of intestines and the spleen ; con-
sists of an elastic, rather firm yellowish white layer. Spleen firmly glued to the
surrounding intestines, slightly enlarged, dark, softened. Liver firm, cuts with con-
siderable difficulty. Kidneys in condition of parenchymatous degeneration. One
hemorrhagic spot in medullary portion of one kidney. Pelvis contains a whitish
glairy liquid.

Digestive tract. Two superficial necroses on the inner surface of lower lip in front,
one on the upper lip and on edge of tongue near tip. Stomach contains a little
deeply bile-stained fluid. Mucosa sprinkled with red spots of a washed-out appear-
ance, most numerous in fundus and near pyloric valve. Hyperemia of duodenum
begins sharply at pyloric valve. From the opening of bile duct & few drops of thick
bile can be expressed. Remainder of small intestine not markedly changed. The
Peyer’s patch in lower ileum has some of its follicles enlarged from which caseous
masses can be expressed.

Large intestine contains much sand and gravel. Mucosea of cmcum of a dark slate
color. The summit of the folds of a purplish hue. Free edge of valve bordered bysa
thin slough. On Peyer’s patch near valve areas of necrotic tissue of a yellowish color,
resting on a firm, yellowish-white base three-sixteenths of an inch thick. Ipper
colon has its mucosa of the same dark slate color, merging into a wine red. Two
ulcers one-eighth of an inch in diameter observed. In lower colon congestion slight
and gradually disappearing towards rectum. A small number of circular whitish
erosions, apparently associated with the solitary follicles.

Thorax. Of the left lung, the ventral and cephalic lobes are interspersed with
small regions of collapse. The remainder of the lobes very emphysematous and hy-
periemic. Of the right lung, the anterior half (i. e., including cephalic, ventral, and
adjacent portion of principal lobe) hepatized, covered by a thin false membrane,
gluing the various lobes lightly to each other and to chest wall. The diseased lobes
show the regular mottling in the upper, dorsal portion. As we proceed towards the
ventral portion the mottling is less distinct, the tissue firmer and interspersed with
small, irregular, necrotic foci. 'The smaller bronchi contain a thick, whitish pus. In
ventral lobe a portion of the parenchyma as large as a marble completely converted
into a grayish-yellow homogeneous mass. Of the principal lobe about one-third or
one-fourth hepatized. The mottling of surface very regular. On section grayish,
circumscribed areas one-half inch in diameter interspersed. Over these masses the
pleura is converted into a wrinkled, roughened, hide-like membrane.

Trachea and bronchi contain small quantities of foamy liquid intermingled with
yellowish particles. Bronchial glands barely enlarged, firm; some lobules pale,
others reddened. -

Bacteriological notes. At the autopsy an agar tnbe was inoculated with a platinum
loop lightly rubbed over the pleural exudate. On following day a thin grayish
growth with condensation water clouded. Examination of hangmg drop and stained
coverglass preparations shows only swine-plague germs.
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firm, yellowish, caseous masses, varying from one-fourth to three-fourths inch in
diameter, dispersed through the hepatized tissue.

Bacteriological examination included the spleen, the lungs, and the pleural cavity.
At the antopsy an agar tube was inoculated with a bit of pleural exudate. Small
colonies appeared on the agar surface on the following day, some made up of what
appeared to be streptococci, others of micrococci. From this & bouillon culture was
prepared, and the latter plated on the following day. From these paltes a cocous,
growing in clumps and short chains, and a large bacillus, were isolated. At the same
time a rabbit was inoculated in the ear from the agar culture. The rabbitdied in 11
days. At the point of inoculation was a large ulcer. Spleen small. Cultares from
various organs on agar and in bouillon remained sterile.

With a bit of hepatized lung tissue a rabbit was inoculated in the ear. Dead in 8
days. Ulcer at the point of inoculation. Right lang hepatized. Pleural cavity con-
tains some blood-stained serum. Cultures from this animal likewise remain sterile.

From a bit of lung tissue agar plates were also made. On plate A only two colo-
nies appeared made up of large micrococci; on plate B a thin grayish growth made
up of spore-bearing bacilli.

From the spleen two agar plates were made, from which a large coccus and baoillus
Ruorescens were isolated. A bouillon culture made directly from the spleen was
also plated with the result of finding a streptococcns and a large micrococcus.

No. 15. Male pig, weight about 35 pounds. Died yesterday and at once placed in
refrigerator until morning.

On abdomen and inner aspect of thighs a few reddish scabs. Spleen somewhat en-
larged and congested.

Digestive tract: One ulcer on tip of tongue. Stomach contains a small quantity of
muddy liquid. Cardiac expansion of cesophagus covered by a yellowish, easily re-
movable layer of friable material. The mucosa dotted with small red pits. In fundus
adeeply reddened area of small extent covered with a thin necrotic layer. Duodenum,
commencing with pyloric valve, of a slate color and deeply pigmented in spots. Pig-
mentation and aborescent injection extends down the small intestine. In large in-
testine considerable pigmentation of mucosa. Incscum and upper 12 inches of colon
are a large number of extensive ulcers of irregular outline, varying in length from
one-half to several inches. They are slightly depressed and covered by ochre-yellow
sloughs scraped away with difficulty. The entire depth of mucosa necrosed. Ileo-
cecal valve completely encircled by a band of necrosis. Below the first 12 inches of
colon the necrosed areas are slightly raised above the surface. No marked thicken-
ing or infiltration beneath them. In addition to the larger patches there are small,
slightly depressed, round ulcers one-eighth to three-sixteenths inch in diameter, with
adherent superficial slough.

Of the lung tissue, a portion of the right ventral, an adjacent portion of principal
lobe, and part of left ventral lobe collapsed, of a red flesh color ; no pneumonic infiltra-
tion perceptible. In the bronchi and extending into branches are small quantities
of translucent, very gelatinous mucus. In the collapsed right ventral lobe the small
air tubes contain whitish cylindrical plugs of mmucus and pus.

Urine very turbid, contains much calcic oxalate but no albumen. Bacteriological
examination was limited to the lungs, spleen, liver, and kidueys.

From the collapsed lang tissue agar-plate cultures were made with a minute bit of
tissue. Plate A on following day contained numerous isolated and one spreading
colony; the latter made up of motile spore-bearing bacilli, the former of swine-
plague bacteria. Plate B showed but two grayish flat colonies, composed of large
cocei.

A rabbit inoculated subcutaneously with a bit of lung tissue was found dead on
the morning of the secund day. At the point of inoculation more or less extravasa-
tion of blood. About 25 cubic centimetres of blood-stained serum in abdominal cav- .
ity. Liver has a red clay color. Cultures on agar and bouillon from heart’s blood
and spleen contain only swine-plague bacteria.
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Over both lungs the interlobular tissue is distended with clear, yellowish serum,
some in pleural sacs. Parenchyma cedematous, not hepatized, with exception of a
necrotic and cedematous focus near tip of right principal lobe adjacent to large broun-
chus, which at this point is occluded with adult lung worms. Trachea and Lronehi
contain much foam and yellowish flakes. Bronchial glands enlarged; some lobules
with cortex hemorrhagic, others mottled red and pale.

Heart cavities and valves normal. Left auricle sprinkled thickly with punetiform
hemorrhages.

Bacteriological examination: Two agar tubes inoculated with a loop of pleural
serum remained permanently clear.

Agar plates from the edematous lung developed on plate A about 150 colonies of
bacillus fluorescens. On plate B one similar colony. A rabbit inoculated with a bit of
the same material remained unaffected.

Spleen pulp shows no bacteria on microscopic examination. One agar plate pre-
pared with a bit of spleen pulp shows growth only aronnd the bit of tissme. The
growth made up of motile bacilli which resemble hog-cholera bacilli. The notes of
the comparative studies of these bacilli are reserved for the end of this chapter.®

A tube of bouillon inoculated from the spleen remained clear.

Liver tissne shows no bacteria on microscopic examination. Two agar plates pre-
pared with a bit of tissue remain sterile. A tube of bouillon inoculated in the same
manner became clouded with a short, thick, non-motile bacillus. Agat plates from
one kidney likewise negative.

Pig No. 17 died August 5, in the morning, and was examined soon after. Female,
weighing about 40 pounds, and in good condition.

The subcutaneous lymph glands in the groin are enlarged and reddened, in part
hemorrhagic. In peritoneal cavity, a considerable quantity of straw-colored seram.
The serosa of large intestine roughened and covered by shreds of exudate. A con-
siderable mass of gelatinous exudate between layers of mesocolon. Mesocolic
glands swollen, very hypersmic. Spleen very large, dark colored, friable (11 by 3
by % inch).

Digestive tract : Stomach partly filled with a thick pea-soup like liquid. Fundus
over an area of 4 inches in diameter, deeply congested and swollen. A few ascar-
ides in stomach. The mucosa of ileum sprinkled with numerous punctiform hemor-
rhages. The cecnm appears as an enormously enlarged, dark, bluish-gray body, the
color being due to diffuse blood extravasations. To it are adherent several coils of
small intestine and of colon. It is impossible to separate these parts, the adhesion
being due to extensive inflammatory deposits. The wall of cmcum shows great
thickening; in several places it is 14 inches thick. The mucosa of ceecum and
upper colon sprinkled with large numbers of ochre-yellow excrescences about one-
fourth inch apart, and from one-eighth to one-half inch in diameter. These are read-
ily pulled away from the membrane, some leaving but a faint depression, others a
roughened spot behind, surrounded by a bluish-red zone. The larger the excres-
cences the deeper the necrosis beneath them. The mucosa is in general of a dirty
slate color, faintest in the rectum.

Lungs normal with following exceptions: An area of collapse 1 inchsquare in right
cephalic lobe, and a small area on diaphragmatic surface of right principal lobe about
one-half inch square showing consolidation beneath. Bronchial glands and those at
base of heart with cortex hemorrhagic. Air tubes free from mucus and lung worms,

A considerable quantity of serum in heart-sac. Epicardinm is covered with a very
delicate exudate and is thickened and roughened. Ecchymoses on left auricle and en-~
docardium of left ventricle. .

Liver not markedly changed ; bile very thick and flaky. Parenchymatous degenera-
tion of cortex of kidneys. Some petechiz on pyramids and in pelvis,

Bacteriological examination: From the pericardial exudate one agar and one

=~

® See page 77,
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No. 15. Atelectasis of several lobes of lungs; no hepatization; bronchitis. Hem-
orrhagic inflammation of stomach. Extensive ulceration in large intestine.

No. 16. Extensive dema of left fore limb. (Edema of lungs. Serum in both
pleural sacs. Bronchitis. Lung worms. General swelling of lymph glands. Hyper-
@mia of stomach with localized necrosis. Pigmentation and discoloration of small
and large intestines. A few ulcers in the latter.

No. 17. August 5. Lungs nearly normal. Pericarditis. Peritonitis., Hypersmia
of stomach. Enormous inflammatory thickening of cscum with deposits around it.
Spleen large. Lymph glands swollen, hyper@mic.

The important question arises as to the true nature of this disease.
To the writer it appeared at first like hog cholera, possibly like a mixed
outbreak of hog cholera and swine plague. The bacteriological in-
vestigations, however, did not confirm this opinion, based on the post-
mortem appearances. As the investigation proceeded hog-cholera
bacilli failed to appear in the cultures with certain exceptions to be
discussed farther on,and indicated in the following table as motile
bacilli :

Q'W.:o Lungs. Pleura. Spleen. Liver. Kidney.

9
10 |ceeeimnnnn. Negative ..... Negative ..... Swine plague.| Swine plague.
13| S win e | Swine plague. Sw%ne-plngne. (Peritoneum) |........ ?. ......
plague. swine plague.
14 | Negative .| Negative ..... Negative .....|.... seeceseminauficeiieieinenans
15|SWine|eceeeeraacacanns Swine-plague | Swine plague .| Negative .....
plague. and motile
bacilli.
16 | Negative .| Negative . .... Motile bacilli | Negative..... veaelOonaen....
(bog chol-
eraf)
17 fecccemreanes (Pericardium) | Negative ..... Y. [, S, (Peritoneum)
negative. negative.

It will be noted that in the eleven cases bacteriologically examined
swine-plague bacteria appeared in only four. In these four cases they
were detected in nearly all organs subjected to examination. Why they
were not found in all cases may be due to several reasons. In the first
place, former experience has shown that swine-plague bacteria are apt
to remain localized, and that dissemination through the body does not
always take place. If limited to the digestive tract they could not have
beendetected, becanse this was not subjected to examination. Secondly,
swine-plague bacteria are short lived, even in cultures. They may have
largely disappeared from the body at the time of death. Moreover, it
is not improbable that many swine die from the secondary effects of the
disease. (See No.17.) Thetime of examination is therefore of import-
ance. Swine may be infected all together within a short time, and the re-
tarded deaths may be due to partial resistance followed by complica-
tions. The lesions produced in the lungs and intestines may permit
other bacteria to enter the body, which complicate still more our under-
standing of the real cause.
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Respiratory tract : Mucosa of larynx and epiglottis congested. Mucosa of trachea
covered with a very thin layer of translucent, very viscid mucus. Bronchial glands
enlarged, pinkish on section. Costal pleura of the right side discolored, thickened,
overlaid by a soft grayish exudate ; its blood-vessels injected. Diaphragm similarly
affected. The various lobes of the lnngslightly glued to one another and to the peri-
cardium. Considerable pleuritic exudate on the right ventral and along the edges of
both principal lobes. Lungs in general hyper@mic. Left cephalic lobe emphysema-
tous; left ventral shows hemorrhagic spots near its tip and contains two firm nod-
ules, appearing as yellowish spots under pleura. Left principal lobe contains four
of these spots corresponding to firm nodules in the parenchyma. Besides these, a
wedge-shaped, very firm, hepatized mass extends inward from the edge and almost
through the depth of the parenchyma. These various masses appear yellowish, homo-
geneous, imbedded in hyper@mic, air-containing tissue. They vary from one-eighth
to five-sixteenths inch iu diameter, nearly all of them situated near the surface. The
largest ones are covered by roughened, thickened pleura, thrown into wrinkles ; these
are in part yellowish, in part bright red and pink in color. The three lobes of the
right lung contain these necrotic masses. There are several in the right cephalic,
about six in the ventral, and over a dozen in the principal lobe, the largest being
one-half inch in diameter.

Digestive tract: Several small superficial sloughs on dorsum of tongue, near tip.
Stomach contains a considerable quantity of food. Fundus deeply reddened over an
area 5 inches in diameter. Duodenum with its mucosa bluish-gray, pigmented. Pey-
er’s patch showing as an aggregation of small, depressed pigment spots. Arbores-
cent injection of jejunum merging into a general hyperemia lower down. About 18
inches above valve a patch of mucosa 2 inches long, intensely reddened. )

Extensive pigmentation of mucosa of csecum. Mucous glands at the valve dis-
tended with plugs. About 12 inches below the valve the mucosa is intensely red-
dened, merging on hemorrhage. A very delicate elastic membrane (fibrin ?) covers
this region, extending for about 12 inches down the eolon. Below this latter point
the mucosa continues more or less hyperemic and pigmented into the rectum. Mes-
enteric glands enlarged with cortex and interlobular portions hemorrhagic. Meso-
colic glands in the same condition.

Kidneys with cortex pale, somewhat enlarged. Otherwise no marked changes ob-
served.

Spleen slightly enlarged and softened.

Bacteriological examination includes the following organs:

In two necrotic foci of the lungs examined a number of minute oval bacteria with
polar stain were observed in cover-glass preparations. Plates prepared with a bit of
this tissue remained sterile, however. A rabbit inoculated subcutaneously with a
bit of necrosed lung tissue at 3 p. m., Aug.9, was found dead next morning. In the
spleen and heart’s blood and in cultures therefrom only swine-plague bacteria de-
tected. The cultures were inclined agar and bouillon.

In cover-glass preparations of pleural exudate, a large number of swine-plague
bacteria were detected. Two inclined agar and one bouillon tube inoculated at the
autopsy. One agar remained sterile, the two other tubes developed into pure cul-
tures of swine-plague germs.

From the spleen agar plates prepared with a bit of pulp remained sterile. A bouil-
Jon culture contained a large spore-bearing bacillus. From the liver, the same prep-
arations made. Both plates and bouillon remained sterile.

From the contents of right ventricle two agar and one bouillon tube were inocu-
lated after scorching through the wall. The bouillon tube remained clear. Both
agar tubes contained subsequently a grayish glistening growth of swine plague
bacteria.

From a mesenteric gland one agar and one bouillon tube inoculated by scorching
the surface and removing with small scissors bits from beneath this area. Both tabes
remained sterile.
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died first. The inocalation took place at 3:30 p. m., October 30, and
the animal was found rigid at 6:30 next morning.

General blush of the skin on the ventral aspect of the body. On right side the
small vessels of the subentis filled with blood which oozes from the cut ends in the
form of thick drops. Both superficial inguinal glands hyperemic.

A small quantity of yellowish serum in the abdominal cavity. A network of
delicate fibrils stretching across coils of intestine. Peritoneum dull, opaque in ap-
pearance.

Trachea and bronchi contain reddish froth, mucosa reddened. Puanctiform hemor-
rhages under the pleara of left lung. Slight general cedema of both langs; some
interlobular @dema of the right.

Stomach contains a moderate quantity of deeply yellow-colored lignid. The
mucosa covered with a thick layer of tenacious mucus. The furidas over an area 8
inches in diameter is intensely hyperamic, the intensity being greatest in the center
of the area. Contents of duodenum of a blackish color. More or less hypersmia
throughout the small intestine, with swelling, hypereemia, and ecchymosis of Peyer’s
patches. More or less hypermmia in patches in the csecum and colon. The glandular
patch at the valve especially reddened. Feces dry. Follicles show as circular, red
spots from the serous side. Lymphatic glands of the lesser omentumn, mesentery, and
meso-colon very muach reddened.

Liver congested. Bile thicker and darker than normal.

On surface and throughout the cortical portion of kidneys numerous punctiform
hemorrhages. Pyramids intensely congested. Glands at hilus with cortex hemor-
rhagic. Bladder contracted, empty.

No. 401 died in the evening of October 31, i. e., somewhat more than
24 hours after inoculation. It was placed in large refrigerator until
next morning.

Subcutaneous vessels as in No. 403. Small patches of a grayish, viscid exudate on
the large intestine, liver, and spleen. Puunctiform ecchymoses barely visible to
naked eye under serosa of large intestine. Arborescent injection of the subserous
vessels on ventral wall of abdomen and intestines generally.

In the right pleural sac a considerable quantity of blood-stained liquid and shreds
of exudate stretching from lung to chest wall. The various lobes of both lungs
glued together and to pericardium. The lateral, ventral border of both langs have
the pleural covering much thickened, roughened, and thrown into wrinkles. Both
lungs congested and cedematous. In the right cephalic lobe a mass of dark red
hepatized tissue which may be the place where needle punctured. Grayish-red
hepatization of the major portion of left cepualic lobe. Trachea and bronchi contain
a large quantity of reddish foam. Mucosa with minute vessels injected.

Pericardium opaque and roughened. The entire epicardium similarly affected. A
grayish membranous exudate about the base of the heart extending upon the large
vessels.

Stomach contains a moderate quantity of turbid, saffron-colored liquid; mmncosa
covered with a thin layer of mucus. Punctiform reddening of fundus. Small intes-
tine contains much yellow liquid, mucosa not altered. Large intestine contains
firm feces. No lesions observed. :

Cortex of kidneys rather pale, pyramids very dark red.

Under capsule of spleen, some small extravasations. Parenchyma pale, organ not
enlarged.

Cover-glass preparations from peritoneum of small and large intestinesand of liver
show many swine-plague bacteria. In the spleen their presence not determinable on
cover-glass preparations. Cultures contained them, however,
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Another important fact is the production of pneumonia not only when
the bacteria are injected into the lungs, but when introduced into the
circulation.

Feeding and subcutaneous inoculation failed to produce disease.
That the latter will now and then produce disease is well shown by the
following case:

Pig No. 454 was inoculated February 28,1891, with a peptone bouillon
culture of the swine-plagne germ from Case 15. Three cubic centimetres
were injected subcutaneously into each thigh. The culture was one
day old, prepared from an agar culture. (Three others inoculated at
the same time remained well.) The pig was fonnd dead March 2, in the
early morning. It had thus lived between 36 and 48 hours after the
inoculation.

Black and red female pig, weighing about 50 pounds; in good condition. Consid-
erable reddening of the skin of ventral aspect of body and ears. Subcutaneous fat
reddened. F¥rom the cut vessels dark, thick blood exudes. Over both inoculated
thighs the subcutaneous vessels are extensively injected, forming a dense network.
The subcutis has a glistening appearance. On the right thigh, near Poupart’s liga-
ment, the subcutaneoas connective tissue is thickened, yellowish opaque, and friable,
over an area of several square inches.

On opening abdomen the intestines appear very much reddened. A few elastic
fibrils stretched across coils and about 10 cubic centimetres of turbid serumn present.

Stomach contains a large quantity of food. Mucosa not affected. Considerable
catarrhal inflammation of the duodenum, which extends into jejunum. The hyperse-
mia extends through the small intestine, but much less intense. Several ascarides
present. The mesenteric glands somewhat congested; in two of them old, caseous
masses, occupying nearly the entire gland.

Large intestine contains a large quantity of semiliquid feces. Mucosa normal.
Meso-colic glands hyper@mic.

In each pleural sac about 10 cubic centimetres of turbid effusion. Lungs hyper-
emic and edematous. Interlobular tissue of anterior (or cephalic) lobes slightly
thickened and opaque, the result of some former inflammation. In trachea and
bronchi some reddish frothy liqnid. The mucosa shows marked injection of the
minute blood-vessels, in some places almost hemorrhagic. In right bronchus a small
number of large lung worms.

On left auricle of heart ecchymoses. In left ventricle a small quantity of rather
thick dark blood. Right ventricle distended with it. Coagulation feeble.

Liver quite pale generally, acini distinctly outlined. Parenchymatous inflamma-
tion. On the surface may be seen with a hand-lens numerous minute grayish-yellow
dots, one or more in a lobule and situated chiefly on the periphery. In sections of
fresh tissue they appear as irregular, opaque, amorphous patches. In stained sections
from tissue hardened in alcohol they appear as intralobular aggregations of round
cells occupying the place of parenchyma cells. These foci are probably result of
some former disease. In the intralobular capillaries occasional masses of swine-
plague bacteria detected. (See Pl. x1, Fig. 4.)

Spleen enlarged and hyper@mic. Kidneys with cortex broadened. The base of
pyramids somewhat darker red than normal.

In cover-glass preparations from blood and spleen, swine-plague bacteria present, in
the blood in considerable numbers.

From a bit of spleen pulp two agar plates prepared. On the first, after 24 hours,
numerous swine-plague colonies appeared ; on the second nothing developed.

Agar cultures from peritoneal and left pleural cavity remained clear.
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in suspension brittle masses of pus wells out. From this liquid one inclined agar, one
bouillon tube, and three agar plates prepared. The agar and the bouillon tube con-
tained active growths of the injected swine-plague germ. On the first agar plate
an immense number of minute colonies appeared; on the second about two hundred,
and on the third very few. From these plates all colonies examined were made ap of
swine-plague bacteria.

A rabbit inocalated subcutaneously with a particle of the pus died within 20 hours.
In cover-glass preparations from liver and spleen, and in an agar culture from the
latter organ, swine-plague germs demonstrated.

Atother case of suppurative changes in the joints following intra-
venous inoculation is the following:

No. 411 received, December 4, 1} cubic centimetres bouillon culture of swine-
plague bacteria into a vein of one hind limb. It immediately became very sick, was
unable to get up, and died December 22. 1t.was greatly emaciated. Both carpal
and the left tarsal joint enlarged, the changes within the joint similar to those
described in the preceding case. Several rib joints in the same condition. In this
case also the presence of the virulent swine-plague bacteria in one diseased carpal
joint was demonstrated by inoculating two rabbits with pus thercfrom. Both suc-
cumbed within 20 hours to the inoculation. In the organs the characteristic polar-
stained bacteria. An agar and a peptone bouillon culture from the spleen of the pig
remained sterile.

Two other pigs inoculated at the same time and with the same dose
died in 15 hours with commencing peritonitis, pleuritis, and pulmonary
®dema. In both the stomach was hypera®mic.

PATHOGENIC EFFECT ON SMALLER ANIMALS,

The great virulence of the swine-plagune bacteria from this outbreak,
as compared with those of former outbreaks, is even better shown by
the inoculation of small animals. In the notes given below it will be
seen that not only rabbits but guinea-pigs and pigeons succumb to very
small subcutaneous doses of the growth from cultures, while large
fowls are killed by inoculations into the muscular tissue. The inocu-
lation of guinea-pigs and pigeons with cultares from previous outbreaks
was usually uncertain even though rabbits invariably succumbed.

Guinea-pigs.—October 2, 1890. One gninea-pig received subcutaneously into the
thigh one-fourth cubiccentimetre of a peptone-bouillon culture of swine-plague bac-
teria, a second one-twelfth cabic centimetre, and a third one twenty-fourth enbic
centimetre. The liquid in each case was diluted with 2 parts of sterile bouillon,
hence 3 times this quantity of liquid was actually injected.

The second guinea-pig died within 24 hours. At the point of inoculation consider-
able gelatinous cedema, the blood vessels injected, and the muscles of thigh covered
with a thin, grayish layer. Stomach and small intestine hypersmic. Spleen en-
larged, dark colored. In blood, spleen, and liver very few bacteria. An agar culture
frowm the spleen developed only colonies of swine-plague bacteria. The first guinea-
pig died several hours later with similarlesions. Peyer’s patches hypersmic. A mod-
erate number of swine-plague bacteria in the various organs. The third guinea-pig
died in about 36 hours with the same lesions.

October 7. A guinea-pig was inoculated with one one-hundredth cubic centimetre
of a peptone-bouillon culture. It died in 40 hours. The small intestine very hyper-
@ic, occasional patches of punctiform hemorrhages in mucosa. A small namber of
bacteria in the various organs not showing a distinct polar stain.
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attention to all motile bacteria having any resemblance to hog-cholera

bacilli. Four of such were isolated,one from the lung of No. 14, one
from the spleen of No. 15, one from the spleen of No. 16, and one from the
kidney of No.385. These four bacilli the writer sabjected to a very care-
ful examination. Those from Nos. 14 and 385 were found to be iden-
tical with the common intesiinal germ, bacillus coli communis. Those
from the spleen of Nos.15 and 16 grew very much like hog-cholera
bacilli on gelatine plates and in rolls. To bring out the differences ob-
served we will call the bacilli fromm Case 15 y and those from Case 16 6.

In gelatine rolls ¢ eould not be distinguished from a parallel roll cal-
ture of virulent hog-cholera bacilli. The surface colonies of y presented
a somewhat different type, in that they spread in a thinner layer with
very thin edges, somewhat like bacillus coli. They differed, however,
from colonies of the latter by their very restricted growth, attaining a
diameter of only 14 to 2 millimetres.

Both caused considerable turbidity of peptone bouillon, while viru-
lent hog-cholera bacilli canse only cloudiness, which very rarely merges
into a moderate turbidity. These bacilli multiplied therefore far more
energetically in bouillon than do virulent hog-cholera bacilli. There
were other slight differences between these two bacilli. Thus,
while y caused uniform turbidity of the culture fluid, & grew more or
less in clumps, which caused a rapid settling of the growth in spite of
the motility of the bacilli. When the culture was shaken up numerouns
clumps and flakes rose from the bottom. In the hanging drop these
bacilli presented a strange appearance. The various clumps, composed
of 10 or more bacilli, moved rapidly in various directions across the
field of the microscope. This peculiarity of 6 maintained itself after
passing through several rabbits and many cultures. In their patho-
genic power these two bacilli differed not only from hog-cholera bacilli,
as they are usually encountered in outbreaks, but from one another, as
the following experiments show :

Bacillus y. Plate cultures made from original culture and bouillon
inoculated from a colony. When 24 hours old, this culture was used
to inoculate 2 rather large rabbits.

One white rabbit received subcutaneously 0.3 cubic centimetre cul-
ture liquid.

One black rabbit received into an ear-vein 0.3 cubic centimetre
culture liquid.

Two weeks thereafter, neither having shown any signs of disease,
they were reinoculated. The black one received 1 cubic centimetre,
the white 0.5 cubic centimetre, both into an ear vein.

The white rabbit remained unaffected. It was killed after 16 days,
but no lesions were found. The black one died in 36 hours. The blood
was thick, - tarry; the left lang hypostatic; the spleen small. No
bacteria in cover-glass preparations from the spleen. This resalt did not
place these bacilli above the level of the ordinary intestinal bacteria
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the liquid appears within 1 or 2 days, and gas bubbles rise in the closed
branch. After a few more days the liquid in the closed branch is in
part replaced by gas, which continues to form for a week or longer.
Meanwhile the bacilli have become deposited in the bottom of the tube
as a whitish, flocculent mass. By cultivation in this way I was able to
keep these bacilli alive for many months until opportunity offered to
test them on animals. That they are pathogenic and may cause ma-
lignant dema the followiny inoculations are sufficient to demonstrate :

May 22, 1891, 3 p.m. From a culture in a fermentation tube 14 days old one-half
cuabic centimetre of the turbid deposit withdrawn and injected under the skin of a
rather large guinea-pig in the region of the abdomen.

The animal, apparently well at 9 a. m. next morning, lay down at 10 a. m., and died
at 1 p.m. On examination very extensive sanguinolent cedema of the subcutis over
abdomen and part of thorax. On left thigh the edema accompanied with mach dis-
tension of the subcutis with gas. The serosa of abdominal cavity discolored and
vessels injected. Both sides of heart contain dark soft clots. In the blood-stained
subcutis large numbers of the injected bacilli,in the spleen a few,in the blood none ’
observed. Two fermeutation tubes were inoculated with blood and a particle of
spleen pulp, respectively. In both a typical growth appeared in a few days.

At the same time a colony of these bacilli was removed from a glacose agar tube,
now 22 days old,and placed into the subcutis of abdomen of another guinea-pig
through an incision. No symptoms observed until 48 hours, when the animal rested
with abdomen on floor of cage and did not stir when aroused. Apparently neither
drowsy nor in pain. It was found dead on the morning of the third day (60 hours).
The lesions as well as the distribution of the bacilli and cultures from blood and
spleen were the same as in preceding case. :

A pig inoculated subcutaneously with 2 cubic centimetres of turbid deposit from a
fermentation tube showed no signs of disease.

‘Whether these bacilli can be implicated in the death of some cases of
this outbreak in which swine-plague bacilli were not detected, these
inoculations will not permit us to decide. The bacilli at the date of
inoculation had been cultivated for 10 months, and hence may have
become attenuated in the meantime. .

X,

At the end of 1890, Veterinarian E. C. Schroeder was directed by the
chief of the Bureau to make some examinations of swine diseases in
the West with the object of still further determining the distribution of
hog cholera and swine plague. ¥

Among the several herds examined only one deserves mention, be-
cause positive bacteriological results were obtained. This herd was
found about 14 miles south of Chillicothe, Missouri, where greater or
smaller losses from infectious swine diseases are said to occur each
year.

Cultures were made by Dr. Schroed er on agar, and these were care
fully examined by the writer subsequently. The cultures from one
animal contained only swine-plague bacteria, those from another only
hog-cholera bacilli. This outcome again illustrates the caution which
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The same method being employed in the preparation of gelatine and
agar, the fact that swine-plague bacteria will develop in an agar tube
when a gelatine tube by its side inoculated in precisely the same
manner fails to develop shows that some physical or chemical con-
dition of the gelatine is at fault. The gelatine must be regarded as a
drier medium than the agar, which dryness is not so favorable. An-
other possible explanation of the refusal of the more recently cultivated
varieties to multiply in gelatine may be due in part to slight improve-
ments and modifications in the preparation of nutrient gelatine and
agar. On the whole gelatine should not be used in the investigation
of swine plague.

On natrient agar prepared in the ordinary way with peptone bouillon
and kept in the thermostat, multiplication goes on rapidly, so that in
24 hours the deep colonies are one-eighth to one-fourth millimetre in
diameter according to the proximity of the colonies to one another (see
Plate x11, Figs. 1 and 2). The deep or submerged colonies appear
roundish or lenticular, and when examined under a low power (about
60 diameters) they are brownish, opaque, with margin and surface beset
with small knobs, thus giving the disk a reticulated and the border
an irregular wavy appearance. Some colonies do not present this
appearance, but remain smooth on surface and margin. The surface
colonies are glistening, slightly convex, whitish disks, barely trans-
lucent. They are circular, with margin having no irregularities.
Under a low power the central portion is brownish, granular, towards
the margin becoming more homogenous and translucent and exhibit-
ing usually very delicate radial striations. The deep colonies may
attain a diameter of one-half to three-fourths millimetre; the surface
colonies, when 1 centimetre apart, measure 4 to 5 millimetres in diameter.
As in the case of other bacteria, the size of the colonies varies inversely
as their number on the plate.

A very characteristic feature of such plates is the strong, disagree-
able, pungent odor which is emitted. This is best detected when the -
agar plates have been prepared in so-called double dishes, and these
are quickly opened after they have been closed for 24 hours or less.
When the growth is abundant this odor persists even atter repeated
exposure of the plates.

On the inclined surface of nutrient agar in tubes, the growth may
appear either in the form of isolated colonies or as a single grayish trans-
lucent patch, depending on the number of bacteria rubbed upon the
surface originally. (See Plate xm, Fig.4.) The condensation water
collected in the bottom is usually quite turbid within 24 hours. After
two or more weeks it will be found that the growth in the water has
assumed a viscid gelatinous consistency, so that it tends to come away
in a mass when a platinum loop is introduced. This has been charac-
teristic of all swine-plague germs thus far examined.

Bouillon containing from one-fourth to 1 per cent. peptone becomes
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a rabbit was inoculated from the soil as in the preceding experiment. The rabbit
died within 2 days. No bacteria found on cover-glass preparations; cultures contain
several kinds of bacteria. Swine-plague bacteria not detected. This case was there-
fore doubtfal. April 7, nine days after the infection of the soil, another rabbit was
inoculated therefrom. This one remained well.

Some experiments made in 1886 indicated a rapid destruction of swine-
plague bacteria in sterilized water. In 1888 and 1889 Dr. V. A. Moore
was charged to carry out another series of experiments to test this
problem more thoroughly.

In the first experiment a platinum loop rabbed over the surface growth of an agar
culture 24 hours old was stirred up in 10 cubic centimetres sterilized Potomac water
and placed in the laboratory. A second tube of water prepared in the same way was
placed in the refrigerator (50°-55° F.).

From the first tube 1 cubic centimetre transferred to bouillon on the fifth day failed
to infect it. From the second tube the same quantity failed to infect a bouillon tube
on the seventh day.

In a second series two tubes of water were infected, each with three loops of surface
growth and three drops of condensation water from an agar culture. It will be
noted that in tkis case some nutritive substances must have been transferred in the
condensation water. Bouillon tubes were infected up to the thirty-fifth day from the
water in the laboratory. From that in the refrigerator a successful inoculation was
made on the nineteenth day, but it failed after 38, 41, and 44 days.

A third series was tried. Each of two tubes was infected with three loops of growth
from an agar culture 1 day old. From the one in the laboratory inoculation with 1
cubic centimetre failed on the ninth day; from the one in the refrigerator, after the
twentieth day.

Swine-plague bacteria in water containing no nourishment may thus
succamb in 7 to 10 days at ordinary temperatures (60°-70°F.). When
some nufritive substances are present this period may be materially
lengthened. Inlower temperatures the bacteria seem to live somewhat
longer. A comparison between the relative vitality of hog-cholera and
swine-plague bacteria may be tabulated as follows:

Swine plague. Hog cholera.

Destroyed by moist heat at 58° C .... ...| 7minutes...... 15 minuntes.
Destroyed by drying (from bouillon) .../ 13to2days....| 7to9days.
Destroyed by drying (from agar) .... ...| After 6 days...| After 4 months.
Destroyed in Water ..coceeieeeiieeiiaeaaccaeceacaeaaan After 10 days..| After 2 to 4 months,
Deatroyed in80il.ccceeeeeneneereeecacncneiciaenceacctncaannen. After 4 days...| After 2 to 3 months.
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In pigeons and fowls the inoculation disease is a septicemia, prodaced,
however, only by the most virulent varieties of swine-plagne bacteria.
Attenuated varieties have no effect.

We have seen that the bacteria from outbreaks VII and IX, and
from Germany, all produce a rapidly fatal sépticaamia in rabbits, and in
so far no difference in their pathogenic power is manifest. But the
guinea-pig inoculations make a diserimination in showing that the bac-
teria from VII are less virulent than those from IX. Inoculation with
the latter, even in very minute doses (see p. 76), produces a rapidly
fatal septicemia, and hence the effect on rabbits and guinea-pigs is
alike. Inoculation with cultures from VII are on the other hand fatal
to guinea-pigs only after some days, and the localizations are uncertain
just as with attenuated swine-plague bacteria in rabbits. The inocula-
tion of pigeons also shows this difference. Bacteria from VII are fatal
only when the injectious are made slightly into the muscular tissue.
The bacteria from IX are fatal in 24 hours, even when a very minute
quantity of the culture is placed under the skin.

In case of fowls neither variety of bacteria is fatal when introduced
under the skin. When, however, the needle punctures the pectoral
muscle the bacteria IX prove fatal in 36 to 48 hours. With pigeons the
case is similar. Bacteria which fail to produce any effect when placed
under the skin may still prove fatal when injected into the muscular
tissue.

A further discrimination is possible in still more refractory animals,
such as swine. It has been shown in the preceding pages that swine-
plague bacteria from outbreak IX are the most virulent which haveyet
been encountered. One of the cultures of the German swine plague is
still more virulent, since it proves fatal to swine after subcutaneods in-
oculation, while the American variety usually fails.

The nature of the pathogenic activity of swine-plague bacteria is to
a certain extent cleared up by these experimental inoculations. When
they are capable of multiplying in the blood they produce speedy death,
probably by the development of some poison and by a modification of
the blood. When multiplication in the blood does not take place, the
large serous cavities still permit their growth on the lining membranes.
The irritation thus set up induces a fibrinous and cellular exudation,
which later on becomes completely cellular. The means by which the
bacteria are destroyed in these cavities when recovery ensues is not
known. Phagocytosis probably plays an important réle here, for I have
frequently seen large numbers of bacteria imbedded in the protoplasm
of the leucocytes. The pleural cavity is less frequently involved. This
may, however, be due in part to the fact that in most cases the inocula-
tions were made in the region of the abdomen or the thigh.

The relative virulence of the varieties investigated thus varies con-
siderably. Of those studied in detail recently the highest degree of
virulence would belong to one form of the German swine plague. The
others may be arranged in the following order: IX, VII, VIII and X.
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alone, although sick for a few days, recovered. Another fact of im-
portance illustrated in these cases is the slow action of hog-cholera
bacilli in invading other organs. Thus the swine-plague bacteria had
killed No. 463 before the hog-cholera bacilli had invaded the spleen
and liver. In No. 462, however, enough time had elapsed to permit the
hog-cholera bacilli to spread through the body while the swine-plague
bacteria were now limited to the lungs. The invasive power of hog-
cholera bacilli, tbough slower, is nevertheless more lasting.

There is no evidence to support the view that either swine-plague or
hog-cholera bacilli may produce serious disease in man. No bacteria
have thus far been described as the cause of human disease which are
. identical with either of the bacteria of swine disease. Nevertheless
the possibility of an occasional transmission from animal to man can not
be wholly set aside until more thorough bacteriological investigations
of human diseases shall have been made in those localities where infec-
tious swine diseases are very prevalent.

It is of interest to note that among human diseases typhoid fever
bears a close resemblance to hog cholera, not only as regards the gen-
eral character of the specific bacteria, but also with reference to the
disease itself. Again the diplococcus of croupous pneumonia in man
has many points of likeness with swine-plague bacteria. The general
pathological effect as well as the tendency to produce various forms of
disease by localizations, such as pleuritis, pericarditis, meningitis, are
strikingly similar to the miscellaneous lesions caused by swine plague
bacteria. Typhoid fever and pneumonia are not infrequently associated
in man, thus affording another point of similarity to the frequently asso-
ciated swire diseases. Another peculiarity which is common to the
pneumonia bacteria in man and to those of swine-plague is their frequent
occurrence in the mouth and upper air-passages of man on the one hand,
of swine on the other.*

* See the following chapter and appendix.
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Pig No. 119 was placed in an infected hog-cholera pen January 22, 1889, where the
swine-plague disease was present. September 2 it was transferred to another pen,
and killed Jannary 13, 1590. The internal organs were healthy, with the exception
of the lungs, in which there were several small foci of collapse and some lung worms.
One rabbit inoculated with nasal mucus from the base of the tongue died in 3 days.
There was considerable phlegmonous inflammation and peritonitis as the result of the
inoculation. The peritoneal exudate contained imwmense numbers of swine-plague
germs. The other rabbit inoculated with mucus from below the vocal chords died in
3 days with the same lesions and bacteria present.

2. Other affections.—Pig No. 180. This pig was exposed to hog cholera in an infected
pen March 13, removed March 18. It survived the exposure and was killed June 4.
Its internal organs were normal with exception of the peritoneal cavity, which con-
tained a considerable qnantity of clondy serum, the result of peritonitis. Four
rabbits were inoculated from mucus obtained from below the vocal chords and at the
base of the tongue. The two inoculated from the latter source died in about 24
hours, In both the spleen and blood contained larze numbers of swine-plague bac-
teria, The two inoculated with tracheal mucus died within 36 hours. The spleen of
both contained large numbers of the swine-plague bacteria.

Pig No. 202. This animal was fed.in May, 1889, with small quantities of culture
liquid containing hog-cholera bacilli twice a day for a week without producing a
fatal disease. November 15 it was penned with No. 119, which harbored the swine-
plague germs. February 14 it was killed by bleeding, and two rabbits inoculated
with mucus from the base of the tongue and from the larynx respectively. Both
rabbits died, one in 3, the other in 4 days. The lesions consisted in subcutaneous in-
flammation and exudative, partly hemorrhagic peritonitis. Swine-plagne germs
were present in the various organs, especially in the peritoneal exudate.

Na. 37. This animal had been inoculated in tbe lungs with a culture of swine. -
plague bacteria, October 8, 1888. January 27, 1889, it was exposed to hog cholera,
which exposure it survived. It was killed August 16, in a very good condition. The
only noticeable abnormal condition was the firm adhesion of the right lung to the
chest wall by means of firm, fibrous tissue, the result of the swine-plague inotulation.
The lungs themselves healthy. Three rabbits were inocnlated with mucus from the
respiratory passages (tongue, nose, and larynx). All three rabbits died, two in 48
hours, the third in 4 days. In the latter the inflammation at the place of jnoculation
and the peritonitis were most pronounced. In the organs of all three rabbits the
swine-plague bacteria were present, especially numerous in the peritoneal exudate.

The following case is of importance, because the bacteria obtained
from it were tested upon pigs and found viralent.

No. 164 survived a hog-cholera exposure early in 1886, and in June of the same year
was transferred to another pen. It was kept until Qctober, 1887, at which time ‘it
died of peritonitis, probably occasioned by injuries received in fighting with other
pigs in the same pen. No bacteriological examination was made of the peritoneal-
exudate, but two rabbits were inoculated with mucus from the trachea.

One died in 20 hours; in the various organs numerous bacteria showing polar stain.
The other died on second day, with the same bacteria, as demonstrated by the micro-
scope and cultures in bouillon and gelatine.

To test farther the relative virulence of these bacteria a peptone bouillon culture
was prepared, of which two mice re¢eived subcutaneously one-twelfth cubic centi-
metre; two pigeons received subcutaneously and into the muscular tissue one-fourth
cubic centimetre ; one guinea-pig received subcutaneously one-eighth cubic centime-
tre, and one rabbit one-twelfth cubic centimetre.

The guinea-pig and the pigeons remained well. One mouse died in 24 hours, the
other in 3 days. In the first large numbers of bacteria; in the second few. The
rabbit died within 2 days. In this animal there was slight infiltration of skin and
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are drawn to the border of the drop, do not touch one another, but re-
main separated from each other by a space of definite width. Careful
focussing then will also bring out the very faint outlines of the oval
transparent capsules. In the inoculations above described, the capsules
served as an important means of identifying these swine-plague bacteria
from case to case.

3. Older animals apparently healthy but previously exposed to disease.—
Under this head would come some of the cases already recorded and
the following : .

No. 420 had been inoculated with hog-cholera bacilli October 6, 1887, and with
swine-plague bacteria October 20. March 1, 1888, a drop of mucus taken from nares
with a capillary pipette and forced into subcutis of a rabbit through a skin incision.
The rabbit died in 10 days with exudative pleuritis. the exudate containing swine-
plague bacteria.

No. 219. This animal was inoculated subcutaneously with attenuated hog-cholera
cultures September 27,1889. It was killed January 13, 1890, and found normal. There
was at the place of inoculation an encysted caseous mass about 1 inch in diameter.
Three rabbits were inocnlated with mucus from the respiratory tract. Of these but
one rabbit died on the 11th day with purulent pleuritis and pericaraitis. Swine-
plague bacteria were obtained from the exudate and their virulence tested by inocu-
lating a fresh rabbit with a pure culture.

4. Animals not known to have been exposed to disease.

October 6. Nasal mucus obtained from the nares of a healthy pig on a flamed glass
rod is stirred up in sterile water and one-half cubic centimetre injected subcutane-
ously into two rabbits.

No. 1. Dead October 12. Purulent thickening of the subcutis at point of inocula-
tion and extending thence over abdomen and thorax as a sanguinolent effusion. Per-
itoneum roughened. A cover-glass placed on cecum, removed and stained, shows

immense numbers of bacteria exhibiting the polar stain. The same bacteria scarce
in blood, spleen and liver.

No. 2. Dead October 13. Lesions as in No. 1. Exudative peritonitis with ecchy-
moses on caecum.

Cultures from both cases on gelatine and in bouillon contain only swine-plague
bacteria.

Additional inoculations were made Febraary 2 and March 1, 1888,
Nasal mucus from supposedly healthy pigs was collected in a capillary
pipette and a drop forced with a rubber bulb into a subcutaneous pocket
made by an incision through the skin. The incision was closed with
collodion.

Rabbit| From
Date. No. |pig No. Result.

Feb. 2 1 483 | Negative. .

Feb. 2 2 484 Do.

Feb. 2 3 493 | Dies in 48 hours. Large numbers of polar-stained bacteria in
blood, spleen and liver.

Feb. 2 4 491 | Negative.

Mar. 1 5 490 0. -

Mar. 1 6 491 | Dies in 7 days. Extensive puralent infiitration ofsuboutis; cul-
tures negative.

Mar. 1 7 493 | Negative.

Mar. 1 8 483 Do.

Mar. 1 9 482 | Dies in 13 days. Pneumonia and exudative plenritis.

Mar. 1 10 484 | Dies in 7days. Same as No.6. Bacteria obtained from spleen
in cultures fatal to a rabbit in 48 hours.

Mar. 1 n 468 | Dies in 13 days. Same as No.9.
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both swine-plagu.e and hog-cholera bacilli, or that the cultures from one
animal contain only swine-plague bacteria, those from another of the
same herd only hog-cholera bacilli. Again this report illustrates that
we may Le called upon to investigate an outbreak of swine disease in
which hog cholera bacilli are demonstrable in every case, and in the
succeeding one we may find only swine plague bacteria or a mixture of
both germs.

It is highly probable that Billings had under observation now one
germ, now another, and occasionally a mixture of both. With this ex-
planation * in mind we may easily interpret the conflicting account of
the bacteria given by Billings, especially if such statements are based
on a small number of cases only. This explanation is the more plaus-
ible when we turn to the method used by Billings in obtaining pure
cultures from animals. While, on the one hand, his cultivation methods
were insufficient to determine accurately whether cultures contain more
than one organism or not, he unwittingly assumes, on the other hand,
first, that the bodies of diseased swine always contain only one kind of
bacteria, and, second, that this kind is always the same. These as-
sumptions anyone will recognize on reading page 103 of his report.
How much information can be obtained by such deductive method of
pursuing a most induactive branch of scientific investigation, the reader
must be allowed to judge for himself. .It may be noted, however, that
such vicious methods furnish ample material for the attack upon work
done by others.

Again, the examination of 5 hogs, or of 500 hogs, made over a lim-
ited territory with a uniform result, does not permit us to generalize
negatively on the swine diseases of the remaining millions scattered
over the whole country. This attitude is to be regretted the more

* A good illustration of the plausibility of this theory may be found on pp. 191-197
of the report of Billings, where the results of some inoculations of smaller animals
are detailed. These may be tabulated.

One rabbit, inoculated with one-half cubic centimetre bouillon culture, subcu-
taneously, May 14, dies in 3 days.

One squirrel, inocuiated with one-half cubic centimetre bouillon culture, subcu-
taneously, May 14, dies in 3 days.

One rabbit, inoculated with one-fourth cubic centimetre spleen emulsion of preced.
ing rabbit, May 17, dies in 6 days. .

One rabbit, inoculated with seven drops of blood, etc., from pig, subcutaneously,
May 23, dies in 1} days.

In this series the dose injected into the first rabbit is too large to bring oat the
differential characters of either hog-cholera or swine-plague germs. In the second
rabbit death was probably due to hog-cholera bacilli. In the third it was certainly
due to swine plague, since the most virulent hog-cholera bacilli would not destroy
rabbits in the dose used, in less than 4 to 7 days. In the report on the corn-stalk dis-
ease already referred to (1889), Billings states that a certain germ could not ‘‘be
that of swine plague (hog cholera) on account of its acute fatality.” These later
opinions are refreshing in being in the right direction as far as hog cholera is con-
cerned.
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are given to illustrate the variety of lesions which these bacteria may
produce.

The culture was first tested by plate cultures and two rabbits inoculated from a
bouillon sub-cultare.

June 3, 1890. One rabbit received one-eighth cubic centimetre subcutaneously, and
one one-eighth cubic centimetre into an ear vein.

In both the temperature was between 105° and 106° F. on the sixth day. On the
tenth day the first had recovered; the second, unable to move hind limbs, was chloro-
formed. The only lesions observed were two abscesses, one on the right tarsus, the
other on left elbow joint, both communicating with the joint cavity.

The culture was thus considerably attenuated. Nothing more was done till Decem-
ber, when the same culture, passed through a series of agar tubes meanwhile, was
used, because attennated, for some preliminary immunity experiments on rabbits.
The virulence of the bacteria was much greater now, as the following inoculations
prove. Attention is called to the great variation in the lesions prodaced, and to the
pneumonia in No. 5.

December 8, 1830. Two rabbits (Nos. 1, 2) received subcutaneously one-eighth cubic
centimetre bouillon culture, and two (Nos. 3, 4) the same dose into an ear vein.

No. 1 dies in 7 days with extensive purulent infiltration of the subcutis over abdo-
men and thorax, purulent peritonitis and plearitis.

No. 2 survives.

No. 3 very sick on the fifth day and chloroformed. A subcutaneous purulent in-
filtration extends from place of injection on the ear over the greater part of face.
No other lesions observed.

No. 4. Temperature on third day 105.5° F. Dies on the fifth day with peritonitis
and pleuritis. The exudate stretches in the form of delicate grayish viscid threads
between coils of intestine when these are lifted up, and from chest-wall to pleura of
lungs. The exudate a mixture of lencocytes and immense numbers of bacteria.

As these experiments were designed to find a dose which would not prove fatal
they were repeated.

December 16. Two rabbits (Nos. 5, 6) receive a subcutaneous injection of one-eight-
hundredth cubic centimetre bouillon culture, and two (Nos. 7, 8) an intravenous in-
jection of the same dose.

In all cases the culture was diluted and one-fourth cubic centimetre of the dilation
injected.

No. 5 dies in 9 days. Extensive purulent infiltration of subcutis over abdomen and
part of thorax. Exudative peritonitis absent. Purulent pleuritis with exudate es-
pecially abundant on right lung and chest-wall. Hepatization of the two small anterior
and portion of principal lobe of same side. The hepatized lobes in part dark red and
pale red, firm and enlarged. Epicardinm covered with a membranous exudate. In
the exudate numerous bacteria showing the polar stain.

No. €. Temperature on second day 105° F. Dies on sixth day. Extensive purulent
and sanguinolent infiltration of the subcutis as in preceding case. Spleen barely en-
larged, somewhat darker than normal. No peritonitis or pleuritis.

No. 7. Temperatare 105.2° F. on second day. Dies on thirteenth day. Extensive
subcutaneous infiltration as in preceding case. Straw-colored, elastic membranous
exudate on liver, spleen, and c@cum, and between coils of large intestine, matting
the various organs together. The exudate is easily pulled away and consists of fatty
pus cells and immense numbers of swine-plague bacteria. In pleural sacs some
serous exudate. Pale red hepatization of a small portion of the smail anterior lobes
of right lung. Spleen moderately enlarged, dark. Peyer’s patches pigmented.

In November, 1890, Prof. T.-J. Burrill, of Illinois University, sent
two agar cultures of bacteria obtained from an outbreak of swine dis-






126

pigs lived from 2 to 3 days after inoculation. In all there was extensive
sero-sanguinolent infiltration of the subcutis, starting from the place of
inoculation and extending in some over thorax and abdomen. In one
the intestines were covered with a sanguinolent and fibrinous exudate.
Of three pigs inoculated (probably with minimum doses) one died in
2 days with the following lesions: . :

8kin of abdomen bluish red; enormous edema of skin; Jungs hypostatic ; mucosa
of svomach deeply reddened ; spleen unchanged; kidneys parenchymatous; mesen-
teric glands not swollen,

This first reported case is interesting in that the lungs were not the
seat of disease.

The disease of Schweineseuche was established in a more definite man-
ner by Schiitz in investigations carried on in 1885.*

Since then it has been generally recognized as a disease distinct from
Rothlauf. The material with which Schiitz worked at this time con-
gisted of—

1. The stomachs, spleens, and livers of three pigs, more or less decom-
posed, June 15, 1885.

2. The stomachs and spleens of several pigs, August 27, from Putlitz,

3. The trunks of two pigs, November 19, from Putlitz.

4. Two entire pigs, December 13, from Putlitz.

In a footnote the author states that several additional cases of this
disease had come under his observation subsequently.

In the four pigs of which Schiitz was enabled to examine the viscera,
all were affected with more or less hepatization of the lungs associated
with pleuritis, more rarely with pericarditis. In one of these four cases
there was found, in addition to lung disease, peculiar caseous degen-
eration of the joints of the limbs, involving the bones and surrounding
muscles. The various lymphatic glands were greatly enlarged and con-
tained cavities filled with grayish yellow, semi-liqnid masses.t In the dis-
eased lungs were disseminated yellowish necrotic foci varying in size.

From all the cases examined bacteria were obtained which were evi-
dently the same. Schiitz described them as follows:

When stained with gentian violet they show in their central portions an unstained
region surrounded by a layer stained blue, The thickness of this layer is greater at
the poles, so that the extremities appear more deeply stained than the sides. When
deeply stained they appear uniformly blue. As these organisms stand between mi-
crococci and bacilli, they may be called bacteria. They are 1.2 z long and 0.4 z to 0.5
4 broad. They multiply in the following manper: They become twice as long as
broad ; show distinctly rounded extremities, and stain like the organisms of rabbit
septicemia and fowl cholera, so that betweeu the deeply stained ends about one-half
or a third of the entire length remains unstained. Careful examination shows, how-
ever, that the colored end pieces are connected with each other by a fine line which
passes from one to another on each side. The end pieces then separate and the me-

dian portion disappears. The former are at first spherical, but very soon assume an
oval form. Hence from every organism two new individuals arise by division, in

* Loc. cit., I (1885), pp. 376-413.
t Compare cases on p. 75 of this report.
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The attenunated condition of these bacteria discouraged any attempts
to determine their effect upon swine.

The second culture received in 1890 proved to be a far more v1rulent
type, since inoculation of rabbits was invariably fatal within 20 hours.
These bacteria did not differ therefore in this respect from those
obtained from outbreaks VII and IX. At the same tiwae their vira-
lence was still greater, as will appear from the following trials upon
swine:

January 9, 1891. Pig No. 435, black male, mixed grade, 44 months old, received
subcutaneously into each thigh 2} cubic centimetres of a peptone-bouillon culture,
or 5 cubic centimetres in all. Dies just 24 hours later.

Pig No. 437, black and white female, 44 months old, one-half cubic centimetre of
the same culture injected into & vein of leg. Animal struggled so that the quantity
injected may have been more or less than one-half cnbic centimetre. Dead in 36
hours.

In both animals there was considerable necrosis of the skin and cedema of the sub-
cutis where the inoculation was made. These animals were not examined until post-
mortem changes had appeared, owing to other work, so that the autopsy notes are
omitted. The following two cases are of interest in that the quantity of culture
liquid injected was smaller.

February 11. No. 460, black and saudy female, 33 months old, weight 60 pounds,
inoculated subcutaneously with 1 cubic centimetre of a bouillon culture 24 hours old,
one-half injected into each thigh.

No. 461, animal of the same kind, inoculated in the same manner with 3 cubic
centimetres.

Both were found unable to rise on the following morning and died at 8 p. m., about
28 hours after inoculation.

Autopsy early next morning. No. 461 in good condition. General blush of skin
on ventral aspect of body and limbs. Slight reddening of subcutaneous fat. On
both inoculated thighs the connective tissue reddened and all minute vessels injected. -
On the right the connective tissue has also a glistening cedematous appearance which
extends upon abdomen as far as umbilicus.

Considerable blood extravasation on pericardium and on epicardium along the
base of the heart, interventricular grooves and left ventricle. Veins on the surface
of the heart distended. In right side a very dark, soft clot imbedded in thick, tarry
blood. Lungs normal. Intestines have a uniformly reddened appearance from the
outside. Stomach about half full of food. Mucosa of fundus hyperemic. Mucosa
of small intestine normal. In large intestine much dry feces. Mucosa of cecum and
colon of a wine-red color. Liver somewhat flabby. The surface has a mottled ap-
pearance due to the varying hypersmia of the lobules. In the gall-bladder a firm
body which almost fills it out and has the appearance of beeswax. The body is
readily crushed with the fingers. Surrounding this body is a yellowish-white, pasty
mass. Kidneys hyper@emic.

In cover-glass preparations of blood and kidneys many bacteria exhibiting the
polar stain; in liver, only a few. Oun inclined agar traces from blood, kidney, and
liver transferred with wire gave rise to a very dense growth of swine-plague bac-
teria.

No. 460. From the cut ends of the subcutaneous veins thick, dark blood exudes.
Skin and subcutis as in No. 461, the vasoular injection on the thighs more pro-
nounced.

Intestines and stomach appear much reddened from the outside. On the abdominal
walls and coils of large intestine are little lumps of yellowish-white exudate. A few
coils of the small intestine where they touch each other show bands of petechig un.
der serosa.
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found by Schiitz in 1885,and the swine pest, or hog cholera, first noticed
in Sweden and Denmark in 1887.* This possibility has been suggested
recently by Bunzl-Federnt in an article devoted to swine-plague and
closely related bacteria. The problem of infectious swine diseases
would then enter the phase in which the investigations of this Bureau
found it as far back as 1886 in this country, in which a mixture of two
diseases is encountered more frequently than either disease by itself.

In this summary some articles of minor importance have remained
unnoticed. Likewise the observations of Roloff{ on caseous changes
in the intestines of young pigs have been passed by because they give
us no information as to the nature of the bacteria involved in the
disease. The views of some that his cases were swine plague, of others
that they may have been hog cholera, are purely hypothetical.

* See Special Report on Hog Cholera, 1889, p. 131.

t Archiv f. Hygiene, xi11, 1891, 8. 198.

t{ Die Schwindsucht, fettige Degeneration, Scrophulose und Tuberkulose bei
Schweinen. Berlin, 1875,
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tected in the various organs examined. Moreover there was quite a
difference observable in the lesions of the various cases correspouding
more or less closely to the nature of the bacteria found. The supposi-
tion already presented in regard to this outbreak was that the hog-chol-
era bacilli were either present in the locality into which the pigs were
brought or were carried by some one or more pigs in the herd.

Hog cholera and swine plague thus mutually assist one another to
produce those feebly infectious, chronic diseases which are common at
all seasons of the year, and it is not unreasonable to suppose that from
such apparently insignificant diseases large epizoitics are developed,
which by a gradual return of virulence in the bacteria, and under slight
provocations of forced feeding, cold, or other debilitating influences
on the part of their victims, barst forth at certain seasons of the year
with unexpected violence.*

This condition of things refers more particularly to loca.htles where
swine-raising has been conducted on a large scale, where these dis-
eases never actually die out, and where consequently the specific
Dbacteria are always on hand. In those regions which are being invaded
by these plagues anew the latter may smolder for several years by
reason of the introduction of attenunated varieties before they break
out as genuine epizoditics.

There are no facts at hand to indicate any difference in the distriba-
tion of these two plagues. The localities where either one or both
plagues have been determined by bacteriological investigations may
be tabulated as follows:

Locality. Character of plague.

By the Bureau of Animal Industry:
District of Columbia, numerous outbreaks 1885-'90............... lIog cholera. | Swine plague.
Maryland, various outbreaks 1885-'80......... ..]....do Do.
Virginia, various outbreaks 1885-'90 Do.
Nebraska, 1836
Illinois (Geneseo), July, 1886
Tilinois (Sodorus), September, 1886.

P, _.| Swinoe pla
Hog cholera. I)o.p gne.

Iowa, Decoember, 1886. .cccvenuennn.ans [N Do. -
Towa (Mason Clt,y), November, 1888 .......ccceeceacnnn. oo *®) Deo.
New Jersey (Johnsonburgh), October, 1887.............. .- #?)

New Jersey (Pleasantville). July 1890 .cccuennnnneanne.. ceee %) Swine plague.
Missouri (Chillicothe), 1890-'91 cieeeee .. ...| Hog cholera. Do.
Nebraska (1886-'88), by Blllmgs ...............

Maryland (Baltimore), by Welch and Clement .

South Carolina, by Bolton......

IMlinois, byBurrill ................

Massachusctts (near Boston), by J. A. Jeffi 5.

()
.| Swine plague.
‘| swine plague.
Do.p gue

*The investigation in Towa did not bring to light any hog-cholera bacilli, though the lesions sug-
gost the presence of attenuated forms not accessible by the usual methods.

tIn this small outbreak bacilli clusely resembling tjwse of hog cholcra were found in the spleen.
Their virulence, howover, was very feeble. Subcutaneous inoculation had no effect on rabbits.

* A curious instance of this recrudescence of apparently enfeebled virus is outbreak
1V referred to above. During February and March swine plague from a neighboring
farm became mingled with hog cholera in an infected pen on the Station in which this
disease had apparently lost all virulence. The cases of mixed disease were of but
slight severity so far as hog cholera lesions were concerned. Gradually towards
spring, animals placed in this pen died rapidly of hemorrhagic hog ¢holera. There
wasno evidence of the introduction of another bacillus, nor were any changes detected
as regards the bacteria in cultures or in the inoculated rabbits. .































150

or by the unsanitary, unphysiological methods of rearing swine by which
the latter are reduced in vitality and made more susceptible.

8. 1t is pretty well established that there are a number of infectious
diseases affecting cattle, buftaloes, deer, fowls, and smaller animals,
the bacteria of which are closely related, if not identical with, those of
swine plague. These plagues appear in various parts of the globe spo-
radically. (Wild- und Rinderseuche, barbone bufalino, fowl cholera, rab-
bit septiccemia.) Their tendency to spread from one species to another,
from cattle to swine, for instance, probably depends both on the degree
of virulence of the bacteria as well as the opportunities afforded for
such transmission.

9. Swine-plague bacteria are very probably introduced into a herd
only in the bodies of animals, since they are speedily destroyed in soil
and water by natural agencies. Virulent varieties are perhaps always
derived from preéxisting disease. Attenuated varieties may be intro-
duced by healthy animals. Since these may under special conditions
give rise to disease, efforts to prevent and suppress infection must take
into account the physical condition of the exposed animals.



APPENDIX.

THE PRESENCE OF SEPTIC BACTERLA, PROBABLY IDENTICAL WITH THOSE OF SWINE
PLAGUE, IN THE UPPER AIR PASSAGES OF DOMESTICATED ANIMALS
OTHER THAN SWINE.

By VERANUS A. MOORE, B. 8., M. D)., Assistant,

The examination of the secretions of the mucous membrane of the
upper air passages in domesticated animals other than swine was be-
gun under the direction of Dr. Theobald Smith for the purpose of deter-
mining whether or not the swine-plague germ, or a germ closely related
to it, is normally present in these animals. The results obtained from
the limited number of examinations that have Leen made from the
various animals are of so much value in throwing light upon the natural
habitat of this group of microtrganisms that a preliminary report of
these experiments seemed desirable at this time.

The methods that have been employed in these investigations are the
same as those used by Dr. Smith in the examination of mucus from
the respiratory tract of healthy pigs, and which are described on p.
110 of this report. The inoculations of rabbits with the mucus from
the various animals were made in part conjointly with Dr. F. L. Kil-
borne, in part by him alone, and in a few cases I alone am responsible
for these operations.

1. Imoculations from cattle.—Rabbits have been inoculated with the
mucus taken from the larynxoramygdaloid cavities of seven healthy cat-
tle. Four of these were steers, two of which were Western animals that
had been shipped to Washington for beef. The four steers were killed
in a slanghter-house near the Experiment Station by cutting the blood
vessels in the neck. Care was taken to keep the mouth free from blood.
The other three were heifers that were killed for various purposes in a
similar manner at the Experiment Station. In each case the mucus was
collected immediately after the death of the animal and inoculated sub-
cutaneously into rabbits.

The rabbits that were inoculated with the mucus from the four steers
and one of the heifers died in from 3 to 6 days. The lesiouns fouwnd i

these rabbits were similar to those produced by the ANLNVARA ¥R~
AN\
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plague germ. The local infiltration contained several forms of bacteria.
In the peritoneal exudate and in the spleen and liver bacteria were
found that resembled the swine-plague germ both in stained cover-glass
preparations from the tissues and in cultures.

The rabbits inoculated from the two remaining animals showed no
signs of disease.

The pathogenic effect of the bacteria obtained from the first two cat-
tle was determined by inoculating rabbits with pure cultures. The
subcutaneous injection produced extensive purulent infiltration at the
point of inoculation and exudative peritonitis, destroying the rabbit in
6 days. An intravenous inoculation of the same quantity of a similar
culture from the second case proved fatal in 24 bours. The blood, liver,
and spleen contained innumerable bacteria which could not be distin-
guished from the swine-plague germ. No inoculations were made with
pure cultures from the remaining three animals. 1t is sufficient to say
that the lesions produced in all of the rabbits inoculated from the five
cases were the same. The following tables will explain the results of
these inoculations :

Inoculation of rabbits with mucus from the upper air passages of cattle.

Rabbit )
Aui- ) Date of | Rabbit
mal m‘;“_s Iateq | inocula- | ~died Remarks,
No. No.' tion. in—
1890. | Daysa.
1| Amygda- 5 1| Feb. 27 3 | Local reaction; peritonitis.
loid cav-
ities. |{ 2 |Feb. 27 4| Do _
2 3 | Feb. 27 4 | Local reaction; peritonitis; pleuritis.
Larynx ... g 4 | Feb. 27 4 I:iocal reaction ; peritonitis; pleuritis and pericar-
: itis.
3 | Amygda- 5 | Mar. 13 8 | Local reaction ; peritonitis.
loid cav-
ities.
4(...do..... 6| Apr. 1 4 | Local reaction; peritonitis; beginning pleuritis.
5|...do..... g gcnr. 20 |.c...... Rabbit remained well.
6 | Larynx... { : Oc; g 3 Loca.lo.rmuon, peritonitis.
1891.
7| Amygda- 10 (Jan. 5 |........ Rabbit remained well.
loid cav-
ities. 11 | Jan. 5 |........ Do.

Inoculations with pure cultures obtained from above rabbits.

CI;“:III‘S Rabbit

rathit Method of inoculation and date. died Remarks.
No. ‘ in—

Days.
March 4,1890, one-eighth cubic centimetre bouillon* cultare 6 | Local reaction ;
subcutaneously. peritonitis.

March 4, 1890, one-cighth cubic centimetre bouillon culture 1 | Septicsemia.
into ear vein.

W

* All the bouillon used in these investigations contained one-fourth per cent. of peptone.

2..Inoculations from cats.—Rabbits were inoculated with the secre-
tions of the mucous membrane of trachea, larynx, or pharynx of seven
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The rabbits inoculated from dogs Nos. 2 and 3 died in about 36 hours.
Innumerable bacteria were found in the various organs that could not
be distinguished from those obtained from cattle and cats or from the
swine-plague germ. The rabbits inoculated from the other four dogs re-
mained well. Both subcutaneous and intravenous inoculations of fresh
rabbits with cultures of these bacteria proved that they were as vira-
lent as those from several of the cats. The results of these inoculations
are summarized in the appended tables:

Inoculation of rabbils with mucus from the upper air passages of dogs.

Rabbit | Date of | Rabbit
Dog | Mucus | ;pocila. | inocula- | died Remarks.
No.| from— | 04 "No. | tion. | in—
2 | apezs |7 | Ravb ed well.
g T. cemenens it remained we!
1 Imynx---{ 2 | Abr. 23 |11l Do. .
2 | Pharynx.. 25 | Apr. 28 36 | Local réaction, beginning pleuritis.
3 | Laryux ... 26 | May Local reaction, peritonitis,
4 do..... 27 | May Rabbit remained well
5(....do.... 28 | May Do.
6|....do..... 29 | Dec. Do.

Inoculations with pure cultures obiained from above radbits.

Calture Rabbit
rabbit Mothod of inoculation and date. died Remarks.
No.— in—
Hours. X
25 | May 2, 1890, loop agar culture subcutaneously in 22 | Septicemia.
eur.
i May 20, 1890, one-eighth cubic centimetre bouillon 18 Do.
2 cultare into ear vein.
1 May 20, 1890, one-eighth cubic centimetre bouillon 18 Do.
culture subcutaneonsly.

4. Inoculations from other animals.—Rabbits have been inoculated
with the mucus taken from the larynx or trachea of one sheep, one
horse, two old fowls, and one rabbit. One of the two rabbits inocu-
lated from the sheep developed a large abscess near the point of inocu-
lation. It was chloroformed after about one month. There were no
other lesions. The other rabbits remained well. The inoculations from
asingle animal are, of course, insufficient to give any general informa-
tion respecting the species. The annexed table gives all the informa-
tion necessary with reference to these inoculations.

Inoculations with mucus.

Mucus Rabbit | Date of
Animal. How killed. from— | inocula- | inocula- Remarks.
ted, No. [ tion.

1890.
Sheep 1...| Cutting jugalars..| Larynx... { gg ﬁg: ; ﬁﬁ’!‘:ﬁ:ﬁ:ﬁgﬁ‘m{t’m“‘
Horso 1...| Shot .eeeueeeenen.. veeedo oo, g ?Ké ; B::
Fowl1l....| Neck broken...... Trachea .. 34 | June 3 Do.
Fowl2....0.ccil0 cevnennnnnnn. veerdo..... 35| June 3 Do.

1891. -
Rabbit 1..| Chloroformed..... weeudo ..eel 36 | Apr. Do.
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PratE IX:

Fig. 1. Collapse of groups of lobules in the principal lobe of a pig’s lung. Fre-
quently associated with broncbitis and lang worms.

Fig. 2. Broncho-pneumonia. The cut surface of the lung tissue shows the
occluded small air tubes as yellowish spots. The air vesicles or alveoli
appear as minute yellowish dots in groups on the surface of the langs, the
color being due to the cell masses filling them up. The exudate plugging
the air tubes is sometimes firm enough to be teased out in the form of branch-
ing cylinders. This form ot lung disease is frequently associated with both
hog cholera and swine plagne, and may occur independently of them.

PLATE X:

Heart exposed by removing pericardium. The surface of the heart (epicardium)
is covered with exudation. The pericardium very much thickened by exud-
ation of similar character. From case 12, outbreak VII.

Prate XI:

Fig. 1. Cover-glass preparation from spleen of rabbit inoculated with a particle
of long tissue from case 15, outbreak IX. Rabbit dead within 40 hours.
Preparation stained in alkaline methylene blue and mounted in Xylol bal-
sam. X 1,000.

Fig. 2. Section from left lung of inoculated pig No. 275, outbreak VII (see p. 46),
showing extensive cell infiltration of the alveoli and small air tubes. Tissue
hardened in alcohol, stained in alkaline methylene blue. Mounted in bal-
sam. X 140.

Fig. 3. A portion of the contents of an alveolus from the preceding figure highly
magnified to show swine-plague bacteria. . X 1,100.

Fig. 4. From the liver of No. 454 inoculated subcutaneously with bacteria from
outbreak IX (see p.74). Intralobular capillary containing a mass of swine-
plague bacteria. Section prepared and stained as indicated in the description
of the preceding plate. X 1,100.

PraTe XII:

Fig. 1. a, Surface colonies and deep colonies of swine-plague bacteria (outbreak
IX) on an agar plate one week old. The small, round, and lenticular bodiss
represent the deep colonies, the larger ones the surface colonies; natural
size. b, A surface colony enlarged 17 diameters, showing reticulated center,
and delicate radially striated periphery.

Fig. 2. Two deep colonies from the saiwne plate enlarged 17 diameters.

Fig. 3. Colonies of swine-plague bacteria from outbreak I (1886), on a gelatine
plate, 7 days old. X 60.

Fig. 4. Agar tube culture of swine-plague bacteria (from outbreak VIII), about
2 days old. Natural size,

mm b guun
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