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LETTER OF TRANSMITTAL.

U. S. DEPARTMENT OF AGRICULTURE,
BureAU OoF ANIMAL INDUSTRY,
Washington, D. C., March 2, 1903.

Sir: I have the honor to submit herewith a manuscript on ¢ Takosis,
a contagious disease of goats: A preliminary report on its nature,
cause, and prevention,” by Dr. John R. Mohler and Dr. Henry J.
Washburn, chief and acting assistant chief, respectively, of the Patho-
logical Division of this Bureau.

During the fall and winter of the past year reports of a chronic,
highly fatal disease, which seemed to threaten the Angora goat industry
in certain districts, reached the Bureau from several different States;
and as the symptoms and postmortem lesions were entirely unlike
any of those accompanying the known diseases which affect this spe-
cies of animals, it was decided to investigate thoroughly the nature of
the disease in question and, if possible, to determine the cause of the
affection. Laboratory worksoon resulted in bringing to light a micro-

“coccus (Micrococcus caprinus) in the blood of the heart, lungs, and
spleen, which experiments proved to be the cause of the disease.
Filtrates were made and a series of experiments undertaken with the
purpose in view of securing a preventive, and possibly a cure, of the
disease. The paper submitted herewith shows that these efforts met
with some success. The work so far done is fully described in this
paper, and suggestions for preventing the disease are offered. It is
believed that all this will be useful to the industry which has so recently
received such widespread attention, and I therefore recommend the
publication of this manuscript as Bulletin No. 45 of this Bureau.

Respectfully,
D. E. SaumoN, Chief of Bureau.

Hon. James WiLsoN, Secretary. X
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TAKOSIS, A CONTAGIOUS DISEASE OF GOATS: A PRELIMINARY -
REPORT ON ITS NATURE, CAUSE, AND PREVENTION.

By Jou~n R. MonvLegr, V. M. D.,
Chief of Pathological Division, Bureaw of Animal Industry,
AND
HEeNry J. WasaBury, D. V. S,
Acting Assistant Chief of Pathological Division, Bureaw of Animal Industry.

PRELIMINARY REMARKS.

It will surprise many readers to learn that there exists a disease of
any kind sufficiently virulent to kill a goat. As popularly regarded,
this animal haunts the backyards and alleys in the suburban districts
of our cities, where he picks up various articles of sustenance which
would prove fatal if consumed by any other species of animal. Kept
under these conditions, he usually presents such a cheerful and healthy
appearance that he would at once he pronounced able to combat suc-
cessfully anything that should come his way, even an infectious disease.

While admitting that the common goat (Capra hircus) is susceptible
to comparatively few ailments, it will be shown by the following article
that the Angora, after many generations of careful breeding and selec-
tion under favorable conditions, has developed a perceptible retrogra-
dation in vitality and power of resistance against disease and has been
seriously and fatally affected in many sections of the country by a dis-
ease not accredited to its prototype. During the fall and winter of
the past vear, reports of a chronic, highly fatal contagious disease,
which seemed to threaten the Angora goat industry in certain dis-
tricts, reached this Bureau from several different States; and, as the
symptoms and postmortem lesions described in the letters were entirely
unlike any of those accompanying the known diseases which affect this
species of animals, arrangements were made to secure the viscera of
an animal that had died after showing characteristic symptoms of the
disease in question, in order to investigate the nature, and, if possible,
the cause of the affection. As a result, the entire viscera, including
the head and intestinal canal of a goat that succumbed to the disease,
was received in good condition from Pennsylvania during December,

1901.
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8 BUREAU OF ANIMAL INDUSTRY.

The inoculated culture media and cover-glass preparations made
from the heart’s blood, lungs, and spleen showed a small micrococcus
arranged in the form of a diplococcus, and occasionally in tetrads or
short chains. Two other organisms were obtained from the liver and
lungs—one a large spore-bearing rod and the other a motile, peptoniz-
ing bacillus; but, after a bacteriological examination and inoculation
tests, they were shown to be obvious contaminations, the result of
postmortem invasion. A similar study of the micrococcus isolated
from the heart’s blood revealed its pathogenic properties to mice and
guinea pigs, and it was thereupon determined to make a more extended
investigation of the disease. Shortly after, one of the writers was
enabled to visit a large flock of Angora goats, among which the dis-
ease was prevalent, with deaths occurring daily, and it is principally
from the information acquired from an investigation of the disease in
this outbreak that the following article has been prepared.

NAME OF DISEASE.

Takosis.—It is with considerable hesitation that a specific designa-
tion for the disease in question is suggested at this time, and although
generally the coinage of names is to be avoided, still it seems essential
and preeminently of importance to individualize this affection by means
of a descriptive term. For this purpose the name Takosis is proposed.
Itis derived from the Greek 77k, meaning to waste, to cause to
waste away, and is thought sufficiently descriptive and accurate to
meet the desired requirements.

HISTORY OF OUTBREAK.

On arriving at the farm where the Angora goats were kept, it was
learned from the owner that goats had been maintained on the premises
for several years, but the majority of the flock had been purchased in
Texas six weeks before the outbreak. The disease had commenced its
ravages in November, when the animals had been on brush land in the
mountains. Laurel poisoning was suspected, as several goats had died
from this cause during the previous summer, but on closer observation
this opinion was disregarded, not only on account of the different
symptoms manifested, but also from the chronic course of the disease.
The general weakness, loss of flesh, and extreme debility of the animals
then suggested intestinal parasites as the cause, and worm powders
were administered for a period sufficiently long to obtain results but
without success. It was then thought desirable to change the pasture,
and accordingly the goats were brought down from the mountains to
the farm, where they were stable-fed. The majority were placed on
the ground floor of a large hillside barn in various-sized pens to accom-
modate the several bunches into which the animals had been graded.
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The remainder were allowed the -freedom of the yard and hillside
and were stabled on the barn floor proper between two haymows.
Feeding troughs and mangers had been erected, and this provision
was in every way satisfactory for the purpose for which it was
designed. The barn, pens, and yards in which the animals were kept
appeared to be in good sanitary condition and well adapted to the shel-
tering of goats. The feed consisted of corn, oats, and hay in ample
quantities and in proper proportion, and the goats at all times took
readily to this diet, even up to the time of death. In fact, it was a
curious circumstance to observe, on postmortem examination of a
large proportion of these animals, that the stomachs were filled with
recently partaken food. And the goats could be seen eating hay some-
times with evident relish, at other times in a listless manner, when
their vitality was so reduced as to make standing impossible. Despite
the change from the mountain pasture, including an entire change of
surroundings as well as diet, deaths continued with alarming fre-
quency, and the services of the Bureau were solicited in combatlng
the affection.

The continuance of the fatalities after a complete change of diet and
shelter, the regularity of the course of the disease, the apparent simi-
larity of the symptoms in all the affected animals as well as the evident
spread of the affection from one animal to another, led the owner to
be strongly suspicious that he was dealing with a contagious disease,
and he therefore constructed a pen in a corner of the basement wherein
all the affected goats were placed. - This proved to be a step in the

‘right direction, but the disease became so prevalent that an additional
pen was brought into service. As no endeavor had been made to
separate the latter hospital from the remaining pens, the results were
not so heneficial as they might have been had this pen been entirely
isolated, as was the original hospital. As it was, the larger unaffected
does and bucks were able to hurdle the fence and thus carry the infec-
tious principle back to the healthy goats. This was at once brought
to.the notice of the owner, and steps were immediately taken to keep
the healthy animals out of the infected pen as well as to isolate more
thoroughly the inclosed goats by securely boarding up these quarters.
This method of segregating the diseased animals, together with the
disinfecting measures adopted, probably resulted in confining the
ravages of the affection to a ' minimum.

SYMPTOMS.

The disease presents many of the symptoms usually accompanying
a parasitic invasion and is characterized by great emaciation and weak-
ness, with symptoms of diarrhea and pneumonia. In the early stages
of the affection there is usually little to indicate that anything is
seriously amiss with the animal. The first observable symptom mani-
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fested is the listless and languid appearance of the animal, evidenced
by its lagging behind the flock, and is usually accompanied by a droop-
ing of the ears and a drowsy appearance of the eyes. The pulse is
slow and feeble and the temperature is eclevated slightly at first, but
becomes subnormal a few days before death.  The highest temperature
observed in the natural disease was 1041, and the lowest, in a pros-
trated animal a few hours before death, registered 99.7°F. Snuffling
of the nose, as in a case of coryza, with oceasional coughing is some-
times in evidence. .

As the disease advances the animal moves about in a desultory
manner, with back arched, neck drawn down toward the sternum, and
with a staggering gait. Rumination is seldom impaired. The appetite,
while not so vigorous, is still present, though capricious, and the
affected animal shows plainly that the ravages of the disease are
rapidly overcoming the restorative elements derived from the food.
The fleece is usually of good growth and presents a surprisingly thrifty
appearance when the condition of the animal is taken into considera-
tion. All the exposed mucous membranes appear pale and the respi-
rations are accelerated and labored. The goats finally become so weak
that they are readily knocked down and trampled upon by their fellows.
If picked up they may move off slowly and eat a little, hut within a
few hours are down again, and in this way linger for several days,
shrinking to about half their natural weight, and occasionally bleat-
ing or groaning, with head hent around on the side or drawn down to
the sternum. A fluid discharge from the bowels of a very offensive
odor is usually observed in the last few days of life, but this symptom
is not constant.

COURSE AND SUSCEPTIBILITY.

This disease may assume a subacute or chronic type, nsually the
latter. According to our own ohservations, the animal dies of inani-
tion in from eight days to six or eight wecks. Several owners have
reported deaths after only two or three days of illness, but the goats
doubtless had heen affected for a longer period, although not noticed
on account of their mingling in the flock. It is the consensus of
opinion among the breeders interviewed that many of the animals suc-
ceeded in living for weeks, hut gradually became weaker and more
debilitated, finally dying in a comatose condition. In no instance
have we observed or heard of the natural recovery of an animal after
once the symptoms of takosis were noticed.

The younger goats seemed to be the most susceptible to the disease,
although the old animals were by no means immune. The does, weth-
ers, and also the bucks became affected, and for a period of almost
two months (December and January) newly diseased goats varying in
number to as many as 11 were removed to the hospital daily on the

ocea
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Pennsylvania farm where the disease was investigated. Owing to the
preponderance of does at this place, it appeared that the affection was
most virulent for them, but this fact has not been sustained by reports
subsequently received from other sections.

PATHOLOGICAL ANATOMY.

As already indicated, the general appearance of the carcass simu-
lates that produced by a wasting disease. The visible mucous mem-
branes are pale and anemic, while the fleece, which appears somewhat
dry and lusterless, furnishes a shroud for the extremely emaciated
condition that becomes plainly perceptible on skinning. This mask-
ing quality of the hair prevents an accurate estimate of the condition of
the animal by the eye alone, and necessitates handling of the individual
to appreciate to the full extent the inroads made by the affection.
The same anemic condition of the subcutaneous and muscular tissues
is observed on eviscerating the carcasses. The lungs in most cases are
the seat of a peculiar diversified inflammation, never of a remarkable
extent. The external appearance of these organs is at times mottled,

_caused by a few congested areas, several patches of an iron-gray color
similar to areas of pneumonia during the process of absorption, and
normal tissue. On section through the reddened patches, a frothy
mucus may exude from the bronchioles, and in one case numerous
punctiform hemorrhages were observed on the sides of the incision.
This tissue, while not so buoyant as a normal portion would be, never-
theless floats when placed in water.

The heart in all cases is pale and dull, its tissue soft and flabby,
while inflamed areas, more or less penetrating, are present at times on
the epicardium about the auricular appendages, and at other times on
the endocardium, especially that lining the ventricles. These hemor-
rhagic patches consist of cither pure extravasated blood or blood
mixed with serum, which gives them a more diffuse appearance and a
gelatinous consistence. The pericardium is slightly thickened, and
usually contains a small increase of fluid tinged with blood. The liver
usually appears normal, although the gall bladder is frequently dis-
tended with pale-yellow watery bile. The kidneys are anemic and
softened. The cortex appears slightly thicker and paler than normal,
and contrasts strongly with the darker pyramids. The capsule strips
off easily from the parenchyma of the organ. In one instance several
pale areas simulating anemic infarcts were observed under the capsule
extending into the cortex, which probably resulted from the compres-
sion of the capillaries by the swollen parenchymatous cells. The
presence of albumin in the urine was detected by the nitric-acid test.
The spleen appears atrophied and indurated, and on section the fibrous
tissue far exceeds the splenic pulp. Attachments by fibrous adhesions
may fix the spleen to the diaphragm or the neighboring organs. The
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intestines may contain normal fecal matter or semifluid feces of a dis-
agreeable odor. The surface of the mucous membrane is at times
covered with a slimy mucus or plastic exudate, and the appearance is
that of a chronic catarrh associated with necrosis of the mucosa. The
brain and spinal cord of four cases were examined, but without dis-
covering any apparent alterations. As an illustration of the ravages
of this disease, the following brief notes are recorded upon two
Angora goats which were sent from the same flock to the lahoratory
in order that work previously done and facts already established might
be contirmed.

The larger of thesc was a female, one year old, greatly emaciated,
and was at no time after its arrival at the laboratory able to stand
alone, even when lifted up and placed on its feet. It was still able
and willing to eat and drink, but it showed plainly that the ravages of
the disease were rapidly getting the best of the reconstructive forces.
The fleece was of good length, and appeared more glossy than that
naturally found on animals so seriously emaciated. All of its exposed
mucous membranes were pale. Temperature subnormal, pulse imper-
ceptible, and heart’s action feeble and irregular. Occasional bleating
was heard, and the goat seemed in great distress. Because of the
helpless condition of this animal it was killed the second day after its
arrival, and at the autopsy the following conditions were noted:

Muscular tissue pale and anemic; lymph glands enlarged, but of
normal color; the superficial inguinal glands were especially noticeable
in regard to this condition. The lungs were affected throughout with
a finely diversified pneumonia. There were three small areas (0.5 cm.
to 2 cem. in diameter) of complete hepatization irregularly located near
the surface of the left lung, while the remaining portions of hoth lungs
were grayish red in color. The pleura showed no lesion. The heart
muscle was pale, and directly beneath the epicardium were a number
of dark hemorrhagic arcas which ranged in size from a pin head to a
large bean.

The pericardial sac contained from 250 to 300 c. ¢. of slightly red-
dened nonviscid fluid. Liver apparently normal. Spleen shrunken
and pale. The kidneys appeared anemic and somewhat flabby. The
bladder contained about 30 c. c. of albuminous urine. The small
intestines were inflamed and their internal surface was covered, wher-
ever the inflammation existed, with a slimy, malodorous deposit. The
stomachs and large intestines were normal, as were also the brain and
spinal cord. The general appearance of the affected animal would lead
one to suspect a verminous affection of the alimentary tract. The
emaciated, anemic condition of the animal, as well as the persistent
appetite associated with diarrhea, would strengthen such an opinion.
For this reason a careful examination of the stomachs and intestines
was made. The only result, however, was the discovery of three
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specimens of the comparatively harmless Cysticercus tenwicollis, which
were attached to the external surface of the rumen. There was no
trace of animal parasites to be found in the stomachs, intestines, or
other organs.

Cultures made from the heart, lungs, spleen, liver, and mediastinal
]ymph gland proved positive, and in most of these instances the
micrococcus was grown at once in pure culture.

The smaller of the two goats received at the laboratory during the
latter part of March was a wether about one year of age. It was much
emaciated but still active on its arrival. Its appetite was unimpaired.
Physical examination made on the day previous to its death showed a
temperature of 102.5° F.; respiration, 32; pulse, 112, irregular and
somewhat fluttering. The exposed mucous membranes were pale and
the eyes dull and lusterless.

This animal died on the third day after its arrival at the labomtory .
At the postmortem examination there was found to be general emacia-
* tion of the muscular tissues, which appeared whitened and bloodless.
About 200 ¢. c. of fluid was present in the pericardial sac. It was
reddish, thin, and appeared like greatly diluted blood. The lungs
floated in water, but presented the same grayish red appearance that
has already been noted in the lungs of its mate. The spleen was
small, pale, and firm. The kidneys appeared swollen and anemic.
The bladder was empty. The liver showed no lesions. The mucosa
of the abomasum was slightly congested. The intestines were empty
throughout, and appeared but moderately inflamed in the region of the
duodenum and jejenum. The rumen contained a large quantity of
undigested food and was in a normal condition. The brain and spinal
cord presented an equally healthful appearance. Search for animal
parasites was without result, although the visceral organs were care-
fully scrutinized.

Positive cultures were obtained from the pericardial and peritoneal
fluids and from the liver and lungs.

BACTERIOLOGY.

During the visit to the affected flock, several goats were slaughtered
in various stages of the discase and tubes of agar media (on account of
their ease of transportation) were inoculated from the various organs
and heart’s blood as well as cover-glass preparations obtained from the
juices of these tissues. Subsequent examination of the cultures and
slides showed, the presence of a micrococcus, usually arranged in the
- form of a diplococcus, which was found to be in pure cultures from
the heart’s blood, spleen, kidneys, and pericardial fluid, and essentially
so in the tubes inoculated from the other organs. Inoculations made
from the spinal cord were negative. Identical organisms have since
been obtained from Angora goats affected with the disease from several
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different localities and their identity proved by cultural examination
and inoculation tests.  Various other micrococei to which the one under
consideration bears a resemblance were carefully compared, but we
have not been able to identify the latter with any of the previously
described organisms, although it presents in a parallel series of cultures
many characteristics in common with the Staplhylococcus pyogenes
albus.  Owing to the scarcity of any preeminently conspicuous lesion
in the affected goats, and to the absence of any typical morphologic or
cultural characteristic of the micrococcus, it was thought desirable to
derive its name from its host, especially as it did not appear to be
pathogenic for.pigs, dogs, and chickens which fed upon the diseased
carcasses on one of the infected premises, or for horses, cattle, and
sheep that were quartered in an adjoining portion of the same stable.
Therefore the name Micrococeus caprinus sp. nov. is suggested.

MORPHOLOGY.

The specific organism of takosis appears in fresh bouillon cultures
as a spherical or oval micrococcus with a diameter of 0.8 to1 4. In
these cultures it is single or in chains of two, three, or four elements,
but most frequently in pairs, as diplococci (PL 1, fig. 1), with a diam-
eter transverse to the axis of the chain greater than the longitudinal
diameter. There is quite a variation in the size of the cocei, probably
due to the increase in the size of the organism preparatory to the act
of fission. As the cultures become older the cocci develop a stronger
tendency to form chains, and after remaining in the incubator at 37° C.
for three or more days chains of four to six clements are at times
observed, as are also irregular clumps of cells which collect in masses
of varying sizes. When they assume this grouping tendency no oval
forms are to be found and each of the organisms is strictly spherical
in outline. In the tissues they are frequently seen to deviate from the
spherical and assume somewhat of a lancet shape, with the pointed
extremities in apposition. This same form has heen met in samples of
blood freshly drawn from the ear of an affected goat. The elements
forming pairs are frequently very unequal in size and are not always
of uniform shape. (PL II, fig. 1.) They are seen to possess the abil-
ity of executing strong Brownian movements, but make no progress
across the field of the microscope. No capsule has been observed sur-
rounding these micrococci either in the blood or when obtained from
cultures, nor have spores, vacuoles, or crystals been seen. The organ-
ism stains indistincetly and with difficulty with Loeffler’s methylene
blue and the standard aqueous aniline dyes, with the exception of gen-
tian violet, but carbol-fuchsin and Gram’s and Gram-Weigert’s stains
give clear uniform coloration to the cells.
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BIOLOGY.

The organism develops as an aerobe, but it also supports an active
growth when deprived of oxygen, and is, thercfore, a facultative
anaerobe. It grows both on solid and in liquid culture media with the
usual “degree of alkalinity, but also multiplies in those that give an
acid reaction of +1.5 phenolphthalein.

A temperature of 37° C. is most favorable for its development, but
it will also grow at room temperature. In the latter case the growth
is more tardy and not so profuse.

CULTURAL CHARACTERISTICS.— Bowillon.—In neutral (phenolphtha-
lein) peptonized beef broth a slight uniform cloudiness is caused by
the growth of the organism within ten hours at 37° C. This con-
dition increases until, after twenty-four hours at the above tempera-
ture, the cloudiness has become quite marked and uniform. At this
time a deposit may he noticed heginning to gather on the bottom of
the tube. In three days this sedimnent has increased in volume and
the turbidity of the supernatant fluid has been lost. The deposit is
pearl gray in color, and on agitating the tube it rises slowly in the
shape of a twisted, ropy, coherent mass. A delicate marginal ring
on the side of the tube is usuaily produced. No pellicle is formed
nor can any characteristic odor be'detected. The reaction of bouillon
in which this organism has been growing for five days becomes
decidedly acid, +1.7 phenolphthalein, and continues to increase in
acidity subsequently.

Agar.—Growth upon the surface of slant agar occurs in twenty-
four hours in the form of a white, glistening granular streak com-
posed of numerous confluent colonies. This narrow line of growth
becomes more extensive and reaches its maximum width on the third
or fourth day, when it shows a ceraccous, at times granular, surface,
with irregular wavy margins. In stab cultures the growth appears
within 24 hours as profuse, small, grayish white, closely aggregated
globules, so densely packed together as to give an irregular nodulose
appearance macroscopically along the entire length of the line of
puncture. The only colony which develops at the point of entrance
of the needle is at first pearly white, but after twenty-four hours it
assumes a grayish color in the center, with a lighter periphery of an
equal breadth. It has a slightly granular center, a regular border,
and is from 8 to 10 mm. in diameter. The surface growth on agar
plates appears as smooth white, flatly convex, ceraceous colonies,
about 1.5 mm. in diameter, with entire borders. By reflected light
these surface colonies appear homogeneous, but, observed by trans-
mitted light, they present a white center and pearly margin. The
submerged colonies develop as light brownish foci with regular out-
lines. They may be round or lentil shaped, but are always minute in

.
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size. No characteristic differences in growth of this organism have
been ohserved when sown on glycerin-agar or on serum-gelatin-agar.

Gelatin.—1In this medium the growth is slower, evidence of fertility
not appearing until forty-eight hours. In stab cultures the line of
puncture is occupied by numerous nodulose milk-white colonies that
bave apparently coalesced, and which extend to the extreme end of the
track. When examined by the aid of the hand lens, they appear as
closely aggregated individual colonies, with regular outlines and pre-
senting a beaded appearance. These colonies are more minute than
in agar, and the growth that appears on the surface, though similar in
consistence, is likewise thinner and less profuse than parallel agar
colonies. The organism will not liquefy gelatin until several genera-
tions have been grown upon artificial media. After a number of sub-
inoculations the peptonizing of the gelatin commences on the seventh
or cighth day, and later as early as the fourth or fifth day, when the
surface growth is seen to sink, following which liquefaction is very
rapid, and may reach the bottom of the tube in forty-eight hours,
leaving a funnel-like track in its wake. The adjoining medium is then
attacked, and within ten days after inoculation the contents become
fluid, with a white pellicle on the surface. The appearance of the gel-
atin-plate colonies which develop on the second or third day is probably
of a more milk-white color, and thinner and slightly smaller than those
in agar, but otherwise are similar. Liquefaction does not commence
until the fourth or fifth day, sometimes the seventh day, and this
occurs only after continued subinoculations. .

DBlood serum.—The organism grows steadily on coagulated blood
serum. The colonies coalesce, forming a narrow, compact line of
whitish color, with edges slightly elevated above the level of the body
of the growth. The water of condensation at the base of the serum
slant is clouded and contains a white sediment. Asthe cultures become
older, or after seven or eight days’ growth, they assume a brownish
color. In this work the serum used was obtained from the blood of 8
dog and was freshly prepared immediately preceding its use.

Lotato.—When a loopful of a vigorous bouillon culture is sown
upon the surface of potato, the growth that ensues along the line of
inoculation inside of thirty-six hours is slight, moist, and glistening.
In forty-eight hours it appears granular and rather feeble, like a clus-
ter of dewdrops. Growth ceases by the third day, at which time the
granular surface, with the aid of the hand lens, appears to be made up
of minute individual raised colonies of a ceraceous nature that have
become confluent. '

Milk.—Growth develops rapidly when tubes of this medium are
inoculated, but the only manifestation of the development during the
first twenty-four hours is a slight deposit observed at the bottom of
the tube. No change occurs in the appearance of the milk until the
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DEescriprioN oF Prate L.

Fic. 1. Twenty-four-hours’-old bouillon culture of Micrococcus caprinus stained
with gentian violet. Camera lucida drawing made at stage level with Zeiss No. 4
compensating ocular and 2 mm. oil immersion.

Fia. 2. Forty-eight-hours’-old milk culture stained with gentian violet. Camera
lucida drawing made at stage level with Zeiss No. 4 compensating ocular and 2 mm.
oil immersion.

DescriprioN oF Prate IT1.

Fic. 1. Cover-glass preparation from lung of gouat No. 2, dead as a result of nat-
ural infection. Stained with gentian violet. Camera lucida drawing made at stage
level with Zeiss No. 4 compensating ocular and 2 mm. oil immersion.

Fic. 2. Cover-glass preparation of blood from posterior auricular vein of Angora
goat No. 23, removed aseptically seven days before death from takosis. Stained by
Gram’s method, followed with eosin. Drawing with camera lucida at stage level
with No. 6 compensating ocular and 2 mm. oil immersion and increased six diameters.
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ANGORA GOATS NoOS. 31 AND 32 AFFECTED WITH TAKOSIS: PHOTOGRAPHED 24 HOURS BEFORE DEATH.
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PLATE IV.

BuLLeTIN No. 45. B. A. I

ANQORA GOAT No. 27, Six DAys BEFORE DEATH FROM TAKOSIS.







BuLLETIN No. 43, B. A. L PLATE V.

Fia. 1.—ANGORA GOAT FROM MARYLAND FLOCK; PHOTOGRAPHED THREE DAYS BEFORE
DEATH.

FiG. 2.—-SAME AS Fia. 1. POSITION ASSUMED AFTER EXHAUSTIVE EFFORTS TO REGAIN
ITs FEET.
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third or fourth day, when the medium bhecomes firmly coagulated in
one mass. Within the following twenty-four hours the coagulum
becomes partially peptonized and a transparent odorless whey is col-
lected at one side of the slightly inclined tube, or at the top, if the
tube is kept in a vertical position. This separation has been observed
in various instances to commence from the fourth to the eighth day,
and is usually completed after twenty-four to thirty-six hours, at
which time the solid curd takes up from one-third to one-half of the
volume of the medium, and either adheres to one side or occupies the
bottom of the tube. .

Litmus milk is changed to a delicate pink on the third day, owing
to the development of acids, but no coagulum occurs until the fourth
or fifth da,y, when a similar separation of the curd and whey takes
place, as in plain milk with a greater tendency of the coagulum to
form flocculi.

Fermentative action."—The growth in bouillon, to which 1 per cent
lactose, dextrose, and saccharose has been added, is rapid, especially
with saccharose, but without any formation of gas. Inside of twenty-
four hours the bulb becomes uniformly turbid in all these fluids, with
a slight sediment in the branch and the appearance of growth at the
extreme bottom of the closed tube. A faint marginal ring, but no
pellicle, is observed. After three or four days the closed branch is
uniformly clouded throughout, and remains so until the partial gravi-
tation of the suspended elements, which occurs in six or seven days.
Lactose bouillon cultures develop 5.1 per cent acid in growing for five
days at 87° C., while dextrose cultures produce 3.9 per cent and sac-
charose bouillon cultures 3.5 per cent acid in the same time and under
the same conditions. In sixteen days these media gave, respectively,
a reaction of 7.7 per cent, 5.5 per cent, and 10.1 per cent. After
thirty days’ development the production of acid in lactose, according
to the phenolphthalein test, was 9.2 per cent, dextrose 6.2 per cent,
and saccharose 11.8 per cent. The production of acids is constant in
all media.

Indol.—Cultures that have grown in Dunham’s solutlon for two,
seven, ten, and thirty days, respectively, were tested for the presence
of indol by the method of Kitasato. In each case the result was
negative.

Pheaol.—Bouillon cultures of ten days’ development, when submit-
ted to Weyl-Lewandowski’s test for phenol, threw down a precipitate
of fine crystals which by microscopic examination proved to be phenol.
The distillate failed to show the reaction for indol.

Thermal death point.—Tubes containing 1 c. c. each of bouillon cul-
tures of a twenty-four hours’ growth were exposed to a temperature

aThe titre of these media was 1 phenolphthalem
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‘of 50~ C. for varying periods of time, and fresh tubes of bouillon
inoculated from them immediately afterwards. By this means it was
shown that the tube which remained in the bath for three hours and
fifteen minutes produced growth, although it was slight and tardy and
the germ was evidently attenuated, while all that were exposed for
three hours and twenty minutes or longer remained sterile. At 58°C.
growth fails to occur after an exposure of only ten minutes. At 62°
C. the organism was killed in six minutes, while it resisted a temper-
ature of 70~ C. for threc minutes.

Desiceation.—The results obtained by the desiccation of the germ
for twelve hours in the incubator at 37~ C., with its subsequent
exposure to the diffuse light of the room for a period of nine days,
were suflicient to prove that sterility is thus produced.

Temperature requirements.—As previously mentioned, this micro-
coccus develops profusely at incubator temperature, while at 20°
to 22° C. the growth is more tardy and less profuse. The maximum
temperature at which the organism would multiply was found to be
between 45~ and 46~ C. No growth developed at 47~ C.

Effect of low temperature.—Tubes that were placed in a freezing
mixture twice daily and kept in the ice chest under these conditions
for four days were subsequently incubated at 37° C., with the result
that they became fertile in every instance.

Action of disinfectants.—When the organism was subjected for
twenty-six minutes to a 1-2,000 solution of bichloride of mercury, no
growth followed, but an exposure to a 1-1,000 solution proved fatal
in thirty seconds. A 1 per cent solution of carbolic acid sufficed to
prevent development only after an exposure of fifty-seven minutes,
while a 2.5 per cent solution caused the death of the micrococcus in
thirty seconds. Formalin, in the strength of a 2 per cent solution,
required an exposure of thirty-one minutes to prevent the subsequent
development of the organism. These disinfecting solutions were all
used at room temperature (about 21° C.).

PATHOGENESIS.

In order to demonstrate the pathogenic properties of the Micro-
coceus caprinus.and to establish its etiological significance in the dis-
ease in question, the following inoculation experiments were conducted
upon white mice, white and brown rats, guinea pigs, rabbits, chickens,
dogs, sheep, and goats.

EXPERIMENTS WITH MICE.

Subcutaneous.—On January 11 a white mouse was inoculated intra-
muscularly near the base of the tail with 0.1 ¢. ¢. of an original
bouillon culture from the spleen of Angora goat No. 2. In a few
days it became languid and soon developed a diarrhea which termi-
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nated in death on the twelfth day. The postmortem showed the small
intestines to be greatly darkened and inflamed. The lungs presented
localized areas of congestion. The kidneys were enlarged and anemic
and the spleen dark and swollen. The specific organism whas recovered
in pure culture from the lungs, heart, and spleen.

Intraabdominal.—The second mouse was inoculated intraabdominally
on July 30 with 0.1 c. ¢. of a culture (sixth generation) which had been
originally obtained from the lung of guinea pig No. 798 on February 2
and had been subjected in the meantime to repeated transplanting on
slant agar. On August 2 the mouse was dull and stupid, with hair
ruffled, and it remained crouching under the cotton in its cage the
entire day. These conditions were very manifest on the following
day, and on August 4 purging was established, which also continued
on the 5th. The mouse was very languid and quiet on August 6 and
7, and died on August 8, nine days after the inoculation.

On postmortem the heart, liver, and lungs appeared normal. The
intestines were inflamed and empty. The spleen was light in color
and somewhat swollen. The glands of the lymphatic system, espe-
cially those of the throat and neck, were enlarged and congested.

Ingestion.—Mouse No. 3 was fed for four days, beginning July 30,
upon bread that had been moistened with 8 c. ¢. of a bouillon culture
of the same description as that used in the preceding test. On August
7 the mouse began purging, which continued until August 9, when it
died. The autopsy showed that the lesions were confined to the digest-
ive organs, the heart and lungs appearing normal. Cultures of*the
micrococcus were recovered from the heart, liver, and kidneys of the
two last-mentioned mice.

EXPERIMENTS ON RATS.

Both the white and brown rats appear to be totally immune, although
submitted to subcutaneous and intraabdominal inoculations with 0.5
c. ¢. of fresh virulent cultures. They evinced no apparent disturbance
of any of their organic functions.

Feeding experiments were likewise accompanied with negative
results.

EXPERIMENTS ON GUINEA PIGS.

Guinea pigs have proved susceptible in every inoculatory case, and
the course of the disease evinced by these animals is very typical.
They show gradual emaciation and wasting, with symptoms of pneu-
monia appearing a few days previous to death. Numerous cases
developed enteritis with its consequent purging, but this condition was
by no means constant. Convulsions, which so frequently attack
rabbits during the latter stage of this disease, were not at any time
observed in the guinea pig. The peculiar form of pneumonia already
noted as appearing in the goat is seen to affect the guinea pig with
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great regularity. The organism was readily recovered from the heart,
lungs, liver. kidneys, and spleen; in fact, it was found to be distributed
throughout the blood of the circulation. Examinations of the flocculent
sediment occasionally found in the urine resulted negatively.

A few typical cases of the disease in guinea pigs as a result of
various forms of inoculation may be brietly given as follows:

Subcutancous.—On January 3 guinea pig No. 707 received subcuta-
neously 0.25 c. ¢. of a houillon culture of twenty-four hours’ growth
from the spleen of goat No. 2. The animal soon began to give evi-
dence of an insidious disturbance of its nutrition, which continued
until January 26, when it died, having in the meantime gradually
reached a condition of extreme emaciation. The organism was recov-
ered from the lungs, heart, spleen, and mesenteric glands. The period
of life following the subcutaneous inoculation of doses ranging from
0.25 to 0.5 c. c. varied from sixteen to twenty-three days, and averaged
twenty and one-half days.

Intramuscular.—On January 3 guinea pig No. 710 received 0.25 c. c.
of the same culture used in the test with No. 707, injected intramuscu-
larly. Eight days later, or on January 11, the animal died.

Postmortem examination showed the carcass seriously emaciated.
Liver and spleen enlarged, lungs congested, and the kidneys pale and
softened.

Intramuscular inoculations of from 0.25 c. c. to 0.75 c. ¢c. of a
twenty-four hour bouillon culture resulted in the death of the guinea
pigs in from eight to thirteen days, with an average of nine days.

Intraabdominal.—Guinea pig No. 801 was inoculated intraabdomi-
nally on January 20 with 0.75 ¢. ¢. of a bouillon culture from the
spleen of goat No. 2. Nine days later the animal died and the post-
mortem examination disclosed the usual picture of a wasted carcass,
occluded lungs, inflamed intestines, fatty degeneration of the liver,
and anemic kidneys. The average period of life following an injection
of 0.25 to 0.75 c. e. by this method was twelve days, although death
occurred in some cases as early as the eighth and as late as the twen-
tieth day.

Ingestion.— After being deprived of food for twenty-four hours,
guinea pigs Nos. 1413 and 1417 were fed 40 c..c. of a twenty-four-
hour bhouillon culture soaked in bread crumbs. No deleterious results
were observed as a result of this feeding experiment.

EXPERIMENTS ON RABBITS.

These animals possessed a certain degree of immunity, many of those
used in the various tests remaining unaffected. Those that became ill
showed a marked rise of temperature, which diminished slowly after
reaching its crisis, and for twenty-four hours preceding death was
subnormal. Diarrhea ‘and wasting uniformly appeared, and the sub-
ject frequently died in convulsions or tetanic spasms.
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Intraabdominal.—The intraabdominal inoculation of 1 c. c. of a
bouillon culture produced death in twenty-five days. The postmortem
examination showed the lungs to be normal, the heart pale and flabby,
liver enlarged and hyperemic, with gall bladder greatly distended.
Spleen shrunken and showed excess of fibrous tissue. Intestines con-
tained much gas and a small amount of fluid ingesta. The mucosa of
the small intestines presented a catarrhal inflammation. Pure cultures
were obtained from these affected organs.

Intratracheal.—Rabbits Nos. 382 and 383 were injected intra-
tracheally with 1.5 and 1 c. ¢. of a bouillon culture, which resulted in
death on the twenty-ninth and twenty-second day, respectively.
Rabbits Nos. 381 and 472, each receiving 0.5 c. c., remained unaffected.
The postmortem examination of No. 382 showed the mucous mem-
brane of the trachea to be inflamed in patches, especially along the
anterior portion. Both lungs were hepatized in numerous localized
areas. Heart flabby, liver dark, and gall bladder filled with watery
bile. Spleen indurated and reduced in size. Intestines catarrhal and
empty. Bladder distended with albuminous urine.

On postmortem examination of rabbit No. 383 the hide was found
to be very tightly attached to the subcutaneous tissue and extremely
dry. The pharynx and trachea were inflamed throughout. Cephalic
lobes of both lungs bepatized. The auricles were distended and the
heart muscle pale. Spleen shrunken. Kidneys dry and flabby.
Liver dark in color, with distended gall bladder. Intestinal contents
fluid.

Culture media inoculations were posmve in both the above cases.

Intravenous.—Rabbit No. 219 was inoculated intravenously on Jan-
uary 3 with 0.5 c. c. of bouillon culture from spleen of goat No. 2. It
remained unaffected.

On January 15 rabbit No. 233 received 1 c. c. of the second genera-
tion of a bouillon culture obtained from the spleen of goat No. 2. On
January 23 it refused to eat and on the following day it died in tetanic
spasms. Microscopic and cultural examinations demonstrated the
presence of the Micrococcus caprinus in the heart, lungs, and liver.

Ingestion.—After twenty-four hours’ abstinence from food, rabbit
No. 728 received the organism mixed in its food for two consecutive
days, commencing on April 17. The animal remained unaffected for
a period of three months, at which time it was withdrawn from the
experiment.

Rabbit No. 296 was subjected to the same feeding test on April 17.
On May 7 the rabbit seemed partially paralyzed in hind limbs; had
fallen away greatly in flesh, and was a mere skeleton. May 8, hind
limbs fully paralyzed. May 11, died after a period of twenty-five
days.

Postmortem examination showed the animal to be very anemic and
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emaciated. Lungs appeared reddened and filled with blood. Heart
normal. Liver enlarged and greatly darkened with the gall bladder
distended with bile. Spieen showed an apparent atrophy and dryness
of the splenic pulp. Kidneys of normal size but pale in color. Blad-
der greatly distended and filled with albuminous urine. It was
attached at its fundus to the cecum by frail bands of fibrous tissue.
The ileum was likewise adherent to the parietal peritoneum and to the
liver. The stomach contained normal food, but its mucosa was cov-
ered with a thick glutinous mucus. The stomach wall appeared tender
and was readily torn. Its pyloric end and the beginning of the duo-
denum was greatly thickened and the mucosa inflamed and convo-
luted. Inflammatory mucus could also be observed throughout the
entire extent of the small intestines. Cover-glass preparations from
the juices of the liver and lungs showed the presence of the specific
organism.
EXPERIMENTS WITH CHICKENS.

The inoculation of fowls proved that the micrococcus possessed pur-
gative properties for these birds, but in no case was the result fatal.

Intravenous injections of 1 ¢. ¢. and subcutaneous inoculations of 3
¢. c. were made on four chickens, with uniform results. On the day
following the inoculation the fowls become dull and listless. On the
second day they refuse their food and are affected with diarrhea, which
may persist for forty-eight hours, but in no case under our observa-
tion did it last longer. Recovery of normal condition is rapid after
cessation of the purging. '

It may also be mentioned at this time that the carcasses of the goats
having died of takosis on a Pennsylvania farm were fed by the owner
to his chickens and swine, but in neither case was any unfavorable
result observed.

EXPERIMENTS WITH DOGS.

These animals, like rats, appear to be totally immune to the action
of the organism. They were subjected to intravenous inoculations of
0.75 ¢. c. of a fresh bouillon culture, but without developing any
untoward results.

EXPERIMENTS WITH SHEEP.

Sheep have proved nearly as resistant as dogs. Two animals
received intravenously and subcutaneously 1 and 2 c. c., respectively,
of a twenty-four-hour bouillon culture. In the case of each sheep
there was a temporary rise of temperature following the inoculation,
which lasted about twenty-four hours. These animals were kept
under careful surveillance for thirty-eight days, and during that time
no after effect from the action of the organism was noted.

In connection with this experience it should be recalled that a num-
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ber of Shropshire sheep were in immediate contact with the goats on
the Pennsylvania farm where the disease was first observed. In no
case have sheep contracted the disease by such exposure.

EXPERIMENTS WITH GOATS.

Nicole and Refik Bey, when writing of an infectious disease which
was decimating the flocks of goats near Constantinople, said that,
although the disease spread rapidly from goat to goat when the sick
were pastured with healthy animals, they had found goats in the lab-
oratory to be very resistant to all attempts at artificial inoculation.
The results in the present instance warrant us in fully indorsing their
conclusion regarding the resistant nature of goats, especially the com-
mon goat, when subjected to similar conditions.

The first goat upon which inoculation tests were made was a large
aged male that had spent much of his life in harness in the vicinity of
thiscity. He received intravenously 2 c¢. c. of a three-day-old bouillon
culture on April 14, when his temperature was 102° F. There was
no sudden marked change, but after several days 103.2° F. was
recorded. The fever gradually subsided until normal was reached.
No evidence of any effect from the inoculation, other than this rise
of temperature, was noticed. On June 7 he was reinoculated intra-
abdominally with 5 c. ¢. of bouillon culture obtained from the liver of
a guinea pig which had died but three days previously. His tempera-
ture just previous to inoculation was 102° F., but it immediately rose

- until it reached 104.6° F. on the evening of the same day. On the
following day 104° F. was recorded, 103.1° F. on the third day, and
normal on the fourth. No indication of any other disturbance as a
result of the inoculation was noticed at any time.

An aged female goat that had been previously kept in the city as a
milk producer was inoculated intravenously with 5 c. ¢. of a bouillon
culture (fourth generation) on June 20, Temperature at time of inocu-
lation was 102° F. The first rise in temperature was noted on June
23, when 102.6° F. was recorded, with 103° F. on June 24. On the fol-
lowing day 103.4° F. was reached and the animal refused the greater
part of its food. On June 26 inappetence continued and purging
began, while the temperature dropped to 102.8° F. The following
day, the seventh after inoculation, the patient was purging freely a
quantity of slate-colored feces. Temperature, 102.2° F. On the 28th,
although the excreta were still soft and whitish in color, there was no
distress from diarrkea. The animal still refused food. On the fol-
lowing day, the ninth of the test, the appetite began to return, and
the goat soon recovered its normal condition.

On July 10 goat No. 14, a small mature female, received intra-
abdominally 4 c. c. of a boulllon culture obtained from the heart of a
guinea pig. During the four days following the inoculation the goat
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neither ate nor drunk. The maximum temperature was reached on
July 16, when it registered 103.8° F. On July 24 diarrhea, with
whitish mucous discharge, developed, which persisted for seven days,
during which period the patient’s appetite was again greatly impaired
and capricious. The condition and strength of the animal rapidly
wasted away. She remained incumbent much of the time, and when
obliged to move walked with a staggering gait. Her illness was so
serious at the crisis of the attack that her ultimate recovery was a
matter of great surprise to those who were caring for her. Her con-
valescence was rapid as soon as the diarrhea was overcome, and she
soon began to eat well and to make daily improvement in flesh and
spirit.

Goat No. 15, a young native female, was fed 200 c. c. of a bouillon
culture on July 23 and a like amount on the day following. Aside
from a transitory rise in temperature of 1.4° F., there was no result
apparent.

Another experiment was made on a grade Angora goat, No. 1741,
the subject being a young female which received intraabdominally,
on October 2, 1 c. ¢. of a bouillon culture from guinea pig No. 1140,
which was inoculated with goat bouillon culture. Her temperature
reached its highest elevation on October 8, when it registered 104.5° F.,
and no material change was noted until the decline developed about
twenty-four hours before death. October 10 the subject became dull
and inactive and diarrhea began to make itself manifest. On the fol-
lowing day violent purging had become established, the feces being .
thin, watery, and nearly white in color, the animal at this time appear-
ing noticeably shrunken and weakened. On October 12 the purging
still continued and the subject began to manifest extreme weakness.
On the morning of the following day, the eleventh day of the test,
the animal died. No indications of any respiratory disturbance were
evidenced at any time during the course of the disease, although the
lung were found to be affected at autopsy. On post mortem exami-
nation the carcass showed great emaciation of the muscular tissues,
which appeared whitened and bloodless. The mucous membranes
were anemic. The heart was seen to be pale, with a few slight
petechial hemorrhages beneath the epicardium around the superior
border of the ventricles. Pulsations had stopped during diastole,
leaving the ventricles filled with blood. The lungs showed a moderate
attack of the characteristic ppeumonia. The liver appeared darkened,
in color, while the gall bladder was distended to the size of a man’s
fist. The fluid which caused this distension lacked the oily viscid char-
acteristics of normal bile, but appeared like water of a greenish color.

The spleen of this animal was pale and shrunken to about one-half
of its normal size.. The kidneys were softened and anemic and the
bladder contained albuminous urine. Rumen, reticulum, and omasum
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were, with their contents, in normal condition, but the mucosa of the
abomasum showed a slight congestion, and 2 mucoid exudate was found
to cover its entire internal surface. No food was found in the fourth
stomach, its contents consisting of liquid only. A like congestion and
slimy exudate were seen to extend through the duodenum. The large
intestines were bloodless and empty, but the lymphatic glands of this
region appeared slightly hemorrhagic. The blood vessels of the brain
were somewhat congested, while the spinal cord presented nothing
abnormal.

At the beginning of this experiment the weight of the goat was 45
pounds. Weighed again immediately after death, it was shown that
there had been a loss of 74 pounds during the course of the disease.

Pure cultures of the specific micrococcus were recovered from the
tissues of this animal.

PRODUCTION OF TOXINS.

In order to ascertain if the micrococcus under consideration pro-
duced a toxin, a number of inoculation experiments were made both
with the sterile filtrate of bouillon cultures and with the sterilized
cultures.

The filtrates used in this experiment were obtained by growing a
flask of bouillon culture for ten days at a temperature of 37° C.
Afterwards the culture was filtered through a Chamberland filter (F),
and, if proved sterile by media inoculations, the filtrate was then
ready for use.

Four guinea pigs were used, each receiving the filtrate subcuta-
neously. No. 1151 received 1 c. c. of the filtrate February 25, but
because of an accident it was necessary to remove the animal from
the experiment before the test was completed. No. 1152 received
1.5 c. c. of the filtrate February 25, and seventeen days later, March
14, an inoculation of 0.5 c. c. of a virulent culture was injected. The
guinea pig remained active and hearty, save for a temporary disturb-
ance following the inoculation on February 25, until October 16,
when it suddenly succumbed to an attack of pneumonia. The car-
cass was not emaciated, but, on the contrary, was well supplied with
fat. Cultures made from the various organs failed to produce the
Micrococeus caprinus.

No. 1153 received 2 c. c. of the filtrate on February 25, and seven
days later 0.5 c. c. of a virulent culture, which was followed by a
reinoculation of 0.5 c. c¢. of virulent culture ten days afterwards.
Shortly after the application of the first inoculation of filtrate the
animal was affected by dullness and loss of appetite, but after three
days these symptoms disappeared, and the animal recovered its pre-
vious condition of perfect health, which it retained until October 18,
when it died of enteric hemorrhage. The carcass of this animal was
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well nourished and showed no traces of wasting or emaciation. The
lungs contained numerous circumscribed pigment areas, the remains
of former hemorrhagic infarcts. As two hundred and twenty-eight
days had elapsed since the animal received its first inoculation with a
virulent culture of the Micrococcus caprinus, it was, of course, impos-
sible to establish an undisputable relation hetween the lesions of the
lungs and the action of this germ, but it is not at all impossible that
these ecchymosed areas were former centers of inflammation resulting
from the inoculation of March 14. Cultures made from the organs of
this guinea pig gave negative results. .

No. 1154 was inoculated with 3 c. ¢. of filtrate on February 25, which
was followed by a rise of temperature and slight indisposition. Seven
days later 0.5 ¢. c. of a virulent culture was injected, and ten days
subsequently 2 c. e. of the filtrate. The general appearance of this
animal for six weeks following its inoculation with virulent culture
showed nothing amiss, but during the latter days of April it became
affected with lameness in all its feet. Fissures gradually developed on
the plantar surface of each foot, and the inflammation later extended
to the joints of the legs. This condition continued to become more
aggravated until the animal died, on May 12. In addition to the
lesions of the legs and feet, there was a slight dropsical effusion within
the abdominal cavity at the time of holding the autopsy, but cultures
obtained from the tissues failed to show the micrococcus under con-
sideration. :

The effect of heat upon the toxins was obtained by heating the filtrate
for thirty minutes at 60° C. Four guinea pigs were then inoculated,
respectively, with 1, 2, 3, and 4 c. c. of this material, at the same time
that four others received the same quantity of the filtrate which had
not been subjected to such heating. Three days later these eight
animals, together with two control g&inea pigs, were inoculated intra-
abdominally with 0.5 c. ¢. of virulent culture. The four guinea pigs
receiving, respectively, 1, 2, 3, and 4 ¢. ¢ of the heated filtrate died in
twenty-one, sixteen, nine, and twelve days, respectively, after the
injection of the virulent culture, while the check animals lived for nine
and thirteen days. Three of those guinea pigs that received the
unheated filtrate are at present writing in an apparently healthy con-
dition, while guinea pig No. 2832, that was inoculated with 1 c. ¢. of
the filtrate and three days later 0.5 c. ¢. of a virulent houillon culture,
died of typical takosis on the seventeenth day.

It appears from these experiments that the unheated filtrate pos-
sessed bactericidal properties and conferred limited power to prevent
an attack of takosis, but when subjected to a temperature of 60° C.
for thirty minutes its toxin was presumably destroyed, as no protect-
ive action was observed following its use.

In order to test further (see also remarks on treatment, p. 42) the
immunizing effect produced by the administration of the toxins



TAKOSIS, A CONTAGIOUS DISEASE OF GOATS. 27

in the filtrate, 5 c¢. c. of this fluid were injected subcutaneously
on September 18 into each of four goats, two being affected
with scours and greatly enfeebled, and two healthy animals, Nos.
1936 and 721. The first two died within forty-eight hours, as was
expected, but the latter two are still healthy. The extent of immu-
nity conferred by this filtrate was the subject of further consider-
ation, and for this purpose goat No. 1936 alone was used. The
animal was a young female Angora goat weighing 48 pounds and
received intravenously, on October 2, 1 c. c. of a houillon culture pre-
pared from the heart of a guinea pig that had died from a culture of
goat spleen. At that time her temperature was 102.4° F. An eleva-
tion was noted on October 6, when 103.5° was recorded; on the Sth,
104°; and on the 10th, 105.2°, at which time purging became established.
On October 11 the animal refused food, was unwilling to stand, and
was purging freely, the feces being very light in color and covered
with mucus. October 12, still purging; feces nearly white; temper-
ature 104.2°. October 14, feces firmer, but still white; temperature
normal; weight 44 pounds; appetite improving; circulation of extremi-
ties impaired to such an extent that they feel cold to the touch; normal
conditions quickly returned after this time. After an mtelval of
twenty-tive days from the time of first injection another inoculation
was made with 2 ¢. ¢. of a virulent culture intraabdominally, since this
method has always shown more positive results. In this instance the
goat became dull and languid, which conditions, however, quickly
passed away, and her temperature never exceeded 102.4° F.

That the immunity was conferred by the 5 ¢. c. of filtrate received
on September 18 must appear evident when taken in connection with
the results obtained with the check animal, goat No. 1741 (see p. 24),
which died eleven days after the inoculation with a similar culture.
After one month had elapsed from the date of the complete recovery
goat No. 1936 was bled aseptically, and the sterile serum procured for
further expelimentation “Five guinea pigs were inoculated, respec-
tively, with 1, 1.5, 2, 2.5, and 3 ¢. c., and three days subsequently
received 0.5, O 5, 0.75, 0.50, and 0.30 c. ¢., respectively, of virulent
culture, which killed tbe check guinea pig in eleven days after an intra-
abdominal injection. At the present time threc of these guinea pigs
show no inconvenience as a result of the inoculation, while the third
and fifth guinea pigs, that received 0.75 and 0.3 c. c. of the culture,
died on the forty-first and thirty-ninth day, respectively, the latter
with takosis and the former of an intercurrent disease.

It will be seen at once that the immunizing properties of blood
serum obtained from an immune goat were not perfect in their action
when applied to the guinea pigs in this test, although the protection
of three of the animals (Nos. 1, 2, and 4) offers sufficient encourage-
lent to warrant further investigation along this line. Had the pro-
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tective powers of the serum been theoretically effective, the guinea
pig that died with takosis (the fifth of the test group) would have
been the last one of the number to show the effects of the disease, as
it received the largest amount of the serum and one of the smallest
amounts of the virulent culture. Comparison of the duration of the
affection in the case of the guinea pig that died of takosis thirty-nine
days after the virulent culture was applied, with its course of only
eleven days in the animal used as a check, indicated further that the
serum exerted some retarding action upon the advance of the disease
in this animal. This same serum has been subjected to a practical
test on twenty goats in a flock of two hundred and fifty in which the
disease is now prevailing. The results of the above treatment can not
be obtained in time for this publication. The test with blood serum
as an immunizing agent against takosis is at present too incomplete to
warrant any accurate estimate of its protective value, and, al‘:hough
the few experiments herein recorded show encouraging results, the
immunity has not yet been proved sufficiently constant or reliable to
justify at present a recommendation of serum for general use as a pro-
" tective agent. .

After observing the apparent hLactericidal properties possessed by
the filtrate it was decided to ascertain the effect of the sterilized
bouillon cultures. These were prepared by growing the culture for
ten days in 5 per cent glycerinized peptone bouillon, then killing it
by an exposure of thirty minutes to 60° C., and afterwards filtering
through sterilized cotton. From this study it would appear that the
toxins are extracellular and that they are destroyed by the above tem-
perature, as the injection of this fluid failed to produce the least
reaction in the inoculated guinea pigs; nor were the guinea pigs pro-
tected in the slightest degree from a subsequent inoculation of a pure
culture, as will be seen from the following:

Six guinea pigs inoculated on November 7 with the sterilized cul-
tures in doses ranging from 1 to 3 c. c. subsequently received, subcu-
taneously, 0.5 c¢. c¢. of a virulent culture simultaneously with two
check animals. Deaths followed among the first group of animals on
an average of sixteen days, while the two control animals died on the
fourteenth and eighteenth days, respectively. Inoculation experiments
were begun at the same time on a small flock of goats, each animal
receiving 3 c. c. subcutaneously, which was repeated in ten days. The
preliminary report in this instance confirms the work done on guinea
pigs, and shows rather conclusively that the immunizing properties of
sterilized cultures are practically nil. '

MICROSCOPIC LESIONS.

Lungs.—Microscopically, the terminal bronchioles and alveolar pas-
sages present swollen walls and contain various amounts of mucous
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exudate and desquamated cells as a result of a catarrhal inflammation.
In most cases where the diseased areas in the lungs of the goat were
examined there has been found little pneumonic consolidation, bhut
bronchiolitis is quite promment Some small areas of consolidation
are seen with the alveoli and air sacs filled with granular debris and
variable numbers of epithelial cells, red-blood corpuscles, and leuco-
cytes. An active desquamation and proliferation of the epithelial
lining membrane is present. The interalveolar septa show a consider-
able round cell infiltration. The blood vessels of the septa are dis-
tended and surrounded by migrated leucocytes. Frequently a bronchus
is found affected, with the lumen containing a small number of des-
quamated epithelial cells and slight fibrinous exudate and leucocytes.
A round cell infiltration is seen in the neighborhood of the bronchus,
the walls of which are swollen, indurated, and granular in appearance.
The surrounding peribronchial tissue shows in most cases an inflam-
mation by contiguity. The pulmonary lesions observed in the guinea
pig present the characteristics of a bronchopneumonia. The organism
isoccasionally found in the fibrinous exudate and in the blood vessels.

Liver.—In the liver of the guinea pig there appears to be a conges-
tion of the blood vessels, especially in the portion lying beneath the
capsule, and is accompanied by focal areas of fatty degeneration
occupying the peripheral zone of the acini in the form of numerous
small globules, whick in some cells completely obscure the nucleus.
The protoplasm of the hepatic cells is extremely granular. In the
organ obtained from the goat there is no congestion, but the areas of
fatty degeneration are observable, although in a small degree, and
always in insular patches.

K'zdneys —The kidneys present the microscopic appeal ance usually
observed in catarrhal or parenchymatous nephritis, with the most
marked changes occurring in the cortex. Certain Malpighian tufts
show an increase of cells due to the proliferation of the vascular
epithelium, obscuring and compressing the capillaries. Increase of
the cells of the tufts sometimes occurs. The intercapsular space is
dilated and contains an albuminous exudate. The convoluted tubules
show the epithelium to be swollen and granular, and in some cases
desquamated, while the lumina of these tubules also show the presence
of an albuminous deposit. As the micrococcus has not been found in
the kidney on microscopic examination, the lesions here are presum-
ably the result of the toxins.

Heart.—Localized areas of parenchymatous degeneration may be
observed, involving isolated fibers or groups of fibers. Their contents
are found to be fine granules of an albuminous nature, which do not
completely obscure the striations or the nuclei of the muscle. In
some fibers a more advanced stage has occurred, which results in the
production of small, dark granules, accompanied with small droplets

.
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of fat. In the heart of the guinea pig the interfibrillar connective
tissue shows a proliferation of the nuclei, and there is a slight indica-
tion of a round cell infiltration.

Spleen.—A microscopical examination shows a thickened capsule,
which is wrinkled and contracted. An increase in the thickness of the
fibrous trabeculw proceeding from the deeper layer of the capsule and
from the walls of the small blood vessels is the conspicuous feature,
with the accompanying atrophy of the Malpighian corpuscles and
splenic pulp.  The connective tissue cells and delicate strands of fibril-
lated tissue are very noticeable among the lymphoid elements.

Small intestines.—The appearance of these tissues, especially of the
duodenum, is that of a productive inflammation with exudation, asso-
ciated with more or less necrosis of the mucosa. The mucous mem-
brane of the small intestine shows extensive desquamation of the
epithelial lining and at times a superficial or even complete necrosis of
the glandular layer. The mucosa may also present a typical produc-
tive inflammation with exudation of a fibrinous character and small
cell infiltration around the engorged blood vessels. The solitary folli-
cles are hyperplastic. The serous coat is thickened and the blood
vessels visibly distended. Scattered profusely throughout the exudate
and within the blood vessels of the submucosa, as well as in the intact
mucosa, are the specific micrococei.

BLOOD EXAMINATION.

The attention of one who is called to examine a goat suffering with
takosis is at once attracted by the anemic, bloodless appearance of all
the exposed membranes. So prominent is this symptom that efforts
have been made to determine the effect of the disease upon the blood.
The germ (Micrococeus caprinus) is readily recovered from the blood
of the circulation in any part of the body of animals that have died as
a result of the test inoculations or of the natural disease. It is found
in the plasma, but never within the cells themselves. Ellenberger
(Physiologie der Haussiugethiere) and R. Meade Smith (Physiology
of Domestic Animals) give the number of red corpuscles in a cubic
millimeter of normal goat blood as varying from 9,000,000 to 10,000,000.
A count was made from the blood of several goats obtained for exper-
imental purposes in the laboratory and the result was confirmatory of
this statement in a very satisfactory degree. The average result of
the count in these cases gave the number as 9,976,000 per cublic milli-
meter and about 9,200 leucocytes in the same amount of blood. Later
a count was made from the blood of an Angora goat sent to the labo-
ratory during the last stages of the disease.

The animal was greatly emaciated, of an anemic, debilitated appear-
ance, and was suffering from profuse diarrhea. We have no means of
knowing how long this goat had been affected by the disease, but
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evidently it had been ailing for some weeks. The count of red cor-
puscles in this instance gave 11,208,000, showing a material increase
above the normal number. Other counts were made from the blood
of two Angora goats that had been received at the laboratory in a
healthy condition and afterwards inoculated with Micrococcus caprinus,
one receiving 1.5 c. c. of a bouillon culture intravenously and the
other 1 c. c. intraabdominally. Violent purging ensued in eight days
in both cases. The count of the corpuscles of the blood was made
before the animals recovered fully from the effects of their inoculation
and when the purging was quite profuse. The result obtained by
counting the corpuscles under these conditions was that the blood in
the first contained 11,190,000 red-blood cells and 20,560 white cells per
cubic millimeter, while in the second case the red and white cells num-
bered 12,160,000 and 18,420, respectively. The leucocytosis in these
instances was chiefly due to an increase in the number of polymor-
phonuclear leucocytes and the eosinophiles. In another case affected
with the natural disease the red corpuscles numbered 10,208,000 and
the white corpuscles 14,860.

It will be seen from the few blood counts thus far made that the
number of red corpuscles is not diminished; in fact, it is sometimes
increased (polycythemia), especially during the presence of the diar-
thea, and is probably only relative, coincident with the removal of the
watery constituents of the blood. The individual red cells are small
(normal size 4.1u.—Ellenberger), pale, and light in weight, presumably
the result of the loss of nitrogenous material. They are also changed
in outline, particularly in the later stages of the disease, when they
assume an irregular, misshapen form (poikilocytosis). The increase
in the number of leucocytes (leucocytosis) is absolute and dependent
upon the chronic nature of this infection. In explaining the phe-
nomenon in this instance we are inclined to ignore the overproduction
theory of Virchow and Ehrlich and accept the idea advanced by Von
Limbeck, Jakob, and Goldschneider, who hold that the bacterial
toxins circulating in the blood act in a chemotactic manner to attract
into the blood stream leucocytes which were previously in the lymph
channels and spleen, and that these white corpuscles added to those
already in the blood produce the leucocytosis. The specific gravity of
the blood was taken in a number of instances with the average record
0of 1.031. It is utterly impossible to determine the amount of hemo-
globin present by means of the Von Fleischel instrument, as the
greenish tint of the blood is not comparable to the red of the index
glass. However, the amount of hemoglobin was relatively ascertained
a3 56 per cent by a modification from Schmaltz (Pathologie des Blutes
und die Blutkrankheiten, Leipzig, 1896), considering the normal
specific gravity of the blood of the goat as 1.042.

24927—No. 45—03——3
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TECHNIQUE.

For the histological study of the pathological alterations, the tissues
were fixed in either Graf’s chrome-oxalic fluid, Zenker’s fluid, or grad-
ually ascending strengths of alcohol and hardened in dilute chloroform.
They were then infiltrated and embedded in paraffin and cut in serial
sections. In bringing out the pathological lesions various staining
preparations were employed, including hematoxylin and eosin, Wei-
gert’s fibrin stain, Bismarck brown and eosin, Gram’s method followed
by eosin, alum-carmin, and carbol-fuchsin counterstained with methy-
lene blue, the best and most distinct sections resulting from the first
two mentioned agents.

DESCRIPTION OF PREVIOUS EPIZOOTICS OF ALLIED CHARACTER AMONG
GOATS.

The first mention in foreign literature of any disease of goats simu-
lating the one now under consideration seems to have been made by
Pusch (12),% of Dresden. The disease appeared in the fall of 1894
among a number of goats recently brought from the Simmenthal of
Switzerland for breeding purposes. Upon their arrival in Saxony
they were sold to different breeders and in this way were scattered
about in six neighboring towns and upon thirty various farms. Sev-
eral days later a disease appeared simultaneously among the goats of
this importation in five of the six towns in which they had been
received, and it quickly spread to the neighboring goats with which
they had been placed.

The animals were purchased on October 8, and were unloaded from
the cars and delivered to their several owners on October 12. Noth-
ing was seen to be wrong with them at this time, but after a few days
complaints began to reach the authorities which stated that the goats
were affected with cough and diarrhea. They were visited by Dr.
Pusch on October 23, thirteen days after their arrival from the south.
On the first farm which he visited, he found three imported goats and
one native goat sick. All of them coughed in response to percussion
with a short, superficial, painful cough. The native goat seemed to be
more seriously affected than those recently arrived from Switzerland.
Its temperature was 40.5° C., respiration 35, and pulse 110; mucous
membranes yellowish; nostrils widely distended; breathing labored and
painful; appetite poor. The animal was so sluggish that she refused to
stand. On another farm he found that one of the goats had been killed
and its viscera buried. The heart and lungs were recovered and exam-
ined, but under the existing circumstances the results were not satis-
factory. The heart was seen to be gray-red and very poor in fat.
Pneumonia was present, accompanied with enteritis. Mice inoculated

a These figures refer to bibliography at end of this article.
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from these lungs gave negative results. On this farm the disease
spread among the native goats to a serious extent. The incubation
period was about ten days. Sheep kept in the same pasture were not
affected. The greater part of the imported goats sickened after their
arrival, and, as they were all bought in the Simmenthal and were not
unloaded en route, infection during transportation was impossible.
The disease appeared simultaneously among most of the goats of this
importation, and quickly spread to the natives with which they had
heen herded, causing great loss among the latter animals.

The infected farms were quarantined until the diseased animals had
either died or recovered, which required but a few months, as the
affection disappeared voluntarily during that time.

Another outbreak of a very similar disease among goats was
reported by Storch (14).

The native goats of Schmalkalden are of large size, rugged, good
producers of milk, and, until the importation of Saanen goats from
Switzerland, they were very healthy.

Twenty Saanen goats were imported and placed among the native
flocks in May, 1894. In July the disease had become so widely spread
that the authorities sent Schutz and Storch to investigate. Storch
states that the report of Pusch, 1894, is the only one in German liter-
ature describing a disease which resembles this in any way, while
Hutcheon’s pleuro-pneumonia of goats in South Africa may be the
same thing, but he is unwilling to decide.

Of 620 goats in Steinbach-Hallenburg 331 became affected, and
many of these died, but no accurate statement of the numbel of
deaths was obtainable. In the acute form the goats refuse food,
hecome dull and depressed, and lie down most of the time. Their
breathing becomes labored and painful; pulse often reaches 120 to
140 per minute; cough is always present. About one-half of these
cases are fatal, many of the animals dying in convulsions and
opisthotonos. :

In the chronic form,a cough is always present, frequently accom-
panied by nasal discharge. The disease is lingering and persistent,
but apparently does not affect the appetite.

Examination of the lungs showed collapsed areas in one or both
anterior lobes. Mucous membranes of the bronchi were reddened,
thickened, and covered by a slimy coating. Bacteriological examina-
tion revealed the presence in the lungs of numerous oval to round
bacteria, frequently in pairs, but occasionally single, while the blood,
spleen, and liver proved negative. White mice inoculated subcutane-
ously with cultures showed a staring coat and dullness, but recovered.
A rabbit two months old, inoculated with scrapings from a diseased
lung, died atypically in three days. Hepatized areas had developed
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in its lungs, however, and the presence of the organism in these tis-
sues was established.

Healthy goats placed in isolated stalls in stables sheltering diseased
animals became infected.

Susceptibility appeared to increase with age, since young kids were
not affected. Mortality of the acute and chronic forms considered
together reached about 25 per cent.

Jareful inquiry failed to give any trace of a similar disease in the
Simmenthal where these goats were purchased. Further importations
of goats into the Kingdom of Saxony were prohibited at once asa
result of this outbreak.

Various experiments were made in the matter of treatment, but the
best results were derived from the inhalation of creolin.

Nicole and Refik Bey (10), of Constantinople, describe a pneumonia
among the goats of the region adjacent to the Gulf of Ismid, it having
been brought there by goats purchased in the interior of the country.

The symptoms were first fever, then loss of appetite, cough and
pasal discharge, disturbed breathing, and soon the animal began to
lag behind the flock, appearing dull and languid. The disease lasts a
long time and the animals become somewhat paralyzed four or five
days before death. The attack is not commonly accompanied by ente-
ritis. Calves and sheep kept in the same flock were not affected.
Microscopic examination showed red and gray hepatization, and the
vessels filled with leucocytes. The pleura was thickened, and exuda-
tion into the pleural cavity was moderately abundant.

They have constantly isolated a cocco-bacillus from the lungs. It
is sometimes alone and sometimes in association with the colon bacillus
or with Bacillus pyocyaneus. It was never found in the blood. It
seems both by its form and character to belong to the hemorrhagic
septicemia group. The bacillus does not retain its stain when treated
by Gram’s method. On liquid media it appears sometimes as a dip-
lococcus, and again as a lance-shaped bacillus, resembling in its con-
tour and size the pneumococcus of Talamon-Fraenkel. When the
nutriment in the media is abundant, its form is round and there is a
decided tendency to form chains. Mice were most susceptible to this
germ. A very small quantity of culture injected subcutaneously -
caused death in ten to twelve hours from septicemia. Two cubic
centimeters subcutaneously kills rabbits in eight days, forming ab-
scesses in the lungs. A test goat died in four weeks, emaciated, and
with limbs paralyzed during the last few days of life. Cocco-bacilli
were recovered from all visceral organs. Another goat recovered. A
third goat showed diarrhea and fever the day after being inoculated
and then recovered. It was subsequently reinoculated with fluid
from a hepatized lung and died in one month. All goats tested in the
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laboratory proved very resistant. Calves and dogs were inoculated
with 5 c. c. of a pure culture without results.

The men who were first interested in introducing well-bred Angora,
Thibet, and Cashmere goats into this country encountered some thor-
oughly discouraging experiences, which were very probably due in a
measure to the ravages of the disease under consideration. As early
as the year 1854 a prospective purchaser of Thibet goats living in the
State of Georgia was warned by a naturalist of note against complet-
ing his purchase for the reason that these goats, ‘‘like the llamas of
the Andes, could not be successfully acclimated in a locality under
10,000 feet above the ocean.” The purchase was consummated in
spite of the friendly warning of the naturalist, and the final owner (2),
in recounting his experiences later, wrote: ‘‘His opinion proved to be
correct, as all of the Thibet goats, pure and grades, in my flock died
inafew years dfter I had purchased them, from a disease of their
lungs combined with dysentery.”

A writer (1) in the Country Gentleman of February 4, 1875, also
reports serious losses in a flock placed in his care on a farm at Rapi-
dan, Va. Although he records no specific symptoms, the following
quotations have great interest to all who are making a study of takosis:

In the early cold weather the goats began to sicken. I had the sick ones removed
to other quarters, and wrote for remedies to Mr. E. I studied Randall also, but
nothing cured them. They died, and more were taken sick. I sent for Mr. E., the
owner of the goats, and when he came he said the difficulty was cold and hunger,
though they had more than a “little hay and fodder” besides additional meal, much
more in proportion than my sheep, which at that time were running at large without
thelter and doing well. * * * The next morning a fine young buck which had
been apparently well the night before was brought out in a dying condition. Mr. E.
examined it closely and said it was a decided case of liver disease, an infectious
epidemic which Angora goats were subject to in their own country, and regarded as
% fatal by the Turkish shepherds that they said of it, “ There is no cure but Allah.”

Pegler (11) in the year 1885 described what he termed ‘A disease
peculiar to goats.” It will be seen upon reading the following excerpt
from his work that his description of the scourge that appeared among
the members of his flock might, in most particulars, very well be
applied to a flock affected with takosis. From the page describing
symptoms were borrowed the following:

The first thing that is noticed is a falling off of appetite, which may at first be
dlight, but soon gets worse until it is a difficult matter to get the animal to eat at all.
The result, of course, is that it rapidly loses flesh and falls away to a skeleton.
Sometimes, however, the appetite remains good, but the emaciation goes on just the
tame, though the process is slower. The breathing is sometimes labored and the
breath nearly always very unpleasant. A cough is very often an accompaniment of
the disease, leading one to suppose, with other symptoms, that the lungs were affected,
but this is seldom the case. The one prevailing feature which can never be over-
looked is the general bloodlessness of the animal. This is shown by the pale color

of the gums and inner surface of the lips, and also of the membranes lining the
tyelids, which in health are of a bright red.



36 BUREAU OF ANIMAL INDUSTRY.

Before the disease is far advanced diarrhea sets in, which begins with a slackness
of the bowels. This soon gets worse, however, and, though it may be stopped for a
time, it is almost sure to break out again, owing to the failure of the digestive organs
from the impoverished condition of the animal. The diarrhea may last for several
weeks, but as it advances it often takes the form of dysentery. The poor creature
then becomes too weak to stand, and it generally dies uttering plaintive cries and
moans. There are other symptoms which occasionally manifest themselves, such as
swelling beneath the jaws and weakness about the limbs, the animal always stand-
ing with its head down and back arched, looking the picture of misery and dejection.

Strange to say, in nearly all the postmortems which have been made and reported -
to me, there has been no organic disease. Internal parasites are sometimes discov-
ered, but not in sufficient quantities to greatly affect the animal’s health, much less
cause its death, which in all cases is due to exhaustion.

ECONOMIC IMPORTANCE.

A few years ago the flocks of Angora goats in this country were
comparatively unimportant in number, and they were nearly all of
them kept in southern latitudes, but during recent years the raising of
these animals has received a remarkable impetus. New uses have been
discovered for the fleece, they have been widely exploited as brush
eradicators, and their flesh has been more readily accepted as a food
product, until at present they have renched an established, settled value
in many of the larger live-stock markets. As a result of the wide-
spread interest thus awakened in them, many stock raisers have made
purchases of foundation stock with the intention of establishing there-
with a profitable flock. Others have made larger purchases at the
start, being unwilling to wait for the slow natural increase in numbers
of their animals. By means of numerous transactions the animals
have been placed in widely distributed northern localities to which
they were formerly strangers, but the serious losses caused to these
investors by outbreaks of takosis served as a check to many prospective
purchasers, and the Angora goat industry was, in consequence, sub-
jected to a discouraging setback, and has not expanded to the propor-
tions which it would otherwise have reached.

Now that the cause of the trouble has heen determined, one may be
warranted in claiming that the disastrous effects of all outbreaks up to
the present time may in the future be avoided in large measure. The
owner of the flock of goats will now see the importance of deciding
upon the nature of the ailment affecting them just as soon as any
general disease is noticed; and when takosis has appeared and been
identified, if he will at once apply the precautionary measures and the
course of treatment to be recommended later in this work, he should
avoid many of the discouraging experiences of his predecessors.

As has already been stated in this article, the most serious losses that
have come to our notice have occurred among goats that were removed
from southern localities to new regions far to northward, and that had
not become fully acclimated in their new surroundings. In many
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instances the trouble has appeared very soon after the arrival of the
animals at their destination, even before they have recovered fully
from the serious strain incident to the long journey by rail.

There is always a value to be derived from the confirmatory state-
ments of many witnesses. Various observers are sure to offer a
variety of observations upon any subject in which they may have a
common interest, and for the purpose of presenting to the reader as
generalized a knowledge as possible of the effects of takosis upon a
flock of goats, and also for showing how diversified is the territory in
which the ravages of the disease are being felt, it has been deemed
advisible to present the following extracts received by this Bureau
with reference to the disease.

From Knapp, Wis., the following was received:

I have in my charge about five hundred goats, and they have been dying from
what I called stomach worms; but of late I have come to the conclusion that some-
thing else is the matter with them. They lose their appetite, grow thin in flesh,
cough and get weak, and then lie down and die. Some linger along two or three
months. There is from one to five in the flock that show the symptoms all the time,
and from one to two die per week. They first cough, ithen lag behind the flock at
night when coming to the barn. Then there is lack of appetite, they grow poor and
weak and look gaunt all the time as though they have been starved

A letter of inquiry from Pittsburg, Pa., asks:

Would some of you let me know what the proper feed is for goats through the
winter when they have no pasture? I bought a few Angora goats and so did a few
of my neighbors, and they are dying. The flock that we obtained them from was
very poor; in fact, [ never saw anything poorer to live than the goats were when we
received them. 1 feed mine on corn and oat chop, half and half, and corn fodder,
and cut some apple brush, but for all I would do my goats died with scours.

A writer from Langhorne, Pa., sends the following record of his
observations:

To look at our goats in the yard you would say they looked fine, and you could
hardly pick out one that you might think was not quite up to the average, yet to-mor-
row morning you would find four or five down on their sides or otherwise. If picked
up they might move off slowly and eat a little, but the next morning they would be
down again. The animals will not get up or stay up, but will linger in this manner
for some days, smelling badly and bleating occasionally or groaning, with head bent
around on side or under them, and finally die. Sometimes, as a result of lying so
long, they get apparently choleraic discharges from the bowels, which is offensive,
but this does not show at first, and is not the primal cause.

Tioga County, Pa., has for several years had a flock of Angora goats,
representing among its members some excellent specimens of the breed.
The owner of this flock, in describing the course of takosis, writes:

None of the diseased goats recovered. It took a long time for many of them to
die. They tried very hard to live, and some of them succeeded in living for weeks,

only getting weaker and weaker and finally just fading away. Some had diarrhea
but many did not.
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In making a report of postmortem findings, a correspondent from
Iowa mentions one of the characteristic symptoms of takosis as follows:

The amount of bile is from one-fourth to three-fourths of a pint in each goat. A
healthy goat only hag, as I find, about a tablespoonful. This goat has been ailing
for two weeks, but only refused to eat for two days. I have lost one-third of my
flock and have not been able to save even one goat that has become sick.

A breeder in western Illinois states that he has lost one hundred out
of a flock of four hundred, and that two of his neighbors have suffered
proportionate losses. These goats were all well sheltered. He con-
siders the disease some sort of cholera, reasoning from the fact that
the animals were all affected with diarrhea.

The following extracts, from a letter received just as this paper was
ready for the press, from the owner of a large flock of Angora goats
in Michigan, confirm several of the statements made in the introduc-
tion of this article:

We personally suffered a loss last winter in animals that we had brought from
Texas in November, 1901, from this disease, and thus learned of the trouble. * * *

We gathered together a herd of all grades of goats for the purpose of studying
them and finally arrived at the conclusion that, so far as the Angora goat is con-
cerned, the animal most susceptible to the disease, was the result of careless breed-
ing, or to be more exact, too much inbreeding, thus lowering its vitality and leaving
it open to the attack. * * *

The care, feed, and shelter of the various grades of animals we have had was all
alike, and it resulted, as stated, in the survival of the carefully bred, free from
inbreeding Angora goat.

Other reports of like nature have been received from goat owners
in Oregon, Missouri, Massachusetts, Virginia, and Maryland, all
describing the affection as an incurable weakening and wasting
away, usually accompanied by uncontrollable diarrhea and occasion-
ally cough. The death rate has been very high in the flocks from
which reports have been obtained and ranges from 30 to 85 per cent.

Another feature of takosis, which is of great economic importance
to the breeder of goats, is experienced in the unavoidable tendency to
abortion which is manifested by all pregnant females that are affected
with the disease. Females of the sheep and goat families will never
reproduce in a prolific manner if in a wasted, emaciated condition
during the breeding season. Many of them will fail to come in heat,
and others, although passing through the period of estrum normally,
will fail to conceive. Takosis is essentially a wasting disease, and one
of the marked results of its attack upon a flock of breeding goats is
seen in the shrunken kid crop of the following season.

It is rare indeed for a pregnant doe to complete her term of gesta-
tion if attacked during this period by takosis. Abortion follows
almost invariably. As might naturally be expected, the accident of
abortion under these circumstances always ends fatally, as the animal
is unable, in her already weakened condition, to withstand the shock
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incident to delivery. Many times the fetus dies in utero, and thus
becoming a foreign body to the maternal organism, it but hastens the
eventual collapse of the doe. In holding autopsies on the bodies of
affected pregnant does, it has been occasionally noted that the death
of the fetus preceded that of the mother by a few days, and the fetal
decomposition present has indicated that it played a prominent part
in causing the death of the adult.

One flock has been brought to our notice which contained about
1,600 does at the commencement of the breeding season in the fall of
1901. They were seriously affected with takosis at this time, and in
consequence there were but seventeen living kids produced in the fol-
lowing spring. ‘

Another instance is reported where the total increase of a flock of
over 1,000 does for the year was limited to eleven living kids.

DIFFERENTIAL DIAGNOSIS.
PARASITISM.

The condition which will most frequently be mistaken for takosis
in goats is parasitism. In common with sheep, goats serve as hosts
for a formidable array of animal parasites, and the loss directly or
indirectly due to parasitic invasions must annually serve as a serious
tax upon the goat raisers of the country.

The effects of internal parasites upon the goats are very similar in
many of their outward manifestations to the symptoms of takosis.
There is a persistent unthriftiness, although the appetite of the animal
remains good. The fleece does not retain its proper luster. There
may be considerable snuffling of the nose, accompanied by frequent
coughing. The animal may become affected with diarrhea, more or
less severe, and its accompanying weakness. The eyes lose their
brilliance and gradually assume a dull sunken appearance. The for-
mation of an edematous tumor beneath the jaws is frequently noticed
during the later stages of a serious invasion. These, in a general way,
are the symptoms resulting from an attack by animal parasites, but
it must be remembered that there are species of worms that find their
natural habitat in some particular organ, and that, in consequence,
it is impossible to give an accurate enumeration of the symptoms that
may be manifested in any given case under the general heading of
parasitism.

The symptoms produced by the local disturbance of the affected
part will predominate, while others, frequently caused by’ parasitic
invasion, will be entirely lacking. Careful postmortem examination
will quickly disclose the presence of parasites. A differential diag-
nosis previous to death of the animal may, however, be made by giv-
ing due consideration to the various symptoms manifested by these
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diseases. First of all, the infectious nature of takosis, when com-
pared with the enzootic course of a parasitic invasion, will justify one
in making a definite diagnosis. In attacks of takosis, symptoms of
pneumonia will be frequently noted, especially labored breathing or
rapid respiration. These symptoms are not diagnostic of parasitism.
The edematous lump under the jaw, so frequently present in cases of
parasitism, fails in takosis. The luster of the fleece is less affected in
takosis, while diarrhea is more frequently noted. Continuous cough-
ing and snuffling, while diagnostic of the presence of lungworms, are
not characteristic of takosis and are noted only occasionally in cases
of this disease, unless there is a complication with some other affection.

ANEMIA.

In goats this is very rare, and when it does occur it is usually sec-
ondary to soms previously existing disease, such as chronic pneumonia,
peritonitis, or to poor food and starvation. It does not assume an
infectious nature, and may be differentiated from the anemic condition
accompanying takosis by the absence of the specific organism on micro-
scopic examination.

WATERY CACHEXIA, OR HYDREMIA.

This usually results from poor feeding, innutritious food, or pas-
turing on low ground. The natural goat pasture is high dry land.
The animal is weak, readily exhausted, breathes rapidly, and its heart
palpitates. The mucous membranes of the eyes, nose, and mouth are
pale and swollen. The edema which is present about the head, neck,
and abdomen will serve to differentiate this disease from takosis. This
edema of the head disappears when the animal lies down. Icterus may
accompany the disease when the discoloration of the mucous membrane
easily establishes the nature of the affection. A change of pasture
and a more nutritious diet are accompanied by a return of health to
the flock.

CONTAGIOUS PNEUMONIA.

There have been several instances recorded in which flocks of goats
have been affected with a contagious pneumonia.

Hutcheon (6) has met with this epidemic in South Africa; Steel (18)
has seen it in East India; and it has also been brought to the attention
of French (3 and 8) and Italian (9) veterinarians.

Soon after the outbreak of this disease in the flock many of the
animals will become affected with a cough. The temperature rapidly
rises until occasionally as high as 107° F. is recorded. The appetite
becomes disturbed or disappears altogether, and there is slight nasal
discharge. The conjunctiva appears brownish or bronzed, the vesicular
murmur of the lungs becomes modified, the pulse quickened, and the
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breathing accelerated, labored, and painful. The affected animals
always evince pain when pressure is applied between their ribs.

The postmortem examination of these cases shows the lesions to be
chiefly confined to the thoracic cavity. The visceral pleura is usually
adherent to the thoracic walls. The diseased lung is solidified and
enlarged throughout one-half to three-fourths of its substance. It is
covered with a firm elastic fibrinous membrane.

Respecting the nature of the disease, Dr. Hutcheon writes:

It was a specific infectious form of pleuro-pneumonia, affecting goats only, cattle
and sheep remaining free from infection, although constantly exposed to it. The

disease was introduced into the Cape Colony by a shipment of Angora goats from
Asia Minor, where the disease is represented as being indigenous.

At the present time contagious bovine pleuro-pneumonia has no
existence among the flocks or herds of America, but since the goats of
other countries have been proved susceptible to an analogous disease,
the above mention of its leading characteristics may not be out of
place.

TREATMENT.
PROPHYLAXIS.

In the study of takosis four points have been brought prominently
into view which may properly be grouped together when considering
measures for the prevention of the disease. It has been shown that
the most destructive outbreaks have occurred among the goats that
just previously have been shipped from a southern locality to a more
northern latitude, and this fact suggests the need of caution in the
removal of animals in this direction. Sudden climatic changes should
be avoided so far as possible, and when shipments of goats for breed-
ing purposes are to be made which necessitate their transportation
northward over considerable distances the changes should be made
during the months of summer or late spring, and not in the fall or
winter, when the contrast of temperature will be so much greater.

Earlier writers have called attention to the fact that Angora goats
do not take kindly to transportation from one climate to another.
Hobson (4) states that the native proprietors of Angora flocks in Asia
Minor unanimously assert that this goat can not be transported from
the place where it was born to a neighboring village of a different
altitude without sutfering a deterioration, and although able to resist
both heat and cold they can not withstand much humidity, either in
their pastures or folds.

The second precautionary measure is closely allied to the first,
namely, Angora goats should be provided with stables that are thor
oughly dry, not alone in their ability to shed rain, but on account of
being erected upon ground that has perfect natural drainage, and
these should be accessible by them at all times, as the effect of rains
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upon the general health and strength of these animals has been fre-
quently proved to be very disastrous. So great is their natural aver-
sion to a wetting that they will seldom get caught out in a shower if
shelter is within their reach, but will leave their browsing and march
under cover before the downpour arrives. The reason for this is obvi-
ous. Their fleece is wholly lacking in yolk; consequently it will not
shed water in the least, and a fall of rain immediately soaks the animal
clear to the skin.

As a third measure of prevention may be mentioned careful feed-
ing. No animal is as well fortified against the attack of an infection
when reduced by lack of nourishment as it is when in vigorous, thriving
condition. Among the predisposing causes of disease usually enu-
merated by general pathologists will be found debility due to insufficient
or unsuitable food, and, although the reason for this'may not be estab-
lished beyond the reach of argument, it is pretty generally conceded
that the continued lack of proper nourishment establishes in the blood
of an animal an abnormal degree of alkalinity which grants an increased
susceptibility to the inroads of pathogenic organisms.

Another preventive measure to be mentioned here is one that is
applicable only after the disease has made its appearance in the flock.
The segregation or isolation of all affected animals as soon as they
evince any symptoms of the disease will be found a most valuable
means of protection for those that remain unaffected, and a strict
quarantine over all of the diseased members of the flock should be
maintained so long as the disease remains upon the premises.

In our previous experiments for the purpose of procuring an
immunizing agent against this disease, the results were such as to
warrant a practical application of the sterile filtrate previously
described (p. 26) to several flocks of goats generously placed at our -
disposal. The fluid thus prepared has been injected into the skin
over the shoulder of goats in doses of 3 c. c., with varying results.
One flock, originally consisting of eighty-two animals, had been deci-
mated by takosis until it numbered but thirty-two. These animals
received two inoculations ten days apart, and immediately after the
last injection they were transported in wagons late in November to a
point thirty-eight miles away. On account of the condition of the
roads, the trip required about two days. During this time the goats
were without food or drink and were not unloaded. Two of them died,
one on its arrival at the farm and the other not till three days later,
although it was scouring badly upon reaching its destination. The
remainder of the band seem in a healthy condition and are the most
sturdy of the flock of six hundred to which they have been added.
At a later test of this filtrate, made in one of the Western States, upon
a flock of goats, the effect of treatment was most unsatisfactory. The
goats were inoculated twice with the remedy with an interval of ten
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days. Recent letters from the owner state that there is no improve-
ment in the condition of the flock, but that the fatalities continue to
occur with the usual frequency. He has since been advised to make
use of the medicinal treatment mentioned below. From another West-
ern breeder a most flattering report has been received. He states that
after the use of the prophylactic treatment the disease disappeared
from the premises, and up to the time of writing all of the animals on
the place had remained in a thriving condition.

THERAPEUTICS.

Medicinal treatment has proved unsatisfactory in many of the cases
of takosis to which it has been applied. Previous to the study of the
disease the treatment was directed against the pneumonia, and for a
short time marked improvement followed; but it was merely coinci-
dental, as deaths cccurred later with the usual regularity. Then intes-
tinal disinfectants and astringents were suggested, but these did not
prove efficacious. The most pleasing results that have been derived
from the use of drugs in our experiments at the laboratory have fol-
lowed the administration of calomel given alone in 0.10-gram doses
twice daily for two days, to be followed by powders composed of
arsenic, iron, and quinine, as follows:

Grams.
Arsenious acid - ... il iiiiiiaaaa. 1. 40
Iron, reduced . ...... . oo iiiiiiiiiiiiaaen 12.00
Quinine sulphate .. ... ... L L il 6.00

Mix and make into twenty powders, giving one to each adult goat
morning and evening at the conclusion of the administration of calomel.
After an interval of two days, this treatment is repeated. In case the
diarrhea persists, the sulphate of iron has been substituted for the
reduced iron, with beneficial effects.

CONCLUSIONS.

As a result of the present preliminary investigation, the following
conclusions have been reached:

1. The disease here described as takosis has appeared in many parts
of this country, but particularly in the Northern States, where it has
caused great loss to many breeders of Angora goats.

2. It is a progressive, debilitative, contagious disease, characterized
by great emaciation and weakness, with symptoms of diarrhea and
preumonia, and causes a mortality of 100 per cent of those affected
and from 30 to 85 per cent of the whole flock.

3. From the carcasses of numerous animals that have succumbed to
this disease a new organism, Micrococcus caprinus, has been recovered
in purity and is presumably the etiological factor.

4. This micrococcus possesses pathogenic properties for goats,
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chickens, rabbits, guinea pigs, and white mice, but not for sheep,
dogs, or rats.

5. Although the disease has been described before (11), so far as
could be ascertained no bacteriological investigations have been pre-
viously made. '

6. Medicinal treatment was attempted with varying success, while
the immunizing experiments thus far conducted (although too few to
permit of any conclusive statement or accurate estimate as to their
protective value), have shown highly encouraging results. When
accompanied with measures of isolation and disinfection, the treatment
may prove of great assistance in the suppression and eradication of
the disease in an infected flock.
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LETTER OF TRANSMITTAL.

‘WASHINGTON, D. C,, January 18, 1889,

Sir: I have the honor to submit herewith a report upon the history
nature, and treatment of the disease known in the United States as
hog cholera. Our knowledge of this pest has been developed almost
entirely by the inquiries and experimental investigations of the Bureau
of Animal Industry; and while much of the information contained in
this volume has been published in the reports of the Department of
Agriculture, a systematic and complete statement of the facts has never
before been made in a connected manner.

It has been discovered in the course of these investigations that there
are two very different and distinct epizootic diseases of swine in this
country which are widely prevalent, and which had previously been
spoken of under the one name of hog cholera or swine plague. These
two names had, therefore, been used synonymously previous to 1886,
when the differences between the diseases were pointed out in the re-
ports of this Bureau. It was then deemed best to apply the term hog
cholera to that disease in which the intestines were found most af-
fected, and in which the symptoms would come nearest to justifying
the appellation. The other malady appeared identical, not only in
symptoms and lesions but in the microbe which cansed it, with the
disease recently described in Germany by both Liffler and Schiitz un-
der the name of Schweineseuche, or swine plague. For this reason it
was considered best to call this affection swine plague in the reports,
and thus preserve uniformity and prevent confusion of ideas in refer-
ence to the diseases of swine in different countries.

This volume treats exclusively of hog cholera, as it is the malady
which has been longest under investigation ; but tbhe material is on hand
for an almost equally complete volume on swine plague, which we hope
soon to submit for publication. There are, of course, many other dis-
eases of swine, some of which are communicable in a certain degree,
but none of which are so widespread and fatal as {he two that have been.
named. Some of these, especially the parasitic ones, are receiving at-
tention, and may in the future be treated at length in the bulletins of -
this Bureau. ,

The greater part of the detailed study of the discase, the planning of
experiments, and the Dbacteriological investigations have been carried
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out by Dr. Theobald Smith, while the conducting of the experiments,
the care of the experimen£a1 animals, and the general management
of the experiment station have been under the direction of Dr. F. L.
Kilborne. I can only speak in the highest terms of the untiring in-
dustry and skill displayed by both of these gentlemen.

The experiments in regard to prevention and medical treatment are
being continued, but it is confidently believed that an understanding of
the facts detailed in this volume will enable the owners of hogs to pre-
vent or even arrest the great majority of outbreaks. It should be un-
derstood, however, that the measures indicated must be enforced
promptly, energetically, and thoroughly.

D. E. SALMON,
. Chief of the Bureaw of Animal Industry.

Hon. NoRMAN J. COLMAN,

Commissioner of Agriculture..



THE INTRODUCTION AND SPREAD OF HOG CHOLERA IN THE
UNITED STATES.

In the early days of hog-raising in the United States these animals
were comparatively free from disease, and wide-spread epizootic mala-
dies among them appear to have been unknown. A circular letter of
inquiry was recently sent from the Bureau of Animal Industry to the
correspondents of the Department and to swine-breeders in all parts of
the country, asking the date of the first appearance of hog cholera in
the respondent’s county, and a statement as to the health of swine pre-
vious to that time. More than a thousand replies have been received, '
many of them so carefully written as to be of much interest and value.
Nearly all agree in stating that at one time the swine industry was not
subject to the periodical losses from epizootics which now cause such
discouraging losses. From the first appearance of this class of diseases
the outbreaks became more numerous and more wide-spread until nearly
all parts of the country are now subject to frequent invasions.

The correspondence on this subject can only be briefly summarized

-in this bulletin. The first outbreak of disease supposed to be cholera
that was referred to occurred in Ohio in 1833. It is reported from one
county in South Carolina in 1837, and from one in Georgia as having
existed in 1838. It existed in 1840 in one county in Alabama, one of
Florida, one of Illinois, and one of Indiana. In 1843 it is reported from
one county in North Carolina. In 1844 one county in New York re-
ports being affected. Its presence in 1845 is only mentioned by one
correspondent from Kentucky.

The thirteen years, from 1833 to 1845, inclusive, form a period in
which but ten outbreaks of swine disease, supposed by the writers
to have been hog cholera, were mentioned in these replies. It is evi-
dent that during this period hogs were generally healthy throughout
the country, and that the losses from disease were not sufficient to at-
tract very much attention. The nature of the disease referred to as
existing so long ago may, of course, be questioned at this day, and we
have no means of deciding whether or not any particular outbreak was
cholera or some non-contagious malady due to local conditions. It is
reasonable to conclude, however, that the correspondents are correctin
their opinion in most cases, because since 1845 the outbreaks mentioned
became more numerous year by year until we find nearly the whole
‘ 9
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country involved. This rapid increase of the number of affected sec-
tions would seem to indicate that a contagious disease had been intro-
duced and .carried to widely separated sections of the country, from
which it extended until, with a year favorable to its propagation, we
find a sudden and alarming increase.

Turning again to the number of outbreaks reported, we find, in 1846,
that there were two in North Carolina, one in Georgia, one in Illinois, one
in Indiana, and one in Ohio. In 1847 four are given in Tennessee and
one in Virginia. In 1848 we hear from it in one county in Ilknois, two
in Indiana, two in Kentucky, one in North Carolina, and one in Virginia.
In 1849 it is mentioned as in one county in Indiana and in one county
in Ohio. In 1850 we have accounts of three outbreaks in Georgia, one
in Pennsylvania, one in Indiana, two in Kentucky, one in North Caro-
lina one in Olio, and two in Tennessee. In 1851 there were outbreaks
1n Illinois, Indiana, and Tennessee. In 1852 there were two reported
in Illinois, two in Indiana, one in Missouri, and one in Ohio. In 1853
it invaded two new counties in Illinois, two in Indiana, two in Kentucky,
one in North Carolina, four in Ohio, two in Tennessee, one in Texas,
and one in Virginia. In 1854 it appeared in one more county in Illi-
nois, four in Indiana, five in Kentucky, two in North Carolina, two in
Olio, and one in Tennessee. In 1855 it is found in six counties in Tlli-
nois, five in Indiana, one in Kansas, four in Kentucky, one in Missouri,
two in Tennessee, and one in Virginia.

The number of outbreaks mentioned by correspondents, it will be
seen, is not less than ninety-three for the ten years from 1846 to 1855
inclusive. As compared with the ten outbreaks reported for the pre-
vious thirteen years this is an enormous increase. There can be little
doubt that it was during the period from 1846 to 1855 that hog cholera .
became scattered over the country and fairly began that work of de-
struction which has become so familiar to us in later years. -

Below will be found a tabulated statement of the replies from nearly
eight hundred and fifty of our correspondents. The figures show the
number of original hog-cholera infections reported for the different pe-
riods from the first recorded appearance of the disease in this country
to 1887. Of course there have been many couunties infected within that
time which are not referred to in these commmunications, but the large
number that were mentioned gives as perfect an idea as can now be
obtained of the development and spread of this contagion. It is to be
remembered that the outbreaks mentioned are not secondary infections,
but are the first outbreaks of the disease in the correspondent’s local.
ity, andin most cases the first which occurred in bis county. In nearly
all cases it is stated that previous to the outbreak referred to the health
of hogs had always been good, and the losses from disease had been
confined as a rule to a single animal at a time.
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Number and dates of original infections with hog cholera and swine plague, as compiled
Jfrom recent correspondence.
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‘Whether the outbreak which occurred in Ohio in 1833 was the first
introduction of hog cholera in this country or not, can not now be de-
termined. It seems reasonably certain, however, that the contagion
was imported from Europe with some of the animals that were brought
from there to improve our breeds of swine. The investigations made
in England and on the continent during the last year demonstrate that
the swine fever of Great Britain is identical with our hog cholera, and
that this disease is also widely scattered over the continent of Europe.
This being the case, it would appear much more likely that the conta-
gion was imported from there, as we know occurred with the contagion
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of pleuro-pneumonia of cattle, than that it appeared spontaneously or
was developed by the conditions of life in this country. Having been
once introduced it spread gradually, following the lines of commerce
and being for a long timeconfined to them, until, extending step by step,
it has at one time or another invaded every section of the country in
which swine raising is a prominent industry.

Dr. George Sutton of Aurora, Ind., in 1858, wrote as follows:

I have seen notices of this disease prevailing in the States of Illinois, Kentucky,
Indiana, Ohio, New York, Massachusetts, Pennsylvania, and Maryland. It has pre-
vailed extremely in Indiana, particularly in Dearborn, Ohio, Ripley, Rush, Decatur,
Brown, Bartholomew, Shelby, Johnson, Morgan, Marion, Boone, Posey, and Sullivan
Counties. It has also prevailed in Campbell, Kenton, Boone, Gallatin, Carroll, Breck-
inridge, Bullitt, Bath, Heory, Henderson, Nicholas, Livingston, Union, and Crittenden
Counties, Kentucky. It has also prevailed in Hamilton, Butler, Clinton, Fayette,
and Clermont Counties, Ohio. Also in different portions of Iilinois, and very severely
in Wayne, White, and Gallatin Counties. It has also prevailed in the State of New
York. The Ohio Farmer for January 3, 1857, quoting from the Buffalo Republic the
extensive prevalence of the disease, says that ‘‘in western New York especially we
learn it has been very fatal, but is now over. In conversation with one of the most
extensive dealers in the neighberhood, a day or two since, he informs us that about
six weeks ago he lost about four hundred in a very short space of time. A distiller
in Jordan, during the month of September, lost fourteen hundred, which cost, in ad-
dition, over $1,000 to have them buried. In Rochester, at all the principal points,
and even among the farmers, the mortality has exceeded anything ever before heard
of. A butcher in this city not long since purchased $500 worth of fat hogs, but they
died so rapidly on his hands that he scarcely realized $75 on the investment.” The
Worcester (Mass.) Spy reports that many farmers in that city and vicinity are losing
their swine by the mysterious and fatal disease known as the hog cholera. In the
southeast part of the town it prevails'in a greater or less extent upon nearly every
farm.

In most cases the disease is traced to Western hogs that have been sold by the
drivers the present season, and which seem to have communicated the contagion to
the other inmates of the sties in which they have been kept. It is known that of
many droves of Western shoats that have been sold at Brighton this season, and ped-
dled about the State, nearly all have died. The disease has, no doubt, prevailed ex-
tensively in other parts of the country, of which I have seen no notice. In this sec-
tion of the country it has been extremely fatal. Over portions of Dearborn County
it spread from farm to farm, and some of our farmers lost from 70 to 80 out of 100 of
their hogs. At the distilleries the mortality has been very severe. I received infor-
mation that more than 11,000 died at the distillery in New Richmond, in the summer
and fall of 1856. The owners of the distillery at Aurora inform me that they have
lost between 6,000 and 7,000. A gentleman informs me that he lost in 1856, at Ingra-
ham’s distillery, in Cincinnati, from the 1st of August up to the 24th of October,

1,285, losing 1,152 out of a lot of 2,408. Another gentleman informs me that at the
distillery in Petersburgh, Ky., he lost from the 1st of June up to the 18th of October,
1856, 2,576. I have also received information from several other distilleries where
the losses were large.”
According to Dr. Sutton, this disease first appeared in Dearborn

County, Ind., in July, 1850.

* George Sutton, M. D., Observations on the supposed relations between epizootics
and epidemics, and experimental researches to ascertain the nature of the recent epi-
zootic among the swine, and the effects which diseased meat may have on human
health. The North American Medico-Chirurgical Review, May, 1858, pp. 483-504.
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Dr. E. M. Snow writes that—

During the last five years this disease has been seen, from time to time, in portions
of the more eastern States, sometimes, as in western New York in 1856, proving quite
severe and fatal in' comparatively limited localities. Butin the Eastern States it has,
to a great extent, originated with and has generally been confined to hogs imported
from the West. I think that in no State east of Ohio has the disease prevailed ex-
tensively, or attained the character of a wide-spread epidemic.

In the vicinity of Providence, R. I., it has prevailed to some extent, more particu-
larly among large herds of swine during each of the last five winters, but has been
mostly confined to hogs brought from the West, and has usually disappeared with the
approach of warm weather. During the last winter it was more severe than in any
preceding, and was not confined to Western hogs. Neither did the disease, as here-
tofore, cease with cold weather, but it continued until August, having destroyed
more than 500 hogs in Providence and in the adjoining towns during the first seven
months of the present year, 1861. I havealso heard of its prevalence in various towns
in Massachusetts during the same period.* :

The losses from hog cholera in the United States have been enormous.
Estimates have from time to time been made from carefully-compiled
data, and these have, so far as the writer is aware, never been less than
$10,000,000, and have reached $25,000,000 annually. The inclusion of
losses from other diseases is, however, unavoidable in such estimates,
and consequently some allowance must be made for these. The recent
identification of an epizootic pneumonia of hogs by the Bureau of Ani-
mal Industry, a disease which appears to be identical with the Schweine-
seuche of German writers, shows that the varieties of swine diseases in
this country are more numerous than has been supposed. The erysipe-
las of Europe (French, rouget ; German, Rothlauf), and charbon have
not yet been identified as occurring in an epizootic or enzootic form
among swine in the United States but the existence of these diseases is
not impossible, as the investigations have not yet been sufficiently nu-
merous to reveal the nature of all such outbreaks. The diagnosis of
such diseases has been very uncertain in the past, because the symp-
toms were not clearly defined, and not always sufficiently characteristic.
The most reliable means of discrimination between these maladies at
present is the isolation of the microbes which produce them. The char-
acteristics of these organisms are now so well known that the bacteri-
ologist has no difficulty in distinguishing between them.

* Edwin M. Snow, M. D., Hog Cholera. Annual Report U. S. Department of Agri-
culture, 1861, p. 147.




THE INVESTIGATIONS OF SWINE DISEASES.

Among the first to investigate these diseases in the United States
from a medical point of view was Dr. George Sutton, of Aurora, Dear-
born County, Ind. In the extensive epizootics which prevailed in that
county from 1850 to 1858 he had abundant material for study, and he
noted the more salient features of the plaguein a very clear and com-
prehensive manner. While it is extremely difficult at this day to de-
cide whether the outbreaks studied by Dr. Sutton were hog cholera or
swine-plague, or a combination of the two, his observations are very in-
teresting and bring out many important facts. Of the symptoms, post
mortem appearances, and nature of the malady, he says:

This disease presents a great variety of symptoms. In January, 1856, when this
epizootic was at its height in this section of country, I published a short notice of it
in the Cincinnati Gazette. The symptoms which I then described I have found upon
a more extensive observation to be correct. The hog first appears weak, his head
droops, and sometimes in a few hours after these symptoms diarrhea commences.
There is frequently vomiting. In some cases the discharges were serous and clay-
colored, sometimes dark, also bloody, and mucus resembling those of dysentery. Tle
urine at first was generally small in quantity and high colored, but as the animal re-
covered it became abundant and clear; this was one of the symptoms by which the
men who were attending the hogs at the distillery ascertained that they were recover-
ing.

In a large number of cases the respiratory organs appeared to be principally af-
fected ; there was coughing, wheezing, and difficult respiration. In some instances
the auimal lost the power of squealing, and the larynx was diseased. There was
frequently swelling of the tongue and bleeding from the nose. In those cases where
the respiratory organs were the principal seat of the disease there was generally no
diarrhea or dysentery. In many instances the disease appeared to be principally con-
fined to the skiu; sometimes the nose, the ear, or the side of the head were very much
inflamed ; the earswollento twiceits usual thickness. Thisinflammation would spread
along the skin, sometimes over the eye, producing complete blindness. Sometimes
one or more legs were inflamed and swollen, and the inflammation also extended
along the body. The skin where w as inflamed was red and swollen. Some had
large sores on their flanks or sides from 3 to 6 inches in diameter. In one instance, at
the distillery, the inflammation extended along the fore leg, the foot became ulcerated
and sloughed oft, and the animal recovered. Some appeared delirious, as if there was
inflammation of the brain. I examined the blood of four hogs which had this disease
well marked; they were stuck, and the blood, arterial and venous, was caught in &
bowl. It was cupped and presented a well-marked buffy coat. Death took place in
from one to ten days after the attack. Sudden changes in the weather, particularly
from warm to cold, appeared to increase the fatality of this disease. The average

L}
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mortality of hogs that were in pastures or fed on slop was from 33 to 45 per cent.,
but it was frequently much more fatal if hogs were fed on corn—in some instances
ranging from seventy to eighty out of the hundred, and in some instances even
higher.

I found on opening the bodies of hogs that had died of this disease that they all
presented evidences of a diffusive form of inflammation. From sixty-seven hogsthat
I have examined I found it was not confined to any particular tissue. Sometimes
this inflammation was confined to one organ; in other cases it attacked several at
the same time. The skin frequently presented patches of inflammation, and often
had a purple appearance. In cutting through partsthat were the most inflamed, the
skin was swollen and the cellular tissue was infiltrated with serum. Frequently,
however, the skin was merely discolored, without any swelling whatever. The
stomach was occasionally distended with food, and the mucous membrane in nearly
every instance presented evidence of inflammation, sometimes cxtending over the
whole stomach, at others only in patches. It was generally of a deep-red color,
thickened, aud frequently softened. Sometimes it was covered with a viscid mucus;
in other instances there was an effusion of blood into the stomach. The mucousmemn-
brane of the small or large intestines, where there had Dbeen diarrhea or dysentery
presented in all instances evidences of inflammation; in patches it was red, thick-
ened, sometimes softened, and occasionally ulcerated ; where there had heen dysen-
tery there was generally bloody mucus found in the large intestines. The bladder
generally contained urine ; sometimes its mucous membrane was inflamed, and in one
instance there was an effusion of hlood into this organ. Iu a large number of cases
I found evidences of peritoneal inflammation, such as redness of this membrane, ef-
fusion of turbid or bloody serum, adhesions between the intestines and between the
intestines and sides of the body. In threeinstances blood was eftused into the peri-
toneal cavity—in one instance more than a quart; it appeared in this case to come
from the liver. The liver was occasionally the seat of this inflammation, not only
in its investing membrane, but the parenchyma; sometimes there were abscesses,
avd in one instance portions of it were gangrenous. The lymphatic glands were gen-
erally of a dark-red color, frequently resembling clots of blood. This disease of the
lymphatic glands was of common occurrence.

The lungs were frequently the seat of this inflammation, portions of one or both
presenting different appearances, from simple congestion to complete hepatization ;
sometimes thero was ulceration, and frequently there was a turbid or sero-purulent
or bloody eftusion into the pleural cavity ; sometimes there were extensive adlhesions
between the lungs and pleura of the ribs. At first I was inclined to believe this
malady to e a form of pleuro-pneumonia, but after I became better acquainted with
it I found that the inflamniation was not uniformly confined to any organ. In a
number of instances the mucous membraune of the bronchia was deeply inflamed and
the inflammation extended to the trachea and larynx. Inseveral instances the larynx
was inflamed, resembling laryngitis. One animal that had great difficulty in breath-
ing and could make no noise I had knocked in the head, and on examination I found
the mucous membrane of the larynx and epiglottis inflamed and swollen; also the
tongue was swollen. There were evidences in several instances of pericarditis, which
had produced adhesions between the heart and the pericardium. The brain, from the
difficulty of opening the skull, was examined only in one instance; it was found
healthy, although I feel confident it was frequently the seat of the disease.

From these examinations we sec that it is a misnomer to call this malady cholera.
It is a contagious inflammatory disease, the inflammation being confined to no par-
ticular tissue, sometimes attacking only one, at others several, in the same animal.
Evidences of this inflammation were found in the dermoid, the cellular, the serous,
the mucous, and.glandular tissues. I consider it a diffusive form of inflammation
from the manner in which I have witnessed it spread along the skin. In one night I
have seen it extend from the eye to the ear—the ear becoming inflamed and swollen,
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Although we have not been able to show that thisis a cholera epizootic, still the facts
elicited may be of interest and remove doubts at some tuture period. But, then, if
this malady does not resemble cholera, does it resemble any of the diseases to which
the human system is subject? I think not. Like the specific eruptive diseases, it is
highly contagious; the infection has a period of incubation of {rom twelve to twenty
days, and one attack appears to exempt the animal from a second. But in this dis-
ease, although petecchiz and an eruption mayappear on the skin, its principal char-
acteristic is a diffusive form of inflammation which may attack nearly every tissue
and soread like an erysipelas. But then, again it differs from this disease, as it is well
known that in erysipelas one attack does not exempt the system from a second ; and
although erysipelas may be contagions, still it is doubtful whether the period before
the eruption shows itself is so uniform as in this disease, and while erysipelas is gen-
erally confined to the skin this inflammation most frequently attacks the lungs and
mucous membrane of the alimentary canal. This disease appears to be intermediate
between the specific eruptive diseases and erysipelas, partaking of the nature of each,
and probably not having its exact resemblance among the diseases to which the human
system is subject.”

Of his experiments and observations on the contagiousness of the
disease and the manner of its spread he writes:

When the disease made its appearance in this section of country, in the summer of
1850, and we saw it spreading from farm to farm, the question was suggested whether
it did not spread by contagion, for it was not known at that time (July) that the
malady was contagious. Feeling much interest in watching the progress of this dis-
ease, from the large numbers of animals that were dying, I suggested to the owners of
the distillery at Aurora, Messrs. Graffs, that we should try a series of experiments to
ascertain the nature of the disease, and whether it was propagated by contagion.
To this they readily assented, and as they were constantly receiving fresh hogs,
there was a fine opportunity to make any experiments we saw proper. I am indebted
to Mr. J. J. Barkman, of Aurora, for seeing that the following experiments, with the
exception of the last, were carefully made. The hogson which the experiments were
made were known to be healthy: :

(1) Six hogs that had been exposed to the malady by being in contact with dis-
eased hogs were put into a yard by themselves and fed on slop and corn; on the four-
teenth day from the time they were exposed to the disease they were all unwell; 3
died within a week afterwards, the rest recovered.

(2) Ninety hogs were exposed to the disease, then put into a yard by themselves
and fed on corn and water (no slop given); in thirteen days disease made its ap-
pearance among them, and they continued to dic until 60 out of the 90 died.

(3) Fifty hogs were put into a pen by themselves, and fed on slop; they had not
been exposed to the disease; for six weeks they continued heaithy.

(4) One hundred hogs that had not been exposed to the disease were put intoa
yard by themselves, and fed on corn and water; for thirty days no symptoms of dis-
ease appeared among them. They were then put into a pen with diseased hogs; on
the thirteenth day they began to show symptoms of the malady, and the disease
rapidly spread among them, until 40 died.

(5) Thirty-three hogs, out of a lot of 263, were put into a pen by themselves; forsix
weeks they continued healthy. The remaining 230 were put into a pen adjoining in
which were diseased hogs; in thirteen days disease made its appearance among them,
and continued until one-balf died.

(6) Four young and healthy hogs were put into a pen in which, four days previous,
diseased hogs had been ; they were fed on corn and water. On the fourteenth day
they were all unwell ; and one died on the fifteenth day, and in five days more they
were all dead. This experiment shows that the infection may be retained in a pen
several days.

* North American Medico-Chirurgical Review, 1858, II, 496,
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(7) Iinoculated, on the 28th of October, five healthy hogs with the blood taken
from the inflamed tissues of hogs that had died of this disease. On the fourteenth
day (November 11) they were all unwell, and all died with the exception of one.
In three inflammation spread from the point where they were inoculated, along the
skin and-down the legs, which became very much swollen. I can not say that this
inflammation was caused by the inoculation, for it did not appear until the fourteenth
day, and many hogs had this external form of disease.

From these experiments I think that we not only ascertained that this disease was
infectious, but that the infection had a latent period of from twelve to fifteen days.
Observations have since led me to consider the latent period as varying from twelve
to twenty days. These experiments also showed that the hogs in the pens were not
dying from strychnine in the slop. A statement was going the rounds of the papers
about this timé that strychnine was used in making yeast at the distilleries, and was
poisoning the hogs at these places in large numbers.

The manner in which this disease in many instances spread among hogs from farm
to farm also showed wmost conclusively that it was infectious. One farmer had 75
hogs that he turned into a corn-field to fatten. These hogs had been exposed to the
disease, had become sickly, and numbers had died. He bought 36 more; these were
all healthy ; they were put into the same field with the diseased hogs; in two weeks
they were unwell, and numbers died. He bought 45 more, all healthy, and put them
in the same field; in two weeks they began to show symptoms of disease, and in a
few days after a number died. Finding that he was likely to lose all his hogs, he
sold 50 of the fattest that were left to the butchers in Cincinmati, at a rednced price,
as diseased hogs. These hogs, it was said, were purchased for their fat, to be used
in the manufacture of lard oil. After deducting the 50 he sold, he lost out of the
156 all but 10. ’

A large number of facts could be given, if necessary, to show the contagiousness of
the disease. Hogs that had been once under the influence of this malady appear not
to be susceptible to a second attack. Although placed in pens with diseased hogs
they continue healthy and fatten, and not a single instance can I find of hogs having
this disease twice. There is reason to believe that this malady occasionally prevails
at the distilleries in a mild form, as the old hogs at many of these places did not take
the disease. But why it should suddenly biave assumed so malignant a character is
as difficult to account for as that scarlatina, from being at one time the mildest of dis-
eases, at another becomes one of the most malignant. On the farms the old and young

hogs appear to be equally susceptible to the disease.

In 1861 Edwin M. Snow, M. D., of Providence, R. L., contributed a
paper on hog cholera to the Annnal Report of the United States De-
partment of Agriculture (pp.147-154). The symptoms of the disease he
gives as follows:

The symptoms, as described by persons unaccustomed to such observations, are ex-
tremely various. By combining the information obtained from others with results of
our own observations the symptoms, as seen during the life of the animal, are nearly
ag follows :

(1) Refusal of food.—This is the first symptom usually noticed by those who have
the care of the animals, though, as will be seen hereafter, this sympton by no means
indicates the beginning of the disease. The refusal of food, after it is first noticed,
generally continues through the whole sickness, and food of every description is
mostly refused.

(2) Great thirst.—This is constant, and large quantities of cold water will be swal-
lowed if it can be obtained. Even after the animal is unable to stand alone it will
drink cold water with eagerness.

(3) After a time, the length of which varies very much, the animal begins to show
sigus of weakness; reels, staggers, and, in attempting to walk, often falls down.

15612 1 ¢ 2




18

(4) In most cases there is a diarrhea, with copious fluid discharges of dark, bilious,
and very offensive matters. In a few cases there is no diarrhea, but evacuations of
hard black balls; but in some of these cases the fluid offensive matter is found in
the intestines after death.

(5) In a few cases there is vomiting; but this is not often severe, nor is it contin-
_ uous for any length of time.

(6) The external appearance of the animal is at first paler than usual, but towards
the last of the sickness purple spots appear, first on the nose and sides of the head.
These extend along the sides of the belly and between the hind legs, after which the
animal soon dies.

(7) In many cases, perhaps a majority, ulcers are found on the different parts of
the body. These were particularly noticed on the inside of the lips and gums, and on
the feet, and were often quite deep and excavated. In some cases these ulcers were
seen in the nostrils, and in one case there were extensive ulcerations in the back part
of the mouth, on the tonsils.

(8) In some cases the legs are swelled, and the animal is lame ; sometimes the ears
and sides of the head are swelled and red ; sometimes the eyes are sore and inflamed ;
sometimes swellings like carbuncles are seen; and, generally,the glands near the
surface seem to be enlarged.

(9) In most cases the pulse is quickened, the breathing is hurried and difficult, and
there is much cough. But insome genuine cases there is no perceptible trouble with
the lungs, and no important signs of disease are found in them after death.

(10) The duration of the disease in fatal cases, after the first symptoms are noticed,
is extremely variable. We have seen some which have died within two or three
hours; others have lived many days. It is difficult, however, to fix the time of the
appearance of the first symptoms. The first noticed is usually the refusal of food;
but it is probable, indeed it is certain, that the sickness is in progress for a consider-
able period before the animal refuses food. Cases like the following are sometimes
seen: A hog refuses to eat; it soon grows weak ; staggers in walking ; turns purple
on the sides and belly, and dies within two or three hours after the first symptom is
noticed. But, on examination after death, extensive disease is found in the intes-
tines, or in the lungs, or in both, at a stage of development which must have required
many days to reach.

The post-mortem appearances are then summarized in the following
language:

Having described the symptoms, as seen while the animal is living, I willnow give,
briefly, the appearances found on examination of the bodies after death :

In the course of our investigations, during the last winter and spring, the bodies of
nine hogs were carefully examined by Drs. G. L. Collins, J. W. C. Ely, and E. T.
Caswell, of Providence, in the presence of several other physicians. A minute ac-
count of each case was prepared by Dr. Collins, and published in the Transactions of
the Rhode Island Medical Society for 1861. It will be sufficient for the objects of this
paper to give a brief synopsis of the diseased appearances which were found in these
examinations:

Lungs.—In two cases the lungs were healthy. In theremaining seven cases one or
both lungs were nore or less inflamed, having a liver-like appearance, called hepatiza-
tion. In some cases the inflammation was more advanced, and the substance of the
lungs was breaking down into a mass of disease. In all cases where the lungs were
inflamed there was also pleurisy, and the lungs were adherent to the walls of the
chest; the inflammation of the lungs and the pleurisy together constituting true pleu-
ro-pneumonia. Intwo cases there were tubercles, or consumption in the lungs; but this
is not uncommon in hogs, and is not supposed to have any connection with the spe-
cial disease we are considering.

Stomach.—The stomach and the small intestines were generally hLealthy. The
gtomach was freqently distended with an offeusive mixture of food, and in ope case
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the inner surface was ulcerated to some extent. In two cases worms were found in
small intestines, but this was probably a merely accidental occurrence, and had no
necessary connection with the disease.

Large intestines.—The inner coat of the large intestines was generally inflamed and
softened with ulcerations to a greater or less extent, and they were frequently so
tender as to be easily torn with the fingers. On account of their diseased condition
their inner coat was frequently discolored. The inflammation and ulceration of these
intestines are probably the principal cause of the diarrhea in this disease.

Kidneys.—These organs were, in every case, much more pale and yellow than
natural; this condition was well marked.

The liver and bladder were generally healthy. In some cases water was found in
the cavity of the belly and of the chest, and in the membrane surrounding the heart
(heart-case). In two cases numerous minute purple spots were seen upon the mem-
brane lining the walls of the belly. The urine was often changed from the healthy
condition, containing albumen and other diseased products, not, however, noticeable
to the eye. Ulcers upon the feet and in the mouth were often found. The brain was
not examined, as there were no symptoms observed which seemed to indicate disease
of this organ. It may be at times affected, but is probably more rarely so than the
other organs of the body.

Such are some of the most important appcarances which are found on examination
of the bodies of hogs which have died with this disease. It will benoticed that three
of the diseased conditions I have described are prominent, important, and such as
would be readily recognized by the most ignorant observer.

These are, first, the pleurisy and inflammation of the lungs; second, the inflamma-
tion, ulceration, and softening of the inner coat of the large intestines; and, third,
the pale and yellowish color of the kidneys. One or more of these diseased condi-
tions will be found in every case, and in perhaps a majority of casesthey will all be
found in the same animal.

While Dr. Snow admitted the disease to be epizootic he did not con-
sider it to becontagious. Indeed, he neither considered epizooticnor epi-
demic diseases to be contagious, but, on the contrary, held that they
were caused by (1) ‘“an epidemic atmospherical poison,” and (2) ¢ the
local conditions or circumstances adapted to receive and propagate the
poison existing in the atmosphere.”

In 1875 Prof. James Law contributed a paper to the report of the
Department of Agriculture giving his observations upon hog cholera,
or ‘ intestinal fever in swine,” in which he so completely embraces the
knowledge of our swine epizootics as it then existed that bis paper is
here reproduced in full. It is as follows:

Synonyms.—Typhoid fever, enteric fever, typhus carbuncular fever, carbuncular
gastro-enteritis, carbuncular typhus, pig distemper, blue sickness, blue disease, pur-
ples, red soldier, anthrax fever, scarlatina, measles, diphtheria, erysipelas.

Definition.—A specific, contagious fever of swine, characterized by congestion, ex-
udation, ecchymosis, and ulceration of the mucous membrane of the intestines, and
to a less extent of the stomach; by geuneral heat and redness of the skin, cffaceable by
pressure; by small red spots, complicated or not by elevations and blisters; by black
spots and patches of extravasated blood on the integument, the snout, nose, eyes,
wmouth, and all other visible membranes, and on internal organs, ineffaceable by
pressure and tending to sloughing; usually by liquid and fetid diarrhea; and by a
very high and early mortality.

The malady has been long known to pig-raisers and pork-factors in the Old World
and the New, but in veterinary works it has been mistakenly placed in the list of
malignant anthrax affections, to which many of its lesions bear a striking resem.
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blance. Two English works, published within the last year, repeat this time-honored
fallacy. To malignant anthrax it is allied by the altered coundition of the blood, by
the solution of the blood-globules, by the imperfect coagulation of the blood in many
cases, by the occasional enlargement and congestion of the spleen, by the extrava-
sation of the blood out of the vessels (petechiw) into the skin, mucous membranes,
and internal organs, and by the dusky hue of the eye, nose, etc. That it is essen-
tially distinct is shown by the fact that its virus, so frightfully contagious and fatal
to pigs, is not communicable to any other domestic animal. The contagion of malig-
nant anthrax, on the other hand, is deadly to all domestic animals, and even to man
himself.

The common American designation of hog cholera has only the diarrhea to support

it, and, as we see outbreaks in which this feature is mnainly remarkable for its ab-
sence, the name comes to be an absolute misnomer. In many cases a gelatiniform
exudation takes place on the affected surface of the mucous membrane of the intes-
tines, windpipe, or bronchia, and the disease has accordingly been named diphtheria.
But as such an exudation is by no means constant, a name founded on this peculiarity
would have no actual foundation in a large proportion of cases. Again, the exuda-
tion (see Post mortem No. 1) is mainly composed of cells and granules, with less of
the fibrinous matrix than is usual in diphtheria. Lastly, the intestinal fever of swine
is most virulently contagious, whereas diphtheria is very slightly, if at all, infec-
tious, and is confined rather to certain insalubrious localities or buildings.

From scarlatina and measles it is sufficiently distinguished by the constancy of the
intestinal legions, though it resembles both in its cutaneous rash. With erysipelas
it has no real connection, the one common feature, the redness of the skin, being due
to a condition altogether different in nature, progress, and results.

The constancy of the congestion, specific deposit, and ulceration in the intestines
in the fever of swine, characterize it as perfectly as do the same lesions in typhoid
feverin man. It further agrees with typhoid feverin having a higher evening than
morning temperature and a rose-colored eruption on the skin. To this disease, indeed,
it bears a closer resemblance than to any other disorder of man or beast, so that Dr,
Budd and others with much plausibility call it the typhoid fever of pigs. But in
spite of the similarity of the specific deposits and ulcerations on the intestines, those
of the pig show less tendency to attack the agminated glands (Peyer’s patches) and
the solitary glands than is the case in man. They appear on all parts of the mucous
membrane of the large and small intestines, yet the agminated and solitary glands
" rarely escape entirely, and sometimes they alone are the seats of ulceration and morbid
deposit. The skin eruption, too, in the pig-fever is often distinctly raised, and even
vesicular, whereas thatof typhoid fever is a simple rash, and, like a blush, may be com-
pletely though temporarily effaced by pressure. Finally, the contagion is incompara-
bly more virulent and tenacious of life than that of typhoid fever, and the mortality
iy greater and occurs earlier in the disease. On the whole, we must look on this
affection of pigs as a disease sui generis, having close affinities with the typhoid fever
of man, yet essentially distinct, and hence the term intestinal fever of swine is more
applicable, as at oncoe expressing its nature and avoiding confounding it with other
and distinet affections. .

Incubation.—The period of incubation has not been definitely settled. My experi-
ence in Scotland in 1864 would have led me to set it down at from seven to fourteen
days. Tho infected pigs were four days on the journey from the English market by
rail and seven days on the farm before the disease manifested itself. Again, the
home-bred swine were sound until four weeks after the strange hogs came on the
farm, and three weeks after the latter were generally sick. Pigs, though farrowed
by sick dams, did not show any sign of disease for about a week, although nearly all
eventually died.

In Dr. Budd’s cases, in April, 1865, the, first symptoms of illness were shown four
or five days after the pigs were brought from Bristol market, where they may or may
not have been infected.
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Dr. Sutton’s experiments, made at Aurora, Ind., in September, October, and Novem-
ber, 1848, deserve repetition in this connection. (1) Six hogs, after contact with dis-
eased animals, were placed in a sound pen, and sickened on the fourteenth day. (2)
Of 90, similarly exposed and then put in a sound yard, some sickened on the thir-
tcenth day. (3) One hundred, similarly exposed, contracted the disease on the
thirteenth day. (4) One hundred and thirty, placed in a yard adjoining one occu-
pied by diseased hogs, became ill on the thirteenth day. (3) Four young and healthy
pigs, placed in a pen occupied four days previously by diseased hogs, sickened on the
fourteenth day. (6) Five healthy hogs, inoculated with the blood from the inflamed
tissues of diseased swine, were unwell on the fourteenth day.

Further experiments were made by Professor Axe, of London, in April, May, June,
and July, 1875. (1) Two healthy pigs were (in April) placed for forty-eight hours
in the same house with a diseased one, contact being carefully avoided. One was
dull and off its food on the sixth day and the other on the eighth. (2) On May
15 a pig was inoculated with the liquid cutaneous exudation, which had been kept
on dry ivory points for twenty-six days. On the fifth day there was slight dullness
and heat of skin, and on the sixth the malady was well developed. (3) On June
10 another pig was inoculated with the cutaneous exudation of the last, the upera-
tion being performed by another party and the pig kept apart to avoid all risk of
indirect contagion. On the fifth day temporary redness was noticed on four teats,
and on the sixth day the symptoms were fully developed. (4) Another pig broke into
the pen occupied by the last-named subject and was left there for six days, when it
was taken out seriously ill. In the hot summers of Illinois instances are met with in
which symptoms of the disease are shown in a previously healthy herd under three
days after the wind has blown from the direction of a sick lot half a mile distant. In
analyzing this apparently somewhat discordant evidence we must bear in mind that
the period during which a poison will remain latent in the system will vary accord-
ing to the amount taken in, the excited or febrile condition of the subject, and the
mode of introduction into the system. Thus an excess of any poison, animal or veg-
etable, will usually show its effects with remarkable rapidity. A feverish state of
the system, whether induced by intense heat, passion, or disease will rouse the poison
into unusually early activity. Lastly, poisons that are inoculated usually act sooner
than those introduced into the system by other channels.. These considerations
will serve to reconcile the prolonged latency of the poison in Dr.Sutton’s cases,
observed in cold weather, as compared with Dr. Budd’s, Professor Axe’s, and my own,
in.the English summer, and of these in their turn with the prompt development of
the malady in the semi-tropical summer of Illinois.

Symptoms.—The earliest symptoms are slight dullness, with sometimes wrinkling
of the skin of the face as if from headache ; shivering or chilliness and a desire to
hide under the litter are not uncommon. Some loathing of food, intense thirst,
elevation of the temperature of the rectum to 104° Fahrenheit and increased heat
and redsess of the skin are usually the first observed symptoms, and occur one or two
days later than premonitory signs above mentioned. The increased heat of the skin is
especially noticeable inside the elbow and thigh and along the Lelly. By thesecond
day of illness the whole surface feels hot, and in white pigs is suffused with a red
blush, which may pass successively through the shades of purple and violet. 1t is
usually more or less mottled at particular points, and a specific ernption appears as
rose-colored spots of from 1 to 3 lines in diameter, sometimes slightly raised so
a8 to be perceptible to the touch, and either pointed or more frequently rounded.
The redness fades under the pressure of the finger, but only to re-appear immediately.
The eruption is usually abundant on the breast, belly, and haunch, the inner side of
the forearm and thighs, and the back of the ears. It staysout fortwo or three days,
and may be followed by one, two, or more successive crops of the same kind. The
cuticle is sometimes raised in minute blisters, a feature which distinguishes this from
the rash of typhoid fever, and the liquid of such blisters inoculated on other pigs
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communicates the disease. In addition to the rash and simultaneously with it, or
soon after, there appear on the skin numerous spots of a dark-red or black color, vary-
ing in size from a line to an inch in diameter, on the color of which pressure has no
effect. These are due to the extravasation of blood or of its coloring matter from the
blood vessels into the tissues, and they dry up into thin scabs or sloughs if the ani-
mal survives. Similar petecchial spots appear on the muzzle, in the nose, and on the
eyes, and in some instances they are confined to these parts. The tongue is covered
by a brownish fur.

From the first the animal is sore to the touch, but as the disease develops the handling
of the animal is especially painful and causes grunting and screaming. The pig lies
on its belly, and, if compelled to rise and walk, moves stiffly, feebly, unsteadily,
and with plaintive grunting. This weakness and prostration rapidly increases, and
often ends in utter inability to rise or to support the body on the hind limbs. A wa-
tery discharge from the nose, followed by a white muco-purulent flow, is not uncom-
mon. A hard, barking cough is frequently present from the first and continues to
the last. Sickness and vomiting may be present, but are far from constant. The
bowels are often confined at first, and in certain cases, and even in nearly all the
victims of particular outbreaks, may remain so throughout, nothing whatever being
passed, or only a few small black pellets covered by a film ‘of mucus. These cases
are quickly fatal. More frequently, however, they become loose by the second or
third day, and diarrhea increases at an alarming rate. The passages are firs? bilious
and of a light or brownish yeilow when not colored by ashes, charcoal, or the nature
of the fool. But soon they assume the darker shades of green and red, or become
quite black and intolerably offensive. In such cases the elements of blood, inspis-
sated lymph, and membranous pellicles, sloughed off from the ulcerated surfaces, are
usually to be found in them.

The diarrhea becomes more profuse, watery, and fetid ; the pulse sinks 80 as to be-
cowme almost imperceptible; the cough becomes more frequent, painful, and exhaust-

_ing; the breathing is more hurried and labored; and the weakness increases until
the patient can no longer rise on his hind limbs. At this period the petecchis become
far more abundant. Before death the animal is often sunk in complete stupor, with, it
may be, muscular jerking or trembling, or sudden starts into the sitting posture, and
loud screams. In the last stages involuntary motions of the bowels are common.

Exceptionally swellings appear on the flank, with extreme lameness, and extensive
sloughs of the skin of the ears or other parts. Palpitations of the heart also occasion-
ally occur as precursors, attendants, or sequels of disease. If the disease should take
a favorable turn, slight causes may make an early and perfect recovery, a complete

" convalescence being established in three or four weeks. A considerable proportion
of the survivors, however, linger on in an unthrifty condition for months, evidently
suffering from the persistent ulceration of the intestines or infiltration of the lungs.
The mortality often reaches 80 or 90 per.cent. of all swine exposed, and in case of a
certain number of the survivors recovery brings no profit to the owner.

Post-mortem appearances.—The blue color of the skin becomes deeper and more uni-
versal a few hours after death. The fat beneath the skin is colored more or less
deeply in points corresponding to the discoloration of the integument. The snout is
usually of a deep blue, with ineffaceable black spots (petecchiz). The membrane
lining the eyelid, and to a less extent the skin, present similar black spots of extrav-
asation.

The most constant changes are in the mucous membrane lining the alimentary:
canal, and especially that of the terminal portion of the small intestine (ileum) and
the commencement of the large (czccum, colon). The tongue is furred, but deep red,
even eroded, at its base, and the pharynx and adjacent parts usually studded with
petecchim. The cavity of the abdomen generally contains a few ounces of reddish
serum, which coagulates on being heated. The stomach may show no more than 8
pink blush, but more commonly it is of a deep red, from congestion, especially to-
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ward the pylorus, and its mucous membrane is often black throughout from the close
aggregation of petecchizs. The small intestines are usunally extensively congested,
and of a deep red, in many cases approaching to Dblack, as examined externally.
Their mucous membrane in such parts is equally high colored, studded with petec-
chiz, and in some cases lined by a firm, semi-fibrinous exudation. A more constant
condition is the presence of minute sloughs or erosions in the seat of petecchiz, and
of equally small elevations, due to excessfve cell-growth, beneath the epithelium.
These commonly have a whitish center, with a yellowish or red border. . Such is the
appearance in cases that prove fatal within two or three days. In those that have
survived longer, extensive ulcers appear, of an inch and upward in diameter, evi-
dently the sequel of the petecchi®, and especially of the eruption.

These ulcers are often covered by black scabs or sloughs, have irregular projecting
margins and a variously colored center, consisting of cells in process of disintegration.
They are sometimes situated on Peyer’s patches, but show no very marked preference
for those over other portions of the mucous membrane. The large intestines present a
similar varying vascularity, discoloration, petecchizw, deposit, softening, and ulcera-
tion. The changes are especially marked in the czcum and colon and in the rectum
close to the anus. The solitary glands are often large and open, but the ulcers show
no particular preference for the points occupied by them. Extensive extravasations
of blood into the cdats of the bowels and among their contents are not infrequent, and
in certain exceptional and advanced cases the peritoneum is inflamed and false mem-
branes bind the bowels together or to other organs, or to the walls of the abdomen.

In the wind-pipe and air-passages within the lungs, the mucousmembrane is usually
mottled with black petecchizw, or covered by a viscid mucous exudation. The anterior
lobes of the lungs are often soliditied by exudation, but remain bright, red, tongh, and
elastic (splenisation). Limited hepatization is also exceptionally met with, and even

false membranes on the pleura or pericardium.

Petecchiw are common over the various internal organs—on the lungs, pleura, heart,
pericardium, diaphragm, peritoneum, liver, pancreas, kidneys, and bladder. The
spleen is large and dark, as is usual in connection with blood poisons. Both sides of
the heart contain clots of blood, extending from the auricles and ventricles into the
great vessels. 1n the worst cases, the clot 18 black, soft, and somewhat diffluent ;
exceptionally it is firm, and shows a distinet buffy coat. The blood-globules, as seen
under the microscope, are more or less puckered or crenated at their edges, and mixed
with an excess of granular débris and even in some instances spores of a fungus
(micrococcus).

As illustrating the various lesions in different cases, I append from my notes of
post-mortem examinations two that occurred with two years’ interval, near Edin-
burgh and London, respectively :

I.—No. 4. A three months’ old, white Yorkshire pig in excellent condition. Exam-
ined a few hours after death, being still quite warm, rigor mortis had set in strongly.
Along the whole lower surface of the body, from the mouth to the tail, are spots of
dark red or purple. On the right side of the head and left side of the chest the spots
run into each other, so much that they seem to form a single continuous blush. On
the back the spots are smaller and less numerous. There are no spots nor petecchim
on the snout, but a glairy bloody fluid runs from the right nostril.

The membrane lining the eyelid is congested, having a dark hue, approaching
purple, and a portion of the mucous membrane of the rectum, exposed by the relaxa-
tion of the sphincter, presents the same appearance. Dark red spots and petecchiz
exist about the vulva. Under the belly is a subcutaneous layer of fat about an inch
thick, and beneath the purple spots on the skin this is discolored by blood through-
out the entire thickness.

The abdominal cavity contains 6 ounces of a dark bloody fluid. The intestines
have a deep florid hue externally. The stomach and the greater part of the rectum
are pale and without any lesions of the mucous membrane. Close to the anus this
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membrane is congested. The stomach contains about two pounds of food (boiled
potatoes, corn, etc.). The small intestines have their mucous . membrane thickened,
soft, friable, and very red, the shades being lighter or deeper at different points. It
presents at intervals spots of a much darker hue, approaching purple, and respect-
ively from one to two lines in diameter. The large Poyer’s patch on the ileum seems
hypertrophied and of a deep red, especially close to the ileo-cacal valve, where it
also shows small ulcers. The large intestines have their mucons membrane of a very
bright red, soft, friable, and presenting at intervals small ulcers of about a line in
diameter, and corresponding apparently to the solitary glands. Some of these ulcers
“are of a deep red, and appear on the peritoneal coat as dark spots; others are of a
dirty white in the center, with raised red edges, and are not so marked on the perito-
neal surface. A small nodule felt through the outer coats is characteristic of both.
The contents of the large intestines consist of dark semi-liquid feces, with a great
amount of ashes.

The liver is variable in color and very friable. Though still warm, it presents
small bubbles of gas at intervals under its capsule and throughout its substances,
The gall-bladder is half full of a very light-colored yellow bile. The pancreas seem
healthy. The kidneys, bladder, and uterus are normal.

The pleura and lungs appear healthy, excepting a portion of the anterior lobe of
the left lung, which is in a state of splenisation. The bronchia contains bloody
froth, especially in the left lung, and those of the solidified portion contain a white
solid substance, comp letely filling them, and appearing to the naked eye like a fibri-
nous clot,while under the microscope it is found to be mainly composed of small glob-
ules about the size of blood-cells. It is disintegrated and partly dissolved in a strong
solution of potassa. The mucous membrane of the larynx and trachea is congested
and the tube filled with a white frothy mucus of an exceedingly tenacious consist-
ency.

I1.—No. 2. Three months’ old female pig, large of its age. Dead twelve hours.
- Rigor mortis well marked. Skin almost universally of a livid hue, but purple along
the abdomen. Back, white. Profuse eruption over the body, but especially abundant
on the abdomen. The smallest, and evidently the most recent specimens of the
eruption, are individually about a line in diameter, deep purple, and covered by &
delicate, slaty-looking skin. The larger spots have a dark, hard, dead center, which
appears to spread gradually to the whole of the patch; some appear as a large black
scab of one-half to 1 inch in diameter.

Abdomen contains 6 ounces of serum, which forms a solid coagulum on being heated.
False membranes bind the large intestines to the lower wall of the belly, also the
two horns of the uterus together and to the bladder, and both to the walls of the
pelvis. The large intestines are the seat of an exudation half an inch thick, from
which a straw-colored fluid escapes on section. The stomach is considerably dis-
colored on its great curvature externally, asif from extravasated blood. The mucous
membrane of the stomach presents numerous petecchiz and ramified redness along
the great curvature. The small intestines show slight branching redness on part of
the ileum.

Large intestines.—Cecum has its mucous membrane abnormally vascular; with
abundant petecchiz, and ulcers of considerable standing; these appear as white,
raised masses, and have no manifest conneciion with the sclitary glands. The blind-
gut contains numerous ascarides. The mucous membrane of the colon repeats that
of the cacum, but at one point beneath its serous coat is a blood-clot measuring 1
inch by half an inch, and a quarter of an inch thick.

The liver is healthy. The diaphragm has abundance of petecchiz on its posterior
surface, especially on the cordiform portion, and apparently leading in radiating
lines from the center. Beyond the presence of petecchiz the organs of the chest seem
to be little affected.

Causes.—Contagion is the main cause of this disease. The introduction of diseased
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pigs into healthy herds; the placing of healthy pigs in pens, cars, steam-boats, mar-
kets, etc., where diseased swine are then or have formerly been exposed; a fresh
breeze from the direction of a diseased herd, though half a mile distant; the passage of
men or quadrupeds or birds from the diseased to the healthy ; the use of food, litter,
or water that has been in near proximity to the affected animals, have each served to
transmit the fever.

The virus appears to be concentrated in the bowel-discharges and liquids of the
eruption, but donbtless exists in all the liquids and tissues of the body, and is given
off into the air from the skin and exposed mucous membranes. Pigs are often born
sick, and die in twenty-four hours. The feeding-troughs and water, contaminated by
the tilthy feet and snouts, are particularly liable to convey the disease.

The malady prevails at all the periods of the year, but it has opportunities for the
widest diffusion in dry seasous and countries, where the virulent matter may be dried
up and preserved unchanged for an indefinite period, and in this state may be car-
ried by winds and otherwise. Wet weather contributes to the decomposition and
destruction of this, as of any other animal poison, but can not influence its propa-~
gation by the direct contact of healthy with diseased animals, nor affect its preserva-
tion inside dry buildings. :

Unwholesome conditions of life contribute largely to its diffusion, if not to its de-
velopn.ent de novo. The malady frequently appears in pigs that have been carried
several days in succession in crowded boats or cars, among the accumulated filth of
their own bodies and those of their predecessors, and subject to compulsory absti-
nence from food and water. Again, it will occur in fat hogs that have been driven
a number of miles under a hot sun and then cooped up in a filthy, close, ill-ventilated
pen, subjected to the reeking fumes of their own bodies and of long-accumulated
nastiness. Many think that dry-corn feeding and overcrowding on filthy manure
heaps are largely productive of the disease. But it is too much to assume that the
poison is developed de novo in such conditions. Similar unwholesome influences favor
the developmeat of all contagious diseases by loading the blood with effete and dele-
terious organic matter, and bringing about a feverish and susceptible state of the
system. But, on the other hand, such abuse and maltreatment fail, in very many
cases, to induce the affection, so that we are left in doubt in regard to those instances’
in which it appears as to whether the virus was not hidden away in the buildings,
cars, etc., and roused into activity by the presence of a fertile field for its growth in
the bodies of the pigs, the blood of which was loaded with organic elements in proc-
ess of decomposition. The important point is this: We know this as a contagious
affection, to the propagation of which all probable insalubrious conditions contribute.
So soon as we concentrate our attention on this point we have the key to its preven-
tion, if not to its entire extinction. But, while admitting the influence of over-
crowding, filth, starvation, and suffering in predisposing to this disease, it ought to
Le added that the very highest mortality is often reached among pigs kept in the
best hygienic conditions, but among which the virus has been accidentally intro-
duced. Again, some hogs, and even families, appear to be insusceptible, and resist
the poison which is carrying off all around them. But similar instances of immunity
are met with in all contagious affections. '

Treatment.—In a fatal contagious disease like that under consideration it is rarely
good policy to subject to treatment. The enormous increase of the poison in the
bodies of the sick, and the extreme danger of its diffusion through the air, as well as
on the feet of men and animals, render the preservation of the victims eminently un-
safe and unprofitable. Yet, in the case of very valuable animals, and where seclu-
sion, disinfection, and careful nursing can be secured, it may be resorted to.

A dry, airy, well-littered building may be provided, abundantly sprinkled with a
solution of carbolic acid or chloride of lime. Rugs steeped in a solution of one or
other of these agents may be hung up at intervals, and sulphurous acid set free by
burning a pinch or two of sulphur three or four times a day. The dung should be
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saturated or thickly sprinkled with finely powdered copperas. Any drains will re-
quire disinfection in the same way. If the sick animals are kept in the open air, the
ground must be freely sprinkled with disinfectants, above all where the dung has
been deposited.

The diet should be well boiled gruel of barley, rye, or Graham flour; or, if fever
runs high and the temperature is raised by such food, corn-starch made with boiling
water or milk may bd substituted. Fresh, cool water should be freely supplied, either
pure or slightly acidulated with sulphuric acid.

During the early stages, while constipation exists, the bowels may be gently opened
by castor oil (2 ounces for a good six-months’ pig) or rhubarb (1 dram), aided by in-
jections of warm water. The heat of the skin must be counteracted by sponging
with cool or tepid water, as may seem most agreeable to the patient. As the laxa-
tive operates, 20 grains of nitrate of potash and 10 grains of bisulphite of soda may
be given twice a day in the drinking water. Charcoal may also be given to absorb
and neutralize the delcterious products in the bowels. Or the niter may be replaced
by any other neutral salt and the bisulphite by another antiseptic agent. If the pa-
tient survives the first few days and gives indications of ulceration, by tender abdo-
men, diarrhea, and the passage by the bowels of membranous sloughs, oil of turpen-
tine, in doses of 15 or 20 drops, may be given, shaken up in milk or beaten in an egg;
or this may be replaced by siwmilar doses of creosote or carbolic acid, or 3 to 5 grain
doses of nitrate of silver. It may be necessary to give opium to check excessive
purging, or stimulants to sustain the failing strength and very prostrate condition.
Infiltrations and inflammations of the lungs and bowels may demand applications of
mustard and turpentine to the chest or abdomen. In short, any complication must
be combated as it appears, and the soundest judgment will be wanted throughout to
adapt the treatment to the various indications. Each case will demand as close at-
tention and as careful an adaptation of remedial measures to its different stages and
phases as would a case of typhoid feverin man. In case of recovery a course of tonics
(gentian one-half dram, sulphate of iron 10 grains daily) will often be beneficial, and
the return to ordinary feeding should be brought about by slow degrees.

Prevention.—A successful system of prevention can only be instituted when we duly
appreciate the fact that almost all cases of this intestinal fever are due to contagion.
And this is precisely what our hog breeders fail to realize. No man in his senses will
affect to deny that the disease is contagious, but the natural tendency is to seek for
other causes in the great majority of cases. Asin the case of all contagious affections
that have attained a wide prevalence, this presents a number of outbreaks which can
not be traced to contagion from any diseased stock, and these are at once assumed to
be spontaneous, and the cause of the disease is sought in the peculiar treatment of
the herd,and future prevention isattempted by the avoidance of these peculiarities.
In iilustration, I may quote from a letter of Mr. I. F. Hatch, an intelligent Illinois
farmer, and former student of Cornell University :

. In former years hog cholera has been local with us except when it first appeared,
some ten or twelve years since. Then, as now, it was general, and swept everything.
But since then it has been confined to a few farms or localities. Sometimes it ap-
peared on a single farm, or perhaps on geveral farms, 1, 2, or 3 miles apart, all others
escaping. I have a neighbor who has had it every second year since its first apppear-

“ance, losing more or less hogs each time, but his is the only case of which I have been
informed where it has been so regular and often,

This irregularity and local appearance deluded usinto the belief that we were pre-
venting the disease by extra care and attention, and that salt, sulphur, and ashes
were a preventive ; but we have been effectually undeceived this time, for hogs that
have been doctored thus fared no better than those that had not.

There is one man here whose hogs have escaped the disease entirely, and he has
fed for a number of years once a week, or once in two weeks, corn boiled in the ear
with ashes—lyed corn, as they call it—putting a peck of wood-ashes into a 40-gallon
kettle. He tells me he has had no cholera since he adopted this plan, and his hogs are

certainly good subjects for cholera—poor, half-fed, and sleeping in a pile under the
barn. He says others have tried this plan and successfully warded off the disease.
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He goes on to quote instances of alleged prevention by feeding house-slops without
corn, and by giving once a week a feed of the boiled jowls and waste parts of the pigs
killed the year previous, and adds:

Generally diseased hogs run, sleep, and eat with the others, it being the general
opinion that they’ll all have it anyway, so no matter. I am of a different opinion.
A few change the yards aund sleeping places, but generally they stay in the same
places throughout the disease. No attention is paid to disinfection.

These alleged preventives are doubtless somewhat beneficial by maintaining a
free action of the bowels and kidneys, and favoring the elimination of the poison, as
does diarrhea in the milder cases of the disease. But there need be as little doubt
that, like the salt, sulphur, and ashes, they would all fail in the presence of a strong
dose of the poison. Meanwhile, they are made to serve an evil purpose in diverting
attention from the one effectual means of restricting the disease, the extinction of
the poison. It must be fully recognized that neither contact nor proximity is neces-
sary to contagion. The poison may be carried a certain distance on a stream of water
without losing its vitality. It may be blown a long way by a favorable wind, when
dried up, on light objects. It may be carried on the boots, hands, etc., of men
(dealers) passing from farm to farm and from district to district. Horses, cattle,
sheep, dogs, fowls, pigeons, and wild animals of all kinds are liable to carry the virus
on their feet and limbs, and to deal out death to the pigs at places widely separated
from each other. It is, therefore, quito impossible to trace all new outbreaks to con-
tagion. But to attribute them to spontaneous evolution of the disease is to beg the
whole question.

1t can be freely conceded that a certain number of cases probably originate spon-
taneously every year; bul these are few and far between as compared with the enor-
mous mortality caused by contagion. It can be equally conceded that certain seasons
are far more favorable to the propagation and virulence of the disease than others,
yet even in these the great majority of cases are infections. It can beadmitted even
that a wholesome laxative diet is to some extent protective, as well as comfortable
dwellings and antiseptic agents, like copperas, bisulphite of soda, charcoal, or car-
bolic acid. But all such protectives are comparatively limited in their operation,
and, thongh they seem to have saved a few isolated herds, will fail disastrously if
generally relied on. The epizootic influence, too, though apparently all-powerful in
localities where the poison has already penetrated, fails to produce the disease in the
neighboring States not previously infected. We can not give too much attention to
secure the best sanitary conditions of life for the hogs, but if we allow a few of these
8o to engross our attention that our eyes are blinded to the most important of all—
the prevention of contagion—we shall only spread the poison and increase the de-
struction of our herds. On the other hand, the highest success must attend such
measures as will stop the production of the poison and destroy and render innocuous

.what is already in existence. .

Diseased pigs must be removed from the healthy, killed, and buried. A thorough
disinfection of all buildings, yards, and manure must be made. Chloride of lime or
zine, sulphate of iron, or carbolic acid may be used for all solids, floors, troughs,
walls, etc., and for drains; and sulphurous acid or chlorive for the atmosphere. The
sulphurous acid may be produced by burning sulpbur, and the chlorine by adding oil
of vitrol to common salt and a little black oxide of manganese. The surviving pigs
must be carefully watched for the first signs of illness. Any unusual sluggishness,
stiffness, or inappetence, or any disposition to leave the herd, demands a careful ex-
amination ; and if there is heat or shivering, and, above all, if the thermometer in-
troduced into the rectum indicates a temperature above 103° Fahrenheit, the animal
should be at once separated from the herd, and destroyed as soon as unequivocal
symptoms of the malady are shown. Care should be taken to avoid the possibility of
contamination by water which has passed infected hog-pens or fields. If the malady
exists within a wide radius, the visits of dealers and others must be absolutely for-

)



-

28

bidden, and a similar prohibition should attach as far as possible to quadrupeds and
birds, wild and tame. Disinfectants may even be given to the sound animals that
have been exposed to contagion. A table-spoonful of charcoal, animal or vegetable,
may be given daily to each pig in its food. Twenty grains of bisulphite of soda, or
ten drops of carbolic acid, or 10 grains of sulphate of iron may be used instead, and a
tea-spoonful each of sulphur and gentian may be added with advantage. When a herd
has been freed from the disease, a most exhaustive disinfection of the whole premises,
manure, and other products is imperative, and it is usually desirable to change the
site of the hog-pen and run to obviate any future effects of this most virulent conta-
gion. Old and rotten wood work should be burned.

In purchasing pigs, buyers will consult their interests by avoiding markets, and
going rather to the breeders whose stock is known to be healthy, and by seeing per-
sonally to the thorough cleansing and disinfection of loading-banks, cars, boats, etec.,
which they must use in bringing them home. And after all such precautions, newly
purchased swine should invariably be placed in quarantine, at a safe distance from
other hogs, and kept there for three weeks, with separate attendants, until they have
been proved sound.

As in the case of other fatal contaglons, this could donbtless be kept in check, or
even completely extinguished, by a uniform system of destruction of the infected,
and disinfection of their carcasses and all with which they have come in contact.
Such a proceeding would imply an amount of governmental supervision and pecuni-
ary outlay that would be profitable in the long run, though the past experience of
the American people have scarcely prepared them to sanction it.

In 1877, a paper written by H. J. Detmers, V. 8., giving his obser-
vations of the disease generally called hog cholera, and bis econclusions
as to its nature, was reprinted in the annual report of the Department
of Agriculture. Dr. Detmers proposed to call the malady ¢ epizootic
influenza of swine,” and he divided it into (1) “the catarrhal rheu-
matic form,” (2) ¢“the gastric-rheumatic form,” (3) ¢ the cerebro-rheu-
matic form,” and (4) “the lymphatic-rheumatic form.” The causes of
the disease he divided into three classes, and he writes:

As belonging to the first class I look upon everything that will interrupt or disturb
the perspiration; in the sccond class I place all such noxious influences and agencies
as interfere directly with the process of respiration; finally, in the third class, I put
all such noxious agencies or injurious influences as tend to aggravate the disease if
already existing, by aiding in making its character more typhoid, or which produce
a special predisposition by weakening the constitution of the animal.

In regard to the contagiousness of the affection he says:

Still I think the epizootic character of the fearful spreading of the disease canbe’
satisfactorily explained without the existence of a contagion.

The above extracts show the most divergent views among physcians
and veterinarians as to the cause and nature of the epizootics among
swine. At the same time there were equally wide differences of opinion
among swine-breeders and the contributors to the agricultural press.
In short, there was the greatest uncertainty and confusion of ideas not
only as to the characters of the disease or diseases, but as to the most
elementary principles to be applied for prevention.

It was just at this period (1878) that Congress provided for the first
investigation of swine diseases by making an appropriation of $10,000
for this purpose. The beginning of this investigation, which has been
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continued with short interruptions until the present time, marks a new
era in our knowledge of swine epizootics and of contagious diseases in
general. It was just at the time when the biological researches of Pas-
teur in regard to fermentation were attracting so much attention, and
had already inspired Lister to make his discoveries in antiseptic sur-
gery, and Koch to institute those researches which definitely connected
the bacillus anthracis with the causation of charbon. The time was
propitious, therefore, for the institution of a new line of researches, in
a direction which even then promised much, and which since has prac-
tically revolutionized the position of medical science as to the nature
of contagion and the methods most important for its control.

The writings of Drs. Sutton, Snow, and Law gave a very correct state-
ment of the symptoms and post-mortem appearances of the organs usually
found in the swine epizootics of this country. They covered about all
the points which can be decided by ordinary field observations, but they
left many questions still unsolved which it was necessary to determine
before measures of prevention could be formulated and made successful.

There were many who believed that these epizootics were due to the
ravages of more than one disease, and there were also many who held
that contagion and infection played no part in their extension. As to
the nature of the agent or agents which caused the outbreaks, or the
conditions which were required to prevent their destructive ravages, no
results of value had been obtained, or indeed could be, without a more
systematic and persistent investigation, with all the instruments, ap-
paratus, and laboratory facilities which are required to work out the
obscure problems of pathological science. As with other contagious dis-
eases of men and animals, the instruments of the post-mortem case had
been the means by which a certain amount of information had been
gained, but there were problems which they could not reveal, and for
these the microscope, the culture apparatus, the biological and chemi-
cal laboratories were necessary, and without these a reliable solution
could not be reached.

For the investigations of 1878 nine men were appointed for a period
of two months each, as follows: Dr. H. J. Detmers, Illinois; Dr. James
Law, New York; Dr. D. W. Voyles, Indiana; Dr. D. E.Salmon, North
Carolina ; Dr. Albert Dunlap, Iowa; Dr. R. F. Dyer, Illinois; Dr. A.
8. Payne, Virginia; Dr.J. N. McNutt, Missouri; Dr. C. M. Hines, Kan-
sas. The researches were to be made in the field in different sections
of the country, and various remedies, suggested as applicable to the
treatment of epizootic diseases, were to be tried. The result of this
investigation may be summed up practically as follows: (1) Swiuve dis-
eases were found destructive in the most widely separated districts of
the country. (2) The symptoms and lesions enumerated were similar to

those formerly given by Drs. Sutton, Law, and Snow. (3) No evidence
was discovered to show the existence of more than one disease which
prevailed as an epizootic. (4) There was a preponderance of opinion
that the outbreaks were due to contagion and that the disease was com-
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municable. (5) The remedies tested cither produced no effect or were
of doubtful value for the treatment of affected animals or for guarding
against the contagion.

There were two points of more than usual interest raised in the inves-
tigation. In the course of Dr. Law’s investigations he made inocula-
tion experiments with rabbits, rats, and sheep, which he thought dem-
onstrated the communicability of the disease that he investigated.
Dr. Detmers devoted more of his time to microscopical investigations,
and asserted that he had discovered a specific micro-organism, which
he called the Bacillus suis, and that he had demonstrated its pathogenic
connection with the disease. :

Both of these conclusions must now be looked upon as premature and
not supported by the direct and positive evidence which is necessary
to establish such important points. That Dr. Law produced disease in
the experimental animals which he inoculated is not to be doubted for
a moment, but that it was the same disease and caused by the same
microbe which produced the swine epizootics of the country could only
be definitely determined after the microbes of the swine diseases had
been identified and their characters established. Very frequently in
inoculating with the products of disease taken from dead animals, septic
disorders are caused in the inoculated animals which are entirely dif-
ferent in nature from the malady which caused the death of the indi-
vidual inoculated from. To determine, therefore, whether the disease
induced isidentical with the disease which we propose to propagate by
inoculation it becomes necessary to determine the microbe which causes
the morbid changes in each case. At that time neither of the microbes
which we have since identified and studied in swine epizootics in this
country had been discovered, and consequently the line of evidence
just indicated was impossible. _

Dr. Detmers’s culture experiments were too crude and primitive to be
of any value, even in the condition in which bacteriological science was
at that time; and his descriptions of the germ might be applied with
equal accuracy to many different species of micro-organisms. For this
reason no attempt will be made in this volume to give the details of
either the culture or inoculation experiments which he made. While
failing to obtain the evidence necessary to establish the conuection of
any micro-organism with the production of this malady, this and sub-
sequent reports of Dr. Detmers had some effect in directing the atten-
tion of investigators in this country to bacteriological researches as a
promising field in which to search for the hidden mysteries connected
with this class of diseases.*

* It is due to justice tostatein this connection that, whereas the appointments lim-
ited the work of those selected for the investigations of 1873 to a period of two mounths,
Drs. Detmers and Law were subsequently given an opportunity to continue their in-
vestigations for a much longer period. It is also proper to state that several months
before the investigations of 1878 began, Dr. Klein, of London, had pullished investi-
ations which he believed established the fact that the swine epizootics of Great
ritain were gaused by a Bacilluy. Seg Quarterly Journal of Microscopical Scienge

Aprill 1878,
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The investigations of the Department of Agriculturé were continued
in 1879 by Drs. Law and Detmers; in 1880 by Drs. Law, Detmers, and
Salmon, and in 1881-82 by Drs. Detmers and Salmon. The efforts of
Dr. Law were largely directed to obtaining a modified virus for prevent-
ive inoculation, a doubly difficult and discouraging task before the mi-
crobes of the diseases had been discovered and studied. While his
results were more or less encouraging, no conclusions of practical value
as to a method of preventive inoculation were established.

Dr. Detmers continued his microscopic observations and modified his
first descriptions of the microbe so far as to speak of it in later reports
asamicrococcus. The author devoted the greater part of his time during
these years to an investigation of southern cattle fever and fowl cholera,
but incidentally investigated a number of outbreaks of swine diseases.
He found micrococei in the liquids of the affected animals, which he
caltivated and inoculated into other animals, but his results were not
sufficiently positive to demonstrate their connection with the disease.

There was here a period of about four years when the investigations
of swine diseases gave no very decided advance in our knowledge of
the subject. The reason for this was that the investigation had been
carried about as far as was possible by the methods then employed.
To get a better insight into the nature of the epizootics and the pecu-
liarities of the contagion, it was essential that the pathogenic microbes
should be discovered and accurately studied. The investigators saw
this and were working in the proper direction, but at that time bacteri-
ological science was young and the methods of research had not been
clearly worked out.- Another and equal difficulty was the fact that
the investigators were working without proper laboratory facilities and
apparatus for such researches, without assistants, and some of them
were devoting much of their time to other duties. Under such condi-
tions it is next to impossible to reach successful results in such a diffi-
cult field of study. These difficulties were not fully appreciated either
by the officials of the Department of Agriculture or by the stock-owners
of the country, for the reason that such investigations were new to them
and their requirements but imperfectly understood. It wasnot expected
that a chemist would go into a sorghum field and discover the propor-
tion of cane sugar in the sorghum cane without apparatus or laboratory
facilities, but it was expected that the veterinarian would make much
more difficult and delicate investigations than these with no other aids
than an ax, a butcher knife, a scalpel, and a microscope.

The author saw that more facilities must be provided for these in-
vestigations, and the work systematized and properly divided, or the
final result would be disappointment and failure. It was through his
urgent representations that a beginning was made in 1883, by securing
an unoccupied room under the roof of the Department building, which
was fitted up as a laboratory, and by obtaining permission to rent a
small place in the suburbs of Washington on which te keep experi
mental animals,
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The year 1883, however, was one in which the necessity of investigat-
ing the prevalence of the lung plague or pleuro-pneumonia of cattle
became too urgent to admit of delay. There were frequent outbreaks
which it was the duty of the chief of the veterinary division to visit
and give assistance to the State authorities as to their diagnosis and
eradication. This precluded any systematic investigations of swine
diseases. The spring of 1884 brought the extensive outbreaks of ergo-
tism in Kansas, Missouri, and Illinois, which alarmed the whole coun-
try, and which demanded instant attention; and these unfortunately
were followed, in the summer, by the outbreaks of pleuro-pneumonia in
Ohio, Illinois, and Kentucky, which required the constant attention of
the chief veterinarian and prevented scientific researches for several
months. ‘

The investigations during the years 1883 and 1884 were, therefore,
too much interrupted to allow the number of experimeuts and the thor-
ough working out of details which was desirable. The time was not
entirely barren of results, however, in the investigation of swine dis-
eases. The laboratory was fitted up and suvitable microscdpic and bac-
teriological apparatus obtained. Able assistants were selected and
placed in charge of the different branches of the work. The lines of
research were marked out and such arrangements made as would per-
mit of the intelligent prosecution of the work, even in the absence of
the chief of the bureau. ’

This systematization of the investigations, with the employment of a
proper number of persons to keep the different lines of study advancing
uniformly, was followed almost immediately by the most important de-
velopments. In 1885 a motile bacillus was discovered to be the cause
of hog cholera, and its leading characteristics were accurately de-
scribed. In 1886 the production of immunity by chemical products was
demonstrated, the effect of disinfectants on the hog cholera contagion
was thoroughly studied, and the presence of swine plague, a second
epizootic disease of swine, was discovered. These d.iscoveiies solve the
most important problems connected with swine epizootics and give a
secure scientific basis from which to work in future. In fact these dis-
eases are now much better understood than are most of the contagious
diseases of people, and the measures applicable, in the present condi-
tion of science, to their prevention are equally as apparent as are those
which are applied to the plagues of mankind.

In the sections of this work which follow the details of the investiga-
tions of hog cholera made since 1884 are given as fully as are consid-
ered necessary to an understanding of the different phases of the sub-
ject. The account of the experiments in regard to swine plague are
reserved for publication in a separate volume, which it is hoped will
appear within a few months.



SYMPTOMS AND POST-MORTEM APPEARANCES IN HOG CHOLERA.

» The symptoms are not entirely characteristic, owing to the many
forms which the disease may assume. It is moreover quite trouble-
_some to make careful thermometric and other clinical observations on
swine, which enhances the difficulty of exactly determining the course
of the malady. In general we may regard the disease as manifesting
itself in an acute and a chronic or mild form.

Of the acute form very little need be said. The animals die very
suddenly, without having been sick for more than a few hours to a day.
The chronic disease may last from three weeks to several months. The
animals grow stupid and dull, they refuse to eat,and are apt to sepa-
rate themselves from the rest of the herd. They grow weak, and their
movements become slightly tottering. A common symptom is diar-
rhea, which may appear very soon after the animal becomes sick and
last until it dies. In protracted cases the liver may become affected
secondarily through the impaired condition of the large intestine.

The following symptoms, as noted for three or four years by Dr. Kil-
borne at the experiment station of the Bureau, will show how little
there is upon which we can depend for a diagnosis during life.

The temperature of healthy pigs ranges between 101° and 1043° F.
With sick animals it may rise from 1° to 3° above the temperature ob-
served in health. TFrequently this elevation is absent. During an out-
break elevation of temperature may be considered diagnostic, but ab-
sence of such elevation proves nothing, since an animal may die with-
out having shown any rise of temperature during the disease. There
is rarely any cold or shivering stage. The sick animals are dumpish,
spiritless, and lie quietly in a corner or huddle together, hiding the
head under the litter. They refuse to move even when disturbed, and
are more or less oblivious to surroundings.

There is more or less loss of appetite. They usually continue to eat
a little, however, and often the appetite is scarcely impaired during the
whole course of the disease. Acute cases may be seen feeding before
they are found dead an hour or so later. In most cases the stomach is
well filled after death.

The bowels may be costive at the outset or continue apparently
normal for some time, or they soon become costive,and remain so in
Some cases throughout the disease. In the later stages diarrhea of a
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liquid, fetid character appears in many cases. - The color of the dis-
charges depends largely upon the feed. In slop or garbage fed pigs
they are usually of a dirty black color. In those fed with grain they
are light yellowish. The diarrhea persists until death. Vomiting is
absent.

Respiration is only occasionally quickened and labored in the later
stages. The pulse is more rapid than in health, but its determination
unsatisfactory, owing to the struggle of the animals when held. Cough
is infrequent, and then only heard when the animals are aroused, as a
single effort or in paroxysms.

The skin is frequently found reddened on the nose, abdomen, inside
of limbs, the ears, and over the pubic region. The redness is diffuse,
varying from a slight blash to a deep bluish red or purple. It increases
as death approaches, and is usually found at the autopsy. A skin
eruption appears occasionally, which is followed by crusts or scabs of
varying size. Reddening of the skin is a sympton common to the other
swine diseases—rouget and swine plague.

The eyes are apt to be watery. This is frequently the first outward
sign. Later the discharge becomes thick, yellowish, often gumming
the lids together.

Towards the end of the disease the animals have a gaunt appearance,
with arched back and staring coat. Emaciation is very rapid. The
weakness manifests itself in a staggering, uncertain gait, as if the
animal were about to fall. Death ensues quietly. Rarely convulsive
kicking is observed. The mortality is very high, usually from 80 to 90
per cent. of those attacked die.

These symptoms vary in intensity, and only a certain number are seen
in one animal at the same time. In very chronic cases only the autopsy
enabled us to make a diagnosis.

LESIONS PRODUCED BY HOG CHOLERA.—POST MORTEM APPEAR-
ANCES.

(See Plates I-VIII inclusive.)

a. The acute type.—This might with equal propriety be called the
hemorrhagic type,inasmuch as the chief and perhaps the only changes
are hemorrhagic in character, and these lesions are seen most clearly
when an animal is examined immediately after death. The spleen is
variably enlarged, soft, gorged with blood. Sometimes it is twice a8
long as the normal spleen (the other dimensions being proportionately
increased), and it may extend across the median line to the right side.
Next to the spleen the lymphatic glands and serous membranes are
most severely involved. The cortex shows, on section, as a hemor-
rhagic line or band, according to the amount of extravasated blood, or
the entire gland may be infiltrated with it. Among the glands most
commonly hemorrhagic are those of the meso-colon (large intestine),
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those at the root of the lungs (bronchial), and on the pesterior thoracic
aorta. Besides these, the retro-peritoneal and gastric glands (lesser
omentum) may be involved. Most rarely the mesentric glands show
extravasations to a slight extent. Hemorrhages are also quite frequent
beneath the serous surfaces of abdomen and thorax. They are most
abundant under the serosa of the large and small intestines as petec-
chize and larger patches. They are occasionally found under the peri-
toneum near the kidneys, the diaphragm, the costal pleura as extrava-
sations nearly an inch across.

The lungs, in a small percentage of cases, show subpleural ecchy-
moses in large numbers, and on section small hemorrhagic foci are ob-
served throughout the lung tissue. In a few cases severe hemorrhages,
involving one or more lobes, have been observed. The kidneys are oc-
casionally the seat of extensive hemorrhagic changes. The glomeruli
appear as blood red points ; larger extravasations occur in the medul-
lary substance, and blood may collect around the apices of the papil-
l;e. The subcutaneous tissue over the ventral surface of the body may
be dotted with petecchi® and occasionally collections of blood (h@mato-
mata) are found in the superficial muscular tissue. The brain and
spinal cord have not been examined for want of time. In one case,
however, in which they were laid bare, petecchize were seen on the cere-
bellum. ' ) ..

The digestive tract usually is the seat of extensive lesions. The fun-
dus of the stomach is as a rule deeply reddened ; there may be more
or less hemorrhage on the surface, giving rise to patches or larger sheets
of blood clots. The small intestine in some cases has submucous eceby-
moses throughout its entire length. In the large intestine the ecchy-
moses may be so numerous as to give the membrane a dark red ap-
pearance. The food is now and then found incased in sheets of blood
clot due to hemorrhage ou the surface.

b. The chronic form is perhaps the most common, at least in those
epizootics which we have studied. The acute hemorrhagic cases usually
die in the beginning of an outbreak and are apt to be overlooked. Fol-
lowing these are the more protracted, milder cases. In these animals
the disease is apt to be limited in its severe manifestations to the
large intestine. The other ergans, however, are not exempt from degen-
erative changes, owing in part to the impairment of the functions of the
large intestine, consequent fermentations and the absorption of poisons
thereby produced, in part to the presence of the specific bacteria in the
spleen and presumably in other organs where they exercise their poison-
ous activity.

The lesions of the large intestines are necrotic and ulcerative in char-
acter. The ulcers may be isolated and appear as circular, slightly-pro-
jecting masses stained yellowish or blackish or both in alterrate rings.
Or they may be slightly depressed and somewhat ragged in outline.
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When the superficial slough is scraped away many ulcers show a gray-
ish or white bottom. A vertical section reveals a rather firm neoplastic
growth, extending usually to the inner muscular coat. When sections of
such an ulcer arestained with aniline dyes and examined under the micro-
scope we notice the submucous tissue very much thickened, infiltrated
with round cells, and containing a large number of dilated wvessels.
Resting upon this thickened submucosa is aline of very deeply-stained
amorphous matter, and upon this is sitnated the necrotic mass which
fails to retain the coloring matter and is penetrated by an immense num-
ber of bacteria of various kinds. Frequently ova of trickocephalus are
imbedded in the slough.

The extent of the submucous infiltration depends upon the age of the
ulcer. In old ulcers it contains many newly-formed capillaries, and
evidences of the formation of connective tissue are present. The
capillaries may extend to the very edge of the border where the slough
begins. The latter may have been partly shed, leaving a smooth line
bounding the cicatricial tissue. The submucous infiltration gradually

* disappears as we leave the center of the ulcer, and somewhat outside
of the ulcer no inflammation of the membrane is observable. Giant
cells may be seen in some cases in the intertubular tissue at the edge
of the ulcer. In very young uleers it is frequently possible to observe
the fundi of the tubules intact, while the inner or free half is converted
into an amorphous mass. . The depth to which the infiltration extends
is not always limited to the submucosa; it may extend into the muscular
coats and cause inflammatory thickening there and inflammation and
the formation of new vessels in the subjacent serosa.

In some cases the necrosis, instead of appearing in circumsecribed
ulcers from one-sixteenth to one-half inch or more across, involves the
whole surface of the mucosa, giving it the appearance of a so-called
diphtheritic membrane. In such cases the walls of the intestine are
very much thickened and so friable as to be easily torn with the for-
ceps in handling. Such necrosis is rare in spontaneous cases, but it
quite invariably appears in animals which have been fed with pure
cultures of hog cholera bacilli.

The distribution of the ulcers varies but slightly. They appear most
frequently in the cecum and on the ileo-caecal valve, as well as in the
upper half of the colon. The lower half is implicated in severe cases
only, and then less extensively. The rectum is only very rarely ulcer-
ated. The lower portion of the ileum is ulcerated in a small percentage
of animals, especially when they have been fed with hog cholera vis-
cera or cultures. The stomach is occasionally the seat of slight ulcera-
tion. The lymphatic glands of the affected intestine are usually much
enlarged, pale, tough, whitish on section. The spleen is rarely enlarged;
the liver shows degencrative changes (softening of the parenchyma,
increase of connective tissue). Heart and lungs are usually normal.
The lobular pneumonia frequently found in young pigs in the wintel
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months must be ascribed primarily to exposure rather than to the dig-
ease, as will be shown subsequently.

In some outbreaks the acute and the chronic types of the disease are
not so clearly distinct as given in the foregoing pages. Frequently re.
cent hemorrhagic lesions seem to be grafted upon cases presenting ex-
tensive ulcerations, which certainly are much older than the extravasa-
tions. It may be that the latter are the result of asecondary invasion
of the hog cholera virus, either frowmn the ulcers in the intestine or from
without.

HISTORY AND AUT(.)PSY NOTES OF AN OUTBREAK OF HOG CHOLERA.

There is perhaps no better way to illustrate this disease than by giv-
ing briefly the history of an outbreak in a single isolated herd. In the
following pages are recorded the autopsy notes and the bacteriological
examination of such an outhreak near the city of Washington during
the months of November and December, 1837. A stndy of this out-
break was taken up to ascertain more especially the condition of the
lungs in hog cholera. As it isthe fifth or sixth which has been observed
during the past three years less attention was paid to careful bacterio-
logical observations. At the same time this phase was by no means
neglected, as the notes will show. The history of the outbreak as far
as could be ascertained was briefly as follows: On October 28, there
were in all one hundred and nineteen swine, chiefly young pigs, weigh-
ing from 50 to 100 pounds. Most of these had bLeen purchased in the
city markets. At this same time some twenty boar pigs were castrated.
Within two weeks these began to die, and soon after the others took
sick, dying at the rate of three to four a day. Less than three weeks
after the first deaths only sixty-seven remained out of the one hundred
and nineteen. At the end of the year only about a dozen were alive out
of the entire herd. These may have acquired immunity.

The animals were kept in pens on the top of a hillock sheltered from
the weather by large boxes. They were swill-fed, and this may account
for their feeble resistance to the disease. In most of them there was a
cirrhosis of the liver, with softening of the parenchyma, which was prob-
ably induced by the feeding. The origin of the epizootic could not be
traced,as the animals had come from various quarters. The city markets
had proved themselves in the past the source of disease in several pur-
chases of pigs for experimental purposes.

The autopsy and bacteriological notes will be given in tbe order in
which the animals were examined, any general remacks being reserved
for the end. The rapidity with which the animals succambed to the
disease made any very thorough examination quite impossible, sinee it
Seemed more desirable to utilize all the material by examining those
organs most always diseased in hog cholera. Most attention was paid
to the lungs and the digestive tract, while the lungs and the spleen
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were the only organs examined bacteriologically. These notes will
serve to supplement the autopsy uotes in the reports for 1885 and 1886.

. In making cultures from the spleen the following method was usually
adopted. At the autopsy the abdomen was carefully laid open by first
removing the skin and then cutting through the abdominal muscles
with flamed instruments. The flaps laid back, brought into view the
spleen not touehed as yet by any instrument. It was then drawn out
with flamed forceps, severed from its attachments with flamed scissors
and placed in a large bottle plugged with cotton wool which had been
previously subjected to a temperature of 150°-160° C. for two hours.
In this way it was taken to the laboratory and either immediately ex-
amined or kept in the refrigerator below 55° IV, over night. In making
cultures the spleen was placed on a sterile glass suppdtt and the surface
thoroughly charred with a red-hot platinum spatula. This was always
done, although seemingly unnecessary when we consider the momentary
exposure to the air in transferring the spleen from the abdomen to the
sterile bottle. It may, however, destroy any bacteria which have
entered the peritoneal cavity through ulcers. Through this charred -
area an incision or rent was wade and a platinum wire introduced, and
then a tube of gelatine or beef infusion inoculated with it. When roll
cultures were made a minute bit of spleen pulp was torn away from be-
neath the charred portion and stirred about in the liquefied gelatine.
From this usually a second tube was prepared. Experience of past
years had shown that frequently this is not sufficient to insure the fer-
tility of the cultures. In chronic cases with the spleen but moderately
enlarged, hog cholera bacteria are found in very small numbers. In
such cases bits of spleen are cut out from the charred area with flamed
scissors and transferred to tubes of gelatine or beef intusion with or
without peptone. Such cultures rarely fail. It might be supposed
that the chances of accidental contamination are very great in this pro-
cess. But a long experience with spleens of healthy animals and with
organs in the study of other diseases has demonstrated the entire safety
of this procedure. Salmon culture tubes with bits of organs in the bottom
covered by nutrient liquids have remained sterile for months in the
laboratory. At present the Esmarch tube or roll culture is indispens-
able in such cases.

In nearly all the cases examined both liquid and gelatine cultures
were made. The former permit a diagnosis on the folloaving day, while
the latter require at least two days, usually three or four, before a re-
liable diagnosis can be made. The cultures were always examined un-
stained in a banging drop, as the bacteria in this way are not deprived
of their power of motility, which is one of the important diagnostic
characters. Staining cultures was also resorted to, but it adds little in-
formation to that gained by a careful examination of the hanging drop.
When gelatine cultures were examined the bacteria were always mixed
with some sterile beef infusion to bring out their motility.

In a number of cases rabbits were inoculated directly trom lung tis-
sue. A small bit, about onehalf centimeter cube, was torn up with
flamed forceps in a flamed watch glass containing some sterile beef in-
fusion, and the turbid fluid injected beneath the skin of the thigh. The
syringe used was an ordinary hypodermic syringe carefully disinfected
by 5 per cent. carbolic acid above and below the piston for one-half
hour both after and before use, and each time thoroughly rinsed in boil-
ing water. As hog cholera bacteria are destroyed by a 1 per cent. 80-
lution of carbolic acid in less than ten minutes, and by a momentary
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contact with water near the boiling point the disinfection was certainly
all that could be desired. This method was regarded as less open to
criticism than the insertion of bits of tissue under the skin. We still
stand in need of a syringe which can be disinfected without much trouble,
as the akove method is extremely tedious. The syringes devised by
Koch are both unsatisfactory. The joints formed by the glass barrel
and the metal cap in the syringe in which the propelling force is air
were fouud to leak in five out of six samples. From the fluid injected
into rabbits either plate or roll cultures were made in order to get
an idea of the approximate number and the kind of organisms present.
In every case the portion of lung tissue from which the inoculations
were made was transferred to sterilized bottles and protected from ac-
cidental contamination as carefully as possible. Unless otherwise indi-
cated, the methods just given were employed throughout the investiga-
tion.

November 16.—Pig No. 1, just died and brought to experimental sta-
tion. No skin lesions; heart and lungs normal with exception of a few
collapsed lobules in principal lobe of one lung.* Inabdomen omentum
injected so as to appear bright red. Spleen enlarged, soft, dark. Some
lymphatics have the cortex hemorrhagic. Stomach and small intes-
tines normal. Incsecum near valve several large superficial yellowish
ulcers and a number of smaller ones, an eighth of an inch in diameter.
Two bits of spleen were cut out and dropped into a tube of gelatine,
and one of beef infusion. The gelatine culture remains sterile. The
liquid culture contains the motile hog cholera bacteria and a large bu-
tyric bacillus growing only in the bottom of the liquid. .

No. 2 died last night. Buzzards have eaten into the thorax and
penetrated the coats of the stomach. Only the small ventral lobe
of right lung diseased. Bright red, mottled with pale yellow dots.
‘(See Plate IX, fig. 2.) The smallest bronchi cccluded by cylindrical
plugs. Alveoli likewise occluded. The plugs consist chiefly of cells
and are so dry and firm that they may be removed as small ramifications
or branchings when the lung tissue is torn away. Bronchial glands
enlarged, hemorrhagic. Spleen enormously enlarged, liver in advanced
stage of cirrhosis. Glands at portal fissure chronically enlarged. 1In
cecum four superficial ulcers one-half inch across, slough stained yel-
low. In upper colon four similar to these and a large number of small
ones about one-eighth inch across with yellowish slough.

A moderate number of bacteria found in cover-glass preparations of
spleen. A gelatine tube culture contained, after three days about, sev-
enty-five to one hundred colonies of the motile hog cholera bacteria in

* In order to understand the description of the lung lesions, the following brief
outline of the anatomy of the lung and of the terms used may be of service:

The right lung is made up of four lobes; the left has only threce. (In text-books
on anatomy the left lung is considered as being made up of only two.)

In both there is a large principal lobe resting upon the diaphragm and against the
adjacent thoracic wall. Thislobe forms the major part of each lung. The remainder,
occupying the anterior (or cephalic) portion of the cavity, is made up of two small
lobes, one extending ventrally (or downward in the standing position of the animal)
aud in the expanded state covering the heart laterally, the other extending towards
the head and overlapping the base of the heart. Tliese small iobes may be denomi-
nated the ventral and cephalic lobes, respectively. Theright cephalic lobe is longer
and more distinet from the ventral lobe than the corresponding left cephalic. Wedged
in between the two principal lobes and resting on the diaphragm is a small lobe,
Pyramidal, belonging to the right lung (azygos lobe). This lobe rests on the left
against the mediastinal membrane, and on the right it is separated from the right
Principal lobe Ly a fold of the pleura passing from the ventral abdominal wall to in-
close the inferior vena cava. This small lobe is almost completely shut off, therefore,
from the other lobes by folds of tlic pleura.
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each needle track. A liquid culture inoculated simply with the platinum
wire thrust into the spleen pulp contained hog cholera bacteria only.
A rabbit was inoculated from lung tissue as above described; about one-
fourth of a cubic centimeter of the suspension injected. Dead on the
seventh day. Slight fibrinous exudate on coils of intestines. Spleen
very large, soft, dark. Beginning coagulation-necrosis in liver. Bac-
teria very numerous in spleen; both gelatine and liquid cultures contain
only the motile hog cholera bacteria. The plate from lung tissue with
which rabbit was inoculated contains a very large number of identical
colonies, made up of motile hog cholera bacteria.

November 17.—No. 3, male, died yesterday. Buzzards have consumed
pectoral muscles and pierced into thorax and abdomen. Ecchymoses on
costal pleura and entire epicardium, a few under pulmonary pleura. Left
lung hypostatic, slight amount of whitish foam in trachea. Lung tissue
otherwise entirely normal, neither hepatization nor collapse any where
to be seen. Bronchial glands and those along posterior aorta with hem-
orrhagic cortex. Ecchymoses in the subcutaneous fatty tissue over en-
tire ventral aspect of body, about one-eighth inch across, beneath peri-
toneum of abdominal muscles and of the entire length of small intes-
tine, from size of pin’s head to one-eighth inch. Congestion in patches
in large intestine, no ulceration. Stomach and intestines contain a yel-
low liquid resembling the yolk of eggs. Spleen but slightly enlarged.
Ecchymoses under serosa of liver. Cirrhosis moderate. A bit of spleen
tissue dropped into a tube of beef infusion gave rise to a culture of hog
cholera bacteria. In each needle track of a gelatine culture countless
colonies of the motile bacteria appear.

November 18.—No. 4, medium sized male, died this morning. Super-
ficial inguinal glands enlarged, cortex slightly hemorrhagic. Some
fibrils on coils of intestine. Petecchiz under serosa of small intestine ;
extensive hemorrhage between mucous and muscular coat of stomach
along fundus, forming a clot about one-half inch thick. Spleen very
large, friable, blackish, extends beyond median line into right side.
Petecchie on liver, which is considerably cirrhosed ; mucosa of stomach
along fundus blackish; closely set petecchie under mucosa of small in-
testine; contents hquxd blood-stained. A dark hemorrhagic patch
near valve in large intestine. Colon studded with petecchiz, no ulcera-
tion. Small number of petecchie on surface and throughout cortex of
kidneys. No bacteria seen on a cover-glass preparation of spleen tissue.
Beef infusion inoculated with a wire thrust into spleen remains sterile.
A bit of spleen dropped into a tube of gelatine gives rise to about a dozen
colonies of hog cholera bacteria.

November 18.—No. 5, male, 75 pounds, three to four months old, died
last night. Inguinal glands enlarged, pale. Left cephalie, ventra,]
and about one- thlrd of prineipal, right cephalic and ventral lobes of
lungs solidified, bright red, mottled with minute yellowish dots, <. e.,
same as No. 2. Oostal pleura covered with a very thin whitish exudate.
Solidified portion of principal lobe adherent. On epicardium a very -
delicate papery deposit. Spleen much congested. Inflammatory ad-
hesion of liver to diaphragm. Mesenteric glands nearly as large as
hen’s eggs, mottled, pale red. About twelve ulcers one-quarter to one-
half inch across in lower ileum ; base depressed and covered with a thin
yellow layer; outline lrregular not connected with Peyer’s patches.
Valve thickened and ulcerated Several ulcers in cecum; a large
projecting slough attached to one of them. A gelatineand a liquid cult-
ure from the spleen contain hog cholera bacteria only. A liquid culture
from the pleura remains sterile.
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A rabbit inoculated from the hepatized lung tissue died on the eighth
day. Slightfibrinous exudate on intestines, diffuse coagulation necrosis
in liver, spleen much congested. Immense number of hog cholera bac-
teria in spleen and liver. Cultures pure. A plate made from the same’
bli]t ;)f (pig’s) lung tissue contains about fifty colonies resembling hog
cholera.

No. 6, large black male, died last night. Extensive sero-fibrinous
infiltration of subcutis from axilla to pubis and over right thigh. The
subcutis has a gelatinous aspect. Spleen much congested. Lungs nor-
mal. In cover-glass preparations from spleen large bacilli, with ends
square. Cultures in gelatine and beef infusion remain sterile. Animal
probably died of malignant cedema.

November 21.—No. 7, medium sized male, died yesterday. Tempera-
tnre of air varying from 26° to 50° F. Omentum deeply reddened.
Spleen enlarged, soft; small hemorrhages under capsule one-eighth
inch across. Liver imparts a sensation of grittiness when cut. Cortex
of kidneys dotted with hemorrhagic points. The patch of mucous
crypts about valve in cecum dark, pigmeunted; no ulceration. Mucosa
of stomach hemorrhagic in fundus. Thorax half full of blood-stained
serum and some fibrin stretching from lung surface to walls; small
quantity of fibrin in pericardial cavity. Lung tissue infiltrated with
blood (pulmonary hemorrhage). Two ventral lobes collapsed; subpleu-
ral hemorrhagic patches. A cover-glass preparation from spleen con-
tains numerous hog cholera bacteria. In each needle track of a gela-
tine culture, countless colonies. A liquid culture from a bit of spleen
tissue contains hog cholera bacteria only.

No. 8, small female, died yesterday. Patches of skin on ventral as-
pect of limbs and groin reddened. Minute petecchie under serosa of
ventral abdominal walls. Spleen very large, congested. Some delicate
fibrils stretcked over coils of intestine. Liver cirrhosed. Glands of
mesentery and meso-colon enlarged; cortex hemorrhagic. Fundus of
stomach moderately congested. In caecum are black pigment spots
resembling former hemorrhage, chiefly on the summit of folds. In
upper colon ulcers about three to a square inch, each one-fourth inch
in diameter, and covered by a convex, projecting yellowish slough.
Ulcers found down to rectum. Small quantity of clear serum and a
few fibrils in pleural cavities and pericardium. Left ventral and tip of
right cephalic lobe collapsed. A gelatine and a liquid culture made
from a bit of spleen tissue contain hog cholera bacteria and a butyric
bacillus which slowly liquefies the gelatine.

No. 9, small male. Diffuse reddening of ventral aspect of body es-
pecially markedon limbs. Spleen, lymphatics, and kidneys normal. A
small abscess in pelvis attached to bladder, probably caused by castra-
tion. Venous congestion of vessels of meso-colon. The transverse
folds of mucosa of colon covered by very thin yellowish patches of ne-
crosis. Feces hard, distending the large intestine. Cephalic and ven-
tral lobes of left lung solid, plainly mottled. The bronchioles and
alveoli filled with consistent plugs of cellular exudate. Remainder of
lungs normal. Owing to small size of spleen, two liquid cultures were
made, each with a bit of spleen tissue. In both, hog cholera bacteria
alone appeared. A rabbit inoculated with hepatized lung tissue re-
mains well for weeks after. A plate culture therefrom is liquefied in
two days.

No. 10, small castrated male, died yesterday. Has been sick for some-
time according to overseer of farm. Spleen not enlarged. Inflammatory
changes in pelvis due to castration. Stomach slightly reddened and
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bile stained. One large ulcer on ileo c¢wecal valve one-half inch across,
black, with yellowish margin. A few very superficial ulcers in cecum.
Lungs normal, left somewhat hypostatic. Two cultures made with bits
of spleen contain both hog cholera bacteria and butyric bacilli.

No. 11, dying, killed by being bled from brachial vessels. Lungs
normal. Spleen small. Liver slightly cirrhosed. Two ulceres in caecum;
slight superficial necrosis in colon. A liquid culture made from a bit of
spleen contains hog cholera bacteria on following day.

November 23.—No. 12, small white male, died yesterday. Median
line of ventral aspect of body much reddened, limbs slightly so; ex-
travasation under skin and into muscular tissue over sternum. Much
blood-stained serum in peritoneal cavity; spleen very large, dark.
In kidneys, cortex and base of pyramids deeply reddened. In cecuam,
slight traces of superficial necrosis. Anterior and cephalic lobes of
both lungs collapsed. Blood-stained serum in pericardium. Numer-
ous hog cholera bacteria on cover-glass preparations of spleen pulp.
In a gelatine culture from the spleen countless colonies appear in each
needle track. A liquid culture made with platinum wire contains hog
cholera bacteria on following day. A rabbit inoculated from the col-
lapsed lung tissue died on the tenth day. Spleen engorged ; numerous
foci of coagulation necrosis in liver,involving each one or more acini;
extensive necrosis along border of left lobe. Ecchymosis of pyloric
valve and duodenum; hemorrhagic foci in lungs, about fifteen in each
lung, one-eighth inch to three-sixteenths inch in diameter. Examina-
tion of the spleen shows numerous hog-cholera bacteria. A gelatine
culture contains countless colonies in each needle track.

Number 13, small female, died yesterday. Skin on ventral aspect of
limbs and over pubis reddened. Spleen greatly enlarged, congested.
Lungs normal. A few lobules in ventral and right cephalic lobe col-
lapsed. Liver slightly cirrhosed. Stomach distended with food. Large
patch of mucosa in fundus reddened. Cecum and celon contain numer-
ous ragged depressed ulcerations. Valve entirely encircled by ulceration.
Contents of intestine liquid, yellow. A gelatine and a liquid culture
inoculated with a platinum wire thrust into spleen remain sterile. No
bacteria seen in cover-glass preparations. ‘

No. 14, small female, weight about 50 pounds. Considerable redden-
ing of the skin over ventral aspect of body and limbs; especially marked
along median line. Superficial inguinals enlarged, of a mottled pale
and deep red on section. Spleen very large, 12 inches long, 2 inches
broad, and five-eighths to three-fourths inch thick at hilus; gorged
with i)lood, friable. A small number of punctiform hemorrhages in
cortical portion of kidneys. Glands of mesentery and of colon en
larged and congested. Deep reddening of several square inches of
mucosa in fundus of stomach. ILarge intestine contains a semi-liquid
mass, chiefly earth. TFour large ulcers in ezecum, one of them at least
1 inch aeross, covered by a yellowish slough; the peritoneum covering
it is thickened and inflamed. In upper colon there is considerable ne-
crosis, involving the epithelium in patches. Lungs normal, excepting
the right ventral lobe, which is solid. Bronchiand air cells of this lobe
completely occluded by plugs as with No. 2; surface bright red, mottled
with yellowish points—the ultimate air cells filled with the cellular ex-
udate. Subpleural ecchymoses over both lungs. TFrom the spleen &
liquid and a gelatine culture contained only hog-cholera bacteria. They
were very numerous in cover-glass preparations from this organ.

A rabbit, inoculated from the consolidated lung tissue died on the
seventh doy. At the point of inoculation a pasty mass extends to ab-
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domen, only subcutis involved. Spleen engorged. Single acini and
groups in the liver are completely necrosed, yellowish white. In both
organs, hog-cholera bacteria. Cultures from spleen pure.

November 25.—No. 15, black and white male, died yesterday morn-
ing. Redness of skin- of abdomen, throat, and limbs. Superficial in-
guinals hemorrhagic. Spleen very large, gorged with blood. Lungs
normal, excepting a few lobules at the caudal border of principal lobes,
which are red, collapsed, and contain lung worms. Pericardium con-
tains deep-colored serum and coagula; left auricle dotted with petecchiz.
Bronchial lymphatics hemorrhagic. Liver slightly cirrhosed. Cyst in
right kidney one-half inch in diameter. Fundus of stomach intensely
congested, similarly the cecum and colon ; no ulcers. Lymphatics of
meso-colon hemorrhagic. A beef-infusion culture from a bit of spleen
contains the motile hog-cholera bacteria only. A gelatine culture be-
came liquefied by the heat of the laboratory; no bacteria seen on a
cover-glass preparation of spleen. -

No. 16, black and white female, died last night. Skin and spleen as
in previous case. The small ventral lobe of both lungs collapsed, lungs
otherwise normal. Liver in advanced stage of sclerosis; stasis of por-
tal circulation. Lymphatics of abdomen as in No.15. Fundus of stom-
. ach slightly reddened; one ulcer three-fourths inch across. Extensive
necrosis of mucous membrane in colon and rectum, slight in cacum ;
wherever the membrane is free from a slough it is deeply congested.
Numerous hog-cholera bacteriaand some large (butyric) bacilli in spleen.
A beef infusion and a gelatine culture contain them. From a bit of
collapsed lung tissue a plate culture is made and a rabbit inoculated.
The plate contains in two days about six to seven liquefying and a
large number of non liquefying colonies, the latter made up of motile
hog-cholera bacteria; the rabbit died on the seventh day. Spleen very
large, friable; contains large numbers of hog cholera bacteria. On
left lobe of liver an area of necrosis one-fourth inch by three-fourths and
one-sixteenth inch deep. On the right lobe only three or four acini
necrosed. Pylorus and duodenum covered with hemorrhagic dots and
patches. Culture from spleen pure.

November 26.—No. 17, female of medium size; died suddenly this
morning without previous illness. Subcutaneous fat abundant. Spleen
moderately congested. Petecchi® in cortical portion of kidneys. Fundus
of stomach slightly reddened. In lower ileuam patches of congestion.
Scattered petecchie in mucosa of large intestine; contents normal.
Glands of mesentery and meso-colon with cortex hemorrhagic. Large
quantity of blood-stained serum in thorax. Fibrinous deposit on pleura;
lungs partly expanded ; cephalic half of right lung solid, blackish; air-
tubes and alveoli filled with extravasated blood. Interlobular tissue
distended with blood-stained serum (pulmonary hemorrhage). Left lung
m the same condition. Trachea full of reddish foam. Blood and fibrin-
ous coagula in pericardial cavity. Beef infusion, into which a bit of
spleen was placed, remains sterile; also a tube of gelatine inoculated
from the spleen with platinum needle. In a cover-glass preparation of
the spleen large (butyric?) bacilli.

No. 18, small female, died last night. Buzzards have consumed thigh
muscles. Diffuse reddening along median line of abdomen. Hemor-
rhagic spots one-eighth to one-fourth inch across, subepidermal, chiefly
on ventral aspect of limbs; subcutaneous and subperitoneal ecchymoses.
All abdominal lymphatics with cortex infiltrated with blood. Serosa
of large intestines as if sprinkled with fresh blood ; several subserous
hemorrhagic spots one-half inch across on diaphragm, along inferior
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vena cava, common bile duct, and gall bladder; also, under mucosa of
the whole length of small intestine, throughout cortical portion and be-
tween pelvis and medullary portion of kidneys. Fundus of stomach
one mass of petecchize and larger extravasations. One ulcer in caecum,
old, with indurated base. Valve and the patch of mucous crypts at its
base ulcerated; depth of ulcer indurated, consisting of a tough, pale
tissue. Small old ulcers in upper colon. Lungs dotted with small hemor-
rhages, chiefly subpleural. Three or four hemorrhagic patches under
costal pleura of each side. Lung tissue normal, excepting the base of
right ventral and the tip of left ventral lobe, which are collapsed. Hemor-
rhages under epicardium over entire heart; left auricle one mass of ec-
chymoses. Coagula of fibrin in auriculo-ventricular groove.

Through an oversight the cultures from this animal and the one fol-
lowing were both numbered the same, so that it was impossible to
identify them. A liquid culture from each was made by adding a bit of
spleen tissue. A gelatine culture from each was made simply with
platinum wire. One tube of infusion contains hog cholera and butyric
bacteria ; one tube of gelatine containsimmense numbers of hog-cholera
colonies. The other two tubes remain sterile. A rabbit inoculated
from the collapsed lung tissue remained well for a month after. A plate
culture from the same contained about six colonies, evidently of hog-
cholera bacteria.

No. 19, small male, died last night. Diffuse reddening on abdomen
along median line. Superficial inguinals very large, pale, cedematous;
peritonitis ; feeble adhesion of coils of intestine to ventral wall and of
lobes of liver to one another. Slight fibrinous deposit on intestines.
Liver sclerosed. Lymphatics hemorrhagic. Cortex of kidneys dotted
with extravasations. Mucosa of large intestines of a dark slate color;
it is dotted with closely-set conical elevations, tough, whitish, about one- .
eighth inch high and one-sixth across. When scraped away a depressed
pale pink, sharply-outlined spot remains. Microscopic examination of
the intestine showed that these elevations correspond to amorphous
masses, which failed to become colored on applying the ordinary stain-
ing agents. They covered portions of the mucosa which were either
wholly or partially necrosed and incapable of being stained. In some
places the outline of the tubules could still be discerned. On applying
Weigert’s fibrin stain, long meshes of fibrin corresponding in general to
the outline and position of the destroyed tubules appeared. Valve
thickened and completely covered by ulceration. Cephalic half of both
lungs airless, affected with broncho-pneumonia; catarrhal exudate filled
alveoli and air tubes. Epicardium dotted with hemorrhagic points.
Slight, feeble, pleural adhesions.

For cultures from spleen, see No. 18. A rabbit inoculated with lung
tissue died on the fifth day. Spleen slightly enlarged; contains many
hog-cholera bacteria. Gelatine culture contains very many colonies of
the same. .

No. 20, a large female. No skin lesions; a few strings of coagula over
coils of intestine; spleen small; base of pyramids of kidneys much
reddened ; ileum dotted with subperitoneal hemorrhagic points and
patches; mucosa not affected; mesenteric glands with cortex hemor-
rhagic. Large intestine empty, scattered ulcers one-eighth to one-fourth
inch across. Liver sclerosed.

A beef-infusion culture inoculated with a bit of spleen tissue contains
hog-cholera bacteria and butyric bacilli. A gelatine-tube culture con-
tains a few hog-cholera colonies.

November 29.—No. 21, small Jersey red, female, died last night. Ski
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deeply reddened along median line of abdomen. Large quantity of
blood-stained serum in peritoneal cavity. Serosa of ileum and the
mesentery completely covered with hemorrhagic points and patches.
Lymphatics of abdomen hemorrhagic throughout their substance. Pe-
tecchie in cortex of kidneys. Mucosa infundusof stomach hemorrhagic.
Mucosa of lower ileum a confluent layer of necrosed tissue. Numerous
round ulcers in ceecum and colon ; slongh projects slightly. Lungs hypo-
static, interlobular spaces distended with coagulated blood, most marked
in dependent lobes. Simple collapse of both ventral lobes and of the
‘right principal nearthe root. Ventricles of heart dotted with petecchize,
auricles black, covered with clotted extravasated blood. Hog cholera
bacteria present in cover-glass preparations from spleen and in both
gelatine and liquid cultures.

No. 22, male, Jersey red, died last night. Glands of abdomen with
cortex infiltrated with blood. Spleen engorged. A few hemorrhagic
patches in fundus of stomach. Incacum and colon ulcers about three-
eighthsinch across ; very thin, adherent, yellowish slough. About one
clcer to 4 square inches of surface. Considerable -blood-stained serumn
in pleural cavities, hemorrhage in anterior half of left lung, which is
solid, blackish on section. Clots and reddish foam in trachea and
bronchi; hemorrhage seems somewhat older than in No. 21. Pleura
of right lung roughened and parts adherent to chest wall. Ventral
lobe solid, bronchioles firmly plugged with dry catarrhal secretion.
Hog cholera bacteria on cover-glass from spleen pulp and in a gelatine
and liquid culture made therefrom; only five to ten coloules in each
track of the platinum wire. A rabbit was inoculated from a bit of the
solidified lung tissue and a plate culture macde. The latter develops
numerous colonies of hog cholera bacteria. The rabbit died on the thir-
teenth day. Numerous hog cholera bacteria in both organs. A gela-
tine culture from the spleen contains the same organisms.

No. 23, small black male. Buzzards had removed pectorals of one
side. Lymphatics congested, not hemorrhagic. Crowded petecchiz in -
subcutis and beneath peritoneum of ventral abdominal wall. Spleen
very large, congested. Four or five sinall hemorrhages on diapbragm.
Mucosa of cecum and upper colon ulcerated in large patches. In
lower colon the ulcers are small, yellowish, depressed areas embedded
in a very dark mucosa dotted with numerous punctiform ecchymoses.
At root of left lung there is some collapse, extending slightly into all
lobes. Of rightlung the ventral and cephalic lobes are collapsed, with
occasional emphysematous lobules interspersed. Lungs otherwise nor-
mal. Extensive hemorrhage of both auriclesin the form of diftuse patches
and petecchize. A gelatine and aliquid culture from the spleen remain
sterile. A plate culture made from a bit of collapsed lung tissue con-
tains a considerable number of colonies, which are made up of bacteriare-
sembling those of hog cholera, but differing from them in their manner of
growth on gelatine, in beef infusion, and in the absence of motility. A
rabbit inoculated from the same bit of lung tissue remains well. A
plate culture from a bit of normal tissue from the same lung contains
but one colony.

No. 24 died yesterday; medium-sized female. Spleen very large,
extends beyond median line. Lungs normal, excepting collapse of a
small portion of the right ventral lobe. Lymphatic glands in general
with hemorrhagic cortex. Ceacum and colon very much congested, ul-
ceration superficial and slight. Entire fundus of stomach of a uniform
deep wine color. A gelatine and a liquid culture from the spleen con-
tain only motile hog cholera bacteria. In the former the colonies are
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very numerous. The bacteria are demonstrated in cover-glass prepara-
tions from spleen pulp. :

No. 25, medium sized black male, died yesterday. Spleen very large.
Subperitoneal tissue full of petecchize. Lymphatics with hemorrhagic
cortex. Hemorrhages under serosa of duodenum and common bile duct.
Valve completely ulcerated. Intestine otherwise normal and feces
dry. Lungs contain a large number of subpleural hemorrhages, tissue
normal, epicardium hemorrhagic. Kidneys contain a specimen of kid-
ney-worm (sclerostoma pinguicola). A gelatine and a beef infusion culture
from the spleen became confused with those of another pig (No. 435), to
be described later on. One set of cultures remained sterile; the other
contained hog cholera bacteria. In all probability the sterile cultures
belonged to this animal.

December 2.—No. 26, medium-sized female, died last night. Consid-
erable redness of skin over the ventral aspect of limbs and along me-
dian line of abdomen. Spleen very large, blackish. Several strong
fibrous adhesions betweeen costal and pulmonary pleura. Lung tissue
normal. Left kidney contains a small eyst. Large number of round
depressed ulcers stained yellow, most numerous in cacum. One ulcer
is one;half inch across, the inflammmation extending to serosa. Stomach
very dark, pigmented along fundus. On a cover-glass preparation
from spleen numerous large bacilli (probably butyric). They did not
develop in the liquid and gelatine culture, which latter contained only
hog cholera bactera colonies, very numerous in each needle track.

No. 27, small black male. Superficial inguinals enlarged, pale, cedem-
atous. Superficial ulceration and hemorrhagic changes in ceecum.
Lungs normal. Post mortem changes too advanced for cultures.

No. 28, small female, died last night. Superficial inguinals with
cortex hemorrhagic. Spleen slightly enlarged. Minute haematomata
on its surface. - Slight sclerosis of liver. Left kidney contains six cysts
one-half inch diameter. Stomach in fundus somewhat congested. In
large intestine, ulcers one-quarter to three-eighths inch diameter, with
adherent yellowish, projecting slough, most numerousin cecum. About
one-third of the ventral lobe of each lung and a few lobules of the right
principal lobe collapsed. Lungs otherwise normal. In a beef infusion
culture from the spleen both hog cholera and butyric bacteria were
present. A gelatine culture contained but two colonies. From a bit of
collapsed lung tissue a plate culture was made and a rabbit inoculated.
On the plate about fifteen colonies of hog cholera bacteria appeared.
The rabbit died on the fifteenth day. Bare indications of necrosis in
liver. Spleen very large. Both organs contain a moderate number of
hog cholera bacteria. A roll culture from the spleen is pure.

No. 29, large black male, died about thirty-six hours ago. Tempera-
ture below freezing point. Skin deeply reddened over entire ventral
aspect of body. Superficial inguinals enlarged, slightly congested.
Spleen very large (about 14 inches long), very soft and friable. Slight
sclerosis of liver and old perihepatitis. Retro-peritoneal glands with
cortex hemorrhagic. Cyst in right kidney. Slight ecchymoses in fun-
dus of stomach. Valveand patch of mucous glands in czzcum very dark
with pigment. Slight superficial ulceration in czecum and upper colon.
Lungs and heart normal. Both gelatine and beef infusion cultures con-
tain hog cholera bacteria. In the former the colonies are very numer-
ous.

No. 30, small black male; died thirty-six hours ago. No reddening
of skin. Superficial inguinals and spleen but slightly enlarged. Perl-
tonitis, Petecchiz under serosa of small and large intestines and blad-
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der. Moderate amount of fibrinous exudate. Valve completely ulcer-
ated, ulcer deep. One- near valve has caused thickening of serosa of
intestinal wall. In cacum an cxtensive patch of ulceration; in colon
a few ulcers and numerous punctiformm hemorrhages. Right lung com-
pletely adherent to costal pleura by means of fibrous tissue. A small
ventral portion of principal lobe of left lung is airless, pale red, mot-
tled with yellowish points. Air tubes and vesicular portion occluded
with dry cylindrical plugs. A culture in gelatine fiom the spleen de-
velops numerous colonies in each track of the wire. A liquid culture
contains the butyric bacillus also. A bit of the solidified lung tissue
was used for a plate culture and to inoculate a rabbit. The plate de-
veloped countless colonies of hog cholera bacteria as tested by other
cultures. The rabbit died on the tenth day. The spleen was enlarged,
the liver full of centers of advanced necrosis, involving one to three
acinij hog cholera bacteria very numerous in both organs.

December 3.—No. 31, small black and white female, died yesterday.
‘Well-marked odor of decomposition. No skindiscoloration. Spleen but
glightly enlarged. Lymphatics in general with hemorrhagic cortex.
Liver in state of advanced sclerosis. Stomach normal. A few large
old ulcers and a considerable number of small ones throughout cecum
and colon. Mucosa itself pigmented with patches of fresh congestion.
%ungs normal. A liquid culture from the spleen contains only butyric

acilli.

No. 32, small black and white female. No skin discoloration. Lym-
phatics, including inguinal, bronchial, and peritoneal with more or less
hemorrhagie cortex. Spleenengorged. Liver sclerosed. Kidneys with
numerous petecchie throughout cortical portion. Stomach pale. Sev-
eral large old ulcers in upper colon. Cacum and colon pigmented.
Lungs normal with exception of a few collapsed lobules in ventral lobes.
Both a gelatine and a beet infusion culture contain hog cholera bacte-
ria. Colonies very few. '

No. 33, large black and white male; said to have died last night.
Advanced post mortem changes. No examination made, excepting to
see the condition of lungs, which were healthy. -

No. 34, medium-sized white, died last night. Considerable reddening
over ventral aspect of body. Inguinals reddened on section. Small
quantity of dark-colored sernm and numerous yellowish flaky coagula
attached to abdominal organs. Spleen very large, dark, friable. Liver

“ecirrhosed. Kidneys with cortical portion thickly dotted with petecchiz,
hemorrhage into pelvis. Lymphatics in abdomen with cortex more or
less hemorrhagic. Fxtensive and deep ulceration in large intestines ;
in cecum and upper colon as large patches, in lower colon as small
ulcers. The mucosa which is not destroyed is deeply congested.
Stomach along fundus deeply reddened. Extensive fibrous adhesions
of left lung to walls of thorax. Collapse involves ventral, cephalic, and
portions of principal lobe of right lung, and small portion of principal .
and ventral lobe of left lung. Extensive muco-purulent secretion in
trachea, bronchi, and subdivisions throughout both lungs. Bronchial
glands with cortex hemorrhagic. A beef infusion culture from the
spleen contains hog cholera and butyric bacteria. In the gelatine cult-
ure each track of the wire contains countless colonies of what are shown
under the microscope to be motile hog cholera bacteria. From a bit of
collapsed lung tissue a plate culture was made and a rabbit inoculated.
The plate develops countless non-liquefying colonies. The rabbit died
on the eighth day. Spleen enlarged. Liver infested with coccidia., A
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slight amount of coagulation-necrosis. Hog cholera bacteria in both
organs and in cultures from the spleen (both gelatine and liquid).

December 5.—No. 35, small black ana white female, died yesterday.
Redness of skin over abdomen and inside of limbs. Spleen enlarged,
slightly congested. Lymphatics with cortex infiltrated with blood.
Large quantity of blood-stained serum in abdomen. Liver sclerosed.
A few scattered petecchize in cortical portion of kidneys. Mucosa of
colon pigmented ; a few small ulcers present. Lungs normal, with ex-
ception of a few collapsed lobules in ventral lobe of each lung. Dark-
colored serum in pericardial cavity. The spleen contains large num-
bers of butyric bacilli. A liquid culture contains both hog cholera and
butyric bacilli. A gelatine culture remains sterile. '

No. 36, large black and white female, died yesterday. Lungsnormal.
Spleen very large, dark, friable. Liver sclerosed; lymphatics gener-
ally with cortex congested or hemorrhagic. Large number of ulcers in
cecum and colon; mucosa deeply congested. From spleen countless
colonies of hog cholera bacteria in 4 gelatine tube culture. In aliquid
culture the butyric bacilli are also found.

No. 37, medium Jersey red and the last of a lot of seven, dead forty-
eight hours. This animal has been sick for some time; the spleen
was very large, gorged with blood. Lymphatics pale. Large number
of old ulcers, from one sixteenth to 13 inches acrossin cacum and colon;
mucous membrane generally pale. Of the lunygs, both ventral and a
small portion of cephalic lobes with smaller bronchiand alveoli plugged
with dry catarrhal products. A liquid culture from the spleen contains
hog cholera and butyric bacilli. A gelatine culture contains countless
colonies. The spleen pulp on coverglass preparations shows many.
From the diseased lung tissue a rabbit was inoculated and a plate cult-
ure made. The latter develops alarge number of colonies of hog cholera
bacteria. The rabbit died on the eighth day. Spleen enlarged and
friable, contains many hog-cholera bacteria. Slight coagnlation-necrosis
in liver, which is infested with coccidia. Cultures from blood and spleen
pure.

December 7.—No. 38, small white female, died last night. Much ema-
ciated. Subcutaneous and subperitoneal tissue contains numerous ex-
travasations. Lymphatics in general with hemorrhagic cortex. Spleen
moderately congested. Lung tissue normal. Numerous subpleural and
epicardial hemorrhages. Kidneys with cortical portion dotted with
numerous punctiform extravasations. Mucosa of small intestine con-
tains numerous petecchize. One ulcer, one-half inch across, in lower
ileum. Extensiveand deep ulceration throughout whole length of large
intestine. Some of the ulcers over 2 inches across; surface coal-black;
the inflammation extending through the intestinal walls to serosa, which
is dotted with scattered extravasations. A gelatine tube culture from
spleen pulp contains countless colonies in each needle track, consisting,
as seen under the miscroscope, of motile hog cholera bacteria. A liquid
culture contains also streptococei.and butyric bacilli.

No. 39, black and white female, post mortem changes under way. No
examination made beyond ascertaining that lungs are normal, lym-
phatics with cortex infiltrated with blood, and spleen enlarged and con-
gested.

December 8.—No. 40, small black female, died this morning. Super-
ficial inguinals enlarged but pale. Moderate quantity of straw-collored
serum in abdominal cavity. Spleen enlarged, deeply congested. In
cecum and upper colon 4 large number of deep broad ulcers ; in some
the inflammation extends through intestinal wall to serosa. In lower
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colon, ulcers small and mucosa deeply congested. Numerous hog
cholera bacteria in spleen as shown by a gelatine culture. A liquid cul-
. ture contains also butyric bacilli.

No. 41, small black and white female, died yesterday. Post mortem
changes under way. Large quantity of bload-stained serum in abdomen.
Plastic peritonitis matting together the various organs; spleen enlarged
and congested. Numerous old ulcers in cecum and colon, with adher-
ent slough. Adhesive pleuritis, with large ‘quantity of blood-stained
serum in thorax. Lungs normal, excepting areas of collapse in ventral
and cephalic lobes. A liquid culture from spleen contains both hog
cholera and butyric bacilli. A gelatine tube culture develops a large
number of colonies in each r:eedle track.

December 10.—No. 42, small black and white male, died yesterday
morning. No discoloration of skin. Spleen very large, congested.
Lymphatics with cortex slightly reddened. Livercirrhosed. A fewex-
travasations in pyramids of kidneys. Mncosa of cecum and upper
colon covered with ulecers, the adherent slough dirty yellowish. Fully
one-half the area of membrane thus involved, the remainder is pale.
Lungs normal. From the spleen, hog cholera as well as butyric bacilli
appeared in a beef-infusion culture. In a tube of gelatine the colonies
were very numerous.

December 12.—No. 43, small black and white male, died December 10.
No discoloration of skin. Spleen very large, friable, gorged with blood.
Inguinals and lymphatics at lesser curvature of stomach hemorrhagic
throughout. Those of mesentery and meso-colon less so. A few
petecchiz on surface of kidneys. Liver slightly cirrhosed. Mucosa of
cecum pale, of -colon considerably congested. A few swmall ulcers with
hemorrhagic border. Mucosa in fundus of stomach deeply congested.
Slight hemorrhage in principal lobe of each lung, otherwise both nor-
mal. Bronchial glands hemorrhagic. Hog cholera bacteria quite abun-
dant in spleen, as shown by cover-glass preparations and cultures.

December 15.—No. 44, medium-sized white female, died yesterday
morning. Slight reddening of skin along medianline of abdomen, limbs,
and throat. Spleen enlarged and engorged. Inguinal, bronchial, retro-
peritoneal and meso-colic glands with cortex hemorrhagic. Liver badly
cirrhosed. In cecum one ulcer an inch across, involving entire thick-
ness of wall, and few smaller ones. A few in upper colon. Lungs
@dematous. At least one-half of each lung (most dependent portion)
airless, of a red flesh color. Sprinkled through it in some places more
densely than in others are grayish-yellow areas one-half to two milli-
meters in diameter. Trachea full of foam. Bronchi contain a thick
mucous secretion, most abundant in the diseased region. A roll cult-
ure from the spleen contains nnmerous colonies of hog cholera bac-
teria. From a hit of lung tissue a rabbit was inoculated ; a plate culture
from the same shows a very large number of colonies, probably hog
cholera. The rabbit died on the seventh day. Spleenenlarged. Coagu-
lation necrosis in liver, which also contains coccidia. Hog cholera bac-
tell'ia. numerous in spleen, as shown by cover-glass preparatious and roll
cultures.

No. 45, large black-and-white female, died December 13. Slight red-
dening of skin. Spleen large, congested. Lymphatics in general with
cortex hemorrhagic. Liver badly cirrhosed ; surface dotted with hem-
orrhagic points. Kidneys on surface and on section, as well as mucosa
of caecum and upper colon, dotted with numerous petecchize. No ulcer-
ation. Large quantity of blood-stained serum and coagula in pleural
sacs, chiefly in the right. Lungs not collapsed, infiltrated with a red-

15612 H c—4 :



50

dish serum; left hypostatic. Abundant mucous secretion in bronchi
and smaller air tubes stained with blood. No hepatization. Roll cult-
ure from a bit of spleen contains a large number of colonies of hog
cholera bacteria. The same may be seen in cover-glass preparations from
the spleen itself.

No. 46. Large black-and-white male, died December 13. Spleen en-
larged and congested. Abdominal lymphatics with cortex more or less
congested. Liver slightly cirrhosed. One large ulcer on valve about 1
inch across; several half as large in the middle of colon. Mucosa
deeply congested in caecura and colon; much pale serum in pleural
sacs. Lungs slightly cedematous. Of right lung the principal near
root, ventral and tip of cephalic airless, collapsed. One lobule on ventral
(diaphramatic) surface of principal lobe airless, with faint catarrhal in-
jection of bronchioles and alveoli; of left lung a small portion of the
principal collapsed; the ventral and cephalic emphysematous. The
trachea, bronchi, and branches contain a large quantity of a translucent
viscid mucus; no lung worms present. Bronchial glands enlarged, pale;
those on posterior aorta with cortex hemorrhagic. Extravasations
" beneath epicardium. A plate culture from a bit of lung tissue develops
about seventy-five colonies of hog cholera bacteria. A rabbit inoculated
from the same bit remains well. A roll culture from the pig’s spleen
contains about fifty colonies alike; one examined is made up of motile
hog cholera bacteria.

December 17,—No. 47, small female, died yesterday. Superficial in-
guinals entirely hemorrhagic. Mesenteric glands slightly congested.
Spleen barely congested. Mucosa of lower ileum completely ulcerated.
Similarly that of cecum and upper colon, but more severely so as to
make the intestinal wall very friable. In lower colon the ulcers are
isolated. Lungs and heart normal. In a roll culture from a bit of
spleen tissue about one hundred colonies of hog cholera bacteria ap-
peared.

No. 48, medium-sized black-and-white female, died last night. Super-
ficial inguinals enlarged, pale. Abdominal lymphatics in general
with cortex hemorrhagic. Spleen congested; surface covered with
numerous elevated blood-red points. Liver extensively cirrhosed.
Mucosa of ileum dotted with petecchise. It contains about fifteen ulcers,
not limited to Peyer’s patches, with longer diameter transverse, in some
cases encircling the tube. The ulcer is covered by a thin yellow
slough. One ulcer, one-half inch across, in cecum, and two in colon.
About one-half pint of straw-colored serum and a mass of semi-
gelatinous pale coagulum the size of a fist in each pleural sac. Lungs
but partly collapsed, pleura slightly roughened. Interlobular tissue of
dependent lobes distended with serum, parenchyma edematous, so a8
to sink in water. Bronchi contain a slight amount of reddish fluid. In
aroll culture from a bit of spleen pulp about two hundred colonijes of
hog cholera bacteria appear.

December 24.—No. 49, large, black and white. Spleen gorged with
blood. Lymphatics generally pale; liver cirrhosed. Ceecum and colon
with walls thickened and very friable; mucosa entirely ulcerated. One
ulcer in rectum. A roll culture from the spleen melted, but found to
contain on examination only hog cholera bacteria,

DISEASE IN HEALTHY PIGS CAUSED BY MATERIAL FROM THIS EPI
. ZOOTIC.

November 21.—Two pigs (Nos. 434, 435), about two months old, fed
with spleens from several of the preceding cases, Two days later a few
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more spleens were given them. Both became sick a few days later and
died November 28, about twelve hours apart.

No. 434. Spleen slightly enlarged, full of blood. All glomerali of kid-
neys show as hemorrhagic points; lymphatics moderately congested.
Stomach along entire fundus deeply congested. Superficial small ul-
cers in ceecum and colon; in the cacum they are covered by a project-
ing slough. Right ventral and cephalic lobes collapsed, the former de-
veloped into broncho pneumonia (catarrhal injection of small air tubes
and alveoli). . A few lobules of left principal lobe in the same condition.
Hog cholera bacteria in the spleen as determined by a gelatine and a
liquid culture. A rabbit was inoculated witlr a bit of lung tissue and
a plate culture made. This developed countless colonies, non-liquefy-
ing, alike, shown to be motile hog cholera bacteria. Rabbit dies on sixth
day. Spleen moderately congested; contains many hog cholera bacte-
ria. Inliver, minute foci of necrosis. A gelatine culture from the spleen
contains numerous colonies of hog cholera bacteria.

No. 435. Spleen enlarged, covered with hemorrhagic elevations. Kid- -
neys hemorrhagic as in No. 434, Stomach near pylorus deeply con-
gested. Ceaecum and entire colon covered with a dirty yellowish and
blackish slough. Right and left ventral lobes, a small portion of right
principal and left cephalic affected with broncho-pneumonia. Cultures
from the spleen of this animal were confused with those of another pig
(No. 25), but one set remained sterile; the other contained hog cholera
bl;lcterla, aild it is highly probable that the fertile cultures belonged to
this anima

A few additional cases are cited to show the infectious nature of
this outbreak.

No. 436 and No. 437 were placed, November 27, in the infected pen
containing the two preceding anlmals They were also fed portions of
hog cholera viscera later on. No. 436 was found dead December 27.
Red blotches on skin of ventral aspect of body. Superficial inguinals
hemorrbagic. Other lymphatics enlarged but pale. Spleen slightly
congested. Mucosa of caecum and colon deeply congested and dotted
with considerable number of small ulcers. A roll culture from the
spleen melted, but contains only hog cholera bacteria according to mi-
croscopic examination. No. 437 did not take the disease.

No. 449 and No. 452, placed in the same pen December 17, but not fed
with infectious matter, died December 29. The lesions were somewhat
different from those usually found, and are briefly as follows:

No. 452. Spleen and lymphatlcs notenlarged. Large quantity of se-
rum and ﬁbrmous coagula in abdomen. Visceragenerallyagglutinated.
Lungs glued to chest wall by a recent exudate. Pericardium distended
with serum and coagula. Lung tissue not affected. Kidneys deeply
reddened. Mucosa of cecum and colon entirely covered with a thin
layer of diphtheritic exudate; when scraped away a deeply reddened
surface is exposed. Numerous small, deep ulcers present. A roll cult-
ure of spleen,also melted from the heat of laboratory, contains only hog
cholera bactel ia. In No. 449 the lesions were the same, excepting the
pericarditis. The unlceration of large intestine less extensive.

Two very instructive cases of hog cholera were caused by simply ex-
posing pigs on an infected asphalt floor in a pen adjoiniug cases of the
disease.

No. 464 and No.466,about three and one-half months old, exposed with
8ix others January 4. No. 461 died J anuary 11. Superﬁ(nal inguinals
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pormal. Those in abdomen much tumefied and hemorrhagic through-
out. Spleen enlarged, friable, with hemorrhagic points. Several patches
of mucosa in fundus of stomach omne-fourth to one-half inch across,
covered with blood clots. In large intestine ouly a few scattered petec-
chie on mucous membrane. Some subpleural hemorrhages in lungs;
luug tissue normal. Scattered petecchiz on epicardium of auricles and
ventricles. On cover glass preparations from spleen pulp a moderate
number of bacteria were present. In several roll cultures only colonies
of hog cholera bacteria appeared.

No. 466 died January 13. Skin of ears, throat, nose, limbs, and belly
deeply reddened. Spleen as in No. 464. A few petecchi® on epicardium.
Kidneysas in No. 464. Urine contains blood. The mucosa of large intes-
tine in general deeply congested and studded with about fifty ulcers
one-fourth inch across. Meso-colic and retro-peritoneal lymphatics
with cortex hemorrhagic. Stomach as in No. 464. Lungs normal, ex-
cepting collapse of two-thirds of ventral lobes. Roll cultures from a
bit of spleen pulp gave the same result as in preceding case.

BRIEF SUMMARY OF THE IMPORTANT FEATURES OF THIS EPIZOOTIC.

The high percentage of mortality in epizootics of bog cholera like
the foregoing is the first thing to claim our attention. Out of 119 ani-
mals not less than 100 perished within the brief space of two months,
or over 80 per cent. As no disinfection was resorted to, no isolation of
the healthy attempted, it is difficult to say what number could have
been saved. At any rate, the above figures indicate the mortality of
this disease when left to itself, and it shows that nearly all young
aniwmals, such as weigh between 50 and 100 pounds, are susceptible to
this disease.

Most of the animals died rather unexpectedly. Only a comparatively
small number were visibly diseased some time before death. Since in
many there was more or less ulceration in the large intestine, it indi-
cates that animals may be in a very bad condition and become a source
of infection for others without necessarily showing it.

The swill feeding has already been mentioned as a probable cause of
the cirrhosis of the liver observed in so many of these animals. This
organ was tough and imparted a gritty sensation to the hand when cut.
The parenchyma was softened and degenerated. It seems reasonable
to suppose that this chronic malady may have made the herd more
susceptible to the disease.

Hemorrhagic lesions.—At least one-third of the cases examined showed
lesions of a hemorrhagic character. The most common was an infiltra-
tion of the cortical portion of lymphatic glands with blood ; sometimes
the entire glandappeared hemorrhagic on section. As regards the rel-
ative frequency of this condition, the bronehial, posterior mediastinal
(aortic), and inguinal glands stood first; next, the retro-peritoneal,
meso-colic glands and those in the lesser curvature of the stomach.
The mesenteric glands were rarely affected. Accompanying this con-
dition of the lymphatics was a very large spleen, its great size being
simply due to an engorgement with blood.
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Next in frequency were the hemorrhagic lesions of serous membranes,
in the form of punctiform extravasations, larger ecchymoses, and very
rarely of collections of blood infiltrating the muscular layers beneath
the serous membrane. These extravasations were most frequent on the
auricles and ventricles of the heart, under the serosa of the large and
small intestines, beneath the pulmonary pleura, and in the subcutane
ous tissue. In the severest cases blotches appeared on the diaphragm-
and costal pleura. In about 10 per cent. the kidneys were hemor-
rhagic. The glomeruli then appeared as minute blood-red points. To
this may be added hemorrhages in the pyramids and extravasations col-
lecting around the papille.

The mucous membrane of the stomach in hemorrhagic cases was
deeply reddened in the fundus; in some cases there was hemorrhage
into the membrane, more rarcly on the surface. The mucosa of the
small intestine was usually intact, but that of the large intestine in the
acute form of the disease was in the same condition as the stomach. In
older cases, when not covered with ulcers, it was either pigmented or
dark red, chronically congested. This outbreak was characterized by
hemorrhagic lesions more than any other which we have examined. Our
experience has been that the early cases are hemorrhagic and are suc-
ceeded Ly those in which ulceration, cellular infiltration of the lym-
phatics and signs of weakness, such as serous effusions, predominate.

In some of the animals in this outbreak there were most extensive
homorrhages. In one the mucous membrane of the stomach was sepa-
rated from the muscular coat by an extensive clot one-half inch thick.
In five cases (10 per cent.) the lungs were the seat of extensive hemor-
rhages, which literally converted the most dependent lobes into a blood
clot and filled the pleural sacs with blood-stained serum. In a consider-
able number both peritoneal and thoracic cavities contained much blood-
stained serum.

Ulcerative lesions.—Ulcers of the large intestine were present in 36
out of 49 cases, or 70 per cent. They varied from very slight to very
severe and ecxtensive lesions, involving in a small number nearly the
whole mucous membrane of the ciecum and colon, The rectum was
quite invariably free from disecase. The age of the ulcers can not
be determined, as the process of necrosis and subsequent ulceration
seems to vary much in rapidity. In a few cases it was not limited to
the mucous membrane, but exteuded into the muscular wall, produc-
ing considerable local inflammation and thickening of the serous mem-
brane. In rare cases the necrosis and cellular infiltration had made the
intestinal wall so friable that it broke when handled. When the ulce-
ration was slight it was frequently confined to the ileo-caecal valve and
adjacent membrane, which consists of a large patch of lymph follicles
and some mucous glands. The ulceration in this situation was accom-
panied by an extensive neoplastic thickening of the valve beneath the
ulcer, indicating that the ulcer was old. In 5 cases (10 per cent.) the
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lower ileum was ulcerated (Nos. 5, 21, 38, 47, 48); the ulcers seemed to
have no relation to Peyer’s patches.

Complications.—DPeritonitis, pleuritis, and pericarditis were not un-
common complications usually accompanying old ulceration.

Lung lcsions.—This epizootic was studied mainly for the purpose of
determining the condition of the lungs in hog cholera. Swine plague
is essentially a disease of the lungs, secondarily of the digestive tract.
It may be possible to find some cases of swine plague in which the
large intestines are primarily diseased. Thus far they have not come
to our notice. Irom the facts obtained from this epizootic we may
safely assuine that hog cholera produces no lesions which may not be
found in the lungs of apparently healthy animals of the same age, and
which may be due to the debility caused by the infectious disease. We
must aceept, however, the hemorrhages found in a small percentage of
cases. Such are co-existent with hemorrhages in most other organs,
and are not specific lung lesions. (See Nos. 7,17, 21, 22, 43, of autopsy
notes.) The lesions found on post-mortem examination were either sim-
ple collapse or lobular broncho pneumonia following it.

Simple collapse usunally involved the two ventral dependent lobe:,
more rarely portions of the small cephalic and the principal lobes. The
collapsed lobes, or groups of lobules interspersed among emphysematous
lobules, app eared slightly, if at all, depressed. The color-appro:iched
that of red tlesh. In only a few instances could plugs be found ocelud-
ing the bronchi. . Sections made from lobules in this condition show a -
number of interesting features. The alveolar walls are crowded together
in some places till they almost touch one another. Besides the fibrin,
there may or may not be one or several large cells, round, with much
protoplasm inclosing a vesicular nucleus. The bronchi are all open;
the epithelium intact. The alveolar walls are not changed, nor is there
any round cell infiltration to be seen. -In circumseribed areas the capil-
lary net-work is distended with blood corpuscles, while all the larger
vessels are similarly filled with these elements. In the alveolar duct
there is now and then considerable fibrillar fibrin well brought out by
Weigert's stain. ‘

In about 15 per cent. of the animals examined one of the simnaller
ventral lobes was airless throughout and moderately enlarged. Viewed
from the surface, the diseased lobe is bright red, dotted with minute,
pale grayish or yellowish points of a diffuse hazy outline, each not more
than 1 millimeter (4 inch) in diamecter. They are usually arranged in
groups of four, and represent the ultimate air-tubes filled with cel-
Inlar exudate. The larger bronechi are also occluded. The exudate is
vellowish white, so firm that it is pessible to tear away the lung tissue
with needles without necessarily breaking up the inclosed exudate. It
may thus be teased out in the form of branching cylinders, becoming
smaller, and finally dwindling down to the size of a coarse hair.

In microscopic sections the alveolar walls are found beset with dis-
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tended capillaries. The alveoli are filled up with cellular masses, fibrin
appearing very rarely. In most alveoli the cells are large, round, with
vesicular nucleus, evidently derived from the alveolar epithelium. In
some alveoli and in the smallest air-tubes the cell mass is so dense that
individual elements can only be seen with difficulty, but they appear
to be identical with the cells just described. The process seems to be
accompanied with very little inflammation. The desquamation and
proliferation goes on in the alveoli and smallest air-tubes urtil they are
occluded by the casts described. Of the 49 animals of the same herd,
17 were found with collapse (Nos. 1, 7, 8,12, 13, 16, 18, 21, 23, 24, 28, 32,
34, 35, 41, 44, 46), and eight with lobular broncho-pneumonia (Nos. 2, 5,
9, 14, 19, 22, 30, 37; sce also Nos. 434 and 435). More than one-half,
therefore, bad some defect of the lungs.

Itmight be questioned whether such lesions as those of broncho- -pnea-
monia are not due to swine plague bacteria, since they closely resemble
the appearance found in many swine plague lungs. This question is
effectually disposed of by the inoculation of lung tissue into rabbits.
¥rom 16 lungs 16 rabbits were inoculated. Of these lungs 8 were in-
volved in simple collapse; 8 in broncho-pneumonia. Of the 16 rabbits
4 survived (Nos. 9, 18, 23, 46); the remainder died of hog cholera
(Nos. 2, 5,12, 14, 16, 22, 28, 30, 34, 37, 44, 434). (The notes on these
rabbits will be found in the autopsy notes of the swine as numbered.)
Of the 4 survivors 3 had been inoculated from collapsed lung tissue,
1 from a broncho-pneumonia. It is interesting to note that of these
rabbits 1 died in six days, 4 in seven days, 3 in eight days, 2 in
ten days, 1 in thirteen days, and 1 in fifteen days after inoculation.
Plate cultures from the corresponding bits of lung tissue showed a vari-
able number of colonies almost invariably non-liquefying, and in many
cases identified as hog cholera bacteria.

These facts lead to the inference that in hog cholera the specific
bacteria will find their way to any diseased portion of lung tissue, and
there multiply to a certain extent. In onc case a plate culture from a
bit of normal lung tissue showed but one or two colonies, while a bit of
collapsed tissue from the same lung showed a large number. There is
no doubt that the slight exudate and feeble circulation in collapse and
the abundant partly cellular, partly mucus or fibrinous exudate into
the air spaces in broncho-pneumonia furnish a favorable nidus for
pathogenic bacteria. These may have been carried there by the blood or
they may have been introduced from without. If the latter supposition
prove true, and there are no valid objections to it, diseased lungs in
hog cholera may not only become the means of disseminating the dis-
ease through the mucus and expired air, but they may become the chan-
nel, the weak spot, through which the virus enters the organism.

To elucidate this question, if possible, the following instructive ex-
periment was made:

Two pigs (Nos 460 and 461), about ten weeks old, recelved each into
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the right iung, December 21, 3 cubic centimeters of a beef-infusion-pep-
tone culture two days old, inoculated from & single colony growing in a
roll culture. This had been made from a bit of spleeu tissue from No.
46 of the outbreak described in the preceding pages. There were about
fifty colonies in the tube, all alike. To test the culture, a rabbit received
at the same time one-ninth cubie centimeter subcutaneously in the thigh.
It died in five days. The spleen was much enlarged, blackish, friable,
and contained hog cholera bacteria. A roll culture contained numerous
colonies after two days. .The liver contained no centers of coagulation
necrosis, as the animal had succumbed too quickly. ‘

No. 460 became very weak in its hind limbs in less than a week; res-
pirations short and quick; bowels relaxed. It was found dead on the
ninth day. Superficial inguinal glandsnormal. Petecchiein the slight
deposit of fatty tissue beneath peritoneum of abdominal muscles.-
Spleen about 12 inches long, 1} inches wide, and three-fourths inch
thick at the hilus, blackish, friable. A few petecchi on cortex of
left kidney. One cyst, the size of a large rea, in medulla. A large
number of small hemorrhages in connective tissue around pelvis of
right kidney ; five small urinary cysts not showing on surface. Glands
in lesser omentum enlarged, hemorrhagic throughout. In ceecum and
colon an almost continuous yellow sheet of superficial necrosis, about 1
millimeter thick, covering the mucosa. In lower colon it breaks up into
isolated patches, simulating ulcers. In microscopic sections this layer
is found to consist of necrosed epithelium intermixed with some round
cells. On Peyer’s patches in lower ileum a yellow, soft deposit rests,
which is not adherent and migh$ be mistaken for chyle. Lobes of right
lung glued together and te pericardium. Pleura thickened generally;
serum very slight in amouat, blood stained. On lobes of left lung,
which are also glued together, and on right lung, there is a very slight
deposit, about one-half millimeter thick, in the form of a net .work.
The pleuritis and exudate is most marked on the most dependent por-
tions of the lungs. Cavity of pericardium normal. Lung tissue not
hepatized anywhere; trachea and bronchi contain a small quantity of
reddish fluid. Bronchial glands and those along posterior aorfa hem-
orrhagic throughout. Cultures from pleural cavities, as well as those
from spleen, contain only hog cholera bacteria. As shown in roll cul-
tures they were very numerous in the latter organ.

{  While No. 460 presented such a well-marked case, No. 461, although
presenting at first the same symptoms, slowly recovered. The differ-
ence may have been due to the fact that with No. 460 a G-inch needle
was used, while with No. 461 one only 3 inches long. In the latter case
the chances for the passage of bacteria into the lung tissue and thence
into the intestines were much poorer.

On July 31, over seven months after inoculation, No. 461 was found
dead. It had continued well and thrifty, and no more attention had
been paid to it. Only the lungs and the liver were brought to the lab-
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oratory, since all the other organs, including the digestive tract, were
reported normal, excepting the kidneys, which were said to be highly
congested.

Lungs, but slightly collapsed, dark red. Cephalic and ventral lobes
of both lungs and the azygos lobe solid to the touch, -f a grayish red
color, with tortuous injected vessels under the pleura. On section, the
tissue cuts like cold meat. Color grayish to dark red. The cut ends of
bronebi show plugs of a glairy mucus. The marginal portion of the
lobe is grayish, homogeneous, very dense. Towards the center of the
lobes the tissue is more reddish, infiltration not so dense, and speckled
with small masses (one-half millimeter across) of a yellowish-white,
homogeneous, cheesy matter. On the border of the right cephalic lode
an encysted mass, cheesy, yellowish, gritty to the knife, evidently the
result of the inoculation. There were reported adhesions of the dis-
eased lobes to chest wall, iudicative of pleuritis. "

Bronchial glands slightly larger than walnuts, of a uniform grayish
dense texture. Trachea and broncbi oceluded with a blood clot of very
recent origin. In the extremities of the large brouchi lung-worms em-
bedded in the clot.

Heart of norinal size, rather flabby. Both auricles and the attached
vessels filled with tarry semi.coagulated blood. In left auricle a white
clot also present. Left ventricle firmly contracted.

Liver small ; surface roughened with adherent flakes of tissue, indi-
cating old perihepatitis. DParenchyma tough, resembling in texture
very soft rubber. Acini witl dark ceuter and pale bloodless periphery.

The immediate cause of death was pulmonary hemorrhage; the re-
niote cause, the broncho-pneumonia caused by the inoculation. The
lung worms aggravated the lesions already present. What is most in-
teresting in this connection is the fact that hog cholera bacteria were
still present in the lung tissue, as the following will show :

Three roll cultures made from bits of lung tissue; the developing
colonies all alike and resembling those of hog cholera bacteria; no
liquefying colonies in any tube. Beef infusion cultures from the indi-
vidual colonies demonstrate the identity of the bacteria with those of
Liog cholera. A rabbit inoculated with sterile beef infusion, in which a
bit of lung tissue had been torn up, remained alive, while another rab-
bit, inoculated from the pure culture made of the colonies of the roll
culture, died in six days with enlarged spleen, eoagulation necrosis in
liver, extravasation in lower large intestine, and many hog cholera bac-
teria in spleen. Cultures from blood and spleen pure.

The lung disease in this animal could not have been more than three
months old, and was very likely due to the injury to lungs resulting
in adhesion to chest wall and the inflammmation around the encysted
mass.

This experiment shows (1) that hog cholera bacteria, when intro-
duced into the lungs, donot produce a specific parenchymatous inflam-
mation of themselves; (2) that they may pass from the lungs by way
of the pharynx into the digestive tract and there produce their charac-
teristic effect.
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Bacteriological observations.—The preceding experiments on rabbits
and the intrathoracic inoculation in case of the pigs are sufficient of
themselves to establish the fact that the bacteria described in the re-
ports of the Bareau for the years 1833 and 1836, and again found in this
epizootic, are the cause of hog cholera. It may be added, however,
that out of fifty-six cases (here reported) hog cholera bacteria were
found in the spleen of all but six. Even in these the cultures made
were too few to make the negative evidence of any value.

In many cases the hog cholera bacteria were associated with a rather
large bacillus, which, for the sake of convenience, we will call butyric
bacillus.* This organism was only detected when a bit of spleen was
dropped into beef infusion, with or without peptone. The culture, kept
at about 35° C., contained on the second and third days a cloudy mass
limited to the bottom of the tube. The cloud was made up of baeilli,
rather large, with a spore in one extremity of the rod strongly refract-

“ing the light. The rod was not enlarged at this end in the fresh state.

™~

W hen dried and stained, the shrunken protoplasm gave the spore-bear-
ing end a swollen appearance, reminding one of the tailed bacteria of
older writers. In the few tubes in which this bacillus alone was pres-
ent the liquid itself remained perfectly clear; when Log cholera bac-
teria were present, it became uniformly but faintly clouded. In liquid
cultures, without the bit of spleen, the bacilli did not develop. This
was evidently necessary as food material. In gelatine-tute and roll
cultures the bacilli did not grow. They are very likely anaérobic or-
ganisms, abundant in the alimentary tract, and absorbed from ulcers
or lesions of blood-vessels into the circulation before death, in the spore
state, and their development kept in check until that occurs. Itis also
probable that they are important factors in the rapid changes which
may take place after death. They are quite constantly found in the
liver of different animals when post mortem changes have begun to de-
velop. . :

In some half dozen cases decomposition was so far advanced that no

thorough examination was made. At first it was thought that the ani-
mals had been dead several days, but the person in charge of the herd

asserted that they had died during the night. Although the tempera-

ture had fallen below 30° Fabhrenheit (1° C.), decomposition was far

advanced. It may be that the live animals crowded upon the dead

and thus kept the bodies warm. Yet this supposition is not capable

of accounting for the rapid changes. The hemorrhagic lesions may have

enabled various bacteria to become distributed throughout the body.

The heat disengaged by them during multiplication, aided by the body

heat of the animals still alive, may have been sufficient to keep up the

process of decomposition. This post mortem growth may also account

for the large number of hog cholera bacteria found in many spleens,

* Whether this bacillus is identical with the bacillus of malignant cedema, as has
been asserted by some, I do not know, as no experiments were made to test its path-
ogenic power.
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although the temperature of the air was far below the point where mul-
tiplication may take place. : :

In the foregoing epizootic, as wcll as in those studied in 1885, and
1886, there was no difficulty whatever in demounstrating the presence
of the hog cholera bacillus in the spleen. The herd referred to in the
preceding pages was swill-fed, and the animals were very likely crowd-
ing each other more or less, not being compelled to hunt tor food.
Hence each one was exposed to a large quantity of virus. The same
may be said of the penned pigs at the Experiment Station. The dis-
eased animals found in different localities were brought to the station
and penned with healthy ones. A severe epizootic was quite invariably
the result, owing to the unusnally good opportunity for infection in the
pens and the saturation of the floors and soil of the pens with virus,

When swine roam over a considerable extent of territory in search
of food, the virus is more widely distiibuted but less concentrated.
Less virus is therefore taken up by individual animals, and although
the disease is equally fatal in the end, the course may be somewhat
different and the lesions less extensive. At the same time the bacte-
ria may elude observation. They may remain more or less localized,
owing to the reactive power of the organism, which destroys those that
have entered the internal organs. To those who would give up the
search for hog cholera bacilli after a few unsuccessful attempts to find
them, we would reccommend the perusal of the following three cases,
after having reviewed the epizootic just described: ‘

Hog cholera prevailed more or less in Montgomery County, Mary-
land, during the latter weeks of September and the early part of Oc-
tober, 1888. October 17 Mr. H lost about 22 out of a herd of' 55
to 60 swine during the past four weeks. Of those now scattered in a
large ficld 2 appear ill; 1, a small black shoat, is killed by cutting its
throat and examined. The superficial inguinal glands are very much
enlarged, the surfice mottled, dark red. The spleen large, but pale
and rather firm. The liver shows signs of invasion of the sclerostoma
pinguicola. The lymphatic glands at lesser curvature of stomach are
very large ; cortex completely hemorrhagic.

The left lung normal; the principal lobe of the right lung has in it
a mass of tissue involved in broncho pneumonia, extending obliquely
from the free border to near the dorsal region, about 1 inch thick;
the lymphatics along the dorsal aorta are likewise hemorrhagic; the
stomach filled with food ; small intestines contain a number of attached
echinorhynchi; the large intestines distended with semi-zolid fecal mat-
ter; the mucosa in general is normal, but in the cecum are two ulcers
about three-eighths inch across, round, slightly elevated, with center
black and periphery yellow; beneath the superficial slough is a
whitish, firm, new growth, extending to the muscular coat in the center
of the ulcer.

The spleen and the right lung were taken to the laboratory. From
the former cultures were made on agar, in gelatine and beef infusion,
by adding Dbits of spleen tissue as large as peas. In no tube did any
development take place. A rabbit inoculated by tearing up a piece of
hepatized lung tissue in sterile beef infusion and injecting the turbid
liquid subcutaneously remained well.
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Several miles from the first farin we came upon a herd of young pigs
which were just showing signs of disease, although none had been lost.
One of them, with unsteady gait, which bid in the litter under a shed
and returned to it when driven away, was killed by bleeding from the
vessels of the neck. The lungs were without a sign of disease. Spleen
enormously enlarged and gorged with blood. The lymphatic glands of
groin and about stomach very large but rather pale, and cedematous
on section. Stomach filled with food. Large intestines overdistended
with very dry, bard feces, somewhat softer near ceecum ; in the latter
only one ulcer and this on the valve, about one-fourth inch across and
of the same nature as the one found in the preceding case.

A portion of the spleen of this animal was taken to the laboratory
and cultures made, as in the previous case, with bits of spleen. All
cultures remained permanently sterile.

Several miles from the latter place we found the disease on a farm
situated on a hill. The swine were allowed to go a considerable dis-
tance down the slope to a marshy stream. The owner had lost G or 8
out of a herd of 20 to25 within six weeks. A few were evidently ill,
but none were killed, as a dead one was found. 1t had probably died
during the night. The buzzards had consumed nearly all the intes-
tines through a small hole near the pubis. Putrefaction had already
set in. Spleen enlarged, slightly congested. In the small portion of
the large intestine, which still remained, an ulcer was found three-
eighths inch across. The glands of lesser omentum with hemorrhagic
cortex. The stomach contains a small quantity of bile stained tluid.
Both lungs glued to chest wall by coagulated fibrin from blood extra-
vasation. Left lung contains about ten to fiftecen hemorrhagic foci,
visible under pleura, one-fourth to one-half inch across. The principal
lobe of right lung solid, granular, involved in broncho-pneumonia. The
hepatized lobe was discolored by recent and extensive blood extravasa-
tion. A gelatinous deposit under sternumn resting on pericardium.
The semi-decomposed condition of the animal prevented a mor» careful
examination. Portions of the splcen and hepatized lung tissue were
taken for examination.

While the spleen of the two preceding cases showed no indications
of Lacterial life on cover-glass preparations, the spleen of this case con-
tained a considerable number of bacteria resembling hog cholera bacilli
very closely. On gelatine they grew differently from the latter, and
the cultures emitted a slightly offensive odor. In liquids they were
actively motile. They were putrefactive bacteria, without effect upon
two rabbits inoculated with large quantities of the cultures. A rabbit
inoculated with the diseased lung tissue remained well. The latter on
closer examination had a texture as granular as the roe of fishes, the
granules being inspissated cell masses in the alveoli and air tubes. At
least four different kinds of bacteria were present in large numbers.

The absence of bacteria from the spleens of Nos. 1 and 2 is in har-
mony with the results obtained in other infectious maladies when ani-
mals are killed in the carly stages or during the height of the discase.
It is only in the last stages that the bacteria become most numerous and
appear in sufficient numbers in the internal organs to be easily detected.
In the third case, death was very likely brought on by pulmonary hewor-
rhage not infrequently found in hog cholera. The specific bacilli pro-
duced at first the ulcers, and were cither working their way slowly
into the internal organs or clse were being destroyed in the ulcer itself.
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The latter termination would signify recovery; the former death. These
ulcers might be aptly compared to the malignant pustule in man, in
which the virus remains at first localized but may spread throughout
the system after a time. The presence of numerous ulcers in swine in
the first epizootic is to be regarded as a multiple infection, while in the
three cases just cited the infection was limited to a few foci or but one.
The ulcers would no doubt have revealed the virus, but our previous
experience with spleens of diseased swine made it seem unnecessary to
study the ulcer itself. As regards the lung disease of the third case,
nothing positive can be said. It resembles most closely chronic swine
plague. The germ of this disease was not present, however, as shown
by the rabbit inoculation. '

Buzzards may carry the disease from one place to another. When
the dead animals are at all exposed to view they are immediately at-
tacked. Whether hog cholera Dbacteria are entirely destroyed in the
digestive tract of the birds can not be said, but there is nothing in the
range of our knowledge of bacteria which will exclude the probability
that the bacteria are not all destroyed during the process of digestion,
and that they may be distributed by these birds from place to place in
the discharges.






THE CAUSATION OR ETIOLOGY OF HOG CHOLERA.

The suspicion entertained by those engaged in the study of diseases of
man aud the lower animals that infectious or communicable diseases
are due to living organisms of the lowest order, capable of rapid multi-
plication by the process of fission and spore-formation, has been trans-
formed into conviction during the past ten years. A considerable num-
ber of the most common, most dreaded diseases have been proved to
be caused by exceedingly minute, plant-like organisms known wunder
the geueral name of bacteria. Among animals the micro-organisms
causing anthrax, black quarter, tuberculosis, glanders, strangles, infec-
tious pneumonia in horses and swine, and rouget in swine have been
very thoroughly demonstrated. The opinion has been steadily gaining
ground that in order to control infectious diseases we must learn their
causes and the life history of the pathogenic bacterium found in each
disease. These will suggest to us the measures that are most likely to
prove successful in combating such maladies. Moreover, it is pretty
well accepted to-day that the prevention of infectious diseases is.the
main thing to be arrived at in our studies, and that their treatment
when they have once obtained a foothold is at best tentative and rarely
successful. This is especially true of the lower animals. They cannot
be treated with the same care which is accorded to human beings at-
tacked by infectious discases. They are (in some diseases at least)
always scattering the living virus and thereby endangering those still
free from disease.

In the investigation of swine cpizootics these facts have been care-
fully borne in mind, so that most attention has been paid, first, to the
life history or biology of the micro-organism; second, to disinfectants
as destroyers of the specific bacteria; and third, to the various methods
of preveutive inoculation.

THE BACILLUS* OF HOG CHOLERA.

During the past three years the number of swine affected with this
disease which have been examined is about 500. About three-fourths

*The term bacterium, implying a form genus between micrococcus and bacillus, has
been almost wholly given up by bacteriologists, and all those forms classed under
bacteria have been thrown together under the genus bacillus. This change is un-
fortunate for several reasons, inasmuch as many species were best classed under the
genus bacterium. This latter term, which was applied to hog cholera microbes in the
Teports of 1835~'c6-'87, is noyy peluctantly given pp for the gake of uniformity.
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of this number died at the experimental station of the bureau. The
remainder came from outbreaks of the disease within 2 or 3 miles of the
Station. Besides these, a small number of animals were examinved in
some of the Western States. From perhaps 400 the same microbe was
obtained, there being practically no difference between the pathogenic
microbes obtained from all the outbreaks thus far investigated.

Of the internal organs the spleen contains the largest number of
bacteria, and in acute hemorrhagic cases they are sufficiently numerous
to be detected on cover-glass preparations. A minute bit of spleen
pulp is rubbed on a cover-glass, dried and heated according to the ac-
cepted methods, and then stained for a few minutes in an aqueous so-
lution of methyl violet. The bacteria then appear as elongated ovals
or short rods with rounded ends, chiefly in pairs. When the staining
has been very brief only the periphery of the rod is deeply stained, the
central portion being pale and simulating the appearance of an endo-
spore. Wheu the period of staining is prolonged to half hour or more,
the rod may become uniformly stained.

Bacteria thus dried on a coverglass and mounted in balsam measure
from 1.2 to 1.5, occasionally 1.8 micro-millimeters (.00005-.00006 iuch) in
length, and about .6 micro-millimeter (.000024 inch) in breadth.

In sections of the spleen from acute hemorrhagic cases the bacilli
inay be found in considerable numbers. Sections were hardened in al-
cohol, eut dry, and subsequently stained with aniline water methyl
violet. They were in some cases decolorized in 1 per cent. acetic acid.
The bacilli then appear as .short, plump rods, with ends rounded off;
sometimes they are short enough to deserve the name of ovals. Tie
periphery is more deeply stained than-the central body of the rod.
They measure on the average 1.5 micro-millimeters. In such sections
the bacteria appear in small masses in the capillary spaces of the
spleen-pulp, rarely among the cells of the malpighian corpuscles
(Plate X, tig. 2). The masses appear more or less star-shaped. The
bacilli are crowded together in the center; from this, linear groups ra-
diate into the capillary network. Such masses may be 8 to 10 micro-
millimeters in diameter. They are fairly nuwmerous in spleens from
acute cases. That the size of these colonies is not due to post-mortem
multiplication is shown by the fact that the largest and most numerous
colonies were found in the spleen of an acute case which was examined
within two hours after death, in the month of November.

In sections of ulcers hog cholera bacilli have been searched for, but
the examination of a large number of ulcers showed that no positive
results could be obtained. Different ulcers showed different bacteria,
sometimes large colonies of micrococei, sometimes groups of large ba-
cilli, following the course of the blood-vessels in the embryonic tissue
under the slough. These no doubt found their way in from the super-
ficial slough which seemed to be made up almost entirely of bacteria.
Moreover, hog cholera bacilli closely resemble many putrefactive forms,
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8o that even if they could be readily seen nothing' but a good differ-
ential stain would enable us to recognize them. That they are present,
however, may be demonstrated by inoculating mice or rabbits with bits
of the ulcer. A smallnumberof mice may succumb to malignant @dema,
The rest will die of hog cholera. In rabbits the local effect of such
inoculation is usnally quite severe, owing to the putrefactive bacteria
introduced at the same time.

Staining of hog cholera bacteria.—On cover-glass preparations they are
easily brought into view by a few minutes’ contact with watery solu-
tions of the ordinary aniline colors, such as methyl violet, fuchsin and
methylene blne. Decolorizing agents, such as acetic acid, one-half to
1 per cent. must be used carefully lest the color disappear from the
bacilli also. When stronger dyes, such as alkaline methylene blue orani-
line water fuchsin, arec employed, the bacilli are decolorized with greater
difficulty. Watery solutions should therefore be employed only for
cover-glass preparations where decolorizing isuunecessary. Forsections

it is well to harden tissues in alcohol. The sections may be stained
 with Loffler’s alkaline methylene blue or with aniline water methyl
violet or fuchsin for from one-half to one lour. After a a few seconds’
contact with a 1 per cent. solution of acetic acid they are washed in
water, then passed through alcohol, turpentine, or xylol or cedar oil, and
mounted in xylol balsam. No stain which differentiates these Lacilli
very sharply from others has been found. They are decolorized when
the method of Gram is employed.

Distribution of bacteria in the body.—This can be best determined by
the delicate method of cultivation. In acute cases the spleen contains
the largest number. Incoverglass preparations of spleen pulp there may
be four or five in every field of the microscope. In general, the liver
contains almost as many bacteria as the spleen. The lungs, lymphatic
glands, and kidneys may also contain themn in moderate number. They
are fewest in blood from the heart (right ventricle). In slow, chronic
cases, characterized by slight ulceration of the large intestine, the
number of bacteria in the internal organs is very small. From the
spleen of such cases cultures are made fertile only by using bits of tissue
as large as split peas.

When it is of importance to make a diagnosis from a chronic case it
might be well to adopt the method suggested by Frinkel and Simmonds
for typhoid fever. They wrapped the spleen in cloths wet with a solu-
tion of mercuric chloride and placed it in a warm room for twenty-four
hours. The bacilli of typhoid, capable of multiplying in the organs
after death when the temperature is not too low, became sufficiently
numerous to be readily detected in sections. The same may be said of
hog cholera bacilli. It must, however, be borne in mind that in chronic
cases other bacteria may have gained entrance into the body and appear
in the spleen. These, multiplying at the same time, may give rise to
erroneous interpretations,

15612 1 c——>
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When the destruction of the mucous membrane in the large intestine
is extensive, bacteria of various kinds may be found in the peritoneal
cavity. The serum collected often contains several varieties of organ-
isms, and when sections are made of the walls of the peritoneal cavity
micrococei and bacilli are seen resting in a thin layer upon the perito-
neum. Sometimes the pleural fluid, aud still more rarely the pericar-
dial flnid, may give rise to cultures of micrococei. These resemble the
micrococei, causing suppuration in man (staphylococci) in their appear-
ance and mode of growth in gelatine. The presence of anaérobic bacilli
in spleen and liver has already been dwelt upon. The presence of bac-
teria in the peritoneal cavity is easily explained by their passage through
the ulcers in the intestines. It is a fact worthy of note that only very
rarely bacteria other than those causing the disease were encountered
in the spleen and the circulation. Perhaps those causes or agents which
destroy bacteria are less active in the serous cavities than in the blood
and spleen. The various complications of chronic ulceration already
mentioned, such as peritonitis, pleuritis, and pericarditis, are without
doubt due to this secondary invasion of bacteria, which have the power
to produce inflammation of serous membranes. It need not be said
that in the earlier investigations, when little was known of bacterial
diseases, the explanation of the presence of these microbes was very
perplexing and misleading.

Biology of the hog cholera bacillus.—The cultivation of bacteria in nu-
trient media outside of the animal body serves two distinet purposes:
(1) The diagnosis of specific forms so that they may be easily recognized,
and (2) the study of their biology or life history.

a. Diagnostic characters.—Hog cholera bacilli are not readily dis-
tinguished from a large number of other bacteria found in surface
waters and in the superficial layers of the soil, either in their form or
in their manner of growth in culture tubes. The more minor differen-
tial characters we can therefore obtain, the more certain our diagnosis
will be. For this end the hog cholera bacillus was cultivated in as
many media as were available.

If a bit of spleen pulp from swine which have succumbed to hog
cholera be thoroughly shaken up in a 10 per cent. beef infusion peptone
gelatine, liguefied by a gentle heat, and the whole poured upon a sterile
glass plate protected from the dust by a bell-glass and allowed to con-
geal, colonies of hog cholera bacilli will appear within forty-eight hours
as mere specks to the naked eye. Examined under a low power they
are spherical, with sharply defined border. The disk of the sphere is
homogeneous without any concentric markings, and of a brownish
color. This description applies to colonies beneath the surface of the
gelatine layer. Colonies which grow on the surface soon spread out
into thin pearly layers several times the size of the deep colonies, and
roundish or irregularly polygonal in outline.

Besides the deep spherical and the flat surface colonies there is oc-
casionally a third form present. This is a very faint cloud like colony
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growing between the glass plate and the gelatine, spreading as a very
thin layer laterally and attaining the dimensions of a surface colony.
Many such colonies have spherical prolongations upwards into the gela-
tine layer so as to assume the form of a lid with a knob-like handle at-
tached to its center. It is very probable that the colony begins as a
sphere in the gelatine layer near its lower surface. As soon as it
touches the glass, by virtue of its enlargement, spherically, it spreads
out into the attenuated, cloud-like layer. Such colonies are rare, ex-
cepting in so-called line cultures made by drawing a platinum wireacross
the gelatine layer before it has congealed.

Perhaps the best device for studying the growth of such colonies is
the Esmarch roll culture.* The gelatine, coating theinside of the test
tube, is protected from contamination and desiccation for a long time.
The colonies have thus the opportunity of expanding to their utmost
capacity. In a roll culture ten days old, for example, the deep colonies
were about one half millimeter in diameter, perfectly spherical, the disk
homogeneous, yellowish white, when viewed with a hand lens. Under
a 1-inch objective it appeared reddish brown, with no markings. The
surface colonies in the same tube were about eight times as large, 1. e.,
4 millimeters across. They presented centrally an opaque white patch
or nucleus, outside of this a more translucent zone, beyond this another
opaque zone, and lastly a limiting translucent border. The colonies
were irregularly polygonal in outline. The alternation of thin and thick
zones was very likely due to the variation in temperature to which
gelatine cultures were exposed in a badly heati d laboratory, for they
are by no wmeans always present. (Plate XI, fig. 2.)

Tube cultures, made by piercing the gelatine in a test tube with a
platinum wire previously forced into the spleen, show minute yellowish-
white spheres in the track of the wire in forty-eight hours. These rarely
excecd one half millimeter even after several weeks. The surface
growth spreads from the place of inoculation as a thin pearly layer of
variable thickness, eventually becoming 4 to 6 millimeters in diameter ;
under especially favorable conditions of temperature, etc., it may be-
come still larger. When the inoculated bacteria are very numerous the
growth beneath the surface appears as a solid yellowish-white track, in
which the colonies have become fused together. The gelatine is at no
time liquefied. The bacilli grow somewhat larger in gelatine than in the
body of diseased animals. Occasionally filaments of considerable
length are met with, and in general irregular, involution forms are not

* These roll cultures are made as follows: The gelatine, lignetied by gentle heat in
the tube in which it was sterilized, is inoculated with the tissue, blood, urine, or any
liquid coutaining bacteria, and carefully stirred up. A second culture may be made
from the first by transferring from it with a platinum loop some of the liquid gela-
tine. This is done when the number of bacteria in the first tabe may be too numer-
ous. A rubber cap is fitted over the mouth of the tube after replacing and trimming
the cotton-wool plug, and the tube placed horizontally in ice water and rolled about
its long axis until the inside of the tube is coated with a uniform layer of congealed

elatine. The tube may also Le rolled on a smooth block of ice, a method which I
irst saw in the Pathological Laboratory of Johns Hopkins University, and which is
very useful wher rubber caps are wanting, or when it is desirable to keep the plug
free from gelatine, ’ : ’
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uncommon, When a bit of spleen tissue is rubbed upon an inclined
surface of agar agar in a culture tube, isolated colonies make their ap-
pearance within twenty-four hours as circular, grayish-white, semi-
translucent, very flat cones 1 to 2 millimeters across. When the ba-
cilli are very numerous a slight prick of the spleen pulp with a platinum
wire is sufficient. Otherwise the too numerous colonies will coalesce
into a grayish, shining, semi-opaque layer of scarcely perceptible thick-
ness. Its appearance on agar can not be distinguished from the growth
of typhoid bacilli and a number of saprophytic bacteria. On blood
serum the growth appears asa very thin, grayish, translucent layer. In
bouillon, either with or without peptone, the bacilli grow rapidly enough
at 80° to 93° F. to produce a slight opalescence within twenty-four hours.
This does not increase in density subsequently. There is no membrane
formed on the surface of the liquid. ‘When standing undisturbed for
one or two weeks, a white ring-like deposit of bacteria frequently forms
around the tube at the surface of the culture liquid. There is only a
very slight deposit formed, showing that multiplication in liquid media
comes to an end within a few days.

The length of the bacilli in bouillon is about .9 micromillimeter, their
width .4 to .5 micromillimeter, therefore somewhat smaller than in
the spleen. When examined in a drop of bouillon suspended from the
under surface of a cover-glass in a ¢ cell,” the bacteria are seen to be
motile. Taken from cultures one or two days old they execute very ac-
tive spontaneous movements. Their movement is one of rotation as
well as translation. They quite invariably occur in pairs, and the
movement of rotation is about their point of union as an axis. The pairs
of bacilli as they shoot across the field have thus an oscillating motion
at the same time. The bacilli do not come to rest at all, but swarm
about very rapidly until the liquid is dried up.

Though this motility is most marked in recent cultures, it may still
be seen at the end of one or two weeks in most liquid cultures.

The same active motion is observed in bacilli taken directly from the
animal, such as the spleen of rabbits, which have snecumbed to inocu-
lation. If a bit of spleen tissue be rubbed in a drop of sterile water
on a cover-glass and the whole examined as ahanging drop, in one or
two minutes the bacilli become as active as in cultures.

Growth on boiled potato, when at 930 F., appears as .a faint straw-
colored deposit within twenty-four hours after inoclution. At 200 to
259 C., it appears one or two dayslater. It slowly spreads in a'l direc-
tions as a layer of perceptible thickness. The color changes to a dark
brick red, or may remain whitish. In general the growth is darker the
more rapidly the potato dries up.

The growth is also restricted by drying. In some sultures it has
covered almost the entire cut surface of the potato. In others it re-
mained as a broad band over theline of inoculation. The bacilli malti-
ply very abundantly in milk without praducing any alteration visible
to the naked eye.
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The diagnosis of hog cholera bacilli may therefore be made by taking
together the following morphological and biological characters: (1)
Short bacilli with rounded ends, or ovals, readily stained in aqueous
solutions of aniline dyes. (2) Growth at 65° to 80° F., on gelatine, with-
out producing liquefaction. (3) A rather feeble growth in beef infusion
coupled with active spontancous movements. (4) Growth on the cut
surface of boiled potato at ordinary temperature as well as in the incu-
bator. (5) Active maultiplication in milic without any macroscopic
changes. (6) Growth in vacuo. (7) Absence of any odor arising from
the cultures. (8) Fatal effect on rabbits, guinea-pigs, and mice when
inoculated. This will be discussed later on.

These characters are emphasized, since we have several times found
bacteria in the internal organs of swine which may have many points
in common with hog cholera bacilli; especially as regards their form,
motility, and growth in gelatine. In fact in was quite impossible to
decide until inoculations upon animals were made. The absence of
pathogenic power was thus made the chief criterion.

(b) Other physiological characters. —Though alkaline mediaare as a rule
most favorable for bacterial multiplication, yet there is a slight devel-
opment in media containing a small amount of acid, such as Liebig’s
meat extract.

A feeble development was observed in sterilized hay infusion.

The temperature range of the active maultiplication of hog cholera
bacteria lies between 60° and 104° F., being most favorable between
850 and 1000 F. ‘ '

Hog cholera bacilli, though they seem to develop best in presence of
oxygen, are capable of growing in what is practically a vacuum, <. e.,
they are facultative anaérobic organisms. Comparative experiments
made with such obligatory aérobic organisms as bacillus subtilis deter-
mined that while the latter shows no trace of growth in tubes from
which the air has been removed, hog cholera bacilli grow quite as freely
as in presence of air. When the latter are shaken up in liquid gelatine
in test tubes and the gelatine rapidly congealed the colonies that appear
throughout the gelatine show no difference in size, whether near the
surface where air can penetrate or near the bottom of the tube.

TIIE DIAGNOSIS OF HOG CHOLERA BY MEANS OF INOCULATION.

The inoculation of small animals in the study of infectious diseases
has been of the utmost importance from a diagnostic stand-point. Fre-
quently bacteria which are nearly identical in form, size, and many
biological characters, can only be distinguished from one another by
their effect upon smaller animals. This is especially true of hog chol-
era, since the specific bacillus closely resembles many forms found in
decomposing liquids. In the following pages, therefore, a careful ex-
position of hog cholera as manifested in small animals will be made to
facilitate the diagnosis of this disease. During the course of these in-
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vestigations rabbits have been found best for this purpose, although
ordinary house mice and guinea-pigs will answer almost as well.

If a Dbit of spleen tissue from acase of hog cholera be inserted under
the skin of the thigh, or simply rubbed upon a slight abrasion made
on the inner surface of the ear, or if the bacilli from pure cultures be
used, the disease will be induced. The rabbit will succumb within a
period after inoculation varying from five to fourteen days (very
rarely longer), depending upon the number of bacteria introduced.
The period of incubation, during which the animal shows no symptoms,
varies from three to five days before death. At this time the tempera-
ture rises from the normal (102.5°-103.5° I., according to the age of
the animal), to 107° or 108° I, and remains at that point untl shortly
before death, wheu, if examined in time, a fall is observed. The height
of the fever is accompanied by loss of appetite and a tendency to sit
perfectly quiet. :

The disease thus induces in the rabbit a typical continuous fever in-
variably ending in death. By way of illustration, the temperatures of
a few cases are here reproduced :

Rabbit inoculated June 18, with § cubic centimeter culture liquid;
weight, 2§ pounds; temperature, 102.5¢ F.; at end of first day, 102.7;
of second day, 104.6; of third day, 105; of fourth day, 108; of fifth
day, 106.4 ; dead on sixth day.

Rabbit inoculated June 20, with infected soil, one and one-half
months old; temperature on fifth day, 103.4; on seventh day, 103.8;
on eighth day, 103.8; on tenth day, 107.6; on eleventh day, 107.4 ; dead
on twelfth day.

Rabbit inoculated June 28, with } cubic centimeter of culture liquid ;
weight, 2,% pounds; temperature, 103.7° F.; end of first day, 103.3;
of second day, 105.5; of 'fourth day, 107.8; found dead ou seventh
day.

The lesions produced are very constant and characteristic. At the
point of inoculation there is a slight infiltration of the subeutis and
fascia, and occasionally a slight superficial necrosis of the muscular tis-
sue. The spleen is very large, perhaps three to five times its normal size.
The liver presents on its surface yellowish white patches which corre-
spond to one or more lobules which have undergone coagulation necro-
sis. These patches vary greatly in number but are rarely absent, pro-
vided the animal lived long enough to permit their formation, 4. e., not
less than seven to eight days after inoculation.

This necrosis appears chiefly in lobules near the surface, although
occasionally the entire tissue is involved. In some livers the necrosis
is complete so far as the lobule is concerned. Iu others it is restricted
to the peripheral or portal zone of the lobule, in which case a large
patch of lobules usually undergo the same change. There can be no
doubt that they represent different stages in the process which seems

to begin in the portal area. When sections are examined under the mi-
croscope theliver-cells show as unstained masses without nuclei, There
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is a remarkable absence of leucocyte infiltration around the necrosed
tissue. The bacilli are very well brought out in such tissues after thor-
ough hardening in alcohol, by staining over night in aniline water
methyl violet (tubercle stam), and decolorizing slightly in § to 1 per
“cent. of acetic acid. The deep blue bacilli appear in dense masses,
chiefly in the capillaries along the edge of the necrosed area. The ne-
crosis is most probably due to the plugging of the different vessels,
thus cutting off the blood supply.

The enlargement of the spleen and the necrosis in the liver are the
two important characters of the inoculation disease. In a moderate
number the intestinal tract is found diseased. The submucosa of the
duodenum near the pylorus is dotted with ecchymoses, which may fuse
into a single hemorrhagic patch. Besides this the submucosa of the
large intestine 2 to 3 inches from the rectum, i.e., the straight portion
merging into the rectum, may be in the same condition. Sometimes the
mucosa is beset with minute bulging hematomata. These intestinal
lesions are due to the discharge of bacilli from the necrotic foci in the .
liver into the bile ducts and thence into the duodenum. The lesions in
the large intestines may be influenced by the more or less prolonged
stay of the feces before tinal discharge.

In some cases when the disease has lasted from ten to thirteen days

there is a peculiar exudate in the large intestine, which may be drawn
out of the anus in the form of bands or cylindrical masses 1 or 2 feet
long, consisting of a translucent, elastic, whitish material, finely fibril-
lated when examined under a high power. The duodenum may be.dis-
tended with a straw-colored semi-gelatinous mass. Hemorrhagic lesions
may also be present. It seems very probable that the exudate is the
result of a fibrinous or croupous inflammation of the large intestine due
to the presence of hog cholera bacilli.
. The lungs are occasionally the seat of hemorrhages. The kidneys
countain more blood than usual, but hemorrhages are absent. Hog chol-
era Lacilli are obtained by cultivation from nearly all the internal organs.
They are usually so abundant in spleen and liver as to be detected
readily in cover-glass preparations.

The following experiment shows how few bacteria are required to pro-
duce the disease :

i | Inoculated with |
\ Rabbit No. ; cultulellqu)d ! Remarks.
| 17.........‘.1 350600 C Ceoonenn Doad on sixth day.
18.ccvinnnn.. | 250%00 €. €. .ee...’ Dead on ninth day.
b L TR ! 5003605 C € eavnann | Dead on cighteenth day.
’ 20..cciiunnna. 20605005 C- C.eeenn : Dead on eighth day.
i 1 -

The beef-infusion culture was diluted so that one-quarter of a cubic
centimeter of the liquid contained the equivalent given in the table. It
8 probable that No. 19 took the disease from No. 20, penned with it.
The latter had ecchymoses in the duodenum, indicating that the bacilli
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had escaped into the intestinal canal and were being discharged with
the feces. The time of death of No. 19 suggests this view.

A very small number of bacilli, therefore, are sufticient to produce in
rabbits an infectious fever, or septicemia.

The characteristic action of hog cholera bacteria on the mucous mem-
brane is well illustrated by feeding cultures to rabbits:

September 11, 1888.—Two rabbits were starved for one day and then
fed hog cholera bacilli from an agar culture on clover. This was readily
consumed.

One rabbit was found dead on the sixth day. Agglutination of blad-
der to cacuin; serosa of stomach reddeued. Ileum about 6 inches from
valve invaginated for 2 to 3 inches. Spleen congested, slightly en-
larged. Liver and kidueys engorgtd. Large numbers of hog cholera
bacilli in splee:, as tested by the microscope and cultivation on geld-
tine. The other rabbit died in thirteen days. Spleen very large, con-
gested; coagulation necrosis in liver. Lungs contained several dark-
red hepatized areas. Severe'lesions were found in the large intestine.
The mucous membrane of lower colon and rectum were dotted with
small bulging hemorrhages, and the tube contained a cy]mducal mass
of a ma[elml rcsemblmg colorless gelatine, partially softened in water
and very elastic (fibrin?). The duodenum was distended with a pale
\{3]10\\ ish translucent semi-gelatinous mass. Hog cholera bacilli as
above.

At the same time two other rabbits were starved for a day and then
5 cubic centimeters of a liquid culture was added to 20 cubic centime-
ters water and given them to drink. Oue rabbit died in ten days. The
lesions were the same as those in the rabbit just described, with this
exception, that therec was no coagulation necrosis in the liver. The
other rabbit did not take the disease. It is quite likely that it may
not have taken much of the water.

When rabbits are not easily procurable the ordinary house mice may
be used. They usually appear quite well and active after inoculation
until some morning they are found dead. The period of the disease is
the same as that for rabbits. The spleen is very large; the liver con-
tains many centers of necrosis. Mice have been trequently fed both
with pure liquid cultures and with spleen pulp containing hog cholera
bacilli. They invariably take the disease and die within seven or eight
days after the first feeding, with lesions the same as those observed in
mice inoculated subcutaneously. Two mice were peculiarly affected the
day after eating some spleen pilp. They were scarcely able to move.
Their limbs sprawled, and on being taken out of the jars they remained
in this position unable to escape. They died subsequently of true in-
fection. The symtoms recorded were due very likely to the absorption
of the ptomaine produced by the bacteria in the digestive tract.

There is a remarkable regularity in the length of the disease inmice.
Those inoculated at the same time and with approximately the same
dose usually dic not nore than a half a day apart; they appear lively ap
to the night during which they die. In one case four mice, inoculated

at the same time, all died in the night of the seventh day, though they
appeared well the day previous.
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The following experiment is worthy of record as indicating the effect
of hog cholera virus on mice that survived infection:

October 28, 1888.—Two mice were fed with bits of liver and kidney
tissue from mice which had succumbed to inoculation with hog cholera
cultures. The material fed had been kept in the refrigerator for nearly
four weeks in salt solution. Before feeding it was thoroughly mixed
with bread crumbs and placed in the mouse cage. Both mice survived
the feeding and were active December 1, over one month after feeding.
One was thereupon killed with chloroform and examined. The spleen
was very much enlarged, not congested abnormally. On the ventral
aspect of tle liver a whitish patch where diaphragm was adherent.
Under the patch a large abscess. This was without doubt the site of
extensive coagulation necrosis, which was now broken down.

Tlre second mouse was killed December 19, over seven weeks after
being fed. The spleen was likewise very large, the liver intact, but
there were five abscesses in the left kidney, with adhesions to surround- .
ing structures. On section one abscess was wedge-shaped, the apex
Dbeing at the pelvis; the whole only partly softened. These also were
the result of coagulation necrosis. We have here a striking illustration
of the mainly mechanical injury doune by hog cholera bacilli.

The effect of hog cholera bacilli on guinea-pigs differs but little from
that exerted on rabbits and mice. The duration of the disease and the
lesions are the same. There seems to be a somewhat greater tolerance
int guinea-pigs, although the small number used does not justify any
decided statement.

Pigeons are also susceptible to this disease, but by no means to the
degree witnessed in the animals just mentioned. It requires about
three-fourths of a cubic centimeter of an ordinary beef infusion pep-
tone calture to produce a fatal result (i. e., about 150,000 to 3,000,000
times the dose necessary to destroy rabbits). The birds frequently
died within twenty-four hours after the injection, which was usually
made under the skin over the pectorals on one or both sides. The
pectoral after death is partly or wholly discolored, and has a par-
boiled appearance. The injected bacteria are present in the heart’s
blood and in other organs, notably the liver. If the dose is smaller
than three-fourths of a cubic centimeter, the bird may survive after
a ‘week or two of pronounced illness. A large sequestrum forms in
the pectoral muscle, which is gradually absorbed. Occasionally the
birds will die after a week of illness manifested by diarrhea, ruffling
of the feathers, and a quiet, somnolent attitude in a corner of the
cage. Hog cholera bacilli are also present in the internal organs in
such cases. Feeding cultures has no effect. :

Fowls have been frequently inoculated and fed with cultures without
showing any signs of susceptibility. Among other animals inoculated
were several white rats, one gray rat, one sheep, and a calf, In none
did the disease appear. In the sheep and calf a small abscess was
found at the place of inoculation. :






VITALITY OF HOG CHOLERA BACILLI, AND THEIR RESISTANCE
TO VARIOUS DESTRUCTIVE AGENTS.

The vitality of hog cholera bacilli in cultures remains for months un-
changed. The following is perhaps an extreme illustration :

A tube of beef’s blood serum, coagulated by heat, was inoculated with
bog cholera bacilli November 28, 1885. The platinum wire penetrated
the blood serum and the bacteria grew as a slender plug in the needle-
track and as a thin film on the surface. In July, 1887, more than one
and one-half years later, a tube of beef infusion inoculated from the blood
serum culture became promptly turbid, and contained the hog cholera
bacilli only. Two mice inoculated subcutaneously with a few drops
August 2, died August8 and 9, respectively, with lesions characteris-
tic of the disease and with the bacilli present in spleen and liver. The
germs had not therefore lost their virulence. The blood serum had con-
tracted but slightly from loss of water, there being very little evapo-
ration from the culture tubes used.

Resistance of hog cholera bacteria to heat in liquids.— A knowledge of
the degree of heat necessary to destroy hog cholera bacteria is of con-
siderable importance, not only in its bearing upon the application of
heat as a disinfectant, but also upon the various processes that are used
in the preparation of pork for consumption.

Culture tubes containing about 10 cubic centimeters of beef infusion
were inoculated from a culture of a certain age and then placed in a
water-bath kept at the desired temperature. They were exposed tor
different periods of time and then removed to an incubator at 95° F.
‘When the tubes remained clear it was inferred that the Lacteria had
been destroyed. A control tube was inoculated in every experiment
to make sure of the vitality of the culture used.

A momentary exposure to boiling water will destroy them. When
the temperature of the surrounding water is 158° F. (70° C.), the in-
oculated tubes remain sterile after an exposure of four to five minutes.
As it takes about four minutes for the temperature of the culture liquid
to reach 70° C., it is probable that a two minutes’ exposure to 700 C.
would be sufﬁclent

An exposure to 136° to 138° F. (580—590 C.), is sufficient to destroy
hog cholera bacteria in fiftcen minutes. The same is true for bacteria
taken directly from the spleen. An exposure to 1300 T. (54.5° C.) will
destroy them in one hour. Tubes exposed for one-quarter of an hour
become turbid within twenty-four hours. Those exposed for one-half

76



76

and three-quarters of an hour become turbid within forty-eight hours.
This shows that most of the bacteria have been destroyed by such pro-
longed exposure. Tubes heated for one hour remain clear.

When the temperature is still more reduced, to 120° F. (49° C.), ex-
posure for a period as long as two hours is insufficient to destroy themn,
although their growth may be slightly retarded.

It must be remembered that these results mean that the bacteria
must be actually exposed to these temperatures for the length of time
indicated. In the culture tubes employed it takes about five minutes
to bring the temperature of the liquid up to 70° C., and less for lower
temperatures. If, therefore, it takes longer than this for the heat to
penettate into meat or lard containing these bacteria, their destruction
can not be regarded as certain within the time indicated above, and
the exposure to the required temperature must be correspondingly
lengthened.

| -
| Time in which

Hog cholera bacteria in 10 cubic centimeters bouillon placed in a water-bath at— , destroyed.
!
1000 Cu (2120 L) ieenit e eeaeeeaaaecanacneraaees cannsssaaans cnnnsoesneanncenannnns | Immediately.
T00 C. (1582 F.) . euuueneiaeeeeraneneacacecseonsnsoasncesascasccascssennsssnanaccosssnnnns | 4 minutes.
B8O C. (1389 TF.) . ceet e ineeein aeeen ceee e eeseanneaeaneeeeneneansanaanaeanaannennanns | 15 minates.
L3 R O G g ['1 hour.

3 O b l Not in 2 hours.

Bacteria do not so readily succumb to Leat when dried and then ex-
posed to dry hot air. It was found that dry heat at 80° C. (176° I\.) is
sufficient to destroy the bacteria when exposed in a dry state for fifteen
minutes.

In these experiments bacteria from cultures were rubbed on the inner
side of plugged and sterilized test tubes. Gelatine was added after they
had been exposed to the heat and roll cultures made. Absence of growth
indicated the death of the contained bacteria.

Resistance to freezing is well illustrated in the experiments reported
in the section on the vitality of hog cholera bacilli in the soil during
winter.

Vitality of hog cholera bacteria in ordinary water.—The hardiness of
this microbe is well illustrated by its capacity for multiplication in or-
dinary drinking water. To determine this, the following experiment
was made: ’

September 8, a culture tube containing very clear Potomac drinking
water* which had been sterilized several weeks previous by a tem-
perature above 110° C., was inoculated with a platinum loop from a
pure liquid culture of the bacillus. By mixing a given quantity of this

water immediately after inoculation with gelatine, and making a plate
culture of the same, it was found that the water contained about 26,240

* When drawn this water dld not contain more th'm 100 to 200 bacteria to fhP cu-
bic centimeter.
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bacteria in 1 cubic centimeter. The water was kept in the laboratory,
in which the temperature corresponded closely with that prevailing out-
doors. It was examined from time to time on gelatine plates, and the
number calculated for 1 cubic centimeter., The following figures give
the results obtained:

September 8, 26,240 in 1 cubic centimeter (immedialely after inocula-
tion). _

September 9, 201,600 in 1 cubic centimeter.

September 10, 1,296,000 in 1 cubic centimeter."

September 11, too numerous on plate to be counted.

September 13, 2,608,200 in 1 cubic centimeter.

September 15, 1,519,560 in 1 cubic centimeter.

September 17, 1,306,308 in 1 cubic centimeter.

September 29, 83,700 in 1 cubic centimeter.

October 12, 19,125 in 1 cubic centimeter.

October 21, 10,880 in 1 cubic centimeter.

November 18, 225 in 1 cubic centimeter.

December 6, a few bacteria still present, as determined by liquid cult-
ures.

January 4, 17 in 1 cubic centimeter.

January 11, no growth on plates.

According to another experiment the vitality lasted about two
months.

June 13, 1888, 10 cubic centineters, Potomac drinking water, sterilized
in a Salmon culture tube, was inoculated with a platinum wire to which -
a minute bit from the surface growth of an agar-agar culture adhered.
Plate cultures prepared immediately after thoroughly shaking the tube,
indicated that each cubic centimeter of the water contained from
1,000,000 to 2,000,000 germs.

Plate culture of June 14 shows in 45 cubic centimeter of water a very
large number of colonies. Roll cultures made June 22, July 3, and July
16 contain a smaller number.

A roll culture of August 4 contains about 200 colonies (<. e., about
6,000 in 1 cubic centimeter). .

A roll culture of August 25 remains sterile. A tube of beef infusion
to which about 1 cubic centimeter of the water had been added Sep-
tember 15 contained a large coccus five days later; no hog cholera
germs.

These cultures show that the bacilli perished in about two months,
The difference in the results obtained in this and thelast experiment
may have been due to the season of the year.

That the bacilli can be kept alive in clear river water for from two to
four months and perhaps longer is a fact very significant in itself. When
we consider, moreover, that the added bacteria in the first experiment
multiplied so that each individual was represented by ten at the end of
five days, the hardiness of the bacillus is very evident. The danger
from infected streams into which feces from sick animals find their way
is thus proved beyond a doubt. Stagnant streams and pools are more
dangerous, since the water is but slowly renewed, while in rapidly flow-
ing streams the bacteria are speedily carried away. On the other hand,
the latter may spread an epidemic from one place to another,
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Resistance to continuous drying at ordinary temperature (60° to 800 F.—
A number of experiments were made o determine this point. Some of
them are reported in full in preceding Annual Reports of the Bureau,
and are therefore simply summarized in this place.

(1) A series of cover-glasses, upon each of which a drop from a liguid
culture had been dried, were placed in bouillon at different times. No
growth in bouillon after they had been dried from seven to nine days.

(2) Minute bits of spieen tissue from a pig which had succnmbed to
hog cholera were dried on cover-glasses. These were capable of infect.
ing bouillon up to the twenty-third day.

(3) Spleen tissue dried on four cover-glasses gave rise to pure cult-
ures of hog cholera bacilli after forty-nine days.

(4) Hog cholera bacteria from a liquid culture one week old, dried on
silk threads, were placed on a gelatine plate from time to time to ob-
serve any growth. They were still capable of development after twenty-
one days, when the stock of threads was exhausted.

\9) Threads steeped in a liquid culture one day old and dried were
placed on gelatine plates, as described in series 4. No colonies ap-
peared on the twenty-seventh and twenty-eighth days. A few appeared
later on, showing that even after thirty days a few still survived.

In these series of experiments the vitality of the bacilli was not ex-
hausted after forty-nine days in one series; in another it was destroyed
in less than ten days.

The following series of experiments, made during the present year,
show how very varied is the length of time during which the bacilli
remain alive when dried:

June 15.—Minute bits of spleen tissue,from a rabbit which had died of
hog cholera after inoculation with a pure culture, were rubbed on sterile
cover-glasses and kept under a flamed funnel, plugged with cotton-
wool.

On July 3, 6, and 9 two cultures were made by dropping into each
tube of beef infusion a cover-glass. All six tubes remained clear. The
bacilli had thus perished within three weeks.

In the following experiment hog cholera bacilli remaired alive for
more than four months:

June 8.—From an agar-agar culture, three days old, some of the
abundant surface growth was placed upon sterile cover-glasses, each
receiving about as much as the point of a platinam wire could bold.
These were placed on a flamed glass support under a flamed and plugged
;{lass funnel, and kept in the laboratory, the air of which was moderately
dry.

"}Two cover-glasses dropped into beef infusion peptone June 25. One
cultureremains clear, the other clouded in one day ; contained only mo-
tile hog cholera bacilli.

. Two covers were added to beef infusion June 29, July 9, and July
11)6. .“All six cultures became clouded and contained only hog cholera
acilli.

Of two cultures made July 23 only cne becomes clouded, and is a
pure culture of hog cholera bacilli. Of two cultures made August 2,
both become clouded with Lhog cholera bacilli only.
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Four cultures, mmade on August 9, 22, 30, and September 14, became
clouded with the same microbes, and these alone. A tube into which a
cover-glass had been dropped September 21 remained sterile. A tube
inoculated in the same way September 26, became turbid on the second
day, and contained hog cholera bacilli only. A tube inoculated on Oc-
tober 8 was still fertile. The stock of cover glasses had become ex-
hausted.

It will be seen from the above results that some of the gerins were
dead in one and a balf and three and a half months; all the rest were
capable of multiplication for four months. The prolonged vitality was
no doubt due to the massing together of the germs from the agar cul-
ture, for on those cover-glasses which failed to inoculate cultures, or in
which the appearance of growth was retarded, the quantity of growth
was smallest. The interesting question lhere arises whether it is the
oxygen of the air which gradually destroys the bacilli, since this is more
or less kept away when they are massed together, and since all pre-
vious experiments with bacilli suspended in liquids have shown that
the period of their vitality may average not more than two months
when in a dry condition.

On August 30, after having been dried for two months and twenty-
two days, two mice were inoculated with a liquid culture obtained from
one of the cover-glasses. Both died of hog cholera on September 14
and 13, respectively.

The vitality of hog cholera bacilli during continuous desiccation may
thus last from two weeks to more than four months.

In the soil, and in nature generally, bacteria are rarely subjected to
continuous drying, but to alternate wetting and drying. In order to
observe the effect of such alternation, some of the same agar-agar culture
used in the preceding experiment was placed in the bottom of a sterile
watch-glass under a funnel June 8.

June 15.—About one-third cubic centimeter of sterilized distilled
water added to the watch-glass, so as to cover the dried film completely.
The water was evaporated entirely next day.

June 22.—Sterile water added again ; dried up next day.

Jy]ly 3.—Water added again and two cultures made; both remain
sterile.

July 6.—A liquid culture made by adding some sterile water to the
dried culture mass, stirring it up and transferring the water with a sterile
pipette to a tube of beef infusion. This also remained clear.

Thus bacilli from the same culture which resisted continuous drying
for at least four months were destroyed in less than a month when a
moist and a dry state alternated. Thisfact, so striking and important,
needed confirmation.

September 15.—A considerable quantity of the surface growth from
an agar-agar culture two days old was rubbed on the bottom of a sterile

watch-glass covered by a plugged funnel as before. Thoroughly dry
next day. : ..

September 18.—A small quantity of sterile distilled water added. This: -

was dried up next day; the germs had spread out into a thin layer,
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September 21.—Sterile water added again and a tube of beef infusion
peptone inoculated with a loop from the liquid stirred up. Tube turbid
with hog cholera bacilli next day.

September 26.—Sterile water added.again., The tube of beef infusion
peptone inoculated at the same time. IPure culture next day.

October 1.—The same process repeated ; culture contains hog cholera
bacteria.

October 8.—Dried bacilli wetted again with sterile water. The cul-
ture made from them becomes turbid; only hog cholera bacilli preseut.

October 15.—The same process repeated; the inoculated tube be-
comes turbid after forty-cight hours.

October 22.— After wetting the dricd growth again, it was thoroughly .
stirred up and several drops added to a liquid culture. This tube re-
mained permanently clear.

This experiment therefore confirms the other in showing that hog
cholera virus is far more quickly destroyed when it is alternately mois-
tened and dried than when it remains continuously dry. In both tests

the gerws died in one-third the time required to destroy dried virus.

SOME EXPERIMENTS ON THE LENGTH OF TIME DURING WHICH HOG
CHOLERA VIRUS REMAINS ALIVE IN THE SOIL.

The virus of hog cholera is quite tenacious of life in spite of the fact
that no spores are formed. During the past year some preliminary
experiments were made concerning the vitality of hog cholera bacteria
in the soil. This becomes infected during epizootics of this disecase by
the discharges of the sick perhaps more thoroughly than anything else
in the surroundings of the animals. Moreover, it is the most difficult
to disinfect, as we have no knowledge of the depths to which the living
virus may be carried by water. If it can be shown that the life of such
virus in the soil is speedily destroyed, the precautions to be taken would
be quite different from those needed if it exists for a long period of
time. :

Experiment 1.— A small flower-pot containing soil was sterilized by
moist heat at 1100 to 1180 C., and protected from drying and dust by a
large bell jar. On its surface about 100 cubic centimeters of a bouillon
peptone culture of hog cholera bacteria was poured and the whole main-
tained moist and at thelaboratory temperature. The soil used was a very
fine loam from the grounds of the Department of Agriculture. The bulk
of the soil consisted of grains not larger than {15 millimeter (54,5 inch).
Roll cultures from the soil after a few days demonstrated tho presence
of immeuse numbers of bacteria. From this soil rabbits were inocu-
lated from time to time by stirring up a little soil in some sterile beef
infusion and injecting the clear supernatant liquid hypodermically. The
soil was infected September 17, 1887. The appended table gives
the inoculations into rabbits to test the virulence of the soil. The rab-
bits which succumbed died of hog cholera, as indicated by the lesions
and the bacteriological examination,
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No. I{)i:é%tzf ;fi’;:g:f)‘;:gﬁ Died. Remarks.
2Mos. Days.
1| Oct. 10 23 Oct. 17 ... oo Enlargement of spleen; coagulation-necrosis in
liver; hemorrhagic lesions in duodenum and
rectum, in langs and heart; numecrous hog
cholera bacteria in spleen and liver.
2] Oct. 18 31 Oct. 24 .......... Spleen and liver and lungs as in No. 1.
3 | Nov. 4 . 46 Nov. 12 .......... Spleen, liver, duodenum, and rectum as in No. 1.
4 | Dec. 12 2 2% Deo. 23...........| Spleen largo, pale; coagulation-necrosis in liver
slight; ndother lesions; hog cholera bacteria
| as in No, 1.
6 |Jan. 9| s 3 Remains well.....
6 (Jan. 23, 3 28 |..do....ece.oo...
I

The infectious quality of this soil when a month old was tested on
two pigs, by feeding each directly with a tablespoonful of the soil. One
showed no disease; the second, a young pig, became very sick and was
killed on the eighteenth day, being unable to rise.

Autopsy.—Animal about eight weeks old, very thin. No skin lesions.
Lungs normal, excepting the cephalic and ventral lobes of left lung, the
ventral and the root of principal lobe of right lung. These are airless,
bright red, mottled with yellowish points, indicating broncho-pneu-
monia. The spleen wassmall. The lympbhatic glands of large intestine
very large, tough, whitish. The walls of cecum and colon cver one-
eighth inch thick; do not collapse when slit open. The mucosa is
everywhere covered by a firmly adherent yellowish-white slough, ex-
tending as far as rectum. The ileum for about 2 feet from lower end
has the mucosa likewise involved in superficial necrosis, but only on
the summit of the longitudinal folds. In the stomach a portion of the
fundus is covered by a friable deposit made up chiefly of large granular
cells with single nucleus. Gelatine and liquid cultures from heart’s
blood and spleen contain only hog cholera bacteria. - The gelatine cult-
ures indicate only a moderate number of colonies. The bacteria had
also penetrated into the diseased lung tissue. They were obtained on
plate cultures, aud a rabbit inoculated subcutaneously with some beef
infusion in which a bit of lung tissue had been torn up died in eleven
days with coagulation necrosis in livcr, enlarged spleen, and numerous
hog cholera bacteria in both organs. The broncho-pneumonia may
have been due to the aspiration of some of the soil during the forced

feeding.

It has thus bcen shown that moist soil, not allowed to dry out and
kept in a sumwmer temperature ranging from 60° to 95° I., retained its
virulence for rabbits from two to three months. At the end of this
time fungi and other bacteria had found their way into the pot of soil,
as shown in roll cultnres. This and other reasons drawn from observa-
tions of this germ lead to the conclusion that its life becomes extin-
guished with its pathogenic cffect on rabbits. This phase of the ques-
tion is not to be overlooked, for even if a germ should no longer prove
pathogenic, but remain alive, it is not improbable that it may regain its
original virulence under certain unknown circumstances.

15612 H ¢——6
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The severe disease caused in the young pig with soil which had been
infected one month ago shows the great suseeptibility of young animals
to this disease. Since rablits are most susceptible of any animals to
hog cholera virus, it was not thought necessary to experiment on pigs
after the former failed to take the disease. '

It may be argued that the conditions of this experiment were abnor-
mal, in that the bacteria were not exposed to the various meteorological
conditions, such as rain and drought, freezing and thawing, and the
competition with other bacteria in the soil. This is true. The con-
ditions just enumerated are opposed to such a long life in the soil. A
condition favoring it, on the other hand, is the low temperature in winter,
which may act as a means of preserving the life of bacteria.

These objections were partially removed by the following experi-
ments: ' .

Ezxperiment 2.—A small pot, about 5 inches across the top, filled with
soil, is placed in another pot of twice the diameter, also filled with soil
in such way that the rims of both are on the same level. In this posi-
tion they were sterilized for three and one-half hours, at & temperature
of about 110° C.,in a steam sterilizer. The outer pot was to protect
the inner one to some extent from coming in direct contact with the
garden soil in which it was subsequently placed. About 200 cubic cen-
timeters of a beef infusion culture of hog cholera bacteria three days
old was ultimately mixed with the soil of the inner pot by removing the
upper layers and pouring the culture liquid upon the deep layers and
then upon the surface, after replacing the superficial layers. The pots
were then placed in the grounds of the Agricultural Department so that
the top was level with the surrounding soil. Nothing was placed over
the surface to protect them from contamination with ordinary bacteria.

The infected soil was placed in the grounds December 16, 1887.
During the remainder of December the out-door temperature oscillated
slightly above and below the freezing point, remaining for several days
below this point at the end of tbe month. The soil in the pot was
saturated with water during part of the winter and the surface covered
with it. It had probably become tightly packed, and hence impervious
after the culture liquid had been poured upon it.

The appended table indicates the persistence in virulence of the in-
fected soil as tested upon rabbits. The soil was taken from the sarface
of the pot, or from near the bottom as indicated, and the inoculations
made as in the preceding experiments :
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[Soil infected December 16, 1887.]

Date of " Number of days
No. | inocula- Sot!‘l.ot;ten after_iufection | Rabbit dies— Remarks.
tion. of soil.

1 Jan. 5 | Surface..... 20 days .....c..... | January 16....[ One lobe of liver involved in coag-
i ulation-necrosis; bacilli of how
- cholera present.

2! Feb. 1|....do....... 1 month 13 days ..| February 18 ..| Spleen very large, dark; coagula-
| tion-necrosis in liver; numerous
| hog cholera bacilli in both organ-«.

3 | Feb. 7| Depth ...... 1 month 19days ..[....ccoeueuunn.. Killed February 27; not discased.
Feb. 23 | Surface..... 2 months 7 days ..| March5 ...... Spleen and liver as in No. 2; hem-
orrhagic lesions in duodenum
and rectum; hog cholera bacilli
| 1 present.
5 Mar. 5| ...do. ..... 2 months 18 days .| Remains well

Mar. 21 ... do....... 3 months 5 days ..;....do .........

[

-3

Rabbit No. 3 was inoculated with soil from beneath the surface. This
was obtained by removing the inner pot, thrusting a small metallic
cork-borer previously flamed through the hole in the bottom of the pot
upwards, about half-way tothe surface. The soil brought down in the
inside of the borer was used for inoculation. In this way it was ob-
tained unmixed with soil from the superficial layer. The rabbit re-
mained well for twenty days afterinoculation. This islonger than any
period of incubation Wwhich we have thus far observed. Owing to ex-
tensive disease of the external ear caused by psoroptes (lice), it was
killed on the twentieth day. There were no indications of hog cholera.
The deeper layers of the soil had thus rid themselves of the mfectlous
material sooner than the surface. Roll cultures showed the presence
of a large number of pearly colonies spreading rapidly and made up of
non-motile bacilli.

Rabbit No. 2 lived sevenicen days after inoculation. Was this long
period of incubation due to an attenuation of the virus, or to the scar-
city of the surviving bacteria? The lesions were practically identical
with those usually found. In order to learn whether attenuation had
actually taken place, a rabbit was inoculated subcutaneously with three
to four drops of a beef infusion culture prepared from the blood of No.
2. It died in five days with extensive coagulation-necrosis in liver;
spleen very much tumefied and petecchi® in rectum. There was no at-
tenuation, therefore, so far as the second rabbit is coneerned. There
still remains the possibility that the bacteria, attenuated when inocu-
lated into the first rabbit, grew in virulence during the long period of
incubation until they had attained their original pathogemc power,
when the rabbit died.

Experiment 3.—February 20, two pots of soil, one within the other,
were sterilized as in the preceding experiments. The soil of the inner
pot was saturated from below up with 100 cubic centimeters of a beef
infusion cultare one day old, of hog cholera bacteria. The whole was
buried in the garden on a level with the soil and not protected in
any way. Rabbits were inoculated with the soil as previously indicated.
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[Soil infected February 20.]

Date of . Number of |
No. | inocula- S‘}‘r]otg‘]io" | daysafter Tiomarks.
tion. ! . inoculation. -
-, ) A e . SR —
1 | Mar. 10 ' Surface ....: 18days ..... * Rabbit dics on eleventh day. Spleen very large; coagula-
! | tion necrosis in liver; hog cholera bacilli present.
2 | Mar. 29 ‘ Depth ...... | 38 days .....| Rabbit died on cighth day ; lesions as in No. 1.
3 |...do....! Surface..... I...do ........ t Rabbit remains alive.
i |

Soon after the last inoculation the pot of soil was accidentally re-
moved by laborers working in the garden, so that the experiment came
to a premature close. It shows,however,that the bacteriain the depths
of the soil were alive thirty-eight days after inoculation, while at this
same time they were dead in the surface layers.

Experiment 4.—Soil prepared, sterilized, and infected precisely as in
the preceding experiment, was buried in the garden April 4, 1888. The
soil soon became packed hard and dry on the surface to a depth of one-
haif to 1 inch. The following table gives the inoculations:

[Soil infected April4.)

1
No. gzwt?nﬁf After soil infection. S"".i 0::_“_'3" Remarks.
ion.
— SO SRR S -
1 Apr. 25| 21days .......... Surfacs . Diquie.:pril 30; cnlarged splecn. Slight necrosis in
2 ,...do JRY PR U S, - Depth ...... ' Dies May 2. Samo lesions as in No. 1.
3 ‘ May 12 | 1 month 8days.... Surfaco...... Remains alive.
4.0 ] i@0 el Depth ...... | Dies May 21. Samo as No. 1, besides hemorrhagio
| lesions in rectum.
5| May 29 | 1 month 25 days .. Surface..... * Remains alive.
6 !...do PPN IRY's (s S, . Depth ...:..' Dies.June 6. Same lesions as in No. 1.
7 | June 15 | 2 months 11days.. .... do....... Dies June 29; splecn and liver lesions as in No. 4.
8|...d0..e.|eedO cieennennnn]ado i, " Remains well.
9 July 11 | 3 months 10days.. .... do....... ' Do.
10 ...do....| ..do.eeoveees. i dO e, Do.

The presence of hog cholera bacteria was demonstrated by cultiva-
tion from spleen and heart’s blood in all the animals that died.

Experiment 5.—Soil sterilized and infected with hog cholera bacteria
as in preceding experiments. Placed in the department grounds May
18. June 20, surtace layer dry and very havd ; boring necessary to get
some of it out. Two rabbits inoculated from surface and deep soil.
The result of these and subsequent inoculatious is given in the follow-
ing table: ‘
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|Soil infected May 18.]

] | ‘
! Date | Length of time . ) l
No.| of inocu- |~ after soil infec. | S"f'},of:lf“ Remarks.
| | lation. | tion. '
1 June 20 l 33 days Surface..... Decad July 4 (hog cholera).
2 ...do ....'....do ......... .; Depth ...... Remains well.
3 | July 20 | 2 months 2days...| Surface..... Deo.
|

4|..do....0...do..eenillll Depth ...... Do.

Experiment 6.—July 14 a pot of soil was sterilized and infected through-
out with 100 cubic centimeters of a culture of hog cholera bacilli as
before and placed in the Department grounds.

Date of ! Length of time .
No. | inocula- after soil infec- S‘}’!l,o:]‘:ien | Remarks.
tion. tion.

1| Aug. 10 | 27days ........... Surface. .... Dies August 23; spleen very large. Necrosis in
liver; hog cholera bacilli in spleen; intestines
diseased.

2 Aug.10 {....do . .ennnnnnnnn. Depth ...... Dicd Augast 14 ; spleen and liver as in No. 1.

3 | Aug. 24 | 1 month 10 days ..| Surface..... Remains well.

4| Aug. 21 ...do............ Depth .... Do.

These various experiments extended over the coldest as well as the hot-
test period of the year, and may therefore lay claim to more or less com-
pleteness. They may all be brought together in the following table:

l | Rabbits failed to take tho discase when inoculated—
|
|

! Date of |
No. | soil in- e
i

fection. | With surface soil after— With deeper soil after—

l Sept. 17 L 3 montbhs 23 days

1 .

2 | Dee. 16 | 2 months 7 days ........ | 1 month 19 days.
3 Feb. 20 | 1month 7days .ceeouenereieinnianeananns e Not completed.

4 Apr. 4 1m0t 25 dAYS - . enn et e e e e acaeaae s aanans 3 months 10 days.
5| May 18 ' 2months 2days - oevimnensnemenenieeneeiatieaaeeae s | 33 days.

6

l July 14 U1 mODtE 10 dAFS - - enee voncanaemeeeaeaceaen et ceneaeeenan ' 1 month 10 days.

It may be said in general that hog-cholera germs will perish in the
soil in from two to four months, depending on the season, moisture, and
depth from the surface. In what direction these threc factorsinfluence
their vitality the experiments are not complete enough to show. We
may, however, safely assume that frost has no rapidly destructive effect
upon them, while drying (experiments 5 and 6) seems much more de-
structive. Attention has already been called to the destructive cffect
of alternate wetting and drying. So far as the above results go, a pe-
riod of at least four months should be allowed for the natural destruc-
tion of hog cholera virus in the superficial layer of the soil, i. e., in
a layer extending about 2 or 3 inches below the surface.
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A FEW ADDITIONAL OBSERVATIONS AS TO THE VITALITY OF HOG
CHOLERA VIRUS IN THE SOIL AT THE EXPERIMENTAL STATION.

(1) A pen has a concrete floor, with a gentle slope towards the back.
From January to December, 1886, at least 70 pigs died in this pen from
hog cholera. During this time all the liquid in the pen drained into
the field back of it. During February and March of 1887 a number of
pigs in this pen died of swine plague. Two survivors from the disease
were removed September 15, leaving the pen empty. In December,
1887, the infected ground behind the pen was inclosed, making a yard
6 feet deep and 16 feet long and communicating with the pen. Decem-
ber 15, 1887, 3 pigs about two months old were placed in the concrete
pen and allowed to run in the yard behind it. All three continued
well. To make sure that there were no ulcerations escaping observa-
tion one of the pigs was killed one and a half months after their trans-
fer to this pen. There were no lesions indicative of hog cholera; cult-
ures from the spleen remained sterile. The two remaining pigs were
well three and a half months later.

These observations show that ground thoroughly infected for more
than a year was free from infectious properties eight months after the
death of the last case. _

(2) Upon a plot of ground of one-fourth to one-third acre about 100
Digs which had died of cholera during 1886 were buried, being covered
with 13 to 2 feet of soil. During 1887 no animals were buried here, but
many had been interred within 3 to 8 rods of this plot during the latter
half of the present year. A triangular yard 16 feet on each side was
fenced off upon the old ground, with a movable pen in one corner for
shelter.

December 15, 1887, 3 pigs were penned in this yard. They remained
well ; one and a half months later 1 was killed and found healthy.
The two remaining ones were well after three and a half months.

This experiment shows that ground containing the bodies of numer-
ous animals which had died of hog cholera was not infectious after one
year. .

(3) The following notes are valuable in illustrating how rapidly the
ground may be freed of infectious matter :

A yard 6 by 10 feet was enclosed by a fence and made to communicate
with a double pen having concrete floors. This pen had been infected
by pigs from the outbreak described on page 37. The soil of the yard
is a clay loam.

~

November 27
added to-day.

November 28.—Nos. 434, 435 both die of hog cholera. These had been
mfected by feeding (see p. 50 for notes on these aud other animals in
this pen).

December 10.—Viscera from No. 42 fed to Nos. 436, 437.

December 12.—Viscera from No. 43 scattered over the soil of the yard,

.—Nos. 434, 435 now occupy the pen and Nos. 436, 437
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readily ecaten by Nos. 436, 437 later in the day Nos. 439, 440, and 443
added.

December 17.—Viscera from No. 47 and No. 48 scattered over the
ground, and Nos. 448 to 453 inclusive placed in the yard.

December 27.—No. 443 dies of cholera.

December 28.—No. 448 dies of acute cholera.

December 29.—Nos. 436, 439, 440, 449, and 452 all die of acute cholera.
The pen may now be said to be thoroughly infected.

January 1,1888.—No. 437 found dead.

Januvary 3.—Nos. 450, 451, and 453 removed.

January 10.—After the yard and pen have been vacant for a week
and simply brushed out but not disinfected nor cleaned thoroughly
two healthy pigs (Nos. 479, 480) are placed in it to determince whether
the ground is still capable of giving the disease.

During the greater part of January the ground was frozeu over, but
during February and March there are frequent, prolonged thaws.

March 29.—Nos. 479, 480 have remained well since January 10. They
are now removed. The yard itself is now converted into a geuuine
mud-bole.

March 30.—Two fresh pigs are transferred to this yard.

July 24.—They have remained well for nearly four months.

This viras was in the first place either destroyed or made harmless
by the prolonged frosts in Janunary, so that the pen and yard were
thoroughly disinfected by natural agencies and perfectly safe two months
later. The disease did not re-appear in the following widsummer. It
may also be seen from the notes that the two pigs. placed in the in-
fected pen but one week after the removal of diseased and infected ani-
mals did not take the disease, perhaps because the infectious matter
was frozen up and slowly killed in this condition before they could get
at it.

TIHE EFFECT OF SOME DISINFECTANTS ON T'HE VIRUS OF HOG
CHOLERA.

In the report for 1886 there are given in extenso a series of experiments
to test the destructive power of the more reliable disinfectants on hog
cholera bacilli from liquid cultures usually from one totwo days old. The
results, owing to their practical importance, are also sammarized here.

The method employed needs a few comments. A few drops of cult-
ure liquid were added to the disinfectant solution in a sterilized watch
glass under a bell glass. After certain regular intervals of time plati-
num loops holding about ;35 cubic. centimeter were used to transfer
this liquid to tubes of beef infusion. These were placed into a ther-
mostat and watched for a number of days. The loop of disinfectant
carried over into 10 cubic centimeters of sterile beef infusion is diluted
to such an extent (about 1,000 times) as to be practically of no account
whatever. This method is more sensitive than the method originally
employed by Koch. He used bits of silk thread impregnated with the
specific organism to be tested and placed them upon plates of gelatine
to develop. :
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1t has been suggested that hog cholera bacteria may survive in the
brine from salted meats long enough to be exported to other countries
and communicate the disease. It need not be said that this is impos-
gible, for the attenuating action of a concentrated salt solution would be
in itself sufficient to speedily destroy the pathogenic power of the bacilli,
even if their life were not destroyed. The following experiment shows,
however, that they are absolutely killed within four weeks:

Ten cubic centimeters of a saturated solution of common salt was:
added to each of three culture tubes. These were then sterilized and
1 cubic centimeter of a fresh bouillon culture of hog cholera bacilli
mixed with the contents of each tube. Small quantities of liguid from
one of these tubes were introduced into sterile bouillon every two or
three days. Up to the twenty-first day the bouillon became clouded,
indicating that the bacilli were still alive in the brine. After the
twenty-ninth day the Dbouillon remained clear. The two remaining
tubes of brine hitherto untouched were also found sterile when cxam-
ined by means of cultivation a day or two later.

Mercuric chloride was found destructive to the bacillus when diluted
in the proportion of 1: 75000 (.001% per cent.).

Several drops of a culture were mixed with about 1 cubic centimeter
of a .1 per cent. solution, and tubes inoculated from this at the end of
two, four, six, eight, and ten minutes. Tubes remain sterile. To show
that the antiseptic effect of the liquid transferred with the platinum
ioop was nil, one of these tubes was inoculated again from another cul-
ture. This tube was turbid on the following day.

Five tubes treated in the same way with .05 per cent. solution. All
remain sterile. .

Five tubes inoculated with bacteria exposed for the same periods of
time to a .01 per cent. solution. All remain clear.

Five tubes treated as before, using a .005 per cent. solation. Perma-
nently clear. -

Five tubes treated as before, using a .002 per cent. solution. All
tabes clear, excepting the one inoculated after six minutes’ exposure.

Five tubes inoculated atthe end of five, ten, tifteen, twenty, twenty-
five, and thirty minutes after exffosure to a .001 per cent. (1:100000).
Tubes inoculated after five and ten minutes turbid next day. On the
second day all but the one inoculated after thirty minutes turbid and
containing pure cultures of the bacterium.

The limit of disinfection for this period of time must therefore lie
betweeu 1:500000 and 1:100000; hence five tubes were inoculated as
above, using a solution of 1:75000 at the end of seven, ten, fifteen,
twenty, twenty-five, and thirty minutes. All tubes remained clear.

Carbolic acid (destroys the bacillus in solutions containing from 1 to13}
per cent. of the acid by weight.

Five tubes inoculated after treating bacilli from a liquid culture with
a 1 per cent. solution for five, ten, fifteen, twenty, and twenty-five min-
utes. All turbid on the following day. The two last tubes were also
examined on gelatine plates and the cultures found pure.

With a 2 per cent. solution five tubes inoculated after ten, fifteen,
twenty, twenty-five, and thirty minutes remained sterile. The same
result with a 13 per cent.solution. With a 1} per cent., {ubes inocu-
lated at the end of seven, ten, fifteen, twenty, twenty-five, and thirty

mil:mltes remained clear,excepting the first, which contained bacillus
subtilis.
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Passing to a one-half per cent. solution, tubes inoculated at the same
intervals became turbid with the bacterium sown. With a three-fourths
per cent. solution the result was the same.

Passing back to a 1 per cent. solution, tubes inoculated at the same
intervals remained sterile. -

There secms to be an incompatibility between the first and last series.
If we examine the others, however, we must conclude that the limit of
disinfection lies between 1 and 1} per cent.

Iodine water was prepared by shaking up some iodine in distilled
water, which assumed an amber tint. This solution destroyed the ba.
cillus in fifteen minutes, as the following experiment shows:

Six tubes were inoculated with bacilli after they had been exposed
to the action of the iodine water for seven, ten, fifteen, twenty, twenty-
8ix, and thirty-one minutes. Ou the following day the first tube became
turbid; on the second the ten-minute tube was turbid and found to be
a pure culture of the bacilli sown. The other tubes remained sterile.
One of the tules, inoculated later, showed its capacity for sustaining
growth by becoming promptly turbid.

Permanganate of potash. —A series of experiments with this substance,
conducted in the manner described above, showed that the bacillus is
killed by fifteen minutes’ exposure to .02 per cent. solution (1:5000).

In order to obtain this result a 5 per cent. solution was tried first.
Tuabes inoculated after an exposure of the virus for seven, ten, fifteen,
twenty, twenty-five, and thirty-one minutes remained permanently clear.
One of these tubes, subsequently inoculated with the unaffected virus,

was turbid next day. Two and a half per cent., 1 per cent., oune-half
per cent., one-fourth per cent., one-tenth per cent, and one- twentleth
per cent. solutions were tried in the same way. The six tubes used for
each solution remained sterile. Finally, a one-fiftieth per cent. (1:5000)
was used. Tubes were inoculated after an exposure of the virus for
two, four, six, ten, fifteen, twenty, twenty-five, and thirty minutes. On
the following day the four first tubes were turbid; the fifth and seventh
remained sterile; the sixth and eighth contained a fine bacillus. Thess
two tubes, as was found later, belonged to a lot which, through some
carelessness, had not been properly sterilized, and the majority became
turbid before use.

Mercuric iodide was fouud to destroy the bacillus in solution of
1:1000000 in ten minutes.

Two grams of potassiunm iodide and 1 gram of mercuric iodide were
dissolved in 100 cubic centimeters of distilled water, making a 1 per cent.
solution of the disinfectant in a 2 per cent solution of potassium iodide.

This solution, diluted with sterile distilled water so as to make .1 per
cent., killed the bacilius of hog cholera taken from liquid cultures in
less than five minutes; .01 per cent. (1:10000),.002 per cent. (2:100000),

.001 per cent. (1:100000), and .0005 per cent. (5:1000000) destroyed the
germ within two minutes.

When the solution was diluted so as to make.0002 per cent. (2:1000000)
and .0001 per cent. (1:1000000), it was found that with both solutions
tubes inoculated with bacilli, after an exposure of two and five min-
utes, were opalescent, the bacilli introduced having multiplied, while
the remaining tubes (ten to thirty minutes) were sterile. These two
solutions, therefore, were still powerful enough to kill the germ in ten
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minutes. The dilution had Leen carried so far as to make them prac-
tically equivalent in disinfecting power.

Sulphate of copper.—This disinfectant, which seems to be more effect-
ive than most otbher mectallic salts, was trled in solutions containing 2
per cent., one-half per cent., one-tenth per cent. DBoth the 2 per cent.
and the one-half per cent. solutions destroyed the germ within five
minutes. Tubes inoculated with bacilli after an exposure to the one-
tenth per cent. solution for five, ten, and fifteen minutes, became tur-
bid; those inoculated after an exposure of twenty, twenty-five, and
thlrty minutes remained clear.

The disinfectant power for short periods of time may be said to Jie
between one-half and one-tenth per cent. In this, as in other tests, one
or two drops of the culture were added to 5 cubic centimeters of the dis-
infectant. A slight flocculent precipitate formed each time.

Of hydrochloric acid a .2 per cent. solution of the acid, made by adding
4.2 cubic centimeters of chiemically pure acid (containing about 40 per
cent. HCI) to 95.8 cubic centimeters of water, destroyed the germ in
less than tive minutes.

Chloride of zinc.—A 10 per cent. solution of this salt failed to destroy
the vitality of the bacilliin ten minutes; 20 cubic centimeters of (Squibbs)
chlorideof zine, containing 50 per cent. of the salt, were added to 80 cubie
centimeters of sterile distilled water, to make a 10 per cent. solution. A
drop from a culture five days old was mixed with 6 cubic centimeters of
this solution, from which mixture tubes were inoculated at the end of
five, ten, fifteen, twenty-five, and thirty minutes. The two first tubes
became clouded.

Sulphuric acid.—A .05 per cent. solution (1: 2000) was fatal to the ba-
cilli of hog cholera in less than ten minutes.

\W2 1thout going into detail, it is sufficient to say that the results weie
reached as indicated above. Tubes containing sterile beef broth were
inoculated at the end of tive, ten, fifteen twenty. twenty-five, and thirty
minutes with bacteria ex posed to one-half per cent. and one fourth per
cent. No development. Those inoculated with one-fortieth per cent.
became clouded, each being a pure culture of the bacillus inoculated.
When one-twentieth per cent. was tried only the five-minute tube be-
came clouded. The solution (by weight) was made from sulphuric acid
containing 96 per cent. of the acid (specific gravity 1.838).

"It must be remembered that the foregoing tests were made upon bac-
teria in an active, vegetative state. It is probablethatin the dried con-
dition it would have taken solutions of the same strength somewhat
longer time to destroy their vitality. To briefly summarize the results,
placing the least effective substance first, we obtain the following table:

Chloride of zine in a 10 per cent. solution destroyed the bacilli in
liguid cultures in fifteen minutes.

Carbolic acid, 1 to 1} per cent. (1:100), in five minutes.

Iodine water, in fifteen minutes.

Hydrochloric acid, one-fifth per cent. (1:500), in less than five minutes.
(Only a .2 per cent. solution of this acid tried.)

Sulphate of copper, one-tenth per cent. (1:1000), in fifteen to twenty
minutes.

Sulphuric acid, one-twentieth per cent. (1:2000), in less than ten min.
utes.

Permanganate of potash, one-fiftieth per cent. (1: 0000), in fifteen
minutes.
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Mercuric chloride, one seven hundred and fiftieth per cent. (1:75000),
less than five minutes. ‘

Mercuric iodide in one ten-thousandth per cent. (1:1000000), in ten
minutes.

The above table would without doubt be very materially altered if the
test had been made with virus mixed with considerable organic matter.
This is very well illustrated by the experiments on lime, crude carbolic
acid, and additional experiments on sulphuric acid, given in full in the
following pages. Mercuric chloride, for instance, often fails completely
in albuminous liquids, although it is one of the best destructive agents
of bacteria suspended in water. So permanganate of potash, which
would have little or no disinfectant power in liquids highly charged with
organic matter, has a very high power in this direction in the experi-
ments detailed above.

The only substances in the above list, which, in our estimation, would
be useful for purposes of disinfection, are mercuric chloride and car-
bolic acid. Of the former, more will be said in discussing the subject of
prevention. Carbolic acid as it usvally appears in the market is too ex-
pensive to be used on a large scale.

CRUDE CARBOLIC ACID.

Laplace (Deutshe Med. Wochenschrift, 1888, 121), found that the so-
called crude carbolic acid, which will not dissolve in water, is capa-
ble of solution when mixed with an equal volume of commercial sul-
phuric acid. A 4 per cent. solution in water of this mixture was suffi-
cient to kill anthrax spores within forty-eight hours, and a 2 per cent.
solution destroyed them within seventy-two hours. Pure carbolic acid
in a 2 per cent. solution has no effect on anthrax spores. The crude
material contains about 25 per ceut. of carbolic acid. Experiments were
made to test the germicide effect on hog cholera bacilli. The crude car-
bolic acid used was a very dark, reddish, thick liquid, smelling strongly
of tar, and not translucent even in a layer one-half inch deep. When a
drop of this liquid was added to water it broke up into a few globules,
which settled to the bottom without undergoing solution. When an
equal volume of commercial sulphuric acid was added and the mixture
thoroughly shaken, a few drops added to water caused a faint turbidity,
but none remained in a globular condition. When more was added the
water assumed a grayish, opalescent appearance, similar to water in
which a small quantity of soap is dissolved.

To test this mixture, a culture liquid was prepared like that used in
testing the disinfecting power of slaked and unslaked lime. (See p.
96.) -Beef infnsion (to which the white of an egg was added in the pro-
portion of one egg to 600 cubic centimeters of the infusion) was neutral-
ized aund sterilized without previcas filtration at 110° C. in Erlenmeyer
flasks, containing cach about 150 cubic centimeters. This turbid liquid,
with its large quantity of flocculent material, was inoculated with hog
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cholera bacilli and allowed to stand for a week. Iach flask then re-
ceived a certain quantity of the mixture and was thoroughly shaken up.
After certain intervals of time a platinum loop of liquid was withdrawn
from each flask, mixed with gelatine, and a roll culture made to indi-
cate the number of surviving bacilli. To make sure of the vitality of
the bacilli in the culture a control culture was made from one of the
flagsks before adding the disinfectant.

N mlnber of co]oniesdin roll
f—
Flasks with 150 cubnc centimeters culture-liquid, to which was added of . cultures at the end o
the mixture of carbolic and sulphuric acids—

 cubic centimeter=} per cent,(vol)........... .. ceeeeaeeenne . Nomne ....... None.
13} cubic centimeters=1 per cent..... deeado.eaae.. Do.
2} cubic centimeters=14 percent . . do....... Do.
3 cubic centimeters=2 per cent . .. e Joeeddo.aa.... | Do.
Check tnbe ..cocunummnieiiieeniiiiiiiiieeiaaeaas

The table shows that a one-half per cent. solution by volume is suffi-
cient to destroy the bacilli within one hour. What share the sulphuric
acid has in determining this result can not be inferred unless tried Ly
itself under precisely the same conditions. This is what has been done
in the following experiment:

Five Erlenmeyer flasks, containing cach about 150 cubic centimeters
of a culture fluid prepared precisely like that in the preceding experi-
ment, were inoculated with hog cholera bacilli and allowed to stand at
a temperature of 700 to S0° T%,, for four days. At the end of this period
cach drop of the culture medium, as ascertained by roll cultures, con-
tained countless Lacteria. Commercial sulphuric acid was added from
a sterilized burette to the flasks in definite proportions by volume and
roll-cultures made at the end of one, two and a half, twenty-four hours,
and four days by transferring a minute quantity of the agitated culture
on a platinum loop.

The accompanying table mdlcateq the result obtained, the specific
gravity of the acid being 1.8+4.

|

ool _
ZeR & : Number of colonies in roll cultures at the end of—
%3 | |
S ,*F . Pclbcent i Cheek s )
0.2z o “heck. [ |

] . Two and uty .
EE:: °Z welght | Onc hour. one-half Tw; uty-four pour days.
TRESS | | bours. hours.
[
c.c | ) ! i
.2 .24 Countless .. Countless..." Countless .. 100 . Nonc.
.4 10 Nono....... Do.
.95 3 ..do. .. ... Do
1.7 | None . {... do Do.
3 | 36 |.........ndiiidoeaalll. do....... l....do Do.
|
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Oune half per cent. of sulphuric acid (by weight) is thus sufficient to
sterilize a richly albumiuvous liquid in three to four hours. Remember-
ing that in the erude carbolic acid mixture the per cent. of sulphuaric
acid (by weight) contained in the one-half per cent. solution (which was
capable of sterilizing a similar liquid in one hour) was .36, we must
conclude that there can be no great difference between the crude car-
bolic acid mixture and the sulphuric acid in regard to disinfecting
power. We shall, however, recommend the former in disinfection, since
it may last longer in the soil in which sulphuric acid soon forms sulphates
and thereby loses its germicide properties. According to experiments
given on page 90, .05 per cent. sulphuric acid was sufficient to destroy
hog cholera bacilli in ten minutes when no organic matter was present.
In the above experiment, in which the liquid contained much organic
matter, about ten times as much was necessary.

ORDINARY LIME AS A DISINFECTANT FOR HOG CHOLERA.

Recent experiments made with ordinary lime (CaO) by Liborius
(Zeitschrift f. Hygienc 11, 1887, p. 15) have shown that water containing
but .0074 per cent. of lime is capable of destroying typhoid bacilliin the
course of a few hours. Cholera spirilla are destroyed by a solution con-
taining .0246 per cent. of lime. These two diseases resemble hog chol-
era in the mode of dissemination of the virus. In all, the stools are the
chief vehicle of the bacteria. Disinfection, therefore, becomes a most
important aid in the prevention of the diseasc.

Lime has many advantages over other disinfectants. It is, first of all,
not poisonous. It may be used almost anywhere with impunity where
mercuric chloride or strong acids are inapplicable. The soil, when
containing the germs of the discase, is not injured by being covered
with a small quantity of powdered or slaked lime. The material is ex-
ceedingly cheap and can always be obtained without difficulty. The
experiments given in the following pages show that lime is a very effi-
cient disinfectant with reference to hog cholera virus, and therefore with
reference to the bacteria of swine plague, which are far less resistant
than the former. :

The method is, in the main, based upon that used by Liborius, with
some modifications, which it is not necessary to point out here.

(1) It was desirable to observe what percentage of lime in solution
was necessary to destroy hog cholera bacteria not mixed with any ap-
preciable quantity of organic matter. Ifor this purpose water contain-
ing different quantities of lime in solution received about two drops from
a beef-infusion culture, each drop containing approximately 500,000 bac-
bacteria. Attheendof one-half hour aboutone-thirtieth cubic centimeter
of the fluid (usually 8 to 10 cubic centimeters) was removed with a flamed
platinum spiral and transferred to liquefied gelatine in a test tube. The
same was done at the end of three hours. This tube was then placed in
ice water and twirled between the fingers while in a horizontal position.
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The gelatine, as it congealed, uniformly coated the inside of the test tube,
which was immediately transferred to a box in connection with a refrig-
erator, where it was kept at a temperature of 75°F.* The temperature of
the laboratory during these experiments was frequently as high as 95° F.,
scarcely ever below 80° F., (July). Any bacteria not killed by the disin~
fectant would show as minute yellowish-white points in the layer of gel-
atine within forty-eight hours. The number of points corresponded to
the number of living bacteria introduced into the gelatine. These cul-
tures will be denominated roll cultures in the succeeding pages. By this
method it was found that lime-water diluted with three times the quan-
tity of distilled water was sufficient to destroy hog cholera bacteria in
one-half hour. A dilution containing six times the quantity of water
destroyed the bacteria in three hours, while a dilution containing twelye
times the quantity of water was not capable of destroying them in
twenty-four hours.

If we take .12 per cent. as the quantlty of lime in lime-water, .03 per
cent. of lime will destroy all bacteria in one-half hour, .019 per cent. in
three hours.

I
Number of colonies in |
roll cultures prepared [Liquid cultures
. at the end of— | inoculated at
Lime-water diluted so as to contain of CaO. ! the end of
| I twenty-four
}Onc-half hour. Four hours. hours.
0.072 PET CONb eenvneeenneiiiraeencenneenrocncecsasnescnnnns None ....... None ..... Sterile.
0.06 PET COD «eeuueeenrrcneis sevemoanrennnscennnsnns S Y T I ceedo ..., Do.
0.04 percent..cc..veeeieineiieartocacereatoccitnnicaciaaan *) ' [ I, Do.
0.03 percent.....coeiiiiiiniiiiieiiiiteeeiienicenecee...| None ....... ceoudo ... Do.
Check tube. coeeee ieuniimaeneeieeinicienceneeceenesnesanns Countless.
IL
0.03 PEr CONb.ccvuerineeeeneennienirieenscoeciscncsncacanns None........ None...... Sterile.
0.019 percent. .cceeeieneiieiiaiiiiiiiiieana. Ceeerenas Very many..|....do ..... Do.
0.0092 PErCeDt.cuenerenreenirecaciocansocarasasconcnnaeceoann do . - Very many‘ Turbid.

Check tube. oo it iiieieeciieetaeacaotanan Countlcss |
: |

* Contains hay bacilli.

The quantity of the disinfectant used must be increased, with many
disinfectants, with the quantity of organic matter present in the mate-
rial to be disinfected. The preceding experiment gives us therefore
only the minimum quantity that is necessary to destroy hog cholera
bacilli when organic matter is practically absent.

A second series of experiments was therefore made by mixing beef
infusion cultures with varying proportions of lime-water, and observing

*A description of this method is given by its author;, E. Lsmarch, in the Zeitachrift
Jir Hygiene, i (1886), p. 293,
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the quantity necessary to destroy all bacteria present. A preliminary ex-
periment was made by adding lime water in varying proportions to cult-
ure tubes containing about 10 cubic centimeters each of beef infusion
which had been inoculated the day before and were now opalescent. A
flocculent precipitate formed after the addition of the lime-water, which
soon settled to the bottom, the quantity of this precipitate varying di-
rectly with the amount of lime water added. The following table shows
that in all the cultures made by transferring a loop of the mixture of cult-
ure liquid and lime-water in the proportions there given at the end of
thirty minutes, four hours, and twenty-seven hours, no destruction or
retardation of bacterial growth could be detected. In the first tube con-
taining beef infusion and lime-water in the ratio of 2 to 1 the precipitate
left at first a perfectly clear supernatantliquid. This did not, however,
mean complete diginfection, as the roll cultures proved. Moreover, at
the end of three or four days tbis liquid became opalescent again, owing
to the rapid unchecked multiplication of the contained bacteria.

A quantity of lime amounting to .04 per cent. was not sufficient to
destroy the vitality of beef infusion cultures.

IIIL
g Number of colonies in roll cultures prepared at
B the end of—
& Lime . I i e
a water,| Lime. Onehalt| ' Twent
o ne-ha four | Twenty-seven .
g’ hour. | hours. | hours, Seven days.
— S
c.c. c.c. | Percent. |
10 5 .04 Countless|Countless| Countless. ... | Countless.
10 2 202 |.do....|...do....|..do.eiiiin. | Do.
10 1 01 [...do....l...do....|.... do......... |
10 3 .0057 |...do ... ...do....|.... do.........
D UL PO R 1, N P P )

*Check.

This experiment was therefore continued with relatively larger quan-
tities of lime. Four portions of 40 cubic centimeters each of beef infa-
sion in culture flasks, in which hog cholera bacteria had multiplied for
twenty-four hours, were mixed respectively with one-half, one, one and
one-half, and two volumes of lime-water, and thoroughly shaken.” It
was found by testing with roll cultures at the end of thirty minutes, four,
and twenty-seven hours that for every 40 cubic centimeters of culture
liquid it required 60 cubic centimeters of lime-water to destroy all bac-
teria within twenty-seven hours, while a large number were destroyed
within four hours. It required 80 cubic centimeters to completely ster-
ilize the culture fluid in four hours, although nearly all bacteria were
destroyed within the first half hour. In the flask to which 40 cubic
centimeters had been added there was a partial destruction of bacteria
at the end of twenty-seven hours, At the end of six days the bacteria
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were as numerous as in the flask countaining 20 cubic centimeters of
lime-water, in which no destruction of bacteria or retardation of growth
could be observed. The percentage of lime in these cultures is given
in the following table:

IV.
: I\uuber of colories in roll cultures prepared
g at the end of—
@ i
= Lime . | ——— —_— - ———————
:-5 water. | Lime. | |
- l | One-half Twenty-
o ' hour. | Fourhours. seven | Six days.
@ } hours.
=] | !
| ¢ e ‘ c.c. | Per cent. | |
40 20 | .04 Countless .| Countless .| Countless .
40 40 |' L06 f....do.....|.... do..... {Very many.| Countloss.
10 60 ' 072 ....do..... Afew....i None ..... None.
4o| soi .08 ! Afew....[None.........do .....
| ! |

When the lime-water was added to the beef infusion a light flocculent
precipitate was formed immediately as in the preceding experiment,
the quantity depending on the amount of lime-water added, This set-
tled to the bottom in a very short time, lecaving a perfectly clear, slightly
yellowish layer of liquid above. In those flasks, however,in which dis-
infection was not accomplished, this layer of liquid remained turbid, or
else became clear at first, with the partial destruction or precipitation
of bacteria, and then became clouded again as the remaining bacteria
multiplied in it.

The quantity of organic matter which is present in substances to be
disinfected is ordinarily quite large. This is true of bowel discharges
which contain the specific hog cholera bacteria,and which should there-
fore be thoroughly disinfected. To prepare a solution containing a con-
siderable amount of insoluble albuminous matter, the method of Liborius
was adopted. Beef was chopped finely and allowed to soak over night
in the refrigerator in twice its weight of water, as in the preparation
of beef infusion. After the meat had been removed from the liquid
in a press the latter was neutralized and the white of an egg was
added in the ratio of one egg to every 600 cubic centimeters of liquid,
The whole was boiled and the coagulated masses allowed to remain in
the liquid. The amount of solid particles and lumps, when deposited
on the bottom, formed a layer nearly as deep as that of the ligunid above
it.

This mass of liquid and solid matter was placed in Erlenmeyer flasks,
each receiving 150 cubic centimeters. The whole was sterilized for sev-
eral hours at a steam pressure of 12 pounds and subsequently inoculated
with hog cholera bacteria. At the end of three days, when cach drop of
the culture liquid contained nearly a million of bacteria, milk of lime,
made by adding lime in the ratio of one gram to 9 cubic centimeters of
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water, or, in other words, milk of lime containing 10 per cent. of lime,
was added in various quantities as shown by the following table:

V.
. | ! Number of colonies in roll cultures made
8 | at the end of—
] Milk e . —
No. '.E Lof Lime. |
- ime. | Twenty-
One-balf Three 8 .
g hour. hours. hf)%l;:‘ Six days.
]
c.c e c l Per cent.
1 150 40 l 2.1 | Nonme ..... None* ....| None ...
2| 150 20' 12 |....do..... vewndo ... veendo ...
3 150 lOI .62 [....dot ....|....do ..... ...do ...
4 150 5 i .32 |....dot ....|....do..... ....do ...| None.
5 150 2 | .13 [Very many.|Very many. 50 | Very many.
[ T P, P, Countless.
|
* About 12 fungi. t About 100 fungi. § Check (beef infusion).

In all the experiments the cultures containing tue precipitated mat-
ter were shaken up before testing so that the quantity taken for the
roll cultures (about 5% to 5 cubic centimeter on a spiral of platinum)
consisted of solid particles as well as liquid. :

‘Within thirty minutes after the addition of the milk of lime the pre-
cipitate had settled so as to leave the supernatant liquid perfectly
clear in flasks 1, 2, and 3; in flasks 4 and 5 it was still turbid as be-
fore the addition of the lime. It cleared up in No. 4 soon after, but re-
mained permanently turbid in No. 5. In none of the other flasks did
this layer become turbid even after seven days. In these the bacteria
were permanently destroyed, as the table shows. That the lime trans-
ferred to the roll cultures could have had no retarding effect on the
growth of any bacilli present was proved by adding at least four times
the quantity of lime to a gelatine tube which had been inoculated with
a drop of culture fluid. Countless colonies appeared in the gelatine
layer in due time. The check tubes were tested oaly at the beginning
of every experiment to test the vitality of the cultures used. Since hog
cholera bacteria will remain alive in the beef infusion employed for
weeks and months, there was nothing to be gained in making roll cult-
ures from these check tubes more than once.

The table shows that 5 cubic centimeters of a 10 per cent. milk of
lime was sufficient to sterilize within one-half hour 150 cubic centime-
ters beef infusion containing much suspended albuminous matter. This
would be equivalent to about one-half gram of ordinary unslaked lime,
or about .0032 gram for every cubic centimeter of liquid, i. e., .32 per
cent. We may assume, therefore, that for every twenty pounds of
fecal matter or discharges from diseased pigs only one ounce of lime ,
in the form of milk of lime is needed, provided the two are thoroughlér

15612 1 0——17 Ll
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mixed. The less complete this mixing can be the more lime must be
added to make the disinfection thorough. By comparing the amount
of lime necessary when there is liftle or no albuminous or other organic
matter present and when there is a large quantity of it, we are im-
pressed with the importance of always taking into consideration the
~ circumstances under which disinfection is to take place. Thus the
bacteria of hog cholera are destroyed in one-half hour when placed
in water containing only .03 per cent. of lime. "When there is present
beef infusion diluted to one-third the original strength it requires .08
per cent. of lime. When the suspended albuminous matter is consid-
erable it requires .32 per cent.

It may be more convenient to use nunslaked lime either in small lumps
or powdered shortly before application to the mass to be disinfected.
That this may be done the following experiments are sufficient proof:

Erlenmeyer flasks, containing each from 100 to 200 cubic centimeters
of beef infusion in which there was a large amount of suspended mat-
ter, as in the preceding experiment, were used for this purpose. After
inoculating each with hog cholera bacteria they were allowed to stand
for forty-eight hours. At the end of this time-the flasks contained many
millions of germs in each cubic centimeter. Unslaked lime was broken
up into lumps as large as peas or beans, and thoronghly heated over a
Bunseén flame to destroy any adherent spores and drive away any moist-
ure. After cooling, this was thrown into the culture-flasks in the pro-
portion, by weight, of 2, 1, 4, and } per cent., respectively. The flasks
‘became very slightly warmer. After thorough shaking the suspended
matter soon began to settle down, leaving a clear, supernatant liquid,
which remained clear after ten days’ observation. The liquid in the last
flask (4 per cent. lime) cleared up most tardily. The attached table shows
that even as little lime as § gram in 100 cubic centimeters was sufficient
to permanently destroy all bacteria in a liquid very rich in albuminous
substances. Even at the end of eight days the flasks containing the
smallest amounts of lime were sterile.

VI
[, — e _
{ Number of colonies developed in roll culture pre-
) ] pa‘xiedfwith 25 cubic centimeter ot infusion at tho
Beef infusion. Percent.| "¢
of Ca0. |— ——-
One hour. i Four hours. fng:g%?;s. Eight days.
100 cubic centimeters plus 2 grams Ca0. 2 { None ...... ‘ None ...... None ... |
120 cubiccentimetersplus 1.2 grams CaO| 1 i....do...... "Afow...... do.....
200 cubic centimeters plus 1 gram CaO. .5 Very many.. None ...... odo..... None
200 cubic centimeters plus .5 gram CaO. 225 ..o eeeeanl .. do..... I .. do.....| Do.

* The table shows that in the flasks containing one-half and one-fourth

*“..per cent. of lime there were still a considerable number of living bacteria



99

at the end of the first bour, although destroyed at the end of four hours.
The presence of bacteria in the flask containing 1 per cent. of lime at
the end of four hours, although none were detected at the end of the
first hour, shows that all bacteria are not necessarily destroyed simul-
tancously.

A second experiment, couducted precisely as the preceding, confirmed
tke latter in every respect. The quantitics were chosen somewhat dif-
ferently, as”the appended table shows, in order to find out the lowest
percentage of lime that will destrov all bacteria within a given period
of time.

VIIL
Number of colomeq in ml] Llllt,ul‘es made mth o5
cubic centimeter of the beef infusion at the
end of—
Beef infusion. ; ] I T
Lime. , | Twenty- Five
One hour. | Three hours.| four days
| hours. ¥
e | —
Per cent. |
100 cubic centimeters plus 1 gram CaO ... 1 | Very many | None ....... None ...! None.
200 cubic centimeters plus 1 gram CaO . .. 3| None ..cccuofendo onnenn. I...do.... Do.
200 cubic centimeters plus .5 gram CaO ... 1| Very many . 50 ...do....| Do.
200 cubic centimeters plus .3 gram CaO ... .15 | Countless...| Very many..! 50 | Do.
Check b6 eeeeeenaneeeeeeeanaaaaeeionnna]ioanannn. U (P, !

The lime was powdered, and heated in a platinum evaporator to de-
stroy all adherent spores. There was scarcely any perceptible rise of
temperature when the lime was added to the liquid. The first flask con-
tained a culture eight days old, the remainder contained cultures four
days old. From the table it will be seen that one-Lalf per cent. of un-
slaked lime is sufficient to sterilize a very turbid albuminous liquid in
four hours, one-fourth per cent. in twenty-four hours. Fifteen-hun-
dredths per cent. was almost enough to destroy all the germs in one day
while at the end of five days all were dead.

DISINFECTION OF THE SOIL WITH LIME.

The same fine loam used in the experiments to determine the vitality
of hog cholera bacteria in the soil was used here. The method pur-
sued was briefly as follows:

Into small beakers, plugged with cotton wool and sterilized at 150°
C. for several hours, about 50 grams of slightly moist soil was intro-
duced, and the whole sterilized under steam pressure at 110© C.  About
10 cubic centimeters of a beef-infusion culture of hog cholera bacteria
was then stirred up with it. After a certain length of time milk of
lime was added and thoroughly mixed with the soil. The destruction
of the bacteria was noted at certain intervals of time by taking small®

bi(s of the soil on a platinum loop and making roll cultures therefror.’ -
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The table appended gives the results of a series of experiinents carried
out according to this plan:

! Countless colonies. 5 Rabbit died of hog cholera after inoculation
2Less than o, but still too numerous too beesti- with soil on nineteenth day.

mated. 6 A microccus multiplies in the soil.
3 Fungi ¥resent. 7 Rabbit inoculated with soil on cleventh day
4 A few fungi present. remains alive.

The following may serve to explain more fully the tabulated experi-
ments and results obtained:

I. Fifty grams sterile moist soil, infected with 10 cubic centimeters
of a beef-infusion culture January 5. January 18: 5 cubic centimeters
of a 10 per cent. milk of lime (9 cubic centimeters water and 1 gram
ordinary nnslaked lime) was stirred up with it. This is equivalent to
1 per cent. of lime. A roll culture from the infected soil was made in
all experiments before the liine was added, to make sure of the pres-
ence of living germs. Roll cultures, to which three loops of milk of lime
were added, showed no diminution in the growth of colonies, proving
that the small amount of lime (fraction of a loop) added with the soil had
no retarding effect. In this experiment 1 per cent. lime was sufficient
to remove from the soil countless bacteria (as shown by check-roll) in
three to four hours. ,

1I. January 20: To another beaker of soil, prepared and infected with
the preceding, 2 per cent. milk of lime was added and stirred up. The
result identical with Experiment I. ’

IIL. January 23: 23 cubic centimeters of 10 per cent. milk of lime
added (= % per cent.). The check-tube contains so many colonies as to
have an opalescent appearance. Disinfection is nearly completed after
one hour. A few cclonies develop in the one-day and three day tube.

1V. January 24: 1} cubic centimeters of 10 per cent. milk of lime
(= % per cent.); no disinfection is brought about. During the first
twenty-four hours there is a decided diminution in the number of colo-
nies, but a decided increase thereafter.

: 1V, VI. January 31: The sterile soil in two beakers was infected yes-

*:tterday with a Deef-infusion peptone culture three days old, 10 cubic

171 ‘Gentimeters being added to each beaker. To-day enough milk of lime
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(b per cent.)is added to two beakers to maké one-half per cent. and
one-quarter per cent., respectively. The check-tubes show subsequently
countless colonies. The table shows a slight diminution in the number
of colonies for the first twenty-four hours, then an increase. No disin-
fection. For the one-half per cent. beaker there is apparently a complete
destruction during the first two days, but subsequently the few remain-
ing multiplied again. No disinfection here. This result seems to disa-
gree with the third experiment. The discrepancy was, however, caused
by ghe fact that the milk of lime was not thoroughly shaken up when
used.

VII, VIIL In these experiments the lime was thoroughly stirred up
before use, and in both beakers disinfection has taken place. The
germs in the soil before adding the lime were not so numerous, because
the soil had been infected from a liquid culture only fifteen minutes
previous and no maltiplication could have taken place.

IX, X. The conditions of the experiment are the same as before.
The soil is infected with a liquid culture two days old. Seven days
later check-tubes are prepared from each beaker of soil. One receives
one-half per cent. lime, the other three-quarters per cent. (<. e., 5 cubic
centimeters and 7.5 cubic centimeters of a 5 per cent. milk of lime to 50
grams soil). The table shows that the beakers were invaded by a mi-
crococcus after the first day, which multiplied enormously in the soil,
8o that hog cholera colonies could not be detected. After nineteen days
two rabbits, inoculated with a little infusion made from the soil, suc-
cumbed to hog cholera.

March 13: Rabbit inoculated subcutaneously with sterile beef infusion,
in which a little of the one-half per cent. lime soil had been stirred up.
Rabbit dead March 19. Spleen enlarged, congested; kidneys, lungs,
and duodenum with hemorrhagic foci. Beginning necrosis in liver.

A second rabbit inoculated from the three-quarters per cent. lime soil
in the same way and at the same time. Rabbit dead March 21. Lesions
the same, in addition to a hemorrhagic condition of the lower portion of
large intestine. In both hog cholera bacteria present.

XI, XII. Experiments carried out as the preceding ones. The bac-
teria were permanently destroyed, as shown by the roll cultures made
up to the seventh day, and unsuccessful inoculation of rabbits later on
the eleventh day.

From these experiments we may conclude that three-quarters to one
per cent. of lime will destroy hog cholera bacilli in the soil. Itis highly
probable that a smaller per cent. of lime (one-quarter to one-half per
cent.) will be amply sufficient when simply scattered in a thin layer
over the surface where the great majority of the disease germs will
remain until destroyed by natural agencies.

IS THERE ANY RESISTANT SPORE STATE IN THE LIFE HISTORY OF
THE BACILLUS OF HOG CHOLERA?

This question can now be answered with the help of the foregoing
experiments. _

Stained in dilute aqueous solutions of aniline colors the bacilli from
the tissues of animals which have succumbed to the disease stain in
such a way as to leave the impression that each bacillus contains an
endospore. A narrow band of stained substance bounds an oval pale
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body, which is but slightly tinged. It appears that a rather resistant
envelope prevents the coloring matter from passing readily into the in-
terior of the bacilli. _

If a drop from a recent liquid culture Le suspended from the lower
surface of a cover-glass and cxamired in a glass cell with a homogene-
ous immersion objective and small diaphragm, the following appear-
ances are worthy of record: The bacteria in the center of the drop of
culture fluid are in very active motion. Ifthe periphery of the drop be
examined there will be found a dense layer of bacteria caught there by
the slow desiccation and consequent contraction of the drep. These,
some of which are still moving slowly, appear slightly larger than the
forms in the center of the drop. As the drying proceeds and the film
of water becomes thin, the bacteria appear to be made up of a distinct
dark berder surrounding an almost transparent body. In most forms
there is a slightly thicker border at the ends than at the sides of the
short, rod-like bodies. When stained slightly this border takes the
stain well, while the body of the rod remains pale. The fact that the
structural and color pictures correspoud is strong evidence that the
microbe possesses a rather dense membrane, which in optical section is
seen as a narrow dark border.

Involution forms may occasionally simulate endogenous spore forma-
tion. When hog cholera bacilli are placed upon the surface of gelatine
with a drop or two of blood, a few days are sufficient for the formation
of a large number of filaments from two to many times the length of
the bacilli as they are found in the tissues of animals. The ends are
rounded or irregularly pointed ; the width of the bacilli varies; in gen-
eral, they have the physiognomy of abnormal forms. In each bacillus
there may Le from one to four oval, square, or oblong, clear spaces.
When stained they remain without color, thus simulating spores. When
carefully examined in a fresh condition, there is no refrangibility—they
are mere holes or spaces left by the irregular breaking up and retrac-
tion of the protoplasm.

Microscopical characters, however, are now and then misleading, un-
less we interpret them by physiological experiments. Judging from
what have hitherto been considered properties of bacterial spores, the
microbe of hog cholera can not lay any claim to the production of true
endogenous spores. Their absence is determined by results of experi-
ments recorded in the preceding pages:

(1) The thermal death-point of the bacilli at 58° C. An exposure to
this temperature for fifteen to twenty minutes destroys not only the vi-
tality of cultures of all ages, but also the germ in the tissues of the in-
fected animal. A momentary exposure to boiling water is equally effi-

cacious.
(2) The bacteria are destroyed by disinfectants in solutions which are

incapable of destroying spores.
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(3) They are killed by simple drying far more quickly than are spores;
at the same time their resistance to drying is much greater than might
be expected under the circumstances. In the experiments recorded
some dried bacteria in spleen pulp were killed in less than & month;
others resisted forty-nine days. For cultures we may put the limit, ac-
cording to experimental data, between one and four months. It is this
continued vitality in the dried state that suggests the existence of a
membrane which is more resistant than that possessed by the great
majority of bacteria in their vegetative state.

(4) Subjected to various conditions of moisture and dryness, of freez-
ing and thawing in the superficial layers of the soil, they are destroyed
after an exposure of between two and four months.

The facts brought out by the study of the bacillus lead to the con-
clusion that a distinct spore state, so called, does not appear either
within the animal body or in nature.






WAYS IN WHICH SWINE BECOME INFECTED.

BY WAY OF THE DIGESTIVE TRACT.

(a) Feeding diseased viscera.—In at least 90 per cent. of swine, hog
cholera may be induced by feeding to them the viscera of animals which
have died of the disease. The lesions produced are exceedingly severe.
The mucous membrane of the large intestine is extensively ulcerated
or completely necrosed. In animals which have contracted the disease
in the ordinary way in infected pens the ulceration of the large intes-
tine, at times very severe, usnally stops abruptly at the ileo-cecal valve.
‘When this is slit up, the mucosa belonging to the small intestine up to
the free border of the valve is in the great majority of cases normal,
while the mucosa of that surface of the valve facing the cazcum may be
extensively ulcerated. In many animals fed with infectious matter the
ulceration involves the entire ilenm. This is well illustrated by the
following cases:

January 8, 1886.—Pig No. 165 was fed with the viscera of two pigs
which had died of hog cholera. It was found dead January 26, after
manifesting no marked symptoms of disease except a tendency to lie
quietly in its pen. On examination the subcutaneous fat was found
diffusely reddened. There was a slight peritonitis, indicated by a con-
siderable quantity of straw-colored effusion and some fibrinous stringy
deposits. There were also a few local excrescences on the small intes-
tine, due to the irritation ot echinorhynchi. Spleensomewhat enlarged ;
on its surface a few bright red punctiform elevations. Right heart dis-
tended with a clot. Local hepatizations in lungs, probably caused by
lung worms,which were very numerous. Stomach but slightly reddened.
A numberof ulcers in the duodenum, the mucosaof which was reddened.
The mucosa of the ileum for 14 teet from valve was completely ne-
crosed, the walls thickened, and the serosa of this portion dotted with
ecchymoses. On the upper portion of the ileum there were scattered
ulcerations on a deeply congested membrane for 6 or 7 feet. The entire
length of the large intestine was covered with dirty, yellowish ulcera-
tions varying in diameter from a pin’s head to nearly an inch. The
mucosa itself was very deeply congested in the ceecum and colon, and
the walls much thickened. Ascarides and echinorhynchi numerous in
small intestines. The liver attached to diaphragm in several places by
a whitish exudate.

A tube of meat infusion with peptone inoculated from the spleen of
this animal was found to be a pure culture of the motile bacillus of hog
cholera. Line cultures on gelatine plates confirmed the microscopic
examination. A tube of nutritive gelatine inoculated from the spleen
at the same time contained in each needle-track, several days later,
from ten to fifteen colonies of the same organism. Two cover-glass pre-
parations revealed no bacteria. This fact, combined with the small
number of colonies in the tube culture, gave evidence of the small num-

105



106

ber of germs in the spleen tissue. Inoculations on mice and guinea-
pigs gave substantially the same results as those obtained hitherto.

No. 159 was fed with viscera of No. 165 on January 28. Febru-
ary 5, its eyes were sore and nearly closed ; it was quite weak. It died
the following day, only eight days after infection. The skin on ab-
domen was reddened in patches; the subcutaneous tissuc diffusely.
The superficial inguinals, as well as the glands in the abdomen, were
deeply congested, the cortex more especially. Those of the thorax
were uearly pale. The spleen was dotted with a few punctiform blood-
red elevations. Beneath the epicardium and endocardium of both auri-
cles and the endocardium of the left ventricle were extensive patches
of extravasated blood. Kidneys enlarged and congested throughout.
The lesions of the ileum, caccum, and colon in this animal were quite
as extensive as those of the case just described ; there were no ulcers
in the rectum, however. Those of the colon had black centers, point-
ing to a recent origin from blood extravasations on the surface of the
mucous membrane.

In the spleen of this case the characteristic bacteria of hog cholera
were exceedingly numerous, as determined by cover-glass preparations.
Two liquid cultures proved pure when tested on gelatine plates.. In the
needle tracks of a tube culture in gelatine innumerable colonies ap-
peared in a few days. Inoculations into animals from subsequent cult-
ures proved equally positive.

Pig No. 156 was fed with the viscera of No. 159 I‘ebruary 18, and
after manifesting the usual symptoms of hog cholera, died i ebruar)
25, seven days after feeding. Among the marked lesions produced by
the disease was a complete necrosis of the upper two thirds of the colon,
with scattered ulcers along the lower third. Eight feet of the lower
portion of the small intestine, beginning at the valve, was necrosed.
In the spleen there were numerous small grayish spots, probably cen-
ters of necrosis, as they showed no longer cell structure when crushed
on a slide and stained. The fundus of the stomach was also deeply
congested.

The spleen, to which organ the microscopic examination was limited,
contained the characteristic bacteria, asshown by cover-glass prepam
tions. Three liquid cultures made from the same organ were found to be
pure cultures of the same microbe when tested by line cultures. A tube
culture in gelatine developed in each needle track numerous non-lique-
fying colonies.

In these avimals the mode of introduction of the virus determined the
seat of the severest lesions. It is probable that the food passes quite
rapidly through the small intestine; that in the stomach the action of
the bacteria is more or less limited, because they have not sufficient
time to multiply, and probably because hindered by the acid condition
of the organ, though they will multiply with considerable vigor in
slightly acid solutions. The prolonged stay of the food in the largein-
testine permits multiplication, and thereby causes the first and severest
lesions to appear here. When these have become very extensive, soas
to paralyze the action of the large intestine, the ileum becomesinvolved
in a similar manner, possibly by a partial stoppage of the infectious
matter in this portion of the intestine.

It may therefore be said, in general, that the feeding of hog cholera
viscera produces lesions like those found in natural infection, only more
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severe and more extensive. The duration of the malady is also much
shortened. The notes given above are quoted from one of the reports
of the Bureau. Since they were written numerous other pigs have been
fed in this way in the course of vaccination and other experiments with
precisely the same result. We must therefore emphatically deny the
truth of statements made now and then in agricultural journals that hog
cholera can not be communicated to healthy swine feeding upon the vis-
cera of those dead from this disease. Such statemeuts are pernicious
in tendency, and aggravate the evil which this malady carries with it. *

(b) Feeding pure cultures of hog cholera bacilli—The successful re-
production of this disease by feeding pure cultures of hog cholera bac-
teria proves not ounly that the bacteria fed are the true cause of the
disease, but also that infection may and does take place in this way.
We again quote from the report for 1886 some experiments which
demoustrate that swine may take the disease and die by simply swal-
lowing somewhat more than half a pint of beef broth in which hog cholera
bacteria were growing.

December 13, 1886.—Three pigs were fed with 300 cubic centimeters
each (three fifths of a pint) of a beef-infusion culture of hog cholera ba-
cilli kept in the thermostat, at 95° I., for three days. The culture was
contained in two flasks. When examined both were found pure. The
pigs were prepared for the feeding as follows: No. 348 received no food
for over twenty-four hours. A 2 per cent. solution of sodium carbonate
in beef infusion was then given toincrease the alkalinity of the stomach.
Of this about 1 liter was consumed. It was then fed with 300 cubic cen-
timeters of culture liquid mixed with beef broth to make 1 liter. No.
350 was starved in the same way, but received no alkali before consum-
ing the culture. No. 342 was not deprived of food .before eating the cult-
ure.

The result confirmed our anticipations. No. 348 showed signs of
disease in two days. ~On the third it was unable to rise, and died on
the same day. The post-mortem examination showed a considerable
congestion of the mucous membrane of the duodenum and jejunum, as
well as of the large intestine. The fundus of stomach affected in the
same way. The liver was gorged with blood, as well as the portal
system. There were no marked lesions of the other viscera. That hog
cholera bacilli had also entered the blood was shown by two pure cult-
ures in beef infusion obtained from the spleen. A gelatine culture
from the liver contained about six or seven colonies.

No. 350 was a more typical case, and demonstrated the severe local
effects of the bacillus much better, since the animal lived longer. It
ate fairly well until the fourth day, when its appetite gave way and
diarrhea set in. From this time it grew weak and thin, being scarcely
able to walk. It died on the tenth day after feeding. The lesions of
the alimentary tract were exceedingly grave. Beginning with the
stomach, the mucous membrane was dotted with closely-set elevated
masses as large as split peas, and larger patches of a whitish viscid sub-
stance, made up entirely of cellular clements (diphtheritic ?). When
removed, a raw, depressed surface was exposed. I'he membrane itself

Tt may be pb:sibi; “that those who make this claim were confronted with swine
plague. This disease, although rescmbling hog cholera very closely in many features,
we have not been able to reproduce by feeding.
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was pale. Besides a general injection of the ileum, Peyer’s patches were
more deeply congested, and the upperrmost covered with a thin, yellow-
ish film, not removable, and most likely dead epithelium. In the ca-
cum and colon the mucosa was superficially necrosed, and converted
into a continuous layer of a dirty whitish mass about 1@™ thick. The
walls of the intestine were greatly thickened and very friable.

Microscopic sections showed an extensive cellular infiltration of the
submucous connective tissue which had separated the masses of fat
cells, concealed the connective tissue fibers, and caused a great thick-
ening of the entire layer. The mucosa itself was greatly altered. The
surface was necrosed and converted into an amorphous mass. In some
places the necrosis involved the entire depth of the crypts of Lieber-
kiihn, a series of strie indicating their foriner existence. Those whose
epithelinm still remained were plugged with a cylindrical mass, inclos-
ing broken-down nuclei. The bacteria had exerted their poisonous
effects from the surface of {the mucosa towards the depths, destroying
the surface epithelium and glandular structures and involving second-
arily the submucous layer. Near the rectum this continuous mass of
dead tissue was replaced by isolated ulcers embedded in an intensely
reddened mucosa. The ileo-ceecal valve was much swollen, but the
necrosis did not extend into the ileuw, although there were a few ulcers -
near the valve, and the epithelium had a pale, lusterless aspect, as if
dead. The liver was filled with blood, which readily clotted as it owed
from the cut surface. Spleen congested and but slightly enlarged.
Lungs hypostatic. The lypmphatic glandsin general not much affected.
Two liquid cultures from the blood were turbid next day, and contained
hog cholerabacillionly. In a gelatine tube culture from theliver about
a dozen colonies developed in each needle-track.

No. 342, which was fed with the same quantity of culture liquid, bat
wasnot deprived of food previously, wassomewhatillon thefollowing day.
It recovered, however, and continued apparently well for several weeks.
1t began thereupon to grow thin and weak. On January 26 it was no
longer able to rise, and was therefore killed for examination, in order to
conclude the experiment. On opening the abdominal cavity it was at
once perceived that the animal had been suffering from a very intense
disease of the large intestine, a portion of which was firmly attached to
the bladder. When dissected out and slit open, the mucous membrane
of the ceecum and colon was found replaced by a brownish friable layer
of necrosed tissue. The wall of the intestine was infiltrated to such an
extent that it was nearly one-fourth inch thick, and so Cegenerated that
the forceps easily tore through it. The thickness of the walls pre-
vented the intestine from collapsing after it was opened. Its only con-
tents was a brownish liquid mass. The glands of the meso-colon were
very large, some like horse-chestnuts. On section the entire tissue was
very pale, almost white. Thespleen was somewhat enlarged ; the Mal-
pighian corpuscles unusually large and prominent on section. Lungs
and heart normal; kidneys deeply reddcned throughout.

This case is very interesting in completing the information gained by
this feeding experiment. No. 348, which had been fed with sodium car-
bonate, besides being deprived of food, died three days after the ingest-
ion of the culture. No. 350, which was simply starved, died ten days
thereafter, while No. 342, which ate the culture without being previ-
ously starved, was dying on the thirty-fourth day.

These results show that infection may occur by way of the digestive
system, provided the destructive action of gastric digestion be pre-
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vented, as was done by starving and by the use of an alkaline car-
bonate. ‘

They also indicate how purely local this destructive action may be.
Gelatine cultures from these animals showed that the internal organs
contained but very few bacteria. So few were they in fact that the
microscope alone could not have demonstrated their presence in the
spleen.

In addition to the cases given, equally positive results were obtained
at four different times by the feeding of pure cultures. Some of these
results have been mentioned in other places (see page 207 of the Report of
Bureau of Animal Industry for 1885). It was also found that small
quantities up to 100 cubic centimeters (} pint) may be fed to most pigs
without obtaining any fatal results. Sometimes the fed animal becomes
very sick, but recovers; sometimes no disturbance whatever is pro-
duced. .

These experiments prove conclusively the causal relation between
the bacilli of hog cholera and the disease so called. They show that
pigs fed with nothing but sterile beef infusion, to which the minutest
speck of growth from a hog cholera culture was added and in which the
bacilli thus introduced were allowed to multiply for one or more days,
were destroyed by a disease identical with hog cholera, but far more
rapid in its course and more severe in its manifestations.

SUBCUTANEOUS INOCULATION.

Subcutaneous inoculation with hog cholera bacilli from cultures is
successful in only a small percentage of cases, except when these germs
are unusually virulent. In the report for 1885 several cases of success-
ful inoculation are given, among which the following deserve to be
briefly quoted:

November 27, 1885.—Two pigs (Nos. 112, 114) were inoculated sub-
cutaneously into the thigh with 3 cubic centimeters each of a pure liquid
culture. No.114died nine days after inoculation. The superficial ingui-
nal glands were swollen, with hemorrhagic points in medulla. Spleen en-
larged, dark. Extravasationson auricular appendages of heart. Lungs
®dematous; bronchial glands enlarged, dark red throughout (hemor-
rhagic). Glands of abdomen in general hemorrhagic, except those of
mesentery ; petecchie under serosa of ceecum. Kiduneys with glomeruli
appearing as blood-red points, the entire organ congested. Mucosa of
fandus of stomach, lowest portion of ileum, and of the czecum and colon
deeply reddened with slight extravasation. Cover-glass preparations as
well as cultivations in gelatine and beef infusion revealed hog cholera
bacilli, and these only.

No. 112 died on the 15th day. Diarrhea appeared two days before
death. The lesions in this animal resembled those of No. 114, with the
following differences: Spleen very large, dark, friable. Kidneys less
congested. Lungs with minute hemorrhages throughout the paren-
chyma. Ecchymoses beneath the endocardium of left ventricle. Lym-
ph%ics and digestive tract even more congested and hemorrhagic than
in No. 114,

/



110

The success of these inoculations among numerou;, failures in subse-
quent trials must be ascribed to the exceptionally virulent disease of
that year, for no cases have been observed since which died so sud-
denly and presented such severe hemorrhagic lesions of the various
vital organs.

The following experiments, made with blood taken from the heart of
swine affected with hog cholera and killed for the purpose, are taken
from the report for 1886:

September 10.—A pig dying with the disease was killed, the heart care-
fully exposed, and the blood drawn with a disinfected hypodermic
syringe. Nos. 329 and 333 received subcutaneously 5 cubic centimeters
each, one-half in each thigh. No. 329 in a few days lost its appetite, be-
came weak and stupid. Found dead October’. Slightlocal swelling at
the points of inoculation; superficial inguinals greatly enlarged; hypo-
static congestion of lungs; complete necrosis of mucous membrane in
cecum ; large scattered ulcers in colon, showing as whitish patches on
serous surface and encircled by a crown of enlarged blood vessels ; bac-
teria in spleen.

No. 333. Slightly ill for a time; fully recovered; died December 2,
with no other lesions than engorgement of liver; no signs of former ul-
ceration. .

A second experiment was made in the same way.

October 13.—Nos. 324 and 325 inoculated as in the preceding experi-
ment, 10 cubic centimeters of blood being used for cach animal. No. 324
was found dead November 1, after being off feed for a time; deeply red-
dened skin over caudal half of abdomen; superficial lymphatics ex-
tremely large and serously infiltrated ; on section, hemorrhagic points;
at point of inoculation the connective tissue is infiltrated; 50 to 75 cubic
centimeters clear amber serum in abdominal cavity ; papille of kidneys
deeply reddened; slight congestion, but no ulceration in large intestine;
lymphatics in general moderately tumefied and congested.

No. 325 found dead Uctober 29; reddening of skin as in 324; ex
travasation in connective tissue; spleen greatly enlarged, purplish;.
lymphatics of thorax and abdomeén purplish—enlarged ; petecchie on
section of kidney and "pelvis, also over entire surface of epicardium;
lung tissue mottled both on surface and on section with purple spots,
due to blood extravasation into alveoli, so that it scarcely floats ; mnucous
‘and serous surface of small intestine dotted with petecchiz ; small hew-
orrhages on the surface of the mucous membrane and into the submu-
cous tissue of the eaecum and upper colon; ulceration beginning.

On first thought we might be inclined to attribute these successful
results to a greater virulence of the germs in the injected Llood. This
view needs farther confirmation, however. The injected blood coagu-
lating in the connective tissue contains in it the bacteria, which are not
ouly protected from the aggression of cellular elements, but have actu-
ally a store of nourishment upon which they may live and wmultiply.
No such advantages are presented to bacteria suspended in liquids
which are readily absorbed, leaving them to the mercy of the tissues
surrounding them. The local reaction in the above animals was very
insignificant compared with that produced by liquid cultures. In order
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to come to any conclusion it would be desirable to add a few bacteria
from cultures to fresh blood, and observe the relative virulence by sub-
cutaneous inoculation. ..

Elsewlere in this volume will he found a small number of successful
inoculations with pure liquid cultures among a large number of unsuc-
cessful ones. The inoculations were made for the purpose of determin-
ing whether they would confer immunity. In reading over these ex-
periments it will also be seen that such injections produce swellings
varying from the size of a pea to a hen’s egg. The tumor is developed
in the subcutis and consists of a yellowish white, tough tissue, breaking
down in the center into a grumous mass after a period of one or more
months.

In view of these facts we can not consider wounds or bites inflicted
on the surface of the body a means of infection, excepting, perhaps, in
epizootics of extieme virulence. Nor can we ascribe much influence to
the stings of insects in inoculating the virus from one animal to another,
as this would correspond to subcutaneous inoculations on a minute
scale. Flies may, however, infect food in various ways, to be dwelt
upon in subsequent pages.

INTRA-VENOUS INOCULATION.

Tho injection of hog-cholera virus (from the splecn of a pig examined
near the city of Baltimore, Md.) into the circulation was tried but once,
and this trial was successful in producing a hemorrhagic septiceemia
such as we frequently encounter in outbreaks of the disease, and which
proved fatal in less than three days.

November 12,1883.—Pig No. 90, black and white,about five months old.
The right crural vein was exposed by raising a triangular flap of skin
over it after thoroughly disinfecting the latter with a one-fifth per cent.
solution of mercuric chloride. Five cubic centimeters of a beef infusion
peptone culture inoculated from an agar culture about a week old was
injected into the exposed vein with a hypodermic syringe thoroughly dis-
infected with 5 per cent. carbolic acid. The liquid culture was two days
old when used. Two hours after the inoculation the temperature had
risen from 103§ F. to 1070, November 13 there was no swelling, but a
slight serous oozing at the place of inoculation. The appetite was good.
November 14, at 3 p. m., the temperature was 1073. The animal was
disinclined to move, although it came to eat in the morning and even-
ing. November 15 it lay on its side quietly, with occasional kicking.
Found dead at 4 p. m. Autopsy held immediately.

General blush on skin of ventral aspect, snout, and lips. No swell-
ing at the point of inoculation; slight blood extravasation. Spleen en-
ormously enlarged, 14 inches long, 2 to 3 inches wide, and one-half
to 1 inch thick, gorged with dark blood, and friable. Superficial in-
guinals enlarged, cedematous; on section diffuse pale red spots; cortex
congested. Bronchial and renal glands enlarged, partly hemorrhagic,
gastric glands hemorrhagic throughout substance. The Dblood is thick,
dark colored, coagulation slight, even after several hours’ exposare to
the air. Several petccchiz on epicardinm of right auricle. Right side
of heart distended with Dblood; in it a small white clot. Left side



112

contracted, empty. Lungs normal, excepting one-third of left ventral
lobe, which is collapsed. Kidneys enlarged, deeply congested through-
out. The surface is thickly dotted with minute deep red points. The
papille so deeply reddened that any extravasations would be unrecog-
nizable. A few petecchie in pelvis. Bladder contains about 30 grams
of urine tinged with blood. The whole mucosa of stomach is deeply
congested. In fundus it is hemorrhagic with numerous patches of nec-
rosed epithelium one-fourth to one-half inch across.

The upper 8 inches of duodenum in the same condition as the fundus
. of stomach. Numerous red points scattered over mucosa of entire small
intestine. In lower ileum a few hemorrhagic points. The mucosa of
caecum and upper colon very slightly congested, but the remaining two-
thirds intensely so. Hemorrhage here and there sufficient to stain the
feces with blood which were otherwise normal. The mesenteric and
meso-colic glands all deeply congested throughout their substance.

Cover-glass preparations from spleen pulp showed a large number of
hog cholera bacteria. Cultures from the same revealed the presence of
the same organisms only.

INFECTION BY WAY OF THE LUNGS.

It has been maintained by some observers that infection may take
place through the lungs. Bacteria dried and carried about with the
dust are supposed to be deposited in the lung tissue Ly the inspired
air. It is of considerable importance to determine whether germs car-
ried by currents of wind can in this way produce an outbreak at a dis-
tance. There are two questions involved which must be dealt with
separately in order to get as clear an idea as possible of this rather
perplexing subject. (1) Do bacteria of hog cholera when inhaled pro-
duce a disease which is similar to the disease described in these pages,
i. e., without extensive lung lesions ; and (2) do hog cholera bacteria pro-
duce a specific disease of the lungs when there deposited just as they
produce intestinal disease whenswallowed? Thefirst question, whether
the langs may be considered an entrance of the virus when in the dried
condition, is one for which not sufficient proof is at present forthcom
ing. Several experiments have been made at the experiment station
to produce the disease by spraying pigsin a tight box with liquids con-
taining hog cholera bacteria and by injecting them suspended in liquids
into the trachea. In no instance was the disease produced. Several
times bacteria were injected through the walls of the thorax into the
pleural cavity and lung tissue without any result, excepting in two in-
stances given on page 55. In one aniiral there was some pleuritis but no
pneumonia. On the other hand the large intestine in this animal was
severely diseased as in natural infection. In the other animal death
occurred seven months after inoculation. The lung disease was most
likely the combined effect of lung worms and the mechanical injury re-
sulting from the inoculation.

If we must conclude, therefore, that animals are but rarely infected
through healthy lungs, it is still less likely that these bacilli produce
quite uniformly disease of the lungs, as has licen assumed by other ob-
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servers without adequate proof. In the notes of the outbreak given on
page 54, this subject has been pretty thoroughly discussed in the light
of evidence furnished by bacteriological tests. The results there reached
may be briefly summarized that lung disease or pneumonia of a severe
character is not often found in hog cholera. The slight broncho-pneu-
monia frequently met with is most probably due to catarrhal conditions
and to the aspiration of foreign bodies. There is, however, this very dis-
eased condition of the lungs which may favor infection through them.
When there are present foci of broncho-pneamonia, hog cholera bacteria
inhaled may lodge there, multiply in the secretion of the smaller bronchi,
and cause an extension of the disease not possible in healthy lungs.
From there they may be coughed up and swallowed, carried into the
large intestine, where they exert their most destructive activity. In
this sense the lungs may become the entrance of the virus, but only
when previously diseased. In the examination of such diseased lobules
of the lungs, in the outbreak referred to, hog cholera bacteria were found
in almost every case. In these cases it is difficult to decide whether
they entered the diseased lobule from without by way of the bronchi—
i. e.,, with the air inspired—or whether they were deposited there by the
circulating blood. _

The question of the relation of lung disease to hog cholera has been
complicated by the existence of an infections pneumonia in swine, which
we have called swine plague. This disease, which will be treated of
in a special publication, appears over a large part of our country at
times in virulent epizootics. It is caused by a widely distribute« septic
organism, and appears occasionally in swine suffering from hog cholera.
In a number of such cases both disease germs have been obtained {rom
the same animal.

We do not exclude infection through the lungs as improbable in hog
cholera, especially in epizootics characterized by more than usual viru-
lence. At the same time long experience at the experiment station has
shown that swine do not become infected in pens only a few hundred
feet away from pens full of sick and dying animals. Currents of air
can thus have but little powerin distributing germs capable of inducing
the disease.

SOME OBSERVATIONS ON THE PATHOLOGICAL ACTION OF HOG-
CHOLERA BACTERIA.

We have frequently recurred to the fact that the intestinal tract scems
to suffer more or less exclusively in hog cholera. The changes there
produced belong chiefly to the necrotic and ulcerative type, combined
with a variable amount of necoplastic growth in the bottom of the ulcer.
In connection with this work it has been impossible to make any ex-
‘tended observations on the genesis of these ulcers owing to the exactions
of other work. Whatever may be suggested here muvst be regarded
simply in the light of inferences from lesions as they were observed
post mortem.

15612 4 c—=8
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The ulcers are produced in most cases by a process beginning at the
surface of the mucosa. This is shown very well by sections of ulcers
in which only a portion of the tubular glands have Leen necrosed,
What this process is must be left an open question. It seems very
probable that the bacilli invade the tubules and blood-vessels of the
mucosa, by tkeir rapid multiplication plug the latter, and cause a coagu-
lation necrosis of the most superficial portion of the membrane. The
various bacteria present in the intestine then complete the breaking:
down of the nembrane, and an ulcer is formed. Ulcers may, however,
Le formed by Dbacteria carried thither by the blood, for ulcers are pres.
ent in-those animals upon which subcutaneous inoculation has been
practiced (p. 110). In these cases the plugs or infectious emboli are
situated probably in the submucosa. The resulting ulcer is deeper and
more extensive. '

The formation of plugs or thrombi is coniirmed by inoculations in
rabbits (p. 69). The process of coagulation nécrosis, as the result of
plugs in the capillaries of the liver, may le seen in almost every case,
Mieroscopic examination likewise reveals their growth in masses in the
internal organs.

The nature of the hemorrhagic lesions go frequently observed in hog
cholera demands some attention. The rupture of minute and some-
times larger blood vessels is no doubt due to the same process of throm-
bosis and embolism in which the thrombi and emboli may be made up
more or less entirely of bacteria. Whether these plugs bave a directly
destructive action (necrosis) upon the delicate vascular wall so as to
produce rupture and extravasation, as has been suggested in former
reports, or whether the action is merely mechanical, or whether both
causes are at work, it would be impossible to say. At all events these
hemorrhages are frequently the precursors of ulcers in the intestine,
and iu some cases the only lesions which were observed were hemor-
rhages from large aud small vessels. We may picture to ourselves the
process, beginning, in most cases, with local ulceration in the large in-
testine (ceecum). The bacilli may be carried themce through injured
vessels into other parts of the body, and to other portions of the in-
testine, where fresh ulcers may appear; or the bacilli may be carried
onward from the first ulcers to portions of the intestine lower down,
where they again attack the mucous membrane.

In many cases the quantity of virus introduced into the digestive
tract is so great—as when pure cultures of hog cholera bacilli are fed—
that destruction of the mucous membrane goes on at the same time
throughout the czcum and colon, becoming less severe as the rectum is
approached. The paralysis of the large intestine may cause extensive
necrosis of the ileum. In these cases the action of the bacilli is purely
superficial at tirst, penetrating deeper and finally reducing the entire
-wall to a friable mass, greatly swollen by the infiltration of lencocytes.
In such feeding experiments we may also observe grades of lesions as
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we go away from the valve in the ileum and in the colon. Instead of
the conversion of the mucosa into a thickened, discolored, and roughened
membrane, an amorphous, dirty grayish exudate may be found on it.
The destruction, going on very slowly, causes a reactive inflammation,
manifested by the exudate. ’

The genesis of the intestinal lesions in the rabbit is somewhat differ-
ent. They appear quite late in the disease as a result of the discharge
of bacilli from the necrotic foci of the liver tissue into the bile duct.
They arc limited to the duodenum and large intestine, and are especially
severe in the latter, forming there peculiar haematomata or blood tu-
mors, accompanied with a fibrinous exudate. The same lesions are
obtained by feeding cultures. In view of this localization in the rabbit
and pig we must admit that hog-cholera bacilli exert their primary
action where they arc retained for a considerable time by the feces.
and thus have an opportunity of multiplying before they attack the
mucous membrane. . _

The size of the spleen, sometimes enormous, seems to stand in no
direct relation to the number of bacilli present. Sometimes a very
highly congested spleen harbors only the average number of germs.

The presence of hog cholera bacilli in the lung lesions met with in a -
small percentage of cases has already been dwelt npon (p. 54). The
lesions themselves show nothing characteristic. They are usually re-
stricted to the most dependent lobe, the ventral on one or both sides,
and to the writer they simply indicate a proneness of catarrhal intlam-
mation in young pigs, due, no doubt, to the aspiration of food and dirt,
consequent occlusion of bronchi, atelectasis, and broncho pneumonia.
The hog cholera bacilli which may be found here in most cases are present
for the same reason that they are found in the spleen. Circulating in
the blood, they find the contents of the diseased and plugged air tubes
and alveoli a very suitable medium for multiplication. In this way they
way add to the irritation and cause extension of the disease.

Itsecms pretty certainthat the chief damage done by hog cholera bacilli
lies in their power to grow in plugs in the small vessels. The simple
reason why we have such severe lesions in the intestinal tract, although
the bacilli are present in small numbers in the internal organs also, lies
in the anatomical nature of mucous membranes in general and their
exposed situation with reference to putrefactive processes.

If the obscure action of these bacilli on cells and cell-life could be
formulated at all, in the present state of onr knowledge the writer
wounld assame: 1. That they exercise a more mechanical influence by
thrombosis, which leads, in the mucous membranes, to circumscribed
necrosis. Death oceurs not by the direct poisonous action of ptomaines,
but from secondary causes, such as changes in the liver, septic infec-
tion. 2. Inacute cases the bacilli possess a greater power of invading
the circulation. There they multiply rapidly enough to caunse rupture
of blood vessels in all the vital organs. Death may occur in these cases
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by a ptomaine poisoning of the nerve centers due to the large number
of bacilli in the blood, or the loss of so much blood drawn from the
circulation, or, what is more probable, by hemorrhages in the substance
of the central nervoussystem. Whether this greater ability to invade
the vital organs depends upon the production of a more poisonous pto-
maine, which paralyzes opposing forces, or to other physiological prop-
erties, belongs to the future for solution.

Concerning the variation in the destructive nature of hog cholera
bacilli little that is positive can be said. We have observed, for instance,
that the disease dies out after a time in a herd, very frequently because
there are no more animals left, or because the few that have survived
have Deen exposed in such a way as to acquire immunity. But it has
also been observed at the experiment station that the disease may dis-
appear, even when fresh animals are exposed to it from time to time.
The decline in virulence may be due to the particular season with its
frosts or droughts, and other meteorological changes, or it may be due
to a gradual weakening of the virus as it passes through the system of
the exposed swine. Wehave observed several times that when a serics
of animals are fed with infected viscera, cach from the one preceding it,
the earlier ones of the series will develop the most severe disease. The
later ones are affected by a more chronic malady, and finally a pointis
reached when no disease is produced. In suchanr experiment self-inoc-
ulation or vaccination must be eliminated, as the animals are not exposed
previous to the feeding. But aside from this gradual dying out of par-
ticular epizootics, we have noticed a difference in the outbreaks them-
selves from year to year. In some the acute, hemorrhagic type would
prevail, in others a more chronic ulcerative type. Such differences are
most likely due to modifications of the disease germ itself, although here
also it is difficult to eliminate differences in the animals due to race,
feeding, cleanliness, cte., and differences due to the time of the year.
As regards the manifestation of differences in the bacteria themselves
none can be formulated.

BACTERIOLOGICAL INVESTIGATIONS OF HOG CHOLERA IN NEBRASKA,
ILLINOIS, AND MARYLAND.

The facts which have lLeen gathered concerning the bacillus of hog
cholera were obtained chiefly {from epizootics occurring in the District
of Columbia. The advantages of a Dbacteriological laboratory con-
nected with the Bureau made investigations possible which could not
be made in the field. It was, however, necessary to confirm the results
already obtained by investigations elsewhere. These have led to the
discovery of the same bacillus in Nebraska and subsequently iu Illi-
nois, thus identifying the disease in widely-separated localities.

Nebraska.—In March, 1886, the bacillus of hog cholera was isolated
from one of ten spleens sent from Kansas and Nebraska. Though care-
fully removed by the inspector and placed in sterilized bottles plugged
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with cotton wool, none came in good condition, owing to the long delay
on the road. Small bits of spleen were placed under the skin of a num-
ber of mice. Two which had been inoculated from the same spleen
died of hog cholera. These experiments are reported in full in the Third
Annual Report of the Bureau, and therefore need only to be summarized
in this place. The bacillus obtained in a pure condition from these mice
was carefully tested upon other mice, upon rabbits, and upon pigeons.
The pathogenic effect was the same as that of the bacillus from eastern
outbreaks. It was, however, readily observed that the Nebraska ba-
cillus was less virulent, as it did not kill guinea pigs. A number of
inoculation and feeding experiments were made upon pigs in order to
produce the disease. All but two failed to show any disease. These
two, fed with liquid cultures, were made ill, and one very sick was killed
on the ninth day after feeding. The large intestine showed intense
congestion, vith a few patches of adiptheritic membrane in the cecum.
No bacteria were obtained in cultures from the internal organs. This
experiment, which was not very satisfactory, was repeated by feeding
a larger quantity of culture liquid. The result was entirely satisfactory,
as the following description of the experiment will show. Moreover,
the feeding took place nearly nine months after the microbe had been
obtained originally from the spleen. During this time it had been cul-
tivated in various media, passed through mice and rabbits, so that no
trace of any spleen substance or foreign material could have been pres-
ent in the culture liquid which was fed. The result also indicates that
the pathogenic power of the bacillus was in great part retained during
this time.

A flask containing bLetween 500 and 600 cubic centimeters of sterile
beef infusion was inoculated from a culture (rabbit), and after standing
gix days in the incubator the entire amount was given to a pig which
had not been fed for thirty six hours. The culture liquid was covered
with a thin membrane, and on microscopic examination contained only
the motile Lacillus. The animal became dull and weak, eating little.
The bowels were loose on the fourth day. On the fifth it was unable
to rise, and on the sixth it was found dead. The autopsy notes are
briefly as follows:

In the abdominal cavity several hundred cubic centimeters of a red-
dish serum, a thin translucent exudate covering the peritoneum of the
intestine, which is diffusely reddened. Between the layers of the mesen-
tery, along the line of attachment to small intestine, an abundant trans-
lucent gelatinous exudate. Spleen very dark on section; the surface
dotted with elevated points of extravasated blood. Liver congested.
Lungs normal, with exception of a few lobules, which are simply col-
lapsed.

- Almost the entire digestive tract was found involved. Around the
cardiac orifice of the stomach a zone of mucous membrane about 2
inches in width was covered with whitish diphtheritic patches. Isolated
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ulcers in duodenum. About 6 or 7 feet of the lower portion of the
small intestine very much thickened, the mucous membrane covered
with a thin sheet of necrosed tissue, whitish, brittle. The cecum and
portion of the colon greatly thickened and covered with a thick layer

-of necrosed tissue very rough and brownish. Near rectum necrosis
gives way to closely set, isolated, roundish diphtheritic clevations of a
whitish color, which leave a raw surface when scraped away.

These lesions were; therefore, as intense as any produced by feeding
pure cultures of hog cholera bacteria obtained from the East. The spe-
cific identity of the two Lacteria from Nebraska and the East was thus
completely established. . '

In the liver and spleen the bactcria were few, for a cover-glass prep-
aration from eachorgan did not show apy after some searching. Liquid
cultures from the blood (heart), spleen, and liver were turbid on the
following day, and all contained the motile bacillus. Within four days
complete membranes had formed on the surface. That the bacteria
were very few in blood from the heart was indicated by a gelatine tube
which had been inoculated several times with a platinum wire dipped in
blood ; no colonies were visible on the fourth day. Of three liquid
cultures, each inoculated with a loop of blood, two remained sterile. 1t
was presumed that the liver would contain the largest number, inas.
much as the portal circulation received its blood from the seat of the
disease. Thisassumption was confirmed by the very abundant colonies
surrounding a piece of liver tissue which hadbeen dropped into a tube
of nutrient gelatine.

In order to make certain of the pathogenic powers of the cultures
obtained from this case of feeding the tube culture from the liver was
used to infect two rabbits. The skin on the inner aspect of one thigh
was carefully shorn and disinfected with .1 per cent. corrosive sublimate.
An incision was wade through the skin, and with a loop dipped in the -
surface growth of the culture a minute quantity was introduced into this
pocket. The larger of the two rabbits was found dead on the fifth
day. The lesions were briefly as follows:

Slight amount of pus at the place of inoculation. Neighboring ingui-
nal glands enlarged and infiltrated with blood. Surrounding vessels
much injected and very tortuous. Liver very friable, spleen dark and
enlarged ; both dotted with points and stellate spots of coagulation
necrosis, especially numerous on the caudal surface of the liver. Both
organs contained the bacteria of hog cholera in large numbers. Lungs
hypostatic. A small number of ecchymoses beneath pleura; very few
bacteria in kidneys and Leart’s blood.

The second rabbit was found dead on the sixth day. The lesions
were the same, if we except the more pronounced coagulation-necro-
sis in the liver and its absence in the spleen. The bacteria of hog
cholera were distributed as above; very abundant in spleen and liver ;
lungs normal.

Gelatine tube cultures from spleen aud liver of these rabbits confirmed
the microscopic examination. Liquid cultures from the blood contained
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the motile bacteria, which had formed a brittle surface membrane on
the second day.

Differential characters of the hog cholera bacillus from Nebraska.—The
bacillus when stained on cover-glass preparations from the spleen and
other viscera, closely resembles the one found in the disease prevalent
in the East, so that it is impossible to distinguish them in this way.

A few minor differences revealed in the various culture media indi-
cated, however, that the two microbes were not alike in every way, and
brought up the very interesting question of the variation of species
of bacteria and the influence of such variation on the severity of epi-
demics. ‘

The most noteworthy difference was observed in liquid cultures.
Within twenty-four hours after inoculation from the spleen or blood the
culture liquid became turbid, and upon its surface a complete membrane
was present in nearly every case. This whitish membrane is not homo-
gencous, but made up of patches of varying thickness, and when shaken
slowly scttles to the bottom in lumps and flocculi. The microbe of
Eastern outbreaks does not form a membrane within several days after
inoculation, and then only when the tube remains perfectly quiet. It
appears as a whitish ring attached to the glass.

In other respects the two microbes differed so little that no mention
need be made of these differences here. We have, therefore, only the
membrane ‘on liquid cultures and a slightly diminished virulence, by
which the bacilli from Nebraska were distinguishable from those ob-
tained from Eastern epizootics. Both of these characters are variable
ones. The membrane can be produced in part by cultivating the East- .
ern germ for a long time at a high temperature. The variation in vir-
ulence is observable during the course of alnost every epizootic.

Illinots.—From the spleen of an animal affected with hog cholera the
specific bacillus was obtained during some investigations conducted in
tbis State in the summer of 1886. The bacillus presented no differnces
whatever from the one obtained in Eastern outbreaks. Its effect upon
rabbits acd mice was precisely the same. Its fatal effects when fed to
a pig is well illustrated by the following experiment :

A pig was kept without food for over tweunty-four hours. A 2% per
cent. solution of sodium carbonate in meat broth was then given to
it. Of this itconsumed aboutone liter, taking thus about 25 grams of the
salt. It was then fed with about50cubic centimeters of gelatine cultures
and 100 cubic centimeters of liquid cultures of the hog cholera bacillus
obtained from rabbits which had succumbed to inoculation and from the
original gelatine culture of the spleen made in Champaign County,
Ill. The animal was found dead December 4, scarcely three days af-
ter feeding. This was the briefest period of illness thus far observed.
The lesions were very pronounced. Pyramids of kidneys deep red
throughout; glomeruli visible as dark points. Lungs pale, not fully
collapsed. Rightheart filled with semi-coagulated blood. Liver gorged
with blood. Mucosa of stomach intensely reddened, especially along
fundus, and covered with a thick layer of tenacious. mucus. Mucous
membrane of ileum similarly atfected. Peyer’s patches exceedingly



120

dark red, showing through serous coat. When viewed from the mu-
cous surface the elevated border gives each a slightly concave boat-
shaped appearance. The colon also deeply congested, alinost hemor-
rhagic in patches, filled with a small quantity of semi-liquid feces. The
rectum still filled with consistent masses. The mesenteric glands con-
gested.

The feeding bad thus produced a very severe inflammation of the
digestive tract. The diagnosis was further confirmed by obtaining pure
liquid cultures from the spleen, the liver,and blood from the heart. The
bacteria were not sufticiently numerous in these organs to be detected
by the microscope. To make sure that the carbonate of soda had no
corrosive effect, another animal was treated precisely in the same way
by starving and feeding a solution of the salt. Noill effects whatever
were manifested.

Inordertotestthespecific pathogeniccharacter ofthe bacillusobtained
from thisanimal a large rabbit was inoculated subcutaneously with about
one-eight cubic centimeters of a liquid culture from the blood. On the
sixth day the rabbit was lying on its side; abdominal breathing very
labored. It was found dead on the next day. Slight thickening of the
subcutaneous tissuc and fascia covering the thigh muscles at the point
of inoculation. The muscular tissue covered with minute ecchymoses
around the infiltrated pateh. Small quantity of serum in the peritoneal
cavity. Spleen very large, blackish, exceedingly friable, and crowded
with bacteria. Liver enlarged; interlobular tissue pale; the entire
parenchyma very soft and brittle. Dotting both surfaces of all the
lobes are swall, grayish-white patches, involving one, two, or three,
rarely more, acini, and bounded very sharply by the acini themselves.
Peculiar figures are thus formed, three contiguous ounes giving the
patch a clover-leaf appearance. On section they are found to extend
to the depth of one or several acini into the parenchyma. The great ma-
jority of these masses of coagulation-necrosis involve lobules on or near
the surface. Only a few are in the depths of the organ. When such a
whitish mass is spread on a cover-glass and stained innumerable bac-
teria of hog cholera make their appearance. The rest of the tissue is
likewise crowded with them. Beneath the pulmonary pleura are large
purplish patches of extravasation, which on section extend deeply into
the parenchyma. The lung tissue is in general congested. Blood from
the beart contained very few bacteria. No cultures were made.

Maryland.—During September and October, 1888, an epizootic of hog
cholera was started at the experiment station by a sick pig brought
from near the city of Baltimore, Md. The hog cholera bacillus had been
previously obtained from the spleens of two animals killed at Balti-
more. At least twenty, which had been either simply exposed in pens
or fed with the viscera of dead animals, succumbed to the disease. In
all cases pure cultures of the specific bacillus were obtained directly
from the spleen. Its effect upon rabbits and mice, its appearance and
mode of growth, did not differ from the bacillus as described in the fore-
going pages.

RELATION OF HOG CHOLERA TO THE PUBLIC HEALTH.

The importance of knowing whether or not certain infectious animal
diseases have any deleterious influence upon human health, or are the
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direct cause of human disease, is not even second to the economic im-
portance attaching to animal diseases. There ave some animal diseases,
such as glanders, tuberculosis, anthrax, and rabies, which are directly
communicable to man. This {ransmissibility was known before the
specific bacterial organisms of these diseases had been discovered.
There are other animal diseases not proved to be transmissible to man,
whose causes have only been definitely recognized within the past few
years. As regards these it is quite pertinent to ask, in the light of
present knowledge, whether they have any relation to human diseases.
Auimal discases when communicated to man may become so changed in
character as to be unrecognizable. Hence we must determine whether
the specific micro organisms of animal diseases are found in human dis-
eases or not; in other words, whether the causes are identical. During
the course of these investigations this problem has been constantly
borne in mind. The question to be settled first has reference to the
presence of hog cholera bacilli in human diseases. Tbhere are two mala-
dies of mankind which resemble hog cholera in many respects—typhoid
fever and dysentery.

Typhoid fever is an infectious disease of man, prevalent throughout
the civilized world, while hog cholera is known to exist only in North
America and the British Isles, and during last year it has been identi-
fied on the continent of Furope. Hence there could be no clese relation-
ship between the two diseases, for they would naturally occur together
if they were identical. But there is another reason for their'non-iden-
tity ; the micro-organisms which produce them are different. Tbus the
typhoid fever bacillus is a Jonger rod than the hog cholera bacillus, its
movement in liquids is more sluggish and of a somewhat different char.
acter. Its growth on boiled potato is almost pecualiar to itself. More-
over, it has no pathogenic effect upon any animal thus far tried, and
we know that the hog cholera bacillus is fatal to mice, rabbits, guinea.
pigs, and pigeons after subcutaneous inoculation, and to pigs when fed
to them. Hence there remains not the shadow of a doubt that genuine
typhoid fever and hog cholera are distinct diseases.

They do, however, belong to the same general class of infectious
diseases. In both,infection very likely occurs chiefly through the food
and drink. In both the lesious are ulcerative in character, located in
the pig in the upper portion of the large intestine, in man in the lower
portion of the small intestine. It is true the ulceration may be the
secondary stage of processes primarily different anatomically speaking,
but we know as yet too little of the relative effcct of irritants of the
same kind, but of different intensity, to venture any positive statement.
In both diseases the invasion of internal organs by the specific micro-or-
ganisms takes place, so that they are readily obtained from the spleen.
In both they appear in clumps or colonies in the capillaries. There is
also a gencral resemblance of the two organisms, both as regards their
appearaunce, motility and growth in various media when we compare
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them with the bacteria of other infectious diseases in man and animals.
We may therefore conclude that although these two diseases are en-
tirely distinet there exists a close relationship between them as to the
cause, the manner of infection, and the type of disease.

Hog cholera is allied to the disease or group of diseases known as

dysentery even more closely than to typhoid fever. It resembles, per-
haps, most nearly that form called epidemic dysentery. Of the causes of
this disease very little is known. That the epidemic type is caused by
micro-organisms of some kind is now generally accepted, and it is also
believed that there may be several distinct species of micro-organisms
which are capable of producing diphtheritic and ulcerative lesions of
the large intestine.* Anatomically hog cholera and diphtheritic dys-
entery are very much alike. The question whether hog cholera virus
can ever produce a dysenteric affection in man is not answered until we
have learnt more of the causes of the latter disease.
- The danger, if any there be, of causing disease in man would only oc-
cur upon farms where the opportunity is afforded for infection of food
and water by the discharge of diseased pigs. The preparation of pork
by cooking is sufficient to destroy the bacilli if by any chance the flesh
of diseased animals should get into the market. Experiments have
shown that a temperature of 140° K. is sufficient for their certain de-
struction. The temperature reached in boiling, roasting, ete., is of
course much higher than this.

In addition to these conclusions, which follow from the facts devel-
oped by our experiments, it may be said that with the thousands of
post-mortem examinations made by ourselves and other investigators,
there has not been a single case where the operator became infected.
In several instances it has been recorded that fresh wounds upon the
hands have been covered with virulent material during the examinations
without producing any appreciable effect. And through all the years
that this disease has prevailed so extensively ir tiie United States there
has not been a case reported where it has been shown on good evidence
to have been transmitted to the human species.

‘Notwithstanding these facts, however, we should expect, with the
prevailing carelessness in disposing of the carcasses of swine in many
sections during such outbreaks, that there would be a more or less
deleterious effect upon human health, not from the specific nature of
the disease, but from the decomposing organic matter. Too often these
carcasses are left to putrety near dwellings, or are thrown into streams
to contaminate them with decomposition products. Such practices are
dangerous to the health of the community and should be prevented by
the local sanitary officers.

* Investigations of the Egyptian dysentery by Koch and Kartulis have shown that
the cause is an organism belonging not to the class of bacteria, but to the protozoa,
and assuming the form of an ameba. This is found in large numbers in the ulcerated
walls of the intestine.



PREVENTION OF HOG CHOLERA.

ISOLATION, DISINFECTION, AND CLEANLINESS AS PREVENTIVE MEAS-
- URES.

It is frequently necessary to apply preventive measures before infec-
tious diseases have actually appeared in a herd. The discase may have
appeared on a neighboring farm, and the problem then arises : How can
the infection be prevented from spreading to other fairms? How can
the surrounding farms keep the malady from their premises ?

The sources and channels of infection are as follows, the most common
and important being placed first :

(a) Pigs purchased from infected herds, or coming in contact with those
Jrom infected farms, or running over grounds occupicd by discased sicine
actthin two or three months.

(b) Infected streams may communicate the disease to herds below the
source of infection.

(¢) Virus may be carried in feed, mzplements, and on'the feet and cloth-
ing of persons from infected herds and premises.

(d) Winds, insects, birds (particularly buzzards), and various animals
may transport hog cholera virus.

(e) In regard to a, it may be said that no pigs should be purchased
from apny locality until one year after the death of the last case of chol-
era. There are frequently near the end of an epizootic chronic cases

which may live for three or four months without showing any distine-
tive signs of disease until they suddenly die. The post-mortem exam-
ination usually reveals exteunsive ulceration of the large intestine.
The disease may thus linger in a herd long after all danger has appar-
ently subsided. By bringing any chronic cases in contact with hitherto
unexposed healthy swine the disease may spring up anew, as a dying fire
would when supplied with fresh fuel. . Although our experiments have
shown that the disease gerins may all disappear from the soil in three or
four months, the uncertainty of knowing whether there are any chronic
cases continually adding fresh virus to the'soil makes the period of one
year not too long to avoid the introduction of unexposed pigs. It is
advisable, in districts where hog cholera is very prevalent and is rarely
absent for any length of time, for farmers to raise their own pigs and
not trust to any animals from outside. In this way infection may
be at least in part kept under control. When animals have been ob-
tained from places which are not above suspicion they should not be
brought in contact with swine already on the place, but quarantined as
123



124

far as possible from them and kept under careful observation for at
least one month.

(b) Perhaps the most potent agents in the distribution of hog cholera
are streams. They may become iufected with the specific germs when
sick animals are permitted to go into them or when dead animals or
any part of them are thrown into the water. They may even multiply
when the water is contaminated witb fecal discharges or other organic
matter. Experiments in the laboratory (p. 76) have demonstrated that
hog cholera bacilli may remain alive in water for four months. Making
all due allowance for external influences and competition with other
bacteria in natural waters, we are forced to assume that they may live
at least a month in streams. This would be time enough to infect every
herd along its course.

(¢) Hog cholera germs are not immediately destroyed by drying.
Laboratory experiments show that they may retain their vitality from
two to four months. Hence it is not difficult to see how a person walk-
ing on infected ground and among infected animals may carry on his
shoes and clothing dried germs of the disease to any neighboring herd.
For the same reason hog cholera germs may be carried from infected
grounds to others by feed, and by farming implements which have come
in contact with infected ground.

(d) There is no reason to suppose that currents of air have much in-
fluence in spreading the disease. Observations at the experiment sta-
tion of the Bureau have left no doubt that healthy pigs may be kept on
the same farm with diseased ones without becoming infected, provided
the infection is not carried in feed and implements,or on the shoes and
clothing of persons from the sick to the healthy. Moreover the disease
is an intestinal malady, and all evidence points to infection through
the food rather than through the air inspired.

The agency of flies and other insects is perhaps equally limited when
infection is to be carried from one place to another. Our experiments
show very well that the sting or bite of an insect is not sufficient to pro-
duce the disease. It is possible, however, that they may carry the
virus from one place to another in the same yard. This will be dis-
cussed more fully under another head.

‘The agency of buzzards in distributing the discase in the Southern
States seems probable, although there is no positive proof. These birds
will readily consume carcasses of dead swine. If the hog cholera germs
are not destroyed Ly digestion it is reasonable to assume that the feces
contain the living germs, which may cause the disease to break out at
some distant place. Of course, the remedy would be to immediately
destroy or bury dead animals.

There is some reasou to belicve that rats, dogs, and perhaps other
small animals may carry the germs upon their feet or in their hair and
thus infect premises. 1t is probable that the contagion is only rarely
transported in this manner, but there are outbreaks the origin of which
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it is difficult to explain otherwise. YWe may readily conceive, bear-
ing in mind the facts enumerated above, how such animals might be-
come coutaminated with moist, semi-liquid, or liquid matters containing
the germs, and that these substances drying upon the feet or hair would
adhere for a considerable time. If an animnal thus infected should go
into uninfected lots occupied by swine and deposit there the smallest
particle of the germ-containing material, either in liquids standing in
the feeding troughs or in moist organic matters suitable for the multi-
plication of the microbes, an outbreak of the greatest virulence might
be set up. The number of conditions which must coinecide for the spread
of the disease in this way probably accounts for the comparative rare-
ness of this kind of infection.

Granted, then, no communication between infected and uninfected
farms, there still remains the danger of infected water-courses, upon
which it is impossible tolay too much emphasis. In fact, if the disease
exists anywhere along a stream all farms below that point are liable to
infection unless use of the water in any formm whatever is given up dur-
ing the season.

By paying particular attention to these points, there is no doubt that
the disease can be warded off, even when in the immediate neighbor-
hood. Hog cholera is analogous to typhoid fever, dysentery, and Asiatic
cholera in man in many particulars, and there is a quite unanimous
opinion that these discases are mos