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PREFACE

The purpose of the Fourth Edition of this book is to provide
students and practitioners with a text that will give them information
on the etiology and morbid anatomy of the*specific infectious diseases
of animals and the methods available for their diagnosis. It is
possible, within the limits of a workable text book, to include but a
small part of the available knowledge on each of these diseases. To
supplement the necessarily brief account, a list of the more important
publications is appended to the description of each. It is believed
that these references will give the key to the literature thereby
making it possible for the student to familiarize himself with the
present knowledge of the subject.

The sanitary significance and the economic importance of the
infectious diseases of animals are calling for a better understanding
of their nature and more efficient methods for their control. These
will be attained only through a more definite and specific knowledge
of the etiology and morbid anatomy of each of these maladies.

This edition has been carefully revised, much of it rewritten and
numerous additions made. It has been kept, however, within the
limits of a text book. Two appendices have been added, one on the
requirements for interstate shipment of live stock and the other on
the Federal regulations for the veterinary inspection of meat. These
may be of much assistance to veterinarians. The diseases not
indigenous to, or imported into, this country have been accorded
much less space than those existing here. The desire is to emphasize
the nature of the diseases our veterinarians are liable to encounter
and, at the same time, give the characteristics of the others. The
same plan of presenting the subject and of grouping the diseases
according to their etiology that was followed in the previous editions
has been retained in this.

I desire to express my appreciation of the kind reception accorded
the third edition, and for the helpful suggestions received from its
readers. It is hoped that this edition will be still more useful to the
student and practitioner. My thanks are especially due to Dr. C. P.
Fitch for making several of the photographs particularly those of
glanders, reproduced in the the text.

V.A. M.
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PREFACE TO THE FIRST EDITION

The literature on infection and the etiology and morbid anatomy
of infectious diseases of animals is exceedingly rich in the results of
new discoveries and important investigations. However, students
just beginning this study and following a prescribed curriculum
have not the time nor are they prepared to read with profit the
detailed records of original research. Such publications seem to be
better adapted for those doing advanced or graduate work. Further-
more, many of these publications are out of print and are only avail-
able for consultation. For these reasons it is believed that a volume
containing the rudiments of the subject will be of use to the student
and an aid to the teacher. It is also believed that such a work will
be of assistance to practitioners.

In preparing this volume the aim has been to bring together in a
concise form the fundamental facts in the pathology of the more
common infectious diseases of animals, especially those existing in the
United States, with which sanitarians and the practitioners of com-
parative medicine must contend. To this end the current literature,
the reports of the investigations made at various institutions and
experiment stations, as well as the standard works on comparative
pathology have been freely drawn upon, to all of which full acknowl-
edgment is hereby made.

In order to bring into consideration the clinical value of a knowl-
edge of morbid anatomy a few of the symptoms or antemortem
manifestations have been included. It is hoped that this correlation
of symptoms and lesions will stimulate a deeper interest in the study
of comparative pathology and thus render it of more permanent and
practical value for those entering into the practice of veterinary
medicine.

In selecting the subject matter care has been taken to avoid, as
far as possible, the introduction of results concerning which there are
controversies. It has seemed best to deal with those facts about
which at the present time there is little or no doubt. After the
discussion of each disease a few references to the literature are ap-
pended. These are intended simply to bring the attention of the
student to a few publications respecting the cause and morbid anat-
omy, considered in the light of modern etiology, of the disease in
question and to a few articles containing the results of original research.

vii



viil PREFACE

In order not to complicate or unnecessarily expand this text, a
knowledge of general pathology and the principles of bacteriology has
been taken for granted.

The difficulties involved in the preparation of such a text are both
numerous and obvious. The indication of errors or omissions with
any other criticisms that would tend to better the volume and
increase its efficiency for the student will be thankfully received.

V. A M.
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CHAPTER 1

ETIOLOGY, INFECTION AND SPECIFIC
INFECTIOUS DISEASES

Etiology. The development of the sciences of bacteriology and
of protozodlogy has shown that a large number of the infectious
diseases are the direct result of the invasion of the animal body by
certain species of microorganisms. A specific etiology which teaches
that for each of the various epizodtics we have a single, definite
cause is recognized and accepted by all pathologists. Although
there are a number of distinct diseases for which such a specific agent
has not been found, the evidence in the very nature of the maladies
is conclusive that for each of them such an etiological factor exists.

In studying the pathology of infectious diseases the idea of a
definite and adequate cause should be kept in mind. For many
years the etiology of these maladies was thought to be unfavorable
environment, poor hygiene or insanitary surroundings. While
these conditions may favor the spread of disease producing organisms,
they cannot cause the malady. The etiology of each of the specific
infectious diseases of animals is a definite virus which alone can pro-
duce the trouble. For many of the infections and epizootics the
properties of the specific organism are well understood. For certain
of the others, such as rinderpest and Foot-and-Mouth Disease, the
exact nature of the virus is not understood but its location in the
body of the infected animal is known. With the morbid tissues
the disease can be produced in susceptible animals and without this
definite infection, no matter what the surrounding conditions are,
the disease cannot be made to develop. These facts argue against
extraneous conditions as exciting causes.

The mystery which formerly surrounded the origin, the course
and the disappearance of epizootics has in a large degree been cleared
away; and in its place we are confronted with the problems involved
in the life history and the possiblities of invading microorganisms.
In fact, during recent years the biological sciences have been brought
into actual use by the pathologists. Etiology has become per-
manently linked to microbiology so that in seeking for the specific

1



? ETIOLOGY

cause of an infectious disease we look for some species of micro-
organism which may belong either to the animal or to the vegetable
kingdom. The fact that certain microscopic animals and plants
have become, if they were not in the beginning. parasitic on larger
and higher forms of life has long been recognized; but the idea
came later, that the various infections giving rise to a wide series
of phenomena, known as symptoms and morbid anatomy, were
the direct results of the invasion of the individual with living micro-
scopic plants (bacteria) or animals (protozoa). It is likewise true
that for many general disorders the cause may be found in the condi-
tions of life under which the individual has been forced to exist.
Etiology. therefore, in a broad sense, includes hoth the infecting
microorganisms that cause the specific infectious diseases and poor
hygiene. insanitary conditions and physical forces that may produce
non-specific morbid changes often sufficient to cause death.

Infection. The term infection is generally understood to mean
the entrauce into the animal body. from without, of living micro-
organisms capable of multiplying within the living tissues and of
producing in consequence of this multiplication a local or a general
diseased condition and perhaps the death of the individual. The
invading microorganisms may belong to any one of three groups of
microscopic life, namely, bacteria, higher fungi, and protozoa.
It is customary and convenient, if not altogether logical, to limit
the term microorganisms to these forms, excluding altogether the
entozoa and other animal parasites, most of which are not micro-
scopic in size.

Intoxication. A diseased condition produced by substances not
capable of reproducing themselves, as, for example, organic or inor-
ganic chemical compounds, is an intoxicative process. In an infec-
tion. the immediate cause of the symptoms and morbid changes
in the tissues affected may be an intoxication due to the action of
the metabolic products (toxins) of the invading microérganisms.
The theories of the mechanical interference of the invading organ-
isms with the normal functions of the body or that they absorb
the nutriment, thus depriving the tissues of necessary food, wait for
demonstration. The results of infection vary in their manifestations.

Wound Infection. If the invading organisms remain at the point
of entrance and produce local tissue changes, the condition is spoken
of as a wound infection.
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Bacteriemia. If the invading bacteria multiply in the blood and
become widely distributed in the circulation and tissues, the condi-
tion is known as septicemia or bacteriemia.

Toxemia. If the infecting bacteria remain at the point of entrance
and mulliply there, elaborating a toxin which is absorbed and which
causes the symptoms and possibly death, the condition is a toxemia.

Sapremia. If there is a febrile condition, resulting from the
absorption of the products or ptomains produced by putrefactive
bacteria. the condition is called sapremia or septic intoxication.

A Specific, Infectious Disease. If the invading organism is one
possessed of definite pathogenic properties, such as the bacterium
of anthrax, giving rise to a definite series of symptoms and lesions,
the affection is designated a specific, infectious disease.

Through the agency of metastasis, invading microorganisms
may be carried from the point of introduction to other parts of
the body, where they may become localized, multiply, and give rise
to any one of many forms of lesions. It may happen that the point
of entrance is so obscure that the resulting morbid changes are
not easily traced to an external infection. There are many illustra-
tions of this in comparative pathology, such for example as suppura-
tive cellulitis. For convenience in discussion, infections may be
divided into two clinical groups, namely: wound infections and
specific infectious diseases, although in certain instances they cannot
be entirely separated.

In arriving at a clear understanding of the nature of infections,
it is well not to be too closely circumscribed by classifications. It
is better to look upon infections as a series of processes going on
in the animal world due to the activities of infecting or parasitic
microorganisms. In other words, the lesions following an infection
are the result of a microbian parasitism.

In the study of the various forms of infection in the lower animals,
lesions have been found to contain, apparently as their causative
factors, bacteria which suggest at least that certain of the supposed
saphrophytic organisms may, under certain conditions, become
parasitic and cause more or less local or general tissue disturbance.
Many lesions seem to be produced by bacteria which are harbored
normally upon the skin. When these organisms are introduced
by accident into the living tissues they multiply and acquire, if
they did not already possess it, the power to produce tissue changes.
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We cannot, therefore, dismiss the subject of infection without a
passing consideration of the possible etiological significance, under
certain conditions, of many species of bacteria ordinarily not clas-
sified among the pathogenic forms but which more or less constantly
surround the body. In the search for the cause of many lesions
supposed from their nature to be infectious, or in applying methods
for their prevention, it is well to take into consideration microorgan- -
isms which might possibly be the causative factors and not limit
the search to the already recognized pathogenic species. Recent
investigations point to the conclusion that domesticated animals
quite frequently suffer as the result of the invasion of bacteria at
present not listed among the pathogenic microorganisms.

Wound Infection. Wound infections are the direct results of
the entrance of certain microorganisms into traumatisms and opera-
tive incisions. They fall very naturally into two classes:

Infections producing local, acute or more chronic inflammatory
processes usually leading to suppuration and finally healing by
granulation. This is the form most frequently encountered clini-
cally. The lesions are those described under acute or chronic inflam-
mation.

Infections which may in the beginning appear like the first or
which may cause so little disturbance as to be unnoticed at the time.
but later result in a local or remotely situated lesion or lesions.
Frequently these are recognized as distinct diseases although in
some cases, such as scirrhous cord, the origin is easily traced to an
operation where infection was possible.

In wound infection, the invading organism is not always of the
same species. It is because wound infection lesions anatomically
of a similar character may be caused by a number of different bacteria
that they are not classed among the specific infectious diseases.
It has been observed further, that in many lesions two or more
species of bacteria have been associated and probably share the
responsibility for the results. There is no symptom, or manifesta-
tion of tissue changes, by which one can determine positively the
exciting cause, without a bacteriological examination.

Another class of diseases that are sometimes called wound infec-
tions should be mentioned, namely, those specific diseases, such as
tetanus, where the virus is introduced through a wound either in the
skin or a mucous membrane.
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Bacteria causing wound infection. A number of species of bacteria
and a few fungi are included among the organisms that are known
to produce wound infections
in animals. Usually, how-
ever, the forms encountered
are Micrococcus pyogenes,
Streptococcus pyogenes, Bacillus
pyogenes,* Bacillus pyogenes
Suis (Grips), Bacillus pyogenes
boris (Kiinnemann), a few other
bacilli, more especially those
belonging to the colon group,
and a few species of the genus
pseudomonas. Fungi, especi-
ally the actinomyces, are
rarely found in acute wound
infections. Protozoa are very
rare excepting in specific dis-
eases which they cause and
where their entrance to the
body is by means of the bites
of insects. It is true in the
domesticated animals as in
man, that the pyogenic bac-

Fic.1. WOUND INFECTION. ASEcTION FROM  L€T1d are the "_105t common
THE WALL OF AN ABSCEss IN A HOrRse cause of wound infection. In

SHOWING THE INFILTRATION OF THE IN- .
TERMUSCULAR TISSUE WITH Pus cop- OP€N wounds they are often

PUBCLES. DRAWING MADE WITH 1 INcR  associated with a number of
OCULAR AND 2-8 INCH OBJECTIVE. ordinary saprophytic bacteria.

Frequently in closed lesions nonpathogenic organisms are present in

*Holt considers B. pyogenes to be identical with the bacillus of polyarthritis de-
scribed by von Pods in 1897. He has found it present in a number of inflammations
in animals which deviated somewhat from those caused by other pyogenic bacteria.
These inflammations are characterized by their chronic and slow course and they
are rarely followed by pyemia. The lesions differ from other abscess forming inflamma-
tions in that before the necrosis of the tissue occurs, a distinct proliferation of the same
takes place which leads to the formation of a tumorlike swelling. According to
Grips, “The development of the abscess begins with the formation of small, solid
tubercles of a spherical or linseed shape. These tubercles consist of a yellowish,
hard tissue and show on section at the beginning, a symmetrical structure. In some-
what larger tubercles one can recognize two zones, a yellow center and a gray-white
periphery. At the beginning of the purulent dissolution which sets in at the central
part one sees small drops of pus come out under pressure. The abscess comsists of
a strong indurated capsule and thick viscid pus of greenish or yellowish green color.”
This organism has been found in a variety of pathological conditions in swine and cat-
tle. In swine it seems to be intimately associated with arthritis. It is suggested by
this work that B. pyogenes may be an important factor in many morbid conditions
that thus far have not been ascribed to any specific organism.
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addition to those causing the trouble. It should be noted that in wound
infections it is impossible to predict from the general character of
the lesions the species of bacteria which are producing them although
certain bacteria cause tissue changes that seem to be somewhat
peculiar to their species. The infecting organisms can usually be
found microscopically without trouble in properly stained cover-
glass preparations made from the lesions and most of them can be
readily cultivated on ordinary media. B. pyogenes, however,
requires special media for its development and most characteristic
growth.

Morbid anatomy of wound infection. The tissue changes resulting
from an infection of the body with various microorganisms belong
with those considered in general
pathology under the headings of
inflammation, degeneration, other
retrograde disturbances and regen-
erative processes. The pathology
of ordinary wound infections con-
sists of an acute inflammation
usually leading to suppuration,
necrosis or gangrene; sometimes
the" lesions are chronic in nature
resulting in a productive inflam-
mation, and again they exhibit
F16.2. MICROCOCCUS PYOGENES. DRaw. L€ Various foms of exudates. In

ING FROM A COVER-GLASS PREPAR- other instances infection results in

T EOUILLON CULTORE: hemorrhages of varying degrees.

Occasionally the lesions may be-
come localized, as in pneumonia, lymphangitis, intestinal ulcers,
nephritis, hepatitis and the like. The morbid anatomy of wound
infection includes the variety of changes found in different forms of
inflammation. Because of this, the emphasis of the pathology of
infection rests on the etiology and the distribution within the body
of the morbid changes. It has been shown that certain infections
are slow in bringing about tissue changes and consequently many
lesions resulting from wound infection may, when they appear.
be considered as distinct maladies.

Preyention of infection. In surgical operations, wound infection
may be prevented by properly disinfecting the field of operation,
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instruments, dressings and the hands of the operator. This is a
much more difficult task than it appears. The habit of bacteria
of growing down into the hair follicles and sweat glands and beneath
the dead epithelial cells on the surface of the skin, renders it necessary
to use a disinfectant of much penetrating power in order to disinfect
the skin. In case of traumatic infection the wound itself must be
disinfected.

A specific infectious disease. A specific infectious disease is the
result of the multiplication within the animal* body of a single species
of microdrganism. The lesion may be local or general, but the cause
producing them is always the same. Thus, Bactertum anthracis
will produce a disease which is called anthrax, no other agent can
produce it and no matter how much
the lesions may vary in different
individuals if they are produced by
this species of bacteria the disease
is anthrax. It is clear, therefore, 5
that there is no hard and fast | (j
line between a simple wound .
infection and a specific infectious j\/

disease, except in the nature of the

invading organism. The course H{’__
of the disease may vary in differ- \ £
ent individuals and usually it does,

especially in different species of Fic. 3. wsrrePrococcus PYoGENES.
animals. If a man becomes acci- DRAWING MADE FROM A COVER-
. GLASS PREPARATION FROM A BOUIL-
dentally infected by a cut from a LON CULTURE. HIGHLY MAGNIFIED.
knife with which he is making a
post-mortem on an animal dead from anthrax, the lesion is liable
to be restricted to the point of inoculation, and while it is anthrax
(malignant pustule) it might be considered as a wound infection.
If an accidental inoculation should occur in a guinea pig, the disease
would not be recognized as a local lesion, but the animal would
develop a general bacteriemia.
As a class, the specific diseases are differentiated from the lesions
known clinically as wound infections in a number of ways. The
bacteria of the epizootic diseases do not ordinarily produce wound

*Plants suffer from specific infectious diseases caused by bacteria and fungi, quite
as much as animals.



8 DIFFERENTIATION

infections following accidental injuries or surgical operations, al-
though there are exceptions. Again, there is usually a difference
in the mode of infection. The virus of an epizodtic disease is ordi-
narily introduced through the digestive or respiratory tract or by
means of insects, while in wound infection the virus is introduced,
as the term implies, through the injured integument or mucosa.

The differential characters of a specific infectious or epizostic
disease. It is very important not to mistake for an infectious
disease some form of body disturbance due to another cause. Ani-
mals often suffer from improper food and the conditions of life under
which they are compelled to live. It frequently happens that when
all of the animals in a given herd are subjected to like conditions of
life, a number of them, perhaps all, will manifest simultaneously
very similar symptoms and more or less of them die. Such an oc-
currence often gives rise to the supposition that the cause of death
is some specific infection. Deaths from such causes or under such
conditions should be carefully distinguished from an epizoétic.
In differentiating a non-infectious disorder from a specific disease,
it is important, and usually sufficient, to take into account the
appended characteristics of an infectious disease.

Cause. An infectious disease is produced by a specific’ virus.
This necessitates as the first requisite an exposure to and an infection
with the specific organism. Ordinarily but a few animals in a herd
are infected simultaneously.

Period of incubation. The infection must be followed by a certain
period of incubation before the development of symptoms. This
is the time necessary for the invading microorganisms to become
established in the body and to bring about the first symptoms of
the disease. According to Vaughn it is the time required for the
infecting organism to sensitize the tissues. The incubation period
varies in different diseases, and, to a certain degree, in the same
disease, according to the mode of infection and the resistance of the
individual. Usually, however, the incubation period of a given
disease is practically the same for all individuals of the same species
when subjected to the same mode of infection. Exceptions may
occeur.

Lestons. The morbid anatomy of an infectious disease is usually
nearly the same in animals suffering in the same outbreak. Each
pathogenic organism brings about tissue changes more or less peculiar
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to itself. They may vary within rather definite limits. They may
also be acute or chronic in nature. They are due to the action upon
the tissues of exogenous and endogenous toxins, bacterial proteins,
or mechanical blocking of vessels. In many epizoétics, the disease
appears in an acute form in the first animals attacked while those
attacked later in the course of the outbreak suffer from a chronic
or modified form of the affection. In other outbreaks, the first
cases are chronic in nature and the later ones acute. It is important
to distinguish between the lesions due to the virus and secondary
tissue changes that may take place.

Duration. In animals, as in man, most of the infectious diseases
are self limiting, but, as a rule, the percentage of fatal cases is larger
in epizodtics than in epidemics. It frequently happens that the
course of the disease is so changed that an acute case which appears
to recover, or at least to pass into the stage of convalescence, becomes
chronic or subchronic in nature and eventually terminates in death.
The lateness in the development of the modified lesions often causes
the nature of the terminal disease to go unrecognized.

Transmission by inoculation. Finally, it is necessary in making
a positive diagnosis to find the specific organism, or to prove the
transmissibility of the malady from the sick or dead animals to healthy
ones. The extent of the spread of the virus through the available
channels for its dissemination will also aid in determining the infec-
tious or noninfectious nature of the malady in an outbreak among
animals.

In diagnosing an epizojtic disease, investigations have shown
that too much reliance can not be placed on the period of incubation,
or the morbid anatomy. There are many possibilities, therefore,
that an erroneous diagnosis may be made when the clinical and
post-mortem evidences of the disease are alone considered. It has
also been determined that certain non-infectious disorders often
assimilate, in their more general manifestations, the character of
infectious maladies. This necessitates care in the differentiation
of outbreaks of animal diseases.

The dietary and other non-infectious disorders do not exhibit
definite, uniform differential characters excepting perhaps in cases
of those caused by a few mineral poisons or by eating certain plants.
As examples of these, lead poisoning and the Pictou or Winton
disease of horses and cattle caused by eating a ragwort (Senecio
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jacoboea) may be mentioned. The non-infectious disorders are
differentiated from the infectious ones largely by eliminating the
characters of the latter and finding. if possible, the causative agent.

The necessity for an early and positive diagnosis in all outbreaks
of epizodtic disease, is to assure the enforcement of all possible
measures to prevent its further spread. The essential problem for
the practitioner In the presence of these diseases, is to restrict the
number of cases to the individuals already infected. In order to
do this, it is of much importance that modified or chronic cases
should not escape detection as there is danger of their spreading
the virus to susceptible animals.

Dissemination of infectious diseases. Although the discussion
of the means by which each of the various diseases are disseminated
will be found under the descriptions of the individual affections.
it 1s important to consider the general ways and means by which
these different vital. causative factors are spread from an infected
individual to a non-infected one in the same herd and also from one
herd to another. Each virus is dependent for its perpetuation
upon its escape from its host (sick or dead) to a susceptible one.
As these organisms are without power of their own for such migra-
tion, they are dependent upon other forces and carriers to take them.
In explaining their spread. we must know how they escape from the
infected individual, how they are carried from one individual to
another and how they gain entrance to the bodies of healthy individ-
uals.

Escape of rvirus from infected animals. The infected organisms
escape from the living body of the infected animal either with (a) the
excreta, (b) the external discharge of ulcers or abscesses or both,
and (c) the blood drawn by sucking insects. After the death of
the host they can escape only after the disintegration of the dead
body or by its being consumed as food by other animals or birds.
The bacteria of several diseases may pass through the digestive tract
of such animals uninjured.

Dissemination of infecting organisms after they leare the body.
Pathogenic bacteria are spread, after they escape from the body, in
a number of ways. The following are the more common:

They are carried on the hands, shoes or clothing of attendants,
and on farm implements, such as shovels and hoes, in crates and cars
that have contained the infected animals.
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They are carried in streams receiving the excreta or disintegrating
dead bodies of the infected animals.

They are scattered with the excreta of birds that feed upon dead
carcasses. Other animals, such as dogs and foxes, are also charged
with the scattering of the virus by the same method.

The virus may be carried from one herd or flock to another (a)
by animals suffering with chronic forms of the disease; (b) by those
already infected but in which the symptoms have not yet appeared;
and (c) by the “carriers’ of the virus, after recovery has taken place.

The pathogenic protozoa are transferred from infected to non-
infected individuals by means of insects. They are carried from
one locality to another in infected animals or intermediate hosts.

Channels of infection. All infecting agents (bacteria, fungi and
protozoa) must gain entrance to the tissues of the healthy animal
before they can produce their respective disease. It is possible
for a healthy animal to come in close contact with a sick one and yet
not become actually infected. Such an exposure does not neces-
sarily mean that infection has occurred. Infecting agents gain acecss
to the living tissues by being brought by some agency into the diges-
tive, respiratory or generative tracts or by being introduced directly
into the tissues. Most viruses are brought into the body with the
food, infected dust-laden air, by copulation or by inoculations.
The common channels of infection, therefore, are:

The digestive tract. Bacteria brought into the intestinal tract
with food or water may pass through the mucosa of the intestine
thereby gaining entrance into the walls of the intestine, or through
the lymphatics or blood-vessels obtain passage to other organs or
tissues.

Respiratory tract. Infected, dust-laden air may be taken into
the lungs where the infecting organism may either multiply or be
taken by means of metastasis to other parts of the body.

Generative tract. The viruses of certain diseases may be trans-
mitted from one individual to another by copulation.

By inoculation. Inoculation often takes place through abrasions
or wounds produced accidentally on the skin or mucous membrane.
In these cases the infecting organisms may be already lodged on
the skin or membrane at the point of injury or they may be brought
on the object causing the wound.
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Insects. Certain insects are carriers of pathogenic bacteria.
The most important are, perhaps, the mosquito that carries the
plasmodium of malaria and which is an intermediate host for the
parasite, and the cattle tick that becomes infected with the piroplasma
of Texas fever. In some stage, the tick transmits the parasite
to its offspring which in turn infect susceptible cattle upon which
they crawl. Many diseases, especially those caused by protozoa,
are transmitted through the agencies of insects. It is also true
that certain pathogenic bacteria are carried by flies and other insects.

Transmission of the virus from the parent to the fetus. Occasionally
the young of diseased parents are born infected with the disease
with which one or both of its parents were suffering. In these cases
the specific organisms were transmitted either from the sire at the
time of coition, or later to the fetus in the uterus from the dam.
It is important not to confuse these rare cases with those in which
the offspring are born uninfected but subsequently contract the
disease. Many of the so-called hereditary diseases are the result
of post-natal infection.

The growing knowledge of infectious diseases is tending to the
conclusion that the virus of each of them has, through the assistance
of natural agencies, some one or at most very few, common, so-called
natural means of gaining entrance to the tissues of a new host.
While there may be extraneous ways by which infection takes place
they are, in most instances, relatively unimportant. It is essential,
therefore, that the more definite manner of dissemination of each
of the specific diseases of animals be thoroughly understood. This
involves knowledge of when in the course of the disease the virus
escapes from the infected animal, what becomes of it after it leaves
its host and how it gains entrance into the uninfected.

Diagnosis of a specific infectious disease. The accurate diagnosis
of a specific infectious disease is made by taking into account one
or more of the following:

The symptoms.

The lesions or morbid anatomy-.

The specific cause.

Specific reactions.

Symptoms. The value of symptoms in making a positive diagnosis
varies with the disease and often with the individual case. While
each disease exhibits a somewhat constant chain of symptoms it
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is also true that there is a striking similarity between the symptoms
exhibited in many diseases. The principle was laid down by French*
“that a particular symptom attracts special notice in a given case,
and that the diagnosis has to be established by differentiating be-
tween the various diseases to which this symptom may be due.”
As a rule it is difficult to make a positive diagnosis of a specific,
infectious disease from the symptoms alone.

Tissue changes. The changes produced in the tissues by a specific
microdrganism are usually constant in their nature. They represent
the result of the reaction of the body tissues to the particular invading
virus. In the invasion of the animal body certain viruses seem
to select some definite tissue or organs in which to locate. On the
other hand, the location of thelesions due to other organismsis largely
determined by the channel through which they gained entrance
and the place where they first became lodged. The diagnostic
value of the specific lesions, or other tissue changes, therefore, may
be relied upon in a large number of cases with greater certainty than
the symptoms. In some diseases, like rabies, the characteristic
tissue changes are microscopic and cannot be determined from the
gross examination of the organs. It is very important in making
a diagnosis from the lesions, that the specific tissue changes be pres-
ent and that they be carefully differentiated from secondary ones
that often occur in such diseases.

In making a diagnosis from the morbid tissues it is necessary
that sufficient time should have elapsed for the changes to have taken
place. H the microorganism should be very virulent, death may
take place before the usual changes have occurred. Likewise, if
an animal is killed in the earlier stages of the disease, the characteris-
tic lesions are very liable not to be found because they have not as
yet had time to develop.

The specific cause. The positive diagnosis is made when the micro-
organism that caused the disease is demonstrated in the morbid
tissues. In some diseases this can be done by very simple bacteriolo-
gical methods. With other affections it requires very careful and
special methods to isolate, cultivate or even to demonstrate the cause.
There are several epizootic diseases for which a specific organism
has not as yet been found. In order to use the cause, for diagnostic

*Index of Differential Diagnosis of Main Symptoms by various writers edited by
Herbert French. M.A., M.D., Wm. Wood & Co.. New York, 1913.
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purposes, it is necessary to know how it can be detected and the best
method for its cultivation or demonstration.

Specific reactions. In the study of immunity it has been found
that animals suffering from certain infectious diseases will react
to the injection into the body of the specific protein of the organism
with which they are infected. Thus. if mallein is injected into a
horse suffering from glanders a definite reaction will occur which
can be considered specific for glanders. There are also certain
substances given off by the tissues into its blood that have a specific
affinity for the antigen or species of organisms that cause the infec-
tion. There are a number of these so-called specific reactions em-
ploved in diagnosis. They are reactions to mallein, tuberculin
and other like substances, the agglutination, the precipitation,
complement fixation and others. These are all quite largely em-
ployed in diagnosis. When a reaction takes place with any of these
tests it is generally considered positive evidence of infection.

The limitations of the specific tests are not determined, but experi-
ence has shown that with certain of them, especially tuberculin,
a failure to react is not conclusive evidence of the absence of infection
while a reaction is a very definite indication that the animal is
tuberculous. The sera tests seem to be more accurate in negative
cases. The methods employed in making a diagnosis will be deseribed
in connection with the diseases to which they apply.

Control. The knowledge necessary for the control of specific
infectious diseases is one of the most important acquisitions of the
veterinarian. It is obtained by a careful study of the etiology and
morbid anatomy of these affections. The control is accomplished
by following out definite procedures along one or both of the follow-
ing lines, namely: (I) by preventing the spread of the virus or
(2) by immunizing susceptible animals against it.

By checking the spread of the rirus. This involves an intimate
knowledge of the life cycle of the virus for each of the diseases.
It requires that one should know, (I) when in the course of the
disease the virus is eliminated and the channels through which it
escapes. (2) What happens to the virus after it leaves the body
and how long it will resist the action of external influences such
as drying and sunlight. (8) Through what channels it gains entrance
to the body of the uninfected animal. When the facts regarding
these points are ascertained it is not difficult to determine what
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should be done to prevent the virus from spreading from the animals
in one herd to those in another, or from one individual to another
in the same herd. The extermination of the virus, or its restriction
to known places, is dependent upon a knowledge of the ability of the
specific microérganism to resist destructive influences or to be carried
from one place to another. It also involves a knowledge of the tissue
changes and the protective forces of the individuals invaded. These
determine under what conditions the virus can escape and when
infected individuals are immediately dangerous. The specific morbid
anatomy of the infectious diseases is essential for an understanding
of this phase of the subject.

Immunization. Immunization of animals against either sporadic
or epizootic infectious diseases has been found to be practicable
with certain diseases such as “black leg,” hog cholera and a few others.
This method is valuable when it is possible to establish an artificial
immunity. The method of vaccination, however, cannot be em-
ployed in the control of infectious diseases except with those affections
where efficient immunizing methods are known. The danger of
the method is, that where it is employed precautions against infection
are usually minimized and consequently if the protection is not
complete it gives a false security. To successfully employ immuniz-
ing processes for the control of infectious diseases it is essential to
have a thorough knowledge of the principles of immunity, its varie-
ties and methods for its production.

Cause for variations in the course of an infectious disease. It
is recognized that there is much variation in the course of infectious
diseases in different epizootics and often marked individual variations
occur in the same outbreak. In explaining this interesting phenome-
non, it is important to take into account the question of individual
resistance or immunity,—partial or more complete. It was found
in case of certain diseases that when an individual was partially
immunized and then infected the lesions were very much modi-
fied. The teachings of a specific etiology point to this phenomenon
as a result of certain biological or vital differences existing either in
the invading organism, orin the host, or possibly in both. The results
of the investigations already made along this line suggest as a prob-
able explanation, that the course of the disease varies on the one side
with the immunity possessed by or resistance of the host and on the
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other with the degree of virulence of the infecting microdrganism.
This has been expressed in the formula

in which D = the disease, V' = the virulence of the infecting organism
and R = the resistance of the host or the individual attacked.
As V or R change the disease is modified. For example, rabbits
that are partially immunized against swine plague bacteria. when
inoculated with a virulent culture of that organism, will live for
several days and perhaps weeks, and then die of peritonitis, pleuritis
or extensive pus formations, instead of perishing within twenty-
four hours with bacteriemia as they would if they had not been par-
tially protected against this organism. In chronic cases of swine
plague, as found in certain outbreaks, the bacteria are often atten-
uated so that when inoculated into susceptible rabbits the result
is the same as when the rabbits protected by partial immunization
were inoculated with virulent cultures. The above simple formula
which was worked out and demonstrated for certain swine diseases
seems to apply to infectious diseases generally.

Classification or grouping of the infectious diseases. It will
be found in the study of the morbid anatomy of the various specific
maladies that the lesions in a given disease vary in different species
and to a marked degree in individuals of the same species. This
fact precludes the possibility of classifying or arranging them after
their morbid anatomy. If the infectious diseases are to be considered
as parasitisms, as they appear to be, the logical method of classify-
ing them for purposes of study would seem to be the one suggested
by their etiology. namely, that they shall be placed in groups cor-
responding to the classification of their etiological factors. Thus
a single lesion found in the glands of the head. in the lungs, in the
liver, in the mesenteric glands, in the skin, joints. generative organs
or elsewhere in the body would be called tuberculous if the bacterium
of tuberculosis could be demonstrated to be its cause. The same
conclusion would be maintained regardless of the character of the
lesion. whether it consisted of a clump of epitheliod cells, purulent.
cascous or calearcous tissue.  These facts are enough to indicate
that the most direct method of arranging these diseases for purposes
of study is in groups composed of like generie etiological factors.
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Most of the known specific causes of the infectious diseases of
animals are bacteria. It is necessary, therefore, in carrying out
the above plan to choose from among the numerous classifications of
bacteria one to be followed in grouping the diseases according to
the genera of bacteria producing them. Of these the one by Migula
seems to be the simplest and best adapted for this purpose and
consequently it is selected. The only radical difference between
this classification and the older ones, so far as pathogenic forms are
concerned. rests in the fact that the old genus Bacterium is revived,
but with a new meaning. Al rod-shaped, non-motile bacteria
are placed in this genus. This causes a change of the generic name
from Bacillus to Bacterium of a number of pathogenic bacteria,
such as those of tuberculosis, anthrax, swine plague and a few others.

The same system should be followed with the diseases caused by
fungi and protozoa. There are as yet so few species of fungi known
to produce discases in animals that their classification is not essential
in discussing the few morbid conditions which they cause. The
classification of protozoa by Calkins as found in his excellent work,
“The Protozoa,” is observed for the grouping of the protozoan
diseases.

Migula’s classification of bacteria. The genera of the five families
are included.

FAMILIES
I. Cells globose in a free state, not elongating in any direction before
division into 1, 2, or 3 planes. . ............ 1. COCCACEXE.

II. Cells cylindrical, longer or shorter, and dividing in only 1 plane,
and elongating to twice the normal length before the division.

(1) Cells straight, rod-shaped, without sheath, non-motile, or motile

by means of flagella ................ .. 2. BACTERIACEZX.

(2) Cells crooked without sheath... ... ... ... 3. SPIRILLACEE.

(8) Cellsenclosed in a sheath ...... 4. CHLAMYDOBACTERIACEZE.

(4) Cells destitute of a sheath, united into threads, motile by means

of an undulating membrane........ 5. BEGGIATOACEE.
CoccAacEE, cells without organs of motion. :

a. Division in 1 plane. ......... ... ... ... ... .. Streptococcus.

b. Division in2planes. .......................] Micrococeus.

c. Divisionin8planes............................ Sarcina.

Cells with organs of motion.
a. Division in 2 planes................ ... ... Planococcus.
b. Division in 3 planes...................... Planosarcina.

BAcTERIACEE, cells without organs of motion...... Bacterium.
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Cells with organs of motion (flagella).
a. Flagella distributed over the whole bedy...... Bacillus.

b. Flagella polar............................ Pseudomonas.
8. SpmiLLaceE. Cells rigid, not snakelike or flexuous.
a. Cells without organs of motion............. Spirosoma.

b. Cells with organs of motion (flagella).
1. Cells with one, very rarely 2-3 polar flagella

Microspira.
2. Cells of polar flagella, in tufts of from 5-20
Spirillum.
Cells flexuous............... .. ..o it Spirocheta.
4. CHLAMYDOBACTERIACEE. Cell contents without granules of

sulphur.

A. Cell threads unbranched.
1. Cell division always only in 1 plane....Streptothriz.
2. Cell division in 3 planes previous to the formation of

conidia.
a. Cells surrounded by a very delicate, scarcely visible
sheath (marine)................. Phragmidiothriz.
b. Sheath clearly visible (in fresh water). .. ... Crenothriz.
B. Cell threads branched (pseudo-branches). . ..... Cladothriz.
Cell contents containing sulphur granules . ............ Thiothriz.

5. BegeiaroacEx. Only one genus known (Beggiatoa Trev.),
which is scarcely separable from Oscillaria. Character as given
under the family.

Lesions due to infections that have been attributed to one or
more species of microorganisms. It has already been stated that
the lesions following wound infections may be brought about by a
variety of bacteria and also that certain of these disease processes
are sometimes recognized as distinct maladies. There are a number
of affections which belong to this class. From some of these, such
as botryomycosis, a supposedly specific organism has been isolated
and described. A number of workers, however, have found that
other bacteria may produce apparently the same morbid changes.
It seems wise to consider briefly the pathology -of the more important
of these infections. It should be stated, however, that the amount
of work that has been done on these subjects is not sufficient to pre-
clude the possibility of a specific etiological factor for each. The
association with the lesions of certain species of bacteria suggests
.that possibly they are the result of a number of organisms acting
either singly or together as mixed infections.

Botryomycosis. This name was given to a variety of lesions
found more commonly in the horse, but occurring also in cattle,
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swine and other animals. The thickened spermatic cord (scirrhous
cord) which sometimes follows castration is the most common form.
Practitioners often designate as botryomycosis certain closed abces-
ses occurring in the subcutaneous or intermuscular tissue. Abscesses
and nodules found in the internal organs have been included under
this caption. The recent literature contains numerous references
to lesions belonging to this group of morbid changes. Several
investigators have isolated from the lesions a microorganism which
appeared to stand in a causative relation to them. It was first
described in 1870 as Zodgloea pulmonis equi by Bollinger who found
it in the nodules in the lungs of a horse. Later he renamed it Botryoco-
ccus ascoformans. Rivolta designated it Discomyces equi. Rabe
proposed the name Micrococcus botryogenes and Johne has called it
M. ascoformans. The results of other investigations throw some
doubt upon the specific nature of these lesions. Kitt, Hell, deJong,
Gay and others have found in the lesions micrococei which do not
differ from M. pyogenes. The writer has failed to find M. ascoformans
but has isolated in its stead pyogenic micrococei and streptococci.
It is possible, however, that Botryococcus ascoformans was present.
In one very interesting case of thickened cord, he found masses of
a fungus resembling somewhat that of actinomyces within the pockets
of spongy tissue sprinkled throughout the thickened fibrous cord.
Bacteria were not found in this case.

In the closed abcesses in the connective tissue pyogenic bacteria
have been found excepting in certain cases of long standing where
the cultures gave negative results. Investigations of the bacterial
flora of the skin of the horse show that pyogenic bacteria are fre-
quently present in the deeper layers of the epidermis. With the
possibility of infection from the integument plus all the other chances
of having pyogenic and other bacteria introduced into the wound
there are abundant opportunities for infection with a variety of
species. The evidence at hand points to the conclusion that botry-
omycosis especially the form known as scirrhous cord is the result
of an infection with one or more species of microorganisms. It is
very desirable that further investigations be made on this subject.

Omphalo-phlebitis or navel-ill. This affection consists of suppura--
tive lesions in young animals caused by pyogenic bacteria. In the
. colt the lesions are most often localized in the joints of the limbs.
In other animals they are quite as likely to be located elsewhere in
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the body. In some cases the morbid changes consist of subcutaneous
and intermuscular suppurative cellulitis.

The infection takes place through the umbilicus. As the cord
is broken in the field or stable many species of bacteria may gain
access to the exposed and freshly severed surface. In colts a strepto-
coccus seems to be the most common species of bacteria capable
of invading the body and producing the joint abscesses. In the
lamb, a variety of the colon bacillus has been associated, apparently
as the etiological factor, with the subcutaneous cellulitis. The lesions
resulting from navel infection illustrate in a most excellent manner
the extent to which certain pyogenic bacteria, gaining access to the
body. may extend by metastasis to places remote from their entrance
and produce diseased foci. In some cases the lesions are said to be
of a different nature. There is swelling and necrosis of the navel
and surrounding tissues caused by B. necrophorus. This organism
has also been found in the joint lesions by Mettam.

In the case of navel-ill, the umbilical vein usually contains a
number of bacteria. Moore found that in colts very few if any of
the streptococci producing the joint lesions could be found in the
parenchymatous organs. Occasionally one or two of many tubes
of media inoculated from the liver would develop cultures of the
infecting organism. In this disease, where many species of bacteria
come into competition, one is impressed with the fact that seemingly
very few of the extraneous bacteria are capable of gaining entrance
into the general circulation or, at least, are possessed of vital powers
sufficient to resist the destructive forces of the living animal body.

The lesions consist of some form of inflammation. In the joints
it is usually the suppurative type (pyemicarthritis). In the inter-
muscular tissue it may be suppurative or of a serous or fibrinous nature.
Bacteriemia may occur.

White scours or diarrhea in calves. This is a disease affecting
calves from a few hours to as many days old, with a mortality ranging
from 50 to 90 per cent. The investigations which have been made
in this country have suggested that it is often due to umbilical
infection with certain forms of the colon bacillus. Other species
such as B. aerogenes, Ps. pyocyaneus, B. proteus, varieties of
the colon group and Bact. bovisepticum have been described as
etiological factors in this disease. It has been suggested, and Wil-
liams has some data to confirm it, that the Bang abortion organism
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is the cause of a specific white scours and pneumonia of calves. It
is also very likely that infection occurs through ingestion. In these
investigations characteristic lesions were not found.

Nocard reported the results of his investigation of apparently
a similar disease of calves in Ireland. He found that they usually
died during the first week. In the more chronic cases, lung lesions
were found. His inquiries tend to show that this is primarily due
to a wound infection. He states in his report concerning the nature
of this disease that it usually lasts from 3 to 6 days and is charac-
terized by an intense intestinal discharge. The calves lose flesh
rapidly, their flanks are hollow, abdomen retracted, back arched.
eyes sunken, and hair dull; they make violent expulsive efforts.
the nose is hot and dry with slight discharge of mucus, and the
temperature is elevated.

In other cases, but not so commonly, the symptoms are less severe
and recovery seems to take place; but most of the calves die several
weeks later with pulmonary lesions.

Nocard stated that it is not rare to see, in these cases, the dis-
charges mixed with blood in various quantities. In more chronic
forms one may observe acute, multiple and very painful arthritis.

The lesions found by Nocard at the autopsy varied according to the
course of the disease. Usually the umbilicus was large and the
umbilical blood-vessels had indurated walls, and contained blood
clots which were soft and purulent. Bloody extravasations were
observed, sometimes very extensive, along the umbilical vessels
and the urachus, extending sometimes to the posterior third of the
bladder.

In rapidly progressing cases, lesions of true hemorrhagic septicemia
were found. All the organs were congested; their surfaces were
covered with petechiae, ecchymoses or sub-serous blood infiltrations;
the capillary network of the peritoneum, the omentum, the pleura
and the pericardium were very much injected.

Nocard described the lungs and articular lesions as follows:

“The lungs are rarely entirely healthy; most often they present here and there
little diffuse centers of catarrhal pneumonia, nodular broncho-pneumonia or only
atelectasis. The lesions are much more constant, extensive and dense when the
animals have resisted longer; they represent then the transition between the simple
atelectasis of the beginning and the suppurative lesion of lung disease.

“Articular lesions, when they exist, are very interesting. The periarticular tissues
are infiltrated with yellowish and somewhat gelatinous liquid; the synovial serous
membrane is covered with a rich vascular injection, which seems to extend to the
borders of the cartilages of the articular surfaces; the culs-de-sac of the synovials
are distended by a great quantity of thick and limpid synovia, strongly yellow or red-
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dish in color, and in which more or less dense and abundant clots of fibrinous exudate
are floating. When the lesion is older, instead of synovia, there are thick, dense,
and firm fibrinous exudates, which fill the culs-de-sac of the serous membrane and are
infiltrated between the articular surfaces. In these cases the lesion resembles exactly
those of peripneumonic arthritis of sucking calves.”

He found a microérgariism (Pasteurella) in the organs and blood
of the calves, with which he was able to produce the disease. After
convincing himself that he had found the cause, he sought for the
source of infection, which he found in the umbilicus. He advanced
three suppositions concerning the time and mode of entrance: 1.
intra-uterine, 2. vaginal, 3. after delivery when the calf drops on
the ground or floor and when the ruptured cord comes in contact
with the fecal matter or dust of the stable. The latter he believes
to be the actual method.

He states that “white scours is ordinarily the result of wmbilical
infection which takes place at the time of birth, through the wound
made by the rupture of the cord.”

The disease described by Nocard does not seem to differ in many
respects from the diarrhea in young calves in this country. Lesage
and Delmar have described it in France. Ward and Fisher tested
Nocard’s method of treatment by properly disinfecting the ruptured
cord, with quite satisfactory results. A number of experiences
in the thorough washing of the cows and disinfecting the teats before
parturition have been successful in checking this trouble. The
lung complications do not always occur.

The bacteriological examination of young calves that died of this
trouble showed that their blood and organs were teeming with a
variety of B. coli. We have not found Bact. bovisepticum (Pasteu-
rella) in any of our cases. This suggests the possibility of umbilical
infection with members of other groups of bacteria. The important
findings of Nocard should stimulate further investigations into this
important disease. The remedy which he recommends, and which
has given good results, is simply one of prevention. To what extent
infection takes place through the digestive tract has not been deter-
mined but it is believed to be considerable. It is not impossible
that intra-uterine infection from the dam sometimes occurs. Wil-
liams has found the abortion bacillus in the pneumonic lungs of the
new-born calf.

Titze and Weichel suggest the possibility that the cause of white
scours is an ultra-visible virus. In their study of this disease they
found in the tissues B. coli commune, Pseudocoli bacilli, Paracoli
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bacilli, Bacillus enteritidis, Bacillus paratyphosus A and B. and
Bacillus typhi.

Infectious suppurative cellulitis of the limbs. Cattle and sheep
occasionally suffer from an inflammatory condition of the sub-
cutaneous tissues, of the lower extremities. Frequently the morbid
process extends beneath the hoof, causing it to slough or to undergo
resulting disintegration. When this condition exists, the affection
is frequently called “foot rot.” If the inflammatory process attacks
the skin also, the condition is designated erysipelas. If it becomes
circumscribed, resulting in a local suppuration, an abscess or an ulcer
may be the result. The investigations which have been made
concerning the cause of these lesions point to an infection, probably
through some slight abrasion of the skin near the hoof. Thus far,
the results show streptococci* to be the etiological factors in the
majority of these cases. It frequently happens that a number of
animals subjected to the same conditions are attacked at the same
time, giving rise to a condition resembling an epizootic. In cattle
the lesions that have been described were, within certain limits,
uniform in all of the affected animals. Usually but one foot or leg
was attacked, although there were numerous exceptions. The first
symptom noticed was a swelling, which usually appeared in the lower
part of the leg, most often in the pastern. In some animals the
swelling was restricted to a small area, but often it extended up
_the leg to and even above the knee or hock joint. There was evi-
dence of pain. As the inflammatory process continued the sub-
cutaneous tissue became indurated, the skin thick and dry, and later
it would crack, usually but not always, below the dew claws, and a
thick creamy pus would be discharged. After discharging, the swell-
ing subsided and the normal condition was rapidly restored. The
time necessary for the suppurative process and recovery to take
place varied in different animals, but as a rule from ten to fifteen days
were required. The exceptions were largely in those cases where
the inflammatory process extended down to the coronary cushion.
In these there was more or less sloughing of the hoof. These cases
were the most serious.

*Lucet has reported the results of bacteriological examinations of fifty-two abscesses
in cattle. From nine of these steptococci were obtained in pure culture, and in ten
cases they were associated with otgxer bacteria.—Annales de I' Institut Pasteur. Vol.
VII (1893), p. 32}.
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In the so-called foot rot of sheep, we have, in the cases which
have come to our notice, conditions similar to those found in the
cattle that were suffering from suppurative cellulitis. These cases
are to be differentiated from necrosis of the skin above the coronary
band due to Bacillus necrophorus. (See ‘“Lip and leg” ulceration).

Fistulous withers and poll-evil. Recent investigations indicate
that these very common and troublesome local diseases are either
directly or indirectly the result of bacterial invasion. This conclu-
sion is drawn from the fact that the bacteriological examinations
made from the pus and from recent lesions in these affections invari-
ably reveal the presence of streptococci or micrococci, or both.
Gay found a streptococcus in each of seven cases of common fistulous
withers and in two cases of poll-evil. It was invariably associated
with a micrococcus. He found in five cases of deep seated shoulder
abscesses M. pyogenes only. It is instructive to note, that bacteria
closely resembling this organism have frequently been found in the
deeper layers of the skin of the horse. The mechanical injuries
commonly attributed as the primary cause consist usually of little
more than skin irritation from ill fitting harnesses, saddles or from
blows. While these are mechanically not extensive, they are suffi-
cient to liberate into the juices of the subjacent tissues the bacteria
deeply seated in the integument. It is not unlikely that in some
cases the lesions are due to infection, through metastasis, from
bacteria that gain entrance through the walls of the digestive tract.
The inflammatory process leading to suppuration, the formation of
fistulee, the new formation of fibrous tissue in the affected parts,
and even the bone necrosis occasionally seen are all possible results
of the activities of the pyogenic bacteria found in the lesions. There
is nothing in their character to suggest causative agencies other
than microorganisms. The tissue changes involved in the deposition
of fibrous tissue and the abscess formation are known as the results
of infection as well as the inflammatory processes following them.
These affections are mentioned in this connection simply because
the accumulating evidence tends to strengthen the working hypothe-
sis that they are the result of bacterial invasion.

The morbid changes in the tissues are those of acute or more
chronic inflammation.

Infectious mastitis. Cattle suffer frequently from an acute
inflammation of the udder as the result apparently of an invasion by
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a number of bacteria. The results of the investigations of this
affection thus far reported suggest that the form which is transmitted
from animal to animal is caused by a streptococcus. It is, however,
impossible without a bacteriological examination to distinguish
between this affection and those caused by other bacteria. It seems
likely that many cases are primarily brought about by mechanical
injuries which render possible the entrance into the fresh tissues of
the bacteria of the skin or of the milk ducts. Other cases may be
due to infection through the teat of bacteria capable of producing.
by means of their metabolic products, the inflammatory condition
without a distinct injury to the mucous membrane. The former
view that there was a sphincter muscle near the base of the teat
which closed the duct sufficiently to prevent the entrance of bacteria
to the secreting portions of the gland was not founded on anatomical
facts.

The inflammatory affections of the udder fall very naturally
into two general groups. namely: (1) those in which the parenchyma
is most affected and (2) those in which the stroma or fibrous tissue
isinvolved. In many chronic inflammations they are both included.
The form of mastitis more frequently encountered as an infectious
(transmissible) disease is characterized by very marked changes in
the milk, accompanied by the usual symptoms of parenchymatous
inflammation of the gland itself. The discharge from the affected
part of the udder usually contains flaky masses held in suspension
in the clear or perhaps cloudy serum. The color varies, and occa-
sionally the fluid is blood-stained. The microscopic examination
shows the presence of agglutinated fat globules, pus cells and often
red blood corpuscles.

A number of bacteria* considered of more or less etiological value
have been associated with lesions of doubtful origin. The results
of Kitt, Nocard, Mollereau, Guillebeau, Zschokke, Bang and still
others, in which a Bacterium, a Bacillus, a Micrococcus, a Staphylococ-
cus, and a Streptococcus have been found and reported as standing
in a causal relation to the trouble, indicate that a variety of micro-
organisms are active in producing those affections which are fre-
quently grouped without distinction as infectious mastitis. The

*Among the bacteria which have been found in udder trouble and described as
a possible or perhaps the more probable cause the following species may be mentioned:
Bacterium phlegmasie uberis, Streplococcus agalactise contagiose, Staphylococcus
mastitidis, Galactococcus rersicolor, . fuleus, G. albus.
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review of much of the literature on this subject shows that a number
of cases reported as infectious were isolated or sporadic ones, that is,
they were in dairies where the disease did not spread to other animals.
While these may be truly infectious in their nature they should be
differentiated from the rapidly spreading phlegmons which are easily
recognized as infectious (contagious) mastitis.

If we take into account the variety of anatomical changes which
have been described in the various udder affections, we can reason-
ably admit that different agencies may have been instrumental in
their production. The various species of bacteria which have been
isolated from the udder lesions may very likely have been of etiological
importance in their respective cases. Bang, Hess, Kitt, Lucet
and Nocard have pointed out that infectious mastitis is caused by
bacteria which gain access to the udder through (1) the milk duct,
(2) the blood circulation and (3) the lymphatic system.

Already the facts have been pointed out, that the udder is normally
more or less extensively invaded with bacteria and that certain
species seem to persist in the milk ducts of the glands when once
they become localized there. If these results apply to cows generally
as rigidly as they did to those examined, an explanation for the
presence of a variety of bacteria in the affected udders is not difficult
to find. Whether these particular organisms, under certain condi-
tions, would become primarily responsible for udder disease is not
known. The evidence suggests that a number of bacteria, hereto-
fore described as the cause of mammitis, were in the affected glands
by virtue of their presence in the normal udder. Concerning these
points the results of additional investigations are much needed.*

*The writer has examined the milk secretions from the affected cows in two quite
serious outbreaks of mastitis. In the first, the milk was drawn in sterile bottles
after the udders and the hands of the milker had been thoroughly washed in a 1 to 1000
solution of corrosive sublimate. In all, there were eight samples of milk taken from
as many different cows. In six of the eight specimens streptococci appeared in pure
culture. In the other two cases micrococci were associated with the streptoroccus.
In the second outbreak, the milk from four diseased udders was drawn with aseptic
precautions directly into tubes containing slant agar and promptly sent to the labora-
tory, where it was carefully examined. From two cases pure cultures of streptococci
were obtained, while those from the others were impure. The streptococci obtained
from the twelve cases appeared to be identical and the clinical aspect of the disease
in the different animals was the same.

In a dairy that was under close observation by Ward, one cow was found to be
troubled in one quarter of the udder with an inflammatory process which produced
thickened masses in the blood-stained milk. From this milk a streptococcus was
isolated in pure culture. It could not be differentiated from the one isolated from
the cows in the outbreaks mentioned. Another cow in this herd was found to have
ber udder permanently infected with a streptococcus. Another animal in the same
dairy suffered repeatedly from acute streptococcus mastitis.
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There are a large number of morbid conditions more or less fre-
quently encountered in domesticated animals, which seem to be
due to infection of some kind but which are not demonstrated to
be of such an origin. These will continue to be attributed by some
to infection and by others to various general causes until the truth
concerning their etiology is revealed.

Contagious agalactia. This is a disease reported to be peculiar
to the goat and ewe, complicated with local manifestations in the
eve, udder, and articulations. It has been classed as epizoétic or
rheumatoid arthritis. It is observed in the mountainous regions,
especially the Alps. It appears most often in the spring. It seems
to be communicable. Oreste and Marcone have described four
organisims associated with it, two of which are micrococei.

Miscellaneous infections. Attention should be called to the
many morbid conditions, resulting from infection, that are encount-
ered in different species of animals and are liable to be attributed
to other agencies. Usually such lesions are referred to general
pathological conditions, but a more careful inquiry will reveal the
presence of infection. Among these, may be mentioned pericarditis
in cattle, so frequently associated with punctures by foreign bodies.
The extensive exudative inflammations in these cases are frequently
associated with micrococci. The same has been true of certain
cases of localized endocarditis resulting in the formation of fungoid,
purulent, or necrotic masses about the valves of the heart. When
one considers the possibilities of infection from accidental causes,
in the intestinal mucosa as well as from the skin, together with the
agency of metastasis, it is not difficult to understand how such a
variety of morbid conditions can come about. Infection, therefore,
forms an important part of pathology, outside of those specific
organisms that cause epizoétics of greater or less severity.
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CHAPTER 11

DISEASES CAUSED BY BACTERIA
GENUS STREPTOCOCCUS

General discussion of streptococci. The genus Streptococcus is
based, according to Migula, on its method of reproduction or division.
Streptococci are spherical bacteria that divide in one plane. The
segments do not separate but are held together in short or longer
chains, although the divisions seem to be complete. Just how the
segments are held together is not fully determined. According to
older and more commonly encountered classifications, a streptococcus
is simply a number of micrococci (spherical bacteria) united in the
form of a chain. In some of the supposedly different species the seg-
ments are oblong and vary in size. Frequently, however, the seg-
ments vary in size and form in the same chain.

The more usually observed cultural characters and biochemic
properties of pathogenic streptococci are quite similar although it is
difficult to obtain two cultures that will exactly agree in all of their
manifestations when grown on a large number of media. Their
disease-producing powers, however, vary within wide limits. While
variations in the physiological properties and pathogenesis are true
for different cultures (species?), it has been found that there is a
possibility of much variation in the subcultures of the same species.
As with certain other bacteria, their virulence is the first to suffer
change. In differentiating species, therefore, the fact must not be
overlooked, that the existing characters and properties possessed by
the streptococcus in hand may have been more or less influenced by
its conditions of life. When, for example, two streptococci appear
to be identical under the majority of tests, a slight deviation
in a single property cannot be considered of great differential value
especially if this particular manifestation is among those most subject
to change. A fundamental difficulty in differentiating species among
streptococci seems to be a lack of information concerning the possible
variations brought about by different environments. The further
difficulty of identifying any of the very large number of forms which
have been assigned specific names is due to the brevity of their
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description and the failure of the authors to mention any character
or property, or combination of the same, which would distinguish
them from each other.

Classification of streptococci. A few investigators have tried to
eliminate the confusion concerning species by classifying streptococci
according to distinct morphologic characters and pathogenic proper-
ties. More recently several investigators have attempted to classify
them according to their cultural properties, especially their action
upon the sugars. The studies of Kurth, Pasquale, von Lingelsheim,
Andrews and Horder and Winslow, Palmer and Broadhurst are
worthy of careful consideration in this connection.

Distribution of streptococci in nature. The fact has been pointed
out in many publications that streptococci are quite widely dis-
tributed in nature. The results of the bacteriologic examinations of
normal mucous membranes show that they are frequently included
in the bacterial flora of the mouth, throat, nares, intestines, vagina,
and in a few cases they have been found in the bronchioles of the
horse and rabbit. They are also present in greater or less numbers
on the skin, especially in the deeper layers, presumably in the ducts
of the sweat and sebaceous glands and along the hair shafts and
follicles. This explains their frequent appearance in certain wound
infections. They have been found in soil and in water, and occasion-
ally these forms are quite as delicate in their morphology and equally
as sensitive to the influence of environment as those isolated from
diseased animal tissues. In view of their wide distribution, the
presence of streptococci in morbid tissues cannot be considered neces-
sarily as specific infections. In many diseases, such as diphtheria
and tuberculosis, streptococci frequently appear in the lesions. In
these cases, they are accidental or secondary invaders, although in
some of these maladies, such as tuberculosis, they are believed to be
of more or less importance. When, however, the specific cause of
the disease is not positively known, and streptococci which possess cer-
tain pathogenic powers for experimental animals are constantly
present, the pathologist is confronted with a puzzling problem in
trying to determine their etiological importance. In streptococcic
infection leading at once to bacteriemia, peritonitis or suppuration,
the explanation is more simple than in the epizootic diseases, such as
Brustseuche, where the presence of streptococci in the lesions can be
quite as easily explained on the ground of their invasion of the parts
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affected from the normal habitat in the upper air passages as on the
hypothesis of a specific infection. It is in these.instances that we
are seeking for the crucial test for specific streptococcic etiology.

In cases of infection resulting in bacteriemia, or in those where the
disease is more localized, as in strangles or mastitis, and possibly in
others where the affection spreads more or less rapidly as in erysipelas,
we cannot well escape from the feeling that the streptococci, present
in such large numbers, must either stand in a causal relation to the
disease or be accounted for by their rapid proliferation in the tissues
in association with the true etiological factor. Their natural distribu-
tion is so wide and their virulence so capricious that a secondary
invasion, which seems always to be possible, renders the fixing of
etiological responsibility upon a streptococcus isolated from any
diseased tissue a somewhat difficult task. The problems in this con-
" nection which concern us most and which need more extended investi-
gation pertain (1) to the determination of the pathogenic possibilities
of streptococci existing in their natural habitat and (2) to the dis-
tinction, if it exists, between streptococci that are able to produce
local inflammatory processes leading to suppuration and those which
produce specific diseases, such as erysipelas and strangles.

Pathogenesis. The pyogenic streptococci (Strep. pyogenes and
its varieties) are the most important pathogenic species for animals
in this genus. It has been found to be impossible to differentiate
this species from several streptococci that have been considered the
cause of certain diseases such as strangles in horses and erysipelas
in cattle. In the absence of verified results to prove the non-specific
relation of these streptococci to the diseases which have with reason-
able certainty been attributed to this genus of bacteria, they are
included among the specific streptococci maladies. It is very
important, especially when the use of antistreptococcic serums are
in question, to take into account the apparently large number of
forms, or species, commonly included in the general statement of a
streptococcus infection. In 1897, Van de Velde, in a very exhaustive
series of experiments, showed that an antitoxin produced from one
streptococcus will not immunize against another, save to a very
slight degree. Better results are reported by the use of polyvalent
serums.

There are a number of acute disorders, such as vaginitis in cows,
that have been attributed to this genus.
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STRANGLES

Synonyms. Adenitis equorum; Coryza contagiosa equorum;
Distemper; Gourme; Druse der Pferde.

Characterization. Strangles is an acute infectious disease of
horses, asses and their hybrids occurring sporadically and in epizoo-
tics. It is characterized principally by a fever, followed by an acute
catarrh of the mucosa of the upper air passages, especially of the
nares, and a suppurative inflammation of the lymph glands of the
submaxillary and pharyngeal regions. Streptococcus equi is present
in the pus from the inflamed glands. It is a disease of young animals.
Horses over 5 years of age are rarely attacked. It usually occurs
between the ages of six months and two years.

Nagg has observed a disease in cattle in which the symptoms and lesions were like
those of strangles. Starcovici observed a condition in young swine that was character-
ized by suppurating lumph glands about the head. Frohner refers to a rare affection
of dogs which he designated “‘dog strangles.” In these cases the results of a careful

bacteriological examination was not recorded and the diagnosis was based on the
general symptoms and lesions.

History. Strangles was among the first equine diseases to be
recognized. In 1664, Solleysel states that it had been known for a
long time. Its infectious (contagious) nature was determined
experimentally in 1790 by Lafosse and since that time his findings
have been confirmed by other investigators. In 1873, Rivolta found
in the pus of the abscesses a micrococcus which appeared in chains of
from three to five segments. The specific cause, Streptococcus equi,
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was described first by Schiitz and later in the same year (1888) by
Sand and Jensen. This discovery has been confirmed by Poels,
Lupka and others. Ligniéres has discovered a “coccobacillus”

which he believed to be the primary cause. His conclusions have not
been confirmed. '

Geographical distribution. Strangles is a wide spread disease
among young horses. It exists in all countries where horses are raised.
It is more prevalent in breeding districts than elsewhere. It is
reported, however, that Argentina and Ireland are free.

Etiology. Strangles is caused by Streptococcus equi. With pure
cultures of this organism Schiitz was able to produce the disease in
healthy horses. This streptococcus is fatal to mice, a maximum
virulent virus destroying life in three days. Rabbits and guinea pigs
are less susceptible. Injected into horses subcutaneously a suppu-
rating inflammation follows. In the writer’s experience streptococci
are the only bacteria that have been found in the abscesses.

The period of incubation varies. The usual time is from four to
eight days.

Symptoms. The first indication of this disease is a rise of tempera-
ture. There is loss of appetite, depression, and often great weakness.
The general symptoms may continue for a few days before the locali-
zation of the lesions is apparent. The first local manifestation con-
sists usually in a catarrh of the nasal mucosa or swelling of the sub-
maxillary and pharyngeal lymphatic glands. The nasal discharge is
at first serous and somewhat viscid, but in from 3 to 5 days it becomes
purulent and of a yellowish green color. The catarrhal condition
may exist in one or both nostrils. It may extend into the pharynx,
larynx, trachea and even to the bronchi. In most cases, swelling
of the sub-maxillary glands appears concurrently with the purulent
nasal catarrh. The spreading of the inflammation to the connective
tissue which surrounds the glands, and the stasis of the lymph in the
efferent lymph vessels, often cause the development, from the sub-
maxillary lymph glands, of extensive swellings that may occupy the
entire inter-maxillary space. and may spread even to the outer side
of the maxilla. Abscesses form in most cases.

In exceptional cases, strangles may present catarrhal symptoms
without suppuration of the lymph glands. Jensen states that it
may first assume the form of pharyngitis, purulent pneumonia, and
pleuritis without any well marked morbid affection of the lymph
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glands. The urine generally remains alkaline; it frequently con-
tains a considerable quantity of albumen.

At times, strangles is accompanied by a cutaneous exanthema
which takes the form of an eruption of wheals, nodules, vesicles and
even pustules; these may appear, chiefly on the sides of the neck,
shoulders and sides of the chest. These exanthemata are character-
ized by their sudden appearance, and often by their equally rapid
disappearance. An eruption of vesicles may break out on the nasal
mucous membrane. The contents of the vesicles is at first limpid,
but later it becomes purulent. Rabe states that the streptococcus
of strangles can produce ulcers on the nasal mucous membrane.

Morbid anatomy. The lesions in strangles are interesting from
the fact that in the beginning the disease is general but later in its
course it presents a series, exceedingly variable in different individuals,
of localized tissue changes. The lymphatic glands are most often
affected, although any organ may be involved. As indicated by the
symptoms, the lesions in most cases are characterized by an acute
inflammatory process followed by suppuration.

The glandular swellings about the head usually terminate in sup-
puration, the pus discharging either externally or into the oral cavity.
In other cases the pus undergoes caseation. Frequently the inflamed
glands become confluent, resulting in a single large abscess.  Small
abscesses may occur under the pharyngeal mucosa.

The inflammation may extend to the superficial lymph vessels of
the skin, especially of the head, resulting in the formaticn of a large
number of small abscesses. This may be followed by a diffuse
phlegmonous swelling of the parts. Metastatic abscesses are liable
to occur in a great variety of organs. The metastasis seems to take
place through both lymph and blood vessels although the lymphatic
glands are most often affected. Suppurating foci have been described
in nearly every lymphatic gland in the body. The discharge of pus
from the bronchial, mesenteric or other glands, within or adjacent to
the pleura or peritoneal cavities, may give rise to a fatal pleuritis or
peritonitis. There is no organ of the body free from possible sup-
purative lesions as a result of metastasis (bastard strangles).

Brudeaud and Demé have described a case of strangles which
began as polysynovitis. Bouet reports that encephalitis is not
exceptionally rare.

Strangles may become chronic, especially when the nasal catarrh
extends into the sinuses of the head, the guttural pouches, or
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pharyngeal cavity. In these cases the animal becomes emaciated.
The lesions in these cases resemble somewhat those of chronic gland-
ers. Many complications are liable to arise. Mixed infections and
secondary lesions often occur. The prognosis, however, is favorable.

Death from strangles is caused usually by either septicemia,
pyemia, pleuritis, peritonitis or suppurating (metastatic) pneumonia.

The duration of the disease varies according to its severity and the
localization of the lesions. In mild cases convalescence begins in a
few days, but in other cases restoration may require weeks and even
months.

The mortality, according to available statistics, does not exceed
four per cent. In certain epizootics it may be higher. Often it is
below two per cent.

Diagnosis. Strangles is to be diagnosed by the symptoms,
lesions and a bacteriological examination. There are no specific
tests that can be used for its detection. Strangles is to be differen-
tiated from the following affections, namely :

Purulent nasal catarrh. In this affection, there are rarely suppu-
rating sub-maxillary glands, although occasionally these glands may
be swollen.

Glanders. In glanders, the tissue changes are more persistent
and the skin lesions, if they exist, do not heal as rapidly as in strangles.
In chronic cases, the diagnosis is quite difficult. Here animal inocula-
tion must be resorted to. Mice inoculated subcutaneously with the
nasal discharge succumb to the streptococcus of strangles but they
arc resistant to the bacterium of glanders. Guinea pigs inoculated in
a like manner will, in case of glanders, develop that disease from the
lesions of which pure cultures of Bacterium mallei may be obtained.
The specific tests for glanders may be applied.

Parotiditis. In this affection the swelling is localized in the
parotid gland and suppuration does not often occur.

Abscesses due to pyogenic bacteria. The cases are rare where
there would be any question as to diagnosis. The bacteriological
examination including the inoculation of animals would give positive
aid unless the pyogenic organism happened to be a virulent streptococ-
cus in which case a differentiation might be difficult. In these cases
the nasal mucosa is not likely to be involved.

Prevention. This is best obtained by isolating the infected horses
and removing the well ones from the infected premises. Colts are
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reported to suffer more severely from strangles than adult horses.
It is recommended that young horses should be carefully protected
against infection, notwithstanding the immunity that seems to follow
recovery. All infected stables should be thoroughly and repeatedly
disinfected.

A number of attempts have been made to produce immunity against
strangles but thus far they do not seem to be successful. Viborg and
Toggia, a century ago, inoculated horses by rubbing in the nostrils
discharges from cases of mild strangles for the purpose of producing
a light attack of the disease followed by a resistance to natural infec-
tion. Jess and Piorkowski tried to produce immunity with a ‘“‘shake-

" extract of cultures of strangles streptococci.” Otto reports satisfac-
tory results with its use in 694 horses. The use of killed cultures of
streptococci, and mixtures of concentrated cultures and pleural
exudates (aggressins) have been tried without success.

Specific biologic treatment. Anti-strangles serums have been care-
fully tested by Dassonville and Visgocqi, Jess and Piorkowski and
others with not entirely satisfactory results. Gurmin, or Ruffel’s
strangles serum, has been reported to be of considerable curative
value. Cederberg found the use of serum of value in treating stran-
gles in the Danish army horses.  Vicchi and Gatti have made a serum
that is used in Italy for treating strangles. There does not seem to be
an efficient serum for the treatment of this disease.
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APOPLECTIFORM SEPTICEMIA IN CHICKENS

Characterization. A rapidly fatal septicemia in chickens caused
by a streptococcus.

History. This disease was recently discovered and described by
Norgaard and Mohler. Although the symptoms and lesions given
correspond somewhat closely to those mentioned by Mazza and
Rabieux, there is a marked difference in the etiological factor. It
is caused by a streptococcus which is readily obtained from the blood
or organs.

Geographical distribution. This disease has been described from _
Virginia, New York, Hawaiian Islands, and several placesin Europe.

Etiology. This disease is due to a streptococcus which grows in
short or longer chains with segments varying from 0.6 to 0.8x in
diameter. In some cases elongated forms are observed. It is an
arobe, and a facultative anxrobe. When cultivated on artificial
media it does not liquefy gelatin, it does not change the appearance of
milk, but causes slight acidity and thickening of the lower stratum
without coagulation of the casein. The reaction of alkaline bouillon
is changed to an acid one. It does not give a visible growth on potato.
It stains by Gram’s and Gram-Weigert’s methods. In bouillon it
grows in somewhat flaky masses while the medium remains clear. It
was fatal to fowls, mice, rabbits and swine; guinea pigs, dogs and
sheep were not destroyed by inoculation. This streptococcus has
not been specifically named.

The period of incubation is very short.

Symptoms. It is not at all uncommon to find the fowls dead and
lving under the roosts. Occasionally capons were observed to be sick
for from 12 to 24 hours prior to death. In these cases the feathers
became ruffled and the fowl showed evidence of extreme depression.
The onset of the disease is very sudden and its course a very rapid one,
usually terminating in death.

Morbid anatomy. Norgaard and Mohler described the morbid
anatomy as follows: *“The spleen is more or less enlarged, showing
hyperplasia of the Malpighian corpuscles. The pulp contains
numerous areas of cxtravasated blood. When a stained section is
examined by means of a hand lens a number of circular semi-trans-
parent foci, the size of a pin hole, may be noted. These are found on
microscopic examination to be centers of necrobinsis, consisting of
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parenchyma which has undergone coagulation necrosis, and sur-
rounded by a more or less well defined capsule of embryonic and
further developed connective tissue cells and filaments.

“On microscopic examination, the kidneys show slightly swollen
epithelial cells of a beginning parenchymatous degeneration to well
pronounced disintegration of the renal epithelium of acute nephritis.
The degree of degeneration depends, as a rule, upon the course of the
disease. If a bird succumbs suddenly or in the course of a few hours
the morbid changes are either not apparent at all or but slightly pro-
nounced, while, on the other hand, the duration of three or four days
to a week results in an acute exudative nephritis. The swollen or
degenerate epithelium of the tubules surrounds irregular masses of
coagulated exudate and white blood corpuscles, among which are
numerous short chains of streptococci. In very acute cases with
sudden death the liver shows extreme hyperemia. The cells have a
slightly granular appearance in addition to the fatty infiltration
usually seen in the liver of well kept fowls. When death does not
occur until after twenty-four hours the liver cells also show parenchy-
matous or fatty degeneration; their outlines become indistinet, the
body very granular, and the nucleus takes the stain but faintly.
Interlobular and intralobular collections of round cells and leucocytes
appear, and in more chronic cases centers of coagulation necrosis may
be seen. The lungs become hepatized. The walls of the bronchioles
are thickened and the streptococci may be seen in the minute capil-
laries. The air cells are filled with plasma, red blood corpuscles and
epithelium, among which the microdrganism is easily detected.”
Magnusson reports the same lesions.

Diagnosis. This affection must be diagnosed by the bacteriolo-
gical examination of the blood and tissues. It is to be differentiated
from fowl typhoid and chicken cholera.

Prevention. The separation of the well fowls from the diseased
ones and placing them in uninfected houses or yards is of the first
importance. Norgaard and Mohler found that immunity may be
produced by the filtrate or sterilized bouillon cultures and the serum
of immunized animals.
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STREPTOCOCCIC MASTITIS

Characterization. The term ‘‘streptococcic mastitis” has been
given to an infectious disease of the udder of cows caused by a
streptococcus. It is characterized by hard foci in the gland.

History. As early as 1848, Brennwold observed in Switzerland
an enzodtic mastitis that was difficult to cure. The affection was
called “gelber Galt.”” Since that time this affection has been found in
nearly, if not, all countries. Among the more recent writers on this
subject may be mentioned Hess and Borgeaud in Switzerland,
Nocard and Mollereau in France, and Zschokke in Vienna. In
America it does not appear to have been studied independently of the
infectious form of mastitis described on page 25. The epizootic mas-
titis occasionally reported in this country may be identical with this
supposed distinctively specific disease. Zschokke found the strepto-
coccus in 297 of the 444 cases of altered milk examined.

Geographical distribution. This affection has been reported from
nearly every country where cows are kept.

Etiology. The organism that causes this disease was described
by Kitt as Streptococcus agalactie, and by Guillebeau as Streptococcus
contagiose. It enters the udder through the ducts of the teats.

The writer has been unable to differentiate this streptococcus from
the one he has found in cases of mastitis, and also in the milk of cows
with healthy udders. Ward and Reed produced mastitis in a healthy
udder with the streptococcus that they had isolated from a normal
udder.

The period of incubation is very short, one to three days in the pro-
duced cases.

Symptoms. The first symptom is the diminution in the quantity
of milk, usually in but one-quarter of the udder. This is quickly
followed by indurated foci in the affected glands. The part becomes
inflamed. The discharge or secretion is thin, more or less colored,
and contains pus cells and clumps of streptococci. The lesions
develop slowly, and one quarter after another of the udder becomes
involved. Later the milk secretion is liable to stop entirely.

Morbid anatomy. The tissue changes are described as those of
catarrhal inflammation of a mucous surface, followed by the develop-
ment of new formed tissue and atrophy of the parenchymatous tissue.
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The gland is hard and in time becomes enlarged, due to the new formed
tissue. The microscopic examination shows a thickened intertubular
tissue, and the epithelial cells more or less disintegrated and sloughed
from the tubular walls. The lymphatic glands and other organs of
the body are not involved. The lesions are localized in the udder.

The period of duration is variable, but always long.

The prognosis is grave for the gland itself. It is rarely fatal to the
animal.

Diagnosis. The diagnosis is made by finding the streptococcus in
the secretions. It is to be differentiated from cases of mastitis caused
primarily by some injury, and the infectious mastitis caused by other
bacteria. This can readily be done from a bacteriological examina-
tion of the udder secretions.

Prevention. This disease is spread from the infected to the non-
infected largely by the hands of the milkers. Recognizing this fact,
the spread can be stopped by disinfecting the hands (washing in a
disinfectant) of the milker after each animal. The diseased animals
should be isolated from the others. It is not a difficult infection to
control.
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CHAPTER 1II

DISEASES CAUSED BY BACTERIA
GENUS MICROCOCCUS

General discussion of the genus micrococcus. The genus Micro-
coccus includes the spherical bacteria that divide in two planes. The
micrococci, therefore, may exist as single spherical organisms or they
may be united in pairs (diplococcus), in fours (tetracoccus), or in
small clumps or masses (staphylococcus). This genus contains many
important species but for lower animals they are largely restricted to
those producing wound infections, such as Micrococcus pyogenes and
its varieties. These infections are not characteristic in their manifes-
tations and consequently the disturbances they produce are not
classed among the specific infectious diseases. At present, we seem
to have recognized but one specific malady of animals attributed to
them. In man a number of diseases are caused by micrococci.

TAKOSIS

Characterization. Takosis, meaning “"to waste,” is a destructive,
infectious disease of angora goats. It is characterized by great
emaciation and weakness, with symptoms of diarrhea and pneumonia.

History. The name Takosis was given to this disease of goats by
Mohler and Washburn who described it in 1903.

In 1875, a disease was reported among angora goats in Virginia
which may have been this infection. Pegler describes it somewhat
fully in his work entitled *“The book of the goat™” as “a disease
peculiar to goats.”” The identity of this disease and the various
affections of goats, especially pneumonia, described by Duquesnoy,
Hutchens, Pusch, Steele and others is not established.* Mohler and
Washburn seem to be the only investigators in this country who have
carefully studied this affection.

*In 1913, we studied a disease of goats that resembled in its symptoms Takosis.
It was tentatively diagnosed assuch. The post mortem examination revealed large
numbers of the larval form presumably of Dictyocaulus filaria, in the lungs. Fromn
some cultures we obtained a micrococcus but it was not uniformly present. It was
not M. caprinus. There seems to be a little doubt as to the identity of the diseases

of goats studied by different authors and it is possible that some of them may have
been parasitic in nature.

2
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Geographical distribution. Takosis is reported from a number of
localities in this country, more especially in the Northern States.

Etiology. According to Mohler and Washburn this disease is
caused by M. caprinus. It is pathogenic for goats, chickens, rabbits,
guinea pigs and white mice, but not for sheep, dogs or rats. It
usually appears in pairs. It has been isolated in pure culture from
the heart’s blood, spleen, kidneys and pericardial fluid. It was not
obtained in cultures from the spinal cord.

Symptoms. The first observable symptom is a listless and languid
appearance of the animal. The affected goats lag behind the flock.
Frequently there is drooping of the ears and a drowsy appearance
of the eyes. There is slight elevation of the temperature in the
beginning, but later in the course of the disease it becomes sub-
normal. As the disease advances the goats move about in a desultory
manner, the back arched, neck drawn down toward the sternum, and
the gait staggering. Rumination is seldom impaired. The appetite
is usually good but capricious. The exposed mucous membranes are
pale. The respirations are accelerated and labored. The affected
animals soon become so weak that they can stand with difficulty, and
often they are knocked down and trampled by their companions.
They shrink often to nearly half their normal weight. There is
usually a fluid discharge from the bowels of a very offensive odor
during the last few days. The goat groans occasionally and the head
is usually bent around to one side. Death follows in from eight days
to ten weeks. Recoveries have not been observed. The young are
reported to be more susceptible to the disease than the older animals.

Morbid anatomy. According to Mohler and Washburn emacia-
tion and anemia are the most striking lesions. The lungs usually
contain areas of pneumonia. Their surface is mottled by areas of
congestion and iron gray patches. On section these areas show a
frothy mucus in the bronchioles. The heart muscle is pale, dull, soft
and flabby. Inflamed hemorrhagic areas may appear on the epi-
cardium. Sometimes they are present in the endocardium especially
that lining the ventricles. The pericardium is slightly thickened and
usually contains a small quantity of blood-stained fluid. The gall
bladder is frequently distended with a pale-yellow watery bile. The
liver appears to be unaffected. The kidneys are anemic and softened.
The cortex is pale and contrasts strongly with the dark pyramids.
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The capsule is easily removed. The spleen appears to be atrophied
and indurated, the fibrous portions exceeding the spleen pulp. The
spleen may be attached to the diaphragm or neighboring organs by
adhesions. The mucosa of the intestines gives the appearance of a
chronic catarrh associated with necrosis of the mucosa.

The microscopic study shows the terminal bronchioles and alveo-
lar passages to have swollen walls and to contain various amounts of
mucus and desquamated cells as a result of the catarrhal inflammation.
The blood vessels in the interalveolar tissue are distended and sur-
rounded by migrated leucocytes. The kidneys show a catarrhal or
parenchymatous nephritis with the most pronounced changes occur-
ring in the cortex. The intercapsular space is dilated and contains an
albuminous exudate. The convoluted tubules show the epithelium
to be swollen and granular and occasionally desquamated. The
tubules may contain an albuminous deposit: As the specific micrococ-
cus has not been found in the kidneys, Mohler and Washburn con-
sidered the lesions in this organ to be of toxic origin.

The heart shows parenchymatous degeneration of isolated fibers
or groups of fibers. The spleen shows an increase in fibrous tissue.
Sections of the intestines, especially of the duodenum, show a pro-
ductive inflammation with exudation. There is often desquamation
of the mucosa.

The blood count in experimental cases shows an increase in the
number of red corpuscles. Mohler and Washburn report the exami-
nation of the blood in two such cases and one of natural infection as
follows:

No. 1. Red corpuscles 11,190,000, white corpuscles 20,560 per
cubic millimeter.

No. 2. Red corpuscles 12,160,000, white corpuscles 20,000 per
cubic millimeter.

No. 3. (Natural infection) red corpuscles 10,208,000, white
corpuscles 14, 860 per cubic millimeter.

They give the normal red corpuscles as 9,976,000, white corpuscles
9,200 per cubic millimeter. ’

The increase in the white cells they state is due to an increased
number of polymorphonuclear leucocytes and eosinophiles. They
found the specific gravity of the blood to be 1.031 and hemoglobin 56.

Diagnosis. Takosis is to be diagnosed by its infectious nature
and by finding the specific organism, M. caprinus, in the tissues. Itis
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to be differentiated from the morbid condition resulting from various
animal parasites, anemia caused by some previously existing disease
such as chronic pneumonia, or poor nutrition.

The symptoms caused by parasites frequently resemble quite
closely those of takosis. In takosis symptoms of pneumonia will
frequently be noted, especially the labored breathing or rapid respira-
tion. The luster of the fleece is less affected in takosis, while diarrhea
is more frequently noted. Continuous coughing and snuffling, while
diagnostic of the presence of lung worms, are not characteristic of
takosis.

Hutcheon writes concerning the contagious pneumonia of goats as
follows:

“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 Cape
Colony by a shipload of angora goats from Asia Minor, where the
disease is represented as being indigenous.”

Prevention. The study of this disease by Mohler and Washburn
brought out very clearly certain preventive measures that should be
carefully noted.

The most destructive outbreaks have occurred among goats
that had recently been shipped from a Southern locality to a Northern
latitude. Sudden climatic changes should be avoided. Hobson
states that the natives of Asia Minor assert that the goat cannot
be transported from one village to another of higher altitude without
suffering some deterioration.

Angora goats should be provided with stables that are per-
fectly dry. These should be accessible to them at all times, as rains
are very injurious to them. So averse are they to wetting that they
will seldom be caught out in a shower if shelter is within reach.

Careful feeding. '

When the disease appears, remove all well animals from the sick
ones.

Immunity seems to have been established by the injection sub-
cutaneously of sterilized cultures of the specific organism. The
method, however, is still in the experimental stage.
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CHAPTER 1V

DISEASES CAUSED BY BACTERIA
GENUS BACTERIUM

General discussion of the genus bacterium. The genus Bacterium
includes all rod-shaped, non-motile bacteria. The absence of
motility appears to be a logical, natural and sufficient reason to place
these organisms in a genus by themselves. The only objection, that
can reasonably be urged against it, from the pathologist’ spoint of
view, is the changing of the generic name of a number of important
pathogenic bacteria, such as those of anthrax, glanders, tuberculosis
and others, from Bacillus to Bacterium.* This, however, is not
serious but should be gladly welcomed if it enables us to bring into
groups for study diseases that are etiologically more closely related.
It is for that reason that this classification is adopted. The further
subdivision of the non-motile, rod-shaped bacteria into several genera,
as found in more recent classifications, suggests the desirability of a
more restricted grouping of diseases for study and comparison than
the genera of their etiological organisms provide. In order to group
the diseases due to closely related bacteria, Ligniéres introduced the
term Pasteurelloses to include the diseases in different species of
animals caused by bacteria represented by the bacterium of fowl
cholera. Trevisan gave the generic name Pasteurella to this group
of organisms. Hueppe designated them under the heading of
Bacillus septicemiae hemorrhagice. He seems to have taken for his
type the bacterium of Schweineseuche.

Ligniérest grouped the diseases caused by the Pasteurella Trev.
according to the animals affected. Thus, fowl cholera, rabbit
septiceemia and swine plague are designated as the Pasteurelloses of
birds, Pasteurelloses of rabbits, and Pasteurelloses of swine. He
carries this classification to include all the diseases in all species of

*It is important not to confuse the genus bacterium as revived by Migula with the
same genus of early writers who characterized it as composed of non-spore bearing,
rod-shaped organisms.

tLiGNIERES.  Contribution A I étude et & la classification des septicemies hem-
orrhagiques les “Pasteurelloses.” .Ann. de I' Instit. Pasteur, Vol. XV (1901), p. 73¢.

+7
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animals caused by members of the genus Pasteurella. Nocard and
Leclainche accepted this grouping. Another illustration of grouping
diseases due to closely related bacteria is found in tuberculosis. With
a better knowledge of the specific organisms, the infectious diseases
will undoubtedly be more generally studied in groups according to
their etiology.
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SWINE PLAGUE*

Synonyms. Infectious pneumo-enteritis; Pasteurellosis suis; Pas-
teurellose du pore; Septicemie du pore; Pneumonie contagieuse du pore;
Schueineseuche.

Characterization. Swine plague is an infectious disease of swine
occurring sporadically and in enzootics. It appears usually as a
septicemia, or a pneumonia in which there is marked consolidation of
the ventral and cephalic lobes and the cephalic portion of the principal
lobe of one or both lungs. There may or may not be pleuritis.
There may be marked changes in the intestine, consisting of super-
ficial necrosis of the mucosa especially the ileum and cecum. On
this account it has been considered an infectious pneumo-enteritis.
Petechial hemorrhages in the kidney and on the heart have been .
observed.

History. In 1886, Smith found in a pig in the state of Illinois a
disease which differed from hog cholera, and from the lesions he
isolated a bacterium identical with that of Schweineseuche. Later
other cases of this disease were found not only in the state of Illinois
but in various places in the eastern part of the United States. In
1885, L«efHler had described the cause of an infectious pneumonia in
swine (Schweineseuche) and had differentiated it from swine erysipe-
las. The first publication on this disease in the United States is in the
Annual Report of the Bureau of Animal Industry for 1886.

*For an explanation of the confusion existing concerning the nomenclature of
swine plague and hog cholera see hog cholera.
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Smith described swine plague as an independent disease, although
it was often associated with hog cholera in the same animal. In
Europe, Schitz, Jensen, Bang, and Preisz established itsindependent
nature. On account of its frequent association with hog cholera, it
was thought by some to be a secondary infection only. Several out-
breaks were studied which indicated that it was an epizoétic disease.
It was differentiated from cholera by the lesions and bacteriological
examination only. The discovery of the filterable virus of hog
cholera has thrown doubt upon the conclusions of the earlier study of
epizootic swine plague. The consensus of opinion seems to be that
swine plague is a sporadic disease which rarely if ever occurs in epizo-
otic form. Certain lesions, such as petechial hemorrhages in the
kidney, found in pigs dead from the septicemic form of swine plague
are now known to be quite characteristic of hog cholera. For that
reason, lesions that were formerly supposed to be due to Bact. suisep-
ticum may have been caused by the filterable virus of hog cholera.
The lesions resulting from, or peculiar to, Bact. suisepticum infection
must be more definitely determined from future investigations.

Geographical distribution. Swine plague occurs more or less fre-
quently in every state in"the Union. It is quite widely distributed in
Europe. It does not appear to
be restricted to any country.

Etiology. Swine plague is
caused by a non-motile, elon-
gated, oval bacterium first de-
scribed by Leeffler in  1885.
Hueppe proposed the name Bac-
terium seplicemiae hemorrhagicae
for this organism. Migula called
it Bacterium suiseplicum.

Hutyra has found a filterable
virus in the blood and other
Fic. 4. Bacteritm suisepricem FroM A parts of pigs suffering  with

g);::-cmss PREPARATION OF A RABBIT 8 Schweineseuche- rl\he pOSSibility

' of a mixed infection in this case

is not excluded. Other European observers have reported similar
findings.

Bacterium suisepticum and its closely related varieties attacking

other animals have not been systematically studied and classified.
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It has already been noted that the bacteria of rabbit septicemia, fowl
cholera. Wildseuche and septicemia hemorrhagica of cattle are closely
related to it. In human pathology. there is a striking resemblance
between M. lanceolatus and Bacl. suixepticum, especially in its varied
pathogenic possibilities in rabbits and their frequent presence in
normal saliva.

It should be recognized that experimentally the different varieties
or forms of this group (Bacterium septicemiae hemorragicae Hueppe,
Pasteurella Trev.) are not interchangeable in their pathogenesis
except for the rabbit. Thus an epizootic form of fowl cholera has
not been produced with the bacterium of swine plague or of rabbit
septicemia. Further, it has been shown that in the upper air passages
of healthy swine, cattle, horses. cats and dogs* there are bacteria not
distinguishable by the usual methods in their cultural characters and
in their effect upon rabbits from the swine plague bacterium. The
presence of this organism in the trachea of healthy pigs explains the
frequent association of this bacterium with hog cholera and other
maladies. The conditions necessary for this organism to produce
disease in its host have not been explained.

If the rabbit is taken as the animal on which to test the patho-
genesis of the bacteria belonging to the swine plague group, we find
that those from different sources are very similar. In nature, the
bacteria of swine plague. rabbit septicemia, fowl cholera, and those
located in the normal upper air passages of the various species of
animals mentioned exist. possessed of marked variation in virulence,
that is. there are those that will kill a rabbit in from 16 to 24 hours
when inoculated subcutaneously with a pure culture and those that
require from 3 to 10 days. or even weeks, to destroy life.  'With the
variations in the time period, we have corresponding differences in
les'ons.  The virulent forms produce bacteriemia while the attenuated
varieties excite a severe purulent infiltration about the place of
inoculation and exudates on one or more of the serous membranes.
Conversely, it has been shown that rabbits possessed of a certain
amount of natural or artificially produced resistance will, when
moculated with a virulent culture, die after the same period of time
and with lesions similar to those produced by the attenuated virus
in the susceptible rabbit.

*The investigations thus far made show these bacteria to be present in 48 per cent.
of healthy swine, 80 per cent. of cattle. 30 per cent. of sheep, 16 per cent. of horses, 90
per cent. of cats, and 30 per cent. of dogs.
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The effect of swine-plague bacteria on rabbits. In 1894, Smith
and Moore described the effect of swine-plague bacteria on rabbits
and also the effect of resistance on the part of the rabbit on the form
of the resulting lesions.

Among the forms of disease observed after the subcutaneous inocu-
lation of rabbits with swine-plague bacteria from different sources
(epizootics) were bacteriemia, peritonitis, pleuritis (usually with
pericarditis), pleuritis (usually with pericarditis and peritonitis) and
local lesion only.

In bacteriemia, death ensues within eighteen or twenty-four hours. The local lesion
produced at the seat of inoculation is slight. Bacteria are abundant in the parenchyma
(blood vessels) of the various organs. In the form characterized by peritonitis death
occurs in three to seven days. The local lesion, which in all these forms of diseases
increases in extent with the prolongation of the life of the animal, is here characterized
by more or less suppurative infiltration of the skin and the subcutis. The peritonitis
in its earlier stages is characterized by punctiform hemorrhages on the cecum and a
fibrinous or cellular exudate. It always contains immense numbers of bacteria. When
pleuritis is also present the exudate usually involves the pericardium as well. It
varies in amount according to the duration of the discase and is essentially the same
as the peritoneal exudate.

The form characterized by pleuritis and pericarditis without peritonitis is interesting
in so far as the seat of inoculation does not explain the localization, for, in every case,
the inoculation was made in the region of the abdomen. The lungs may become
hepatized secondarily through invasion from the pleura if the animal lives long enough.

Lastly, the form of disease in which the only localization is a very extensive sup-
purative infiltration associated with hemorrhage and edema of the subcutaneous tissue
is not common.

Period of Incubation. In artifically produced cases it is very short,
the symptoms appearing in from 1 to 2 days. In natural infections it
is also believed to be short.

Symptoms. The peculiarities of swine render it exceedingly
difficult to obtain evidence on physical examination of lung disease or
general infections distinctive of swine plague. Sometimes this affec-
tion runs a very rapid course, the animal dying of bacteriemia.
Usually it is more protracted, lasting from a few days to one or two
weeks. There is a rise of temperature. As it advances the pigs
become weak. In its very acute septiceemic form the temperature
is high and the duration of the disease is very short. Animalsaffected
with the more chronic form eat very little or refuse food altogether.
They cough considerably, especially when forced to run. The back is
usually arched and the groins sunken. The whites of the eyes are
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reddened. The skin over the ventral surface of the body, nose and
ears is frequently flushed. The cough, however, is the most reliable
indication we have of swine plague; but in some cases of hog cholera
the coexistence of broncho-pneumonia also causes the animal te
cough when forced to move rapidly.

Morbid anatomy. There are many known variations in the
appearance of the internal organs of hogs which have died of swine
plague. The most characteristic lesions are to be found in the lungs.
Frequently the abdominal viscera appear to be normal, although a
careful examination will usually reveal slight changes. In the lungs,
however, the disease is ordinarily obvious.

The variety of lesions produced by the inoculation of swine plague
bacteria is not so great as that observed in the naturally contracted
disease. While there are outbreaks in which considerable uniformity
is observed, there are others in which each animal is a surprise to the
pathologist. In general it may be stated that the lungs and the diges-
tive tract are the chief seats of the disease, though other organs,
notably the lymphatic glands, are secondarily involved. The lesions
are localized in the lungs and in the digestive tract probably because
the bacteria gain entrance through the respiratory and digestive
passages.

The lungs have been found diseased in nearly every outbreak
which has been investigated. In some outbreaks the lung lesions
predominated and pneumonia was the direct cause of death. In
individual cases, pneumonia is absent but pleuritis and interlobular
edema are generally present. In a few instances interlobular emphy-
sema of the lungs has been observed. With pneumonia the seat of
the lesion varies: usually the ventral lobes are first attacked, then
the cephalic and azygos, and lastly the principal lobes. This move-
ment of the disease seems to depend on gravity, inasmuch as the dis-
eased parts are marked off from the healthy portion by a nearly
horizontal line. In other words, the most dependent portions of the
lungs are the ones affected first, and as the disease progresses upwards
only a small porton of the principal lobe directly under the back of
the animal remains pervious, provided the life of the animal is main-
tained up to this point. In cases where disease is caused by lung
worms or by embolism, the pneumonia involves portions of the
principal lobes not contiguous to the ventral lobes.
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Two kinds of pneumonia are encountered, namely, lobar and
catarrhal or broncho-pneumonia. In the former the vesicular portion
of the lung substance is chiefly affected; in the latter the smaller
bronchioles are primarily attacked and the alveoli secondarily. In
croupous-pneumonia, there is, following the stage of congestion, an
emigration of red blood corpuscles, some leucocytes, and an exudate
of fibrin into the air spaces. These elements are firmly matted
together by the coagulating fibrin, making the diseased lung firm to

FIG. 5. RIGHT LUNG OF PIG. THE STIPPLED PORTION IS USUALLY INVOLVED IN CASES
OF INFECTIOUS PNEUMONIA OR SWINE PLAGUE. (b) VENTRAL LOBE, (C) CEPHALIC LOBE,
(a) PRINCIPAL LOBE. THE VENTRAL LOBE IS USUALLY THE SEAT OF THE MORE AD-
VANCED DISEASE AND CONSEQUENTLY THE FIRST TO BECOME HEPATIZED. THE
CEPHALIC PORTION OF THE PRINCIPAL LOBE (X) IS USUALLY HEPATIZED AND THE
REMAINING PORTION DEEPLY REDDENED.

the touch. In broncho-pneumonia the catarrhal condition of the
smaller air tubes makes them impervious to air. The lung tissue
which they supply is gradually emptied of air and assumes the
appearance of red flesh, owing to the collapse of the walls of the
alveoli and the distended condition of the capillary network. Subse-
quently the inflammation extends into the alveoli, which then become
distended with cellular masses.

The nature of the lung disease will depend more or less upon the
mode of entrance of the virus. If it enters only by way of the air
tubes it will appear perhaps as a broncho-pneumonia. If it enters
the lung tissue through the circulation we may have more or less
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scattered centers of hepatization (embolic pneumonia). If it enters
by way of the pleura, the virus will creep along the interlobular and
peribronchial tissue before it invades the parenchyma proper.

In natural infection of swine plague, bacteria seem to enter the
lung tissue chiefly by way of the air passages. At the same time it
is not improbable that occasionally they may enter the serous cavities
first, i. e., invade the pleural cavities and thence the lungs. This
probability is shown by inoculation in which intravenous injections
produced exudative pleuritis and pneumonia of the most dependent
portions of the lungs covered by the pleural exudate. It is not
improbable that even in the natural disease the bacteria which have
gained access to a portion of the lung tissue by way of the air tubes
reach the pleura covering this portion, and may then by this route
invade other portions of the lungs. It may be that in this way a
pneumonia originally single may become double. It has been
observed that the first pneumonic infiltration of the principal lobe was
at the point of contact with the diseased ventra! lobe, and that the
resting of a lobe against an inflamed seroussurface, such as the peri-
cardium, caused a pneumonic infiltration at the point of contact.

The character and seat of the lung lesions are somewhat variable.
It is difficult to find two lungs exactly alike so far as gross appearances
go. This to be sure may be due largely to the fact that animals die
in different stages of the disease. Yet there are differences evidently
not dependent on this fact, which must be left for special pathological
investigation.

In general the cephalic (anterior) half of a swine-plague lung is
hepatized, of a dark-red or grayish-red color and firm to the touch.
The pleura is more or less thickened and opaque, and possibly covered
with easily removable, friable, false membranes. In the more
recently affected regions a faint but quite regular, delicate mottling
with yellow is observed to shine through the pleura when not thick-
ened. These minute hazy, yellowish dots usually occur in groups of
four. Occasionally whitish or yellowish patches varying much in
size are seen, perhaps more frequently in the ventral lobes. These
correspond to homogeneous dead masses of lung tissue.

When such lungs are cut open, the section presents much the same
appearance, both as regards color and mottling, as when viewed from
the surface, excepting that the details are less distinct. In some
cases, in the most recently invaded areas in the principal lobe and
nearer the dorsum in the other lobes, the dark or grayish-red cut
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surface shows grayish lines usually arranged in curves and circles.
These, so far as determined, represent the cut outlines of the inter-
lobular and peribronchial tissue infiltrated with cells. It has already
been stated that these lines may represent the paths along which the
swine-plague bacteria invade the lungs from the pleural surface.

The cut ends of the bronchi of the ventral lobes are frequently
occluded with thick, whitish pus; in the other lobes a reddish froth
is usually present. Rarely they also contain thick glairy mucus in
which particles of dry pus and lung worms are imbedded. The con-
tents of the air tubes in the ventral lobes may have been derived
from the overdistended alveoli, or else a broncho-pneumonia may
have preceded the swine-plague pneumonia.

In microscopic sections of diseased lung tissue the alveoli and
smallest air tubes are found distended with cell masses cousisting
chiefly of leucocytes. Usually there is very little fibrin and very few

7 . . . . . .

red corpuscles in the alveoli, even in cases in which the disease was
quite recent. It may be that the stage represented in ordinary
croupous-pneumonia by the presence of fibrin in connection with the
cellular elements is very brief, and that it is speedily replaced by
large numbers of leucocytes. The large predominance of these
elements in some portions of the lungs, as well as beginning fatty
degeneration, is probably the cause of the regular mottling of the
lungs, as seen from the surface. The little yellowish hazy dots
represent alveoli surrounded by the hyperemic walls.

The necrotic and caseous changes so frequent in swine plague are
most interesting. The latter are usually quite small and disseminated
in 'arge numbers over the diseased lobes. The former represent
larger masses from a marble to a horsechestnut in size. They repre-
sent tissue which has been destroyed by the rapid multiplication of
swine-plague bacteria in particular localities. Hence they are found
in all stages of the pneumonia. The large caseous masses may be
considered as the result of a slow death of larger areas of lung tissue,
due primarily to the gradual overdistention of the tissue by leuco-
cytes, and hence the gradual cutting off of the blood supply. One is
a rapid death due directly to highly virulent bacteria, the other a slow
death, or a kind of dry suppuration in the later stages of the pneu-
monia, characteristic of the pig, and due indirectly to the irritation
of perhaps more attenuated races of bacteria. In some cases there
are extensive hemorrhages in the interlobular connective tissue.
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The inflammation of the pleura frequently extends to the peri-
cardium. This membrane is opaque, thickened and its vessels dis-
tended. It may be glued to the contiguous lobes of the lungs and
covered by a false membrane, smooth or roughened, which extends
upon the large vessels emerging at its base.

Disease of the digestive tract in a considerable proportion of
animals inoculated with swine-plague cultures consisted in a severe
catarrhal inflammation of the lining membrane of the stomach.
The hyperemia was very intense, bordering on hemorrhage. Occa-
sionally the extension of the peritonitis, produced by intra-abdominal
inoculation along the mesentery, causes a severe inflammation, with
exudation on the mucosa of the small intestine. A case is reported
where all the Peyer’s patches of the small intestine were in a hypere-
mic and partly hemorrhagic condition.

In the naturally contracted disease extensive hyperemia of the
mucosa of the large intestine, bordering on a hemorrhagic comiition,
has been observed. In other cases a peculiar croupous exudation
appeared, which seemingly resulted from the effect of swine-plague
bacteria in the large intestine.

“The production of intestinal lesions by Bact. suisepticum may be
supposed to go on as follows: The bacteria first attack the lung
tissues and there produce more or less hepatization. The blood
through the lungs finds its path partly obstructed. This reacts on
the blood in the right side of the heart and the venous blood entering
it. Hence there may be more or less stasis of blood in the portal
circulation which in turn impairs the digestive functions of the
stomach. The swine-plague bacteria in the lungs in the later stages
of the pneumonia may be coughed up in the contents of the bronchial
tubes, swallowed and passed through the impaired stomach unharmed
into the intestines. The stagnation of the feces in the large intestine
furnishes the bacteria an opportunity to cause inflammation with
exudation on the mucous membrane. The tendency of swine-plague
bacteria to cause fibrinous inflammatory deposits on serous mem-
branes may serve to explain such action on mucous membranes.

There is general congestion with resulting degeneration of the
parenchyma of the spleen, kidneys and liver in the acute septicemic
forms of the disease. In these cases the specific bacterium is easily
obtained from the abdominal organs. In brief, the lesions of swine
plague as they appear in various outbreaks may be summarized in
four classes, namely:
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The acute bacteriemia form in which the lesions are characterized
by a general hyperemic condition of the serous membranes and
parenchymatous organs. Not infrequently hemorrhages, especially
the punctiform variety, occur. No localized lesions.

Cases of pneumonia with or without pleuritis. The other organs
remain normal in appearance.

Cases where either in addition to, or possibly in the absence of, the
lung lesions there are marked anatomical changes in the mucosa of
the digestive tract and possibly in the lymphatic glands.

Cases of mixed infection, especially with hog cholera, where in
addition to the swine-plague lesions which may be more or less
modified, there are those, especially of the digestive tract, characteris-
tic of the accompanying disease. )

The course of the disease varies in acute cases from one to three
weeks. In chronic or complicated cases it is indefinite.

The prognosis in swine plague is very unfavorable. Most of the
affected animals die, and those that recover are usually not thrifty.

Diagnosis. Swine plague is diagnosed from the symptoms, lesions
and the bacteriological examination. There are no specific reactions
that have been found to be satisfactory in making a diagnosis.
Swine plague is to be differentiated from broncho-pneumonia due to
other causes than the swine-plague bacterium. Pneumonia of a non-
specific nature is often associated with deaths due to dietary or other
causes. Pneumonia frequently produces death in chronic cases of
other diseases (terminal pneumonia).

In enzodtics or outbreaks, it is to be distinguished from hog cholera
accompanied with catarrhal pneumonia.

Pneumonia resulting from lung worms (Strongylus paradozus) is to
be distinguished by a careful examination of the contents of the
bronchioles.

In case of coexistence of hog cholera and swine plague a bacteriolo-
gical examination and also the inoculation of pigs with the filtered
blood serums, are necessary to determine the presence of the two
diseases, owing to the possibility of an accompanying or terminal
pneumonia with hog cholera.

The question has arisen as to whether the presence of Bact. suisepti-
cum in the hepatized lung constitutes a diagnosis of swine plague.
As understood at the present time it would seem that the presence of
this species of bacteria would indicate the nature of the disease. It
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must be remembered, however, that bacteria not readily distinguish-
able from the swine-plague organism exist in the normal upper air
passages, from whence they could be brought into the lung and in
such a case it might appear as a secondary invader only, or, it
might have been primarily the cause of the lesions. It is not im-
probable that the disease may start from these sporadic cases,
although conclusive proof of this is still wanting. It seems, how-
ever, that the presence of this organism in the lung tissue of a spor-
adic case should be considered in the light of the distribution of
these organisms and not necessarily as the beginning of an enzoétic.

Prevention. The well animals should be promptly separated from
the sick and placed in suitable pens or yards, protected against subse-
quent infection, and given wholesome food and water.* It is well to
remove the sick animals to other pens. The infected pens should be
thoroughly disinfected before they are again occupied.

Specific biologic treatment. Although several attempts have been
made to produce a specific biological remedy for swine plague, they

have not been successful.
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HEMORRHAGIC SEPTICEMIA IN CATTLE

Synonyms. Wild und Rinderseuche: Pasteurellosis bovum; Sépti-
cémie hémorrhagique du boeuf; Septicaemia pluriformis.

Characterization. Hemorrhagic septicemia in cattle is determined
by an acute attack usually running a rapid course and terminating
fatally. The lesions consist largely of hemorrhagic areas more or
less widely distributed throughout the body and due to the presence
of Bacterium bovisepticum. It occurs more frequently in cattle. It
has been described, however, in other ruminants, horses and mules.
Men, dogs and fowls are reported by Gaiger to be immune.

History. In 1878, Bollinger described under the name of H7ild-
und Rinderseuche an epizodtic disease which killed a large number of
wild boars and deer in the Royal game preserves of Munich. After
the disease in these animals had died out, the domestic cattle in the
neighborhood began to die of the same or a very similar affection.
He reports it to be sudden in its onset and rapidly fatal in its course,
with a mortality of 90 per cent. Death occurred in from 12 hours to
a few days after the appearance of symptoms.*

In 1885, Kitt studied an epizootic disease in cattle and swine in
Sincbach. From this disease he isolated a short, polar staining, non-
motile, rod-shaped organism, fatal to cattle, horses, pigs, sheep, goats,
dogs and rabbits. In the following year Oreste and Armanni reported
a destructive disease of young buffaloes in Italy with symptoms and
lesions similar to those reported by Bollinger and Kitt. This disease
had been known in Italy for a century or more, where in certain dis-
tricts it is reported tohave recurred with great regularity, destroying
both old and young animals. Inthe sameyear (1885) Poels described
a septic pleuro-pneumonia in calves which prevailed in the vicinity of
Rotterdam. It was of a septicemic nature. From the organs he

*An exanthematous and a pectoral form are described. In the exanthematous form
there are large and small hemorrhages disseminated throughout the muscles and viscera.
The intestines exhibit large numbers of ecchymotic areas, while the submucous tissue
is infiltrated with a serous exudate. Large hemorrhagic tumors infiltrated with serum
are abundant in the subcutaneous tissue, often extending into the muscles. The
mucous membranes of the tongue, larynx and pharynx, and the lymphatic glands of
these regions, are swollen and infiltrated with more or less bloody serum. In the
pectoral form, there is a hemorrhagic lobular pneumonia, with considerable infiltration
into the interlobular tissue of a serofibrinous exudate. The pleura is infiltrated and
inflamed and covered with a fibrinous exudate. The pleural cavities contain from two
to twenty-five litres of liquid. At the same time there may exist a hemorrhagic
enteritis and the widely disseminated hemorrhagic lesions common to the preceding
form.



60 HEMORRHAGIC SEPTICEMIA IN CATTLE

obtained an organism belonging to the Bacillus septicemiae hemor-
rhagicae group of bacteria. In 1889, Jensen described a similar
disease affecting calves in Jutland. In the same year Piot reported
the presence of “barbone” in the buffaloes and domestic cattle in
Egypt. In some districts 40 per cent. of the horned cattle are said to
have died in a single year. It is reported as being more prevalent
in the wet season.

In 1890, Van Ecke described a hemorrhagic septicemia in cattle in
Dutch India, particularly in Java, the lesions of which were similar
to those first described by Bollinger. The specific organism was
virulent for rabbits, mice, turtle doves, calves, horses and swine;
sheep and asses were almost immune. In the following year Galtier
described the same disease imported from Algiers to Lyons. A num-
ber of other investigators have studied and reported cases of this
disease. In 1890, Nocard isolated from cases of broncho-pneumonia
in American cattle landed at La Villette, France, an organism similar
to that described as the cause of septicemia hemorrhagica. In 1896,
Smith called attention to a similar organism which he found in cases
of sporadic pneumonia in cattle. These cases have been referred to
asthe pectoral form of the disease. As early as 1891, Smith published
the discovery of the presence of an organism, morphologically and in its
cultural characters identical with that of swine plague, in the upper
air passages of healthy swine. The same year Moore reported the
presence of a like organism in the upper air passages of cattle,
horses, sheep, dogs and cats. The following year, Fiocca described
a pathogenic bacterium resembling that of rabbit septicemia in
the saliva of healthy cats and dogs.

Hueppe proposed the name Bacillus septicemiae hemorrhagicae
for this group of organisms and septicemia hemorrhagica for the
disease they produce. Ligniéres has designated the diseases caused
by this group as Pasteurelloses. While there may be objections to
this unifying name, there seems to be no serious reason for not accept-
ingit as a working hypothesis. In 1898, Fennimore described under
the nameof “Wild and Cattle Disease” a malady occurring in Eastern
Tennessee. Its serious nature caused an investigation to be made
by the Tennessee Agricultural Experiment Station. Norgaard, who
assisted in this investigation, recognized it as the same disease as
that described by Bollinger in 1878. Fennimore states that it has
occurred to a considerable extent in his practice. In 1901, it was
carefully studied by Wilson and Brimhall for the Minnesota State
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Board of Health. They report 64 cases of this affection which they
have examined in cattle in the state of Minnesota. In 1903, Rey-
nolds described an investigation into several outbreaks of this disease
in the same state.

Geographical distribution. It will be seen from the history that
this disease is a wide spread malady occurring in nearly every coun-
try. It appears to be more or less prevalent in the temperate and

tropical countries. It has been reported from many places in the
United States. '

Etiology. Septicemia hemorrhagica in cattle is caused by an
organism belonging to the group of bacteria designated by Hueppe as
the hemorrhagic septicemia group and specifically named Bacillus
bovisepticus by Kruse. This, according to Migula’s classification,
should be Bacterium bovisepticum. A brief description of the organ-
ism as given by Wilson and Brimhall is appended.

“The organism has a strong tendency to show polar staining in tissues and to form
chains of much shortgned individuals in liquid media, which causes it to be mistaken in
examinations of a single specimen for a diplococcus or a streptococcus. Sometimes in
cover-glass preparations from solid organs and very frequently in those from body
fluids and liquid cultures, the bacteria were found in chains of three to twelve individ-
vals. In cover-glass preparations the bacteria are from 0.6/ to 0.8/ broad and from
1.0 to 1.54 in length. In tissues which have been fixed in 96 per cent. alcohol, they are
somewhat smaller. In cultures, especially in fluid media, they are apt to be much
smaller and approach diplococci in appearance. The ends are rounded. In stained
preparations directly from the tissues most of the bacteria have the ends intensely
stained and the central portion but faintly so. In some chains in rapidly growing
broth cultures this is not the case, many of the individual bacteria being evenly stained
throughout and somewhat pointed at the ends. They do not retain the stain by Gram’s
method. The organism is non-motile. It is aérobic, but prefers the depths rather
than the surfaces of the media. It grows best at the body temperature and more
slowly at room temperature. In plain and dextrose broth a growth appears in 24
hours. In Dunham’s solution a small amount of indol is formed in 48 hours. No
coagulation of milk. On Loffler’s blood serum, direct from the diseased tissues, it
failed to grow well. On potato no appreciable growth has been obtained. In gelatin
plates small, granular, white to slightly yellowish colonies appear after 48 hours. In
gelatin stab cultures a light growth occurs on the surface, while along the needle tract
numerous colonies like those in the deep portions of the plate cultures develop. The
bacteria are destroyed in fluids at 58° C. in 7 or 8 minutes, by 1 to 5,000 mercuric chlor-
ide in one minute, and by a solution of lime water as weak as 0.04 per cent. almost
immediately.”

The period of incubation is supposed to be very short. The method
of infection is not known.
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Symptoms. The animals observed at the onset of the disease by
Wilson and Brimhall appeared to be dumpish and out of sorts. There
is sudden stopping of the milk secretion in milch cows. As a rule the
affected animals refuse food. Of the few that make an attempt to
eat, those with affected throats are unable to swallow except with
much difficulty. These cases also breathe very heavily. The ani-
mals show marked disinclination to move and when incited to do so.
exhibit stiffness, and in some instances actual lameness. Animals
have been observed to drop to the ground and die in a short time,
apparently without pain. Other animals live for several hours in
great pain as indicated by groans and spasms of the muscles. The
paroxvsms of pain are apparently intermittent. There is extremely
rapid loss of flesh in the animals that are sick for any length of time.

Reynolds observed the symptoms in a few cases. He describes
three stages. First (24-36 hours), general dullness and checking of
milk secretion. Second, diarrheal discharge dark in color, and of
disagreeable odor. The breath was noticed to be offensive. Insome
cases nervous symptoms developed. The temperature remained
about normal during this period. Third, in this stage the eves are
wild, there are grinding of the jaws and convulsions of the face and neck
muscles followed by a period of intense restlessness and activity.

He also records the observation that the cases that appeared to be
the worst in the beginning lived longer than those that appeared to
be mild.

A temperature of 104° to 106° F. may be followed by a rapid
decline. There are accelerated pulse, dullness and rough coat.
Painful edematous swellings about the legs, shoulders and under the
throat are noted as early symptoms. The intestinal discharges are
often streaked with blood. In other cases the feces are black, tarry
or of a bloody, serous nature. Bloody urine and a bloody serous dis-
charge from the nose have been reported. The vaginal and rectal
mucous membranes are intensely congested.

The marked swelling of the face, stomatitis, glossitis, and con-
vulsive movements of the jaws in the pneumonic form of the disease,
described by European writers, more especially Bollinger, were not
observed by Wilson and Brimhall or by Reynolds. The edematous
form is stated by Hutyra to be more rapidly fatal.

The pectoral form exhibits symptoms of an acute pleuro-pneumonia.
There is a dry and rather painful cough. This form has been mis-
taken for contagious pleuro-pneumonia.
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The duration of the disease is short. Often the animals are found
dead.

The prognosis is unfavorable. The mortality is placed at from 80
to 90 per cent. of the animals affected.

Morbid anatomy. The characteristic lesions of the disease are
widely distributed areas of hemorrhage, varying in size from a pin
point to several centimeters in diameter. They vary in color from
light red to almost black. They are frequently accompanied with a
sero-fibrinous exudate, usually yellow, but occasionally dark red in
color. The hemorrhagic areas in the animals just dead are not so
dark as those in animals that have been dead for some hours. The
large areas. some centimeters in diameter, are apparently due, in
some instances at least, to single hemorrhages, infiltrating an exten-
sive mass of tissue, and in others to a number of minute hemorrhages
closely placed and partially coalescing. Gas is not present in the
subcutaneous connective tissue except in cases where extensive post-
mortem changes have occurred.

There is extensive fullness of the vessels of the subcutaneous con-
nective tissue in the acute cases, especially in those animals which
are not killed by bleeding. In animals which live until emaciation
is marked. there is no engorgement of the vessels.

Reynolds reports one outbreak in which meningitis involving the
spinal cord, brain or both of these organs was invariably present.

All cases show some hemorrhagic areas in the subcutaneous tissue,
though the number and size of these vary greatly in different individ-
uals. Some animals exhibit very few, while others, on removing the
skin, present hemorrhagic areas or petechiae in large numbers and so
extensive that a large fraction, possibly one-eighth, of the body sur-
face appears to be involved. The large hemorrhages in the sub-
cutaneous connective tissue appear to be of the composite type noted
above.

The location of the superficial lesions varies in different animals.
In most cases the parts about the shoulder are most affected. A few
animals show marked lesions in the gluteal and inguinal regions.

At first sight the muscle tissue in some cases seems to be much
involved. A closer examination, however, usually shows that while
some of the minute hemorrhages are in the muscle proper, the larger
ones are in the intermuscular connective tissue. They are usually
accompanied by a considerable quantity of yellowish or blood-stained
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serous exudate. The intermuscular connective tissue appears to be
quite as much involved as the subcutaneous connective tissues.
The lymphatic glands are frequently though not uniformly en-
larged. Those that are enlarged are edematous or hemorrhagic.
The cervical and prescapular glands are most seriously affected.

Fia. 6. PHOTOGRAPH SHOWING HEMORRHAGES BENEATH THE ENDOCARDIUM OF THE
RIGHT VENTRICLE (REYNOLDS).

The nasal mucous membrane in some cases is congested, and a
bloody serous discharge from the nostrils is present. The tissues
around the larynx are hemorrhagic and infiltrated with blood-stained
serum. The mucous membranes of the larynx and trachea are more
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or less congested and covered with a frothy mucus, sometimes
streaked with blood. In some instances no lesions are observable in
these organs. The lungs, except in the pectoral form, are in general
almost free from lesions. Occasionally there are a small number of
hemorrhagic areas, pyramidal in shape with their bases on the pleura.
In most cattle the parietal pleura is studded with small hemorrhages.
The diaphragm sometimes contains very large hemorrhagic areas.
In the pectoral form of the disease there is a broncho-pneumonia
together with interlobular edema. The edematous fluid is usually
clear but rich in the specific organisms.

The pericardial sac usually shows small, sometimes very numerous,
hemorrhages in the walls, and in many instances contains a blood-
stained serum.

The heart walls, with but few exceptions, contain ecchymoses and
petechiae. These sometimes extend deep into the muscle. Similar
areas of hemorrhage are also visible in the endocardium. The heart
usually contains post-mortem blood clots.

The blood, in animals just dead, is said to be somewhat lighter than
normal in color. When post-mortem changes set in, the blood is
darker in color, but reddens on exposure to the air.

The spleen shows on its surface a few small hemorrhagic areas.
It is usually normal in size, color and consistency.

Stomatitis and glossitis are rarely observed. The pharynx is
usually congested.

The stomach walls contain a few or many hemorrhagic areas.
These are sometimes extremely large, especially on the third stomach.
As a rule the larger hemorrhages penetrate the entire thickness of the
walls. The smaller ones are confined to the subserous or mucous
coats. The stomach contents are apparently normal.

The intestinal walls are constantly affected. Hemorrhagic areas
involving all the coats are frequently present. Smaller ones, visible
only from the inner or outer surface, are always present. General
enteritis and peritonitis are constantly observed. Localized enteritis
is frequent.

The bowel contents are in some cases dark and tarry; in others the
feces are apparently normal in color and consistency but streaked
with bloody mucus.

The kidneys are usually but slightly affected. YWhen lesions are
present they consist of pin point hemorrhages and mostly confined to
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the cortical substance, though a few are found in the walls of the
pelvis and ureters. The urine is bloody in some instances.

The vaginal mucous membrane is congested in many cases. Wilson
and Brimhall saw one animal that was four months pregnant which
exhibited small hemorrhagic areas in the placental membranes.

The udder is congested in some cases. It may be hemorrhagic.
Occasionally there are hemorrhages in the dura. A few cases are
recorded of hemorrhages on the joint surfaces. Brimhall reported an
outbreak where the autopsies showed very few hemorrhagic areas in
the subcutis and internal organs but there were lesions in the spinal
cord. The spleens were enlarged. In nine outbreaks, Bact. borisep-
ticum was present.

Wilson and Brimhall fixed portions of the subcutaneous tissue.
skeletal inuscles, lymphatic glands, lung, heart wall, stomach wall,
and spleen in 95 per cent. alcohol and in 4 per cent. formaldehyde
solution and stained by various methods. In general the lesions
- found were enormous extravasations of blood, some recent and some
showing coagulation of fibrin. In the areas of less recent hemorrhage,
the surrounding tissues showed varying degrees of ordinary coagula-
tion necrosis. This was particularly marked in the affected muscles,
lvmph glands and portions of the lungs. In the borders of such
necrosed areas leucocytic infiltration was not infrequent. In the
spleen, in which the hemorrhagic areas were neither numerous nor
large, there was in some instances an apparent destruction or shrinkage
of the parenchyma.

A very important feature in this disease has been brought out,
namely, that it is necessary, in order to obtain cultures of the bac-
terium producing it, that the media should be inoculated very soon
after death. With this precaution cultures should be obtained. It
is reported that the lymphatic glands are the most reliable organs
from which to make cultures.

Diagnosis. Septicemia hemorrhagica in cattle is diagnosed by
the symptoms, the lesions and the bacteriological examination.
There are no specific tests that can be applied with satisfactory
results. It is to be differentiated from anthrax, symptomatic
anthrax, death due to accidental causes, poisoning, or the effect of
over eating of grain or green fodder (hoven). Death from any of
these causes may be very sudden. It is necessary, therefore, that
in all cases, especially with the first animals to die, careful post-
mortem and bacteriological examinations should be made.
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In case of septicemia hemorrhagica, the cultures will usually reveal
the presence of Bact. bovisepticum. The lesions will be hemorrhagic
in nature.

With anthrax and symptomatic anthrax, the specific bacteria will
be found and with anthrax the Ascoli test may be tried as well
as the M’Fadyean stain.

Prevention. When this.disease occurs, it is important to remove
the unaffected animals to other fields or enclosures. It is well to
divide them into small groups if possible. The carcasses of animals
that die should be burned or buried deeply with a good covering of a
disinfectant, such, for example, as quicklime. Should death occur in
a stable, all contaminated litter should be burned or thoroughly
disinfected as well as the floors, mangers and walls.

Mohler has reported success in immunizing buffalo against this
disease by means of a bacterin prepared from a culture of the organ-
ism. Bliss and Carrougeau also recommend immunization.

Control. Septicemia hemorrhagica is considered by Hutyra and
others as a disease of the soil. This renders unnecessary extensive
measures restricting cattle traffic. In outbreaks the well animals
should be separated from the infected. The specific organism dies
soon after drying. Hides from animals that have died become
innocuous as soon as they become dry. Because of the rapid death
of the organism and the probable soil origin of the germ it is not
necessary to impose rigid traffic restrictions.

Septicemia hemorrhagica in other species. There is considerable
literature on the presence of septicemia hemorrhagica in sheep and
more rarely in goats, horses and swine. In most cases the lesions
seem to take on the form usually found in cattle but modifications
are numerous.

Miessner and Schern give the following in reference to this disease
in sheep: ‘““The acute stage is for the most part observed in lambs.
The animals die within 24 hours without having shown any striking
symptoms of the disease. The post mortem examination shows a
hemorrhagic infiltration of the subcutis, stasis in the mucous mem-
branes of the head, hemorrhagic lymphadenitis in the region of the
head, sometimes hemorrhagic tracheitis.

“The subacute stage is characterized by a discharge from the eyes
and nose and dyspneea. It terminates fatally as a rule within 1421
days. The most important post mortem changes consist in a pneu-
monia and pleuritis.
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“The chronic stage occurs in young and older animals, and is
characterized by emaciation and respiratory disturbances. On post
mortem examination one finds a watery condition of the muscles,
fluid in the serous cavities, and sometimes residues of a pneumonia
and pleuritis.

“Sometimes one observes complications such as ulcers of the gums,
falling out of the teeth, proliferations and ulcerous changes on the
lips and the udder.

“The work shows further, that the septicemia pluriformis ovium
observed in Germany, resembles very much the disease occurring in
France and Argentina under the name of Pasteurella or Lombritz.
The authors consider these diseases as identical.”
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FOWL CHOLERA

Synonyms. Chicken cholera; cholera gallinarum; Huhner cholera;
Pasteurellosis avium; choléra des poules.

Characterization. This is an infectious disease of fowls caused by
bacteria, and transmissable by cohabitation and inoculation. It is
determined by a high fever, great weakness and prostration, and
usually terminates in the death of the affected bird. It is reported
that it attacks all varieties of domesticated poultry (chickens, ducks,
geese, pigeons, turkeys), and caged birds such as parrots and canaries.
It also attacks some species of wild birds. It is communicable by °
inoculation to rabbits and mice. Guinea pigs are less susceptible.

History. This disease is mentioned in some of the oldest works
treating of the diseases of animals. Fowl cholera was studied by
Chabert in 1782, who regarded it as a form of anthrax. Since 1825,
it has frequently been observed in France where it caused enormous
losses in 1880, in 1850 and in 1860. About 1830, it became known in
Russia, Bohemia and Austria. In 1851, Benjamin considered it to be
a contagious disease but remarked that people and dogs might con-
sume with impunity the meat of affected fowls. Delafond observed
that it might be transmitted to birds and rabbits by using blood,
secretions, and portions of the flesh. ' It was also recognized that the
excrement plays an important part in the dissemination of the virus.

During recent years it has been observed in nearly all of the coun-
tries of Europe as well as in the United States. It has been reported
from many places in the United States, but its presence seems to
have been determined by scientific investigation in but a very few of
these. Salmon investigated it in South Carolina in 1879-80, and
Higgins in 1898 reported it from Canada. Salmon gave special
attention to vaccination and the effect of disinfectants in destroying
the virus. In 1904, Ward reported an outbreak in California.

Perroncito was among ' the first to describe the specific cause of
the disease. This was followed by the contributions ‘of Pasteur,
who, in 1880, cultivated the bacterium in chicken broth and showed
that its virulence might be reduced to such an extent that it could
safely be used for vaccination. This was the first time that a viru-
lent organism was successfully modified in a laboratory and used as
a vaccine. It was the forerunner of the preparation of vaccines
for a number of diseases, more particularly for anthrax, black
quarter, and rabies.
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Geographical distribution. Fowl cholera seems to be widely dis-
tributed in Europe and it has been found in many places in the
United States and in Canada. In Germany it is the cause of heavy
losses among poultry. In 1908 it is reported to have killed over
48,000 fowls and 28,000 geese, besides other poultry.

Etiology. Fowl cholera is caused by a specific bacterium, Bact.
cholerae-gallinarum (Bacillus (bipolaris) avisepticus, Pasteurella
avium), which is not distinguishable morphologically or in its cultural
manifestations from the other members of the Pasteurella. Accord-
ing to Gertner, it will remain alive in manure for at least three
months. It is reported to live in putrefactive carcasses and in garden
soil for an equal length of time. Kitt states they resist freezing for
at least 14 days. Natural infection usually takes place by ingestion.

The period of incubation is placed by European writers at from 18
to 48 hours. In the case of 40 fowls inoculated by Salmon, it varied
from 4 to 20 days, the average period being 8 days. Ward fed viscera
of dead fowls to 10 healthy ones. They died in from 24 hours to 6
days.

Symptoms. The symptoms described for this disease in Europe
differ somewhat from those reported by Salmon. The appetite is
often affected and occasionally the fowls continue to eat almost to the
time of death. The earliest indication of the disease is a yellow col-
oration of the urates. In health, these are a pure white though
they are frequently tinted with yellow as the result of disorders "
other than cholera.

Occasionally the first symptom is a diarrhea in which the excrement
is passed in large quantities and consists almost entirely of white
urates mixed with colorless mucus.

Very soon after the first symptoms appear the bird separates itself
from the flock, it no longer stands erect, the feathers are roughened,
the wings droop, the head is drawn down towards the body and the
general outline of the bird becomes spherical or ball-shaped. At this
period there is great weakness, the affected bird becomes drowsy and
may sink into a sleep which lasts during the last day or two of its life,
and from which it is almost impossible to arouse it.

The crop is nearly always distended with food and apparently
paralyzed. There is in most cases intense thirst. If the birds are
aroused and caused to walk, there is at first an abundant discharge of
excrement followed at short intervals by scanty evacuation.
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With the beginning of diarrhea the body temperature has been
found to rise to 109 to 110° F. Ward states that in advanced stages
it ranges from 109 to 112° F. The comb loses its bright hue and
becomes pale and bloodless. European writers describe the comb
as dark blue, purple, or black, and some writers in the United States
have referred to it in the same terms. Salmon reports that he never
observed it.

Diseased birds rapidly lose in weight. They become so weak that
they walk with great difficulty, a slight touch causes them to fall over.
The fowls become very much emaciated. Death may occur without
a struggle or there may be convulsive movements and cries.

This disease may run rapidly through a flock destroying the greater
part of the birds in a week, or it may assume a more chronic form,
spreading slowly, and remain upon the premises for several weeks or
months.

The duration of the disease varies from a few hours to several
days.

The prognosis is unfavorable. The mortality is very high, often
100 per cent.

Morbid anatomy. The comb is pale and bloodless. The super-
ficial vessels usually contain but little blood. In cases of acute
cholera there is a tendency to hemorrhagic inflammation of the intes-
tines.

The liver is usually enlarged, softened, and the blood vessels are
engorged. The gall bladder is distended with thick, dark bile.

The crop is usually distended with food. The stomach often pre-
sents externally a number of circular discolorations, about three
millimeters in diameter, which on section are found to be extravasated
blood. The small intestines are congested.

The rectum and cloaca usually present deep, red lines upon their
mucous membrane, evidently the first stage of inflammation, which
results, in chronic cases, in thickening of the walls, especially of the
rectum, the desquamation of the mucous membrane and the forma-
tion of large ulcerated surfaces.

The mesentery is generally congested, often greatly thickened and
reddened, and rendered opaque by inflammation. The ureters are
distended with yellow urates; the kidneys seem engorged, and on
section accumulations of the tenacious, yellow urates are frequently
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seen. The spleen is generally normal in size and appearance, though
frequently enlarged and softened.

The pericardium is sometimes distended with effusions, in which
case there is noticeable hyperemia of the surface of the heart. The
lungs are often, though not generally, engorged with dark blood;
they are seldom, if ever, hepatized.

The blood vessels are sometimes filled with a firm clot, and contain
but little liquid; at other times the blood does not coagulate at all.
It seems to be those cases in which the duration of the disease is the
longest, that the blood loses its power to coagulate. '

Ward has summarized the morbid anatomy in the fowls examined
by him.as follows:

‘At death, or some hours previous, the comb frequently takes on a dark purple color,
but this does not always occur. Very often the comb is pale and bloodless. The skin
of the breast and abdomen is frequently reddened.

“In post-mortem examinations a congestion of the blood-vessels of the liver, kidney,
mesentery, or intestines is noticeable to some degree in all cases. Punctiform hemor-
rhages are found upon the heart with almost absolute uniformity. The liver is very
frequently marked with punctiform whitish areas of necrosis. Stained sections show
these necrotic foci throughout the substance of the liver, and besides reveal a congestion
of the blood -vessels of that organ. The next most striking lesions occur in the first
and second duodenal flexures. The mucosa is deeply reddened and studded with
hemorrhages varying in size, but seldom exceeding one millimeter in diameter. These
involve the intestinal coats to an extent that makes them distinctly visible on the
peritoneal surface. The contents of the duodenum consist of a pasty mass, more or
less thickly intermingled with blood clots. The intestinal contents sometimes consist
of a cream-colored pasty mass, or may be brownish red or even green in color. Lesions
are very rarely observed in other portions of the intestines. The ureters are noticeable
in practically all cases by reason of the yellow-colored urates that they contain. The
nasal cavity, pharynx and oral cavity frequently contain a viscous mucous fluid, proba-
bly regurgitated from the crop.

“The field notes on twenty-one post-mortem examinations refer to hemorrhages in
the heart in twenty-one cases; punctiform necroses in the liver, fifteen cases; hemor-
rhages in duodenum, seven cases; the discoloration of the skin in six cases. The
presence of a gelatinous exudate within the pericardium was noted twice. A fibrinous
exudate in the pericardium occurred the same number of times. Hemorrhages in the
peritoneum other than those visible through the mucosa of the duodenum occurred but
twice. In one case hemorrhages were abundantly scattered throughout the muscles of
the trunk and legs.

“Fowls inoculated subcutaneously with cultures exhibit on post-mortem examination
the punctiform hemorrhages on the heart and the hemorrhages in the mucosa of the
duodenum exactly as in cases infected naturally.”
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BLOOD COUNTS OF FOWLS INFECTED BY INGESTION AND INFECTED NATURALLY

Fowl. White Red Remarks. Temperature.
Corpuscles.  Corpuscles. '
No. 3 23,000 2,200,000 per cmm. 3 days after exposure to infection . ..44.8° C.

No. 3 20,000 2,800,000 “ 4 “ “ “ ...48.7° C.
No. 6 387,000 3,930,000 “ g8 “« «“ “ “ “ ...48.3°C.
No. 8 87,000 4,490,000 “ 3 « “ “ “ “ ...42.8°C.
No. 8 101,000 2,960,000 “ 4 “ “ “ “ « ...422°C.
V. 58,000 1,710,000 *“ Naturally infected................. 42.8° C.
B..... 45,000 1,925,000 “ “ e
BLOOD COUNTS OF APPARENTLY HEALTHY FOWLS
Fowl. White Corpuscles. Red Corpuscles.
No. 1l e 24,000 2,980,000 per cmm.
No. 12 e 26,300 2,987,000 “
No. M e 36,000 3,115,000 «
No. 15 e e 52,000 3,980,000 “
No. 16, . e 61,000 3,920,000 «“
No. 1T e 30,000 2,380,000 “
No. 18 i 24,000 2,620,000 “

Diagnosis. Fowl cholera is diagnosed by the symptoms,
lesions and bacteriological examination. The specific cause is not
difficult to isolate. Fowl cholera is to be differentiated from:

A number of dietary disorders which cause the death of a large
number of fowls. Such cases are often thought to be chicken cholera
and so reported by the owners. A diagnosis is to be made from the
bacteriological findings.

It is to be differentiated from fowl typhoid. There are a number
of resemblances in the clinical history of the two diseases. There are,
however, marked differences in both the morbid anatomy and etiology
For a comparison see fowl typhoid.

Prevention. Pasteur introduced a preventive inoculation or
vaccine for this disease. Kitt found that the eggs of fowls unknown
to this disease possessed a substance somewhat similar to antitoxin.
He immunized fowls by injecting them simultaneously with from
four to eight cubic centimeters of the whites of such eggs. More
recently he has obtained a horse serum that promises to be of im-
munizing value. Jensen obtained good results in immunizing geese
against this disease by the use of serums. There does not appear,
however, to be a reliable immunizing agent. Hadley has used sub-
cutaneous injections of diluted carbolic acid.
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Good sanitary conditions, isolation of the well from the sick fowls
and thorough disinfection seem to be the most satisfactory procedure.
It is important not to introduce the disease with newly purchased
fowls, or to expose healthy ones to the disease either at or in trans-
portation to various poultry exhibits.

Control. Fowl cholera is a reportable disease in Germany, Austria
and Hungary. In those countries the infected premises are quaran-
tined against traffic in fowls. The infected places should be thor-
oughly disinfected. Care should be taken not to introduce infected
fowls into healthy flocks. The fowls that appear to be sound but
which are in either the period of incubation or have recovered from
the disease are very liable to spread the infection.
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GOOSE SEPTICEMIA

Characterization. The disease is an acute septicemia causing the
death of the infected goose in a few hours after there are evidences of
sickness.

History. In 1902, Curtice described this disease as causing con-
siderable loss in Rhode Island. The following note by T. Smith,
dated October 31, 1900, quoted by Curtice, is significant in explaining
the condition under which the disease appeared.

“Geese born in April and May and collected during the summer and fall for fattening,
kept in open yards, crowded together but able to move about; about 500 in a pen.

"Fed on a mixture of corn meal and meat and beef scraps. Epidemic began in mid-

summer. Deaths up to twenty a day (one workman says sixty one day); about 3,000
lost to date.”
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Etiology. The cause of this disease is a bacterium belonging to the
septicemia hemorrhagica group. It is stated to have “the characters
of the fowl cholera type.” It killed rabbits when they were inocu-
lated with 0.2 cc. of a bouillon culture.

Symptoms. The symptoms are indefinite. In the outbreak
described the geese were often found dead. The description of the
disease by Curtice is appended.

“Few symptoms of disease were seen, those noted pertaining
mainly to the death struggles. Very few that died were noticed to
be sick more than an hour or two before death, and, as the experi-
mental investigation demonstrated, the disease could not have lasted,
in the majority of the geese, more than thirty-six hours. An uncer-
tain gait, a burrowing of the head in the dirt, twisting it around, or
actions indieating spasms of the throat, were the earliest symptoms.
Some geese were observed to die within five minutes or after the first
seizure.” There are few chronic cases and recoveries are not re-
corded. Some show no other symptom than being slower in action,
and separating themselves somewhat from the flock. However, this
sign is quite important when the wild nature and gregarious habit of

_the goose are taken into account.

Morbid anatomy. The tissue changes, as given by Curtice, are as
follows:

‘“There was considerable mucus in the throat and mouth, and a
very tenacious mucus in the nose. The veins of the head were
usually congested, as though the animal had died of asphyxia. This,
together with spasm of the throat, indicates a spasmodic closure of
the glottis. The digestive tract was found to be full of food in nearly
all stages of digestion. In some cases the catarrhal products of the
intestines contained petechise. Sometimes these points were collected
in more or less extensive patches. Perhaps more than half of the
livers showed yellow spots of from a pin point to a pin head in size.
These discolorations were found on section to extend into the sub-
stance of the liver, and were evidently dead tissue, or necroses. In one
example the heart disclosed severe inflammation, both epicarditis
and pericarditis being present. In one case the lungs were affected.
In all, fifteen cases were examined, and from these this composite
description of the post mortem appearances is drawn.”

Hemorrhages on the serous membranes and punctate necroses in
the liver seem to be quite characteristic lesions.
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Post mortem notes.—These are a few taken from Curtice’s publication:

“Goose No. 1. Died last night; quite fat. Right lung, ventral portion quite firm,
whitish. Some flocculi of exudate in peritoneal cavity. Liver shows numerous point-
like necrotic foci. Blood thick, blackish and tarry. Mucus glassy on dusky mucoss
of nose and throat.

“Goose No. 2. Died last night. Somewhat thinner than No. 1. Ecchymoses on
fat in abdomen and gizzard and on heart muscle; necrosisin liver. Blood thick, tarry.
Mucus in nasal passages.

“Gander No. 7. Died last night: now cold. No well marked hemorrhagic lesion
in pleuroperitoneal cavity. Whitish points in liver. Hemorrhagic or extremely
hyperemic condition of duodenum. Jejunum, or second coil of intestine, filled with a
glairy mucous fluid in which are suspended shreds and patches of food (?). Few if
any necroses in liver.” ’

Diagnosis. Goose septicemia is to be diagnosed from the bac-
teriological examination. It is caused by a pasteurella which resem-
bles that of fowlcholera. A diagnosis, therefore, is made positive by
finding this organism in the tissue of the sick and dead geese. Itis to
be differentiated from other forms of infection from which geese may
suffer.

M’Fadyean has described a disease under this title causing the
death of many geese in which he found the blood swarming with
bacteria suggesting Bact. septicemiae hemorrhagicae but morphologi-
cally different. He could not induce it to grow on any of several
media in cultures under both aérobic and anaérobic conditions. It
appears that this is a different disease from that described by Curtice.

Prevention. The procedure that can be suggested at present is
isolation of the well from the sick, repeating the separations as often
as new cases appear. The infected pens should be thoroughly dis-
infected before being reoccupied.
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Fowls and poultry of all kinds are subject to infections that are
interesting in their nature and often fatal in their results. Thereis a
large literature on the subject. The general statement may be made
that all poultry seem to be susceptible to the Pasteurella.
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FOWL TYPHOID

Characterization. A specific disease of fowls caused by Bacterium
sanguinarium. It is not known whether or not other species of
domesticated birds are susceptible.

History. This disease was briefly described by Moore in 1895.
At that time it had been studied in but a few fowls and these the last
to die in their respective flocks. ‘In the following year other fowls
were examined very carefully from two outbreaks of the disease and
it is upon the data obtained in this investigation together with those
procured from many produced cases that the description of the disease
is based. It was described d4s an infectious leukemia. Further
investigation, however, has shown that the excess of white corpuscles
was due to a leucocytosis brought about by the infecting organism
and that the disease is not a leukemia.

It was found by Smith in 1894, on Block Island, R. I. In 1898,
Dawson found it to be the cause of very serious losses among poultry
near Baltimore, Md. In all of the outbreaks studied, the owners of
the fowls first reported the disease as chicken cholera. In 1902,
Curtice investigated an outbreak in Rhode Island.

Geographical distribution. It was first studied in fowls taken
from an outbreak in Virginia. Since then, it has been identified in
Maryland, the District of Columbia, and the State of Rhode Island.
There is good evidence in the numerous reports of destructive fowl
diseases to believe that it is quite widespread in the United States.

Etiology. Moore isolated and described a pathogenic bacterium
which he designated Baclerium sanguinarium. With this organism
the disease has been produced in healthy fowls both by.feeding
cultures and by intravenous injections. Its etiological relation to the
disease is, therefore, quite clearly established. It is possible that
certain accompanying conditions may be necessary in conjunction
with the organism to cause the disease to spread rapidly in a flock.
Experimentally it did not spread from diseased (inoculated or fed)
to healthy fowls when kept in the same yard.

Symptoms. From the statement of the owners of the diseased
fowls in the different outbreaks and from the appearance of those in
which the disease was artificially produced, little can be positively
stated concerning the early symptoms. There is a pronounced
anemic condition of the mucosa of the head. An examination of the
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blood shows a marked diminution in the number of red corpuscles
and an increase in the number of white ones. In the disease pro-
duced artificially by feeding cultures of the specific organism there
is, in most cases, a marked drowsiness and general debility mani-
fested from one to four days before death occurs. The period during
which the prostration continues varies from a few hours to two days.
The mucous membranes and skin about the head become pale. There
is an elevation of from 1'to 4 degrees in temperature. The fever is of
a continuous type, as shown in the appended temperature chart of
two fowls in which the disease was produced artificially.

Although the course of the disease in different fowls is usually
constant, there are many variations. The time required for fatal
results is from three to fifteen days, but ordinarily death occurs in
about eight days after feeding the cultures. The rise in temperature
can be detected about the third day and external symptoms about the
fifth or sixth, occasionally not until a few hours before death. The
symptoms observed in the cases produced by feeding correspond with
those described by the owners of affected flocks.

As indicated in the inoculation cxperiments, the symptoms follow-
ing the intravenous injection of the virus were, as would be expected,
considerably modified from those fowls which contracted the disease
by the ingestion of cultures of the specific bacterium.
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F16. 7. TEMPERATURE CHART OF TWO FATAL CASES ARTIFICIALLY PRODUCED IN FOWLS,

Morbid anatomy. The only constant lesions found in the fowls
which contract the disease naturally, as well as in those fed upon the
virus, are in the liver and blood. The liver is somewhat enlarged
and dark colored. A close inspection shows the surface to be sprinkled
with minute grayish areas. The microscopic examination shows the
blood spaces to be distended. The hepatic cells often stain very




FOWL TYPHOID 79

feebly. Not infrequently the cells are isolated and their outlines
indistinct. Occasionally foci are observed in which fhe liver cells
appear to be dead and the intervening spaces infiltrated with round
cells. The changes in the hepatic tissues are presumably secondary
to the engorgement of the organ with blood.

The rareness with which the intestinal tract is affected in both the
natural and artificially produced cases is exceedingly interesting and
important for the-differential diagnosis. There is in most cases a
hyperemia of the mucous membrane of the colon, but this condition
is not uncommon in the healthy individual. The kidneys are gener-
ally but not uniformly pale. They are streaked with reddish lines,
due to the injection of blood vessels. In section the tubular epi-
thelium appears to be normal. The kidneys seem to be, from the
number of bacteria in the cover-glass preparations, especially favor-
able for the localization of the specific organism. The spleen is
rarely discolored or engorged with blood. The lymphatic glands were
not appreciably enlarged in any individual examined. The lungs
except in chronic cases are normal. The brain and spinal cord are
unaffected.

The heart muscle is usually pale and sprinkled with grayish points
due to cell infiltration and necrosis. These lesions are so common
that it seems safe to consider them characteristic manifestations.
Death usually occurs in systole, the auricles containing very thin,
unclotted blood.

The most important alterations are found in the blood. These
consist, in the progress of the disease, of the gradual disappearance
of the red corpuscles and increase in the number of white ones, as
determined by blood counts made daily or every other day, from the
time of inoculation, or of feeding the virus, until the day of death.

The diminution in the number of red corpuscles and the increase
in the number of white ones are illustrated in the blood count of two
cases of artificially produced disease.

In carefully heated cover-glass preparations of healthy fowl’s
blood stained with methylene-blue and eosin, the nuclei are colored
a deep blue, and the cellular protoplasm surrounding the nucleus is
stained by the eosin. In similar preparations made from the blood
of the affected fowls there are a greater or less number of cells which
do not take the eosin stain. These were called spindle cells by Van
Recklinghausen, blood plates by Bizzozero, and hematoblasts by
Hayem. More recently Dekhuyzen has called them thrombocytes.
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In these the portion of the cell body surrounding the nucleus remains
unstained or becomes slightly tinted with blue. Occasionally they
contain one or more vacuoles, and the margin is frequently broken.
The apparent dissolving away of the red corpuscles has been fre-
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F16. 8. BLOOD FROM A WELL ADVANCED
CASE OF FOWL TYPHOID S8HOWING RED
CORPUBCLES, BILOOD PLATES AND IN-
CREASE IN THE NUMBER OF LEUCOCYTES.

quently observed and corpuscles
showing the intermediate stages
are readily detected in carefully

prepared  specimens.  These
must be differentiated from the
blood plates.

The cause of the destruction
of the red corpuscles is not satis-
factorily explained. In his re-
port on fowl cholera, Salmon
illustrates leucocytes surrounding
the red corpuscles,but the marked
diminution of the red cells was
not determined. He speaks,
however, of the pale color of the
blood. In fresh preparations of
the blood, portions of red cells
may be seen within the leucocy-
tes, those containing spindle-
shaped granules. ' The determi-

nation of the extent of this mode of destruction of the red corpuscles

necessitates further investigation.

TABLE BHOWING CHANGES IN THE NUMBER OF CORPUSCLES

Fowl inoculated in the wing vein February 6

Number of

| Number of
Date Temperaturc.  red cor- white cor- Remarks
| (Fe i puscles puscles
‘ | per c. mm. | perc.mm,
Feb. 6 | 1074 | 8,744,448 ‘ 21,222 | Well
7 ‘ 109 3,417,391 | 26,087 Apparently well.
8 108.2 2,784,700 ' 55,000 Do.
o | 1084 | 2807692! 76925 Do.
11 | 1074 3,481,818 | 90,909 | Feathers ruffied; refuses food.
13 | 110.2 | 2,133,333 100,000 | Very quiet; comb pale.
14 108 | 2,530,000 140,000 | Fowl died later in the day.
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Fowl fed culture March 26

! Number of Numter of

Date Temperature red cor. white ccr- Remarks
(F°) puscles pus<les
per c. mm. per c. mm.

Mar.zs' 106.2 s..ﬁs,oool 18,940 Well.

28 110 ;2,430,000 70,000 Fowl eats very little.
Apr. 2 110.6 1,684,210 80,000 | Blood very pale; fowl weak; re-
fuses food.
3 106 1,745,000 245,000 Very weak; many red corpuscles
‘ attacked by leucocytes.
s Found dead.

In fresh preparations of the blood of affected fowls examined in
Toisson’s fluid, red corpuscles which take the violet stain more or less
intensely throughout are frequently observed.

In the blood of poultry two distinct classes of white corpuscles
are conspicuous. The first, which predominates in numbers, contains
nuclei with from one to four lobes, and the cytoplasm is sprinkled
with a variable number of round, elongated, or spider-shaped bodies.
In the fresh condition they are highly refractory. They stain with
eosin, and if the preparations are heated sufficiently they will retain
certain of the aniline dyes. The other class consists of round or
nearly round cells which takes the blue stain feebly. Usually it is
difficult to detect the nucleus, although it is occasionally distinct.
Between these two types there are many varieties. The leucocytes
containing the spindle-shaped bodies appear to be the phagocytes,
as they were the only ones which were observed to engulf the red
corpuscles. Bacteria have not been demonstrated in these cells,
although their presence has, in several cases, been suspected. From
the appearances observed in the red hlood corpuscles it seems highly
probable that phagocytosis plays a comparatively large part in their
destruction. Another hypothesis is also suggested, namely, that a
toxin produced during the multiplication of the specific organism has
this effect on the red corpuscles. In the fresh preparations we can
observe the phagocytes attacking the red cells. In the stained ones
mutilated red corpuscles and free nuclei are present. The hypothesis
is suggested that the leucocytes partially digest certain of the red
corpuscles in their attack upon them. Whether these changes are
entirely attributable to the phagocytes is an open question.

In the blood from healthy fowls it is comparatively rare to see one
of the white corpuscles engulfing a red one. As the disease progresses,
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however, this warfare becomes very conspicuous, owing perhaps to
the increased number of the colorless cells. Up to the present the
study of these corpuscles has not been extended beyond the observa-
tion of the general appearance of these structures, and no attemptis
made to explain the apparently marvelous incrgase in the number of
the leucocytes. It is an interesting and as yet unexplained fact that
the increase in the corpuscles is apparently restricted to those con-
taining the spindle-shaped bodies.

Diagnosis. Fowl typhoid is diagnosed by the symptoms,
lesions and the finding of Bact. sanguinarium in the organs. It is to
be differentiated from intestinal disturbances, especially diarrhea
and fowl cholera.

A comparison of the important changes in the morbid anatomy
in fowl cholera, as described by European writers, and in the disease
under consideration, can be made from the appended columns, in
which their more characteristic lesions are contrasted:

LESIONS IN FOWL CHOLERA ' LESIONS IN FOWL TYPHOID

1. Duration of the disease from a few ' 1. Duration of the disease from a few
hours to several days. hours to several days.

2. Elevation of temperature. 2. Elevation of temperature.

8. Diarrhea. . 8. Diarrhea not common.

4. Intestines deeply reddened. ' 4. Intestines pale.

5. Intestinal contents liquid, muco- 5. Intestinal contents normal in con-

purulent, or blood stained. sistency.

6. Heart dotted with ecchymoses. 6. Heart usually pale and dotted with
grayish points. due to cell infiltra-
tion.

7. Lungs affected, hyperemic or pneu- 7. Lungs normal, excepting in modified

monic. cases.

8. Specific organisms appear in large ' 8. Specific organisms comparatively

numbers in the blood and organs. few in the blood and organs.
|
9. Blood pale (cause not determined). 9. Blood pale, marked diminution in

the number of red corpuscles.

Attention should be called to the fact that as yet there seems not
to have been a careful study of the condition of the blood in fowl
cholera. Salmon observed many changes which may have been
similar to or identical with those herein recorded. Ward found an
increase in the number of white corpuscles and in some cases a decrease
in the number of red ones in cases of fowl cholera.
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The difference between the specific organisms of these two diseases
can readily be appreciated by a comparison of the more diagnostic
properties of each; they are arranged in parallel columns, as follows:

BACTERIUM OF FOWL CHOLERA BACTERIUM SANGUINARIUM
1. Bacterium short, with oval ends. 1. Bacterium short, with ends oval or
more pointed.

2. It usually appears singly in tissues. | 2. It usually appears in pairs united
end to end or in clumps in tissugs.

8. Ordinarily it exhibits a polar stain 8. It gives a‘light center, with uni-

(from tissue). formly stained periphery (from
tissue). Rarely a polar stain is
observable.

4. Grows feebly or not at all on gelatin. 4. Decided growth on alkaline gelatin.
. It does not change milk. 5. Saponifies milk..
6. Resists drying from one to three 6. Resists drying from eight to twelve
days. days.
7. Kills rabbits inoculated subcutane- 7. XKills rabbits inoculated intraven-
ously in from eighteen to twenty- ously in from three to five days.
four hours. Rabbits inoculated subcutane-

ously remain well or die in from

six to ten days.

8. It kills fowls when injected sub- 8. It does not kill fowls when injected
cutaneously in small quantities. subcutaneously in small quanti-

ties.

While there are many similarities in the symptomatology of these
two diseases, there are pronounced differences in the morbid anatomy
and in the specific microorganisms. These facts render positive
differentiation dependent upon a careful bacteriological and pathologi-
cal examination. In fowl cholera the course of the disease is more.
rapid than in fowl typhoid.

Prevention. Prompt isolation of the well from the sick fowls and
thorough disinfection of the houses and yards.

In reference to preventing its introduction, Curtice makes the
following observation:

“Inasmuch as one possible method of introducing the disease is
through purchases, it will always be necessary for purchasers to
inquire into the history of the flock from which additions are to be
made, and especially to examine into the condition of the fowls. It
is better in any case to keep new purchases by themselves for some
weeks or until it is apparent that they are healthy.”
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SWINE ERYSIPELAS
Synonyms. Red fever of swine; rouget du porc; Rotlauf.

Characterization. This disease, peculiar to swine, is determined
by a rise of temperature, cerebral disturbances and pronounced
reddening of areas of the skin. It is a disease of adult life. It is
stated that pigs are rarely attacked under three months or over three
vears of age. Lydtin and Schottelius found some differences in the
degree of susceptibility of certain breeds of swine. The common
country pig was least susceptible.

History. This disease has been known in Europe for many years.
It was not distinguished from other infections until studied by
Pasteur and Thuillier. Smith found a bacterium in rabbits inocu-
lated with the organs of pigs that had died of an undetermined disease
in Minnesota, which was either the bacterium of swine erysipelas or
of mouse septicemia. The latter organism had been recorded on two
previous occasions from pigs in this country.

Geographical distribution. Swine erysipelas occurs enzootically
and in epizodtics in most of the countries of Europe. It was formerly
restricted in Bavaria to the districts along the Danube, and was
entirely unknown in southern Bavaria (Kitt). It is stated that the
disease tends to become enzootic chiefly in valleys and low-lying
plains which have slow-flowing streams and heavy, damp, clay soil;
and that sandy and granite soils are comparatively free from it. It
occurs chiefly during the months of July, August and September,
although it appears sporadically during the winter months. It has
not been described from the United States.

Etiology. ILoeffler and Schiitz pointed out in 1885 that swine
erysipelas was caused by a very slender bacterium (Bact. rhusio-
pathiae) 1 to 2u long and 0.3 to 0.4 broad, straight or slightly curved,
ends not rounded and in cultures often appearing in filaments. It is
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very closely related to the bacterium of mouse septicemia described
by Koch in 1878. There is much uncertainty concerning the relation-
ship of the bactertum of mouse septicemia to that of this disease.
Smith has suggested that possibly the bacterium which has been
found in this country may gain virulence sufficient to produce epi-
zodtics, if such is not already the case. It is exceedingly important
that careful search be made for this organism in the outbreaks among
swine where the nature of the disease is not clearly determined.
House mice and pigeons are susceptible to the bacterium of swine
erysipelas; guinea pigs and fowls are immune. The bacterium of
swine erysipelas is to be differentiated from that of mouse septicemia.

The period of incubation is stated to bhe at least three days. It is
apparently longer than that in many cases.

Symptoms. The disease usually begins suddenly and violently.
The animal refuses food, makes efforts to vomit, has a rise of tempera-
ture, manifests severe nervous disturbance, is very weak, torpid and
indifferent to its surroundings. When approached it tries to hide
itself under its bedding. The hind quarters become weak and
paralyzed. Muscular spasms and grinding of the teeth are sometimes
observed. At first there is coustipation, the conjunctiva is of a dark
red or brownish-red color, and the eyvelids are sometimes swollen.
Usually a day or two after the first symptoms develop. or, perhaps,
from the first, reddish spots appear on the thin parts of the skin,
such as the region of the navel, lower surface of the chest, perineum,
inner surface of the thighs, ears and throat. These spots, which
at first are bright red and about the size of a man's hand, become, later
on, dark red or purple, and soon unite into large, irregularly-shaped
patches. As a rule, they are neither painful to the touch nor promi-
nent, but sometimes they show a slight inflammatory swelling. The
skin of the red spots, especially of the ears, may suffer from an erup-
tion of vesicles and may even slough. Gangrene of the skin sometimes
occurs. The reddening of the skin may be very slight in severe cases,
or may appear only immediately before, or even after death. Death
takes place usually on the third or fourth day. In the very severe
form, the animal may die in twenty-four hours, otherwise the disease
requires a week or longer to run its course.

Jensen considers that this disease, instead of being uniform in its
clinical aspects, manifests itself in the following forms, which differ
from each other by well-marked peculiarities. The forms recognized
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as varieties of this disease but more generally considered as distinct
maladies and known by different names are as follows:

True erysipelas.

Swine urticaria.

Erysipelas without redness of the skin.

Diffuse necrotic erysipelas of the skin.

Endocarditis of erysipelas.

He also maintains that there may sometimes be transitional forms
between the respective varieties which he enumerates. Different
forms of epizootic erysipelas have also been described by Cornevyin,
Hess and others.

The duration of the disease varies from 1 to 10 days. In types of
moderate severity it runs from 3 to 4 weeks.

The prognosis is unfavorable. There is from 20 to 80 per cent.
mortality.

Morbid anatomy. In the ordinary form of epizodtic erysipelas
there is a septicemic condition without any well marked morbid
changes of separate organs. In less acute cases the septicemia may
give way to hemorrhagic and diphtheritic gastro-enteritis, consider-
able swelling of the lymphatic system, hemorrhagic or parenchyma-
tous nephritis, and hepatitis, acute swelling of the spleen and myositis.
The hemorrhagic gastro-enteritis consists at first of excessive inflam-
mation of the mucous membrane of the stomach in the region of the
fundus. The mucosa shows a dark-red discoloration which is partly
diffuse and partly in spots. The cells suffer from cloudy swelling and
the mucous membrane is covered with a viscid layer of mucus. The
intestinal mucous membrane is swollen, especially on the top of the
folds and in the nieghborhood of Peyer’s patches. It is infiltrated
with blood and sometimes shows superficial scabs. Less frequently,
circumscribed parts of the mucosa of the cecum and the anterior parts
of the colon suffer from a diphtheritic affection. (¥

The solitary follicles and Peyer’s patches appear as prominently
raised patches. Sometimes they are infiltrated with blood and sur-
rounded by a reddish band. There is ulceration and cicatrization of
the solitary and agminated follicles. The mesenteric glands become
more swollen than the other glands of the body, of a dark red color,
and show softening. The surface of fresh sections is dun-colored with
interspersed dark-red areas. The paraglandular tissue is hyperemic
and infiltrated with blood.
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The kidneys are enlarged, the cortex of a grayish-red and the medul-
lary portion of a very dark-red color. Frequently catarrhal nephritis
occurs as a complication.

The acute swelling of the spleen arises in consequence of an acute
hyperemia, with an increase of the cellular constituents of the pulp,
in which case the organ is enlarged, but not softened as in anthrax.
The pulp is of a purple color, moderately soft and free from hemor-
rhages.

There is cloudy swelling and enlargement of the liver. The surface
of sections has a grayish-brown color, and the acini are widened. The
muscles are gray in color, soft, flaccid, watery, glistening and some-
times they are sprinkled with hemorrhages. They give the general
appearance of boiled flesh. The myocardium shows similar spotted
changes, and punctiform hemorrhages beneath the endocardium. In
the abdominal and thoracic cavities and pericardium, there may be
found small quantities of an orange-colored, clear fluid, which may
be mixed with a flaky coagulum.

Many English veterinarians regard the occurrence of more or less
luxuriant vegetations on the valves of the heart to be so common
that it is to be considered almost diagnostic. It would appear from
the literature that this endocarditis is not nearly so common in conti-
nental Europe. The lungs remain unchanged, or at most exhibit a
post-mortem edema. By microscopic examination, the specific bac-
teria are found everywhere in the body, especially in the spleen and
kidneys, and to a less extent in the blood.

Diagnosis. Swine erysipelas is diagnosed from the symptoms,
lesions and the isolation of its specific cause. The Ascoli thermo-
precipitation test may be used. It s stated by Gsawizky to be strongly
specific and Seibold reports favorably on its use. It is the only
specific test for indicating this infection. Swine erysipelas is to be
differentiated from:

Hog cholera and swine plague. The frequent reddening of the
skin in these diseases together with the modified lesions so frequently
observed may cause confusion. The bacteriological examination will
enable the positive diagnosis to be made.

Anthrax, which is very rare in swine. Here, in addition to the
bacteriological examination, specific tests for anthrax can be em-
ployed (see anthrax).

Erythemata due to various dietary causes. The significance of a
deep reddening of the skin about the head, abdomen and thighs of
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pigs is not fully determined. It is clear, however, that such a condi-
tion often occurs in the absence, so far as present knowledge goes, of a
specific infection. It is frequently found in pigs suffering from diges-
tive troubles, or poisoning from eating decomposed offal.

Prevention. Swine infected with this disease readily transmit it to
others. The organism is reported to remain for a considerable time
in the pharynx and nostrils and also to have been found in healthy
swine. It is stated also to exist in the soil in a saprophytic form.
These facts render prevention difficult. The general precaution of
removing the sick from the well and not placing healthy swine in
infected yards for some months after the recovery or removal of sick
ones should be observed.

Pasteur’s preventive inoculation was until recently the chief pro-
phylactic means employed against epizoétic erysipelas. Metchnikoff
found that the blood of immunized rabbits was antitoxic, and Lorenz
maintains that the serum of swine that have recovered from swine
erysipelas is also antitoxic, and will produce immunity in other ani-
mals. The treatment introduced by Lorenz is to inject the immuniz-
ing serum in the proportion of 1 cc. to every 10 kilograms of the body
weight of the animal. Two days afterward 0.5 to 1.0 cc. of virulent
culture is injected, and after twelve days the dose is doubled. The use
of the immunizing serum is reported to be very successful.

Specific biologic treatment. The serum prepared by Lorenz is
reported to give excellent results in acute cases.
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ANTHRAX
Synonyms. Splenic fever; splenic apoplexy; wool sorters’ disease;
malignant pustule; anthracemia; mycosis intestinalis; charbon;

Milzbrand.

Characterization. Anthrax is an infectious disease occurring
sporadically and in epizootics in herbivora and omnivora and com-
municable to nearly all warm-blooded animals, and to man. It is
characterized by a high temperature, the presence in the diseased
tissues or liquids of Bacterium anthracis, by an enlarged spleen, blood
extravasations and by local gangrene. It usually occurs in the acute
form.

Nearly all species of animals suffer from anthrax. The herbivora
and rodents are most susceptible. Horses and mules often suffer
from it. M’Fadyean has reported outbreaks aggregating 54 cases, of
which 49 were cattle, 4 horses and 1 pig. He states also that for a
period of 5 years there had been reported 192 cases in horses and 3,390
in cattle. It is interesting to note that the Algerian race of sheep
are immune. A satisfactory explanation for this striking exception
has not been recorded. It has been stated that a single bacterium
introduced into the subcutaneous connective tissue of a guinea pig or
mouse is sufficient to kill it. Cats, tame and wild rabbits and hares
are the next most susceptible species. It is stated that dogs, pigs and
foxes are very slightly susceptible. Rats, fowls and pigeons are re-
ported to be immune. Fish and amphibia are rarely attacked.

History. Anthrax is among the oldest of the known infectious
diseases of animals. Descriptions of epidemics and epizootics of this
disease are given by Homer, Plutarch, Livy and other writers before
the Christian Era. The Arab physicians designated it as ‘“Persian
Fire.” Extensive outbreaks are mentioned in the literature of the
fifteenth, sixteenth, seventeenth, eighteenth and nineteenth centuries.
Chabert pointed out in 1780 that the various kinds or forms of the
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disease, which had previously been described as independent affec-
tions, were all one disease. As late as 1805, Kausch gave a good
description of anthrax but denied its contagiousness. Delafond and
Gerlach thoroughly investigated ovine anthrax in 1854 and its con-
tagiousness was experimentally shown by Gerlach. In 1850, Heu-
singer published a very comprehensive treatise on anthrax which deals
at length with its history and geographical distribution.

Much new information concerning the nature of anthrax was
acquired during the fifth decade of the last century. In 1855,
Pollander announced the discovery, which he first made in 1849, of
minute unbranched rod-shaped bodies in the blood of cattle dead of
anthrax. Davaine observed similar bodies in 1850. Then followed
a long series of observations and somewhat contro versial discussions
on the bacterial origin of the disease, culminating by Robert Koch'’s
careful description of the morphology of its specific organism including
the spore formation in 1876 (1877 Pasteur). Cohn, however, seems
to have been the first to have called the organism a Bacillus and to
have suspected the existence of spores. Toussaint, in 1880, and
Pasteur in 1881, published results of investigations directed toward °
protective inoculation. Since that time, the literature on the cause,
morbid anatomy and prevention of anthrax has become very exten-
sive.

Geographical distribution. Anthrax is a widely disseminated
disease. The continent of Europe has perhaps suffered most from
itsravages. It occurs, also, in Northern, Eastern and Central Africa,
where in recent years it has become a great plague. In Siberia, it has
caused fearful destruction, and in that country it is still known as the
“Siberian Plague.” Tt has frequently appeared in England. Russia,
India and Australia are also infected. South America is also reported
to suffer much from its ravages. It has occurred in the United States
in many localities. There are very few, if any, countries where this
disease has not been found. A knowledge of its specific cause, with
the methods of properly disposing of dead animals, isolation and disin-
fection, as well as the preventive inoculations now in vogue, have made
it possible to prevent wide-spread epizodtics. In America it is looked
upon as a comparatively rare disease, excepting in certain very
restricted infected districts.

Etiology. Anthrax is caused by a microorganism, Bacterium
anthracis. This organism can usually be found in the diseased organs
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of affected animals. Its spores are very resistant to the normal
destructive agencies in nature. Consequently when anthrax is once
introduced into a locality it tends to remain there for many years,
possibly causing from time to time a few cases or more serious
epizodtics, or epidemics. The spores are frequently carried in the
wool, hair, hides, hoofs and horns taken from animals sick or dead of
anthrax. Through these agencies anthrax has been introduced into
distant localities.

Bacterium anthracis is a rod-shaped organism varying in length from
1 to 4 w, but having a quite uniform breadth of about one micron.
In a suitable medium it grows out in long flexible fllaments which com-
bine to form thread-like bundles. When examined, the ends of the
rod seem to be square cut. In preparations from animal tissues there
appear sometimes to be slight concavities in the ends of the segments
when two of them are united. In the preparations, capsules are
easily recognized. It is believed by Kodama and others that the
capsule is a protection to the bacterium against phagocytes but that
it does not protect against the bacteriological action of the blood
serum. In cultures spores are formed. These are oval, highly
refractive bodies held within the cellular envelopes of the filaments,
but later they are set free by the dissolution of this membrane. They
stain readily with the aniline dyes and also by Gram’s method.

The bacterium of anthrax itself is not an especially hardy organism.
On the contrary it is easily destroyed by weak disinfectants and it has
a low thermal death point. Its spores, however, are among the most
hardy of bacterial life to resist chemical and thermal agents. They
resist drying for months or years and often boiling for a half-houror
longer does not destroy them. On that account it is very difficult to
eliminate the virus from infected pasture lands, especially if they are
wet or marshy. Hutyra and Marek state that the spores may pass
through the digestive tract without germinating.

As the spores may remain on the soil in a dormant condition for
many years, it sometimes happens that the disease does not appear
until long after the introduction of the virus. Anthrax has been
known to break out among cattle grazing on a field in which the
carcasses or hides from affected animals were buried many years
before. Through some means the spores seem to be able to get to the
surface and contaminate the grass. The virus may be introduced
with blood or bone fertilizers, hides, hair or wool from infected coun-
tries. When the extent of this traffic is realized, it is easy to under-
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stand how anthrax has been brought to this country and why it
occasionally appears here and there over a large part of the continent.
Many outbreaks. as well as isolated cases, illustrating this common
method of dissemination are on record.

+ The period of incubation is very short. In inoculated animals it
ranges from 1 to 5 days.

Channels of infection. Three common modes of infection are
recognized for anthrax, namely: through the digestive tract, by the
skin and by the lungs. In cattle the infection seems to be largely
through the alimentary canal; in horses and sheep by the skin or
digestive tract: in men through wounds of the skin and the respira-
tory tract. Although these are the usual methods there are many
exceptions with each species.

Infection through the alimentary canal. This is the more common
mode of infection in cattle. The resulting disease has been designated
by various names, among which are ‘‘intestinal anthrax,” “fodder
anthrax,” “spontaneous anthrax,” “internal anthrax,” “anthrax
fever,” and anthrax without external manifestations. In these cases
the infecting organisms, either the spores or the vegetating bacteria
themselves, are taken into the body with food or drinking water.
M’Fadyean has shown that infected food-stuffs are often responsible
for the infection. It is stated that the infection takes place in most
cases in the small intestine. the mucosa of which, it is stated, need not
necessarily be injured. It is highly probable that the gastric juice
destroys most of the bacteria while the free spores are not injuriously
affected by it. In the infected districts, the spores exist at or upon
the surface of the soil and possibly on the blades of grass. from which
they are easily taken up by grazing animals. In lands thus infected,
the specific organism has been introduced at some previous time either
by the burying of anthrax animals in these fields, by the use of infected
tannery or slaughter house refuse as fertilizers, by flooding from
infected streams, or hy the bringing of the organism in the droppings
of birds or other small animals which have fed upon anthrax carcasses.
It is reported that the spores will find their way to the surface even
when the dead animals have been buried at a considerable depth.
There has been some controversy in the writings of Pasteur, Koch and
Bollinger concerning the method by which the spores reach the sur-
face. Pasteur supposed that they were brought by earth worms from
the buried carcasses. Koch believed this impossible because of the
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low temperature of the ground at the depth at which the animals are
buried. Bollinger has shown experimentally the possibility of
Pasteur's views. Karliniski and others have found that the spores of
anthrax may be disseminated by slugs, insects and larvae which are
found on untanned infected skins.

Infection through the skin. In animals, this mode of infection
occurs less frequently than in man. Anthrax produced in this way is
usually characterized by local manifestations known as “carbuncle
disease,” or “malignant pustule.” In this mode of infection the
bacteria penetrate through wounds in the skin and exposed mucous
membranes into the living tissues by means of infected utensils, the
use of infected instruments, and insects, especially the house fly
(Musca domestica). Dalrymple has called attention to the spread of
this disease among animals in the lower Mississippi Valley by means
of the horse fly (Tabanidae). In man many cases of the disease occur
from injuries or cuts made at the post-mortem of anthrax animals or
by the infection of skin wounds while handling infected hides or wool.
Maligant pustule is reported to be quite common among the employes
of certain tanneries and upholstering establishments where hides and
hair imported from infected districts or countries are used.

Infection through the respiratory tract. Faser. Buchner, Lemke,
and other writers have shown experimentally that the disease can
be produced by the inhalation of spores. In man this form of infec-
tion is quite common among the wool sorters. In Great Britain,
where much foreign wool is handled, it has been reported as causing
as many as 500 deaths annually. It is known as ‘‘wool-sorters’
disease.”

Symptoms. In anthrax, the symptoms vary not only in different
species of animals but also in different individuals according to the
location of the disease. Again there is often considerable variation
when the lesions are apparently the same. The most characteristic
features of the disease are the suddenness of the attack, the grave
general disturbances, high elevation of temperature, a tendency to
ecchymoses of the mucous membranes and local manifestations, such
as carbuncles and edema of the skin, digestive disturbances, brain
complications and difficult respiration.

Anthrax has been classified according to its course as peracute,
acute and subacute. It has also been divided according to the site
of its manifestations as anthrax with visible localization and anthrax
without visible localization.
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Anthrax without visible localization. This form is generally due to
ordinary infection presumably by spores. It includes the peracute,
acute, and subacute.

The peracute or apoplectic anthrax gives rise to symptoms of cere-
bral apoplexy. The animal becomes suddenly ill, staggers about for a
brief period and falls. There is often a bloody discharge from the
mouth, nostrils and anus. Death usually ensues in from a few
minutes to an hour. Usually there are convulsions. Sheep and
cattle suffer most frequently with this formm. They are often found
dead. This is especially true in the beginning of an epizoétic.

In the acute form, the disease runs a somewhat slower course,
lasting usually not to exceed twenty-four hours. The temperature
rises rapidly to from 105 to 108° F., dropping suddenly just before
death. With this there are signs of congestion either of the brain or
of the lungs. If the brain is affected the animal becomes restless,
excited, stamps the ground, rears in the air, bellows, runs to and fro
and finally goes into convulsions followed by stupor and death. If
the lungs are congested there is difficulty in breathing, more or less
wheezing, panting, groaning, palpitation of the heart, small and fre-
quent pulse, cyanosis of the mucosa of the head, bloody discharges,
hematuria, staggering and finally convulsions and death from suffoca-
tion. Occasionally there is a partial remission of the symptoms,
followed by relapse. It has been observed that occasionally there are
premonitory symptoms preceding the acute attack consisting of slight
digestive disturbances and diminished vivacity. Burnett found the
anthrax bacteria in large numbers in the blood during this stage. He
likewise found them to be present in the blood of the more chronic
cases during the febrile period.

The subacute form is known as anthrax fever or intermittent an-
thrax. 'The symptoms are the same as in the other forms, except that
they are more sharply defined and the course is longer. The disease
lasts from one to seven or eight days. The high temperature, the
congestion of the lungs or brain complicated with intestinal distur-
bances, especially colic, are usually well marked. In epizoétics where
the peracute or acute form ushers in the disease, the later cases usually
are of the subacute variety.

Anthraz with visible localization. These forms usually result from
infection of the skin and mucous membranes. This form is common
in horses and sometimes it occurs in cattle. It is reported to occur in
other species. The lesions are circumscribed, cutaneous swellings
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which are at first hard, hot and painful. Later they become cold
and painless, with a tendency to become gangrenous. The edematous
tissue becomes doughy. cold to the touch and painless. Frequently
fluctuating swellings of the skin occur. The duration of this form of
the disease varies from four to fifteen days. Ordinarily it is not so
fatal as internal anthrax.

When the infection is on the mucous membrane of the mouth or
pharynx the animal suffers from fever, dyspnea, difficulty in swallow-
ing and cyanosis, together with the immediate local effects. Death
occurs much sooner than when the disease is located in the skin. It
is stated that dogs and swine suffer from this form more than from
the acute types.

In horses, anthrax usually runs an acute or subacute course. The
first symptom is rise of temperature with a rapid, feeble pulse. There
may be chills and muscular spasms. The mucosa of the head becomes
cyvanotic and lacrymation is often present. The animal has a dull,
stupid look, appears to be stunned and walks with a staggering gait.
In some cases there are symptoms of cerebral congestion, such as
restlessness or convulsions. Colic is a very characteristic symptom in
the horse, otherwise the symptoms are the same as in cattle. Infec-
tion of the skin usually occurs on the hypogastrium, lower part of the
breast, inner surface of the fore and hind quarters. Swelling of the
hind quarters often causes lameness.

In sheep and goats the disease is usually of the acute or apoplectic
form. The animals appear as if suddenly stricken with apoplexy.
If death does not occur within a very short time, symptoms already
described for this form of the disease may be recognized. Subacute
anthrax is said to be very rare in sheep.

In swine, anthrax is ordinarily characterized by local lesions on the
mucous membrane of the larynx and pharynx. The animals have a
rise of temperature and the intermaxillary space is generally swollen.
The swelling may spread along the trachea, giving rise to difficulty
in swallowing, hoarseness, cyanosis of the mucosa of the mouth,
dyspnea and rapid breathing. The animal shows signs of paralysis.
Death occurs from suffocation. Frequently the tongue becomes the
seat of the disease.

In dogs and cats, the disease usually runs a very rapid course. The
fact that they are usually infected by eating the meat of animals dead
of anthrax causes them to suffer largely from the intestinal form. It
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has been stated that probably much of the so-called anthrax in dogs
may be ptomaine poisoning. .

It is reported that in birds anthrax usually runs a very rapid and
usually fatal course. Toward the end they stagger, tremble, or go
into convulsions and die with bloody discharges from the mouth,
nostrils and anus. From the first the birds are depressed, weak, and
their feathers rufled. There is evidence of dyspnea. Carbuncles are
said to appear on the comb, wattles, conjunctiva, tongue and extremi-
ties.

It has been stated that the milk from cows suffering with anthrax
contains Bact. anthracis. Moore found in the examinations made in
one epizodtic that they were present in considerable numbers in the
milk just before or immediately after death, but they were not found
in the milk of animals in the earlier stages of the disease.

The duration varies from a few hours to a week or even longer.

The prognosis is unfavorable. In some herds the mortality is 100
per cent. while in others a number of animals may recover.* The
average mortality is placed at about 70 per cent. in animals. In the
human species many persons recover from its local form (malignant
pustule). '

Morbid anatomy. The nature and extent of the tissue changes
depend upon the course of the disease. When experimentally pro-
duced it is ordinarily a septicemia. This form often occurs in domes-
ticated animals when they contract the disease naturally. The more
common anatomical changes, except in the most acute cases and in the
strictly localized lesions or carbuncles, are:

Hemorrhages varying in amount from petechis to blood extravasa-
tions, with more or less serous, gelatinous and hemorrhagic infiltration
of the submucous, subserous and subcutaneous tissue.

The capillaries are distended and frequently there are hemorrhages
due to changes in the walls of the capillaries. The anthrax bacteria
are often present in large numbers in the smaller blood-vessels. It is
believed by many that the capsules absorb much of the body liquid,

*M'Fadyean has reported this disease in 39 consecutive outbreaks in which a total
of 34 animals died. In New York the disease existed in 1904 in 15 herds in one locality.
There were more than 30 deaths. In one herd of 21 animals, 20 had the discase, 16
died and 4 recovered. In another dairy 4 out of 7 died, but in the others one or two
animals in each were affected. In 1903 anthrax occurred on 84 different farms in the
same county. There were 170 fatal cases of which 33 were in horses, 123 in cattle, 11
in sheep, and 3 in hogs (Burnett). These facts are interesting in showing that the
disease does not always cause heavy losses in the infected herds.
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causing them to swell and preventing the fluid from reentering the
circulation. This gives rise to the edematous swellings. The sub-
cutis may be sprinkled with ecchymoses. Frequently there are
gelatinous effusions of a rather firm consistency and of varying size.
The color also differs, ranging between a deep yellow and a yellowish
brown. Often these edematous areas are sprinkled with hemorrhagic
foci. A simple serous edema may occur.

The lymphatic glands may be hemorrhagic, edematous or both.
An edema of the connective tissues of the neck or about the trachea
is often very marked.

The muscles vary in color but usually they are darker than normal,
and, like the skin, they often become sprinkled with ecchymoses. The
heart muscle suffers from parenchymatous changes.

In the larger cavities of the body, a sanguinolent fluid is found in
moderate quantities. Blood extravasations of different sizes are
seen under the serous membranes, particularly on the mesentery and
mediastinum. The subserous connective tissue, especially on the
mesentery, anterior mediastinum and in the neighborhood of the
kidneys, is often infiltrated with a gelatinous substance. On this
account the neighboring lymph glands are considerably swollen, filled
with serum and sprinkled with hemorrhages. The internal organs
contain a large quantity of blood. All the larger veins and the heart
are filled, while the surrounding tissues show sanious imbibition.

The spleen is usually considerably enlarged (two to five times its
normal size), either uniformly or by prominent tumor-like protuberan-
ces. The pulp is soft, more or less fluid, and stained a dark-red color.
The capsule is always very tense. It is frequently sprinkled with
ecchymoses. Occasionally this organ is slightly affected.

The liver and kidneys are highly congested and somewhat enlarged.
The parenchyma contains areas of blood infiltration and the cells
themselves manifest various kinds of degeneration. The portal
lymph glands often appear to be enlarged, and the retroperitoneal
tissue may be infiltrated with a serous, gelatinous fluid. The sub-
peritoneal tissue of the intestines and of the abdomma] walls may be
similarly affected.

The nature of the lesions of the intestinal canal varies according as
the disease is intestinal anthrax, or anthrax caused by inoculation.
In case of inoculation anthrax, the intestine is frequently normal. In
other cases there may be submucous and subserous hemorrhages, or
swelling of the mesentric glands. The principal changes in intestinal
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anthrax are always found in the small intestine, chiefly in the duo-
denum. In the milder cases of intestinal anthrax the mucous mem-
brane is affected by circumscribed or diffuse swellings. The bacteria
are often found in very large numbers on the surface of the mucous
membrane. Necroses and ulcers appear in those parts where the
bacteria are most thickly congregated. In very severe cases, the
abomasum or the true stomach may be affected with a gelatinous and
sanious infiltration of the mucous membrane. The mucosa of the
abomasum, and especially of the duodenum, is, in consequence of
excessive hyperemia, dark-red or almost black, and is covered with
erosions and ulcers or necroses, which may extend down to the sub-
mucosa. The contents of the intestine are bloody, and the submucosa
is infiltrated with a serous, gelatinous, or hemorrhagic exudate, so
that the mucous membrane often projects in the form of large tumors
into the lumen of the intestine. On the site of Peyer’s patches and the
solitary follicles we may find flat or prominent nodules, the surface of
which are covered with diphtheritic crusts.

The lungs are greatly congested, edematous and show areas of
ecchymoses. The entire respiratory mucous membrane is consider-
ably reddened and ecchymotic. The mucous membrane of the
pharynx and openingof thelarynxis often so edematous that stenosis
of the larynx takes place. The contents of the trachea and the bronchi
consist mostly of bloody froth or mucus.

The brain is often studded with ecchymoses. The surface of its
membranes often exhibits hemorrhages with an accumulation of
sanious serum in the ventricles. Extravasations of blood sometimes
occur in the anterior chamber of the eye and under the retina. All
the other organs may contain hemorrhages, and the urine frequently
contains blood.

The blood is usually dark. It has a tarry or varnish-like lustre,
and shows little tendency to coagulate. It does not assume its normal
red color when exposed to the air. Burnett studied the blood of a
few cases of anthrax in 1904. The appended tables are taken from
the results of his examinations.
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RESULT OF THE EXAMINATION OF THE BLOOD OF FIVE CASES OF ANTHRAX IN CATTLE
Com | it Dute ot} Bp VU R S e
cbserved tion E“ cl::t. per c. mm. i c.p;:m.‘
No. 8 | July s’ |107.5°' | Anth.bact. in blood
g | uly o [1066 | 60 | 4072000 20,000 Died Julyo
“ 4‘E July 10 “ 106.2 ! ‘
g !July]] l 56 | 5,471,000 4814
“ 4' “ 13 (1080 | 38 |83400,000 3,444
o4 ) “ 19 56 | 2,086,000 l 9,876/ Recovered
“ 61’ July 7 |
! ‘ Anth. bact. in blood
. Gi July 9 |104.0 | 50 | 3876,600 8222
“ 6 i “o1 60 ‘ 8,954000 5210
“ 6 : “ 18 |101.8 !
“ 6 } “ 14 ]101.2 | 47 | 3,484,000 5,666; Apparently recovered.
“ 6 | , “ 19 54 1,980,000 | 8,777‘ Died of anthrax Nov. 4
. cl l ‘4 : 63 | 3,132,000 ju.sss
“ 8 IJune 29 ‘ ‘
, \
“ 3' lJuly 14 101.2| 57 | 4,168,000 5,22'2‘ Recovered
“ 1 IJuly 15 | | ‘
“ July 16 1108.8 53 | 2,324,000 i 8,111
“ 1 “ 17 (1010 58 | 2,632,000 i 5,333
“1 “ 18 |102.0 | ( | 8,163
“ 1 “ 19 | 5,940,000 ‘n.ooof
R | “ 24 61 ‘ 10,767‘ Recovered
| l

*Temperature July 8, 102.1°
tTemperature July 8, 107.4°

Temperature July 10, 100.0°
Temperature July 9, 103.0°
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THE DIFFERENTIAL COUNT OF THE LEUCOCYTES IN FIVE CASES OF ANTHRAX IN CATTLE
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Burnett found that the number of red corpuscles and the percentage
of hemoglobin are reduced. In the chronic cases they tend to return
to the normal condition. There was an increase in the number of
lymphocytes and a decrease in the number of polynuclear leucocytes.
In some cases there was a marked increase in the number of eosino-
philes. No change from the normal was noted in the large mononu-
clear leucocytes or in the mast cells.

The bodies of animals which have died from anthrax are often weil
nourished. Rigor mortis is absent and they decompose quickly.
Very frequently blood flows from the natural openings of the body,
and the rectum is sometimes prolapsed.

All the foregoing lesions may be absent in very acute apoplectic
cases. The specific organism is, however, always present in the
cadaver. It is important to note that occasionally the usual changes
indicated by the symptoms and the duration of the disease are not
found on post-mortem examination. In one epizoédtic, the writer
saw an animal dead from subacute anthrax in which the blood and
tissues were teeming with anthrax bacteria, yet the organs examined
microscopically appeared to be normal. Other animals in the same
outbreak exhibited the more usual anatomical changes. -

Diagnosis.* There are a number of methods for diagnosing an-
thrax. The symptoms and lesions are of value but often they are not
sufficiently characteristic to enable one to make a positive determina-
tion. This must rest on the bacteriological examination and the
specific reactions. )

Bacteriological. It was believed for many years that the bac-
teriological examination for the diagnesis of anthrax was very simple
and sure. That opinion is entertained by many veterinarians still.
The facts are that many cases can be readily identified by this method
if the tissues are fresh, but, on theother hand, there are those where it
is impossible. The difficulties lie in several directions. The most
important is the rapidity with which anthrax bacteria die in tissues
where sporulation does not occur. For this reason it is not always
possible to find the organisms in specimens sent to a laboratory. The

*Veterinarians should recognize that anthrax is often very difficult to diagnose in the
laboratory. The lesions are frequently localized and in such cases the specific organism
is not always present in the general circulation or in other organs. In such cases the
man who makes the post mortem examination must locate the lesions and select parts
of the affected tissues for bacteriological examination. While the typical cases are
readily detected, there are those where the limitations of the laboratory methods and
the neglect of the clinician in making the post mortem allow the disease to go undetected.
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careful work of Fischeeder has clearly pointed out the difficulties in
this direction. Secondly, errors may occur because of the presence of
what are called pseudo-anthrax bacteria from which a differentiation
is not always easy. Fitch pointed out that these organisms could not
be differentiated from Bact. anthracis from agar or gelatin cultures.
Pokschischewsky has studied their biology and shown their very close
resemblance, in certain particulars, to Bact. anthracis. He divides
these organisms according to their growth on agar, gelatin and potato
into two types, namely, pseudo-anthrax and anthraxoid. Microscop-
ically the presence of an organism resembling that of anthrax, often
found in tissues some hours old, may be mistaken for that of anthrax.
The diagnosis bacteriologicallv requires the isolation of the specific
bacterium and its identification by cultural methods or animal inocu-
lation.

Differential stain. M’Fadyean has described a peculiar staining
reaction, first pointed out by Heins, which he considers of value for
the microscopic diagnosis of this disease. The reaction is in evidence
when films of blood, exudates, or tissue juice containing the bacteria
are stained with a simple aqueous solution of methylene blue. The
method as applied to blood is as follows:

Place a drop of the blood on a clean slide. The size of the drop should be about
2 mm. in diameter. It is spread quickly with a platinum needle untilit coversan
area about 12 mm. in diameter. Protect from dust and allow the slide to remain until
all evidence of moisture has disappeared. When dry, heat the preparation by lowering
it ilm upwards into the flame of a Bunsen burner or an alcohol lamp for a second.
Repeat this three times or until the glass is too hot to be borne by the skin in the palm
of the hand. Allow the slide to cool and then cover the film with 1 per cent. aqueous
solution of methylene blue. After a few seconds pour off the free stain and wash the
slide thoroughly in tap water. Dry the slide by pressing it gently between two layers
of bibulous paper, and then more thoroughly by holding it in the current of hot air
above the Bunsen flame. Finally, mount in Canada balsam.

The microscopic examinations (x 800 to 1000) will show an occasional leucocyte and
the anthrax bacteria. There will appear no other visible formed elements. The nuclei
of the corpuscles generally exhibit a greenish-blue tint, the anthrax rods are stained
blue. The intensity of the stain depends upon the length of time after death before the
films were made. Usually the segment character of all but the shortest rods will be
apparent. If they are deeply stained this is not very distinct. The peculiarity in the
reaction lies in the color of the amorphous material which is present between and around
the bacteria. 'This material presents itself under the form of coarse or fine granules of a
violet or reddish-purple color, which is in sharp contrast to the tint of the bacteria or
cell nuclei, especially with brilliant lamp or gas light. These violet granules differ a
good deal in form and size; sometimes they are very minute, and at others coarsely
granular. When the bacteria are arranged in clumps the violet material is often in
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greatest amount about them. Free-lying anthrax rods will be surrounded by a thick
envelope of the same substance. M’Fadyean states that he has never found this reac-
tion in animals dead from other diseases. The peculiar coloring, he states, in some
cases may be observed without the aid of the microscope. Our experience with it has
not been so satisfactory.

Thermoprecipitation. This method was formulated for practical
work by Schutz and Pfeiler. It was especially advocated by Ascoli
for the diagnosis of anthrax. It has been tested by a number of
laboratory workers and as a rule highly recommended. The method
is based on the fact that anthrax bacteria, or their decomposition
products, present in the bodies of animals dead of anthrax, contain a
precipitinogen which, when brought into contact with anthrax
immune serum, produces a precipitate at the point of contact. Pickens
describes the method in detail and concludes that it is a reliable
means for the diagnosis of anthrax. It was found, however, by
Pokschischewsky that this reaction took place in cases of infection
with certain of the pseudo-anthrax organisms.

Method.—The principle of this test is based on the fact pointed out by Kraus in
1897, that an immune serum when brought into contact with its corresponding antigen
will produce a precipitation at the point of union of the two fluids. The first fluid, the
immune serum, is difficult to produce. The technic was first worked out by Ascoli.

The selection of the animal for the production of this serum is an important problem
to decide. According to Ascoli, Schutz and Pfeiler and others, the ass is the most
desirable animal. However, good sera have been produced from the horse, mule, cow
and rabbit. Varying degrees of success have been obtained with the dog, sheep, goat
and guinea pig.

The selection of the animal is important as only certain individuals produce a proper
serum. It is stated by Schutz and Pfeiler that out of one lot of thirty animals only
three were found that produced a satisfactory serum. According to Ascoli and others,
the serum of certain normal animals, especially the horse, is apt to produce a precipita-
tion when brought into contact with salt solution, carbol salt solution, distilled water
or bouillon. The serum of the animal to be immunized should be tested with reference
to this quality.

The test requires an immune serum and the antigen. The animals are immunized
by repeated injections of attenuated, slightly virulent and virulent cultures of Bact.
anthracis beginning with the attenuated culture. Several injections are necessary.
They may be made subcutaneously, into the abdominal cavity or intravenously. The
injections are made about a week apart. It requires several weeks to obtain a satis-
factory scrum. The blood should not be drawn from the immunized animal for at
least ten days after the last injection.

To obtain the serum the blood is drawn in the usual way and allowed to clot and the
clear serum drawn off. The serum must be perfectly clear and not colored with
hemoglobin.
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PREPARATION OF THE ANTIGEN

There are three different methods by which an antigen may be prepared from the
suspected material, namely: The boiled extract, the shake extract and the slow
process. He also describes a method for the preparation of an antigen made from a
culture of the anthrax organism. This antigen should be used as a control upon the
material to be tested by this reaction.

The Boiled Extract. This extract consists in taking a small piece of the material to
be examined and placing it in a test tube, and adding to it four or five volumes of normal
salt solution. The test tube is then placed in boiling water from five to fifteen minutes.
This yields a cloudy brownish fluid which may be cleared by filtering through filter
paper. Two or more filtrations may be necessary.

According to Schutz and Pfeiler, this antigen may be improved by the use of carbol
salt solution instead of normal salt solution. They state that the carbolic acid will also
preserve the extract so that it may be kept for later use.

The Shake Extract. This extract consists in placing a piece of tissue about the size
of a hazelnut in a test tube to which is added about 10 c.c. of normal salt solution. It
is then thoroughly shaken. This yields a dirty, reddish fluid, which is centrifuged for
clearing purposes. It is then filtered through filter paper or asbestos. This process
may have to be repeated several times to obtain a clear antigen.

The Slow Process. This consists in taking a piece of suspected material about the
size of a hazelnut and triturating in a mortar with about ten grams of dry, white sand.
To this is added enough chloroform to completely cover it. The chloroform is allowed
to remain for several hours, after which it is poured off. The residue should then be
thoroughly stirred with a glass rod and enough normal salt solution added to cover it.
This should be stirred again and the fluid filtered into a test-tube through ordinary
filter paper. The filtrate should be colorless or slightly yellow. If it is not clear, it
should be refiltered until it is.

The chloroform does not have any effect upon the mixture except to precipitate the
hemoglobin. The precipitating substance is not soluble in chloroform, and hence the
final extract is not weakened by this process. In cases where the organs contain only
a few bacteria, a longer extraction by the normal salt solution may be necessary.

The Culture Extract. For this extract, a 24-hour agar culture of the anthrax organism
isused. Five to 10 c.c. of normal salt solution is poured over the surface of the culture
and allowed to act for two hours at room temperature. At the expiration of that time,
the fluid is removed and filtered through ordinary filter paper. The filtrate must be
clear, or slightly yellowish in color.

Schutz and Pfeiler again prefer the carbol salt solution to the normal salt, as they
think it produces a stronger antigen.

Of the three different methods for the preparation of the antigen, Ascoli favors the
boiled extract. On the other hand Schutz, Pfeiler and Pickens believe the slow process
to be the best. They contend that an antigen prepared by this method contains more
precipitinogen than by either of the other processes.

For the preparation of the antigen, any of the tissues of the body may be used. The
spleen, blood, serous or hemorrhagic exudates are preferable and in the order named.
Of the remaining organs, the liver, lungs, kidney, muscle and skin should be men-
tioned. In case the skin is used, plenty of subcutaneous tissue should be included with
it. According to Negroni, the presence of anthrax may be detected in imported skins
by this method.
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The quality of the immune serum is roughly estimated as follows: The serum
that will produce a reaction immediately when brought into contact with an anthrax
antigen is considered univalent. It has been learned that good sera will show the
presence of an anthrax antigen in a normal unit and, also, in fractions of the same. A
serum that reacts to an antigen diluted 100 times is a hundred fold serum. This is
called a standard serum.

In testing the material for the presence of anthrax by the Ascoli reaction, it is not
known whether the precipitinogen is present or not, hence its titration is impossible.
But in case of the titration of the immune serum where the antigen is prepared from
known anthrax material, some kind of a standard is necessary. For this standard, the
culture extract is used.

TECHNIC OF THE TEST

According to Ascoli, the serum should first be placed in a test tube after which the
extract, the lighter of the two fluids, should be placed beneath it by means of a capillary
pipette. According to Schutz and Pfeiler, just as good results are obtained by placing
the heavier fluid, the inmune serum, in the tube first and then placing the antigen on
top of it. They use thesame technic used by Pfeiler in his diagnosis of glanders by the
precipitation reaction. With an ordinary pipette, they place the serum drop by drop
on the edge of a small test tube, about 68 millimeters in diameter and 12 centimeters
long. The serum is allowed to run slowly down the inside of the tube to the bottom.
Enough serum should be added to bring the top of the fluid up about one-half a centi-
meter in height. After the serum has reached the bottom and remains stationary, the
antigen should be placed on the edge of the tube in the same manner as the serum, and
allowed to run slowly down the tube until it reaches the serum. It is advantageous to
have the antigen take the same course down the tube as the serum. When the extract
reaches the serum it should form a sharply defined layer above it. If the extract mixes
with the serum, at the point of contact, the test will be ruined. However, if the extract
does not mix with the serum, and the two fluids form, at the point of contact, a sharply
defined division line, the technic has been properly executed. In case the antigen was
prepared from anthrax material, a cloudy, grayish white ring will form immediately at
the point of contact of the two fluids. This ring gradually increases in density for
some time. It may be seen best in an oblique light. The test tubes used in this reac-
tion do not necessarily have to be sterile, but it is imperative that they should be
scrupulously clean, for if they are not clear the ring may not be seen.

In case the antigen is prepared from material taken from an animal that did not have
anthrax, this ring will not occur, or if it does occur will not take place under fifteen
minutes. In case the reaction is positive, the ring remains visible for two hours, and
longer, after which it disappears entirely. A test, however, may be read on the suc-
ceeding day by the presence of sediment in the bottom of the tubes containing the
positive reaction. The tubes containing negative reactions will show no precipitation.

Control. Schutz and Pfeiler state that with reliable sera the control tests may seem
superfluous, but still they do not wish to discard them. They make control tests only
with suspicious material, and not with material known to be negative or positive. They
make the statement that the extract, in every case, should be tested with normal serum
from the same species of animal from which the antigen originates. They also use a
positive and negative control for their antigen in routine work. In all, this makes
three controls which are, the normal serum, the anthrax extract and the normal organ
extract.
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Anthrax is to be differentiated from certain specific diseases such as
symptomatic anthrax (black leg), malignant edema, and septicemia
hemorrhagica. Rabies is not infrequently iistaken for anthrax.
These diseases can as a rule be readily diagnosed by the methods
applicable to each. In addition to the specific infections, anthrax has
been confused with certain dietary troubles and poisoning.

Protective inoculation. Toussaint was the first to make use of
protective inoculations in anthrax. He heated defibrinated blood to
a temperature of 55° C. for 10 minutes. Better results were obtained
by heating the blood to 60° C. for 3 or 4 times before using it. Pasteur,
however, was the first to prove that immunity could he obtained by
the use of cultures of attenuated bacteria. Several methods of
attenuating the specific organisms were proposed by Pasteur, Tous-
saint, Chaveau, Chamberland, Arloing and others.

Pasteur’s method consists in inoculating the animal with a small
quantity of culture which has been grown at a high temperature—
42 to 48° C.—for several days. This deprives the bacteria of their
virulence. To strengthen the resistance, the animals are again
inoculated 12 days later with a stronger virus.* After the two inocu-
lations, they are said to be protected against the most virulent an-
thrax; but the immunity is of short duration. Chamberland reported
in 1894 that a total of 1,988,677 animals were treated by this method
in France, and that the loss from anthrax had diminished from 10 per
cent. in sheep and 5 per cent. in cattle to less than 1 per cent. Cope,
in his report to the English Board of Agriculture, regards the con-
clusions of Chamberland as somewhat fallacious, because in order to
prove that the animals inoculated received immunity, it should be
shown that they were subsequently exposed to the risks of natural
infection. The excellent work which has been done by Neal and
Chester, at the Delaware College Experiment Station, has shown the
possible efficiency of this method. Of the 331 cows which they vac-
cinated against anthrax, two died of the disease, giving a death rate
of less than 1 per cent. and this in a territory so saturated with the
virus that it was practically impossible to keep cattle at all before its

*The first vaccine is a culture of anthrax bacteria that has been cultivated so that
it will kill mice but has no ill effect on rabbits and sheep. The second vaccine, given
12 days later, is more virulent. It will kill mice and guinea-pigs and occasionally
rabbits. Immunity is established 12 days after the second inoculation.

The French recommend the following plan of injection. The first vaccine is injected
into the internal surface of the right thigh and the second into the internal surface of the
left thigh. The vaccine should be used as soon as it is procured. A contaminated
vaccine should not be injected.
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use. The objection to this method is, that it requires the use of the
living bacteria, which later may become virulent and consequently
cause a subsequent outbreak. The scattering of pathogenic organ-
isms, even in an attenuated condition, should be avoided if possible.
It must be admitted, however, that Pasteur’s method has done much
good and helped to rob anthrax of much of its former terror, especially
for the farmers of Europe. In America the spread of anthrax has
been checked in many districts by its use. Dalrymple has pointed
out its success in the lower Mississippi Valley. Chester and Neal
used it successfully in Delaware. They pointed out that a vaccine
which succeeded at one time proved fatal at a subsequent time.
Notwithstanding, it is highly probable that the spreading of a
knowledge of the specific cause of this disease with instructions for the
proper disposition of dead animals has also exerted much influence for
good in checking its ravages.

In Germany and England the stamping-out system is considered
superior to vaccination. According to Crookshank, in England'it is
regarded as the only reliable means of suppressing the disease. To
this end rigid laws have been enacted. In this country as rigid
measures as possible for its eradication should accompany the use of
methods for establishing a tolerance for its existence.

The stmultaneous method. This method consists in the injection of
anthrax serum* together with a small quantity of virulent anthrax
bacteria. It has proven to be very satisfactory. It has the advan-
tage of being administered at one time. This method of protection
against anthrax seems to have been first proposed by Sobernheim in
1899. He reports excellent results from its use in immunizing cattle
and sheep against anthrax in South America. Sclavo has produced
serums which seem to have a therapeutic as well as prophylactic
value. It has been used in treating human anthrax since 1897.

Prevention. In all cases the well animals should be removed from
the barns or yards containing the sick ones and from pasture lands on
which the sick became infected. The temperature of the apparently
healthy animals should be taken morning and evening from one to
two weeks after they are removed and all of those showing an eleva-
tion of temperature should be isolated. By careful isolation and safe

*Horses are immunized in from 10 to 12 days. They are injected with 5 cc. of the
serum and are from 0.25 to 0.30 cc. of a culture of anthrax bacteria in different parts of
the body. According to Sobernheim the successful use of the serum depends upon using
the virus in combinations with it.



108 ANTHRAX

disposition of the dead animals the spread of the disease can be checked.
Animals do not, as a rule, spread the virus when the first symptom
(rise of temperature) can be detected. All infected stables and yards
should be thoroughly disinfected.

The disposition of dead animals in an outbreak of anthrax is a matter
of much importance. In all cases they should be burned if possible,
if not, they should be deeply buried and covered with quick lime
before the dirt is replaced. The ground over the place where they are
buried should be fenced in to prevent other animals from grazing over
it, and the surface should be burned annually for some years to
destroy spores should they be brought to the surface.

Control. Owing to the long resistance of the anthrax spores, it is
impossible to render an infected field safe for pasture land. After a
number of years such fields may become harmless. The safe disposal
of all carcasses by burying deep or cremation; the thorough disinfec-
tion of all stables and paddocks; and the burning of all litter that
might have become infected are precautions that should be taken.

In localities where there are frequent outbreaks of the disease
regular vaccination of all cattle, horses, sheep and swine is advocated.
It is all that can be done beyond preventing exposure to known in-
fected localities. Anthrax should be reported but a quarantine
against healthy animals does not seem to be necessary as the disease
is not ordinarily communicated directly from one animal to another.
There is a possibility of removing animals while in the period of
incubation, thereby infecting other places. Little is known about
the “carriers” in this disease.
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GLANDERS
Synonyms. Malleus; farcy; morve: Rotzkrankhett.

Characterization. Glanders is one of the most important diseases
of horses, asses and mules. It is communicable to man. It runs an
acute or chronic course, attacking the lymphatic system more espec-
ially in the upper air passages, lungs or skin. The disease is charac-
terized by a strong tendency to the formation of small neoplasms or
nodules which are likely to degenerate into ulcers from which exudes
a peculiar sticky discharge. In the very acute cases a considerable
rise of temperature and general debility may accompany the forma-
tion of the lesions. Glanders of the skin is known as farcy.

By direct inoculation several species of animals may be infected.
Thus the disease has been reported in goats, rabbits, sheep, guinea
pigs, field mice, and several of the wild animals, especially those of the
cat tribe. Swine and pigeons are very slightly susceptible. Cattle,
white mice, rats and domestic fowls seem to be immune.
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History. Glanders is reported to have been known long before the
Christian Era. The name malleus was given to it by Aristotle. The
theory of the contagiousness of glanders was much doubted at the
beginning of the last century. The view taken by the veterinarians at
the Alfort Veterinary College was that glanders might arise spon-
taneously from an attack of strangles. This view was far more widely
accepted than the theory of its contagiousness, which was stoutly sup-
ported by the authorities at the Veterinary College of Lyons. It was
not until Rayer (1837) had demonstrated the transmissibility of
glanders to man, and Chauveau (1868) had shown that the virus was
contained chiefly in the firm component parts of the infective material,
that the fact of the infectious nature of the disease was accepted.

The theory of the spontaneous origin of glanders was widely
accepted in Germany. It was believed that glanders could be pro-
duced by the injection of pus, and that strangles could develop into
glanders. Glanders was looked upon as a tubercular disease, scrofula,
pyemia, diphtheritis, general dyscrasia and cachexia respectively.
Virchow was the first to declare that the nodules of glanders were
independent, anatomical formations, which he placed under the head-
ing of granulation tumors. Gerlach was the strong advocate tor the
exclusively infectious origin of the disease. Leisering appears to have
been the first to give an accurate description of the lesions.

The first biological researches into its nature were made in 1868 by
Zurn and Hallier, who found a fungus which they believed to be its
cause. In 1882, Leeffler and Schiitz succeeded in finding the bac-
terium of glanders, in cultivating it, and in transmitting the disease
to other animals by inoculating them with pure cultures of the
organism. Their researches furnished the positive proof that
glanders is a specific, infectious disease, produced exclusively by
Bacterium mallet.

Geographical distribution. Glanders exists in the greater part of -
the civilized world. It is more common in the temperate zones, where
traffic in horses is active. In the United States it was largely con-
fined to the Northern States before 1861, but it spread over the South
in connection with the civil war. It is said to have entered Mexico
with the American cavalry in 1847. Similarly, Portugal is said to
have been exempt until the invasion by Napoleon in 1797. Central
Hindoostan was said to be free from it until the war with Afghanistan
in 1878. In all these cases, the movements of cavalry, artillery and
of commissary trains were responsible for the introduction of the
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disease into new territory. In our own case the sale of horses and
mules at the close of the civil war produced a very general diffusion
of this disease, from which the country is still suffering.

Insular places, especially if far from the main land and free from
importation of horses, usually escape. Thus glanders is very rare
in Iceland and in the Faroe islands. In Australia, Tasmania and
New Zealand it is reported to be unknown.

Etiology. Bacterium mallet, the specific cause of glanders, was
discovered and isolated in pure culture almost at the same time (1882)
by Leefler, Schiitz, Isrzl, Bouchard, Charrin, Weichselbaum. Kauz-
feld and Kitt. Itisfound in the recent nodules. in the discharge from
the nostrils, pus from the specific ulcers, and occasionally in the blood
of animals affected with acute glanders.

Morphologically it is a small organism with rounded or pointed
ends. It varies in breadth from 0.25u to 0.4 and from 1.5i to 3 in
length. It is usually single but pairs and long filaments, especially
on potato cultures, are not rare. It frequently breaks into short,
almost coccus-like elements. Galli-Valerio found great variations in
its morphology when grown under certain different conditions.
Branching forms were numerous.

It stains with some difficulty. Of the aniline dyes the best results
are obtained with the aqueous solutions, when they are made feebly
alkaline. It is decolorized by Gram's method.

It grows well, but slowly, at the body temperature on acid-glycerin
agar, in acid-glycerin bouillon, on blood-serum and on potato.

Of the test animals guinea pigs and field mice are the most suscepti-
ble. In guinea pigs, subcutaneous injections are followed in four or
five days by swelling at the point of inoculation and sloughing of the
skin, which are followed by the formation of a chronic, purulent ulcer.
The lymphatic glands become inflamed and symptoms of general
infection develop in from two to four weeks; the glands suppurate
and in males the testicles are involved. A purulent inflammation of
the joints may occur. The formation of the specific ulcers upon the
nasal mucous membrane, which forms one of the characteristics of the
disease in the horse, rarely occurs in the guinea pig as a result of
inoculation. The disease is often prolonged for several weeks or
months. Guinea pigs succumb usually in from eight to ten days
when injected into the peritoneal cavity with a virulent culture. In
males, the testicles are invariably affected. The inoculation of male
guinea pigs and diagnosis of glanders by the orchitis that follows is
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known as the Strauss method. Hallopian and Bureau observed an
orchitis following the inoculation of pus from a case of human mycosis
into the peritoneal cavity of a guinea pig. Nocard recorded nineteen
cases of a slightly contagious, farcy-like lymphangitis in horses due to
a bacterium which produced an orchitis when inoculated into guinea
pigs but which was different from Bact. mallei both in its cultural
characteristics and its reaction to the Gram stain (Benson). The
inoculation of the guinea pig in making a diagnosis can be consid-

F1G6. 9. THE 80-CALLED “GLANDERS EXPRESSION.”

ered as only one factor. The bacterium must be obtained from the
lesions and identified. Infection takes place through the digestive
tract. Experimentally it has been induced through the respiratory
organs.

The period of incubalion is not definitely known. It varies from a
few to many days, depending upon the method of infection and
the virulence of the organisms, as well as the resistance of the animal.

Symptoms. Two forms of glanders have been recognized, namely,
acute and chronic.

Acule glanders. Acute glanders is common in the ass and mule, but
less frequent in the horse. After a short period of incubation the
animal has a chill, elevation of temperature, a profuse muco-purulent,
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sticky discharge, sometimes mixed with blood, from the nose. Par-
ticles of food arrested in the pharynx occasionally appear in the nasal
discharge. If unilateral the margin of the nostril swells, the mucosa
is dark red, infiltrated, marked with pea-like, yellowish elevations with
red areole, which in a few days become eroded, thus forming spreading
ulcers. The submaxillary lymphatic glands on the affected side
become enlarged. There may, however, be a uniform swelling of the
intermaxillary space. The course is rapid and death may occur in
from the sixth to the fifteenth day. The acute form rarely if ever
becomes chronie.

Chronic glanders. 1In the horse, this form of the disease may bhegin
with a chill but usually the onset is very insidious. There may be a
muco-purulent, sticky discharge, sometimes streaked with blood, from
one or both nostrils. There may be intermittent or continued lame-
ness, arthritis, edema of a limb, swelling of a testicle, cough, or epis-
taxis. There is usually a nodular but comparatively painless swelling
of the submaxillary lymph gland on the affected side. On palpation
the swelling imparts a sensation suggestive of a number of peas.
They are adherent to the adjacent structures. The nasal mucosa is
congested, of a dark reddish color and sprinkled with superficial or
deep ulcers either clean or covered with crusts.

Rarely the submaxillary glands only are apparently diseased. In
other cases, there is only a cough, the lesions being confined to the
lungs. Occasionally, the lesions are restricted to one or both testicles,
the spleen, or other internal organ. Objective symptoms may or may
not be present. Chronic glanders may terminate in the acute form.

In chronic, cutaneous glanders, with or without edema of the
limbs, there may be one or many nodules on the fetlock, or elsewhere
on the line of the lymphatic vessels, with induration of the lymphatics
extending from it. The nodules may be suppurating and discharging,
or they may be closed. - The period of incubation and duration
found after a lecture on morbid anatomy.

Morbid anatomy. In chronic glanders the most frequent locations
of the lesions are on the respiratory mucous membrane, in the lungs,
lymph glands and skin. M’Fadyean states that he has never seen a
case of glanders in which the lungs were not affected if any lesions
were found. Other organs are more rarely invaded. The mucous
membrane of the upper respiratory passages is the usual seat of the
lesions. Glanders occurs in two forms, (1) as circumscribed nodules
with the formation of ulcers and cicatrices; and (2) as diffuse or
infiltrated lesions.
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In nodular glanders. which is the common form, the lesions are
most frequently situated on the upper portion of the nasal septum and

Fi1G. 10. NASAL SEPTUM SHOWING ULCERS.

in the cavities of the turbinated
bones. The affection begins with
the appearance of nodules vary-
ing in size from a grain of sand
to a millet seed. They are more
or less translucent, of a roundish
or oval shape, and of adirty gray
or grayish-red color. The nod-
ules, which may attain to the
maximum size of a pea, project
somewhat above the surface of
the mucous membrane. They
are surrounded by a reddish ring.
Some of them are isolated and
others are arranged in groups.
Microscopically they consist of
a large number of lymphoid cells,
which disintegrate in the centre
of the nodule. In consequence
of the central fatty and purulent
degeneration, the nodules become
vellowish in color, discharge and
form ulcers. These ulcers are
sometimes superficial, sometimes
deep, lenticular or crateriform,
surrounded by a hard. indurated
edge, and frequently becoming
confluent, with irregularly ser-
rated and eroded edges. They
are sometimes covered with a
brownish crust. The ulcers may
increase in area or in depth and
may even involve the underlying
cartilage or bone, causing per-
foration of the septum nasi, and
distensions of the maxillary or
exostoses on the turbinated bones.
The shallow lenticular ulcers may
heal without leaving any visible
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changes: but the deeper ones, after granulating, leave a radiating,
star-shaped cicatrix which is either smooth or horny, and which,
according to the shape of the ulcer, may be of an irregular or oblong

F1G. 11.  ScAR TISSUE FOLLOWING GLANDERS ULCERS, NASAL SEPTUM HORSE.
(AFTER JOEST.)

FiG. 12. ScARS FROM NON-GLANDERED LESIONS ON NASAL SEPTUM HORSE.
(AFTER JOEST.)

form. The nasal septum is frequently covered with these scars.
The ulcers and cicatrices are sometimes found in the maxillary and
frontal sinuses, in the guttural pouches and in the eustachian tubes.
They may also occur in the larynx, especially in the region of the
vocal chords. In the trachea and even in the bronchi, particularly
on the anterior surface, numerous long, oval ulcers or long. pointed,
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serrated scars are occasionally found. In addition to the ulcers,
a catarrhal inflammation of the mucous membrane is very apt 'to
be present.

Diffuse glanders manifests itself as a diffuse catarrh of the
mucous membrane of the nasal and neighboring cavities, with
superficial ulceration, thrombosis of the veins, inflammatory in-
filtration of the submucosa, considerable thickening of the mu-
cous membrane and the formation of a peculiar, radiating cicatrix.

Both the nodular and infiltrated forms are found in the lungs.

In the nodular form, the lungs contain nodules* varying in size
from a millet seed to a pea. They are gray by transmitted light,
glassy and pearl gray by reflected light, and are surrounded by a con-
gested or a hemorrhagic ring. The center of the nodule shows a pale

F16.13. GLANDERS ULCERS IN THE TRACHEA (A) PERFORATION.
(AFTER JOEST.)

yellow point in consequence of caseation and disintegration of the
innermost cells. These nodules are of different sizes, of varying
numbers, and of different ages. The formation of a capsule by a con-
nective tissue membrane is induced by a reactive inflammation in the
tissue surrounding the nodule. The nodules may be of an embolic
origin, situated principally in the periphery of the lung, their structure
being the same as that of the nodules in the nasal mucosa. Some-
times the lung nodules represent lobular pneumonic foci, in which the
alveoli are filled with red and white blood corpuscles and with des-

*Nocard showed that when glandered horses are treated with mallein, a certain pro-
portion of them recover. in which case nodules that are present in the lungs cease to
contain living bacteria. a fact he has fully proved by inoculation. On postmortem
examination the nodules may be readily felt by passing the hand with firm pressure
over the surface of the lung, which, when badly diseased, will feel like a bag full of shot
or peas,
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quamated epithelium of the lungs. Central disintegration occurs
very early. These areas are surrounded by a membrane resulting
from a reactive inflammation which manifests itself and out of which
a connective tissue capsule develops later on. There are two theories

Fic. 14. LUNG OF HORSE SHOWING SMALL AND LARGER GLANDERS NODULES.

concerning the structure of the early nodules. One is, that the first
cells are epithelial in nature, thus closely resembling a tubercle. The
other is that the first stage of the nodules consists of air cells filled
with leucocytes.
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M’Fadyean has called attention to the structure of the lung
nodules, in which he finds a central part composed of leucocytes that
have filled the air spaces, the walls of which have disappeared as if
by liquefaction. This is surrounded by a zone of ‘epithelioid cells.
A third zone surrounds this, in which the walls of the air vesicles are

FiG. 15. (a) MAsS OF FIBROUS TISSUE SURROUNDING QUITE LARGE BRONCHI IN
GLANDERED LUNG; (b) GLANDERS NODULE.

recognizable. The walls are thickened. The fourth zone is com-
posed of air vesicles filled with a fibrinous exudate, which entangles a
few leucocytes. Frequently the exudate is free from red blood
corpuscles, but at times it contains much blood. In older nodules
the third and outermost zone is composed of cirrhotic lung tissue, in
which can be distinguished the remains of the air cells. This zone
passes gradually into the normal tissue. In the last stage the central
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FiG. 16. LARGE GLANDERS NODULE UNDERGOING ORGANIZATION (IS
DEVELOPMENT OF FIBROUS TISSUE).

FiG. 17. GLANDERS NODULE. LOW MAGNIFICATION.
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area shrinks and becomes calcified, while the other zones become con-
verted into a distinct fibrous capsule. Other observers have not
reported the calcification. It has not occurred in the writer’s
observation. The cell necrosis in glanders has been designated by

F16.18. A PORTION OF A GLANDERS NODULE (FIG. 17) EXTENDING
FROM THE NECROTIC CENTER TO THE NORMAL TISSUE. X 380.

Unna as chromatolasis which consists in the disintegration of the
nucleus before the destruction of the cell body and the retention of the
staining property of the broken. nuclear chromatin. This gives the
dark color in the central part of a stained nodule.

Besides these nodules, there are often chronic bronchitis, peribron-
chitis, parabronchitis, atelectasis, inflammation of the tissue of the
lung and less frequently circumscribed or exudative pleuritis.
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Infiltrated glanders of the lungs forms tumors from the size of a
walnut to that of a child’s head, consisting of a diffuse glanderous
infiltration of the alveoli and of the interstitial connective tissue.
Frequently on section the infiltrated parts of the lungs resemble very
closely a soft sarcoma. They are of a dirty white color, of a gelatin-
ous, juicy consistency and irregular in shape. They may either
become indurated so as to form hard, connective tissue-like new
growths (fibroma-like tumors of glanders, according to Gerlach),
or they may become gangrenous. At times there appear masses of
connective tissue of varying size at the borders of which glanders
bacteria are found. In nodular and in infiltrated glanders of the
lungs, the bronchial glands and frequently the mediastinal glands
become enlarged, indurated and studded with small foci of cell
infiltration.

In glanders of the skin (farcy) the nodules are found in the papillary
layer, in the cutis and in the subcutaneous and superficial intermuscu-
lar tissue. The cutaneous
nodules vary in size from a
hemp seed up to a pea. They
suppurate rapidly and form
small ulcers. The nodules in
the subcutis are inflammatory
(metastatic) tumors from the
size of a pea to that of a hen’s
egg. They change into large
abscesses and discharge ex-
ternally. In the region of the
nodules the lymphatic vessels
are inflamed, swollen, and fre-
quently resemble a rosary or
knotted cord. Ulcers often
develop from these secondary
nodes. The neighboring
lymph glands are at first
swollen and soft, but later

they become indurated by the Fic. 19. SECTION OF A GLANDERS
growth of connective tissue NODULE IN THE LUNG OF A HORSE:
y (@) NECROTIC CENTER, (¢) ZONE OF

and studded with dirty white GIANT CELLS, (b) CAPSULE SURROUND-
nodules about as large as a pin ING THE NODULE (Schutz).
head, or with yellow foci of caseation. The capsule around the



122 GLANDERS

lymph glands becomes infiltrated with small cells and subsequently
thickened. In rare cases secondary chronic farcy occurs. It is
marked by a large, diffuse new growth of connective tissue with
nodular thickening of the skin. This condition is termed glander-
ous elephantiasis or pachyderma. It chiefly affects the limbs and
head. .

Of the abdominal organs, the spleen is most frequently attacked.
It then contains embolic nodules, which vary in size and either
suppurate or become calcareous. Similar nodules occur, though not
so often, in the liver, kidneys, testicles, brain, muscles, heart and
bones. In the bones, the lesions consist of a cellular infiltration of the
medulla and purulent breaking down of the osseous tissuc. Ulcersare

Fic. 20.  GraNpErs ~NopuLes 1N FiG.21. GLANDERS NODULE IN SPLEEN
LYMPH GLAND DISCHARGING INTO OF HORSE. NATURAL SIZE.
BRONCHUS. (a) BRONCHI, (b) LYMPH
GLAND, (¢) OPENING INTO BRONCHUS.

very rare on the mucous membranes of the eyes, stomach and vagina.
The blood shows signs of slight leucocytosis. The specific bacteria
are found in the blood only in cases of acute general infection.

The anatomical changes in acute glanders consist chiefly in a dis-
integration of the respiratory mucous membrane, in a serous infiltra-
tion of the submucosa, subcutis, and intermuscular tissue, with in-
flammation and suppuration of the lymph vessels and glands. There
are also metastatic formations in the skin and lungs. The nasal
mucous membranes are covered with rapidly spreading ulcers with
considerable infiltration into the submucosa. The mucous membrane
of the larynx and pharynx may be swollen and covered with ulcers.
The lungs are studded with purulent metastatic foci or fresh nodules.
The skin is excessively swollen and covered with glanderous nodes.
Sometimes diffuse gangrene of the skin occurs.
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takes place in from two to four weeks. In other instances, the
disease becomes chronic, lasting for months or years. Bact. mallet
has been found in the blood in cases of acute glanders. The positive
diagnosis depends on the possibility of infection having taken place,
on inoculation in guinea pigs, the proof of the presence of Bact.
mallei or positive results with sera tests. Treatment is usually of no
avail. The only hopeful cases are those that are purely local in their
manifestation. A few of these are reported to have been cured by
applying deep cauterization.

Diagnosis. Glanders is to be diagnosed by the symptoms, lesions,
cause and specific reactions of which there are several. In somewhat
“typical” and advanced cases the diagnosis may be very accurately
made from the manifestations. The positive diagnosis, however,
must be made from the identification of Bact. mallei, or from one or
more of the specific tests. In the dead animal the histology of the
lesions may reveal the nature of the disease.

Lestons. The lesions exhibited in a living animal are not suffi-
ciently characteristic to positively identify the disease in very many,
if in any, cases. The histological structure of the nodules may, how-
ever, enable one to do so.

Bacteriological examinations. The examination of the lesions for
Bact. mallet can be made by cultures or guinea pig inoculation. In
case of nodules in internal organs cultures on acid-glycerine agar or
bouillon or on potato are quite satisfactory.

Animal inoculation. Male guinea pigs should be used. The
material for inoculation usually consists of the nasal discharge from
the suspected glandered horse, bits of scrapings from the ulcers, or
pieces of other diseased tissue may be injected subcutaneously or into
the abdominal cavity. The first symptom of glanders noticed is
usually orchitis. The lymphatic glands in the groin are also enlarged.
After the orchitis becomes well advanced, the guinea pig may be
chloroformed and examined. Pure cultures of the specific organism
can be obtained in most cases from the suppurating foci in the testicle.
The spleen is usually enlarged and sprinkled with grayish nodules.
Other organs may be involved. The diagnosis by the inoculation of a
male guinea pig is known as the Strauss method. It is important to
note that the orchitis alone is not sufficient to make a positive diag-
nosis but the specific organism must be found and identified.

Mallein. Mallein is prepared in the same way as tuberculin. It
was used by Kaling and Helman independently as a diagnostic agent.
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It consists of the glycerinated bouillon in which the glanders bacteria
have grown and in which are the products resulting from their
multiplication. It hasa somewhat fetid odor. Mallein is applied in
two ways, namely, subcutaneously and on the conjunctiva. The
latter is called the ophthalmic method.

Subcutaneous method. In applying mallein the horse is injected
usually in the neck with from 0.5 to 2 cc. of mallein, the quantity
depending upon the degree of concentration. If a concentrated
mallein is used it should be diluted with a 1 per cent. carbolic acid
solution to at least 2 cc. The reaction is as follows. In a few hours
there forms at the place of injection a hot, inflammatory swelling.
It is very painful and in case of glanders quite large. From all sides
of the swelling there may radiate wavy lines consisting of swollen
lymphatics, hot and painful when touched, extending toward the
adjoining glands. When the mallein injection is made aseptically,
this swelling never suppurates, but it may increase in size during a
period of from 24 to 36 hours and persists for several days, when it
gradually diminishes and finally disappears at the end of eight or ten
days. With the appearance of the local swelling the patient becomes
dull and dejected, the eyes have an anxious expression, the coat is
lusterless, the flanks contracted, the respiration hurried and the
appetite is impaired. Frequent shudders are observed to pass through
the muscles of the fore legs and sometimes the trunk is subject to
violent convulsive movements. The most active and fractious horses
become listless and indifferent to their surroundings. These general
phenomena constitute what the French call the “organic reaction,”
but they are not always so clearly marked. Differences in their
intensity are observed but they are never completely absent.

The temperature reaction seldom fails to show itself. In about
eight hours after the injection the temperature of a glandered horse
gradually rise 1.5°, 2° or 2.5° F., and even more above the normal.
The rise in temperature usually attains its maximum between the
tenth and twelfth hour, occasionally not till the fifteenth, and more
rarely not until about the eighteenth hour. An important fact to
note is that the reaction called forth in glandered horses by the injec-
tion of mallein persists for from 24 to 48 hours and in some cases the
temperature remains above the normal for an even longer time. In
practice it is advisable to take the temperature of the suspected
animals two or three times before the injection of the mallein, and
every two hours, beginning at the eighth and going to the twentieth
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hour after the injection.

GLANDERS

It is often sufficient for diagnostic purposes

to take the temperature but four times, viz., at 9, 12, 15, and 18 hours
after the injection, but a longer observation would be more reliable.
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FIG. 23. MALLEIN REACTION,
HOURS AFTER INJECTING MALLEIN,

FROM WHICH A WELL DEVELOPED CASE OF GLANDERS HAD
BEEN REMOVED.

TEMPERATURE CURVES OF SIX HORSES FOR 24
THE HORSES WERE IN ONE STABLE

In healthy horses the injection of mallein, even in a much larger
dose, produces no effect on the temperature or the general condition

of the animal.

There is produced, however, at the point of injection,
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a small edematous swelling, somewhat hot and painful to the touch,
but the edema instead of increasing, diminishes rapidly and disappears
in less than 24 hours.

The reaction called forth by the injection of mallein in a glandered
animal is quite specific. When it occurs one is enabled to state at
once and with certainty that glanders exists, although the lesions
may be quite minute or obscure. When the reaction does not take
place it is generally considered that the animal tested is not glandered,
although the physical examination may suggest it. Notwithstanding
the specific action of mallein, its administration can give really useful
indications “only when, and as far as, we can remove the causes of
error that have been pointed out by experience.” For example, it
would be imprudent to use mallein in case of animals already suffering
with an abnormally high or low temperature. The further precau-
tions should be taken that the animals subjected to the test be
removed as far as possible from atmospheric variations and the
influence of strong sunlight, fog, rain and currents of air. If it be
true that the majority of horses are not susceptible or slightly so, to
these influences, there are still some that are affected by them. A
sudden rise and fall of temperature due to other causes must be
differentiated from a mallein reaction.

Ophthalmic use of mallein.* Schnirer in Vienna and Frohner in
Berlin :recommend this method of using mallein. The mallein is
applied to the eye with a camel’s hair brush in the following way:
The eyelids are opened with the index finger and the thumb, as is
customary when examining the conjunctiva of the eye. Then the
camel’s-hair brush, which has been submerged in the mallein, is
drawn once forward and again backward over the eye. Only one
eye is used, the other serving as a control. Immediately after the
application of the mallein to the eye in most of the animals lacrima-
tion, increased reddening, and twinkling of the eye appear; these
primary reactions are not specific and disappear in the following few
hours. The specific reaction commences as a rule 5 or 6 hours after
the application of the test and.lasts from 36 to 48 hours, occasionally
even longer. It consists in a suppurative conjunctivitis, with redden-
ing, swelling, and suppurative secretions. Of these signs only a sup-

*The ophthalmic use of mallein was first reported in this country by Dr. C. J. Mar-
shall (Proceedings of the A. V. M. A. 1912). At the same time Moore and Fitch were
using this method for the diagnosis of glarders in New York City (Report New York
State Veterinary College, 1911-12).
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purative secretion should be taken into consideration. The results
are interpreted as follows: (1) The reaction is positive if a suppura-
tive secretion is observed in varying quantities. 1f the secretion is
present in only a small quantity, it is principally visible at the inner
canthus of the eye. (2) The reaction is negative in the absence of any
secretion. (8) The reaction is doubtful when there is present a slimy
secretion or Jacrimation after 24 hours.

The diagnosis should be made
not earlier than 12 hours and
not later than 24 hours after the
application of the test. The
examination should be made in
a good light. A positive result
. indicates with certainty the
presence of glanders; negative
results, however, should not
eliminate the possibility of the
presence of the disease, and only
a repeated negative test after
three weeks excludes suspicion
of the disease.

Generally the positive oph-
thalmo reactions are not ac-
companied by fever or systemic
disturbances. Occasionally,
however, affected horses are
hypersensitive, so that often a
trace of mallein which enters
the circulation produces fever.
Accordingly, it is advisable to
accompany the ophthalmo reac-
tion with temperalure measure-
ments. For this purpose the temperature should be taken at least
twice, the first time when the mallein is applied and the second time
when it is judged. In a doubtful eye reaction where there is a rising
temperature of over 101.5° F., the test should be considered positive if
the animal had a normal temperature at the time the mallein was
applied.

The ophthalmic test is used officially in Austria. They employ the
Pasteur “Mallin brute,” 0.75 cc. being used on 10 horses. In this

Fic. 24. EYE, FOLLOWING OPHTHALMIC USE
OF MALLEIN.
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country both the concentrated mallein and a 5 to 7<% solution of the
precipitated mallein (Mallein Siccum Foth) are used. The ordinary
mallein used for subcutaneous test cannot be relied upon.

This test should not be made in the presence of a conjunctivitis.
It is also important, where there is a reaction, that the purulent dis-
charge be not wiped out of the eye thereby leaving one in doubt. Like
the subcutaneous method, there is no definite relation between the
extent of the reaction and the amount of pathological changes that
exist. '

The cutaneous and intradermal application of mallein do not give
uniformly satisfactory results.

The agglutination method or serum diagnosis. Rabieaux found that
the difference which exists between the agglutinating power of a
serum from a glandered and from a healthy horse may be used as the
basis of a method for diagnosing glanders. He collected the serum as
pure as possible, diluted it with sterile, distilled water to 1 in 10, or to
1in 500. The diluted serum was then mixed in a small sterile tube
with an equal volume of a 24 to 72 hour culture of Bact. mallei in
peptonized bouillon (without glycerin). The mixture was placed in
an incubator at a temperature of 85° to 87° C. and examined at
variable times under the microscope. In dilutions of from 1 in 10
to 1 in 50 the agglutination occurred in 20 minutes to 8 hours. In
serum of a non-glandered horse from 2 to 6 hours were required to
produce the agglutination. In weaker dilutions the differences were
more marked. The development of the method can be followed from
the writings of M’Fadyean, Bourget and Méry, Arpad, Fedorowsky,
Reinecke, Bonome, Schiitz and Miessner, Schniirer and Moore,
Taylor and Giltner.

The method consists in the preparation of a test fluid from a suitable
culture of Bact. mallet to which is added the diluted serum.

The “test-fluid” is prepared by washing the growth from a 72 hour
acid-agar culture by the aid of a sterile wire loop into distilled water
containing 0.85 per cent. sodium chloride and 0.5 per cent. carbolic
acid crystals. This suspension is then placed in a thermostat at 60° C
for two hours, which kills the bacteria. Three cubic centimeters of
the “test-fluid”’ are placed in each of several small test-tubes. With a
sterile pipette, the diluted serum is added to the tubes of test-fluid
and thoroughly mixed. In making the different dilutions, the amount
of diluted serum to be used is readily ascertained by the following
table:
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. |
Dilution of Serum ‘ Amou.nst of Diluted ‘ Amount of Test Fluid Dilution
1-40 | 1.2 cc. l 8 ce. 1-100
1-40 l 0.6 3 1-200
1-40 ‘ 0.405 s 1-800
1-40 | 0.3 3 .1-400
1-40 l 0.24 s 1-500
1-40 | 0.195 3 1-600
1-40 ‘ 0.15 s 1-800
1-40 0.12 3 1-1,000
1-40 ! 0.105 3 1-1,200
1-40 ‘ 0.09 8 1-1,500
1-40 ! 0.06 3 1-2.000
1-30 0.03 3 1-4.000
1-40 | 0.015 3 1-8,000

Where dilutions greater than 1-1000 are made, a serum diluted 1-80
may be used to better advantage, unless the pipette employed is very
finely graduated. In this case the amount of diluted serum for a
certain dilution must be double that indicated in the table.

The mixture thus prepared is placed in an incubator at 87° C. for
24-30 hours. A temperature higher than 37° C. interferes with the
agglutination.

The reaction consists of a layer of the agglutinated bacteria cover-
ing the entire convexity at the bottom of the tube. This film-like
sediment may become so dense that it rolls in at the periphery. The
supernatant fluid becomes clear in the lower dilutions, but in the
higher ones the clarification may not be complete, showing that all
the bacteria have not become agglutinated. This is further evidenced
by the fact that the layer is less dense in the higher dilutions. The
reaction may begin in six hours, but cannot be considered complete
until 24 to 86 hours have elapsed. If no reaction appears in 24 hours
it cannot be considered negative, as it may occur in from 30 to 40
hours after setting. Often, however, a reaction appears in less than
24 hours.

After the agglutination is completed, further standing produced no
visible change in the test fluid.

A negative result shows a small round concentrated spot of sedi-
ment in the center of the convexity at the bottom of the tube, the test
fluid remaining apparently unchanged even after several weeks.
Animals whose blood serum agglutinates in dilutions of 1-500 are
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suspicious and a reaction in dilutions of 1-800 or higher indicates an
infection with Bact. mallei.

As pointed out by Bonome and confirmed by Taylor, there seems
to be little or no change produced in the precipitating power of the
serum of the blood taken before, during or after the mallein reaction
but the agglutinating power as determined microscopically is very
much increased during the mallein reaction.

This is shown by the appended table:

TABLE SHOWING BOTH MACROBCOPICALLY AND MICROSCOPICALLY THE AGGLUTINATION
OF DEAD GLANDERS BACTERIA WITH BLOOD SERUM FROM HORSES TAKEN BEFORE,
DURING AND AFTER THE MALLEIN REACTION.

Blood sk e dng preroun o || Bioodsken g e || P iAo
No. |Macroscopic | Microscopic || Macsoscopic | Microscopic || M pi Mi Pi
1 1-800 1-1000 1-800 1-1800 1-800 1-1000
4 | 1-800 1-1200 1-1000 | 1-2000 1-1000 1-1500
5 | 1-1500 | 1-1600 1-1500 | 1-2500 1-1000 1-1200
6 | 1-1200 | 1-1500 | 1-1200 | 1-2000 1-1800 1-1800
7 | 1-1000 | 1-1200 1-1000 | 1-1800 1-1000 1-1400
8 ' 1-500 1-500 1-800 1-1600 1-500 1-600
9 | 1-800 1-1000 1-800 1-1400 1-500 1-800
10 | 1-500 1-600 1-500 1-1000 1-500 1-800
12 1-200 1-300 | 1-500 1-800 1-500 1-750
18 1-1000 | 1-1200 1-500 1-1000 1-800 1-1000
14 1-500 1-600 1-500 1-800 1-500 1-800
15 . 1-1200 | 1-1400 1-1200 | 1-2500 1-1200 1-1800
16 . 1-1000 | 1-1200 1-1000 | 1-2400 1-1000 1-2200
17 | 1-500 1-800 | 1-800 1-1500 1-800 1-1400
18 ' 1-1000 | 1-1400 | 1-1000 | 1-1800 1-800 1-1500
19 | 1-1000 | 1-1000 1-800 1-1200 1-1000 1-1200
20 | 1-500 1-600 1-500 1-800 1-500 1-800
21 | 1-500 | 1-750 | 1-500 | 1-1000 | 1-800 1-1200
22 . 1-1000 | 1-1300 1-1000 | 1-2500 1-800 1-2200
23 | 1-200 1-200 1-200 1-1000 1-800 1-1000
24 | 1-1000 | 1-1200 | 1-1000 | 1-2200 1-1200 1-2000
24 1-1000 | 1-1200 1-1000 | 1-2200 1-1200 1-2000
25 1-800 | 1-800 1-500 1-1200 1-800 | 1-1000
26  1-1200 ' 1-1500 1-1000 | 1-2200 || 1-1200 , 1-2000
27 1-500 1-1000 | 1-1000 | 1-1800 1-800 . 1-2000
28 | 1-500 = 1-600 ' 1-500 1-1200 | 1-1000 | 1-1500
20  1-800 1-1000 | 1-500 1-1200 |  1-1200 = 1-2000
30  1-1000 , 1-1200 | 1-800 1-1800 I 1-800 | 1-1600
@ | orxon | oyamn 1-800 1-1400 | 1-1000 | 1-1500
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The agglutination in higher dilutions with the living organisms as
determined microscopically was pointed out by Taylor. A compari-
son of the agglutination of the living and killed bacteria with the
serum from glandered horses, as shown by the mallein reaction, is
given in the appended table:

MACROSCOPIC AND MICROSCOPIC AGGLUTINATION OF BACTERIUM MALLEI WITH HORSE
SERUM BY THE UBE OF KILLED AND LIVING CULTURES.

Number of Horse DMMMWLM Dead ﬁmﬁ'hm Live bacwru.M cteria, 12 hours

at37°C. at 37° C. at 37° C.

1 1-8000 1-12000 1-80000

? 1-2000 1-3000 1-12000

s 1-800 1-1000 1-10000
4 1-1600 1-1800 1-6000
5 1-500 1-600 1-5000

6 1-1000 1-1250 1-25000
7 1-800 1-1000 1-8000

8 1-800 1-1200 1-12000

9 1-1600 1-1800 1-24000
10 1-500 1-800 1-7500

The method as pointed out by Schiitz and Miessner is a macro-
scopic.one. It depends upon the precipitation of the agglutinated
masses of bacteria. Normal horse’s serum agglutinates glanders
organisms in high dilutions as determined microscopically. This,
however, does not appear to be of diagnostic value.

Complement fization. This is strictly a laboratory method and
cannot be applied in the field. It requires the collecting of the blood
from the suspected animals and sending it to the laboratory as
quickly as possible. The method is fully described by Mohler and
Eichhorn in Bulletin 186 of the Bureau of Animal Industry. Schiite
and Schubert, after applying this method and comparing it with
others, recommend it as the most accurate means for diagnosing
glanders. It is widely used in this country usually in conjunction
with one or more of the other tests, especially the ophthalmic use of
mallein.

The test requires five different substances: (1) washed red blood corpuscles of a
sheep, (2) hemolytic amboceptor, (8) complement, (4) antigen (bacterial extract), (5)
serum from the blood of the suspected animal to be tested.

Red blood cells. 'The washed red blood corpuscles of a sheep are obtained by bleeding
a vigorous sheep from the jugular vein under antiseptic precautions. The blood is

preferably collected in a sterile flask containing a few glass beads. _The blood is shaken,
defibrinated and filtered through sterile gauze into a glass tube. The tube is then filled
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with physiological salt solution and the mixture centrifuged®. The supernatant fluid
is poured off and the process repeated until all the serum is removed from the corpuscles.
Enough salt solution is added to the sedimented corpuscles to make the volume of
blood equal the original amount filtered into the tube.

Hemolytic amboceptor. The hemolytic amboceptor is obtained from the serum
of a rabbit which has been immunized to the washed red blood corpuscles of a sheep.
A strong vigorous rabbit is selected and injected with the washed red corpuscles. The
injections are preferably made intraperitoneally and at intervals of 4-5 days. Two
cc., 4 cc., 8 cc., and 12 cc. of the corpuscles are respectively used for each injection.
In seven or eight days after the last injection a small amount of blood is taken from the
rabbit (by bleeding from an ear vein) and the serum titrated to determine whether its
hemolytic action is sufficient; that is, whether it will readily dissolve the hemoglobin
from the corpuscles of a sheep. If it is found satisfactory the animal is bled from the
carotid and the serum collected and stored in small bottles. It is preferable not to put
more than 2 cc. in each bottle. The serum may be preserved by adding 0.5 per cent.
of carbolic acid in a 5 per cent. dilution. If the carbolized serum is not used for three
days after adding the carbolic acid it will not require inactivation (heating at 56° C. for
14 hour). Noguchi prefers adding 2 drops of chloroform to each 2 cc. of hemolytic
serum and in this case in order to get the best results the serum should be inactivated
before using. Serum preserved in this way can be kept in the ice-box for from three
months to a year. It must, however, be titrated at intervals of a few weeks as the
titre may change.

Titration of hemolytic rabbit serum. Dilutions of the hemolytic serum are made in
eight test tubes, according to the following table. It is best to use pipettes to measure
the required amounts.

TABLE No. I
DILUTIONS OF HEMOLYTIC AMBOCEPTOR (RABBIT SERUM).
Tube NaCl Gi
No. |Solution Serum Dilution Remarks
9 cc. 1 ce. 1-10 | This is a 1-10 basic dilution.
2 9ce. |1ce. of 1-10 1-100
dilution
3 8cc. | 2cc of 1-100 1-500
dil.
4 9ce. | 1cc. of 1-100 | 1-1000
dil.
5 1ce. | 2cc.of 1-1000 1-1500
dil.
[ 1 cc. 1 ce. of 1-1000 1-2000
dil.
7 8ce. [lce.of 1-1000 | 1-4000
dil.
8 8cc. |2 gcl] of 1-1000 | 1-5000

*Fcr hemolytic work 0.85 per cent. (Ehrlich) to 0.9 per cent. (Madsen) salt solution
is universally employed. We prefer the latter concentration.
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The titration proper is then made in the following manner: Eight additional
test tubes are each filled with 2.5 cc. of salt solution to which is then added the hemoly-
tic serum (amboceptor) in quantities of 1 cc. of the different dilutions (Table No. I) to
each tube. Afterwards the complement of the guinea pig serim is added in quantities
of 0.5 cc. of a 109, dilution to each tube, and finally 1 cc. of a five per cent. suspension
of washed sheep corpuscles in salt solution is placed in each tube.

Besides these eight tubes there are also three control tubes, one to show that the
complement alone will not produce hemolysis (without the amboceptor), the second
that the amboceptor alone without the complement will not produce hemolysis, and
the third that the salt solution alone will not produce hemolysis. Thus in the first
control tube we add 3.5 cc. of salt solution, 0.5 cc. of complement, and 1 cc. suspension
of sheep corpuscles. In the second control tube we add 8 cc. salt solution, 1 cc. of the
1-100 dilution of the amboceptor and 1 cc. suspension of sheep corpuscles. In the
third control tube we add 4 cc. salt solution and 1 cc. sheep corpuscles. A test tube
rack with two rows of holes is very convenient for holding the tubes for these tests.

TABLE No. II
TITRATION OF RABBIT SERUM (HEMOLYTIC AMBOCEPTOR).
Tube NaCl Com Blood
No. (:gluti‘on Amboceptor (:Lment cg?puncles Remarks
1 2.5 cc. | 1 ce. of 1-10dil. 05cc. | 1cec
2 25cc. |1cc.of 1-100dil. | 0.5¢cc: | 1 cc.
b} 2.5 cc. |[1cc.of 1-500dil. [ 0.5 cc. 1 ce.
4 2.5 cc. |1cc.of 1-1000 dil.| 0.5 cc. 1 cc.
5 2.5 cc. |1ce.of 1-1500dil.| 0.5 cc. 1 cc.
6 2.5 cc. | 1cc.of 1-2000dil.| 0.5 cc. 1 cc.
7 2.5 cc. |1cc.of 1-4000dil.| 0.5¢cc. | 1cc.
8 25 cc. |1ce.of 1-5000dil.| 0.5¢cc. | 1 ce.
controls
Complement control
9 8.5 cc. | 0.5 cc. 1 cc. {no hemolysis should occur)
Amboceptor control (no
10 8.0 cc. | 1 cc. of 1-100 dil. 1 ce. hemolysis should occur)
11 4.0 cc. 1 cc. |Salt solution control (no
hemelysis should occur)

a. 0.99 NaCl solution.
b. 0.5 cc. of a 109, solution of the ccmplement.
c. 5% suspension of washed sheep corpuscles in salt solution.

As can be seen from Table 1I the final volume in each tube is always uniformly 5 cc.
Thus the different amounts of the blood derivatives used are always made up to 5 cc.
by adding salt solution.
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After adding the substances to the test tubes in the order given, the tubes are well
shaken, placed in the test tube rack, and put in an incubator at 87° C. for two hours.
Then the tubes are removed from the incubator and the results read.*

The highest dilution in which complete hemolysis has taken place represents the
titre of the hemolytic amboceptor. Thus if complete hemolysis has taken place up to
and including the tube where the dilution of the rabbit serum was 1-2000 (Tube No. 6,
Table II), the hemolytic titre of this serum is represented by 1-2000. This dilution,
however, is not used in the glanders test; but rather its double strength, which would
be 1-1000. The titre of the hemolytic amboceptor for use in the diagnosis of glanders
should not be less than 1-1000 and therefore if the rabbit serum should prove to be of a
lower titre it should be discarded. It often happens that some rabbits are found to be
unsuited for the production of amboceptor and the titre of their serum can not be
raised high enough even after repeated inoculations with washed sheep corpuscles.

It is advisable to preserve the hemolytic amboceptor in small vials containing 1 to 2
cc. of the rabbit serum, and seal the corks with paraffin or sealing wax.

Complement. The complement which is contained in the blood serum of a normal
guinea pig is employed. The complement should be titrated to determine its efficiency
to act with the hemolytic amboceptor.

Titration of complement. By titration of the complement there is aimed to be
established a complement unit which is the smallest quantity of complement necessary

TABLE No. III
TITRATION OF COMPLEMENT.
Complement
be NaCl from 1- Ambocep-|
T;Juo. aoluti:m (a) dﬂnuo:l {{,’, tor (c) Blood corpuscles (d)
1 2.5 cc. 0.5 cc. 1 cec. 1 cc.
2 2.6 cc. 0.4 cc. 1 ce. 1 cc.
] 2.7 cc. 0.8 cc. 1 cec. 1 cc.
4 2.8 cc. 0.2 cc. 1 ce. 1 cc.
5 2.9 cc. 0.1 cc. 1 cc. 1 cc.
controls
6 8.5 cc. 0.5 ce. 1 cc. complement control
(no hemolysis should occur)
7 8.0 cc. lce. |1 cc. amboceptor control (no h i
should ) (no hemolysis
8 4.0 cc. . 1 cc. salt solution control h i
sheuld ) (no hemolysis

a. 0.9% NaCl solution.

b. Guinea pig serum in diminishing quantities.

c. Of previously titrated hemolytic serum, double dissolvin quentity.
d. 5%p suspension of washed sheep blood corpuscles in salt sofution.

*If the tubes are placed in a water bath kept at 87° C. the time h
to one-half hour. me here may be shortened
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to produce complete hemolysis in the presence of one amboceptor unit and a suspension
of sheep corpuscles.* The serum from each guinea pig should be titrated in the follow-
ing manner before it is used. A basic dilution of 1-10 is made of the complement by
adding 0.3 cc. of the complement to 2.7 cc. of salt solution in a test tube.

From this dilution certain definite amounts are added to each of five other tubes
according to Table ITI. To the complement thus distributed to each tube, is added
1 cc. of hemolytic amboceptor of which the titre has already been determined{ and
likewise 1 cc. of a 5%, solution of sheep blood corpuscles. The amount of fluid in each
tube is made up to 5 cc. by the addition of salt solution. Three controls are used.
The first control tube contains 8.5 cc. salt solution, 0.5 cc. of the 109, basic dilution of
complement and 1 cc. of a suspension of sheep corpuscles. In the second control 8 cc.
salt solution, 1 cc. of the amboceptor dilution and 1 cc. of the suspension of corpuscles;
in the third control 4 cc. of salt solution and 1 cc. of the suspension of sheep’s corpuscles
are used. The order of adding each product and the amount of each are given in
Table III.

After shaking each tube, they are placed in a rack and then in an incubator at 87° C.
for two hours.} After the expiration of this time they are removed and the results
noted. The highest dilution of complement in the tube in which the hemolysis is com-
plete indicates the titre of the complement. For example, if hemolysis is complete in
the tube where 0.8 cc. of the 109, basic dilution of the complement was used (Tube
8, Table III) and the hemolysis is incomplete in the tube in which 0.2 cc. of the same
dilution was employed (Tube 4, Table III) then the titre of the complement is 0.8 cc.,
inasmuch as a 10%, basic dilution of the complement was employed. Thus, in the
tests using this complement it would be necessary to employ a 8%, complement dilution,
that is, 8 cc. of the serum of the guinea pig in 97 cc. of salt solution.

The amboceptor used in this titration should be inactivated when fresh, or when
preserved with chloroform. The carbolized amboceptor may be used without inactiva-
tion after it is 3 days old.

Antigen. In testing for glanders this consists of an extract of Bact. mallei prepared
asfollows. Cultures are made on acid glycerin agar and allowed to incubate for 48-72
hours. The growth is then washed off with salt solution. This salt solution suspension
of the organisms is kept at 60° C. for four hours in order to kill the bacteria. The sus-
pension is then placed in a shaking machine and shook at frequent intervals for four
days. It is then centrifuged at high speed (3000-5000 revolutions per minute), the
clear supernatant liquid drawn off and ten per cent. of a 5% solution of carbolic acid
added. Before use the antigen must be titrated to obtain its anti-complementary
action. It would be well also to determine its antigenic and hemolytic properties as
well. However, this may be left until the test proper.

Titration of the extract or antigen. The titration of the extract is carried out in
order to determine the quantity of the extract which no longer prevents hemolysis

*The serum is obtained by bleeding a strong vigorous guine; pig by cutting the
throat. The pig is first snesthetized and the ventral portions of the neck shaved and
disinfected. The blood is collected preferably in a Petri dish.

tThat is, if the titre was found to be 1-3000 by the previous titration you would add
1 ce. of zelf-l 500 dilution, as double the quantity of amboceptor is added which has been
stated befcre.

{Here again the time may be shortened to one-half hour by the use of a water bath
at 37° C.
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(the anti-complementary action). A 1-10 dilution of the extract is first made by
adding 1 oc. of the extract to 9 cc. of salt solution. From this 1-10 dilution other
dilutions are prepared as follows:
TABLE No. IV
DILUTIONS OF THE ANTIGEN.

The titration proper is carried out as follows. Eleven test tubes and three for con-
trolsare used. 'To each tube 1 ce. of salt solution is added, then 1 cc. of the complement
of the previously determined smallest quantity established by the titration done before.
To each tube add 1 cc. of the different dilutions (1-10, 1-30, 1-50, etc.) of the extract as
obtained in Table IV. The tubes are shaken, placed in a rack and the rack placed in an
incubator at 87° C. for one hour.* The tubes are then removed and 1 cc. of a double
quantity of the previously titrated amboceptor is added to each tube, and finally 1 cc.
of a 5% suspension of washed sheep blood corpuscles. Three control tubes are used.
The first serves for a control to show that the complement alone (without the ambocep-
tor) does not produce hemolysis, the second to show that the amboceptor alone does not
produce hemolysis and the third that the salt alone does not produce hemolysis. In
the first control tube 8 cc. of salt solution, 1 cc. of complement and 1 cc. of blood
corpuscles are added.  The second tube contains 8 cc. of salt solution, 1 cc. of ambocep-
tor and 1 cc. of blood corpuscles, while the third contains 4 cc. of salt solution and 1 cc.
of suspension of sheep blood corpuscles. The following table (Table V) gives a sum-
mary of the foregoing method.

Each tube is shaken and all the tubes placed in the incubator at 87° C. for two
bours.t Theresultsarethenread. The tube in which hemolysis is no longer prevented
represents the titre of the extract. In the glanders test, however, one-half that quan-
tity is used. For example, if the results of the titration should be that ‘the first tube

*May place in water bath at 37° C. for 14 hour.
$Or water bath at 87° C. for one hour.
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which does not prevent hemolysis contains a dilution of 1-80 (tube 5, Table V'), then
a dilution of 1-160 of the extract is used for the glanders test. Antigen which possesses
too much anti-complementary substance should not be used; that is, where hemolysis
is prevented in as high dilutions as 1-300, 1-400, 1-500, etc.

Suspected serum. The suspected glandered horse is bled usually through the jugular
and about 20 cc. of the blood is collected in a small bottle. The blood is then allowed
to coagulate and the serum to collect. If the blood came from an animal affected with
glanders, the serum contains the specific glanders bacteriolytic amboceptor or immune
bodies. The amount of these immune bodies in the blood of glandered horses is not

TABLE No. V
TITRATION OF GLANDERS BACTERIA EXTRACT.

Tube | NaCl so- | Comple- Ambocep-!Blood cor
No. |lution (a) mentp (b) Extract () tor (d) [puscles (e)

1 1 cc. lee. |lcc.of1-10 | 1 ce. 1 cc.
2 1ce. lce. [lcc.of1-80 | 1 ce. 1 cc.
8 | lec. | lce. [lec.of1-50 [ 1ecc. { 1ce. .
4 1 cc. lce. |1cc.of 1-60 | 1 ce. | lee
5 1 ce. lce. [lcc.of 1-80 | 1 cc. 1 ce.
6 1 cc. lce. |1lcc.of 1-100| 1 cc. 1 ce.
7 1 cc. lce. |1cc.of 1-200[ 1 cc. 1 cc.
8 1cc. l1ce. |1lcc.of 1-250( 1 cc. 1 ce.
9 1 cc. lce. [1lcc.of 1-800 1 cc. 1 cc.
10 1 cc. 1ce. |(1lcc.of 1-400{ 1 cc. 1 cc.
11 1 cec. lce. |lce.of 1-500| 1 cc. 1 ce.
12 8 cc. 1 ce. controls 1 cc. | Comp. control (no hem-
: olysis should occur)
13 8 cc. ! 1 cc. 1 cc. t:lmi; sl;.g:ﬂt:lolecg:()’
14 4 cc. ' 1cc. |Salt solu. control (no

hemolysis should occur)

a. NaCl solution.
b. The determined smallest quantity established according to the primary test.
c. Dilutions made according to Table IV.

d. Double the quantity previously determined by titration.

e. 5%, suspension of washed sheep blood corpuscles.

uniform and probably depends to some extent on the degree of infection present, there-
fore it is advisable to use in the test such quantities of the serum as will prove sufficient

for the reaction to take place.
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TABLE No. VI
THE FINAL TEST FOR GLANDERS.

Glan-
Suspec-| ders | Com |Ambo- | Blood
Tube NaCl ted .|y .
No.| Jolu- | porse [S0TeneIPT ™| %" |"Cies s Remarks
serum 2| 3
1 cc. cc. cc. cc. cc. cc. | Test tube for the dose 0.1 cc. of
1 |01 1 1* 1 1 suspected serum
2 e (01 |...... 1 1 1 | Serum control for the dose 0.1 cc.
suspected serum
s 1 |02 1 1 1 1 | Test tube for the dose 0.2 cc. of
of suspected serum
4 2 |02 |...... 1 1 1 | Serum control for the dose 0.2 cc.
suspected serum
5 1 |...... 1 1 1 1 | Control for the quantity of ex-
tract used (hemolysis)
6 .....feere-n 2 1 1 1 | Control for the double quantity of
ext. for gr. accuracy (hemo.)
7 2 ... 1 1 1 | Control of the hemolytic system
(hemolysis)
8 . 2 P 1 [...... 1 | Control of the complement (no
hemolysis)
9 L. J DR R N 1 1 | Control of amboceptor (no hemo-
lysis)
10 4 | 1 |[Control of salt solution (no
hemolysis)

1. 0.9 per cent. NaCl solution. . )
2. Suspected horse serum to be msctlvat'ed for 30 minutes at 56°-57° C. in water
bath, in order to destroy the complement which is present in the serum of every horse.
8. One-half of the quantity which does not prevent hemolysis and established by

titration (See Table V).

4. The determined smallest quantity established according to the preliminary test

(See Table III).

5. Double the quantity previously determined by titration (See Table II).
6. 5% suspension of washed sheep blood corpuscles.

The necessary quantity has been established by Schitz and Schubert as 0.2 and 0.1
cc. placed in two different tubes. In some instances the tube containing 0.2 cc. may
show a fixation of the complement, while the tube containing 0.1 cc. of the same serum
may show only a partial fixation or hemolysis. In the majority of cases, however, the

fixation is usually manifested in both tubes.

Method of performing test. Four tubes are employed for testing the serum of each
animal. Two tubes are used for the test proper and two for controls. The tubes are

*Place for 1 hour in incubator or one-half hour in water bath at 37° C.
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numbered 1, 2, 8, and 4. One cc. of a physiological salt solution is added to tubes Nos.
land8. Two ce. is placed in tubes 2 and 4. The serum of the suspected horse is then
added. This serum has been previously rendered inactive, that is, the complement has
been “inactivated” by heating for one-half hour at 56—57° C. One-tenth cc. of this
inactivated serum is added to tubes 1 and 2. Two-tenths cc. is added to tubes 3 and
4. The antigen (glanders bacteria extract) is now added to tubes Nos. 1 and 8. One
cc. of an established dilution is used. Tubes 2 and 4 are controls to see whether the
suspected horse’s serum will influence hemolysis.

To each tube is now added 1 cc. of a dilution of the complement (blood serum of
normal guinea pigs). The proper dilution has been determined by titration as men-
tioned before.

A series of six controls should be made in connection with each series of tests carried
out. One set of controls will do for a single day’s testing as long as the same substances
(antigen, complement, amboceptor) are used in each test. It is also well to set what
are called “positive” and “negative” controls in connection with each series of tests
made. That is, the blood from a known glandered animal and likewise the blood from
a healthy animal should be tested in connection with the blood from the suspected
animals.

The six controls mentioned above are made according to Table VI beginning with
tube No. 5.

Each tube is shaken carefully and placed in an incubator for 1 hour (or water bath at
87° C. for 3§ hour). This is done in order to allow the union or fixing of the comple-
ment which will become locked up with the antigen and the bacteriolytic amboceptor
in case the suspected serum came from a glandered animal. If the bacteriolytic ambo-
ceptor is not present or the suspected serum was from a healthy animal the complement
will not become locked up or fixed.

After the required incubation period the tubes are removed from the incubator and
to each tube is added 1 cc. of the previously titrated rabbit serum (hemolytic ambocep-
tor). This serum has previously been inactivated by heating to 56°-57° C. for one-half
hour, provided it has not been carbolized and kept for three days. Finally 1 cc. of a
5% suspension of the washed red corpuscles of a sheep is added to each tube. The
tubes are now replaced in the incubator and left for 10 hours, when the results may be
read. If put in a water bath at 37° C. and left for 1 hour and then removed and kept
at room temperature for from 8-5 hours the results may be read. Some workers prefer
reading the results as soon as removed from the water bath. If the horse was affected
with glanders, that is, the serum of the animal contained bacteriolytic amboceptor, no
hemolysis will have taken place in tubes 1 and 3. The red corpuscles will have settled
to the bottom and the upper liquid will be clear. The controls Nos. 2 and 4 should
show complete hemolysis, that is, the fluid in the tubes should be uniformly red. If,
however, the suspected serum came from a healthy horse and did not contain the
bacteriolytic amboceptor, hemolysis should take place in tubes Nos. 1 and 2. Mohler
gives the following advice in the interpretation of the results of the test:

“Horses in which the serum produces a complete fixation of the complement in the
quantities of 0.1 cc. and 0.2 cc. should be considered as glandered.

“Horses in which the serum gives a complete fixation in the quantity of 0.2 cc. and
an incomplete fixation in the quantity of 0.1 cc. should likewise be considered glan-
dered.
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“‘Horses in which the serum produces an incomplete fixation of the complement in the
quantities of 0.1 cc. and 0.2 cc. should also be considered as glandered.

“Horses in which the serum shows no fixation of the complement in either tube
should be considered free of glanders.”

In order to reduce the possibility of error to a minimum the agglutination test may
be applied to the latter cases, and if this shows a value of 1 to 1,000 or over, the animal
should be considered as glandered. However, such cases are extremely rare.

Conglutination. Recently this test has been introduced by Pfeiler
and Weber for the diagnosis of glanders. They claim that it has
certain advantages over the complement fixation test especially in
that mule serum does not have the same highly anti-complementary
action as it does in the fixation of the complement. It is based on the
phenomenon first described by Ehrlich and Sachs in 1902 that if one
brings together the washed red corpuscles of a guinea pig, fresh horse
serum, and inactive (heated to 56° C. for 34 hour) cow serum, hemoly-
sis results. Bordet and Gay in 1906 showed that this action was also
attended by a very vigorous agglutination of the red corpuscles and
the substance in the cow serum which was responsible for the aggluti-
nation was named by Bordet and Strenge “Konagglutinin.” It is
purely a laboratory test and cannot be applied in the field.

Glanders is to be differentiated from a variety of nasal and lymphatic
disorders more or less common in the horse kind. Before the discov-
ery of the specific bacterium of glanders and the specific tests, it was
necessary to determine as closely as possible the differential anatom-
ical characters between glanders and those of other affections, such
as chronic nasal catarrh, strangles, lymphaggitis, follicular ulceration
of the nasal mucosa, cancer, sarcoma, actinomycosis, and the like.
With the modern methods of diagnosis it is not necessary to attempt
the often impossible differentiation between glanders and these
lesions from the morbid changes alone.

Strong has described a disease in the Philippine Islands, which first
appears in nodules, that resembles glanders very closely. Itiscaused
by a blastomyces. It occasionally attacks cattle as well as horses.

Epizoétic lymphangitis is the disease most liable to be mistaken
for farcy or skin glanders. It is caused by a yeast-like fungus
(Saccharomyces farciminosus). This disease was discovered by Pear-
son in the State of Pennsylvania.

Edwards has described a disease in mules resembling glanders. It
is characterized by lymphangitis, laryngitis and extensive ulceration,
gangrenous pneumonia but no formation of nodules. The mules
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did not react to mallein. A bacillus resembling Bact. mallei was
isolated.

Tuberculosis and other lesions of the nares. Jaest has called atten-
tion to the difficulty in differentiating glanders from tuberculous
ulcers* on the nasal septum and tuberculous nodules in the lungs,
cicatricial scars on the nasal septum due to injuries, local amyloid
tumor formation and hemorrhagic nodule-like lesions on the nasal
mucosa and pressure ulcers in the larynx.

Parasitic nodules. In post mortem examinations, nodules are
often found in the lungs, and occasionally in other organs, that are
parasitic in nature but which resemble very closely those of glanders.
Pathologists have long recognized parasitic nodules and their positive
chemotactic action toward eosinophiles. There is a large literature
on the differentiation of parasitic nodules from those of specific
diseases such as glanders. Angeloff found that the “gray trans-
parent nodules” in the lungs of horses were of parasitic nature and that
the larva of a nematode usually Sclerostoma bidentatum could be
found in the center of the nodules. Histologically the parasitic
nodules may be recognized by the eosinophilic leucocytes which sur-
round them. The studies of Moore and Fitch led to the conclusion
that macroscopically it is difficult and often impossible to differentiate
between the nodules due to parasites and those caused by Bact.
mallet but that microscopically the lesions due to parasites are
characterized by a variable eosinophilic infiltration. The existence
of eosinophilia in parasitic lesions has been pointed out by Howard,
Jeest and others.t .

Prevention. The physical cases of glanders are practically all
spreaders and should be promptly destroyed and their stables thor-
oughly disinfected including harness and watering bucket. The ex-
posed animals should be tested and those that respond should be
destroyed. On this point, however, there is a difference of opinion.
Some authorities have affirmed that if the reacting animals are

*In this country tuberculosis in horses is very rare but in Denmark it is quite com-
mon. We have had one case of tuberculosis in the lung of a horse sent to the lab-
oratory for diagnosis. It was sent in as a suspicious case of glanders.

tA few observers have noticed eosinophilia in old nodules of supposed glanders
origin. The reports, however, on this subject are not sufficiently conclusive to exclude
mm. It is not supposed that all parasites give rise to eosinophilia. Moore,

ing and Cady pointed out (Proceedings A. V. M. A., 1904) that the blood of horses
infested with Sclerostoma bidentatum exhibited eosinophilia. Because of the serious-
ness of infestion with this parasite, they suggested the desirability of a blood examina-
tion as a procedure in ezaminiug horses for soundness.
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segregated, worked together in pajrs, or singly and watered from
individual buckets only, it is safe to keep and use them until
physical symptoms develop when they should be promptly destroyed.
This opinion is entertained because many horses appear eventually to
recover that give a reaction to a specific test.

Glanders has undoubtedly been spread by reacting animals that
have been brought into a community where they developed symptoms,
became spreaders and transmitted the virus to healthy horses.
Among the causes for the spread of glanders are the common watering
trough*, the interchange of feeding bags and the retention of open
cases of the disease. Great care should be taken to protect healthy
horses against each and every channel of infection.

Immunization. Marxer found that heat sterilized virus has never
given any satisfactory immunizing results. Experiments with
glanders bacteria treated with 809, glycerine or 109, urea, first used
by Levy, Blumenthal and Marxer, have been more satisfactory.
The organisms treated by these substances give a product called
“Farase.”

According to Marxer it is prepared by shaking glanders bacteria in
a concentration of 0.1 gm. of the bacteria to 4 cc. of a 109, urea
solution for seventeen hours at 87° C. This process kills the organ-
isms. ‘‘Farase” has been used with considerable success in the
experimental immunization of cats, guinea pigs and horses against
glanders. He tried ‘“Farase” on horses that were exposed to glanders
under natural conditions with promising results. Dediulin has used
it with success.

A large Russian breeding establishment where upwards of 3000 horses were con-
stantly kept and where during the harvest season 10,000 peasant horses were hired and
stabled was selected in which to try the immunization experiment. During the year
1909, 276 horses had died of glanders.

Six hundred horses were selected and injected with “Farase.” As a result of this
work the following facts were noted:

One year and four months after the immunization none of the treated horses devel-
oped the disease, while during this time 14 new animals not treated with “Farase”
which were kept with these died of glanders. In the meantime the treated horses were
tested with mallein without obtaining any reactions.

*Dr. Luckey reports great success in the control of glanders in Missouri bj eliminat-
ing the open watering fountains and providing hydrants where drivers can draw water
for their horses in individual buckets. He states, “It is impossible to control
glanders among horses which 1 re watered out of a common trough or basin.”” Monthly
Bulletin, Sept., 1914. Missouri State Board of Agriculture.
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Specific biological treatment., A number of serums and vaccines
have been tried but as yet they are unsatisfactory. A few workers
have advocated the repeated injection of mallein as a remedy. The
immunity established by an attack of glanders seems to be very
transitory.

Control. The laws of each state and country prescribe the course
to be followed when glandered horses are encountered. 1t is a report-
able disease and practitioners should conform to the law and regula-
tions regarding it. With glanders, as with other infectious diseases,
it is not possible to state what consideration shall be given the occult
cases. The disease is governed by definite laws of nature and not
until these are accurately interpreted can the best procedure be
formulated for its control. The more general practice is to slaughter
the reacting animals and thoroughly disinfect the premises. The
consensus of opinion seems to be that it is not safe to keep occult
cases.
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TUBERCULOSIS

Synonyms. Consumption; pearl disease; grapes; phthisis;
scrofula; tabes; “The great white plague.”

Characterization. Tuberculosis is an infectious disease of man
and domesticated animals. Cattle and swine suffer most, but, under
favorable conditions, all species including fish and amphibians are
attacked. It is a disease of slow development, involving either
primarily, or in association with other organs, the lymphatic system.
It is characterized in the beginning by the formation of small, non-
vascular nodules, or tubercles which have a tendency to central
degeneration. It destroys life by a chronic and long continued
systemic poisoning and by the destruction of tissue in organs neces-
sary to life. It is caused by Bacterium tuberculosis.

History. Tuberculosis is one of the oldest diseases affecting cattle
of which there are identifying records. It seems to have been known
to the Jewish people during their Egyptian captivity and the ecclesias-
tical laws for many centuries contained numerous enactments against
the consumption of flesh from tuberculous animals. In 1870, it was
forbidden in Munich to have on sale the flesh of animals affected with
tuberculosis. A number of other cities passed similar ordinances.
In 1702, Florinus described the disease and emphasized the then
existing opinion that it was identical with syphilis. This led to the
practice of destroying all tuberculous animals. In 1783, the Berlin
Board of Health rejected the theory of the connection of tuberculosis
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and syphilis and declared the flesh of affected animals to be fit for
food. This led finally to the changing of all laws throughout Prussia
against the use for food of flesh from animals affected with the
disease. Tscheulin, in 1816, recognized in reference to the infection
of meat three degrees of bovine tuberculosis, viz.: (1), in which the
- tubercles were to be removed; (2), in which the diseased parts were
to be destroyed and the meat sold at a low price; and (8), those cases
in which the lesions were so extensive that the whole carcass must be
rejected.

The study of the lesions themselves gave rise to a number of beliefs
concerning their nature. Thus, Virchow, Schippel and others
declared that the tubercles in cattle were lympho-sarcomata. Leiser-
ing considered them simply as sarcomata. Spinola and Haubner
maintained that human and bovine tuberculosis were identical.

In 1865, Villemin showed that tuberculosis was due to a specific
infection. He produced the disease in rabbits by inoculating them
with tuberculous material from human subjects. He also produced
the disease by feeding experimental animals and by causing them to
inhale tuberculous material. Chauveau, in the same year, produced
the disease in cows. These results were soon confirmed by Klebs,
Cohnheim and Gerlach. These experiments, in which the disease
was produced in one species with tuberculous material from another,
followed by the discovery by Koch of the specific bacterium of the
disease, led to the view that tuberculosis in all species of mammals
was identical. This generally accepted belief caused sanitarians to
look upon tuberculosis in cattle as a great menace to public health.
The result was that during the closing decade of the last century
this disease in cattle was treated more vigorously as a menace to the
human species than as a destructive disease of animals.

In 1896, Dr. Theobald Smith pointed out that for certain animals
the tubercle bacteria from cattle were more virulent than those from
man and further that there were certain morphological and cultural
differences existing between them. In 1898, he published the results
of a more extended series of investigations. Since that time a number
of investigators have arrived at the same conclusion. The fact has
come to be well known that certain differences exist between the
bacteria of tuberculosis found in the human and in the bovine species.
Koch’s experiments reported at the tuberculosis congress in London
in July, 1901, give additional evidence of a difference in virulence
for experimental animals of the bacteria of human and of bovine
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tuberculosis. To what extent man becomes infected from the bovine
variety cannot be stated, but the accumulating evidence tends to the
conclusion that bovine tuberculosis is of less significance in its
influence upon public health than was formerly thought, and of more
importance as a rapidly spreading and destructive disease among
cattle. Concerning its transmission, the conclusion seems to be
warranted, that the virus of tuberculosis spreads very largely among
men and cattle from individual to individual of the same species
rather than from one species to the other. Swine are often infected
from cattle.

Geographical distribution. Tuberculosis is an exceedingly wide-
spread disease. In earlier times it was quite prevalent among cattle
in Central Europe. It seems to have existed in Western Asia and
Northern Africa at an early date. From these centers it has spread
to nearly every cattle raising country of the world. Its rapid spread
during the last fifty years is attributed to the increase in cattle
exchange resulting in the introduction of tuberculous animals into
healthy herds. It is stated that in many countries, and in large dis-
tricts within others, tuberculosis did not exist until it was introduced
within recent years by the importation of diseased animals.

In countries where there has been little or no importation of cattle,
and in which the native breeds still exist unchanged, as in many parts
of Russia, Austria and Spain, in the northern part of Sweden and
Norway, and in parts of Africa, tuberculosis is practically unknown.
This is true of the cattle on the island of Jersey, where for more than a
hundred years foreign cattle have not been introduced.

In the United States, the disease is very widely distributed. It is
found to a considerable extent in certain localities where the climatic
conditions seem to be beneficial for tuberculous people. The explana-
tion for this seems to be that tuberculous animals have been intro-
duced into these districts. There are, however, large areas in which
it is practically unknown. The Western steers that are killed in the
large slaughter houses are practically free from this disease except
those that come from a few infected regions.

Etiology. Tuberculosis is caused by a rod-shaped organism known
as Bactertum tuberculosis. It was discovered by Robert Koch in 1882.
Schaller and Toussaint had previously studied growths which seem,
from the results of their inoculation experiments, to have been due
to this organism. The bacterium of tuberculosis is a slender, rod-
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shaped organism with rounded ends,
from 2 to 5 & in length and from
0.3 to 0.5 broad. The rods are
straight or slightly curved, and
occur singly, in pairs or in small
bundles. They do not produce spores,
but vacuoles are often observed and
branching forms have been described.
The bacterium of tuberculosis is
readily cultivated on artificial media
such as blood serum, glycerinated agar
and bouillon after it has been adapted
to such artificial conditions.* It is,
however, not easy to cultivate it
directly from ordinary tuberculous
lesions. Although at the time of their
discovery, tubercle bacteria from man
and from animals were believed to be
identical, they have been found to
possess slightly different characters
and properties. Smith pointed out in
1898, that morphologically tubercle
b bacteria from cattle were shorter and
thicker than those from man, that they

grow slightly different on blood serum,

and that they were much more virulent

for cattle and rabbits than those from

the human species. Since that time

his conclusions have been confirmed by

a number of investigators. Koch

*To accomplish this necessitates a very special
and careful procedure. Dr. Theobald Smith, of
Harvard University (Jour. of Exp. Med., Vol.
111, 1898, p. 451), has the credit of first for-
mulating a method by combining details in
such a manner that the procuring of culturesis,
in most cases, possible. He used dog serum
Fic. 25. TUBERCLE BACTERIA. (a) drawn aseptically and congealed at the mini-

BOVINE VARIETY FROM A YOUNG mum temperature. Other media have been

CULTURE ON GLYCERIN AGAR. (b) used more recently but the fact remains that

BOVINE VARIETY FROM THE MOUTH it is difficult to obtain pure culturesof tubercle

OF A COW HAVING ADVANCED bacteria. It is usually necessary to inoculate

PULMONARY TUBERCULOSIS. (c) guinea pigs with the original material and to

AVIAN TUBERCLE BACTERIA FROM chloroform them in the early stages of the dis-

A GLYCERIN AGAR CULTURE. (X ease and make cultures from the fresh, young

ABouT 1000.) lesions.

c
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obtained like results. At present, therefore, we must look upon the
tubercle bacteria coming from these different species as possessing
racial or varietal differences which perhaps are the result of different
life conditions. The investigations which have been made with the
different forms of this organism found in tuberculosis of fowls and of
fish have led a few experimenters to believe that they are simply vari-
eties of the organism first described by Koch. Further inquiries are
necessary to fully satisfy bacteriologists that all of these forms are
thus related to the one species. There seems to be no reason for
doubting that the bovine and human forms are varieties or races
of the same species. The difference in the conditions of life under
which they exist in the bodies of men and of cattle is quite
enough to explain resulting differences in the bacteria. There seems
to be a tendency for some workers on this subject to consider
the varietal differences between the human and bovine to be of less
significance than heretofore thought. Malm found experimen-
tally that the difference between the bovine and human tubercle
bacteria is not constant. He states that “there are human tubercle
bacteria that are very virulent for cattle and rabbits. There are also
of the bovine type varieties that show a weak virulence for cattle,
rabbits and guinea pigs.” He believes that no distinction should be
made between human and bovine varieties. Findlay and Martin
found that the bovine type was more readily destroyed by daylight
and drying than the human type. They explain in part by this fact
the more frequent aerial infection in man.

Symptoms. The symptoms vary according to the course of the
disease and the location of the lesions. There is a chronic form, which
is most common, and an acute form or miliary tuberculosis.

The symptoms of chronic tuberculosis depend upon the location
and extent of the lesions. When they are situated deeply and are
not of great extent, they may not exhibit visible evidence of their
presence. In such cases, the infected animal may present the picture
of perfect health and show no disturbance of function. Indeed some
animals, in which the lesions are both extensive and widely distributed
and which have never presented noticeable signs of the disease, are
slaughtered for beef without a suspicion of the presence of tuberculosis
until they are examined post-mortem.

Since the lesions of tuberculosis vary so much in different cases,
it is not possible to give a description of what can be designated the
characteristic or even the usual symptoms of this disease. In the
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beginning they are largely referable to the organ affected. There
are, however, certain general manifestations that appear in most of
the advanced cases, such as emaciation while the appetite continues
good. This is always a suspicious indication and especially if accom-
panied by cough, rough coat and tight, harsh skin. Rough or loud
respiratory sounds are sus-
picious, and, in advanced cases,
it is often found that the ani-
mal groans when pressure is
brought to bear upon the
chest wall. Many cases bloat
habitually due to presence of
enlarged glands upon the eso-
phagus. Enlarged superficial
lymph glands are suspicious
but there are other causes for
enlargement of these glands.
In tuberculosis of the lungs,
it may be said that coughing
is the most noticeable symp-
tom. Itis most common after
feeding, drinking, or after
rapid moving following a

riod of repose, but some-
pe pose, Fic. 26. RIGHT LATERAL ASPECT OF POST-

times it occurs without any
apparent cause. The coughis
usually strong, dry and fre-
quently of a high pitch.
Sometimes it is very violent,
accompanied by protrusion of

ERIOR HALF OF STEER’S HEAD. (a) LOWER
JAW, (b) EAR PASSAGE, (c) HORN, (d)
STYLOID PROCESS OF OCCIPITAL BONE, (e)
PAROTID GLAND, (f) SUBMAXILLARY GLAND.

A. RIGHT PAROTID LYMPH GLAND. B. RIGHT
POST MAXILLARY LYMPH GLAND. C. RIGHT
SUBMAXILLARY LYMPH GLAND. THESE

GLANDS ARE OFTEN THE SEAT OF TUBERCULAR
DEPOSITS (Smith).

the tongue. Auscultation re-
veals modified and abnormal sounds of different kinds in the lungs;
sibilant, sonorous and mucous rales are most common. A dull sound
is often detected on percussion. It is also to be noted that this con-
dition is of slow development and long duration, thus aiding one to
distinguish it, in many cases, from bronchitis or pneumonia.

Where the mediastinal lymphatic glands are enlarged and press
upon the esophagus the animal bloats more or less. Chronic or
habitual bloating accompanied by a good appetite and no other evi-
dence of disease of the digestive tract, especially if there is shortness of
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breath and cough, may be looked upon as strongly indicative of tuber-
culosis with enlarged mediastinal lymphatic glands. Enlarged tuber-
cular glands along the eosphagus may also press upon that organ
causing obstruction and preventing the escape of gases from the
stomach.

Sometimes large tuberculous masses develop on the pleura. In
such cases the principal symptom is a friction sound that is heard
most distinctly during inspiration. If the masses are large enough
they give rise to a dull sound upon percussion. In tuberculosis of
the stomach and intestines, digestion is interfered with. This gives
rise to poor appetite, frequently to diarrhea and sometimes to alterna-
tion of diarrhea and constipation. In tuberculosis of the peritoneum
or of the lining of the abdominal cavity, the lymphatic glands of the
flank are often enlarged and
hard. Sometimes this con-
dition can be diagnosed posi-
tively by a rectal examina-
tion and the discovery of
the hard, nodular masses.
Tuberculosis of the liver
does not give rise to symp-
toms unless the disease is
far advanced.

In animals in which the
post-pharyngeal lymphatic
glands are enlarged, the
breathing isharsh and noisy.
In this condition there is
sometimes difficulty in swal-
lowing, and particles of
chewed up food are occa-
sionally expelled from the
mouth, either voluntarily
when it is found that they
F1c. 27. DORSAL ASPECT OF BOVINE LUNGS. (a-a!) cam}Ot be swallowed con-

RIGHT AND LEFT CAUDAL LOBES, (b-b') R. anp L. Veniently, or by the cough-

VENTRAL LOBES, (c—¢!) FIRST AND BECOND RIGHT ing they occasion upon

CEPHALIC LOBES, (C!) LEFT CEPHALIC LOBE, (e) .
TRACHEA, (X-X) REGION MOST FREQUENTLY IN- Feaching the pharynx.
VOLVED IN THE EARLIEST STAGES OF PULMONARY
TUBERCULOSIS. THE LESIONS AT THIS STAGE ARE These' enlarged glands may
UBUALLY EMBEDDED IN THE LUNG TIssUE (Smith). sometimes be detected by
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palpation accomplished by placing one hand on each side of the
throat above the larynx and then pressing from opposite sides.

Tuberculosis of the udderis detec-
ted by an enlargement and hard-
ening of the affected part, usu-
ally by the absence of pain and
the fact that the secretion is not
altered until the part has been dis-
eased for some time. In advanced
cases, instead of milk, the udder
secretes a yellowish, cloudy and
sometimes flocculent liquid. In
acute, rapidly developing cases,
there may be pain and edema of the

skin. In nearly all cases of udder 4

tuberculosis the supramgmmary
lymphatic glands, situated above
the udder in the middle of the
escutcheon, are enlarged and hard.
If there is doubt as to the character
of the disease of the udder, the milk,
or possibly a piece of excised udder
tissue, may be examined bacteriol-
ogically.

In tuberculosis of the brain, the
animal is unsteady and uncertain
in its movements. It lies down
much of the time, is usually subject
to occasional cramps and is apt to
carry the head in an unusual position.
Such cases are inclined to advance
rapidly and terminate in death
following coma or convulsions.

In tuberculous disease of the bones
and joints, the parts are enlarged,

Fic.

28. TRACHEA AND BRONCHIAL
TUBES OF BOVINE LUNGS SHOWING
ATTACHED BRONCHIAL GLANDS. (a-a!)
SUPPLY RIGHT AND LEFT CAUDAL LOBES,
(b~b!) SUPPLY R. AND L. VENTRAL LOBES,
(c—¢!) BRANCHES OF THE RIGHT SUPER-
NUMERARY BRONCHUS, (c!) SUPPLY LEFT
CEPHALIC LOBE,(d) BRANCH TO AZYGOUS
LOBE, (€) TRACHEA. A.LEFT BRONCHIAL
LYMPH GLAND. B. RIGHT BRONCHIAL
LYMPH GLAND. C. LYMPH GLAND BASE
OF BUPERNUMERARY BRONCHUS. D.
GLAND OFTEN BETWEEN BRONCHI. THE
GLANDS A TO D ARE OFTEN INVOLVED
(Smith).

there is loss of motion, pain and usually abscess formation followed

by the discharge of thick yellow pus.

In tuberculosis of the uterusor

ovaries and sometimes in peritoneal tuberculosis of the cow, the
subject is almost continually in heat. In tuberculosis of the uterus
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there is sometimes a discharge of thick. yellowish material mixed

with mucus. In tuberculosis of the testicles the organs become en-
larged and hard.

In all advanced cases, the nutrition of the animal is interfered

with and, sooner or later, the “tuberculous cachexia’ appears. Itis,

however, in many cases re-

markable to note the extent

of lesions in animals that are

well nourished and present

no external signs of disease.

Animals killed in prime con-

dition by the butcher are

sometimes found to contain

extensive and widely dis-

tributed lesions of tubercu-

losis. In generalized tuber-

culosis, many of the symp-

toms described above may

occur simultaneously. The

symptoms of acute miliary

tuberculosis are rapid loss of

flesh, depression, poor appe-

tite, cough, weakness, rapid

FiG. 29.  DORSAL ASPECT OF BOVINE LUNGS SHOW- breathing, harsh respiratory

ING POSITION OF THE POSTERIOR MEDIASTINAL sounds, some elevation in
. 4 .

GLANDS; (a, b, ¢, ¢’) CAUDAL, VENTRAL, CEPHALIC temperature, increase d

LOBES, (f) ESOPHAGUS, (g) MUSCULAR PILLARS OF )

pIAPERAGM, (h) POSTERIOR AORTA, (i) caupaL pulse rate and, sometimes,

MARGIN OF THE LIGAMENT OF THE LUNG. A.LEFT enlarged lymphatic glands.
BRONCHIAL GLAND. MEDIASTINAL GLANDS ARE .
SHOWN, MOST OF THEM RESTING ON THE EsopHA- 1he course of this form of

GUS. THE LARGE CAUDAL GLAND RESTING ON THE ¢\ hercylosis is always rapid
PILLARS OF THE DIAPHRAGM IS MOST FREQUENTLY . .
DISEASED AND OFTEN ATTAINS AN ENorMous size. and terminates in death.

THE REMAINING MEDIASTINAL GLANDS ARE Acute miliary tuberculosis
ARRANGED IN TWO BETS ON THE RIGHT AND LEFT
MARGINS OF THE ESOPHAGUS (Smith). occurs when large numbers
of tubercle bacteria are dis-
charged into the blood or lymph currents. They are then carried
to other parts of the body, filtered out in the capillaries of the lungs,
liver, spleen, kidneys and elsewhere, causing tubercular lesions in
each of these localities. The lesion from which the infectious
material entered the circulation may have been a comparatively

small nodule. This form of the disease is more likely to appear in
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young animals than in adults, and is more common among swine
than in cattle.

Morbid anatomy. The usual direct anatomical change following
the invasion of tubercle bacteria is the formation of nodules or tuber-
cles. A tubercle has been defined as “a small nonvascular nodule
composed of cells varying in form and size with some basement sub-
stance between them and with an inherent tendency to undergo
central necrosis.” In a large number of cases the individual tubercles
are distinct and easily recognizable, while in others they are coalesced,
forming a mass of necrotic tissue. The lesions vary, therefore, from

-~ — - - - -

Fic. 30. A DRAWING OF A SECTION OF VERY YOUNG TUBERCLES IN SPLEEN (Thoma).

well isolated minute or larger nodules to masses or cavities containing
a purulent, caseous, or calcified substance.

The location of the primary lesion depends upon the channel of
infection. If the specific organisms are lodged in the oral cavity or
pharynx they may pass through the mucosa and be taken to some of
the lymphatic glands about the head; if they are taken directly through
the respiratory passages into the lungs they either develop nodules
in the lung tissue proper, or they are carried through the lymphatic
system to the lymph glands draining the lungs where the lesions first
appear. If the specific bacteria are first lodged in the intestinal
mucosa, primary tuberculous ulcers may develop or they may pass
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Fig. 81. A PHOTOGRAPH OF A BECTION OF THE ANTERIOR LOBE OF A COW'S LUNG
ADVANCED IN TUBERCULOSIS. THE ENTIRE LUNG TISSUE IS INVOLVED. THE TUBER-
CULOUS MASSES ARE SURROUNDED IN SOME INSTANCES BY A QUITE THICK BAND OF
CONNECTIVE TISSUE. A LARGE PART OF THE TISSUE IS CALCIFIED. THIS IS BHOWN
BY THE LIGHT OR WHITISH POINTS. (NATURAL SIZE.)

into the mesenteric lymphatics or the portal vein. It may happen
that the bacteria may be carried by means of the lymph or blood
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stream and lodged in any part of the body, such as the brain, kidneys,
spleen, testes, ovaries, bones, joints, and subcutaneous and inter-
muscular glands and serous membranes. The evidence at hand, how-
ever, seems to show that in a large majority of cases the primary
lesions are located in one of the following organs: (1) in the
lungs or the lymphatic glands draining them; (2) in the lymphatic
glands about the head; (8) in the mesenteric glands and intestines;
(4) in the portal glands or liver substance itself; and (5) in the genera-
tive organs and udder.

It not infrequently happens that the apparent primary lesions
occur on the pleura, peritoneum, meninges or synovial membranes
while the organs remain free from disease. In such cases the lesions
consist of many tubercles varying from one to ten or more millimeters
in diameter or of bunches of closely set tubercles which are more or
less flattened or irregular in shape, owing to their mutual pressure.
Sometimes these tubercles are attached to the serous membrane by a
small, tough, fibrous pedicle; frequently, however, this is absent and
the nodules rest bodily upon the membrane.

The structure of the tubercle consists in the beginning of a few cells
surrounding the invading specific organisms. These are soon encased
by a zone of epithelioid cells and giant cells which is soon surrounded
by an outer layer of round or lymphoid cells. The central portion
becomes necrosed and as the nodule enlarges the central necrotic por-
tion becomes correspondingly large. ‘

The histological structure of the tubercle is typically illustrated in
the beginning avian tubercle. In cattle there is a strong tendency
for the necrotic tissue to become infiltrated with lime salts. In
certain species a deposit of fibrous tissue in the outer zone of the
tubercle has.been observed. In the smaller and more susceptible
experimental animals such as the guinea pig and rabbit and frequently
in swine, the lesions are of a more diffuse nature infiltrating the inter-
stitial tissue with the tuberculous mass and gradually encroaching
upon the parenchyma. Circumscribed tubercles may also be present.

In secondary or generalized tuberculosis one or more of the organs,
such as the omentum, serous membranes, or lymphatic system, may
become more or less thickly sprinkled with minute grayish nodules
about the size of a millet seed. These tubercles are at first almost the
celor of mother-of-pearl but later as the central caseous degeneration
begins they become grayish. Giant cells are usually numerous.
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F1G. 32. A PHOTOGRAPH OF THE TUBERCULOUS PROMINENCES OR NODULES THAT HAVE
DEVELOPED ON THE PLEURA COVERING THE RIBS. (NATURAL Slzl':).

In studying the lesions in a fatal case of tuberculosis one may find
with varying modifications one or more of the following conditions: -

The primary lesion may be found in any one of the organs or mem-
branes. Its comparative age is determined by the character of the
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anatomical changes. It may be entirely encysted, caseous or cal-
careous and dead. In addition to the primary focus, there may be a
succession of tubercles of various ages distributed in one or more
organs.

The lesions may be restricted to one organ, as the liver, in which
the primary focus has spread by ‘continuity due to its infiltrat-
ing nature until the destruction of the tissues of the organ has be-
come so extensive that death results. Such cases do not seem to be
common.

F1G. 33. TUBERCLE DISCHARGING INTO BRONCHUS. THIS SHOWS A SECTION THROUGH A
BRONCHUS WHERE AT POINT (a8) THE TUBERCULOUS TISSUE HAS EXTENDED INTO THE
BRONCHUS MAKING IT POSSIBLE FOR THE TUBERCLE BACTERIA FROM THE TUBERCULOUS
AREA TO PASS INTO THE BRONCHUS AND THROUGH IT TO THE MOUTH. FROM THE
MOUTH THEY ARE DISSEMINATED WITH THE DROOLINGS OR THEY ARE SWALLOWED AND
APPEAR IN THE INTESTINAL CONTENTS. (NATURAL SIZE).

The primary lesion may be well marked and accompanied by
miliary tubercles sprinkled extensively throughout the organs and
tissues of the entire body.

The lesions throughout the body may resemble each other very
closely, so that difficulty may be experienced in determining the prim-
ary focus.

In the lungs, two distinct forms of lesions are observed. (1) The
air cells may be infiltrated with the tuberculous mass spreading
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directly from the primary focus. This may be purulent, caseous or
calcareous. The color may be whitish, gray or of a yellowish tinge.
(2) The lesions may consist of miliary tubercles. In later stages these
nodules, more or less translucent, may become yellowish, caseated and
calcareous in their centers. Large tubercular nodules are frequently
formed by the massing of several of these minute tubercles.

FiG. 834. TUBERCULOSIS OF THE MUCOUS MEMBRANE OF THE TRACHEA, COW.

When the lungs are primarily attacked the candal (principal) lobes
are most frequently involved. Smith considers the seeming predilec-
tion for the larger lobes to be due to mechanical conditions. The
writer has found, however. that in certain herds which have been killed
after the tuberculin test. the primary and only lung lesions were in the
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ventral and cephalic lobes. It is important to note that usually the
bronchial glands are also involved. When the pleure are affected
the lesions consist of nodules varying in size from that of a millet
seed to a large pea, sprinkled more or less thickly on one or both of the
visceral or parietal surfaces. These form the “pearl disease,” Perl-
sucht, of the German and the “grape disease” of the English writers.
If they become confluent, large masses are found. Jcest and Mar-
janen found that in serous tuberculosis in cattle, there are produced
non-specific inflammatory new formations which become infected
with tubercle bacteria and result in the formation of the “pearl”
nodules.

Tuberculosis of the thoracic glands is very common and usually
accompanies lesions in the lungs; but the lungs may be healthy and
the glands involved. (See figures for location of glands.) The
primary lesions may be and often are found in the lymphatic glands
about the head.

In rare cases the lesions are found in the mucous membrane of the
trachea. In these cases the mucosa is often wrinkled. In some
cases very small lesions are found discharging into a bronchus.

In the abdominal cavity the organs most frequently involved are
the peritoneum, mesenteric lymph glands, portal lymph glands and
liver. The kidneys, spleen, ovaries and uterus are more rarely the
seat of tuberculous lesions. Ulcers in the intestine have not been
common in the writer’s observation. The ulcers in the cases observed
have been isolated with elevated borders and a depressed center.
Sections show that the tuberculous infiltration extends outward and to
a certain extent undermines the mucosa. Tuberculosis of the testes
is sometimes found. The udder becomes the seat of tuberculous
deposits in a small percentage of cases. It is more often affected in
cases of generalized tuberculosis. M’Fadyean finds udder tuberculo-
sis in from 1 to 2 9, of the cows; Poels 0.99,; Vallée and Villejean
5.3 to 6.5%; and Bergman 3.5%,.

When the primary infection is restricted to a single focus the disease
is said to be localized. When the specific bacteria are spread from
the primary lesions through the agency of the lymph and blood
streams, sprinkling other organs with the infecting bacteria, each
of which becomes the starting point for the development of a
new tubercle, the disease has become generalized.*

*The Federal meat inspection regulations state that animals affected with “extensive
or generalized tuberculosis™ are to be condemned.
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F16. 85. A PHOTOGRAPH OF A PART OF THE OMENTUM SHOWING A LARGE NUMBER OF

SMALL MORE OR LESS FLATTENED TUBERCLES SCATTERED OVER THE BURFACE.
(SLIGHTLY REDUCED IN SIZE).

ItYwas formerly considered that when the lesions existed in both
of the large (abdominal and thoracic) cavities of the body the disease
was generalized. It is possible, however, for it to be generalized
when the lesions are restricted to the organs of one cavity, as the
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secondary seeding with the bacteria
that have escaped from a primary
focus through the circulation may be
restricted to the cavity in which
the first lesions developed. It
seems better, therefore, to accept
Ostertag’s views and classify local
and generalized tuberculosis in ac-
cordance with the nature of thelesions
rather than their distribution in the
body.

The fact is worthy of consider-
ation, that very often cattle killed
after reacting to tuberculin do not
show extensive distribution of lesions.
Frequently animals are killed soon
after infection has taken place, in
which case the lesions are restricted
to a single lymphatic gland or other
organs. In other cases old lesions
of considerable proportion are found.

Diagnosis. Tuberculosis is diag-
nosed by the symptoms, lesions, by
finding the tubercle bacterium, and
by the use of tuberculin. The sera
tests thus far have not been satis-
factory.

Lesions. The lesions in tubercu-
losis are usually sufficiently charac-
teristic to enable a diagnosis to be
made from the gross examination of
the affected organs. There are cases,
however, where they are atypical and
a diagnosis cannot be made from
their appearance.

Etiology. In many cases the spe-
cific bacterium may be found by

FiG. 36. A PHOTOGRAPH OF A S8HORT
STRIP OF THE S8MALL INTESTINE OF
A COW BHOWING SEVERAL SMALL
AND ONE LARGE TUBERCULOUS
ULCERS (NATURAL BIZE).

staining films made from the lesions with the ordinary tubercle stain.*
In young lesions this is usually not difficult but in old ones it is often

*A method for staining tubercle bacteria. Stain the preparation with fresh carbol
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impossible. Sections of the tissues containing young lesions properly
stained are often helpful. In case the tubercle bacteria are not found
in smears or sections, guinea pigs should be inoculated.* If the
inoculated guinea pigs are chloroformed in about 25 days young
tubercles can usually be detected in the adjacent lymph glands from
which cultures may be made. The tubercle bacteria are usually
readily demonstrated by making film preparations from the lesions.

fuchsin. Place a few drops of the stain on the film side of the cover-glass preparation
and hold it over a flame with forceps until steam is given off. Allow the hot stain to
act for from 3 to 5 minutes, or the preparation may be floated on the carbol fuchsin in
a watch glass without heat. “In this case it is allowed to act for from 10 to 15 minutes.
The preparation is then rinsed in water and decolorized by treating it with a 10%
solution of nitric or sulphuric acid for from 14 to 1 minute. It is again rinsed in water,
when it is ready for examination. It can be dried and mounted permanently in bal-
sam. The tubercle bacteria should be stained a deep reddish color. All other bacteria
or animal tissue in the preparation should be nearly or quite decolorized. If desired, a
counter-stain, such as alkaline methylene blue, may be used after decolorizing; that
is, the preparation should again be stained for about 1 minute in alkaline methylene
blue, rinsed in water, and examined as before. In these preparations the tubercle
bacteria are red and the other organisms and cells are blue. A counter-stain is of little
value in preparations made for simple diagnostic purposes. When a counter-stain is
desired Gabbett’s decolorizing and counter-staining solution is very convenient.

GABBETT'S SOLUTION

Methyleneblue (powder) . ............ .. ... ... . ...ciiieiiea.. 2 grams
10%sulphuricacid .......... ... .. ... 100 cc.

After staining with the carbol fuchsin treat the preparations with this mixture until e
the film has a faintly bluish tint. This solution decolorizes and counter-stains at the
same time. Care must be taken not to confuse the other acid fast bacteria with those
of tuberculosis. The acid fast bacteria other than tubercle are decolorized with
acidulated alcohol (8 per cent hydrochloric acid in 95 per cent. alcohol).

*In animal inoculation for the purpose of diagnosis guinea pigs are preferable.
Rabbits rarely develop the disease when inoculated with the lrl’umnn variety but
usually do when infected with the bovine variety. With tuberculous tissue either of
the two methods described below may be employed.

A small piece (about the size of a pea or bean) of the tissuc may be inserted under
the skin by first making an incision with a sharp scalpel through the skin and superficial
fascia, and then with a pair of fine forceps insert the bit of tissue well under the skin
and closc the opening with one or more sutures.

The tissue may be crushed in a mortar and thoroughly mixed with a few cubic
centimeters of sterile water or bouillon and then injected with a hypodermic syringe.
The needle should be of large calibre. If it is suspected milk, it may be injected into
the abdominal cavity. If the material is tuberculous and contains living tubercle
bacteria, the death of the animal follows in from three weeks to four months. Usually
the lymphatic glands in the groin and axilla are enlarged and often caseous. If a guinea
pig is used, the liver, spleen, lungs and kidneys are liable to be affected, in the order
named; if a rabbit, the lungs are often the first of the viscera to be attacked.

In avian tuberculosis it is necessary to use chickens instead of guinea pigs. They
may be inoculated subcutaneously or into the abdominal cavity. Several weeks may
g_e necessary for the lesions to develop sufficiently to enable one to distinguish the

isease.
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F1G. 87. A PHOTOGRAPH OF A CROSS SECTION THROUGH THE PORTAL GLAND OF A TUBER-
CULOUS LIVER OF A COW. IT SHOWS SEVERAL TUBERCULOUS MASSES (a) WITHIN THE
LIVER TISSUE. IN SOME OF THESE THE DEAD TISSUE IS BEGINNING TO CALCIFY. THE
PORTAL GLAND (b) 18 VERY MUCH ENLARGED AND TUBERCULOUS THROUGHOUT.
(REDUCED IN SIZE).

In case of poultry the bacteria are usually present in very large num-
bers in the original lesions.
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It is important to differentiate tubercle bacteria from other acid
fast organisms that may be present in the saliva, excreta or milk.
When but one or at most but a few acid fast bactdria are present in
microscopic preparations from any of these substances, it is necessary
to establish the identity of the organism. For this certain micro-
chemical procedures, such as decolorization with acidulated alcohol,
are recommended. It is safer, however, to resort to guinea pig
inoculation. Formerly the finding of acid fast bacteria in the excreta
was considered conclusive evidence of tuberculous infection. Now,
the large number of saprophytic acid fast bacteria that are known to
exist and which may readily be found in saliva, excreta and milk
necessitate careful differentiation of these organisms before a positive
diagnosis can be made.

There are two other recognized methods for securing material from
the lungs for examination for tubercle bacteria.

Trachea method. This method was introduced by Scharr and
Opalka* who emphasized the importance of securing mucus from the
lower part of the trachea and upper bronchi. The method of proce-
dure, briefly stated, is as follows: Render the field of operation over
the trachea surgically clean. A short incision is made following the
median line down upon the trachea at a place located about level
with the point of the shoulder. A small sharp tracheal tube is inserted
between two of the cartilaginous rings. Through this tube is passed
a long wire in which is an eye armed with a small piece of sterile
gauze. The wire with the gauze is passed well down the trachea
where it usually induces a cough. After swabbing out the trachea the
gauze is withdrawn and placed in a sterile retainer until examined.
Smears may be made for direct microscopic examination but the most
successful procedure is to inoculate guinea pigs. This can be done
by agitating the gauze in a small quantity of bouillon or sterile normal
salt solution and injecting the washings hypodermically.

Esophagus method. This requires a small thick-walled cup attached
to the end of a curved wire. The head of the cow is elevated and the
cup is passed directly into the esophagus. The cup is withdrawn and
its contents placed in a sterile retainer. It is examined microscopi-
cally and by guinea pig inoculations.

Udall and Birch adopted the esophageal method after testing both.
They found by this method in the examination of four reacting herds

*Their report was translated by Dr. A. T. Peters and published in Bulletin No.5,
State Board of Livestock Commissioners of Ill., 1912.
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that from 6 to 209, of the animals that failed to show physical symp-
toms were eliminating tubercle bacteria.

Tuberculin. The tuberculin test is the best, and, in a large majority
of tuberculous cases among animals and in man, the only means of
positively detecting the disease in the living individual. Tuberculin*
is the concentrated liquid, usually glycerinated bouillon, on which
tubercle bacteria have grown until the products resulting from their
multiplication including the disintegrated bodies of dead tubercle
bacteria have become imparted to the medium in sufficient quantity
to inhibit their further development.

Tuberculin in the dose necessary to bring out its diagnostic effect
is harmless for healthy animals. In the tuberculous animal it pro-
duces a rise of temperature which, within certain limits, follows a
definite course usually terminating in from 18 to 24 hours after the
injection. Qccasionally the temperature remains above the normal
for a longer time. The temperature usually begins to rise in from six

*Tuberculin is prepared as follows:

“The preparation of the culture medium (glycerinated bouillon), distributing it in
suitable ﬂnsz (500 cc. Erlenmeyer putting but 100 cc. of liquid in each) and inoculating
it with the growth from a pure culture of tubercle bacteria that will produce a good
tuberculin. Both the human and bovine varieties of the organisms are used for this

ose.
p“{I';’l‘l:nz flasks are placed in an incubator at a temperature of 37° C. where they remain
until the growth ceases. The length of time necessary to accomplish this depends upon
the age and condition of the culture from which the inoculations were made. From
six to ten weeks are required.

““After the maximum growth is attained, the cultures are sterilized by heat, either
by boiling in a closed water bath or heating to a higher temperature in an autoclav.

‘““After sterilization, the cultures are filtered to remove the bacteria, and the filtrate
is evaporated, over a water bath, to the desired degree of concentration.

““The concentrated liquid is passed through a Pasteur or Berkefeld filter, standard-
ized, bottled and labeled for distribution. It should be perfectly clear although its
color may vary. If it is cloudy it should be rejected.”

It will be seen from the method of preparation that tuberculin cannot possibly
contain living tubercle bacteria. It is heated on two occasions to a temperature and for
a length of time far in excess of that required to destroy them. hesides Leing passed
through a filter capable of removing all bacteria.

The original tuberculin or Iymﬂh of Koch was concentrated to one-tenth of the
volume of the saturated culture. This gave a thick, syrupy liquid owing to the presence
of the glycerin. The diagnostic dose which came to be recommended for cattle of
medium weight was 0.25 cc.  On account of its consistency as well as the minuteness
of the dose, it was found to be practicable to dilute this quantity with seven parts of a
diluent. A weak solution of carbolic acid was ordinarily used. The difficulties and
the danger of contamination involved in making the dilutions in the field led to the
method of diluting the tuberculin in the laboratory before sending it out. This has
been the practice of the Bureau of Animal Industry for a number of years. Equally as
good results are obtained by concentrating the saturated culture to the point where
2 cc. contains an equivalent of the 0.25 cc. of the highly concentrated lymph. This
process avoids the necessity of dilutions and, with the addition of a few drops of car-
bolic acid, the weaker solution keeps perfectly. :
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to eight hours, giving a steady but quite rapid elevation for from
1 to 8 hours, a continuous high elevation for from 2 to 4 hours, possibly
longer, and a gradual decline. This is practically constant, be the
raise moderate or extreme. In rare cases the elevation of the tem-
perature does not begin for 18 or more hours after the injection. In
addition to the elevation in temperature there is sometimes a marked
nervous chill or muscular trembling. This has been referred to as
the “Organic reaction.” It is often overlooked by those making the
test.

Subcutaneous use of tuberculin. In brief. this method of applying
tuberculin is as follows:

“The normal temperature of the animal to be tested must be
determined. It is recommended that it be taken hourly or every two
hours for the day preceding the test.

“The tuberculin is injected subcutaneously, usually in the side of
the neck. Care must be taken that the syringe is sterile and the
site of injection should be disinfected. The size of the dose depends
upon the preparation of tuberculin used, that is, the degree of con-
centration.

“Beginning 6 hours after the injection, the temperature should be
taken hourly, or at least every two hours, for fully twenty-four hours
after injection. If at that time the temperature is rising it should be
taken thereafter regularly until it returns to the normal.

“During the time of testing, the cattle should be kept quiet and
free from all exposure, and fed normally.

“If a reaction occurs there is a gradual rise of temperature, begin-
ning usually in from 4 to 10 hours after the injection of tuberculin,
and continuing for some hours. The rise of temperature forms a curve
with a maximum varying from 1.5° C. to 5° or 6° F. above the normal
temperature of the previous day. There may also be an organic
reaction. If there is a maximum rise of temperature of 1.5° F. with a
definite curve it is usually safe to consider it a positive reaction.
Erratic elevations of short duration are to be excluded. In all cases
where the rise of temperature with a curve is under 103.5° F. there
may be doubt as to the diagnosis. All cases that give a temperature
of 1038° F., if appreciably above the preinjection temperatures, should
be considered suspicious. These cases should be retested afew months
later using a double dose of tuberculin.

“Animals advanced in pregnancy and those known to be suffering
from any other disease or in cestrum should not be tested. All
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methods of treatment, including exposure to cold, or kind of food and
drink which would tend to modify the temperature, should be avoided.
Animals in which the disease is far advanced sometimes fail to react.

“The dose should vary to correspond with the weight of the animal.
The dose for an adult cow of average weight is 0.25 cc. of the concen-
trated Koch tuberculin. In cases of a second test within a few weeks
the quantity of tuberculin injected should be larger than for the first
test.”

In cattle, there is a marked variation in the normal daily tempera-
ture. A fluctuation of two or even three degrees within 24 hours is
reported. Cold water when drunk in considerable quantities lowers
the temperature from one to four degrees. A temporary excitement
usually causes an elevation of from 1to 1.5° F. There are also marked
variations in the temperature of the same animal on consecutive
days. The temperature at 12 noon and 12 midnight are often the
same. In some cases the maximum elevation for the day occurs near
midnight and on the following day the minimum temperature appears
at that time. It is not uncommon for the maximum temperature
to occur twice in the same day and occasionally several times within
the twenty-four hours. There are marked individual variations in
the effect of ordinary conditions upon the temperature, such as food,
excitement or temperature of the air. A hot spell often causes a rise
of one or more degrees. The average temperature taken hourly for
two weeks of the animals in three herds taken by Howe and Ryder
were 102.5°, 102.6°, and 101° F. respectively.

In a well kept Government herd that was tested with tuberculin,
the temperature of part of the animals was taken hourly for 24 and
part of them for 16 hours preceding the injection. An examination of
the records* shows the average daily variation of 20 animals in which
the temperature was taken for 24 hours to be 2.31° F. The maximum
individual variation in a single day was 4.8° F., the minimum 0.5° F.
In 25 other animals where the temperature was taken for 16 hours,
the average variation was 1.79° F. In these the maximum variation
was 8.2° F., the minimum 0.6° F. Ten healthy animals (did not
react to tuberculin) in the same herd gave an average variation of
2.08° F. In these the maximum daily variation was 4.1° F., the
minimum 1° F. The lowest temperature was usually, but not

*Bulletin No. 7, Bureau of Animal Industry, U. S. Department of Agriculture,
Washington, D. C. The tests were made by Drs. F. L. Kilborne and E. C. Schreeder,
under the direction of Dr. Theobald Smith.
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invariably, in the morning and the highest in the afternoon or
evening.

In view of these normal temperature variations, which often exceed
the thermal tuberculin reaction, it is obvious that before applying the
test the normal temperature of the animals should be approximately
determined and that when they are being subjected to the test they
should be cautiously protected, otherwise the comparatively slight
elevation necessary to detect the disease may be disguised.

As the reaction seems to be the result of an affinity existing between
the tuberculin and the products of the tissues stimulated by tubercle
bacteria, it is natural to suppose that when the two are brought
together in the same animal the reaction would invariably take place.
Experience has shown that it almost always does. It is important to
understand, however, that under certain conditions a reaction will not
occur. Tuberculin fails to give a reaction or to indicate the pressure
of infection under the following conditions:

“Where the tuberculin itself has not been properly made.

“Where the temperatures are not taken long enough after the injec-
tion of tuberculin to detect the late reactions.

“When infected animals are tested during the period of incubation
before lesions have developed.

“When the lesions are arrested, encapsulated or healed or when the
lesions are very extensive, a reaction may not follow the injection of
tuberculin.”

Ophthalmic use of tuberculin. Wolff-Eisner and Calinette applied
tuberculin to the conjunctiva for the purpose of detecting tuberculosis.
The method consists in applying a few drops of tuberculin to the
conjunctival sac. The reaction usually begins in cattle in from 5 to
10 hours. The first evidence is watering of the eyes, reddening of the
conjunctiva and edematous swellings. This is followed by a
purulent exudate which tends to accumulate, usually in the. inner
canthus, and finally to drop from the eye. It may dry forming a
crust which eventually drops off. The reaction continues for some
time (1 to 2 days or longer). The severity of the conjunctivitis is no
indication of the extent of the disease. It is reported that the sub-
cutaneous injection of tuberculin either previously or at the same time
does not affect the eye reaction. The eye test does not give rise to
symptoms other than those on the conjunctiva.

This method has not given uniformly satisfactory results. It was
found by Foth to give a reaction in tuberculous animals that had
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ceased to react to the subcutaneous injection, because of too many
tests.

The tuberculin to be used for the eye test should not contain sub-
stances that will irritate the conjunctiva. Foth recommends a 59,
solution of dry tuberculin. A 509, solution of the concentrated
tuberculin of Koch has been used, also the tuberculin of the Bureau
of Animal Industry.

Intradermal test. Moussu and Mantoux reported the intradermal
use of tuberculin as a means of diagnosing tuberculosis in cattle. The
method consists in injecting the tuberculin into the deeper layers of
the skin. The most suitable place to make this injection is in one
of the foldsof the skin on the under side of the base of the tail. The
skin on the eyelid has been used. The skin at the base of the tail is
soft and pliable and also free from hair. A hypodermic syringe with
a'short needle point should be used. Haring recommends a syringe
with a 25 or 26 gauge needle with a point from 3 to 5 mm. in length.
Dentists employ such needles for injecting local ansesthetics. The
method of injecting tuberculin is described by Haring as follows:
“The subcaudal fold is grasped between the thumb and the first two
fingers of the left hand and the needle inserted horizontally into the
thickness of the skin grasped between the thumband finger. The 0.1
to 0.2 cc. dose, if properly placed, can be felt in the layersof the skin
as it is expelled from the syringe, where it remains as a small lump in
the skin after the needle has been removed. In our first test we
made the mistake of trying to inject as near the surface of the
skin as possible. It is difficult to inject into the layers of the epidermis
and an injection into this part of the skin is of little diagnostic value.
In case the needle is of the proper length, namely, one-quarter of an
inch, there is little danger of going completely through the skin.
When the proper point in the subcaudal fold is selected, it makes little
difference whether the point of the needle is in the derma or in the
subdermal connective tissue. With the proper syringe an expert
operator can inject in the dark as accurately as in a good light. We
have found that characteristic reactions occur with the injections
from a long needle, placed completely through and beneath the skin
layers of the subcaudal fold. It is well to inject at a point on the
fold about two and one-half or three inches down the tail from the
anus, since elsewhere reactions are not so easily perceived and at this
point the bone and solid tissue of the tail form a background which
renders the local reactions more prominent than those of the skin of
the neck.”
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Haring recommends at least a 5%, solution of alcoholic precipitated
tuberculin in normal salt solution. He injects from 0.1 to 0.2 cc.
Koch’s Old Tuberculin in 109, solution has also given good results.
A number of chemical firms put out intradermal tuberculin but they
do not seem to be uniform in their preparation. Hutyra and Marek
state that a 509, solution of Koch’s Old Tuberculin gave good results.
Some in this country use the Bureau of Animal Industry tuberculin
direct in doses of from three to five drops and do not believe it is neces-
sary to use the purified or precipitated tuberculin.

A positive reaction from the intradermal use of tuberculin is indi-
cated by a thickening of the subcaudal fold or by the appearance at the
point of injection of a characteristic sensitive swelling varying in size
from that of a small pea to that of an orange. The swelling may be
either edematous or hard and inflamed. The swelling can be recog-
nized in some cases by the sixth hour. Generally it is not clear until
about the twelfth hour. The swelling continues to increase in size
for two or three days. In some cases the swelling does not appear so
early. If only one observation can be made after the injection, it is
recommended by Haring that it should be on the 72d hour. He
states: “‘Small indurations at the point of inoculation about the size
of the head of a parlor match frequently occur in normal non-reacting
cattle, but anything larger than this which persists to the seventy-
second hour should be considered a positive reaction.”

In recording the reactions, a convenient method for comparison is
to describe the size of the swelling as pea size, hazelnut, walnut or
hen’s egg size. The exact size, if desired, may be measured by means
of calipers. Romer and Joseph consider that a thickening of the skin
fold more than three millimeters larger than the thickness previous to
injection should be considered a positive reaction. Cases in which
the increase in thickness amounts to only three millimeters, they
consider doubtful and subject to a retest. In our work, however, we
have found the measurement of the swelling was not of much assist-
ance. Experience and practice will enable the operator to judge of
the size of the swellings without measuring, although for the sake of
accurate records we have made a practice of taking careful measure-
ments.

“In judging a local swelling, the observer should depend more upon
the shape, appearance, tenseness, sensitiveness and location with
respect to the exact point of injection, than upon the actual measure-
ments. Only experience can teach an operator how to be certain of
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a positive reaction when the local swelling is small. This is especially
true when the tuberculin containing glycerin has been used.”

Haring and Bell found that there was a thermal reaction following
the intradermal injection but Moussu and Mantou state that they
had no rise of temperature following this test.

This method of using tuberculin is recommended especially for test-
ing range cattle or those that are not accustomed to being handled.
Haring and Bell report excellent results by this method. They have
found that in certain cases where the subcutaneous test failed to give
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A.A. BHOWS TEMPERATURE FOR 24 HOURS PRECEDING THE INJECTION OF TUBERCULIN,
WHICH WAS INJECTED AT 9 A. M., MARCH 16; b, b, b, SHOWS THE TEMPERATURE FOR
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a reaction the intradermal test was positive and on post mortem
the animals were found to contain tuberculous lesions. This method
of using tuberculin is recommended by a number of veterinarians and
it is now the official method recognized for using tuberculin in certain
states.

Recently the lower eyelid has been selected as a more suitable place
to inject the tuberculin. Norgaard, Mohler and others have reported

_upon it, generally with favor.

Differential diagnosis. Tuberculosis in cattle is to be differentiated

from actinomyecosis, traumatic pericarditis, Johne’s disease, certain
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forms of pneumonia, and parasitic nodules. In each of these the
diagnosis is made, either microscopically or by guinea pig inoculation.
The use of tuberculin is of great value in the living animal.

Tuberculosis in swine must be differentiated from parasitic lesions
and certain forms of broncho-pneumonia. The histological study of
the tissues and a bacteriological examination for tubercle bacteria will
determine the nature of the lesion.

Tuberculosis in fowls is to be differentiated from leukeemia lympha-
denoma, sarcoma of the liver, asthenia, nodular teeniasis of the intes-
tine, and excessive infestation with the air sac mite (('ytodites nudus).
The diagnosis in these cases can be made largely from a histological
study of the tissues. In asthenia the obvious lesion is emaciation.
The same is true in case of the air sac mite.* The nodular teniasis
can be determined by serial sections of the smaller nodules in which
will be found the heads of the flat worm causing the trouble. The
nodular teniasis in fowls was described in Circular No. 3, Bureau of
Animal Industry, 1895. It has been mistaken for tuberculosis a
number of times. It is caused by a small flat worm described by
Piana (1881) as Taenia bathrioplitis which is probably synonymous
with Dovainea Tetragona Molin, 1858. In fowls, tuberculin does not
give satisfactory results.

Tuberculosis in sheep is to be differentiated from the nodular
intestinal disease caused by Qesophagostoma columbianum Curtice. It
is very rare in this species.

Tuberculosis in horses is to be distinguished from glanders and
parasitic lesions.

The control of tuberculosis in cattle. Several methods have been
proposed to eliminate tuberculosis from cattle. The preventing of
the spread of the virus from the diseased to healthy animals is the
most important precaution. The feeding of calves with infected milk
and the introduction of tuberculous animals into a herd are two of the
most important means of spreading the disease and therefore two that
should be most carefully avoided. The system introduced by Prof.
Bang of Copenhagen, Denmark, and generally known as the Bang
method, has provea to be very successful in certain herds. It con-
sists in the slaughter of the advanced cases and the isolation of the

*In 1908 the writer examined a number of fowls with Dr. Powers, Health Officer of
Los Angeles, that were thought to be tuberculous because of the extreme emaciation.
The examination showed an excessive invasion of air sac mites with no lesions in the
visceral organs. :
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reacting animals, which are kept for breeding purposes. The calves
are separated from their dams immediately after birth and fed upon
the milk of healthy cows or the sterilized milk of the reacting ones.
This method has enabled many owners of infected animals to replenish
their herds in from four to six years. In countries where it has been
generally applied the percentage of tuberculous cattle has been
wonderfully reduced.

The conservative method, recommended by Ostertag and employed
in Germany, consists in a repeated careful physical examination and
the elimination of all animals exhibiting evidence of tuberculosis and
the raising of calves on pasteurized milk or that from tuberculous
free cows. Ostertag states that this method, if carefully carried out,
will be effective in combating the disease and he believes will even-
tually eradicate it.

The method, used largely in England, of examining the milk for
tubercle bacteria and if any are found making a careful examination
of the herd producing it and finding the spreader of the bacteria and
eliminating her from the dairy, was reported to have greatly reduced
the amount of infected milk in the market.

In the United States the method of testing the herd with tuberculin,
slaughtering the reactors under inspection and the state paying an
indemnity to the owner has been in operation for many years. It
has been successful in many localities and alarge number of herds have
been freed of the disease by this procedure. It requires, however,
that the barns be thoroughly disinfected, the test repeated at intervals
and only sound animals introduced. In herds where the disease has
been of long standing it requires several years before the infection is
entirely removed. Owners of infected herds should follow some defi-
nite procedure, which will prevent further spread of the virus and con-
serve the value of the animals as much as possible. Many cows are
as valuable for beef as for milk and others, where the breeding is of
a high quality, can be isolated under the Bang method. There seems
to be no method of procedure that can be followed in all places. The
principle of preventing the spread of the virus from the infected to
the well is the only one to strictly adhere to. The application of this
principle can be made by different methods. The method to be fol-
lowed should be the one best adapted to the existing conditions.

Immunization. The immunization of cattle against tuberculosis
has been very carefully studied by a large number of investigators.
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Koch pointed out that it was necessary to produce a bacterial as well
as a toxic immunity. Tubercle bacteria of all varieties have been
tried. Von Behring thought he had succeeded with his ‘“bovo-
vaccine”’ but its use was not satisfactory. Pearson and Gilliland did
much work on this subject but a practical method for immunizing
cattle has not been formulated although experimentally a certain
amount of resistance can be produced.

The conclusions drawn from the recently reported extended investi-
gations of M’Fadyean, Sheather, Edwards and Minett in the produc-
tion of immunity against tuberculosis in cattle with the avian and
human varieties of the organism are as follows:

“By the intravenous inoculation of avian tubercle bacilli it is
possible to confer on healthy calves a markedly increased power of
resistance to infection with bacilli of the bovine type.

“Such a method of- vaccinating young cattle against tuberculosis
involves little or no risk to the animals.

“When the vaccination of young cattle against tuberculosis is con-
sidered advisable avian bacilli should be preferred to human, in order
to avoid the danger of infecting human beings with bacilli persisting
in the bodies of the vaccinated animals and passed out with their
milk.”

Specific biological treatment. There isasyetno method of success-
fully treating tuberculosis by any serum or bacterin. Certain physi-
cians report good results from the use of tuberculin in selected cases.
This does not hold for cattle although a good many infected animals
that reacted to tuberculin seem to have had the disease arrested or to
have recovered and thereafter fail to react.

TUBERCULOSIS IN SWINE

Channels of infection. In most cases infection takes place by inges-
tion. The pig easily becomes tuberculous when fed on material rich
in tubercle bacteria. Many illustrations of this are found in pigs
fed on the refuse from dairies and cheese manufactories in districts
where there is much tuberculosis in cattle or on tuberculous viscera in
slaughter houses. Mohler found that when hogs were fed on tubercu-
lous milk for three days, and killed and examined 107 days later
83.3 per cent. were tuberculous. Hogs that received infected milk
for 30 days and were allowed to live fifty days thereafter were all



YUBERCTLOSIS IX SWINE 177

affected. Infection through the respiratory tract seems to be rare.
The piggeries where the separated milk from creameries and whey
from cheese factories are fed and those which join abattoirs supply the
majority of swine found on post-mortem to be tuberculous.

Ostertag has called special attention to this disease among swine
in certain parts of northern Denmark and Germany, where there was
much tuberculosis in cattle, and where the swine were fed the slime
from creamery separators. In the cases which have come to our
notice there is very strong evidence that the swine were infected by
being fed the milk from tuberculous cows. There are statements that
swinembetuﬂosisisdue,incu‘tainmsesat.lenst,totbeavian variety
of the organism. Christiansen found that pigs were highly suscepti-
ble to this variety of tubercle bacteria.

Symptoms. In most cases tuberculosis of the pig is first recognized
at the abattoir. Sometimes, however, it causes local and general
troubles, which vary according to the organ or system attacked.
The following symptoms have been noted.

Its localization in the abdominal organs causes the arrest of fatten-
ing and the progressive wasting of the subject. The mucous mem-
branes become pale, the hide becomes dirty and there is usually either
constipation or diarrhea. The animal is depressed, the corkscrew of
its tail is straightened, the abdomen is pendulous and the eyes are
sunken. Palpation of the abdomen is painful and may reveal more
or less voluminous masses, due to the changes in the mesenteric
glands. It is common to find the nodular tumors in the submaxillary
region or at the thoracic inlet. In this form, the malady may last
several months, but death supervenes rapidly if the lesions become
generalized by the scattering of the bacteria through the blood stream.
Primary pulmonary tuberculosis is very rare but sooner or later lung
lesions complicate abdominal tuberculosis. They betray themselves
at the outset by a short, dry, abortive cough and by difficult respira-
tion. The cough soon becomes paroxysmal and painful and is often
followed by vomiting; the respiration becomes hurried and gradually
painful and more difficult, wasting is very rapid, and death supervenes
in a few weeks.

The scrofula of swine (glandular tuberculosis) usually shows itself
by a puffing up of the face, which a careful examination reveals to be
caused by the subjacent glands, these being enlarged, indurated, still
fairly mobile and free from heat or tenderness. The retropharyngeal,
superior cervical and sublingual glands are usually affected, fo;ming a
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TUBERCULOUS SPLEEN
FROM A PIG.

kind of necklace of unequal and knotty
tumors, reaching from ear to ear and be-
coming larger under the neck between the
rami of the lower jaw. Similar tumors
may be developed at the thoracic inlet,
behind the shoulder or in the groin,
which, as they increase in size, become
harder and more adherent to the neigh-
boring tissues. Sometimes, however, a
slight fluctuation is perceptible. The
tumor may suppurate and discharge a
small quantity of a thick and grumous
pus, but the glandular tumor does not
disappear and the opening into the
abscess remains for a long time as a
fistula.

There may be swellings of the bones,
causing a true tuberculous arthritis when
the lesions happen to be situated at the
level of an epiphysis. Persistent lame-
ness, fistulous wounds suppurating indef-
initely, necrosis and caries, are the com-
plications of the lesions of the bone, the
development of which is always ex-
tremely slow.

Morbid anatomy. The manifestations
of tuberculosis in swine are exceedingly
interesting. Nocard found the lesions to
consist of miliary granulations which rap-
idly become caseous, as in cattle, but
which more rarely contain calcareous salts.
Generalization is common, in which case
the viscera are thickly sprinkled with
gray granulations which are translucent
throughout, or opaque in their centers,
and quite analogous to those found in
tubercular lesions in other animals.

As the disease most often results from
ingestion of the virus, the digestive
apparatus and the corresponding lympha-
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tic glands (submaxillary, parotid, pharyngeal, superior cervical, mes-
enteric, sublumbar, ete.) may be decidedly diseased, while the other
organs remain practically intact. Lesions of the small intestine
and of the cecum are common and take the form of ulcers of the
mucous membrane, of miliary nodules or of tuberculous infiltrations,
involving at once the mucous, the muscular, and subserous tissues.
The lesions in the liver take the form either of miliary granulations,
which are yellow and caseous and scattered in great numbers
through the thickness of the organ, or else of rounded nodules
which are yellowish white in color, varying in size from that of a
pea to a hazel nut and of a tough consistency. On section they ap-
pear sometimes to be firm, homogeneous and fibrous; sometimes
softened in the center, and often infiltrated with calcareous salts.
The peritoneum and the pleura are sometimes the seat of an
eruption of fine granulations which remain in a state of miliary nod-
ules. Lesions like those in the liver may exist in the lungs, but
generally there is found in these organs an innumerable number of
minute, translucent, gray granulations, caused by the dissemination
of tubercle bacteria through the blood stream, in which case the
liver, the spleen, the kidneys, the medulla of the bones, and the
mamme may be infiltrated with similar growths.

Mohler has reported the results of the examination of 120,000
infected hogs of which 93.3 per cent. had tuberculous glands.

It is common to find lesions localized in one or several lymphatic
glands. The pharyngeal and submaxillary glands are most often
affected. They become enlarged, hard and knotty due to develop-
ment of fibrous tissue. In section they have the appearance of old
fibrous tissue; here and there small yellow foci are seen of a softer
consistency, sometimes purulent collections are found, either encysted
or in communication with the exterior. If one submits the caseous
or purulent matter to a bacteriological examination, tubercle bacteria
are not usually found. The bacterium, however, is present and if
this substance is inoculated into guinea pigs it will produce tubercu-
losis.

These chronic glandular lesions, with their very slow progress,
have long been looked upon as constituting the scrofula of swine, and
to scrofula were also assigned the tuberculous lesions of bones (ribs,
vertebrz, articulations, shoulder blades, hip bones) which are common
in pigs, both young and old.
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The older authors noted that the ancient scrofula was often accom-
panied by visceral tuberculosis, but they refused to admit the identity
or even the relationship of the two affections.

The generalization of the disease, especially in the muscular tissue,
is reported by several observers. Moulé called attention to this
peculiarity of the disease. Stockman shows that while the disease
is ordinarily generalized, muscular lesions may exist in swine in the
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FiG. 40. TEMPERATURE CURVE OF A HOG. DOTTED LINE A REPRESENTS TEMPERATURE
‘OF A HOG FOR 24 HOURS BEFORE THE INJECTION OF TUBERCULIN. THE FULL LINE
A REPRESENTS THE TEMPERATURE OF THE HOG FOR 24 HOURS AFTER THE

INJECTION OF TUBERCULIN (Schroeder).

absence of generalization. Zschokke has called special attention to
the localization of tuberculous lesions in the head of swine, especially
in the nares and brain.

Diagnosis. Tuberculosis is diagnosed in swine by the same
methods as in cattle although several of the special tests are not
applicable to swine. The most usual means are (a) by the lesions;
(b) finding the specific bacterium; and (c) the use of tuberculin either
subcutaneously or by the intradermal test.
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TUBERCULOSIS IN OTHER MAMMALS

Genera affected. It is stated that all species are sometimes
attacked. Tuberculosis in the horse is rare, although a total of many
cases have been reported. Bang has collected twenty-nine cases.
In Saxony .08 per cent. of the horses (8,500) that were slaughtered
were tuberculous. In this and most countries there are no reliable

F16. 41. LUNG OF HORSE CONTAINING TUBERCLES (a).

statistics respecting the extent of the disease in this species. M’Fad-
yean has pointed out the fact that in a considerable number of cases of
equine tuberculosis, where the horses bave been fed milk from tuber-
culous cows, the morbid anatomy differs but slightly from that in
tuberculous cattle. Recently several authors have reported isolated
cases in Europe. In this country horses are practically free from it.
We have seen but one case.

Sheep and other domestic animals are reported to suffer more or less
extensively from this disease. All of the so-called tuberculosis in
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sheep that I have examined proved not to be tuberculosis but the
“nodular disease’” caused by an animal parasite (Oesophagostoma
columbianum). A few cases, however, have been reported.

Tuberculosis in dogs and cats is quite rare but several cases in each
genus are on record. Schlesinger reports a case of miliary tuberculo-
sis in a dog with ulcerative endocarditis. Blair has reviewed the litera-
ture on this subject and given the results of his investigations.

FiG. 42. SPLEEN HORSE SHOWING TUBERCLES NATURAL SIZE

AVIAN TUBERCULOSIS

History. In America, tuberculosis in fowls was described in 1900
by Pernot in Oregon and Burnett in northern New York. In 1903
Moore and Ward found the disease in California, where in certain
flocks it was very destructive. It was recognized by the owners as
“spotted liver,” going light, and rheumatism. In Europe it has been
known for many years. There is an extensive literature on this
subject.

Symptoms. The symptoms that are quite constant are emacia-
tion, which in advanced cases becomes extreme, and anemia. The
comb, skin, and visible mucosa about the head are usually pale. As
the course of the disease advances the feathers become ruffled and the
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fov;’ls are weak, dumpish and move about very little. 'Ijhe eyes are
bright in most cases until the end is near. The appetite is good, and
the fowls eat ravenously until a few days before death. The tempera-
ture is in most cases within the normal limits, rarely it is subnormal.
The blood is pale. The hemoglobin varies from thirty-five to seventy
per cent. as tested with Gowers’ hemoglobinometer. The red blood
corpuscles vary from 1,010,000 to 2,600,000 per cubiF millimeter.
There appears to be a slight increase in the number of white corpuscles
especially of the eosinophiles.

- Tuberculous fowls are often
lame. Pernot mentions this
as one of the important symp-
toms in the cases he observed.
It is due to joint lesions in

. some cases. In others it ap-

| pears to be due to extensive

E lesions in the viscera.

The avian variety of tubercle
bacteria resembles quite closely
those of the human and bovine

| varieties in size and general
morphology as they are found
in the tissues of the fowl. A
measurement of over two hun-
i dred individual organisms in
cover glass preparations made
~ directly from organs of fowls

Fio.43. A pHOTOGRAPH OF A TuBercu-  gave the following: In the liver
LOUS LIVER FROM A FOWL. the length varied from 1.2 to
8.5uin the spleen and in the skin they varied from 1 to 4 in length.
A general average gave a length of 2.7-. They often appear in
these preparations in dense masses. Chains made up of a number
of short elements are rarely present. Granules are occasionally
observed. In the preparations from the skin a considerable num-
ber of them contain polar granules and not infrequently three
such bodies were noticed in a single individual. Perhaps the most
striking feature concerning these organisms in the tissues is their
enormous numbers. Sibley has called attention to the similarity of
avian tubercle bacteria to those of leprosy in that they multiply to
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such enormous numbers without a pronounced breaking down of the
tissues.

This variety can be obtained in pure cultures in about 20 per cent.
of serum tubes inoculated directly from tuberculous lesions in fowls
(Moore). It grows readily in glycerin agar, Dorset’s egg medium,
in glycerin bouillon and on potato.

Fowls inoculated in the abdominal cavity or subcutaneously with
from one-half to one cubic centimeter of a glycerin bouillon culture
develop either localized or generalized tuberculosis in from six weeks to
three months, but a longer time is ordinarily necessary to kill them.

Rabbits and guinea pigs are not readily infected by the inoculation
of pure culture. Moore and Ward failed to produce any tuberculous
lesions in these species by this method.

Morbid anatomy. The lesions are widely distributed, and vary
much in their location in different individuals. The liver is most
frequently involved. The spleen, intestines, mesentery, kidneys,
lungs and skin are affected in order mentioned. The appended table
gives the distribution of the lesions in 17 cases observed by Moore.

THE DISTRIBUTION OF LESIONB IN TUBERCULOUS FOWLS

The tubercles in the earlier stages of the disease, especially in the
liver, are small greyish points varying from 0.25 to 1.0 millimeter in
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diameter. In advanced cases they are larger. They have a cheesy
consistency, and are easily removed from the surrounding tissue. The
removed, necrotic nodules have a roughened surface. The color
is greyish or whitish in the early stages, but in the later ones it changes
to a yellowish tint. Occasionally there are two distinct crops of
tubercles, one consisting of nodules 4 to 6 millimeters in diameter and
separated by a centimeter or more, and the other of closely set grayish

F1a. 44. A PHOTOGRAPH OF A S8ECTION OF TUBERCLE FROM
A FOWL, BHOWING THE NECROTIC CENTER AND
SURROUNDING ZONES. ENLARGED.

tubercles 0.25 to 0.5 mm. in diameter. In some cases the tubercles
are few in number but larger in size. The liver cells between the
tubercles are usually in a state of more or less degeneration, and
frequently fat globules are numerous. The blood spaces are more
than normally distended with blood. The lesions in the spleen, like
those in the liver, consist of minute or larger tubercles of a grayish or
of a yellowish tint. The central portions of the larger tubercles are
often homogeneous, darker in color and more or less hyaline in appear-
ance and consistency.

The tubercular growths in the intestine start in the walls of the
intestine. They present a glistening appearance, grayish in color
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and firm to the touch. Frequently they are confluent. When single
they vary from 1 to 10 mm. in diameter. They are usually sessile on
the intestine but on the mesentery they are frequently peduncula-
ted, varying from 2 to 5 mm. in length. On section the young
tubercles exhibit a grayish, glistening surface, but the more advanced
nodules contain recognizable necrotic centers. In the larger tuber-
cles on the intestines the necrotic centers frequently open into the
lumen.

F1G. 45. A PHOTOGRAPH OF A TUBERCULOUS MESENTERY OF A FOWL. THERE ARE A
. FEW SMALL TUBERCLES ON THE INTESTINE.
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The skin lesions consist of a cellular infiltration usually abont
the root of the feathers. Frequently the nodules become confluent.
They may or may not involve the subcutaneous connective tissue.

The microscopic examination of the tubercles of the liver shows
them to consist of a necrotic center surrounded by an irregular zone
of epithelioid and giant cells. This is surrounded by a band of tissue
consisting for the greater part of liver cells, more or less disintegrated
free nuclei and a few infiltrated round cells. This zone is circum-
scribed by a narrow reactionary band consisting very largely of round
cells. The structure is constant in both small and large tubercles,
and not strikingly different from the structure of tubercles in certain
of the mammals. The larger nodules seem in some instances to be
the result of a continuous growth of a single tubercle, and in others to
have resulted from the coalescence of a number of small ones. The
necrotic center and reactionary zone of round cells are beautifully
demonstrated by their reaction to nuclear stains.
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JOHNE'S DISEASE

Synonyms. Specific paratuberculous enteritis; pseudo-tubercu-
losis; chronic bovine pseudo-tuberculous enteritis; specific paratu-
berculosis of cattle: enteritis paratuberculosis; bovis specifica;
la diarrhée chronique du boeuf.

Characterization. Johne's disease is an intestinal disorder caused
by an acid-fast bacterium. It is characterized by a diarrhea, gradual
emaciation and the presence of large numbers of acid-fast bacteria
in the mucous membrane of the affected portions of the intestine.
The small and large intestines and associated lymph glands are
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involved. In addition to cattle, sheep, goats, deer, buffalo and possi-
bly the horse are susceptible.

History. Johne and Frothingham described a disease in 1895 in
which the intestinal mucosa contained large numbers of acid-fast
bacteria. They thought it was a case of tuberculosis in a cow due to
the avian tubercle bacterium. In 1903 Markus called attention to
its frequent occurrence in Holland. Since that time it has been
recognized in Belgium, Switzerland, Denmark and England. A few
cases have been observed in this country. Sir John M’Fadyean has

" proposed the name Johne’s disease for this very serious affection.
It seems to be prevalent in many localities.*

Etiology. The cause of this disease is an acid-fast bacterium
(B. paratuberculosis) which is found in large numbers in the affected
mucosa, and also in the mesenteric and colic lymphatic glands.
Morphologically it closely resembles the tubercle bacterium. It
varies in size from 1 to 2p. in length and a few are said to attain to 4.
It stains uniformly with the acid-fast stains. Occasionally the
longer forms show alternating stained and unstained segments.

According to M’Fadyean this organism is not inoculable to either
guinea pigs or rabbits. It has been cultivated on media containing
the dead bodies or extracts of a number of other acid-fast bacteria.
From these cultures it has been grown on media not containing acid-
fast organisms.

« This bacterium apparently does not form a strong cell poison,
which may account for the absence of necrosis. On the other hand,

*Stockman in his article on Johne’s disease in sheep refers to a malady of sheep on
the Eastern border of England and Scotland known locally as “scrapie.” In the
intestines he found acid-fast bacilli indistinguishable from those of Johne’s disease.
M’Gowan (Investigation into the disease of sheep called “‘scrapie,” 1914) considers the
all important symptom to be pruritis. He believes it to be the one distinguishing sign
by which it may be recognized. His conclusions, after a careful investigation, are that
the cause of “‘scrapie” is a heavy infestation of the sheep with a Sarcosporidium. His
final conclusions are:

“The sarcocyst is always present in the skeletal muscles of scrapie sheep in large
numbers; and the more advanced the case the larger is the number of the sarcocyst
present.

“Pruritis (or itching), the chief symptom in scrapie, can be reproduced in rabbits
by the injection into them of sarcosporidial emulsions.

“‘Careful clinical examination of typical cases makes it highly probable that the
paretic phenomena of the disease are due to a primary muscle lesion.

““There is an absence of any condition post-mortem, except extensive sarcosporidiosis,
sufficient to or of a nature likely to cause the phenomena observed in the disease. In
this connection one would specially note Cassirer’s findings in cases of the Traberkrank-
heit in Germany

“No single view can explain so well the symptomatology and the epizodtiology, etc.
of the disease as this.”
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the tissues appear to be almost powerless to restrain its multiplication
and invasion.

The period of incubation is not determined but it is known to be
long, possibly a year or more.

Symptoms. The first symptom to be observed is a loss of flesh,
although the appetite remains normal. The hair becomes roughened

F1G. 46. A PHOTOGRAPH OF A PORTION OF THE SMALL INTESTINE OF A COW DEAD OF
JOHNE'S DISEASE. NATURAL SIZE.

and the animal presents an unthrifty appearance. Diarrhea sets in
early and usually it is profuse and persistent from the time it begins,
although it may sometimes be checked temporarily by giving dry
food and by the administration of astringents. Emaciation becomes
a prominent symptom.

Morbid anatomy. The lesions are primarily in the large and small
intestines and associated lymph glands. The distal part of the small
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intestine is most often involved. The lesion is in the mucous and
submucous tissue. In some cases the acid fast bacteria invade the
submucosa in which case the wall of the intestine becomes thickened.
According to Sheather a variable amount of new cellular tissue com-
posed of cells of the epithelioid type, and containing an occasional
giant cell, is developed beneath the epithelium and often also in the
submucous layer. In proportion to its thickening the mucosa
shows more or less coarse wrinkling. Ulceration is not observed.
There is little congestion on the tops of the folds of the mucous tissue.

The mesenteric lymphatic glands may be enlarged. They may
contain collections of epithelioid and giant cells. Meyer found more
or less edema of the abomasum in about 40 per cent. of his cases.
The atrophy of the spleen with a brownish dry appearance of the
pulp was always present and he found clumps of pigment often in
large amounts. This condition was first mentioned by Bang. When
cut an appreciable amount of water-like liquid exudes from the surface.
The absence of congestion has been noted.

The most striking feature of the disease is the slight tissue changes
even when the bacteria are exceedingly numerous. In sections made
at right angles to the mucous surface of the intestine an irregularity
in the size and outline of the villi can be observed. Some of the villi
may be partially denuded of epithelium. In the glandular layer the
interstitial tissue between the tubular glands may be increased in
amount and the glands may show evidence of atrophy. In sections
stained by the Ziehl-Neelsen method, with Pappenheim’s stain for
contrast, M'Fadyean states that those parts in which the bacteria are
numerous have an appearance very similar to that of a genuine tuber-
culosis lesion just before the onset of necrosis and caseation, that is,
they appear to be mainly made up of the so-called epithélioid cells,
with occasionally a well formed giant cell. Sometimes the outlines of
these epithelioid cells are distinct, but, as a rule, wherever the bacilli
are numerous there appears to have been a partial fusion of the cell
bodies, and the appearance is that of a sort of matrix substance with
imbedded nuclei. The majority of these nuclei are shrivelled or dis-
torted in appearance, and they stain lightly as compared with any of
the nuclei in the surrounding normal tissue. According to M’Fad-
vean, the important points to notice are that the diseased tissue is
never sharply circumscribed and that there is no actual necrosis,
although the appearance of the new tissue may be interpreted as
indicating that the cells are on the point of losing their vitality.
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Within the parts which contain large numbers of the bacteria there
are also sometimes recognizable small round compact nuclei, appar-
ently belonging to cells of the lymphocyte type, and at their margins
there are numerous cells whose bodies stain red with Pappenheim’s
stain.

The bacteria do not appear to be specially intra-cellular; many of
them seem to be lying free, and others appear to be situated within
the fine reticulum of the villi. The structural alterations are every-
where proportional to the number of bacteria which indicates that,
contrary to what is the case in tuberculosis, the bacteria have little
or no tendency to degenerate and disappear from the older lesions.
The bacteria when numerous are generally arranged in clumps or
groups, and these often form a very large part of the epithelioid areas.

The lesions in the lymphatic glands have a similar histology. They
may be present in either the cortex or the medulla, but they are not
in the anatomical sense like those of tubercles. A small number of
giant cells may be present. A

The duration of the disease varies from a few weeks to several
months and often a year or more. It seems to be fatal in most cases.

Diagnosis. Johne’s disease is to be diagnosed by the symptoms,
lesions, etiology and specific reactions. The diarrhea with the loss of
flesh and a generally good appetite is very suggestive of this disease.
The positive diagnosis, however, requires an examination of the
lesions or the finding of the specific organism.

Etiology. Meyer found that the bacterioscopic examination of the
feces and rectal scrapings is of diagnostic value in only about 40 per
per cent. of cases in the advanced stages of the disease. M'Fadyean,
Sheather and Edwards diagnosed the disease in 20 per cent. by this
method. In a total of 15 cases, they made a positive diagnosis in 5
from rectal scrapings. The difficulty with this method is not restricted
to the small number of individuals in which it is applicable. It is
necessary to differentiate the acid-fast bacteria found from those of
tuberculosis and purely saprophytic forms that may be present. The
differentiation from tubercle bacteria can be made by guinea-pig
inoculation. With the development of culture methods the identifica-
tion of the organism may be simplified. The presence of large num-
bers of acid-fast bacteria in the feces or in the mucous membrane of
the intestine is very significant especially if symptoms are present.

Tuberculin reaction. 0. Bang called attention to the value of tuber-
culin made with the avian variety of tubercle bacteria in diagnosing

PV
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this affection. He reported very good results and recommended its
subcutaneous use as a diagnostic agent. The results from the
ophthalmic application were not satisfactory. From 4 to 8 cc. of
avian tuberculin is used. The reaction is not so pronounced as that
of tuberculin in tuberculous cattle. Our experience has not been
satisfactory in the cases tested although in a few of them a distinct
temperature curve was obtained. Meyer states that we are not justi-
fied in recommending the avian tuberculin as a diagnostic agent for
paratuberculosis, and that the ophthalmic test, as recommended by
Howe, is also unreliable. Holth, also Twort and Ingram, have pre-
pared a tuberculin (paratuberculin) from cultures of the Johne’s
bacterium, which they report to be successful. They obtained maxi-
mum temperatures in three cases of 105°, 106.1° and 104.8° F.
respectively.

Sera tests. Both the agglutination and complement fixation
methods have been tried. The results are not satisfactory and the
experimental work with these methods is too meager to warrant their
recommendation at present.

The diagnosis depends upon a combination of the physical condi-
tions, histological and bacteriological findings together with the
reactions obtained with the specially prepared tuberculin. There is
no reaction in animals affected with this disease to tuberculin prepared
from the human or bovine varieties of tubercle bacteria.

Johne’s disease is to be differentiated from tuberculosis and para-
sitic enteritis. Miessner and Trapp have mentioned a case of sar-
comatosis of the bowel in which the animal gave every symptom of
Johne’s disease. Twort and Ingram point out coccidioses as a condi-
tion to be differentiated. It is accomplished by finding the coccidium
cyst in the feces. The diagnosis is made on the accumulation of evi-
dence of Johne's disease and the absence of causes to otherwise
explain the physical condition. It is presumed that ere long more
definite methods of diagnosis will be formulated.

Prevention. M’Fadyean states that in all the cases which have
come under his observation there was a history of similar cases on the
farm, in several instances extending back over a period of many
years. During the advanced stages of the disease large numbers of
the bacteria are voided with the feces, and under all ordinary circum-
stances there are ample opportunities for infection from this source.
In this way both pasture and other materials as well as drinking
water may become seriously contaminated. At present there is no
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definite knowledge of the resistance of the specific bacteria outside
. the animal body, or the length of time that a contaminated pasture
may be dangerous.

In the present state of knowledge, the formulation of a method for
prevention is an extremely difficult task on farms where the disease
has existed for a number of years. The isolation or destruction of
diseased and suspected animals should be practiced. The feces
passed by diseased or suspected animals ought to be burned. Healthy
cattle should be kept off from pastures in which such animals have
run. As the time during which the bacteria remain alive outside of
the body is not known, it is impossible to indicate the period during
which infected pastures are dangerous to other cattle. It is stated
by O. Bang that cattle imported from countries known to be affected
with this disease should be tested with avian tuberculin to detect the
infected individuals.
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INFECTIOUS ABORTION IN CATTLE

Synonyms. Cattle abortion; contagious abortion; “picking,”
“slipping,” “‘casting.”

Characterization. The disease known as infectious abortion con-
sists in the expulsion of the immature fetus, usually before it has
sufficiently developed to live after birth, by a large proportion of
pregnant animals that are kept together. Usually the abortion
occurs in cattle between the fifth and eighth month of gestation.
It is characterized by certain morbid changes in the uterine mucosa
and fetal membranes. It usually affects the young cows. Williams
defines infectious abortion in cattle as a widespread and highly
destructive chronic infection having its chief seat in the genital organs
of cattle and expressing itself by a variety of symptoms, four of the
most prominent of which are sterility, expulsion of fetus, premature
birth and metritis with retained fetal membranes.

Other domesticated animals such as mares, swine and sheep suffer
from infectious abortion but the cause seems to be different. Surface
has described an epizootic in guinea pigs caused by the Bang organism.

History. Abortion in epizootic form has been recorded from very
early times. Mascal, in 1859, gives directions in his work on cattle,
“How to keep cows which are great bellied with calf.” In Germany
the disease seems to have existed in a somewhat severe form in the
latter part of the eighteenth century.

A number of important scientific investigations have been made
into its nature in France by Nocard, 1885; in Great Britain, by a com-
mittee appointed in 1886 by the Highland Agricultural Society of
Scotland consisting of Drs. Woodhead. Aitken, M’Fadyean and
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Campbell; and more recently by another committee headed by Sir
John M’Fadyean; in Denmark, by Bang and Stribolt; by the U. S.
Bureau of Animal Industry; by the New York State Veterinary
College; and by a number of the State Experiment Stations.

Geographical distribution. This affection exists with more or less
constancy in all countries where cattle raising is an industry. It
seems to be world wide.

Etiology. A considerable number of bacteria have been found to be
associated with abortion. Bang and Stribolt found an anerobic
bacterium which they believed to be the specific cause of the disease.
They found it in a number of cases and reported positive results from
inoculation experiments. Its cultivation required a medium com-
posed of agar, gelatin and blood serum. Bang considered this bacillus
to be a pathogenic organism which has no saprophytic existence. The
fact that when he injected it into the blood stream it seemed to grow
only in the pregnant uterus and in the fetus was considered evidence
of this. The fact seems to be clearly established that the specific
cause is the organism isolated by Bang and Stribolt. Its morphology
and cultural characters as well as the technique for its cultivation
have been carefully studied by Bang and Stribolt, M'Fadyean and
Stockman, MacNeal and Kerr, Nowak, Zwick and Wedemann,
Holth, Fabyan, Schroeder, Cotton, Mohler and Traum and others.
While slight differences appear in the descriptions of the organism,
they are not greater than might be expected, or than actually exist
with different varieties of many species of bacteria. The organism
can be cultivated on a number of media, such as the agar-gelatin-
serum of Bang and Stribolt, and on potato, glycerin agar and certain
liquid media, such as glycerin-broth-serum, glycerin bouillon, milk
and others. It has been shown that this organism can be cultivated
in a variety of artificial media, that it is not an obligatory angrobe and
that after a few generations it can usually be cultivated under grobic
conditions. Its cultural characters seem to be quite constant when
it becomes adapted to artificial media.

Its natural distribution or habitat has not been fully determined.
As it is a pathogenic organism the question is whether or not it exists
in nature outside of the infected animals. The observations, as
recorded in the literature, indicate that it is able to live for a con-
siderable length of time on litter or other articles contaminated with
it. Thus far is does not seem to have been isolated from any source
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where its presence could not be accounted for on the theory that it
came from an infected animal.*

The natural channels of infection in dairy cattle seem to be either
through the genital tract or the digestive tract. Authors are not agreed
as to which is the more common. Williams considers the genital
tract the principal, if not the only, channel of infection. He finds,
however, that calves fed on infected milk abort in their first preg-
nancy.

The period of incubation according to Bang is about 10 weeks.

Morbid anatomy. The investigations and clinical observations
reported in this country have not ca led attention to any definite

*The finding of the bacterium of abortion in milk has occasioned considerable alarm
as to its possible effect upon calves. In their earlier work, M’Fadyean and Stockman
called attention to the possible “‘upkeep of the abortion bacillus in the milk of infected
cows.” Schreeder and Cotton have found it in the milk of a large number of cattle.
Fabyan and Smith found it in the milk of cows that had aborted. Cotton has pub-
lished interesting facts on the presence of the organism in the udders of three cows at
the Bureau of Animal Industry Experiment Station that were not known to have
aborted. It should be stated, however, that these animals were in a herd in which
abortion had occurred.

The resistance of the Bang organism to disinfectants and heat has been studied by
several. Zwick and Wedemann found that it was killed by a 2.5 per cent. kresol
solution in 2.5 minutes when a one day old culture was used and in 15 minutes when a
three day culture was employed and 40 minutes with a seven day culture. They found
a 8 per cent. solution of carbolic acid, or a 2.5 per cent. dilution of formalin able to
destroy it in from ten to twenty minutes. Old cultures were more resistant than those
that were but two days old. Preisz found that it was destroyed by a 1-1000 corrosive
sublimate solution in 15 seconds.

Rich found in laboratory tests that one part of corrosive sublimate in 10,000 parts of
water destroys the organism in from one to three minutes.  For stable disinfection, he
recommends a dilution of 1 to 1,000. He found that a solution of lysol, 1 part in 1,000,
killed the organism in from three to five minutes. Liquor cresolis compositus was gnite
as effective as the lysol solution.

Zwick and Wedemann found that a temperature of 55° C. in a water bath would kill
the organisms in from twenty-five to thirty minutes. A 60° C. temperature destroyed
them in from ten to fifteen minutes. M Fadyean and Stockman found that a tem-
perature of from 55° to 60° C. was fatal in ten minutes. Fabyan found the thermal
death point to be 59° C. for ten minutes.

The virulence of the Bang organism varies in a marked degree in different cultures as
indicated by their effect on pregnant cattle and guinea pigs. The inoculation of preg-
nant cattle either intravenously or by feeding produces abortion in certain cases after
a variable length of time. A fibrino-purulent inflammation of the fetal and maternal
placenta has been reported. A like inflammation has been observed in the stomach
and intestines of aborted fetuses.

In guinea pigs the lesions resemble somewhat closely on microscopic examination
those produced by the bacterium of tuberculosis not only in their general appearance
but also in their distribution in the spleen, liver and lymph nodes. They usually appear
between the third and sixth week, the acute changes extending over a period of ten
to twenty weeks after which reparation procisses begin.  The disease is accompanied
by fever and tends toward a final recovery although the animal may die from rupture
of the spleen, emaciation and exhaustion. \ll the tissues may be attacked with the
exception of the muscles. Jensen traced the cause of white scours in calves to the
abortion organism in one case out of 208.
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lesions in the uterine mucosa or fetal membranes that differ materially
from those found in the affected uterus by Bang. Bang’s description
of the lesions is as follows:

““The external surface of the uterus was normal. The os uteri was
firm'y closed and the cervical canal was filled with the normal thick
mucus. After disinfection of the serous covering of the uterus by
burning, I made a section through the uterine walls: when the mu-
cous membrane was divided we saw between that and the fetal envelope
an abundant odorless exudate—a dirty yellow, somewhat thin, pulta-
ceous material of a slimy, somewhat lumpy character. At some places
where the fluid constituents had run out the exudate was of a semi-
solid nature; its reaction was alkaline. When it was allowed to
stand in a glass it separated into two strata, namely, superiorly a
reddish-yellow cloudy serum, and at the bottom a thick greyish-yellow
precipitate.

“On cutting through the chorion we saw under that a thin, clear,
apparently gelatinous substance, with very fine membranes running
through it: closer examination showed that this was the fine connec-
tive tissue lying between the chorion and allantois, saturated with
edematous exudates. This was present over the entire extent of the
fetal envelopes and formed a layer one and one-half centimeters thick.
The allantoic fluid was natural in appearance, thin, yellowish, and
containing fine flocculi. Nothing abnormal was observable in connec-
tion with the amniotic fluid. The umbilical cord was edematous.
The size of the fetus and degree of development of the hair on it
indicated an age of seven months. It was quite fresh and on section
it showed no striking alteration. The pericardium contained a little
reddish fluid; the intestinal mucous membrane was, perhaps, rather
redder than ordinary; the spleen was in very slight degree swollen
and the blood was fluid.

“The examination of a cover-glass preparation made from the
yellowish exudate and stained with Leefler’s methylene blue im-
mediately showed the presence of a very small bacterium, apparentl
in pure culture. This organism was present in very considerabli
numbers; many individuals lay free, but most striking were the large
dense clumps of bacteria. Closer examination showed that theg
heaps were included within cells whose bodies were often in this w-Se
greatly distended. Sometimes the body of the cell was very ind?y
tinct, but as a rule vne could still recognize external to the heap a S;
of the cell body and often also the cell nucleus. Not seldom thepca lil
body had assumed a peculiar homogeneous appearance. e
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“In the dense heaps the bacteria mostly had the appearance of
coccl, but some of the free-lying individuals were of a longer shape,
and these were at first regarded as short oval structures; closer
examination, however, under very high magnification showed that
we had in fact to deal with a small bacillus whose body contained one.
two. or more rarely three, roundish or elongated granules. These
granules most readily took up the stain. The length of the bacillus is
very variable; the longest examples are about as long as tubercle
bacilli. . . . . The granules may occur a little distance from the
extremities but frequently they are at the end of the bacillus. They
stain with the ordinary aniline dyes, but not by the method of Gram
The bacilli are non-motile. In the subchorial cedema I found no
bacteria. In the heart blood of the feetus there were a few, and in the
intestinal contents there were many staining granules; but it was not
possible to say with certainty whether these were bacteria or not.™

Bang states that the discovery of this particular organism indicates
that epizodtic abortion ought to be regarded as a specific uterine
catarrh, determined by a definite species of bacteria. While the
uterine mucous membrane was not strikingly altered he affirms that
chronic catarrh is not necessarily associated with striking anatomical
alterations. He states further, “In my opinion the very abundant
exudate which contained a quantity of shed epithelial cells, pus cells
and detritus must necessarily have been furnished by the uterine
mucous membrane and not by the thin chorion, and consequently the
disease must be regarded as a uterine catarrh.”

Williams recognizes as a part of the morbid anatomy of infectious
abortion retained afterbirth which he considers to be uniformly
metritis or “‘placentitis” or “cotyledonitis.” That is, retained after-
birth is due primarily to the presence of an infection within the uterine
cavity which causes an inflammation, especially of the placente,
cotyledons or “buttons,’’ inducing swelling of these tissues and causing
the tufts of the afterbirth, which extend deeply into the cotyledons,
to become caught and the afterbirth retained. This infectious
inflammation must exist in the uterus prior to abortion, premature
birth, or birth at full term, or retained afterbirth cannot and does not
occur. If the uterus is normal at time of birth, the afterbirth is
expelled so quickly (one to two hours) that no cause of retention can
arise during or after the birth act. The cause is of earlier date and
exists in the uterine cavity weeks, perhaps months, before the expul-
sion of the fetus.
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In the few recorded cases where cows with retained afterbirth have
been promptly slaughtered, there has been found in the uterus,
between it and the afterbirth, the “exudate of contagious abortion”
containing the Bang organism. It has not been shown that any other
organism may exist in the pregnant uterus for an extended period of
time. No other cause for retained afterbirth has been demonstrated.

Diagnosis. With infectious abortion, as with tuberculosis, the
animals may be infected and yet give no physical evidence of that fact.
The premonitory symptoms are usually brief in duration and there
are no lesions in evidence until the abortion occurs. It is impossible,
therefore, to pick out by means of physical examination cows that are
infected. The specific organism cannot be detected in the uterine
discharge until just before and following the expulsion of the fetus.
The diagnosis, therefore, must be made from some specific reaction or
test of which four have been described, namely: abortin, precipita-
tion, complement fixation and agglutination.

Abortin is analogous to tuberculin, made from bouillon cultures of
the abortion organism. It resembles tuberculin in the method of its
preparation and use. It has not been satisfactory. The precipita-
tion test is likewise unsatisfactory. The complement fixation was
applied first by M’Fadyean who was enthysiastic in its favor. The
time required to make the test and the dangers of error, especially
where one is not making it constantly, are so great that it is not
entirely satisfactory as a practical diagnostic method. The aggluti-
pation test is very satisfactory. A positive reaction to complement-
fixation or agglutination test does not determine whether the animal
has aborted or is going to abort, but it does indicate that the animal
is at present or has been infected with Bacterium abortionis.

Prevention. Dairyman have come to believe that if they keep
animals that abort away from their sound cattle the trouble does not
appear among them. As it affects young cows, it is the practice in
some places to keep the young animals separated from the others
until they have become free from the infection or at least until they
have passed the period when it is apt to occur after which they are
admitted to the herd of older cows with impunity.

Williams has made the following statement concerning the control
of abortion:

“We are in great need of a logical and comprehensive plan for com-
bating abortion. Up to the present time, little definite progress has
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been made. It appears, however, that enough is known of the
fundamental character of the disease, the source of infection and the
avenue of invasion, that a comparatively safe plan may be formulated.
Recent investigations apparently show that there are two great points
of danger—contaminated milk fed to the calf, causing an infection
through the alimentary tract, which eventually finds its way to the
genital organs, and copulation.

“The quarantining of cows which have aborted has failed. Admit-
tedly, abortion is only one symptom of the presence of the infection,
and we cannot control an infection by quarantine upon the basis of a
single symptom. If we attempt a more delicate diagnosis as a basis
for quarantine, we find it impossible at present to draw a clear line
of demarcation between the infected and the non-infected, and the
number of infected is so great that quarantine is rendered impracti-
cable. Moreover, it appearsnow that an animal which has aborted or
suffered other disaster is not a great direct menace to neighboring
pregnant animals.

“Stable disinfection has been advised for controlling abortion, but
it is to be remembered that the infection which is doing harm is
within the animal. The gutter may be disinfected thoroughly and an
infected animal standing over it may reinfect it thoroughly within an
hour. ’

“The administration of disinfectants, such as carbolic acid and
methylene blue, has not proven efficient. The principal area in which
active harm is being done is in the utero-chorionic space of the
pregnant cow, into which sealed cavity, so far as we are aware, no
drug is carried by the circulatory system, and consequently no disin-
fectant action can be brought about.

“In the light of our present knowledge, the only constructive pro-
gram that we can offer is to guard the new-born calf against infection
through the milk and to guard the animal of breeding age against
infection by copulation.

“When a cow is well advanced in pregnancy, generally at about
270 days, she should be given a thorough bath with warm water and
soap, lathering the skin until it is thoroughly clean. The soap should
then be washed away with a reliable disinfecting solution. The cow
should then be placed in a thoroughly clean stall, and in order to
maintain the highest state of cleanliness her tail, thighs and udder
should be carefully disinfected once a day and the vagina douched
daily with a 0.25 per cent. Lugol’s solution or with some other equally
good disinfecting solution.
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“When the calf is born, it should be taken immediately from the
cow and not permitted to suck. It should be rubbed dry under
antiseptic or aseptic precautions and placed in a clean isolated
stall.
“In feeding the new-born calf, select the milk of a healthy cow
which has calved promptly and naturally in thirty minutes or less,
hasexpelled her afterbirth quickly and naturally within two hours, and
has no discharge from the uterus. The milk from cows which have
aborted or have had retained afterbirth should not be used. The
milk for the calf should be drawn under strict application of the rules
for the production of certified milk and fed to the calf from a sterile
pail. When the calf has reached eight to ten days of age, the milk
fed may come from any source if it is boiled in a water bath.

“The control of the infection by copulation must be based upon
thorough disinfection of all available genital organs. The systematic
douching of the sheath of the bull and the vagina of the cow is highly
valiable. It is of still greater value to disinfect thoroughly the
uterine cavity of a cow which has aborted or has had retained after-
birth or metritis with a discharge. In such cases, the disinfection
should be prompt and vigorous and the uterus should be brought to
its natural state as early as possible.

“If the disease is to be suppressed to the greatest possible degree,
it is desirable to establish as a rule of practice the douching of the
uteri of all cows before breeding, beginning three to four weeks prior
to the time it is desired to breed and repeating at least once a week
up to within a day or two of the time when it is desired to breed. The
uterus may be douched with two per cent. Lugol’s solution or its
equivalent. Just prior to breeding, the vagina may be douched with a
0.25 per cent. Lugol’s solution or with a normal salt solution.”

The immunization of cattle against infectious abortion has been
the subject of much experimental work. Observations pointed to an
acquired immunity after from one to three abortions. Williams
attributes the phenomenon that older cows suffer less than young ones
from abortion to a natural age immunity. M’Fadyean and Stockman
were unable to secure any evidence that natural immunity to the
abortion organism is possessed by any individuals of the bovine
species. They carried out several experiments for the purpose of
producing immunity. Their results were encouraging and with a
few animals they seemed to be positive.
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Schreiber reports good results in the production of immunity with
an extract of the Bang organism. He points out also the necessity
for great care in cleanliness and thorough disinfection.

Mohler and Traum found that cows rarely abort more than twice
or three times, after which they develop a tolerance or immunity to
the infection.

Bang carried out many experiments for immunizing cattle against
abortion with both living and killed cultures. His results were in
part favorable and in part unsatisfactory. He considers the best
method to combat the disease is isolation and disinfection.

Olaf Bang reports a large number of immunizing experiments with
various serums and vaccines made by veterinarians, in Denmark,
not reported in our literature. The results were variable, some being
favorable and others not. The use of vaccines has thus far been un-
satisfactory.

In Norway infectious abortion is scheduled under the so-called
“milder contagious diseases.” The owner is obliged to report when
such a disease appears in his herd, and he is not allowed to bring such
animals to fairs or cattle shows.
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OVINE CASEOUS LYMPH-ADENITIS (PSEUDO-TUBERCULOSIS IN SHEEP)

Synonyms. Pseudo-tuberculosis of sheep; caseous lymph adenitis;
cheesy broncho-pneumonia.

Characterization. Caseous lymph-adenitis is a disease of adult
sheep which until recently was designated as pseudo-tuberculosis. It
has been characterized by an enlargement of one or more lymphatic
glands, which contain foci of a greenish-yellow, caseous or purulent
substance. It is rarely found in young animals. The mortality is
very low, due perhaps to the fact that the sheep are slaughtered before
the disease runs its course. It does not occur in epizodtic form al-
though it is more prevalent in certain localities than in others.

History. The name “ovine caseous lymph-adenitis” was proposed
by Norgaard and Mohler in 1899. These writers found the lesions
and the accompanying microdrganism to correspond with those
described by Preisz and Guinard in 1891 as pseudo-tuberculosis.
The bacterium was fully described by Preisz in 1894. It appears that
at least many of the cases of lymphatic gland enlargement in sheep
heretofore called pseudo-tuberculosis belong to this disease. Gilruth
prefers the name pseudo-tuberculosis. Cherry and Bull describe it as
caseous lymphatic glands and Sivori as caseous broncho-pneumonia,
the bacterium of Preisz being found as the probable cause in each case.

Geographical distribution. In the United States this disease is
quite common in certain districts in the western and southwestern
states. It exists in South America, New Zealand, Australia and
Europe.

Sivori found that 10 per cent. of the old sheep killed in Buenos
Ayres were affected. The prevalence of the disease in the United
States is indicated by the reports of the federal meat inspectors,
which show that of 16,000,000 sheep slaughtered in Chicago, Kansas
City and South Omaha 3,236 were condemned for caseous lymph-
adenitis or lesions which\might be confounded with it. It is reported
by an inspector from Los Angeles that of 950 sheep coming from a
certain district, 82 were suffering from lymph-adenitis.

Etiology. Caseous lymph-adenitis is caused by a specific micro-
organism first described by Preisz as the bacillus of pseudo-tubercu-
losis. Its description shows it to vary in size to such a degree that its
po]ymorphism is said to be characteristic. It is non-motile and hence
belongs to the genus Bacterium. It is aérobic, facultative anaérobic,
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and does not produce spores. It develops readily on agar when this
medium is inoculated from the caseous material from the affected
glands. It is pathogenic for mice, guinea pigs, rabbits and swine.
The organism isolated by Gilruth seems to have been more virulent
than the one described by Norgaard and Mohler. According to
Carri and Bigoteau it produces a strong toxin.

Nocard and Glasser found that lambs could be infected by both
inhalation and ingestion of the organism. The natural mode of
infection is not known but it is believed that the channels of infection
are the digestive and respiratory tracts and the umbilicus.

Symptoms. In the majority of cases no symptoms of any import-
ance are observed in the affected animals during life. The course

F16. 47. THE LEG OF A RABBIT SHOWING ENLARGED GLANDS AFTER INOCULATION
WITH THE BACTERIUM OF PREISZ (Nérgaard and Mohler).

of the disease is that of a chronic affection and the pathological
changes develop so slowly that no general or local interference with
the health is observed in sheep that are bred and raised for mutton
and are marketed before they are two years old. Only in older sheep
does it advance to a degree to be clinically recognizable without the
aid of manipulation. The superficial glands most often involved
are the precrural and the subscapular which in some cases become so
enlarged as to interfere with locomotion. The animals thus affected
may appear 