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PREFACE

THE present volume is a revision of the lectures on veterinary
bacteriology given during the pastsix yearsto classesin the Division
of Veterinary Medicine in the Iowa State College. It constitutes
a serious attempt to put in usable form that fund of knowledge
concerning bacteriology which the student of veterinary medicine
should master. It is in no sense a text on pathology, and discus-
sion of purely pathological subjects has been minimized as much as
possible. The intention has been to confine attention as far as
practicable to those topics that unquestionably lie in the province
of bacteriology. This has been defined to include a discussion
of immunity and of the pathogenic bacteria, yeasts, molds, and
protozoa.

The book is not intended to serve as a manual of laboratory
practice, hence detailed discussion of methods and technic has
been omitted. Methods of significance in diagnosis or treatment
are given in greater detail in the discussion of specific organisms.

Several organisms causing diseases of man not transmissible
to lower animals have been included. In all cases they are closely
related to organisms having significance to the veterinarian, they
cause diseases which are commonly confused with somewhat similar
diseases of lower animals, or they are valuable as illustrations
of methods of immunization, treatment, or diagnosis. Such
organisms are relatively few in number.

A group system of discussion of the pathogenic bacteria has
been adopted. The classification used has proved very helpful in
my own classwork. The groupings used are not entirely satis-
factory, in part due to the fact that some of the species have not
been adequately described and differentiated in the literature.
An effort has been made to point out the deficiencies in our present
knowledge, both to give a better balanced presentation of the sub-
ject and to stimulate interest in the solution of the problems.
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18 'VETERINARY BACTERIOLOGY

insects, and other higher forms of animal life are likewise fre-
quently parasitic, but are excluded from consideration here.

Medical bacteriology may be defined as that branch of bacteri-.
ology which treats of those microorganisms (including the true bac-
teria, molds, and protozoa) that produce disease in the animal
body or are related directly or indirectly to the maintenance of
health.

The history of veterinary bacteriology is closely linked with that
of general medical bacteriology, for many of the diseases of man
are transmissible to animals and vice versa. It should be remem-
bered that both are merely subdivisions of a great science, concern-
ing which it is important that the student should gain some-
thing of a perspective view, particularly with reference to its
history and development. This development has been so rapid,
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Fig. 1.—Leeuwenhoek’s drawings of bacteria: A, B, Bzicilli, probably; C-D,
path of movement; E, cocci; F, Leptothrix, probably; G, spirillum.

and so many of the important discoveries have been made within
recent years, that it is frequently difficult to determine their
relative importance. However, certain facts and personalities
stand out so conspicuously that they are deserving of brief con-
sideration.

The Microscope and its Influence.—The existence of living
plants or animals smaller than can be seen by the unaided cye
was conjectured by several of the Greek philosophers and phy-
sicians who used such theories in their speculations on the origin
and. cause of fermentation and disease. Until the discovery
of the microscope such speculations were without any basis in
fact.

Leeuwenhoek (1632-1723), in the course of his examinations
of a great variety of natural objects by means of the somewhat
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crude lenses of his own manufacture, chanced to observe the
presence of motile and motionless microdrganisms in the tartar
from teeth ‘and in various decaying organic materials. His
correspondence with the Royal Society of London and the figures
published leave no doubt but that he actually observed bacteria.
These drawings are of such historic interest that they are here
reproduced.

Each advance in the efficiency of the microscope was followed
by an advance in our knowledge of the microorganisms, although
speculation frequently outran the ability to see clearly. The com-
pound microscope has proved to be indispensable in the study of
these forms. Since the introduction of this instrument the degree
of magnification, the clearness of definition, and the mechanic ar-
rangements for accurate focusing have been gradually improved
until at the present time the homogeneous oil immersion objective,
the compensating ocular, and the Abbé condenser are in constant
use in the laboratory, and enable us to secure readily magnifica-
tion to 1500 diameters or more. During the last several decades
there has been little increase in magnification, due to two reasons.
The greater the magnification the more convex and consequently
the smaller must be the lenses used in the objectives, and the more
difficult becomes their grinding and adjustment. Furthermore,
the physicist tells us that a clear view, with determination of the
size and shape of microscopic objects, cannot be obtained when the
objects examined are smaller than one-half the wave length
of the rays of light in which they are examined. There is thus
a seemingly insurmountable barrier set to an indefinite increase
in magnification.

A recent advance has been made through the development of
the ultramicroscope. This has made visible objects much smaller
than those which had been previously observed. A bright gleam
of light from an are or similar source is passed across the darkened
field of the microscope, and the light is reflected to the eye from
any particles that may be in suspension. These objects are
seen in the same manner that minute particles of dust are made
visible in a bright ray of light that enters a darkened room. The
use of the ultramicroscope has not as yet added many facts of
value to our knowledge of the bacteria.
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Nature and Classification of Microorganisms.—Leeuwenhoek,
whom we have seen to be the first observer of bacteria, contributed
very little to a knowledge of their essential nature. F. Miiller
(1786) worked out a simple classification, but did not differentiate
between bacteria and protozoa. To him we owe several of the
group names applied to bacteria, such as bacillus, vibrio, spirillum.
Ehrenberg (1795-1875), with the improved microscope and
lenses at his command, prepared the first logical classification of
bacteria. He differentiated the true bacteria from the protozoa,
and his arrangement is the basis for the classification used most
extensively at present. Cohn (1828-1898) elaborated and modi-
fied Ehrenberg’s classification. With the continued improvement
in the microscope and laboratory technic, more careful studies
of structure, form, and relationships have been rendered pos-
sible, and many classifications and groupings for bacteria
have been suggested. The difficulty in finding morphologic
characters that are accurate indices to true relationships
has made the subject a troublesome one. The classification
of bacteria most commonly in use at present is that of Migula,
published in 1900 in Engler and Prant!’s “ Synopsis of the Genera
of Plants.” As will be seen from the discussion recorded in
Chapter V, under the heading of Classification, even this system
is not wholly satisfactory.

Spontaneous Generation.—In ancient times and even during
the middle ages it was generally held by the philosophers and
scientists that living things, animals, and plants, could arise de
novo. Among the first observations that created doubt in man’s
mind as to the validity of this belief was that of Francisco Redi,
who covered meat with gauze to protect it from flies, and found that
maggots did not develop in it spontaneously, but arose from the
eggs which the flies deposited on the screen. This pointed the
path for other similar studies, and it was not long before the idea
of spontaneous generation of the higher forms of life was aban-
doned. When the microscope revealed the presence of myriads of
microdrganisms in all decaying or putrefying materials, it was
concluded that these organisms arose without progenitors of their
own kind, but directly from the organic materials of their sur-
roundings. Boiling was believed to certainly destroy all life,
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yet it was found that boiled decoctions would not always remain
free from microorganisms. The theory of spontaneous generation
of these bacteria was opposed by some and supported vigorously by
others of the best scientists of the time. Experiments were care-
fully planned and a great variety of materials used, paving the way
for the development later of the laboratory technic of the bacteriol-
ogist. The sterilizing action of heat, the antiseptic action of
certain chemicals, and the value of the cotton plug as a bacterial
filter were demonstrated. The theory of spontaneous generation
as a topic of contention practically disappeared about 1860.
This was largely due to the efforts of Pasteur, who, by a long
series of ingenious experiments, overthrew the last defense of the
supporters of the theory. The dictum, omne vivum ex vivo (all
life from life), is universally accepted at the present time, and the
controversy has little but historic interest.

Relationship of Microorganisms to Fermentation and Decay.—
As has been previously noted, some of the early philosophers
hazarded the opinion that decay might be caused by invisible
living beings of some kind. The causal relationship of miero-
organisms to decay and particularly to fermentation was first
definitely established by the work of Louis Pasteur (1822-1895).
He found the production of aleohol and carbon dioxid from sugar
was due to a yeast, that milk soured because of the activity of
bacteria, and that many of the familiar changes in organic sub-
stances were accomplished by microdérganisms. His conclusions
were strenuously opposed and ridiculed by the great German
chemist, Liebig. Doubtless the necessity for meeting the attacks
of the latter and of establishing his points beyond possibility
of refutation led him to devise and develop many of the laboratory
methods in common use at the present time. As a result of
Pasteur’s work the fundamental importance of bacteria in the trans-
formation of nitrogen and carbon compounds in nature, the
disposal of waste, the purification of water, the enriching of the
soil, and many of the changes in the manufacture of foods have
been established.

Relationship of Microorganisms to Disease.—The probable
causal relationship of microérganisms of some kind to disease
was argued as long ago as 1762 by Blencig, of Vienna. His
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theories were not generally accepted, and it was not until 1840
that Henle proposed what we have come to call the germ theory
of disease. He never succeeded in proving his point satisfactorily
because of the lack of proper methods and technic. Many
other writers within the next few years discussed the theory
and numerous facts were adduced in favor of it. The majority
of medical practitioners, however, put very little faith in it. The
argument that certain organisms were always present was met
with the statement that these organisms were the result and not
the cause of the disease. Davaine (1863) practically demon-
strated by inoculation experiments the causal relationship of a
bacillus he found in the blood of diseased animals to anthrax.
Pasteur (1865) proved the cause of a silkworm disease to be a
protozoan parasite. Koch and Pasteur later cultivated the
anthrax organism in the laboratory and showed beyond a doubt
its relationship to the specific disease. Improved laboratory
technic cleared up the cause of many diseases within the next de-
cade or two. The discovery of the Bacillus tuberculosis by Koch
(1882) marks the real beginning of bacteriologic science. The
knowledge of protozoa as a cause of disease lagged somewhat
behind that of bacterial infections. Evans (1880) described
the trypanosome of surra and transmitted the disease by inocula-
tion experiments. In 1882 Laveran observed the Plasmodium
malarie, the cause of malaria.

Development of Laboratory Methods.—Progress was delayed
in the study of objects as minute as the bacteria because of the
lack of proper methods for their isolation, observation, and identi-
fication. Culture-media in which the pathogenic microdrganisms
could be grown were used by Pasteur and Koch. To the latter
we are indebted (1882) for our knowledge of the solid media which
can be used for the isolation of organisms from mixed cultures.
The importance of this contribution can hardly be overestimated,
for the use of pure cultures lies at the very foundation of all
modern bacteriologic investigation. This one discovery accounts
in large measure for the rapid advance made during the next
two decades in the identification of the organisms producing
disease. 'The use of aniline dyes in rendering cells and their struc-
ture more plainly visible under the microscope we owe to Weigert,



INTRODUCTION 23

but the application to bacteriology was made by Koch. Since
their introduction successive advances in staining technic have in
every instance been followed by the discovery of new organisms
related to disease. The microscope, liquefiable media, and
anilin dyes constitute the trio of most important factors in the
development of the science of bacteriology.

Development of Theories of Immunity.—Knowledge that one
attack of certain diseases generally prevented a recurrence and
that diseases could not be indiscriminately transferred to all
species of animals has existed ever since the foundation of medi-
cine. Many theories have been advanced to account for this
phenomenon. A few of the names of investigators who have put
the facts into logical form for presentation and study should
be considered. Metchnikoff conceived that the white blood-cor-
puscles and some other body cells acted as scavengers and des-
troyed microorganisms in the blood. This theory in modified
form furnishes to-day the logical basis for many of the operations
of the practitioner. Von Behring (1890) published results of stud-
ies on the diphtheria bacillus in which he recounted the discovery
of the specific toxin of this organism and a specific antitoxin.
He laid the foundation for the present-day ¢ humoral ” theory
of immunity, which supplements so well the phagocytic theories
of Metchnikoff. Ehrlich has correlated and coordinated the vari-
ous facts of the humoral theory and has made substantial additions
toit. He has created a terminology which has been quite generally
accepted and has proved most useful in discussion of the sub-
ject. So extensive have been researches in the field of immunity
during the last two decades (since 1890) that it has assumed
almost the rank of a codrdinate science.

Development of Sanitary Science and Preventive Medicine.—
In 1858 Murchison formulated the so-called pythogenic theory of
disease—i.e., that disease is eaused by the emanations arising from
decaying or putrefying organic matter, and by the consumption
of such materials in water and food. This theory was quite com-
monly accepted, and its practical applications form the basis for
our modern sanitary science. The disposal of sewage and refuse,
the purification of drinking-water, and adequate systems of plumb-
ing were advocated and adopted before the germ theory of disease






CHAPTER II

MORPHOLOGY AND RELATIONSHIPS OF MICROORGANISMS
CONCERNED IN DISEASE PRODUCTION

POSITION OF PATHOGENIC MICROORGANISMS

Differentiation of Animals and Plants.—The distinctions we
commonly recognize as differentiating plants from animals in
large measure disappear among the microscopic forms of life.
It is worth while, therefore, to discuss the factors that are taken
into consideration in the assignment of a particular microdrgan-
ism to the animal or the plant kingdom. The difficulty arises
particularly in the differentiation of the bacteria and the protozoa.
Bacteria, as will be shown later, probably have in all cases a cell-
wall which in function is closely related to that of plants. A
cell-wall is frequently absent in protozoa, the limiting mem-
brane usually consisting of the ectoplast (see below) alone. The
composition of the cell-wall is in some cases like that of many
animals (chitin), in others like plants (cellulose). In shape
and habit of growth and reproduction the bacteria resemble
very closely certain undoubted plants among the blue-green
alge and the mold fungi much more than they do animal forms.
On the other hand, there are some types which intergrade with the
protozoa, so that there is at present doubt as to their correct
systematic position. In the matter of food supply and food
utilization some bacteria resemble higher plants, others resemble
animals. The possession of organs of motion by bacteria has
no direct bearing on the subject, inasmuch as undoubted plants
of the group of alge and many of the protozoa have them. The
evidence, on the whole, is much in favor of classification of the
true bacteria with plants.

Before beginning a study of the morphology or structure of
these microdrganisms, their position and relationships to the
other groups of plants and animals should be understood. Fol-
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lowing is a discussion of these various groups, with particular
emphasis upon the groups or subgroups of significance in medical
bacteriology.

The plant kingdom is generally divided into four great groups,
the Spermatophytes, or seed-bearing plants, the Pteridophytes, or
ferns and fern-like plants, the Bryophytes, or moss plants, and the
Thallophytes, including all plants low in the scale of evolution,
that have not become highly differentiated and that never have
roots, stems, and leaves. All of the plant-like organisms to be con-
sidered belong to this lowest group, Thallophytes.

The animal kingdom may be divided into the Metazoa, or
higher differentiated types, made up of many cells, and the Pro-
tozoa, or unicellular forms. To the latter group belong all the
animal-like organisms to be considered.

Subdivisions of the Thallophytes.—Following is a key or out-
line of the principal subgroups of the Thallophyta:

A. Unicellular forms, multiplying only by splitting of the cells

to form two equal daughter-cells. Never any sex cells.
I. Cells containing blue-green coloring-matter.

1. Schizophycee (Cyanophycez or blue-green alge).
II. Cells not containing blue-green coloring-matter.

2. Schizomycetes (Bacteria).

B. Unicellular or multicellular, multiplication by some method
other than simple fission. Frequently sexual repro-
duction occurs.

I. Cells containing green coloring-matter (chlorophyll).
3. Alge (sea-weeds, pond scums, etc.).
IT. Cells without green coloring-matter (chlorophyll).
4. Fungi (yeasts, molds, mildews, rusts, smuts, toadstools,
puffballs, mushrooms, ete.).

Of the last group (Fungi) only two subgroups are of especial
pathogenic significance for the veterinarian, the yeasts and the
molds. These two, with the bacteria, constitute the three types
of microdrganisms belonging to the plant kingdom that contain
forms pathogenic for animals.
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MORPHOLOGY OF BACTERIA

Shape of Bacteria.—Bacteria may be classified according to
shape into spheres, straight rods, bent or spiral rods, and filaments.

A spherical form is called a coccus (pl. cocei). Although the
coccus is theoretically spherical, there are many that appear some-
what flattened or ovoid when in groups or chains.
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Fig. 2.—Types of bacteria: Cocci, bacilli, and spirilla (Jordan).

A straight rod is called a bacillus (pl. bacilli).
A curved or spiral rod is called a spirillum (pl. spirilla).

" The filamentous bacteria are those in which the organism is
greatly elongated.. No specific name has been given to this form.
Frequently the filamentous type exhibits branching and in other
ways resembles the mycelium of the higher fungi or molds.
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Fig. 3.—Involution forms of bacteria: 1, Bacillus radicicoli—a, Normal
rods; b, bacteroids. 2, Bacillus tuberculosis. 3, Bacillus subtilis. 4, Bacillus
aceti. 5, Bacillus pestis. 6, Actinomyces sp. 7, Spirillum sp. 8, Micro-
coccus aureus—a, Normal forms; b, involution forms.

AR
9@
N
b"‘ *'Q;
382
0 P
- Q
(%}

When grown under favorable conditions, as a result of the
action of certain stimulation, many bacteria assume unusual and
abnormal shapes. Cells of this type are called involution forms.
Such cells are not necessarily incapable of continued growth and
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reproduction of the more usual or normal type when brought
under favorable conditions. Frequently, however, these cells
soon die and can no longer reproduce. Various bacteria differ
considerably with respect to the ease with which they produce
involution forms.

Grouping of Bacterial Cells.—The cells of bacteria are frequently
surrounded by a gelatinous material (capsule, see below) which
causes them to cling together in groups. This grouping in the
various types is so constant that it is used to differentiate various
genera from each other, and in some cases the species within
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Fig. 4.—Development of groups of cocci: 1, Development of strepto-
coccus; 2, development of micrococcus; 3, development of sarcina; 4,
development of staphylococcus.

the genus. Bacterial cells divide normally at right angles to the
longest axis of the cell. This allows of but little variation in the
grouping of elongated types, but as the cocci have no “longest
axis” they divide in various planes.

Some cocei divide constantly in the same plane or in a plane
parallel to the first. This results in the formation of a chain
of cocci. An organism showing this grouping is called a strepto-
coccus (pl. streptococct).

Other cocci divide alternately in two planes at right angles
to each other. Such an organism will be found in twos (diplo-
coccus) or in fours (tetrad or tetracoccus). Diplococei may also
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thickened, and the bacteria, either cocci or bacilli, are imbedded in
a mass of gelatin. Such a mass of cells is called a zodglea.

Size of Bacteria.—The unit of microscopic measurement is
the micron (pl. miera or microns) and is indicated by the Greek

Fig. 7.—Types of spirilla.

letter 4. It is the one-thousandth part of a millimeter or, approx-

imately, the one twenty-five-thousandth part of an inch.
Bacteria vary considerably in size, from forms 0.1 u or less

in diameter, barely visible under the microscope, to forms

n

Fxg 8.—Types of filamentous bacteria: A, Leptothrix; B, Cladothrix; C,
Nocardia; D, Actinomyeces or Streptothrix.

100 # or more_in length. Most bacteria are between 0.5 and
5 @ in diameter and 0.5 & and 10 & in length. Some bacteria
are undoubtedly too small to be secen with the highest powers of
our microscopes, hence less than 0.1 2 in diameter. We know of the
existence of these organisms by their effects. The organism caus-
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ing hog cholera, for example, is so small that it will pass through
the pores of a fine porecelain filter, and will cause disease when
injected into a healthy pig. Such an organism is frequently spoken
of as ultramicroscopic, or as a filterable virus.

Histology and Structure of Bacteria.—This topic may be treated
under four subheads, the cell wall with its related sheaths and cap-
sules, the protoplasm, the cell inclusions, and the flagella.

Cell Wall—The bacterial cell is in all cases surrounded by a
definite membrane that morphologically resembles the cell wall
of higher plants. When tested chemically with various reagents
and examined microscopically, it is sometimes found to give
the reactions characteristic of chitin, the material which makes
up the hard outer shell of insects, and is found as a cell mem-

Fig. 9.—Capsulated bacteria.

brane in many animals. Chemically chitin is an amino-sub-
stitution product of a carbohydrate. The fact that the cell
walls in bacteria so frequently resemble in composition those
of certain animals has been used as an argument for the animal
relationships of the bacteria. This is negatived, however, by
the fact that in numerous molds and other fungi, undoubted
plants, the cell walls are made up of a similar substance.

The cell wall in bacteria is usually covered by a layer of mucil-
aginous material, in most cases so thin that the most careful technic
must be employed in its demonstration, in other cases a thick
coating or capsule. The nature of this capsular substance has
been a fertile subject for dispute. A few bacteriologists have
claimed that it is composed of living protoplasm, the majority,
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with seeming justification, believe that this is either an excreted
material or merely an outer swollen and differentiated portion
of the cell wall. Chemically this material differs in the various
.capsulated bacteria. In some cases it is composed of mucin, a
slimy material made up of a protein-like substance united with
a carbohydrate, and resembling the mucus secreted by certain
body cells. In other cases the capsule is made up of pure carbo-
hydrates and is closely allied to certain of the vegetable gums, such
as gum arabic and gum tragacanth. The capsule of some bacteria
is partially or wholly soluble in water. When such an organ-
ism grows in suitable nutrient solution it rt.anders the medium
slimy or gelatinous. Slimy milk, bread and whey are caused by
the luxuriant growth of such organisms.

Fig. 10.—Bacteria showing sheaths.

Some of the filamentous bacteria produce a firm sheath or tube
outside of the cell, this sheath usually inclosing an entire filament
or chain of cells. In composition it probably closely resembles
the cell wall. In some cases it is impregnated with iron oxid.
It is possible that the sheath is a modified type of capsule.

Cell Protoplasm.—The living material within the cell wall
is called the profoplasm. Structurally it may usually be dif-
ferentiated into two layers, an outer thin layer lying closely
appressed to the cell wall, and an inner portion. The outer layer
or ectoplast performs one of the most important functions of the
cell, as this is the membrane, and not the cell wall, that determines
what materials in solution may enter and what may leave the
cell; through it must pass by diffusion all the food that enters the
cell. When certain bacteria, as the cholera spirillum, are placed
in a strong solution of some salt which does not readily pass through






34 VETERINARY BACTERIOLOGY

Cell Inclusions.—Bacterial cells sometimes contain vacuoles,
or spaces in the protoplasm filled with sap or some non-staining
or non-refractive substance. A large vacuole near the center of
the cell may crowd the protoplasm to the ends of the cell, and
such organisms, when stained, are said to show polar staining.
In other forms, as the diphtheria bacillus, granules are formed
that stain much more intensely with the basic aniline dyes than
does the remainder of the protoplasm. These are called meta-
chromatic granules. The function of these granules is not clear.
Certain species of bacteria living in water containing hydrogen
sulphid are found to contain granules of free sulphur in their
protoplasm. Still others have food materials in the form of oil
globules or granules of glycogen.
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Fig. 13.—Distribution of the flagella of bacteria: 4, Non-motile or atrich-
ous bacilli, spirilla, and cocci; B, monotrichous flagella of bacilli, spirilla, and
cocci; C, lophotrichous flagella of bacilli and spirilla; D, amphitrichous flagella
of bacilli and spirilla; E, peritrichous flagella of bacilli and spirilla.

Flagella—Many bacteria are motile by means of whip-like
threads of protoplasm which extend from their surfaces. These
threads are known as whips or flagella (sing. flagellum). These
flagella are observed with difficulty in the living organism ex-
cept with dark field illumination and require peculiar stain-
ing technic and careful treatment to make them visible in a
stained mount. Comparatively few cocci, many of the bacilli,
and most of the spirilla are flagellated. The distribution of
flagella on the surface of the cell has been used as a basis for
grouping. Atrichous bacteria have no flagella; monotrichous
bacteria have a single flagellum at one end; lophotrichous, a group
of flagella at one pole; amphitrichous, flagella at both ends; and
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peritrichous, flagella on all sides. Old cells and cells transferred
from one medium to another are very apt to loose their flagella.
A young culture is most suitable for determination of motility.
True motility must not be confused with Brownian motvement,
which is a vibrating or oscillating motion of finely divided par-
ticles of almost any kind suspended in water, and visible when
examined under the microscope. This motion has not been
satisfactorily explained, but it is probably due to rapid changes
in surface tension of the liquid at the point of contact with the
particles.

Reproduction in Bacteria.—Multiplication in all bacteria is a
simple process. The cell commonly elongates or enlarges, a cell
wall develops across the middle, and the two cells separate.
This operation may occur with considerable rapidity. Some organ-
isms in favorable medium can grow to their full size and divide to
form two individuals in the course of twenty minutes to an hour.
If the organism could multiply in this geometric ratio for a short
time the number of resultant organisms would be practically
incalculable. For example, if a bacterium should divide every
half-hour, at the end of two days the progeny would be represented
by 2%, a number having twenty-eight figures. Such rapid multi-
plication is never long continued, for food supply is never long
favorable, and waste products of the bacterial growth tend to
accumulate and diminish the rate. Nevertheless, the rapidity
of increase of bacteria accounts in a large measure for the consider-
able changes they bring about in a short time, as in the souring
of milk or invasion of the body in disease.

Many bacteria also reproduce by means of spores. These
are of two types: endospores, produced inside the bacterial cell,
and arthrospores, consisting of entire differentiated cells. The
former are produced by certain bacilli and spirilla, the latter by
certain of the filamentous forms or trichobacteria.

Endospores are formed by many bacilli and possibly by
some spirilla. They are produced in response to some definite
stimulus, such as unfavorable conditions of the environment,
accumulation of waste products, or change in reaction of the _
medium. The spore is essentially a portion of the i)rbtoplaism
of the cell which has expelled most. of its water and shrunken in
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size until it occupies a portion only of the space within the cell
wall, and has then surrounded itself with a heavy wall, probably
chitinous in nature. In practically all cases there is but one
spore in a cell. The spore may be equatorial or polar in position,
and of less or greater diameter than the cell which produces it.
The term clostridium is sometimes used to indicate a spore-bearing

Fig. 14.—Development of endospores in a bacillus. (After Fischer.)

rod in which the spore is equatorial and of greater diameter than
that of the cell, resulting in a spindle. Endospores contain only
about 20 per cent. of water as compared with 80 to 90 per cent.
in the cells which produced them. An organism without a spore
is usually differentiated by the term wvegetative rod or vegetative
cell. Spores are much more resistant to desiccation, heat, light,
and chemicals than the vegetative cells. They are of use in
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Fig. 15.—Bacterial spore types: A, Equatorial spores of a diameter less
than the cell; B, polar spores of a diameter less than the cell; C, equatorial
spores of a diameter greater than the cell (clostridium type); D, drumstick or
polar spores of a diameter greater than the cell.

tiding the organism over unfavorable conditions. Spore-bear-
ing bacteria are abundant in the soil, where they often are exposed
to great ranges of moisture, temperature, and light. When a
spore again comes under favorable conditions for growth, it
. germinates and produces a cell typical of its species. Germina-
tion is accomplished either by stretching or bursting the spore
wall.
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and are sometimes assigned to one group, sometimes to another.
The yeasts and the molds also show intermediate types.

Form, Size, and Grouping of Yeasts.—Yeast cells are usu-
ally spherieal, oval, ellipsoid, or cylindrical. For the most part
they are larger than bacterial cells, although there are excep-
tions. The true yeasts multiply not by fission, but by a process
of budding. The cells commonly remain united for a time, giv-
ing rise to masses consisting of many individuals. Sooner or
later they break apart. The relative shape, size, and groupings
of the yeast cells are used in the differentiation of species. In
some species part of the cells become considerably elongated and
form a kind of false mycelium resembling that of the molds.
This character is not always constant in a given species, it may

Fig. 18.—Types of yeast cells and groupings.

appear when the organism is growing in orfe kind of medium and
not appear in another.

Histology and Structure of the Yeast.—The very young cell
has no cell wall, but by the time it is one-third grown the wall
appears as a delicate membrane. In old cells it is sometimes of
considerable thickness. Its composition has not been certainly
determined, probably it is a carbohydrate or related compound,
and not chitinous, as are the walls of bacterial and mold cells.
To this substance the name yeast cellulose has been given. It
has not been prepared free from nitrogen, so that it is possible
that it may be nitrogenous in nature. It is sometimes surrounded
by a gelatinous excretion or capsule, as is the case with bacteria.

~The yeast cells are never motile.

Yeast Protoplasm and Cell Inclusions.—The contents of the
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yeast cell are more highly differentiated than are those of bacteria.
The ectoplast, or limiting membrane of the protoplasm, is easily
demonstrated by plasmolyzing the cell. This ectoplast (German
Hautschicht) is the only membrane of the young cell, and the
cell wall is probably secreted by it. The protoplasm is differ-
entiated definitely into a nucleus and cytoplasm. The nucleus
is not as easily demonstrated as in the higher plants and animals,-

d
Fig: 19.—Diagram of budding yeast cells and their contents: a, Glycogen
granules; b, vacuoles; ¢, nucleus; d, dividing nucleus in bud formation.

but may be shown by proper staining methods. The cytoplasm
usually contains one or more vacuoles, spaces filled with cell sap
and not taking the stain as does the cytoplasm. Older cells
may also show o0il globules or glycogen granules.

Reproduction in Yeasts.—Yeasts commonly multiply vege-
tatively by budding. A bit of the protoplasm protrudes on one
side of the mother cell, the nucleus divides, and one part goes to

Fig. 20.—Spores (ascospores) of the yeast (Hansen).

the bud, the other remains within the cell, the bud enlarges,
develops a cell wall, and is constricted off as a distinet individual.
Many yeasts may also under favorable conditions produce spores.
- The development of the spores in the yeast cell differs considerably
from that in the bacteria. The latter typically have but one spore
developed within the cell, while a yeast cell usually produces two,
four, six, or even eight spores. The nucleus divides several times
to form a number of nuclei, each of which, together with the
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protoplasm lying in contact with it, becomes surrounded by a
membrane. A cell of the yeast (and certain other fungi) when
filled with spores is called the ascus (pl. asci) or sac. The spores
are called ascospores (Fig. 20). This method of spore production
relates the yeasts quite definitely to some of the higher fungi.
In some cases there is a primitive type of sexual reproduction
or fertilization associated with the development of the spores.
The spores are more resistant to an unfavorable environment than
the vegetative cells. When brought under favorable conditions
they germinate and develop into the typical yeast plant. In
old yeast cultures some cells develop heavy cell walls, are filled
with granular reserve food materials, and become potentially
spores. Such cells are likewise probably resistant to unfavorable
conditions, and serve to tide the yeast over periods of desiccation
or poor food supply. They resemble the chlamydospores produced
by many molds.

MORPHOLOGY OF THE HYPHOMYCETES OR MOLDS

The molds or hyphomycetes do not constitute a homogeneous
group in the eyes of the systematic botanist, but belong to vari-
ous subdivisions of the group of fungi. Some are related to
the alge and are grouped under the Phycomycetes, others belong
to the sac fungi or Ascomycetes, others are related to the smuts,
rusts, and toadstools, or Basidiomycetes, and the largest number
belong to the group of imperfect fungi or Fungi Imperfecti. From
the viewpoint of the bacteriologist these botanic relationships
are not significant; all the fungi, regardless of kinship, that agree
in having the plant body made up of threads usually more or
less branched, and forming more or less loose or cottony masses,
in short, those that answer to the popular conception of molds,

-are grouped together as Hyphomycetes. Such a classification is

scientifically justifiable only because of the great complexity of
the various members of the family of fungi, and the fact that
it is not the systematic position but the economic importance of
the forms that is of significance.

Form and Size of Hyphomycetes or Molds.—A mold may be
differentiated from the yeasts and bacteria in that it is multi-
cellular, with the cells united to form more or less branched
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threads called hyphe (sing. hypha). The whole mass of threads

or hyphz which go to make up the plant of the mold is called the
mycelium. In most molds certain threads are differentiated g
for the production of spores. The mycelium of the mold may
extend over a considerable area, growing deep into the substratum

for food or into the air to develop spores.

Histology and Structure of Molds.—The mycelium in some
molds is continuous throughout its length, possessing no cross
walls which might separate the cells from each other. In the
majority of forms, and in all those of economic importance to
the veterinarian, the hyph® are divided by cross walls or septa

Fig. 21.—Mold hyphz: A, B, Non-septate hyphe of the Phycomycetes; C,
tip of a non-septate hypha, showing numerous nuclei and vacuoles; D, septate
branching hyphe; E, a single cell of a septate hypha, showing nucleus and vac-
uoles.

(sing. septum). The cell wall is composed of true cellulose in
a few molds, in the majority it is chitinous as in the bacteria.
The almost universal presence of chitin in the cell walls of the
fungi is frequently lost sight of by those who regard its presence
in the cell walls of bacteria as evidence of animal affinities. The
protoplasm of molds, as in the yeasts, is made up of cytoplasm and
nucleus. The outer layer of the cytoplasm or ectoplast is readily
demonstrated in most molds by plasmolysis. In the forms that
do not have septa dividing the hyphz into cells, the numerous
nuclei are imbedded in the common ecytoplasm. Functionally
each nucleus with its bit of surrounding cytoplasm constitutes a
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cell, although the statement is often made that the entire mold
filament in the non-septate type is a single cell.

Reproduction of Molds.—It is impracticable to go into detail
concerning the reproduction of molds. Spores of many different
types are produced (Fig. 22), sometimes three or four kinds by
a single species. The spores exhibit every conceivable shape and
coloring, are sometimes unicellular, at other times multiseptate.
Hundreds of genera and thousands of species are known. The
names applied to the different parts of the molds concerned in
reproduction and the manner in which the spores are borne in
some of the commoner molds may, however, be briefly discussed.

Molds may be divided, for convenience, into those which
bear the spores enclosed in a spore case or sporangium and those
in which they are not so inclosed. This sporangium is commonly
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Fig. 22.—Types of mold spores.

borne at the tip of a hyphal thread differentiated for the pur-
pose, called a sporangiophore. Spores not produced inside of
a sporangium and not the result of fertilization (i. e., asexual
spores) are termed conidia (sing. conidium). Conidia are usually
developed at the tip of specialized branches called conidiophores.
Sometimes they are formed by the breaking up of the myecelial
threads or hyphz, and are then called oidia (sing. oidium),
in other cases they develop within the hyphz and are surrounded
by it as by a sheath. When one of the cells in a hypha becomes
enlarged and surrounded with a heavy wall it is called a chlamydo-
spore. Some molds develop spores as a result of the union of
sex cells (sexual spores). These are called ascospores when pro-
duced in sacs (asci) and zygospores when formed by the union of
two like cells as in certain Phycomycetes.

Spores of the molds are commonly born‘on hypha that extend
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into the air away from the moist surface of the medium in which
they are growing. This facilitates their dispersal by the air

Fig. 23.—Types of the spores and the spore-bearing organs of the molds—
1, Sporangium of the Mucor: a, columella; b, sporangiophore; ¢, spores; d,
sporangium wall. 2, Sporangia of Sporodinia: a, sporangiophore; b, sporangia
containing spores. 3. Ascus of an ascomycete, Peziza: a, ascus or spore sac;
b, spore; c, sterile threads or paraphyses. 4, Oidium spore formation; the,
hypha are segmenting to form spores or oidia. 5, a, Chlamydospores formed
in the hypha of a Chlamydomucor. 6, Zygospore of a Mucor: a, hypha; b,
suspensor; ¢, zygospore. 7, Conidiophore and conidia of Penicillium: a, con-
idiophore; b, verticillate branches of the conidiophore; ¢, chains of spores or
conidia. 8, Aspergillus: a, conidiophore; b, inflated tip of the conidiophore; c,
sterigmata; d, chain of spores. 9, a, Hypha; b, poorly differentiated conidio-
phore; ¢, chain of conidia.

currents. When they fall upon a suitable medium they ger-
minate and soon develop the typical mold plant.

MORPHOLOGY OF THE PROTOZOA

The protozoa are unicellular and bear much the same relation
to the higher animals or metazoa that the bacteria do to the higher
plants. Notwithstanding that they are reckoned among the
simplest forms of life, they are, nevertheless, greatly diversified
in shape, size, and structure. Only the barest outline of their
structure can be given here. For a more detailed account the
student is referred to the section on Protozoa.



44 VETERINARY BACTERIOLOGY

Form and Size of Protozoa.—The pathogenic protozoa vary
in size from those visible to the naked eye to those barely visible
with the highest powers of the microscope. Some are undoubt-
edly ultramicroscopic, the organism causing yellow fever, for
example. In form and shape the greatest diversity is to be noted.
Some are without definite shape, and are apparently only lumps of
protoplasm, others are highly differentiated and have as great
variety of organs (organella) as some of the higher animals.

Histology.—A true cell wall, as found in the bacteria, yeasts,
and fungi, is frequently not present in the protozoa. When
found, it is chitinous in nature. The ectoplast forms the limit-
ing membrane of the cell in the majority of cases. The protoplasm
is differentiated into nucleus (sometimes two, a micronucleus
and a macronucleus) and endoplasm or cytoplasm. Power of move-
ment is poessessed by many forms. This may be due to the
development of pseudopodia, of flagella, or of cilia.

Reproduction.—Asexual reproduction is accomplished in many
cases by a simple process of fission, in others the procedure is
much more complex. Sexual reproduction is quite general, but
here again the complexity is so great as to render brief treatment
impracticable. The relationship and structure of these forms
will be considered in greater detail under the heading of Patho-
genic Protozoa in Section V.



CHAPTER III

PHYSIOLOGY OF MICROORGANISMS

PuysrorLocy has been defined by Barnes to include “ a study
of the behavior of plants (and animals) of all sorts, and of the
ways in which this is affected by external agents of every sort.”
In our discussion of the physiology of microorganisms we shall
have to deal principally with the interrelationships existing
between these microorganisms and their environment.

FOOD RELATIONSHIPS OF MICROORGANISMS

A food is any substance which a living organism may make
a part of its living material or use as a source of growth energy.
The term is frequently used very loosely to include all the sub-
stances of which an organism may make any use. For example, a
distinction is sometimes made between green plants and animals
on the basis of food used. The former are said to live on inorganic
foods and the latter on organic. This distinction is erroneous.
The difference is simply that green plants can manufacture their
own foods out of inorganic material by the aid of the energy
secured from the sun’s rays through the green coloring-matter or
chlorophyll, while animals make use of food already prepared.
The materials of which some microorganisms make use are no more
foods than the rays of the sun are a food for green plants.

Composition of the Cell.—The food utilized by any micro-
organism must contain the elements needed for the building up
of the cell substance. The analysis of such cells shows them
to be made up of the same elements as those of higher plants
and animals, namely, earbon, oxygen, nitrogen, hydrogen, and
smaller amounts of phosphorus, iron, magnesium, calcium, and
some other elements. The foods utilized by organisms must,
therefore, contain these elements likewise.

Sources and Kinds of Foods.—Some bacteria, like the green
plants, are capable of manufacturing their own food. For this
purpose a source of energy is necessary. Some species utilize the

45



46 VETERINARY BACTERIOLOGY

energy of the rays of sunlight in much the same manner probably
as do green plants. The coloring-matter in these forms, however,
is purple or red (bacteriopurpurin). Other forms living in water
which contains hydrogen sulphid, as in the sulphur springs, oxidize
the hydrogen sulfid to free sulphur and even sulphuric acid and
gain energy for the manufacture of their foods from carbon dioxid,
water, and other compounds by this process. Still other forms
are believed to make use of iron, ammonia, nitrites, and other
inorganic substances, and by their oxidation secure the necessary
energy. Organisms which can manufacture their own food out
of inorganic substances are said to be prototrophic. The proto-
trophie microdrganisms so far as known are all bacteria or molds.
Most microérgaﬁisms utilize organic matter in a dead or living
condition for food. Those which utilize dead organic matter are
called metatrophic, while those requiring living material or complex
protein foods are called paratrophic. The latter are frequently dis-
ease producing. It must not be supposed that these division lines
are strictly drawn. For example, certain bacteria seem to make use
of the oxidation of carbohydrates and other organic substances to
enable them to take up the nitrogen from the air and ta convert it
into usable form. Such are both prototrophic and metatrophic.

The peculiar food requirements of the different species must
be kept in mind in the preparation of nutrient media for their
growth. Some organisms will not grow in the presence of organic
materials, while others require such specialized media as blood-
serum or hemoglobin.

A second grouping of microorganisms commonly used is based
upon the relationship to other living organisms. Those which
do not require a living host (animal or plant) are called sapro-
phytes if bacteria, yeasts, or imolds, and saprozoites if protozoa;
those which require a living host are called parasites. Those
parasites which do not produce disease are termed commensals.

MOISTURE RELATIONSHIPS OF MICROORGANISMS

Microdrganisms require considerable amounts of water for
their development. The optimum condition for growth in
most cases is saturation. There is great variation in ability
to resist desiccation (drying). The spores of some bacteria and
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fungi and the encysted cells of some protozoa will live for years,
while other forms are destroyed if allowed to become completely
dried. B

RESPIRATION OF MICROORGANISMS

Respiration is frequently defined as the taking up of oxygen
and the elimination of carbon dioxid. This definition is entirely
inadequate when we come to a discussion of microdérganisms,
if, indeed, it can be applied in any case even to higher animals
and plants. Respiration seems fundamentally to be the process
whereby energy is generated in the cell. Energy when evolved in
the cell always originates from chemical_éhanges in the compounds
within the cell. Whether or not this energy may be gained by
the oxidation of food materials when taken into the cell, or whether
they must be first built up into protoplasm and this then broken
down, is a matter of dispute at present among scientists. In
any event the presence of free oxygen is certainly not neces-
sary to this release of energy, for many bacteria as well as other
plants and animals live in the absence of free oxygen. Organ-
isms that grow only in the presence of oxygen are called aérobic;
those which will grow only in the absence of free oxygen, anaérobic,
and those which will grow either with or without free oxygen, facul-
tative. It is probable that most of the so-called anaérobes grow -
better in the presence of minute quantities of oxygen. The
end-products of respiration are found to differ with the type,
aérobic bacteria usually produce carbon dioxid and water; anaé-
robic forms, less highly oxidized substances, such as alcohol and
butyric acid.

The oxygen requirements of anaérobic bacteria must be recog-
nized in the laboratory if they are to be successfully cultivated.
The air of the culture-tube or flask,may be removed by a stream
of hydrogen, nitrogen, or some other inert gas, the oxygen may be
absorbed by the use of alkaline sodium pyrogallate, the air may
be exhausted by an air-pump, the oxygen may be excluded by
covering the medium with oil or some similar material, or the
organism may be mixed with some aérobic form which will use
up the oxygen and allow growth of the anaérobe. Probably
the latter is the common method whereby anaérobes are able to
grow in nature.
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TEMPERATURE RELATIONSHIPS OF MICROORGANISMS

Optimum Temperature.—The optimum growth tempera-
ture is that which most favors the development of the micro-
organism. The optimum varies with the species. A few organisms
found in the ocean, in cold waters, alpine regions, etc., prefer a
low temperature, from 0° to.15°. These are called psychrophilic.
Those which prefer a somewhat higher temperature are called
mesophilic. These latter may be again subdivided into those that
prefer a “room ” temperature of 18° to 25°, and those that
prefer blood heat (man 37.5°) for the most parasitic forms. Tem-
peratures such as are found in hot springs, interior of compost
heaps (50° to 70°) favor the development of thermophilic bacteria.

Minimum Temperature.—The lowest temperature at which
an organism will continue growth is said to be its minimum.
This temperature varies for different species. Some organisms
will multiply in brine held at temperatures lower than the freez-
ing-point of water.

Maximum Growth Temperature.—The highest temperature
at which an organism will multiply is called its maximum. This
must not be confused with the thermal death point (see below).
The majority of bacteria cannot grow above 45°.

Growth Temperature Range.—The differences between the
minimum and maximum growth temperatures vary within rather
wide limits. Those organisms which exhibit considerable adap-
tability and are able to grow through a wide range of temperature
are called eurythermic. Most of the saprophytic organisms belong
here. The parasitic types which have minima and maxima
varying but little from the optima are stenothermic.

Thermal Death Point.—The thermal death point of an organism
is that temperature which under given conditions will certainly
destroy all the cells. The following factors must be taken into
consideration in the determination of any thermal death point:

1. The Absence or Presence of Spores.—Spores are much more
resistant to high temperatures than the vegetative cells. Forms
having spores, therefore, have two thermal death points, one for
the vegetative cells and the other for the spores.

2. Presence or Absence of Moisture.—Bacteria are more resistant
to dry than to moist heat. The thermal death point is probably
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the temperature at which incipient coagulation of the albuminous
protoplasm occurs, resulting in an inability to function. Water
is necessary for this coagulation. The following table from Frost
and McCampbell illustrates this point:

Egg albumen -+ 50 per cent. water coagulates at 56° C.

Egg albumen + 25 = 5 74-80° C.
Egg albumen + 18 4 - £ 80-90° C.
Egg albumen + 6 “ “ W 14526
Egg albumen -+ no water “  160-170° C.

This fact is emphasized by the laboratory methods of sterilization.
The autoclave, with live steam at temperature of 120°, will destroy
in ten minutes the most resistant spores, while in the hot-air
oven a temperature of 150° to 170° for an hour is necessary.

3. Reaction and Composition of Medium.—The reaction and
composition of the medium has been found to exert a marked influ-
ence on the thermal death point. In comparative work, care
must be exercised to use media of uniform reaction and com-
position.

4. Time of Exposure—In general, the higher the temperature
the shorter the period required to destroy life in the cells. Math-
ematic formulas have been developed giving the time as a func-
tion of temperature for some forms.

5. Specific Character of Organism.—Intrinsic variations in
the character of protoplasm of different species make it necessary
to determine the thermal death point for each species.

LIGHT RELATIONSHIPS OF MICROGRGANISMS

A few bacteria possessing bacteriopurpurin require light
for their development. For most other microdrganisms, particu-
larly the bacteria and the pathogenic protozoa, darkness is the
optimum light condition. Light, particularly the direct rays of the
sun, will destroy all but the most resistant bacteria if exposed
for a sufficient length of time. Sunlight when passed through
a prism is readily broken up into its constituent colors, the least
refracted rays, or the reds and yellows, at one end, and the more
highly refracted rays, the blues and the violets, at the other.
Exposure of bacteria to these various colored rays has shown:

4
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the blues and violets to be most powerful, while the reds and
yellows of the other end have little or no effect. It will be re-
membered that the blue and violet rays are the ones which affect
the photographic plate most intensely. The germicidal action
of light on the pathogenic bacteria is of the greatest practical
importance. It renders infection through the medium of the air
in most cases a remote possibility.

Effect of Electricity on Bacteria

Strong direct currents of electricity passed through a solution
containing bacteria will sterilize it. It is difficult, however,
to dissociate the physical effect of the current directly upon the
bacteria from the action of the chemicals produced by electrolysis.
No practical use has been made of the destructive action of
electricity upon microdrganisms, as the method is difficult to apply
and is inefficient at best. The Rontgen rays (z-rays) do not
destroy bacteria even when the latter are exposed for consid-
erable periods.

RELATIONSHIPS OF MICROORGANISMS TO CHEMICALS

Microérganisms are profoundly affected both in growth and
movement by the chemicals with which they come in contact.
They may be attracted or repulsed, stimulated to increased growth,
their development inhibited,or they may be destroyed when certain
substances are present.

Chemotaxy.—Motile microdrganisms are attracted or repulsed
by certain chemicals. The first is known as positive chemotaxy,
the latter as negative. Certain protozoa and bacteria are attracted
by oxygen and may be observed to swim about air bubbles under
the microscope. From their movements it is evident that differ-
ent species prefer varying amounts of oxygen. This results in a
grouping of the different kinds in concentric circles about the
bubble. This type of chemotaxy is called aérotary (not aéro-
tropism). The avidity of certain bacteria for oxygen has been used
in the laboratory for their isolation from water, particularly the
Asiatic cholera organisms. Peptones and meat extractives at-
tract many kinds of bacteria. This phenomenon may be readily
demonstrated by introducing the tip of a minute capillary tube
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to an external stimulus is called a fropism. Mold hyphe will
often grow toward a moist medium, while the conidiophores which
they bear rise at right angles to its surface and seek to produce
the spores as far as possible from a moist surface. These phenom-
ena are known respectively as positive and negative hydrotropism.
The influencing of the direction of the growth by the action of
chemicals is called chemotropism. The forms of mold and
bacterial colonies, when growing upon artificial media, are
largely determined by this factor. For example, many molds
radiate in practically straight lines from their point of origin in
a medium,and every branch quite exactly bisects the angle between
the two filaments on either side. This mutual repulsion of the
hyphe is doubtless due to certain of the products excreted by the
cells. Heliotropism, or the influence of light on the direction of
growth, is also observed in some forms. i

Influence of Reaction of Medium on Growth.—Many organisms
are quite exacting in their requirements as to the reaction of the
medium in which they are grown. Some forms grow best in a
medium slightly acid, others refuse to develop except in one which
is slightly alkaline. The majority of bacteria, however, grow well
in a medium that is neutral to litmus.

ANTISEPTICS AND DISINFECTANTS

An antiseptic is anything that will inhibit the growth of micro-
organisms without necessarily destroying them. In the broadest
sense, this term would include such physieal agencies as the action
of cold and heat, but in practice it is generally confined to chemical
substances. A disinfectant is a substance that will destroy patho-
genic bacteria. Inasmuch as pathogenic and non-pathogenic
bactéria are both destroyed by the same substances, there is
little real difference in the meaning of disinfectant and germicide
(something that will destroy all bacteria). A deodorant is any
substance that masks disagreeable odors or eliminates them entirely
by removing their cause. A deodorant may or may not be a dis-
infectant or antiseptic. These latter terms are relative ones only,
for any disinfectant if sufficiently diluted becomes an antiseptic.

Theories of Action of Antiseptics and Disinfectants.—Germ-
icides may destroy microdrganisms by forming compounds with
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the protoplasm, by dissolving or coagulating the protoplasm, or by
oxidation and complete destruction of the cells. Our most efficient
disinfectants are those which destroy in the manner first named.
The activity and efficiency of many disinfectants depend upon
the ionization of the compound in solution. This is particularly
true with the salts of heavy metals, such as mercuric chlorid
(corrosive sublimate). It is the ionized mercury that is poison-
ous to bacteria. Mereuric chlorid does not ionize in pure alcohol,
hence it is not poisonous to bacteria when in solution in that
substance. The addition of various other chemicals may increase
or decrease the ionization of the disinfectant and enhance or dimin-
ish its destructive action.

Disinfectants and Antiseptics in Common Use.—Salis of the
Heavy Metals.—The salts of gold, silver, copper, and mercury
are all active disinfectants. Copper sulphate is sometimes
used in an effort to free water reservoirs and other city supplies
from growths of objectionable algee. Mercury is the most efficient
of the metals and its salts are most commonly used. It acts by
forming a mercuric albuminate of the protoplasm. When used
in any solution containing considerable quantities of protein or
similar materials, as in feces, it must be used in excess and thor-
oughly mixed, for it is apt to form an insoluble coating over the
surface of the solid particles and proteect the bacteria in the interior
from destruction. Mercuric chlorid is usually used in solutions
of 1 :1000 or 1 :2000.

Lime, unslaked, is a fairly efficient disinfectant. It is par-
ticularly useful because in the form of whitewash it may be
applied as a permanent coating to the walls of stables and out-
buildings. Feces and urine may be disinfected by a mixture
of equal parts of a 20 per ecent. solution of freshly slaked lime
with the material to be disinfected.

Phenol, or carbolic acid, C;H;OH, and the methyl phenols or
cresols, CsH;CH,OH, either pure or in the trade mixtures, such
as kreso, tricresol, creolin, etc., are among the most efficient
and useful of disinfectants. They are most frequently used in
1 to 5 per cent. solutions, and will destroy bacteria even in the
presence of quantities of organic matter.

Sulphur Dioxid and Sulphurous Acid.—When sulphur is
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burned it yields sulphur dioxid, a gas that has been much used
in fumigation. It is powerless to destroy bacteria unless moisture
is present, with which it may unite and form sulphurous acid.
The latter is a very active bleaching and corrosive agent, hence
it should not be used execept where it can do no harm. One
pound of water (about 1 pint) should be vaporized in a room
for every 5 pounds of sulphur burned. This amount should
efficiently disinfect 1000 cubic feet. Insects and other vermin
are destroyed by the sulphur fumes.

Formaldehyd, HCHO.—Formaldehyd is the gas used most
widely in fumigation and disinfection. It is very soluble in
water and is commonly sold as formalin, a 40 per cent. solution
of formaldehyd. Like sulphur dioxid, formaldehyd is efficacious
only in the presence of moisture, but, unlike it, does not bleach
fabrics or injure materials. Formaldehyd may be evolved in
gaseous form for disinfection in a variety of ways. Incomplete
combustion of methyl alcohol according to the reaction

2CH,0H + O, = 2HCHO + 2H,0

is utilized in a number of lamps upon the market. When properly
carried out the method may be efficient, but it has several
disadvantages, i. e., expense and presence of a fire in a closed
room. Heating the formalin over an open flame will liberate a
part of the formaldehyd readily, but under these conditions
it polymerizes and some of the polymers (paraformaldehyd) are
insoluble. If the evaporation is continued to dryness, all of these
will again be broken up and given off as formaldehyd. The
same result can be reached more quickly by the addition of glyc-
erin or some salt which will raise the boiling-point of the solu-
tion above the dissociation temperature of the paraformaldehyd.
An autoclave or closed vessel in which the solution is heated con-
siderably above the boiling-point of water will serve the same pur-
pose. Twelve ounces of formalin should be used for every 1000
cubic feet to be fumigated. A convenient method for fumigating
small rooms is to pour formalin over crystals of potassium per-
manganate in an earthen vessel that is a poor conductor of heat.
The permanganate is an active oxidizing agent and converts part
of the formaldehyd into earbon dioxid and water, with the
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liberation of sufficient heat to vaporize a large portion of.the
remainder. The solid paraformaldehyd or paraform may be
heated and is thereby converted into formaldehyd gas. On
account of its cheapness and effectiveness formaldehyd is used
much more commonly at present than any other of the gaseous
disinfectants.

Adjustment of Organisms to Osmotic Pressure.—Any crystal-
loid in solution behaves within the limits of the solution like a
gas, and the same laws of diffusion and diffusion pressures are
applicable. Every organism when growing is surrounded by
water containing substances in solution, and it also contains
certain salts dissolved in the “ cell sap ”’ or water in the pro-
toplasm. The ectoplast or limiting membrane of the protoplasm
lying just within the cell wall is certainly in most, probably all,
cases a semipermeable membrane, 7. e., it will allow some sub-
stances to pass through readily, as water; others pass through
slowly, and still others, although in true solution, cannot pass at
all. This ectoplast, in short, serves as an osmotic membrane
and determines what substances may enter and leave the cell.
An active cell always maintains within its sap a greater con-
centration of solutes than the surrounding medium, the pressure
on the inside of the membrane is greater than on the outside,
and the cell is said to be in a state of turgor. When such a cell
is placed in water containing a greater percentage of solutes than
does the cell sap, water leaves the latter until the concentra-
tion on the inside and outside again becomes the same. This
means a shrinking of the protoplasm; it withdraws from the cell
wall and the cell is said to be plasmolyzed. After a time the
cell may readjust the amount of solutes in the cell sap and regain
its turgor. For every cell, however, there is a limit beyond
which the organism cannot go. Some yeast cells have been found
to develop slowly in a solution céntaining 35 per cent. of cane-
sugar. A solution of this concentration exerts a pressure of more
than 350 pounds per square inch. It is apparent that such a cell
must be profoundly modified. The fact that concentration
of solutes inhibits the growth of microdrganisms is utilized in
the preservation of many food stuffs. Such foods as syrups,
jellies, and candied fruits are preserved by the high osmotic

b
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pressure of the solutes. The action of sugars, salts, etc., is in
the nature of a physical antiseptic. Phystological salt solution
is one having the same concentration of salt as do the body cells
of the particular organism to be studied. It usually contains
.85 per cent. of sodium chlorid.

SYMBIOSIS, ANTIBIOSIS, AND COMMENSALISM

Two organisms that live together and which are mutually
beneficial are said to live in symbiosis. Each organism is called
a symbion or symbiont. The symbionts are not necessarily closely
related forms and may belong to the most widely separated groups
of plants, as, for example, bacteria and members of the bean family
of the flowering plants.

Antibiosis is that condition which obtains when organisms
prove inimical to each other’s development. The growth of one
species of organism in a culture-medium may completely inhibit
the development of some other type. For example, the organism
(Streptococcus lacticus) which ordinarily sours milk prevents the
development of most other species.

An organism which uses the by-products of another as food,
in other words, is parasitie without producing disease, is called a
commensal. Many of the bacteria found on the skin, in the mouth,
and in the intestinal tract of man and animals are of this character.

All degrees of intergradation between symbiosis, true para-
sitism, and commensalism have been described for different
species.

PIGMENT PRODUCTION BY MICROORGANISMS

Molds, yeasts, and bacteria are frequently found to be chromo-
genic, that is, capable of producing pigments or coloring-matter.
The colors produced range through all the colors and even shades
of color of the spectrum. A few only of the pathogenic forms
produce pigments. Many organisms, particularly molds and
bacteria, excrete a pigment-forming substance which diffuses
through the culture-medium and colors it. Such an organism
is the Bacillus pyocyaneus, which produces a diffuse pigment,
one that ehanges the medium first to a green, then to a brown.
Some organisms produce pigment granules outside the cell, such
are said to be chromoparous, for example, Bacillus prodigiosus,
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easily isolated from salt fish. When grown in a test-tube, they
are sometimes sufficiently luminous, so that they may be photo-
graphed by their own light.

FERMENTATION AND ENZYME PRODUCTION

All microdrganisms have their protoplasm bounded by the
ectoplast, a semipermeable membrane, as previously shown. The
cell wall, when present, seems to be a mechanical protection and
support, and is readily permeable to most substances in solution,
so may be disregarded in discussion. Whatever food or other mate-
rials are taken into the protoplasm must pass by diffusion through
the ectoplast. This membrane, on the other hand, must prevent
any valuable constituent of the cell from leaving by diffusion.
Its action is, therefore, selective. Microorganisms do not always
find the potential food materials with which they are surrounded
suitable for food, for they may be in a solid form or, if in solution,
of such a character that they cannot pass through the ectoplast.
Many organisms find it necessary to so change this food and
digest it that it may be assimilated. Once inside the cell, it
usually is not of such a character that it can be built up directly
into the protoplasm and further changes are necessary; or if the
material is used simply as a source of energy and not incorporated
into the cell substance, it is essential that the cell have some means
of developing this energy. All cells accomplish these changes by
means of enzymes (Gr. en, within, zyme, leaven). A dis-
tinction was once made between the so-called organized and
unorganized ferments. The former was held to be lLving cells
which could bring about a change or fermentation, the latter any
cell secretion which could bring about such changes. In other
words, organized ferments were supposed to owe their activity
directly to the protoplasm, the unorganized, to substances secreted
by the protoplasm. This distinetion is no longer maintained,
as it seems altogether probable that fermentative changes of
whatever kind are brought about by the secreted enzymes or
unorganized ferments. Enzymes may be intra- or extracellular.
The intracellular enzymes are extracted from the protoplasm
with difficulty, and during the life of the cell do not leave it.
Such an enzyme is that of bread or brewer’s yeast (the zymase),
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which converts dextrose into alcohol and carbon dioxid. Extra-
cellular enzymes are usually digestive in their action. Different
kinds attack different substances. Microdrganisms are known
which produce enzymes that will break down cellulose, starch,
sugars, fats, and proteins into simpler substances. The action
of an enzyme is said to be specific; a given enzyme will in gen-
eral change only one type of material.

Enzymes are said to be organic catalysts (Gr. kata, down,
lyo, to dissolve), that is,, they bring about changes without
themselves becoming part of the final product. Many inorganic
catalysts, such as finely divided platinum, are known to the
chemist. Although catalysts do not form a part of the final
products, they certainly are a part of some of the intermediary
products in many cases, but become free again when the action has
been completed. Enzymes, then, are peculiar in that they are
not used up in the using. Theoretically the amount of change that
can be brought about by a given enzyme is limited only by the
time and conditions under which it must act.

Most enzymes produce changes that are hydrolytic in nature,
that is, they bring about the incorporation of water into the organic
molecule with resultant disintegration. The digestion of gelatin
by the bacterial enzyme gelatinase, the conversion of starch into
maltoseé by ptyalin and diastase, the digestion of proteins by
pepsin, the conversion of saccharose or cane-sugar into invert
sugar by invertase, and the clotting of milk by rennet are a few
examples of such hydrolytic changes. The following reaction
illustrates the hydrolytic cleavage of saccharose by the invertase
produced by yeast:

C.H,,0,, + H,0 + Invertase <= CH,0, + C,H,;0, + Invertase.

Saccharose. Dextrose., Levulose.

Other enzymes are active oxidizers. Changes of color in
dead or injured plant and animal tissues are sometimes due to
such oxidases. For example, potatoes turn black and apples
become brown when the cells are bruised. Some other enzymes
are said to be splitting. One of the best examples of these is the
zymase of yeast, which converts dextrose into alcohol and carbon
dioxid.
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CH,0, + Zymase = 2C,H,OH + 2CO, + Zymase.
Dextrose. Alcohol. ?igrb%n
oxid.

Although alcohol and carbon dioxid represent the end-products,
it is by no means certain that intermediate hydrolytic products
are not formed, and this splitting action may be essentially hydro-
lytic. Reducing enzymes have also been demonstrated in plant
and animal tissues and undoubtedly occur in microtrganisms.

The autolytic (Gr. auto, self, lyo, dissolving) enzymes de-
serve particular mention. Enzymes are known to occur in
most animal and plant cells that will, at least partially, digest
the cells in which they occur. The rigor mortis or stiffening of the
tissues of an animal after death is due to such an autolytic enzyme
which coagulates the muscle protoplasm. The softening of the
tissues which occurs later, the so-called “ ripening ”’ of meat, is due
in part to the action of another proteolytic enzyme which carries the
digestion somewhat further. Microérganisms contain such en-
zymes, and when the cells die, as in an old culture, they are then
partially digested. This autolytic action we shall find to be of
some practical significance in a discussion of disease production
and immunity, as by it certain poisonous substances may be
released from the cell.



CHAPTER IV

CHANGES OF ECONOMIC SIGNIFICANCE BROUGHT ABOUT BY
NON-PATHOGENIC ORGANISMS

MicrOORGANISMS bring about many changes, both analytic
and synthetic, in the media in which they are cultivated. In
any such medium growth products of many kinds will be found.
These fermentative products may originate from the activity of
extracellular enzymes, may consist of substances excreted from
the cell as the product of intracellular enzymes, or as a result
of the metabolic activity of the cell; they may be products of syn-
thetic action (as the slimes and gums produced by a solution of
the bacterial capsule), or they may be substances produced by the
autolytic activity of intracellular enzymes after the death of the
cell. Naturally, the products will vary greatly with the species
of organism, the medium in which it is grown, and the character
of the physical environment.

From the standpoint of the veterinarian, microdérganisms
are of most importance because many of them produce disease.
It would, however, give a false impression of the place and function
of microdrganisms in nature to neglect at least a brief consid-
eration of some of the other changes which they can bring about.
In this chapter some of the more important will be considered.

The well-nigh universal distribution of bacteria and other
microdrganisms should be emphasized. They are to be found in
the soil in great numbers, rich surface soil containing from 100,000
to 5,000,000 bacteria to every dry gram. Their dried bodies and
spores are constantly present free or attached to dust particles in
the air. They are to be found in all surface waters in considerable
numbers and are present even in the water from deep wells.
They grow upon the surface of the skin of animals, and the mouth
and digestive tract support a large and varied flora. It is apparent
that whenever conditions are favorable for the growth of micro-

organisms they will be present to begin growth.
61
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The changes brought about by bacteria in nature are of such
importance that but for their continuance plant and animal
life on earth would quickly cease to exist. The fertility of the
soil and the consequent production of all food stuffs is directly
due to certain of the microérganisms present.

Production of Alcohol.—The various alcohols, but more par-
ticularly ethyl alcohol, are produced by certain bacteria, yeasts,
and molds. It has been shown that in the yeast the ability to
bring about this change is resident in the intracellular enzyme,
zymase. Probably similar enzymes are present in the alcohol-
producing bacteria and molds. The common bread or brewer’s
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Fig. 27.—Brewer’s yeast, Saccharomyces cerevisic.

yeast is the form most eommonly used in the manufacture of
alcoholic beverages, but certain molds have been found very
useful in the production of alcohol for industrial purposes. Alco-
hol is commonly produced by the fermentation of one of the
hexose monosaccharids, such as dextrose. The reaction may be
given as follows:

C.H,,0, = 2C,H,0H + 2CO,.

Dextrose. Alcohol. Ct:i?;?i%?
Yeast is utilized for its other product of fermentation, carbon
dioxid, by the baker in bread making. Higher alcohols, such as
butylic and amylic, are also formed. The yeasts which produce
this change are quite widely distributed in nature, being par-
ticularly abundant on the surface of fruits and in saccharine
liquids. Fruit juices and other solutions containing sugar if
allowed to stand, therefore undergo ‘‘spontaneous” fermenta-
tion, with production of ciders, wines, and similar beverages.

Production of Acids.—Several of the organic acids are com-

monly produced by fermentative organisms. Three of these are
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Acetic Actd.—Acetic acid is the most important and the
characteristic constituent of vinegar. It is produced by several
species of bacteria by the oxidation of ethyl alcohol according
to the following reaction:

C,H,OH + O, = CH,COOH + H,O.
Aleohol. Acetic acid.

Any solution containing alcohol, if left in contact with free oxygen,
will commonly undergo this fermentation spontaneously, as
Bacillus acett, the organism usually responsible, is ubiquitous.
To insure rapid and efficient fermentation the cider or other
alcoholic solution is sometimes inoculated with mother of vinegar,
a mass of the organism which commonly forms a mat upon the
surface of the fermenting liquid.

Wik,

Fig. 30.—Butyric acid bacteria, Bacillus bulyricus. (Adapted from Fischer.)

Butyric Acid.—Under anagrobic conditions saccharine solutions
are apt to undergo butyric acid fermentation as a result of the
development of the Bacillus butyricus or a related form. The
reaction may be represented as follows:

CH,,;0, = C,H,COOH + 2CO, + 2H,.

Dextrose. Butyric acid.

Butyric acid has an exceedingly disagreeable odor and taste,
hence the growth of this organism in any saccharine or starchy
food substance renders it unfit for use. Inasmuch as these
organisms are all spore producers, they resist heat well, and as
they are anaérobic they will grow when sealed in a can and all
air excluded. Rancidity in butter is sometimes due, in part
at least, to the development of butyric acid.

Decay and Putrefaction.—A distinction is sometimes made
between the terms decay and putrefaction. The former is said to
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be decomposition of organic matter brought about by the aérobic
bacteria, the latter by the anaérobic types. This distinction
is not always acknowledged and adhered to, however. The
substances produced by the decomposition by bacteria depend, of
course, quite largely upon the nature of the material to be de-
composed. The carhohydrates and fats break down into aleohols,
_acids, and _carbon dioxid, but the proteins are split into a great
variety of substances. Other agents, as acids and alkalis, will
break up the proteins in a similar manner and into many of the
same substances as do bacteria. Chemists have in recent years
demonstrated that proteins are made up of large numbers of
molecules of the «a-amino acids linked together. An a-amino acid
is an organic acid that has the NH, group in the alpha position,
that is, next the carboxyl. For example, the amino acid corre-
sponding to C,H,CH,COOH, butyric acid, is C,H;CHNH,COOH.
When these constituent links of the protein molecule are forced
apart, they usually appear in the form of one of about twenty com-
pounds which have been grouped as primary protein derivatives.
Some of these normal derivatives are further altered by bacteria.
Among them have been found certain compounds called ptomains,
some of which are known to be very poisonous. The splitting
usually continues until much of the organic matter is reduced
to comparatively simple compounds, such as H,S, CO,, CH,, and
NH,. The process of protein disintegration is called proteolysis.
It usually oceurs in several distinet stages. The proteins are
first broken down into relatively complex substances called prote-
oses, these then are broken down into peptones. This is called
peptonization, as it is essentially the change that may be brought
about by the enzyme pepsin from the stomach. The process con-
tinues and the peptones become amino acids and at last ammonia
is liberated. From an economic point of view this liberation of
ammonia has the greatest significance, for from this transformation
comes all the nitrogenous material used by plants and indirectly
by animals as food. This is the essential transformation that all
organic nitrogenous fertilizers, such as barnyard manure and
dried blood, will undergo before they can be of any use to higher
plants. By such changes water contaminated by sewage purifies
itself.
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Some of the nitrogenous products of bacterial decomposition
are worthy of note, inasmuch as they are used in the laboratory in
the differentiation of certain species. The most important of
these are indol and skatol. They are organic compounds having
the following formulas:

s /CH,
AR T N
C,HA\NH/CH C‘H,\NH/CH.

Indol. Skatol.

Indol is produced by certain bacteria when growing in a solution
of peptone. It is identified by the addition of nitrous acid, with
which it combines to form nitroso indol, a bright red compound.
In making the test in the laboratory it is customary to add a

Fig. 31.—Some decay-producing and putrefactive bacteria.

few drops of concentrated sulphuric acid, followed by a dilute solu-
tion of nitrite. The sulphuric acid breaks up the nitrite, with the
formation of free nitrous acid, which then unites with the indol.
Indol and skatol are also formed in the intestines by the activity
of certain of the bacteria found there and are of considerable
physiological significance.

Reduction Processes in Inorganic Compounds.—Changes similar
to those just discussed are sometimes brought about by bacteria
in inorganic compounds. When nitrates are in solution together
with organic substances and under anagrobie conditions, the
bacteria present in many cases will reduce the nitrates to nitrites
and the nitrites to free nitrogen, apparently in order to utilize
the oxygen. This process is usually called denitrification because
the medium loses nitrogen, but is more correctly a reduction or
deoxidation. Sulphates are reduced to sulphites and even to
sulphids under similar conditions. For example, the sewage from
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Beggiatoa and similar organisms whose cells will be found packed
with sulphur granules. Probably the following reaction accounts
for this formation of free sulphur:

2HS + 0, = 2H,0 + 8§,
The process is carried still farther if there is any deficiency of

the hydrogen sulphid, and the free sulphur is converted into
sulphuric acid and sulphates.

S, + 30,
EEO S SSE

250,
H,S0..

[/

The sulphuric acid is, of course, at once neutralized by the bases
present in the water.

Oxidation of Iron.—Many natural waters contain ferrous car-
bonate or some similar salt of iron. Certain bacteria oxidize

/|

Fig. 35.—Microdrganisms that oxidize ferrous to ferric iron: a, Lep-
tothriz ochracea; b, Gallionella ferruginea; c, Spirophyllum ferrugineum.
(Adapted from Ellis.)

this to ferric hydrate, and deposit this insoluble material in
their sheaths. The reaction may be represented as follows:

2Fe,CO;, + 3H,0 + O = Fe,(OH), + 2CO,.

Probably these organisms make use of the energy obtained by
this reaction in the same manner that the sulphur bacteria do the
oxidation of the sulphur, to secure energy for the formation of their
foods and to gain the energy needed for growth and development.
These organisms are particularly apt to occur in well water or
spring water laden with iron, and have in some cases caused
considerable trouble by clogging the water pipes with their growth.
It is known that the bog iron ore of Sweden and probably the






70 VETERINARY BACTERIOLOGY

development of these nitrifying organisms than by any other
single factor. Their importance in nature as essentials for the
growth of the higher plants and, therefore, of animals can scarcely
be overestimated. )

Nitrogen Fization.—The free nitrogen of the air is so inert
that very few living plants are capable of making use of it in
the building up of their bodies. None of the green plants can
bring this about of themselves. Certain molds and bacteria
are able to make use of this source of nitrogen, however, and
are, therefore, of the greatest economic importance. The fer-
tility of the soil is largely dependent upon the fixed nitrogen that
it contains, and the taking up of the free nitrogen by these
organisms ultimately renders it available to other forms of plants.
This does not mean that the bacteria take up the nitrogen from the
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Fig. 37.—Free living or non-symbiotic nitrogen-fixing bacteria: A, Bacillus
(Clostridium) pastorianum; B, Azotobacter; a, A. chroococcum; b, A. agilis.
(A after Winogradsky, B after Beyerinck.)

air and immediately transform it into nitrates for the use of the
higher plants, but that it is built up into their protoplasm and
ultimately is set free by the death and decomposition of the organ-
isms. Micro6rganisms which make use of free nitrogen commonly
utilize carbonaceous materials as a source of energy.

Organisms capable of fixing nitrogen are subdivided into two
general groups, those which live free in soils and those which live
in or on the roots of certain plants in a kind of symbiosis. The
free living organisms which fix nitrogen belong to three general
groups: first, certain anaérobic types belonging to the general
group of butyric acid bacteria; second, certain aérobic species;
third, a few molds. The anaérobic organism known to fix the
nitrogen is Bacillus (Clostridium) pastorianum. Probably this
organism is not of the greatest importance, as the conditions for
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its development do not often obtain. Bacteria of the nitrogen-
fixing aérobie type belong to the group called Azotobacter. These
organisms are abundant in many soils and fix considerable quan-
tities of nitrogen, gaining energy therefor by oxidizing the car-
bonaceous materials from dead plant tissues. The addition of
straw, for example, to a soil will furnish sufficient food so that
these bacteria will bring about an appreciable increase in the
nitrogen content. The importance of the molds in this connection
is not fully understood, but several species have been described
which are capable of fixing nitrogen.

The microdérganisms which fix nitrogen in symbiosis with
higher plants may be divided into two groups, those bacteria
which grow upon the roots of legumes and the molds which
grow on the roots of certain other plants. All plants belonging

Fig. 38.—Bacillus radicicola: a, Normal bacillar form; b, bacteroids or involu-
tion forms.

to the legume or pulse family, such as clover, alfalfa, peas, beans,
etc., usually bear upon their roots tubercles or nodules which,
when opened, are found to be made up of cells tightly packed with
bacteria. It has been shown experimentally that these organisms
growing within the roots in some way take up free nitrogen from
the air and eventually turn it over to the host plant, so that the
legumes are not dependent for their development upon nitrogen
which may be present in the soil, but can make use of the
free nitrogen of the air as well. These plants are, therefore,
very important in agriculture in the maintenance and increase of
soil fertility. This organism, known as Bacillus radicicola (Fig.
38), enters the young growing root through a root hair and causes
a kind of tumor formation in the tissues of the root, resulting in
the development of the nodule. The organism is at first a straight
rod, but later, when growing inside the cells of the host, it becomes
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much enlarged and shows many involution forms. The other
organisms growing symbiotically within or upon the roots of
plants are all molds. They develop either upon the surface
of the root, forming a white, eottony, floccose ecovering, or they
grow in the tissues just below the epidermis. They sometimes
cause nodules to develop, as is the case with the Russian olive and
the alder, or they produce no characteristic overgrowth of tissues
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Fig. 39.—Nodules on the root of a legume, Soy bean. (Moore, U. S. Dept.
Agr.)

at any one point, but are found quite uniformly present upon the
young growing roots. Certain trees, such as the oak and the
pine, partieularly, when growing in nitrogen poor soils, show the
development of this mycorrhiza (Gr. fungus and root). It has
been shown that these molds are quite active in taking up free
nitrogen from the air and are of benefit to the plant upon which
they occur.
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The Nitrogen Cycle.—Thé relationship of microdrganisms to
nitrogen and its compounds has been noted in the preceding pages.
These changes may be summarized as follows: Certain bacteria
break down organic compounds containing nitrogen with the ulti-
mate liberation of ammonia. Other species change the ammonia
to nitrous acid and nitrites. Still other species transform the
nitrites to nitrates, and these the higher plants take up from the
soil and transform again into complex organic substances. These
eventually again decay or are eaten by animals and converted into
*animal tissues. The nitrogen of both plant and animal tissues

Ommonification,
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Fig. 40.—Nitrogen cycle. Changes brought about by bacteria indicated by
solid lines, other changes by dotted lines.

ultimately undergoes the change first noted and the nitrogen again
appears as ammonia. This series of changes is called the nitrogen
cyele. It is to be noted in addition that some bacteria are found
which decompose nitrates with the formation of nitrites and
liberate free nitrogen in the so-called process of denitrification.
Other species, either alone or in symbiosis with higher plants,
take up and fix free nitrogen from the air and eventually convert it
into a form available for higher plants. These changes may be
better understood by reference to the accompanying diagram.






CHAPTER V

CLASSIFICATION OF MICROORGANISMS

IT is necessary in a consideration of organisms belonging to
either the plant or animal kingdoms to divide or separate them
into groups, with their apparent relationships as the basis for the
grouping. Microorganisms of pathogenic significance we have
previously divided into the four groups—bacteria, yeasts, molds,
and protozoa. A discussion of the classification of the last will
be reserved to the chapter on Diseases Produced by Protozoa.

The classification of micro-6rganisms is by no means in a satis-
factory state. Many bacteriologists and others who have inves-
tigated diseases have failed to recognize the importance of simple
classifications and have introduced many new names needlessly.
It is a principle of nomenclature accepted since the time of Lin-
naeus that every plant and animal belonging to a distinet type or
species shall receive a Latin name, this name to be made up of two
words only. The second of these words is the species name, and
is peculiar to the particular kind under consideration, the first is
called the genusor genericname. For example, among higher plants
we have the genus Quercus, or oak, which is subdivided into many
species, such as white oak, red oak, swamp oak, ete. (Quercus alba,
rubra, ete.). The generic name is applied to all those species which
resemble each other, as do all of the oaks. Species of plants and ani-
mals are given names which are understood to serve as convenient
terms for their designation. It is an established principle that the
name first given to a plant or an animal is the one which should
always be used whenever that name is in accordance with certain
rules. Some bacteriologists have made the mistake of believing
that a scientific name should be a description or even a descriptive
term. Itisno more necessary that the species name of a bacterium
should describe that bacterium than that the given or Christian
name of an individual should describe him. Disregard of this rule
has resulted in some very unwieldy names being given to micro-

7
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organisms, for example, names such as the following have been
applied to bacteria: Bacillus membranaceous amethystinus mobilis,
Bacillus argenteus phosphorescens liquefaciens, and even the fol-
lowing, Bacillus saccharobutyricus fluorescens liquefaciens im-
mobilts. Such names are given under the mistaken idea that
the specific name should be a description of the species. This is
not customary in naming any of the higher plants and animals,
and it is certainly not more desirable in bacteria. The yeasts,
molds, and protozoa have more commonly been studied by those
who have had technical training in nomenclature than have the
bacteria, consequently the classification of these forms is on a
much more satisfactory basis. The only justification for a specific
name made up of more than two words is that the two words
taken together express but a single idea.

CLASSIFICATION OF BACTERIA

Many different classifications have been proposed for bacteria,
but not one of these has come into general use. A careful exam-
ination of different texts in bacteriology, particularly those
devoted to the pathogenic bacteria, will show that different sys-
tems and schemes of classifications are used in dealing with
closely related organisms. Not only have the groups been fre-
quently changed, but many different names have been applied
to almost every one of the pathogenic bacteria. The consequence
is that in studying any pathogenic organism it is necessary to
give not only the name preferred by the author but also a list
of the synonyms which have been used by others. It seems
probable that a satisfactory system of nomenclature is yet to be
devised. The system of bacterial classification which has been
most generally adopted and has given the best general satisfaction
is that of Migula, published in Engler and Prantl’s Synopsis of
Plant Genera. This classification has been somewhat modified
by Frost and MeCampbell and their regrouping is perhaps more in
accord with the facts. It is perhaps more important that a dis-
tinct and satisfactory classification should be adhered to than
that a single classification should be used for all purposes.
The following eclassification is the one which will be adopted in
this text. It is based upon Frost and McCampbell’s modifica-
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tion of Migula’s scheme, but with some changes which seem to
codrdinate it better with practice. A key to the various groups
and genera of the bacteria as here used will first be given, fol-
lowed by a brief discussion of the characteristics of the more
important genera. All of those groups of bacteria which are
not of economic importance or which have no pathogenic members
have been eliminated. This removes some fifteen or eighteen
genera which have no common or economic representatives and
are chiefly of systematic or botanical interest.

KEY TO THE GROUPS AND GENERA OF BACTERIA

I. Order Eubacteria, or true bacteria. Cells free from sulphur.
Family I. Coccace®. Bacterial cells globular when in a free state.
Non-motile.
Cell division occurring in parallel planes resulting in the formation of
chaingy ™ S o IS I L | O R Streptococcus.
Cells dividing in two planes, forming plates of cells, or not remaining
united, or dividing irregularly to form irregular masses. . Micrococcus.
Cell division occurring in three planes, all at right angles, the cellsre-
maining united after division and forming cubes or packets. .Sarcina.
Motile.
Same as Micrococcus, but with organs of motion........ Planococcus.
Same as Sarcina, but with organsof motion............ Planosarcina.
Family II. Bacteriacez. Cells cylindric in shape and not bent . . Bacillus.
Family ITI. Spirillacez. Cells in the form of corkscrews or spirals, or
segments of a spiral. Cells fairly rigid, usually motile by means of a
flagellum or tuft of flagella at theend.................... Spirillum.
Cells forming long, thin, and tenuous spirals. Flagella, if present,
demonstrated only with difficulty. Probably protozoa in part and
not e bacterial -5 = - o S I L e R Spirocheta.
Family IV. Chlamydobacteriacez. Cells cylindric, united in threads,
and surrounded by a sheath. Arthrospores sometimes present.

Filaments show no branching.......................... Leptothriz.
Filaments show false branching........................ Cladothriz.
Filaments show true branching.
Arthrospores or conidia produced................... Nocardia.
No 'spores-abdarved: =% 5. .7 .0 I TISSiEae e Actinomyces.
II. Order Thiobacteria. Cells containing sulphur granules.
Filaments surrounded by asheath...................... Thiothriz.
Filaments not surrounded by asheath. .................. Beggiatoa.

Streptococcus.—The term Streptococcus is applied to any
spherical organism whose cells occur in chains. The method of
development has already been discussed. Spores are not developed.
In some forms the chains break up readily into pairs, to which
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the name Diplococcus is sometimes applied. This has been used
by some writers as a genus name.

Micrococcus.—All spherical organisms the cells of which do
not occur either in chains or packets are generally included under
the genus name Micrococcus. As defined by Migula, the name
strictly applies only to those organisms which divide alternately
in two planes at right angles to each other, forming pairs and
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Fig. 41.—Types of Streptococci: g, d, Streptococci consisting of uniform ele-
ments; b, Streptococcus consisting of diplococcus elements; ¢, Diplococcus.

fours and, eventually a plate. Very few bacteria develop in this
manner. It has been assumed by some authors that division
may occur in the two planes, but the cells may divide at such
irregular intervals that irregular masses of the organisms may
be formed. It is altogether probable that some of the cocci
divide irregularly and not in planes strictly perpendicular or
parallel to previous planes of division. This results in the forma-
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Fig. 42.—Types of Micrococeus: a, Micrococeus of isolated cells; b, Micro-
coccus showing tetrads, forming plates of cells or merismopedia; ¢, Micrococcus
with cells in an irregular mass—Staphylococcus.

tion of irregular groups. When the organisms remain united, as
frequently occurs, they form irregular bunches, to which the name
Staphylococcus is sometimes given. Asused in the following chap-
ters, the term Staphylococcus is synonymous with Micrococcus.
Bacillus.—As used here, the term Bacillus includes all rod-
shaped organisms. Two other names are used by some authors,
namely, Bacterium and Pseudomonas. Bacterium is defined by
some authors as a non-motile bacillus, by others as a non-spore-
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bearing bacillus. Sometimes a non-motile organism is found to
be physiologically, culturally, and morphologically closely related
to some motile form, and it seems to be undesirable to separate
these into different genera. The differentiation on the basis of
spore formation has not been generally accepted by bacteriologists.
The term Pseudomonas is sometimes used to indicate a motile

Fig. 43.—Types of bacilli: a, b, Non-motile bacilli (Bacterium); ¢, mono-
trichous bacillus (Pseudomonas); d, lophotrichous bacillus (Pseudomonas);
e, f, peritrichous Bacillus.

bacillus having polar flagella, while the term Bacillus is limited
to organisms having flagella over the entire surface of the body
(peritrichous). The term Bacillus is here used to include both
Bacterium and Pseudomonas.

Spirillum.—The family Spirillacez is divided by Migula into
four genera: Spirosoma is non-motile. Microspira is a rigid,
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Fig. 44.—Types of spirilla: a, Non-motile spirillum (Spirosoma); b, mono-
trichous spirillum (Microspira, Vibrio); ¢, lophotrichous spirillum with 2 or 3
flagella (Microspira, Vibrio); d, lophotrichous spirillum (Spirillum).

short, comma-shaped organism with one, two, or three flagella.
Vibrio is sometimes used as a synonym of microspira. Spirillum
is used to indicate a long, rigid, spiral bacterium with a tuft of
flagella at one or both ends. As used in this text, the term Spir-
illum will include Spirosoma, Microspira, Vibrio, and Spirillum.
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Spirochata.—Spirocheta is defined as an organism with
long, thin, flexible spirals on which flagella are demonstrated
with difficulty, if at all. It is problematic whether the spirochztxe
belong to the true bacteria or are a group intermediate between
the baeteria and protozoa. Conclusive evidence on this subject
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Fig. 45.—Types of spirochete.

is still lacking. These organisms will be discussed with the
protozoa.

Chlamydobacteriaceze.—The classification here given is that
used by Jordan in his “ General Bacteriology.” Nomenclature
of the forms belonging to this group is badly mixed, and the same
terms have been used by different authors with reference to very

n

Fig. 46.—A, Leptothrix; B, Cladothrix; C, Nocardia; D, Actinomyces or Strep-
tothrix.

different organisms. Leptothrix is a sheathed organism which
shows no branching. Cladothrix is one which shows false
branching. This false branching arises through one of the inter-
calary cells dividing and pushing the cells lying above it to one
side, and developing thereafter as a terminal cell. Nocardia in-
cludes those forms in which there is true branching, and in which



CLASSIFICATION OF MICROORGANISMS 81

arthrospores have been observed. These are formed usually
by aérial hyphe which are thrown up from the surface of the
medium upon which the organism is growing and break up into
segments which resemble bacilli. The term Streptothrix is some-
times used as synonymous with both the terms Nocardia and Ac-
tinomyces, but not correctly, as the name Streptothrix was, as
long ago as 1839, used for a genus in a wholly unrelated group
of fungi. Actinomyces includes those types which show true
branching and in which spore formation has not been observed.
Probably Nocardia and Actinomyces represent but a single genus.
In addition to the forms here given, several other genera have
been recognized by various writers, but are of no importance to
the veterinarian.

Thiothrix includes all thread-like bacteria which possess no
sheath and whose cells contain sulphur granules. Conidia or
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Fig. 47.—A, Beggiatoa (after Winogradsky); B, Thiothrix (after Ellis).

arthrospores are produced at the ends of the threads. This genus
is of little importance.

Beggiatoa.—This includes all those forms in which the cells
are surrounded by a sheath and contain sulphur granules.

In addition to the names of the genera given above, a large
number of physiologic and pathologic names have been given.
For example, Streptococcus pneumonie is frequently referred
to as the pneumococcus. This is not in any sense a scientific
name, but simply a convenient term for common designation.
Other examples of similar type are gonococcus for the specific
cause of gonorrhea, meningococeus for the organism causing
epidemic cerebrospinal meningitis, and urobacillus for organisms
causing certain ammoniacal fermentations in urine. Such ex-
amples might be multiplied indefinitely.

6
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CLASSIFICATION OF YEASTS

Myecologists recognize a number of different genera in the group
of yeasts. It is probable that the yeasts do not constitute a
homogeneous group. The genus Saccharomyces includes sich
forms as the common bread and brewer’s yeast (Saccharomyces
cerevisie) which produce spores and are active in alcoholic fer-
mentation. The name Torula is sometimes given to similar yeasts
that are not spore producing. This latter name, however, is
incorrectly so applied, as it was previously and is now used to
indicate a genus of molds. The name Blastomyces has been
commonly accepted to indicate the yeasts pathogenic for man
and animals. It is probable that there is little reason for separation
of Saccharomyces and Blastomyces on the basis of their morphology,
but such a separation on the basis of pathogenesis seems to be
advisable.

CLASSIFICATION OF THE MOLDS

Several hundred genera and many thousands of species have
been described. Of these, a few genera only contain species that
are pathogenic for man and animals. For a discussion of classi-
fication the student is referred to Chapter XXXVIII.






84 VETERINARY BACTERIOLOGY

used, however, in the sterilization of liquids or of any organic mater-
ial which might be decomposed at such a temperature.
Sterilization by Streaming Steam.—It is found in practice that
live steam is the most efficient sterilizing agent for many of the
media used in the laboratory. Steam under atmospheric pressure
at sea-level has a temperature of about 100°. Some type of
apparatus is used such that the live steam comes in direct con-
taet with the material to be sterilized. One type of the apparatus
is called the Arnold steam sterilizer (Fig. 49). It consists essen-
tially of a pan with a double bottom opening into the sterilizing
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Fig. 48.—Oven for sterilization by hot air (Jordan).

chamber above. The water between the bottoms is quickly
heated to boiling temperature and is automatieally replaced
from the supply on the exterior through small holes as rapidly
as it boils away. A single exposure to live steam for fifteen
minutes is sufficient to kill all vegetative bacteria, but spores
are not thus destroyed. It is customary, therefore, to heat for
fifteen minutes on one day, keep the medium for twenty-four
hours at a temperature suitable for the germination and devel-
opment of any spores present, then heat again for fifteen minutes
in the same manner. Those spores which have germinated will
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rise as quickly as possible to 15 pounds to the square inch, or
one additional atmosphere. This gives a temperature of about
121°. Material to be sterilized should be allowed to remain
fifteen minutes usually. If large bulks, such as flasks of media,
are to be sterilized, a longer period must be allowed in order that

Fig. 50.—Autoclave for sterilizing by steam under pressure.

the media may be completely heated through. If very small
quantities of material are being sterilized, a shorter period may
be used. When properly earried out, sterilization by this method
will certainly destroy all the bacteria present. Its principal
disadvantage is that certain organic substances may be decomposed
at this temperature.
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Sterilization at Temperatures Lower than Boiling-point.—
It is sometimes necessary to sterilize media, particularly blood-
serum, at temperatures lower than the boiling-point of water.
This is accomplished by placing the material to be sterilized in an
apparatus where it may be heated to the desired temperature,
usually 70°-80° for one to two hours on each of five or more
successive days. If large numbers of spores of certain organisms,
such as Bacillus subtilis, are present, it is almost impossible to
sterilize efficiently by this method. . However, if care is used in
securing the blood-serum to prevent the introduction of such organ-
isms, sterilization may be easily accomplished at this tempera-
ture.

Sterilization by Addition of Chemicals.—It is only under excep-
tional conditions that chemicals are used to sterilize media.

Fig. 51.—Apparatus for sterilization by filtration (McFarland).

It has been found that the addition of soluble materials, such
as lactose, in considerable quantities to media containing pure
cultures of certain bacteria will destroy the organisms so that
they may be used as a vaccine. This method does away with
the destruction of any of the characteristic metabolic products
by heat. :

Sterilization by Filtration.—Bacteria may be removed from a
liquid by passing it through a filter with pores so fine that the
organism cannot penetrate. Such filters are made up in a great
variety of shapes and densities. Among the many used are the
Berkefeld, the Pasteur, and the Chamberland. These are made of
unglazed poreelain. In filtration through these it is necessary, of
course, that all the apparatus used, particularly the vessel into
which the filtrate runs and the filter itself, be sterilized before use.






CHAPTER VII

CULTURE-MEDIA AND THEIR PREPARATION

Microscoric examination alone is quite insufficient to
differentiate species of bacteria. By the aid of a microscope
one cannot readily recognize the differences, for example, between
the organisms which cause typhoid fever and certain of the normal
inhabitants of the intestinal tract. It is necessary, therefore,
in a study and differentiation of species, that we make use of
different kinds of culture-media in which the bacteria may be
grown. By the term medium is meant any nutrient substance or
mixture upon which or in which bacteria will multiply. The
bacteria in their development on the various media show certain
growth reactions which are very useful in their differentiation.
Some produce acids, others gas, alkalis, and proteolytic and
coagulative enzymes.

Use of Normal Solutions of Acid and Alkali and Methods of
Expressing Reactions.—In the chapter on Physiology we have
noted that many bacteria are extremely sensitive with respect to
the acidity or alkalinity of the medium in which they are grown.
Some organisms develop best in a medium which is approximately
neutral; some refuse to develop unless there is a slight excess of
alkali present. Itisnecessary, therefore, that some definite method
of expression of these acidities and alkalinities be adopted. For
this purpose it is customary to use normal solutions.

A normal solution of a chemical may be defined as one in which
there is one gram of replaceable (acid) hydrogen or its equivalent
per liter of solution. For example, if we wish to prepare a normal
solution of HCI, we must so dilute the acid that it contains one gram
of hydrogen per liter of solution. This is best accomplished in
any substance that can be readily weighed by dissolving the
molecular weight expressed in grams in sufficient water to make a
liter of solution. If there is more than one atom of replaceable
hydrogen in the molecule, it is ngeessary to divide the amount
used by the number of any such atoms. For example, the molecu-
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lar weight of H,SO, is approximately 98, but there are two re-
placeable acid hydrogen atoms. Therefore, half this molecular
weight in grams, or 49 grams, of the H,SO, is made up to a liter
of solution and contains one gram of acid hydrogen. The same
principle is adopted in the preparation of a normal solution
of an alkali; in this case, however, it is necessary to divide the
molecular weight by the number of atoms of the base present,
which will replace hydrogen. For example, the molecular weight
of NaOH is 40. It contains one atom only of sodium, and a normal
solution, therefore, contains 40 grams to the liter. Dry sodium car-
bonate (Na,CO,) has a molecular weight of 106. Two atoms of sod-
ium are present; therefore it is necessary to divide by two, so that
a normal solution of sodium carbonate contains 53 grams to the
liter of solution. It is evident that a given volume of a normal
solution of an acid will neutralize exactly an equal volume of a
normal alkali.

It is customary to use indicators in the determination of the
acidity or alkalinity of a solution. Those most commonly used
are litmus, which is blue for alkaline and red for acid solutions,
and phenolphthalein, which is colorless with acid and red with
alkali. Phenolphthalein is so delicate an indicator that it is
sensitive to the presence of CO, in solution. It is, therefore,
necessary, whenever this indicator is used, to heat the solution
to boiling temperature in order to drive off any CO, which may
be present. It is customary to express the acidity or alkalinity
of a solution in terms of the amount of normal aeid or alkali present
per 100 c.c. of solution. For example, if it is found that it requires
10 c.c. of the normal solution of alkali to neutralize 100 c.c. of a
given solution, we know that there is present in that solution the
equivalent of 10 c.c. of normal acid, and the reaction is expressed
as + 10. If the reaction is alkaline, the negative sign is used.

Nature of Nutrients Required by Bacteria.—It is found that
practically the same elements are necessary for the nutrition of
bacteria as are essential for higher plants and animals, but they
may be used in quite different proportions.

It is particularly important that the disease-producing bacteria
be cultivated whenever possible. Cultivation outside the body is
quite necessary to a satisfactory proof of pathogenicity, to differ-
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entiate species, and to secure the organism in quantities sufficient
for preparation of vaccines, antitoxins, etc. A few standard media
are commonly used in the laboratory for the growth of bacteria, and
© a great variety of special types have been devised for certain
species that do not grow upon these. It is impracticable even
to enumerate the many special media that have been employed.

LIQUID MEDIA

Bouillon or Beef Broth from Meat.—This is the commonest of
laboratory media and serves as a basis for the preparation of
many others.

Place 500 gm. chopped lean beef in a liter of water and allow
it to stand in a refrigerator over night. The juice is then pressed
out with a meat press, boiled for half an hour, the coagulated
albumins filtered out, the liquid made up to a liter with water, 10
gm. of peptone added, and heated sufficiently to dissolve. The
reaction is adjusted to the proper point, usually + 1, by titra-
tion, or the medium is simply neutralized by addition of nor-
mal NaOH, using phenolphthalein paper as an indicator if a high
degree of accuracy is not required. The broth is then autoclaved
at 15 pounds pressure or boiled for fifteen minutes, allowed to
cool, and then filtered. The cooling throws down a precipitate
of magnesium ammonium phosphate, which may then be removed.
In many cases this is not objectionable and filtration may be
carried out while the solution is still hot. The finished bouillon
or broth is placed in test-tubes and flasks, and sterilized in the
autoclave under a pressure of 15 pounds for 15 minutes.

Bouillon or Broth from Beef Extract.—It is customary, in much
of the routine work of the laboratory, to substitute for the pre-
ceding a broth in which three grams of a beef extract, such as
Liebig’s, is substituted for the meat.

Sugar-free Broth.—There is generally present in the preceding
media a small amount of carbohydrate, largely dextrose. In
some cases a sugar-free medium is required. Theobald Smith has .
devised a modification of the meat broth for this purpose which
is commonly used. Several broth tubes containing vigorous
twenty-four-hour cultures of Bacillus colt are added to the meat
infusion and kept at 37° for eighteen hours. In this time the
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bacteria will have used up all the sugar present. The broth is
then prepared as above.

Sugar Broth.—Sugar-free broth is generally modified by the
addition of carbohydrates, such as dextrose, saccharose, and -
lactose, making 1 per cent. solutions. Such media must be
subjected to intermittent sterilization in flowing steam and not
in the autoclave, as the carbohydrates readily decompose.

Glycerin Broth.—Five or 6 per cent. of glycerin added to
broth makes it a much more favorable medium for many organisms.

Serum Broth.—Blood-serum secured under strict aseptic pre-
cautions may be added to sterile broth in various proportions.
Tubes prepared in this manner should be incubated for a few
days to determine whether or not the medium is sterile. Steril-
ization can be effected only by filtration, as heating would coagulate
the serum.

Dunham’s Solution.—This is a solution containing 1 per cent.
peptone and 0.5 per cent. sodium chlorid in water. It is used in
growing organisms for the determination of indol.

Beerwort.—Unhopped beerwort is frequently used for the
growth of yeasts and molds.

Milk.—Fresh separated milk is tubed and subjected to intermit-
tent sterilization. Commonly, litmus is added in sufficient quan-
tities to make the milk a distinet blue.

Synthetic Media.—It is sometimes desirable to prepare a
medium in which the exact chemical composition of every ingre-
dient is known. The nature of all the changes brought about by
bacteria can be studied chemically in such a medium, and the
food requirements_ determined by changes in the composition.
Most synthetic media contain as a basis an aqueous solution
of certain salts, among them potassium phosphate and sodium
chlorid. Special media of this kind are used extensively in the
study of the soil bacteria; it is only occasionally that such a
medium proves serviceable in the study of pathogenic forms. The
most commonly used of the synthetic media is Uschinsky’s solution.

Water, disfilled:, o ia0 L AN RIECTS v 0y 1000 c.c.

ASPATAEIN -5 50 5 2o A ey LR St v 4 ¢gm.;
Ammonium Jactate. . ... . ook aratser s S 6 gm.;
NASHEPO = i 007 . 2 25 in s P C e L N RN, 2gm.;
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LIQUEFIABLE SOLID MEDIA

Nutrient Gelatin.—This is prepared by the addition of 10-15
per cent. of gelatin to bouillon as prepared above. The gelatin
should be the best ““ gold label.” Care must be used in heating
the solution while dissolving the gelatin or the latter will stick
to the bottom of the vessel and burn. It is best to use an asbestos
pad, a double boiler, or a rice-cooker. The gelatin is itself acid,
so that it is necessary to adjust the reaction after it has dissolved.
The medium is then cooled to 60°, and the white of an egg thor-
oughly mixed with it. It is again heated to the boiling-point
without stirring. The coagulation of the egg removes suspended
dust-particles and makes filtration easier. The nutrient gelatin
is tubed and sterilized in the autoclave at 120° for ten minutes.
It should be cooled at once after removal from the sterilizer.
Care must be exercised not to heat the medium too long or it
may fail to solidify when cooled.

Other Gelatin Media.—Any of the liquid media already dis-
cussed, with the exception of the milk and serum broth, may be
made solid by the addition of 10 to 15 per cent. gelatin. Among
the more commonly used are dextrose, lactose, and glycerin
gelatin.

Nutrient Agar.—This is prepared by the addition of 1.5 per
cent. of shredded or powdered agar-agar to bouillon. Agar-agar
is a carbohydrate-like material, probably related to the vegetable
gums, which is prepared from certain of the seaweeds of the
Pacific and Indian Oceans. The mixture must be boiled vigorously
for half an hour to insure thorough solution of the agar. This
medium does not burn as readily as does gelatin, and long-
continued heating does not interfere with its solidification when
cooled. The nutrient agar may be sterilized in the autoclave
for fifteen minutes at 120°.

Other Agar Media.—Agar may be used as the solidifying agent
for any of the liquid media described. It has the advantage
over gelatin that it may be kept at blood heat, while gelatin under
such conditions would liquefy.
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NON-LIQUEFIABLE MEDIA

Potato.—Cylinders are cut from potatoes by meéans of an apple-
corer or special potato borer. These are divided by a diagonal
longitudinal cut such that each half has one long sloping surface.
It is well to soak in running water for a few hours to prevent
their turning dark when sterilized. They are placed with the
sloping surface up in test-tubes with a bit of saturated absorbent
cotton in the bottom, or in special potato tubes. The latter
are tubes constricted a short distance from the bottom. The
bulb thus formed is filled with water and the potato rests on the
constriction above. This device enables one to keep the potatoes

¢

Fig. 52.—Preparation of potato tubes: a, Potato cylinder cut diagonally; b,
side view in tube; ¢, front view.

moist for considerable periods. They are sterilized in the auto-
clave for fifteen minutes at 120°.

Other Vegetable Media.—Carrots and other vegetables may
be prepared in the same manner as potato.

Blood-serum.—Solidified blood-serum has been found to be
essential to the growth in the laboratory of certain of the patho-
genic bacteria. It is best to avoid all the initial contamination
of the serum possible, as it is difficult, by the methods used in
sterilization, to rid the medium of all the spore producers when
they are present in considerable numbers. The blood, usually
from beef, is allowed to clot, and the clear, straw-colored serum
removed. A clear, solidified serum may be prepared by heating
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the slanted tubes to 76° for an hour or more on five or six consecu-
tive days. An opaque medium is secured by heating to a tempera-
ture of 95°.

Loeffler’s blood-serum is a mixture of three parts of the serum
with one part of neutral 1 per cent. dextrose broth. It is solidi-
fied in the same manner as the simple serum.

Egg Medium.—This medium was developed by Dorset, of the
U. S. Bureau of Animal Industry. It has come into common
use for the growth of the Bacillus tuberculosis and has been used in
recent years as a satisfactory substitute for blood-serum. Dorset’s
description of the method of preparation follows: “ The egg
shell is broken carefully, and the entire contents dropped into a
wide-mouthed sterile flask. The yolk may be broken with a
sterile platinum wire. Gentle shaking of the flask will serve
to mix the white and yolk of the egg quite thoroughly. Care
should be taken, however, not to shake the flask so that a foam will
be produced, otherwise an uneven and unsatisfactory surface will
be obtained when the medium is hardened. When the mixing
is complete, the egg is poured into tubes, care being taken to avoid
foaming, and the tubes containing about 10 c.c. of the medium are
then inclined in a blood-serum oven and hardened at a temperature
of 70° C. This hardening will usually require two days, four or
five hours each day. Sterilization will be accomplished at the
same time. A higher temperature may be used and the medium
will be hardened more quickly. The growth of tubercle bacillus
seems to be more vigorous when the egg is hardened at 70° to
74° C., and, in addition, the prolonged heating probably insures
a more certain sterilization. The medium after hardening is
opaque and yellowish in color, and usually dry, there being
practically no water of condensation in the tube. The egg tubes
should be kept in an ice-box to prevent further drying. Just before
inoculation, three or four drops of sterile distilled water should
be added to each tube to supply the moisture required for the
satisfactory development of the tubercle bacillus.”



CHAPTER VIII

BIOCHEMICAL TESTS

TuEe physiological characteristics of bacteria are of considerable
importance in the differentiation of species. A knowledge of
such characteristics is of assistance in the isolation and recognition
of certain species, as in the detection of sewage bacteria in water.

Acid Production.—Acids are most frequently and readily pro-
duced by bacteria in the presence of suitable carbohydrates.
Litmus may be added to a sugar medium for the detection of aeid.
A quantitative determination of the acids produced in a liquid
medium may be made by titrating against decinormal alkali.
The ability of organisms to produce acid from various carbohy-
drates is used in the separation of the members of the intestinal
group of bacteria from each other. A record of the changes in reac-
tion from time to time has been found valuable in the differentiation
of the organisms causing bovine and human tubereulosis.

Alkali Production.—The alkali most commonly produced by
bacteria is free ammonia. It may be detected qualitatively by
means of filter paper dipped in Nessler’s solution and exposed above
the medium. The ammonia gas turns the paper brown or black.
The amounts of alkali produced may be determined by titration
against normal acid.

Gas Production.—A few pathogenicsbacteria produce gas from
proteins, but most gas-producing species require the presence of
a carbohydrate. The gases most commonly formed are carbon
dioxid and hydrogen. One qr more species of cellulose-fermenting
organisms can also produce methane, and some of the denitrifiers
free nitrogen.

The ability to produce gas may be determined by inoculation
of the organism into a dextrose agar or gelatin tube. Gas-bubbles
will appear in the medium if the organisms can ferment dextrose.
This sugar is generally used, as it is more easily fermented than
most other carbohydrates. The fermentation tube is eommonly
used for the study of gas production. The closed arm is entirely
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of free oxygen, can reduce certain chemiecals, evidently securing
oxygen for growth processes by this means. Litmus, methylene-
blue, and other pigments may be decolorized. Nitrates are
frequently reduced to nitrites. For this determination a broth
made from 0.1 per cent. peptone and 0.02 per cent. potassium
nitrate is inoculated and incubated for four days. It is then
tested by the following reagent for the presence of nitrites:

a5 NLabeECaeId! e . e e s 1000 c.c. -
Sulplmniliefdoids =, .« sailstriaf iy e honte 8gm.

brad Neestieacid. .| /. Lo e A T e - 1000 c.c.
Alpha-amidonaphthylene. . ................. 5 gm.

Add 2 c.c. of each solution to the tube to be tested. A red or
rose color will indicate the presence of nitrite. A control in check
tubes of uninoculated broth should always be tested at the same
time.

In some cases denitrification goes still further and the nitrogen
is liberated in the free state.

Other reduction processes have been described. Among the
more important are the reduction of sulphates to sulphids, and of
chlorates to chlorites.

Indol Production.—Indol is one of the products of protein
decomposition formed by bacterial action. It is of importance
principally because it may be demonstrated readily and because
of the economic importance of some of the bacteria which produce
it. It is not formed in the presence of sugars. Dunham’s solu-
tion is inoculated with the organism to be tested and incubated
for several days. To the tube are added a few drops of concentrated
sulphuric acid and a cubic centimeter of a 0.1 per cent. solution
of sodium nitrite. The sulphuric acid decomposes the nitrite,
freeing nitrous acid, which unites with the indol to form a bright
red compound known as nitrosoindol. The appearance of this
characteristic red color is evidence, therefore, of indol production.
Indol is an organic compound of the empirical formula, CH N,
and the structural formula

cH CH\en.
“NH”
It is one of the products formed in intestinal putrefaction, and
is the principal product which gives rise, under these conditions,
to the characteristic “ fecal ”’ odor.
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Thermal Death-point.—The accurate determination of the exact
temperature that is necessary to destroy various species of bacteria
is frequently of great economic importance. Efficient steriliza-
tion and pasteurization can be accomplished only when these facts
are known. Many methods have been suggested. In the labora-~
tory the determination is frequently made by subjecting freshly
inoculated tubes of broth to different temperatures in a water-bath
for ten minutes each. For reliable results more accurate methods
are needed. One of the commonest and best is the use of the
Sternberg bulb. This is blown of thin glass. A definite amount of
culture is introduced and the neck sealed in the flame. The bulbs
are completely immersed in a water-bath and suspended by wires
or by some other method, so that they do not come in contact
with the walls of the bath, and heated. A number of bulbs are
prepared and one heated five minutes, another ten minutes, at 50°.
The temperature is raised two degrees and two more bulbs are ex-
posed. For sporeless bacteria the test should be made to 70°,
and still higher for those that produce spores. The bulbs are cooled
quickly after their exposure, and their contents mixed with agar in
a Petri dish, or added to a tube of other suitable medium. This
is then incubated for several days. The minimum temperature
required to destroy the bacteria can readily be determined by a
comparison of the tubes.

Efficiency of Disinfectants.—The efficiency of disinfectants
is determined by testing their action on pure cultures of bacteria.
Koch’s method, which has been commonly used, consists in drying
the organism on silk threads, immersing them for varying lengths
of time in the disinfectant to be tested, washing in sterile water,
and placing them upon the surface of agar.

Hill’s method is a modification of that of Koch, and is rather
more accurate and relatively simple. Sterilized glass rods are
coated at the tip with the bacteria to be tested by dipping them
into a broth culture to a depth of an inch. These are placed in
test-tubes and carefully dried in a thermostat. They may then be
immersed to a somewhat greater depth in the disinfectant to be
tested for definite periods of time, rinsed carefully in sterile water,
and placed in tubes containing broth.



CHAPTER IX

MICROSCOPIC EXAMINATION AND STAINING METHODS

OsBJECTIVES having a higher power than those commonly used
in other work are required for the examination of bacteria. A
+-inch or 1.8-2 mm. oil-immersion objective is most commonly
used. This lens differs from the low-power dry lenses in that it
requires a layer of cedar oil between it and the object to be exam-
ined. This oil is used upon the lens for the following reasons. In
general, the higher the power of the objective, the smaller the

o :n.10
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Fig. 54.—Diagram showing the function of an oil-immersion objective (adapted
from Gage).

opening through which light may come to the eye. It is necessary,
therefore, that all the light possible shall enter the lens in order
that a well-illuminated field may result. The accompanying ex-
aggerated diagrammatic representation of the objective and the
stage of the microscope. may be helpful in understanding the use
of the oil.
Let C represent the microscopic slide, H the drop of oil having
the same refractive index as glass, and L the tip of the objective
100
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with the opening F'F. The rays of light are focused upon the ob-
jeet to be examined by the mirror or Abbé condenser. Those
rays of light, such as BN, that strike the glass perpendicularly
pass through and enter the lens without any deflection. A ray of
light, such as AB, striking the glass at a considerable angle, is
refracted upward and toward the normal or in the direction of BD.
Upon entering the air it would again be refracted and leave the
glass in a direction parallel to the original ray, or DE, and would
not enter the lens. If, on the other hand, a drop of oil having the
same refractive index as the glass intervenes, there will be
no refraction at D, but the ray will pass through to the opening
of the lens. This is represented by the ray A’'BD’F’. The use
of the oil, therefore, results in a more brilliantly illuminated field
and a clearer definition of the objects to be examined.

Measuring Bacteria.—Bacteria may be measured under the
microscope in one of several ways. A micrometer scale ruled on
glass may be inserted in the ocular, and the distance between the
lines determined by examination of a micrometer scale ruled upon
the slide or cover-glass examined under the microscope. When
the calibration has been effected, the ocular micrometer may be
used to measure the bacteria directly. The unit of microscopic
measure is the micron, the one-thousandth part of a millimeter.

Examination of Living Bacteria.—Hanging Drops.—The deter-
mination of the motility of bacteria can best be accomplished by
the examination of the living cells under the microscope. A hang-
ing-drop preparation is commonly used for the purpose. A loop-
ful of broth culture of the organism to be tested is placed upon the
center of a carefully cleansed and flamed cover-glass. Growth
from an agar or other culture may be used by substituting a
drop of physiological salt solution or sterile bouillon and introduc-
ing a minute quantity of the growth on a platinum needle. This
drop is then carefully inverted over the cavity in a hollow ground
slide, and sealed with a little vaselin. It may be examined with
a high-power dry lens or with the oil-immersion objective. The
drop may most easily be brought into focus at its margin. The
light must be carefully regulated by means of the mirror and the
iris diaphragm of the Abbé condenser to make the bacteria most
clearly visible.
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Quite as effective an observation may be made in many cases
by placing a drop of the culture upon a glass slide and dropping
a cover-glass upon it, using care to include a few air-bubbles.
A film of liquid sufficiently thick for the free movement of the bac-
teria will remain between the two glasses. The edgesof the air-
bubbles furnish a convenient object upon which to focus.

STAINING METHODS

Bacteria as well as the pathogenic protozoa are generally so
transparent when examined in a living condition that the details
of their morphology can be made out only with difficulty. It is
customary to stain these organisms with various anilin dyes
which render them distinctly visible.

The stains used in biological work are, for the most part, known
as anilin dyes, because they are derivatives of anilin, C;H;NH,.
They are grouped as acid or basic, depending on whether the acid
radical or the base possesses the tinctorial powers. Fuchsin,
for example, is a basic stain, while ammonium picrate is an acid
stain. The basic stains are the more useful in the study of bacteria;
the acid stains are sometimes used as counterstains, particularly
for tissues in which the organisms may be embedded. The
anilin dyes are of all the colors of the rainbow. The most com-
monly used are gentian-violet, methylene-blue, thionin blue,
fuchsin, and Bismarck-brown.

Mordants.—Anything which will cause a stain to penetrate an
organism better or which causes it to sef is termed a mordant.
For example, carbolic acid or anilin added to certain stains makes
them more intense. A solution of iodin in potassium iodid, a
mixture of tannic acid and iron sulphate, and many other solu-
tions are used under various conditions as mordants.

Formulas of Some of the Commonly Used Stains.—There are a
few stains which find constant use in the laboratory. The formulas
of these will be given. There are, in addition, a great many others
which have special applications.

Liffler’s methylene-blue:

Saturated alcoholic solution of methylene-blue. .. ...... i5verce
Solution of potassium hydrate (1:1000)............... 50 c.c.
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Aqueous solution of gentian-violet:

Saturated alcoholic solution of gentian-violet.......... 2.5 c.c.
Distilledipater s H0 AUAVESSTRA] =, 50T el 47.5 c.c.

Anilin gentian-violet (Ehrlich’s):

Saturated aleoholic solution of gentian-violet.......... 6 c.c.
Absolute aleohol. .. ........ e e vl Kol ok e 5 c.c.
Anilin-water FASREERN R R et 08 L LR T 50 c.c.

Anilin water is prepared by adding 2 c.c. of anilin to 98 c.c. of
distilled water and shaking vigorously for several minutes. It
should then be filtered until clear.

Carbol or phenol fuchsin (Ziehl’s):

Saturated alcoholic solution of fuchsin. . .............. 5 c.c.

Solution of phenol, 0.5 percent...................... 45 c.c.

Bismarck-brown: This is commonly used as a saturated aqueous
solution.

Gabbett’s methylene-blue:

Methyleme=blue, drystad 2 S N 5 L 0 L e S 2 gm.
SulphuricraCida, 5. e s i i 7. o e 5 & ol IR TP 25 c.c-
Distilled watior FIEHRE Ty St L L L4 ety 75 c.c.

Preparation of a Stained Mount.—A drop of water about the
size of a pinhead is placed upon a clean cover-glass. With a
sterile platinum needle remove a small portion of the material to
be examined and mix thoroughly in the drop of water. When the
bacteria are in bouillon or other liquid media, the drop of water
is unnecessary. This is then spread in a thin film over the surface
of the glass and dried. The film is next fized by passing the
cover-glass, film up, through the flame of the Bunsen burner three
times. The stain is placed upon the glass and allowed to act for
a few seconds to ten minutes, depending upon the organism and
the stain used. This is then washed in water until no more stain
comes off. It is dried between filter-paper and placed film down
upon a drop of water on a slide and examined under the microscope.
If satisfactory, it may be floated off with water, dried, and placed
film down on a drop of Canada balsam on the slide.

In many laboratories the use of the cover-glass is largely
dispensed with, and certainly routine examinations of many kinds
can be more conveniently made by means of films prepared
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directly upon the glass microscopic slides. The procedure is
practically identical with that detailed above for cover-glass
preparations except that the immersion oil may be placed directly
upon the stained film and no cover-glass used.

Spore Stain.—Bacterial spores stain with difficulty, but once
stained do not yield up the stain readily. Either one of the
following methods will be found to give good results:

Hansen Method.—1. Prepare a film, fix, and stain with steam-
ing hot carbol-fuchsin for five minutes.

2. Decolorize with 5 per cent. acetic acid until the film is a light
pink, and wash in water.

3. Stain three minutes with Léffler’s methylene-blue.

4. Examine.

Mller’s Method.—1. Prepare films and fix in chloroform for
two minutes.

2. Dry in air.

3. Cover with 5 per cent. solution of chromic acid for two
minutes.

4. Wash in water.

5. Stain with hot carbol-fuchsin five minutes.

6. Decolorize with 1 per cent. sulphuric acid twenty-five to
thirty seconds.

7. Wash and counterstain with methylene-blue ten to fifteen
seconds.

8. Examine. .

By either method the spores appear red and the cell body blue.

Stain for Acid-fast (Acid-proof) Organisms.—Certain bacteria
are stained with difficulty, but when once stained, they resist
decolorization with acids. The most important of these organisms
is Bacillus tuberculosis.

Acid Alcohol Method.—1. Prepare film, fix in flame, and stain
with hot earbol-fuchsin for two minutes.

2. Wash in 2 per cent. hydrochlorie acid in 95 per cent. alcohol
until there is no color visible in the thinner portions of the film.

3. Wash in water and stain with methylene-blue for contrast.

4. Wash and examine.

Gabbett’s Method.—1. Prepare film and stain as above with car-
bol-fuchsin.
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2. Wash in water.

3. Stain with Gabbett’s methylene-blue for one-half to one
minute. i

4, Wash and examine.

The acid-fast organisms will be red in a blue field.

Flagella Stain.—The flagella of bacteria are not visible in
ordinary stained mounts, and can be demonstrated only by a
special technic. Young, twelve- to eighteen-hour cultures of
bacteria should be used for their demonstration. A tube con-
taining a few cubic centimeters (5) is inoculated with sufficient
quantity of the growth carefully removed from the agar surface
to produce a slight turbidity. Incubate for an hour in the ther-
mostat. Drop two or three drops without mixing or spreading
on a clean cover-slip. Dry and then fix in the flame. Many
methods of staining flagella have been suggested; the two follow-
ing are probably the best:

Van Ermengem’s Method.—1. Place the film for one hour in the
following solution:

Osmic acid}'2 Per GeRb ks 5o il e o e 1 part
Tannin, 10-25 per cent. solution. .. .................. 2 parts

2. Wash in water, then absolute alcohol, then place in the
following solution for a few seconds only:

* Silver nitrate, 0.05 per cent. in distilled water.

3. Wash in the following solution for a few seconds:

Gallié aeid) 5. o =Sl b L1 I ne e Sk BN 5 gm
B b e e e o &5 0 o 5 o o0 3 gm.
Fused potassium’acetate. ... .0, 0. ol s ISR 10 gm.
Distilled water. . Sy 4L 5l SR LML S iaged IS L 350 c.c.

4. Wash in silver nitrate solution until film turns black.
5. Wash in water and examine.

Liffler's Method.—1. Prepare film, fix, and apply the following
mordant, heating for five minutes over a water-bath:

Tannic acid (25 per cent. aqueous solution). .......... 10 parts
Saturated solution ferrous sulphate. .................. 5 parts
Fuchsin (saturated aleoholic solution). ....... %o AP 1 part
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2. Wash and blot with filter-paper.

3. Stain with hot anilin-gentian-violet or carbol-fuchsin over
a water-bath for five minutes.

4. Wash and examine.

Gram’s Staining Method.—This method was first used to
demonstrate bacteria in tissues, the bacteria retaining and the tis-
sues losing the stain. It was later found that not all bacteria
could be stained by this method, and it has in consequence come
into general use for separating bacteria into two groups, termed
respectively gram-positive and gram-negative, the former retain-
ing the stain and the latter losing it.

1. Prepare film, dry, and fix.

2. Stain one and one-half minutes in anilin-gentian-violet.

3. Treat with Gram’s iodin solution one and one-half minutes.

ISR ie: 0 E S SR e veests Sl Pt b VTN 1gm
iBotatstimmtlodid i S 1 S e SRR . L ST Sy | et 2 gm
NN E Sl ST SR I N (9L A AW Syt 1 o SRR 300 c.c

4. Decolorize with 95 per cent. alcohol for five minutes.

5. Wash, dry, and mount.

Blood and Protozoan Stains.—Many special stains have been
devised for demonstrating the blood elements and protozoa in
the blood and in tissues. The chief of these are the Romanowsky
and Giemsa, each with numerous modifications. These may most
profitably be purchased ready for use from a reliable dealer.
The methods of use will be discussed in connection with specific
microbrganisms.



CHAPTER X

METHODS OF SECURING PURE CULTURES OF BACTERIA

BacTERIA must be studied in pure culture if one is to deter-
mine with certainty their cultural, physiological, or pathogenic
characters. One of the first efforts made in the study of a disease
or any other process brought about by bacteria is to separate its
causal organism from all others. Many methods have been devised
for this purpose, not any one of them applicable to every case.

Dilution Method.—This method of securing pure cultures is
of historic interest only. In the beginnings of the cultivation of
microdérganisms the culture-media commonly used were liquids,
such as infusions from meat and vegetables, and beerwort. This
method was used most commonly in securing pure cultures of
yeasts. A long series of flasks was prepared with sterile media.
The impure culture or mixture of organisms was mixed thoroughly
with the contents of the first flask, and a definite amount transferred
from this to another flask, from this to each of several others, from
each of these into another group, and so on. The last dilution
would, in general, remain sterile, but among some of the dilutions
would be a group in which some flasks would show growth and
others of the same dilution would not. The inference was that
such a flask had been planted with but a single organism, and the
flask contents, therefore, constituted a pure culture. This method
is cumbersome, uncertain, and is rarely used.

Isolation by Smearing.—If a loopful of a mixed culture of
microdrganisms be drawn across the surface of a solid medium in
parallel streaks, the first portion will generally show a solid line
of mixed growth, but farther along the growth is discontinuous.
Many of the isolated colonies here will be found upon examination
to consist of pure cultures. This method is used for the isolation
of bacteria from the mouth and throat in some cases.

Direct Isolation.—Barber has devised a capillary pipette method
whereby it is possible to pick up a single bacterial cell and transfer
it to a nutrient medium without any other organisms being carried
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over. This method has been found useful in the study of develop-
mental and evolutionary problems, but is not practicable for
routine laboratory isolations.

Isolation by Plating.—The development by Koch of the lique-
fiable media furnished a ready means for the isolation in pure

Fig. 55.—Isolation by successive streak cultures on an agar or gelatin
plate: A, First streak solidly grown; B, second streak, discontinuous; C,
third streak, having many isolated colonies.

culture of most species of bacteria. Nutrient agar or gelatin
or one of their modifications may be used. The medium is lique-
fied by heat, then cooled in a water-bath to about 43°. The
mixed culture of organisms from which it is desired to isolate
pure cultures is inoculated into one of the tubes. From this

e
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Fig. 56.—Petri dish (McFarland).

transfers are made by means of a sterile platinum loop to a second
tube; this is thoroughly mixed and transfers made to a third tube,
and from this even to a fourth. Each of these tubes of media
is then poured into a sterile, flat, glass, covered dish called a Petri
dish. These Petri dishes or ‘“ plates ”” are allowed to stand until
the medium has solidified; they are then incubated and examined
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from time to time. The organisms are separated from each
other by this process of dilution, and are held fast by the solidifica-
tion of the medium. In most cases the conditions are favorable
for growth, and development begins. Within a few days sufficient
multiplication takes place, so that the mass of organisms that has
developed from the single isolated individuals has reached a size
that can be easily seen with the unaided eye. Such a mass of organ-
isms is termed a colony. Transfers from such colonies will show
only a single kind of organism present, and by making isolations
from each type of colony, pure cultures may be secured of each
species present.

Isolation by the Use of Heat.—When it is desired to isolate a
spore-producing organism from non-sporulating forms, the culture
may be heated to 80° for fifteen minutes. This will not destroy
the spores, but will eliminate all other cells. If one species of
spore-forming organism only is present, this results in a pure cul-
ture at once; if more than one species, plating becomes necessary.

Isolation by the Use of Differential Antiseptics or Disinfect-
ants.—Not all species of bacteria are affected alike by a given
antiseptic or disinfectant, and it is sometimes possible to add a
substance that will prevent the growth or kill one form without
interfering seriously with the growth of others. A small amount
of phenol added to bouillon will inhibit the growth of most bacteria,
with the exception of certain members of the intestinal group.
A still better example of such substance is antiformin, which,
when mixed with sputum or other materials containing tubercle
bacilli, destroys all other organisms than these, and enables one to
secure a pure culture at once. This will be discussed in greater
detail under the heading of Tuberculosis.

Isolation by Animal Inoculation.—Some species of pathogenic
bacteria develop very slowly upon artificial media, or require
a special medium for their growth. When these occur mixed
with other organisms, it is sometimes difficult to secure them in
pure culture. This difficulty may in some cases be overcome by
animal inoculation. The injection of the organism into a suitable
susceptible animal results in the destruction'bythe bodyof the other
bacteria injected at the same time, and the characteristic organism
may later be isolated in pure cultures from the lesions of the disease.



CHAPTER XI

STUDY OF BACTERIAL CULTURES

SeeciEs of bacteria are frequently separable from each other
on the basis of differences in cultural characters alone. It is,
therefore, important that careful descriptions should be kept of
the cultural characteristics of each of the species. For assistance
in such descriptions the Society of American Bacteriologists has
adopted a standard descriptive chart from which the following are
adapted:

CULTURAL CHARACTERS f

Agar Stroke.—This is prepared by drawing an inoculated needle
from the base to the top of the slanted surface of an agar tube
that has solidified in the sloping position. In this culture are to

Fig. 57.—Types of growth on agar slants.

be noted the abundance, form, clevation, luster, surface, and optical
characters of the growth, its pigment production, odor, consistency,
and any changes that have occurred in the medium.
Potato.—The potato is inoculated and the growth character-
istics studied in the same manner as the agar stroke.
110
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broth. The characters to be noted are presence or absence of
coagulation, type of curd produced, whether or not whey is extruded,
peptonization or digestion of the ecasein, acid production, con-
sistency, and changes in color of the medium.

Litmus Milk.—In addition to the preceding, acid or alkali
production and reduction of the litmus are to be noted.

’ 2 3 3 -

i

19

J31 11

1
333232

“ {mn..:‘:

Fig. 59.—Types of growth in stab cultures: 4, Non-liquefying: 1, Filiform
(B. coli); 2, beaded (Str. pyogenes); 3, echinate (Bact. acidi lactici); 4, villous
(Bact. murisepticum); 5, arborescent (B. mycoides). B, Liquefying: 6,
Crateriform (B. vulgare, twenty-four hours); 7, napiform (B. subtilis, forty-
eight hours); 8, infundipuliform (B. prodigiosus); 9, saccate (Msp. Finkleri);
10, stratiform (Ps. fluorescens) (Frost).

Gelatin Plate Colonies.—Two or three tubes of gelatin are
melted, cooled to 40°, and one inoculated with a small amount of
the organism to be studied. The tube is rolled until the bacteria
are thoroughly distributed, and with a platinum loop a transfer
is made to a second tube, and from this to a third. The con-
tents of each tube are then poured into a Petri dish and allowed












SECTION Il

BACTERIA AND THE RESISTANCE OF THE ANIMAL
BODY TO DISEASE

CHAPTER XII

BACTERIA AND DISEASE; GENERAL CONSIDERATIONS

Koch’s Rules.—The proof of the germ theory of disease may be
dated from 1876, when Koch succeeded in demonstrating the rela-
tionship of Bacillus anthracis to the disease anthrax. He later
formulated the rules (which are known as Koch’s rules) for the
determination of the specific relationships of an organism to a
disease. They may be stated as follows:

1. The suspected organism must be found in every case of the
disease under consideration.

2. The organism must be isolated and grown in pure culture.

3. Inoculation of the organism into suitable animals should
reproduce the disease.

4. The organism must again be isolated from such animals.
Unfortunately, the proof of the cause is still lacking in a good
many diseases, and is unsatisfactory in others. There are several
reasons for this:

(a) The organisms in some cases have been shown to be ultra-
microscopic and capable of passing through a porcelain filter, as,
for example, those which cause rinderpest and hog-cholera.

(b) Some organisms, although evidently not ultramicroscopic,
have never been satisfactorily demonstrated under the microscope,
possibly from lack of proper staining methods.

(c) Some organisms are specific for man and do not repro-
duce disease of the same type when inoculated into animals.
With some of these, accidental or intentional inoculation into
man has supplied the needed evidence.
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(d) The organism may be demonstrated microscopically, but
will not grow upon the culture-media of the laboratory. Such
are some of the protozoa. With a few of these the proof has been
perfected by the study of the growth of the organism in an inter-
mediate host, for example, the malarial parasite in the mosquito.

Evidence of the relationship of an organism to a disease may
frequently be secured by using the agglutination, precipitation,
or some of the other tests discussed in the following chapters.
Improvements in staining technic continually reveal new or-
ganisms.

Animal Inoculation.—Experimental inoculation and injections
are made in the bacteriological laboratory for a number of reasons:

1. In determining the causal relationships of a specific organism
to a disease in accordance with Koch’s rules.

2. In the diagnosis of certain diseases. For example, one of
the most satisfactory methods of diagnosing glanders is to inject
some of the nasal,discharge from a suspected animal into a male
guinea-pig and note the development of acute orchitis and subse-
quent general body reaction. A

3. In the isolation of certain pathogenic bacteria. For example,
if it is desired to isolate the organism causing tuberculosis from
sputum or from milk, it may most readily be accomplished by
inoculating the infected material into a suitable animal. All the
non-pathogenic organisms will be destroyed and the specific
organism may be isolated in pure culture from diseased tissue or
lesions of the animal so infected. The animal body is used as
a kind of filter for the removal of the non-pathogenic bacteria.

4. In determining the strength of concentration of certain
biological products. As will be seen later, the only way that has
been devised for the determination of the strength or potency of
certain poisons, such as toxins, and for their antitoxins, is animal
injection. The animal is used by the bacteriologist in much the
same manner as an indicator is used by the chemist in determining
the acidity or alkalinity of a solution.

5. In the production of certain so-called antibodies, such as anti-
toxins, and for the demonstration of certain characteristics of the
blood-serum in immunity.

The animal most frequently used in experimental work is the
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guinea-pig or cavy; next in importance is the rabbit. Mice and
rats, particularly the white varieties, are sometimes used. When
birds are necessary, the pigeon and domestic fowl are generally
utilized. Some of the larger animals, as the goat or horse, are
used for the production of serum, where it is required in con-
siderable quantities, as in the manufacture of antitoxins. The
monkey has been used to some extent in the study of diseases
peculiar to man. Heifers are utilized in the preparation of the
vaccine against small-pox. Swine are used in the preparation of
hog-cholera antiserum.

Methods of Inoculation.—Animals are commonly inoculated just
beneath the skin or subcutaneously. The hair is shaved from the
area selected, the skin is washed with an antiseptic, and a hypo-
dermic needle inserted into the subcutaneous tissue. In the inocu-

Fig. 64.—FEar veins of a rabbit: a, Posterior vein; b, point at which injections
may be most easily made; ¢, median vein (adapted from Frost).

lation of a solid material a little incision may be made in the skin,
the material inserted, and the flaps of skin pulled together. Usu-
ally stitches to hold the skin are unnecessary. Intravenous
inoculation is accomplished by inserting the needle into a vein.
Usually a rabbit is selected for this purpose. Reference to Fig.
64 will show the vein on the posterior edge of the ear, into which
injections are usually made. The large median vein is not suitable,
as it is situated in loose connective tissue and therefore difficult
to enter. The posterior vein, on the other hand, is embedded in
firm connective tissue and cartilage, so that it does not give before
the needle-point.

Intraperitoneal injection is accomplished by thrusting the
hypodermic needle through the abdominal wall. Some eare must
be used not to penetrate too rapidly, as there is danger of injuring
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the intestines. Intrathoracic inoculation is rarely practised.
Injection directly into the heart (intracardiac) may be successfully
practised if sufficient care is used. Inoculation by scarification
- is accomplished by seraping off the outer layers of skin without
drawing blood and rubbing the organism on the surface moistened
by the exuded serum. Intracranial injections may be made by the
use of a trephine to penetrate the skull, when subdural tnocula-
tions are made with the hypodermic. Intra-ocular injections
have sometimes been performed for the specific purpose of observ-
ing from day to day the development of lesions upon the iris
or in other tissues of the eye. Inoculation by inhalation is accomp-
lished by forecing the animal to breathe the organism in dust or as
a fine spray. Infection by way of the digestive tract is accomp-
lished by feeding or ingestion.

Interrelationships of the Organism and the Body.—Any organ-
ism which produces lesions or morbid changes of any kind in the
body is said to be pathogenic, or disease producing. By virulence
is meant the relative ability of organisms of different races to
produce disease; for example, one culture of the diphtheria bacillus
might produce a severe type of disease, while another might be
wholly unable to produce an infection except under the most favor-
able conditions. The former is said to be more virulent than the
latter.

Effects of Pathogenic Bacteria on the Body.—When bacteria infect
the body, they may remain at or near the site of infection; they
may spread through the tissues by direct growth, or be carried by
the lymph and blood to other parts of the body; they may multiply
in the blood or they may produce metastatic infections by becoming
localized in other parts of the body. Disease may be produced
by the action of poisons, either toxins or endotoxins, or possibly
mechanically. The following classification adapted from Muir
and Ritchie is useful in a consideration of the types of changes
brought about in the body by microdrganisms.

A. Tissue changes.

1. Produced in the immediate vicinity of the bacteria, either
at the primary lesion or at secondary foci.
(@) Those changes resulting directly - from damage, as
degeneration and necrosis.






CHAPTER XIII

IMMUNITY. GENERAL DISCUSSION

Immunity.—Immunity is a term used to express relative resist-
ance to disease. It is defined by Ricketts as follows: *“ By immun-
ity we understand that condition in which an individual or a species
of animals exhibits unusual or complete resistance to an infection
for which other individuals or other species show a greater or less
degree of susceptibility.” The converse of immunity is suscepti-
bility, or lack of resistance.

Resistance by the body to infection by microérganisms is
due to a considerable number of factors. These may be grouped
into two classes—the external resistance, due to body coverings
and protective devices, and internal resistance, due to tissue and
body humor reactions.

External resistance to infection is of the greatest practical
importance. The skin covering the surface of the body is an excel-
lent and effective barrier against bacterial invasion. The skin
is constantly sloughing off at the surface and being replaced from
below. Entrance to the tissues is sometimes effected by micro-
organisms through the hair-follicles and the sweat-glands; this is,
however, exceptional. The subcutaneous tissues likewise obstruct
the inward growth of organisms that have penetrated the skin.
The mucous membranes constantly secrete mucus, which is as con-
stantly removed, and the bacteria which have been caught go with
it. The membranes which line the air-passages catch upon their
moist surfaces practically all the bacteria that enter with the
inspired air, and few ever reach the ultimate ramifications of the
bronchioles, much less the alveoli. The gastric juice of the stomach
is markedly germicidal. Many, though not all, bacteria which
enter the body with the food are destroyed there. The intestinal
juices, particularly the bile, are mildly antiseptic and inhibit the
growth of many forms, although they are without effect on others,
among them the so-called normal intestinal bacteria.
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Variation of Individuals in Susceptibility to Disease. Pre-
disposing Factors.—The same individual varies greatly at times
in his ability to resist infection by bacteria. Age frequently deter-
mines resistance to certain infections. For example, there are
diseases, such as diphtheria and whooping-cough, which are
much more common among children than among adults. Black-
leg rarely attacks adult cattle. Advancing age seems to bring
increased resistance to such infections. The mechanism of this
kind of resistance to infection is not well understood. Hunger
and thirst reduce the resistance of the body and predispose to
infection. Exposure to excessive heat or the chilling of the body
surfaces by cold will also reduce the body resistance so that organ-
isms that ordinarily cannot produce disease gain a foothold.
Fatigue has been demonstrated experimentally to render animals
and man more susceptible to infection. The classic example of
this diminution of resistance by fatigue is that of the white rat,
which is normally immune to anthrax, but which, when exhausted
by work in a treadmill, becomes susceptible to the disease and will
succumb to infection.

Types of Immunity.—Immunity may be divided into two types,
natural and acquired. The former may be subdivided again into
ractal or specific immunity and individual immunity. Acquired
immunity may be either active or passive.

Natural immunity is congenital, that is, it is not acquired after
birth. A racial immunity is one possessed by all the members of
a group of individuals. Disease frequently cannot be transmitted
from one species of animal to another, for example, man does not
acquire many of the diseases of animals, such as hog-cholera and
dog distemper, and, on the other hand, many diseases of man, such
as measles, whooping-cough, and typhoid fever, cannot be trans-
mitted to the lower animals. It is also said that the Algerian alone
among the breeds of sheep is naturally immune to anthrax. In
New York City it has been found that the Russian and Polish
Jews are much more resistant to tuberculosis than are certain other
races, particularly the Irish and the negroes—at least the death-
rate among the former due to this disease is much lower. Individ-
uals are also found who are naturally immune to disease. This re-
sistance is perhaps more seeming than real in many cases, and has
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been induced by mild infections that have resulted in recovery
without the development of definite symptoms of the disease.
It is a well-known fact that frequently a small percentage of the
hogs in a herd which becomes infected with hog-cholera do not
contract the disease, and inoculation experiments show them to be
relatively immune.

Acquired Immunity.—Immunity to a disease may be acquired
in many different ways. An active acquired immunity is one brought
about by the development in the tissues of the animal of certain
antibodies which prevent the growth or destroy or neutralize the
products of growth of the invading microdrganisms. Passive
acquired immunity is conferred upon the animal by the injection
of antibodies which have been prepared in another animal. A
passively immunized animal takes no part in the production of
the antibodies to which it owes its immunity.

Active Acquired Immunity.—A development of antibodies
and the consequent immunization of an animal may be brought
about by the various methods illustrated in the following out-
line:

A. Injection of living microorganisms.

1. In quantities smaller than the amount needed to produce
a fatal infection.
2. Attenuated in various ways—
(a) By growing upon artificial culture-media.
(b) By growing at unusual temperatures.
(¢) By heating.
(d) By growing in the presence of substances inimical to
growth, such as weak antiseptics.
(e) By animal passage.

B. By injection of dead organisms.

C. By injection of the products of autolytic digestion of or-

ganisms.

D. By injection of toxins.

Immunization by the injection of sublethal doses of pathogenic
organisms has not been generally practised. With most pathogenic
organisms it may be demonstrated experimentally that if the
number of living cells injected be decreased below a certain mini-
mum, they are no longer capable of producing disease. The method
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is dangerous because the minimum may vary with different
individuals and the animal utilized may in some instances prove
susceptible and succumb. Usually, however, increasing numbers
of the organism may be given, and the animal will eventually
become entirely immune. This method is of more theoretical
than practical importance, and is rarely used.

As noted above, microdrganisms may be attenuated, that is,
their ability to produce disease lessened in several ways. Several
species of bacteria are known gradually to lessen their virulence
when cultivated for a time upon artificial media; for example,
the Streptococcus pyogenes, which produces many suppurative in-
fections, when cultivated upon artificial media, will finally lose
so much of its virulence that it proves entirely non-pathogenic
when inoculated into suitable animals. Inoculation of such non-
virulent types will increase the resistance of the body to the viru-
lent forms. The converse of this is also true, for the continued
growth and transfer of many organisms from one animal to another
may greatly exalt the virulence. It is possible in a given species
to secure in some cases every gradation from the wholly non-
pathogenic type to forms that are exceptionally virulent.

Cultivation of some bacteria at a temperature higher than
the growth optimum results in a diminution of virulence. The
anthrax bacillus, whose optimum is 38°, may be cultivated at a
temperature of '42° for a time, when it loses much of its virulence.
It may then be used in the form of injections to increase resistance
to the disease anthrax in animals. The organism which causes
blackleg in cattle is heated to a temperature just below its thermal
death-point, and is found to lose many of its pathogenic proper-
ties, although it still causes the production of immune substances
when injected into the body. A closely related method is to grow
bacteria in the presence of mild antiseptics. The anthrax bacillus
grown in the presence of carbolic acid (1: 600) has been found to
lose its virulence. The growth of certain microérganisms in the
body of animals other than the species in which they normally
produce disease in some cases results in a decrease of virulence
for the first species. The small-pox organism, for example, is
grown for a time in the bodies of cattle, and is found to lose much
of its virulence for man by this means. The injection of dead
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microdrganisms also results in conferring immunity in much the
same manner, perhaps, as does the injection of non-virulent
cultures. The injection of bacteria, whether dead or alive, in an
effort to increase the immunity of the body, is known as vaccina-
tion. This is also defined as the production of an infection that
will run a benign course. Bacterial cultures are sometimes
allowed to stand until a considerable amount of digestion or
autolysis has occurred. When the dead or living bacteria are
filtered out by means of porcelain filters, the material remaining
in solution or the filtrate may be used for animal injection in an
effort to confer immunity. In other cases the bacteria are grown
in solutions where they produce certain specific poisons called
toxins. These latter are removed by filtration and used to inject
animals to induce the development of an active immunity.

Acquired Passive Immunity.—Immunity may be conferred by
the injection of serum that contains suitable antibodies. These
may be, as will be seen later, in the nature of antitoxins, bac-
teriolysins, or opsonins. This method of conferring immunity
should not be confused with vaccination. The animal passively
immunized takes absolutely no part in the development of its
immunity.

Theories of Immunjty.—Féur principal theories of immunity
have been held since the acceptance of the germ theory of disease.
The first two proposed are now of historic interest only, but the
other two are well founded on fact and are generally accepted
at the present time. When first proposed, these latter were sup-
posed to be antagonistic, but as subsequently modified, they
have been found to supplement each other, some facts being
explained by the one and some by the other. These theories
are worthy of brief consideration and comparison.

Theory of Exhaustion.—It was noted by early laboratory
workers that bacteria, yeasts, and molds would grow rapidly
when first planted upon a favorable medium, then the rate of
growth would become slower, and finally cease. It was concluded
naturally that growth stopped because all of certain of the nutrients
needed were exhausted. This theory was applied to the growth of
microdrganisms in the body, and it was believed that immunity
was established when certain requisite food materials were ex-
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hausted and the organism in consequence could grow no longer.
This theory was soon disproved. It was shown, for example, that
the Bacillus diphtherie would grow luxuriantly on sterilized blood
taken from a person immune to diphtheria. Chemical analyses
also showed that not all nutrients were exhausted from the medium
in the culture tube when the organism ceased growing.

Noxious Retention Theory.—Further study revealed the fact
that organisms ceased growing in a culture solution because they
produced substances deleterious to themselves. The organism
which sours milk, for example, produces acid until the concen-
tration is so great that it can no longer develop. The same is
true of yeasts in the production of alcohol, and'of bacteria in the
transformation of alcohol to acetic acid. The nature of the
noxious material is known in very few cases. A logical explana-
tion of immunity seemed to be that something of the same
kind occurred in acquired immunity; that the organisms devel-
oped in the body until they produced so much material inimical
to their own growth that multiplication would cease, and the
individual would thereafter be immune. This theory was dis-
credited by subsequent workers, who proved that the substances
that prevented bacterial growth were produced by the body and
not by the bacteria.

Metchnikoff’s Theory of Phagocytosis.—The theory was
advanced by Metchnikoff and his students that certain of the
body-cells, particularly the leukoeytes, would take up, digest, and
destroy bacteria. Immunization accordingly consisted in a kind
of stimulation or training of the leukocytes to destroy the patho-
genic organisms. Cells capable of destroying microdrganisms in
this manner he called phagocytes (Gr. phagein, to eat; kytos, cell).
Certain of Metchnikoff’s ideas have not borne the test of time, but
in the main his theory still is used to account for immunity of
certain types.

Ehrlich’s Humoral Theory.—Ehrlich has advanced the theory
that immunity is due to substances present in the body humors
which antagonize the growth and development of pathogenic
organisms or are capable of neutralizing their products. Such
substances capable of conferring immunity he calls antibodies.
and to their production by the body-cells he attributes the devel-
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opment of immunity. This theory has been tested in a very
great variety of ways, and seems to explain better than any other
most of the facts known relative to immunity.

Duration of Immunity.—Recovery from certain diseases,
such as small-pox, confers a lasting immunity; from others, such as
pneumonia, a temporary immunity, and in still others the im-
munity disappears immediately upon recovery, as in influenza.
In some cases recovery from an attack seems actually to predis-
pose to a recurrence, as in erysipelas. This last probably means
simply the complete or relatively complete disappearance of im-
munity from a peculiarly susceptible individual. The duration
of immunity may depend in some cases upon the type of anti-
bodies produced, although this is certainly not always the case.
Probably the antibodies, particularly those introduced in passive
immunization, are eliminated in some of the secretions and ex-
cretions, or they may, in some cases, be easily destroyed.

Antigens and Antibodies.—It has been found experimentally
that injections of many substances besides bacteria and their
products cause reactions on the part of the tissues, with conse-
quent production of antibodies. These substances are called anti-
gens. An antigen is, therefore, that substance which, when intro-
duced into the body, stimulates the tissues to the production of
antibodies. An antibody may be more accurately defined as any
substance present in the serum which is capable of neutralizing,
antagonizing, precipitating, agglutinating, or dissolving the sub-
stance (antigen) which has induced the formation of such anti-
body. For example, the toxin of the diphtheria bacillus, when
injected in non-lethal doses, induces the production of antitoxin
by the tissues: the.ﬁma is the antigen, the antitoxin, the anti-
body. Similarly, egg-white injected ihto an animal would be
termed an antigen and the precipitating substance produced as
a consequence in the blood-serum is termed the antibody.

Antibodies as Factors in Acquired Immunity.—The somatic
reactions to the presence of antigens are now generally considered
of primary importance in acquired immunity. Certain bacterial
poisons called torins cause the production by the animal tissues
of the antibody called antitoxin, which will neutralize the toxin.
The presence of certain bacteria in the body causes the production
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of bacteriolysins, substances which will dissolve or destroy bacteria.
Opsonins (Gr. opsonein, to prepare for eating) are antibodies
which will unite with the bacteria and enable the phagocytes
to take them up and destroy them. Acquired immunity may,
therefore, be said to be either antitoxic, bacteriolytic (antibacterial),
or opsonic, or a combination of any or all of these types. Three
other types of body reactions are also generally considered in a
discussion of immunity. Although they probably in no instance
actually account for immunity, they are found very useful in
diagnosis, and their consideration is quite essential to a full dis-
cussion of theories of immunity. The blood-serum of individuals
suffering from certain infections, particularly bacterial, acquires
the property of agglutinating or clumping these organisms. The
blood-serum from a horse having glanders when dropped into a
culture of the glanders bacillus will cause the bacteria to clump
together and settle out, leaving the medium clear. The phenom-
enon of agglutination is used in the diagnosis of this and other
diseases. A somewhat similar body reaction is provoked by the
injection of soluble proteins derived from some other species of
animal (or plant) into the body of an animal. The serum of such
an animal acquires the property of precipitating the corresponding
protein when mixed with it in a test-tube. This phenomenon
of precipitation is made use of in the differentiation of many kinds
of proteins. The presence of certain substances in the blood,
usually proteins derived from any foreign source, may result in
the sensitization of the body to such, rather than immunity. This
phenomenon is known as anaphylazis (Gr. an, against; phylasco,
to guard) and has led to an explanation of many otherwise obscure
pathological and bacteriological facts.



CHAPTER XIV
ANTITOXINS AND RELATED ANTIBODIES

(Antibodies of Ehrlich’s First Order)

Toxins.—The word toxin has been used with a considerable
variety of meanings. A substance is said to be toxic when it
brings about an abnormal condition when introduced into the
body. The discovery that certain microdrganisms, particularly
bacteria, produced their harmful effects by means of the poisons
which they excreted led to the use of the term toxin to include all
poisons produced by bacteria. Further study demonstrated that
these bacterial poisons differed considerably in their method
of action and in other characters. Ehrlich first clearly differen-
tiated the bacterial poisons and used the name toxin to indicate
a definite type. The name endotoxin is used to designate certain
poisonous substances that are contained within the protoplasm
of the cell, and are not excreted as are the true toxins. Some
authors have included all these poisonous substances produced
by bacteria under the name foxine, and recognize toxin as used in
Ehrlich’s sense.

Characteristics of a Toxin (Ehrlich).—According to Ehrlich,
the toxins constitute a group of substances having the following
-characteristics:

1. The true toxins are labile, that is, they are easily destroyed
by heat, by acids, by exposure to light and air.

2. The chemical nature of the toxins, with one possible excep-
tion, is not understood. Beyond the fact that they are organic
in origin and usually give some of the protein reactions, little is
known of their chemistry.

3. Biological tests (7. e., animal inoculations) have been found
to be the only tests by which the toxins may be recognized and
studied. These animal inoculations, as has been before stated,
are quite as essential in determining the character and strength
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of a toxin as are indicators to the chemist in his study of end-
reactions.

4. Toxins act upon the body by combining chemically with
definite cells and tissues. This union is not effected at once
in all cases. The evidences of damage, with the elinical symp-
toms of poisoning, do not appear .until after the lapse of a period
. of incubation. The length of this period varies with different
toxins—with some of the snake venoms it is very short, in other
toxins it is a matter of hours, or even days.

5. The injection of non-lethal doses of toxin into a suitable
animal causes the tissues to react and to produce antitoxrin,
which will neutralize the toxin, and result in immunization.

Toxins may be differentiated from most other poisonous sub-
stances with which they may be confused by reference to the
preceding. Poisonous alkaloids, such as strychnin, for example,
do not cause the production of antibodies. Immunization against
a toxin is, therefore, not to be confused with drug habituation.

Sources of Toxins.—Toxins have been found to be produced
by a considerable number of plants and animals. Certain of the
flowering plants form powerful toxins, such as ricin in the castor-
oil bean (Ricinus communis and R. zanzibarensis), abrin from the
jequirity bean (Abrus precatorius), and robin from the bark of the
locust (Robinia sp.). The pollen of certain plants, particularly
certain of the grasses, the golden-rod and rag-weeds, is poisonous
to some individuals, producing hay-fever, and as specific antitox-
ins have been prepared for them, the poison must be regarded as a
true toxin. Among the fungi, certain poisonous mushrooms (or
“toadstools "), as the Amanita, have been shown to contain toxins.
Certain molds are stated to produce toxins, particularly Asper-
gillus. Toxins have been demonstrated in the animal kingdom
in the venom of snakes, scorpions, and spiders, in the skin of certain
reptiles, in the blood of the eel and of certain fish. A few species
of bacteria have been shown to produce toxins, but in several cases
the amount and character of the toxin are relatively unimportant.
The bacteria which have been found to form appreciable amounts
of toxin, and which produce lesions of the body tissues through
the action of these toxins, are relatively few. The more im-
portant are the following:
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Bacillus diphtherie, the cause of diphtheria.

Bacillus tetant, the cause of tetanus or lockjaw.

Bacillus botulinus, the cause of certain cases of botulism or
meat-poisoning.

Bacillus enteritidis, found in certain cases of meat-poisoning.

The organisms in which true toxins have been demonstrated,
but in which the toxin production does not seem to account for
the lesions of the disease, are—

Bacillus pyocyaneus, associated with suppurative processes.

Micrococcus aureus, associated with suppurative processes.

Micrococcus albus, associated with suppurative processes.

It should again be emphasized that the above list of bacteria
does not include all those which may produce poisoning, but
does include the most important known to produce true toxins.
Many other species are known to produce endotoxins.

Specificity of Toxins.—Toxins must combine with the cells
or tissues of the body in order to injure them. Toxins do not all
attack the same tissue, but show a selective action. In some cases
a number of tissues may be injured, in others the damage is
limited quite strictly to one type. The toxin produced by the
bacillus of tetanus attacks the cells of the central nervous system
and is called a neurotorin. One of the toxins commonly present
in snake venom destroys red blood-cells (hemotoxin). Probably
some animals owe their immunity to certain toxins to the fact
that some of the less important or non-vital body-tissues will
combine with the toxin and prevent its union with more vital
portions.

Antitoxins.—Antitoxins are antibodies produced by the tissues
of the body as a result of injection or presence of toxins. The
fact of antitoxin production may be readily demonstrated by mix-
ing the serum of an immune animal with toxin and injecting the
mixture into a suitable animal. The normal toxic action will
be found to be inhibited by the antitoxin of the serum. The
most generally accepted and valuable of the explanations of the
production of antitoxins by the body is that offered by Ehrlich,
based upon his theory of cell nutrition, the lateral chain or side-
chain theory of immunity.

Ehrlich’s Theory of Cell Nutrition—Several explanations have
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been offered by physiologists for the phenomenon of cell nutrition.
Food substances carried to the cell by the blood must pass through
the vessel and cell-walls and be anchored there if they are to be
used in any of the processes of cell metabolism. According to
Ehrlich, the protoplasm must be made up of molecules having an
affinity for a great variety of food materials. These molecules
he conceives to be made up of a central portion surrounded by
atomic groups which unite with certain food molecules and bind
them to the cell. These atomic groups have affinity for certain
food substances, and, therefore, are differently constituted. These
atomic groups he calls side-chains or, better, cell receptors. The
character of these receptors may be illustrated by a chemical
analogy. Benzene has the following formula:

H H
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Any one of these hydrogens may be substituted by some element
or group. Suppose one such to be replaced by the carboxyl
group (COOH), another by the amino group (NH,), another by
the aldehyd group (CHO), and still another by a hydroxyl
group (OH). Such a hypothetical compound might be illustrated
as follows:
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There are several possible ways in which such a compound
might react. Should an alkali be brought into contact with it,
the base would be taken up by the carboxyl atom group. Acids
would be bound by the amino group. Other substances would be
bound by other atom groups. The cell receptors must be con-
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sidered in this manner, as being of different types, each one capable
of uniting with some food substance—probably only one. To take
up the variety of substances necessary for cell life and activity,
it is evidently necessary that there should be a multiplicity of
these receptors, and their action must be considered as very specific.

It is found convenient to represent these cell receptors in a
diagrammatic form. Such is scarcely necessary in a consideration
of antitoxin, but will be found very helpful in a discussion of the
more complex antibodies.

Ehrlich’s Theory of Antitoxin Production.—As has been stated
previously, toxins are believed to combine with the tissue-cells
before the latter can be injured. This union of toxin with the
cell takes place through the medium of the cell receptors, some of
which are thus diverted from their normal functions. As a result,
if the cell is not too seriously injured by the toxin, it or the neigh-
boring cells produce an increased number of receptors of the type
thus used. This is in accordance with the general hypothesis
enunciated by Weigert, that injury or irritation always results in
an overgrowth of tissue—a hypercompensation. For example,
rubbing the skin will produce a callus, leaky heart valves cause
hypertrophy of the heart, and the cicatricial tissue of a newly
healed wound is generally greater in amount than the tissue it
replaces. These receptors are, therefore, produced in great
numbers, and many are eventually displaced and escape into the
cell-plasma and finally into the blood-stream. These freed cell
receptors still retain their affinity for the toxin and constitute the
antitoxin molecules of the serum. For each of the statements just
made there seems to be a good proof. That the toxin actually
unites with the body-cells has been shown by experiment, for
example, the brain tissue of an animal mixed with tetanus toxin
will absorb the latter and remove it from the solution, so that
it is without effect when injected into animals. That there is an
actual increase in the number of cell receptors may be shown by
injecting a small amount of toxin into an animal, and before anti-
toxins have appeared in the blood, injecting more toxin. The
response to the second injection will be quicker than to the first,
and the animal will succumb to what is not ordinarily a fatal
dose. This indicates an increased power of fixation for the toxin, -
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i. e., an increase in the number of the receptors. The appearance
and inerease in the freed cell receptors or antitoxins in the blood
shows that these receptors are thrown off in large numbers. The
antitoxin in the serum unites with the toxin probably in much the
same manner as an acid neutralizes an alkali. The prinecipal
difference is that in carrying out the test, animal inoculations
must take the place of the indicator of the chemist. The union
between the toxin and antitoxin has been shown to obey the gen-
eral laws of chemical union.

Constitution of the Toxin.—Toxins are easily destroyed by
heat, chemicals, light, and air. It will be shown later that the
loss of toxicity does not result from a total destruction of the
toxin molecule, for it still is able to unite with the antitoxin.
It is evident that the toxin molecule is made up of two parts—
a thermostabile portion, which unites with cell receptors, either
in the cell or free as antitoxins, called the haptophore, or binding
group, and a thermolabile group, called the foxophore, which causes
the cell injury after union by means of the haptophore has taken
place. When the toxophore group of a toxin has been destroyed,
that which remains is ealled a toxoid. That toxoids exist may be
demonstrated in two ways. The injection of a toxin solution
that has been heated to 56 ° for half an hour into a suitable animal
does not result in the development of symptoms of poisoning, but
does cause the production of antitoxin; in other words, the toxoids
retain the ability to unite with the cell receptors and to bring
about their increase and elimination from the cell. An antitoxic
serum may be mixed in suitable amounts with a solution of
heated toxin (toxoid), and after a time mixed with virulent toxin,
and the latter will be found to remain uncombined. The anti-
toxin is completely neutralized by the toxoid, and the toxin
added subsequently finds no antitoxin free with which it ean
unite.

Constitution of Antitoxin.—Antitoxin is more stable than the
toxin in most cases. However, it is easily destroyed by a tempera-
ture of 60° if sufficiently prolonged. There is no reason to sup-
pose that it is made up of more than one group. Inasmuch as it
has a binding group, this may be called a haptophore. It has not
as yet proved possible to separate antitoxins from serum globulins;
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it is inferred, therefore, that they are similarly constituted. Further
light is needed on this subject.

Diagrammatic Representation of Toxin and Antitoxins.—The
preceding facts may in large part be recorded by diagrams. These
are, of course, arbitrary in shape and appearance, but are helpful
in an understanding of the reaction. The diagrams commonly
used for this purpose are given in Fig. 65.

Preferential Union of Toxins with Body-cells.—The union of
antitoxin with toxin occurs apparently as readily within the

Fig. 65.—Diagrammatic representation of toxins and of antitoxin pro-
duction—1, Toxin molecule: a, Haptophore; b, toxophore. 2. Toxoid, a
toxin molecule that has lost its toxophore. 3, Molecule of cell protoplasm
showing the union of the toxin molecule: a, Free toxin; b, toxin attached to
a cell receptor ¢; d, other cell receptors. 4 illustrates the overproduction of
receptors by the cell and their elimination (b) into the blood-stream as anti-
toxin molecules (c). 5, Neutralization or union of antitoxin with toxoid
and toxin.

body as without. When toxins are injected and antitoxins are
present in the circulation, the latter will commonly unite with
the former and prevent union with the body-cells. In some
exeeptional conditions, however, this is shown not to occur; for
some reason the affinity of cell receptors still united to the cell
seems to be greater than those free (antitoxin). In other words,
the tissues seem to become hypersensitive to the presence of the
toxin, so that the antitoxin no longer protects. Tissue immunity
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is, therefore, not always the same as antitoxin immunity. This
hypersensitiveness is of unusual occurrence. An animal that is
being immunized against tetanus toxin by injections of increasing
amounts may suddenly and unexpectedly show a marked reaction,
or may even succumb, when additional amounts are injected,
even though antitoxin may be demonstrated in considerable
quantities in the blood. It is evident that, although this phe-
nomenon is of infrequent occurrence, it is of some little importance.
Possibly this may be related to the reactions to be described later
under the heading of Anaphylaxis.

Antitoxins of Commercial Importance.—Antitoxins specific
for the venom of certain snakes and for diphtheria and tetanus
toxins are prepared commercially. The manufacture and
standardization of these antitoxins are of importance to the
veterinarian for several reasons. The theory of immunity has
been largely developed through a study of diphtheria toxins and
antitoxins. The larger animals, such as the horse and goat, are
generally used in the commercial manufacture of antitoxin.
The tetanus antitoxin is used extensively in veterinary practice.
A brief consideration of the production of diphtheria and tetanus
toxin and antitoxin is, therefore, advisable.

Manufacture of Diphtheria Toxin and Antitoxin.—Diphtheria
toxin is prepared by growing the diphtheria bacillus in suitable
broth. A sugar-free broth is prepared as described in Chapter
VII. This is titrated and the reaction adjusted accurately to
+0.5. It is then placed in flat-bottomed toxin flasks in a layer a
few centimeters in thickness, and autoclaved. To each flask is then
added sufficient sterile dextrose solution to make a 0.2 per cent.
dextrose broth. It is found in experience that different strains of
the diphtheria bacilli may vary considerably in toxin production.
The strain used most frequently in the United States is the one
known as the Park-Williams. The organism is grown in broth
tubes, where it forms a film over the surface. Portions of this film
are transferred carefully to the surface of the broth in the flasks and
incubated at 37° for eight days. Microscopic examination of the
culture should show it to be uncontaminated. To destroy the
bacteria and prevent possible infection of those handling the
material 5 c.c. of phenol or similar antiseptic is then added to
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each liter. In some cases it is filtered through a porcelain filter,
which will remove the bodies of the bacteria, but not the soluble
toxins. The amount of toxin present in the solution must be
next determined for two reasons: first, to insure the presence of
toxins in sufficient concentration for efficient immunization, and,
second, to determine the amount that may be injected into the
horse without serious injury. The amount of toxin that, when
injected subcutaneously, will kill a guinea-pig weighing 250 gm.
in three days is called the minimum lethal dose for the guinea-pig
(abbreviated M. L. D.). The broth should contain at least 1000
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Fig. 66.—Apparatus for the injection of considerable quantities of toxin
into the horse: @, Graduated cylinder closed by a rubber cork, b. Air is
pumped into the constant pressure bulb e, and from this passes into the cylinder.
The toxin is forced out through the needle at ¢ (Levaditi).

M. L. D. per cubic centimeter. The horse is most commonly
employed for the production of the antitoxin. Care is used that
the animal is fairly vigorous and entirely free from any infectious
disease. Injections of 100 M. L. D. are made subeutaneously,
or, better yet, larger amounts, neutralized by antitoxin already
prepared, are first used. The animal responds by fever and
swelling at point of injection and by other minor symptoms.
After a lapse of several days, or when the horse has recovered, a
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second injection of a larger amount is given. Increasing doses of
the toxin are injected at intervals until as much as 500 c.c. of the
toxin may be administered at one time. Not all horses produce
enough antitoxin in their blood to be commercially valuable;
hence the antitoxin content is usually determined some time be-
fore the process of immunization is complete. When the animal’s
blood contains the maximum amount of antitoxin, it is drawn
by a sterile trocar from the right jugular vein into wide-mouthed
sterile jars (Fig. 68). Usually a little less than one liter of blood
for every hundred pounds weight of the horse is removed, as this
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Fig. 67.—Injection of a horse with toxin (Levaditi).

amount may be withdrawn without appreciable injury. After
a rest the horse may again be injected and bled.

The jars of blood are allowed to stand until the clot has shrunk
and the clear, straw-colored serum has separated. This contains
the antitoxin and is the serum antidiphtheriticum of the Pharma-
copeia. It must now be standardized, that is, the amount of
antitoxin per cubic centimeter determined. Several methods
of determining the potency of the antitoxin have been pro-
posed. Inasmuch as the unit formulated by Ehrlich has been
generally adopted (except by the Irench) its development will
be briefly traced. Behring first proposed as an antitoxic unit,
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the least amount of antitoxin which, when mixed with 100 M. L.
D. of the toxin, would prevent a 250-gm. guinea-pig injected with
the mixture from dying within four days. This implied the keep-
ing of the toxin of a certain strength for the standardization of
antitoxin. The toxin was found to be unstable, and the same
toxin would at different times yield different results. Furthermore,
antitoxins are neutralized by toxoids as well as toxins. The toxin
cannot be,preserved for long periods without deterioration, as
would be necessitated if used as a government standard. Ehrlich,
therefore, made use of a toxin which he had studied in his labora-
tory to standardize a large quantity of serum. This serum he
dried in a current of warm air in a partial vacuum. As a result,

Fig. 68.—A trocar inserted into the jugular vein of the horse. The com-
pressor causes a noticeable engorgement of the vessel (Kretz in Kraus and
Levaditi).

he secured a considerable amount of serum in the form of dried
scales. The number of immunity units (U. 1.) per gram of this
dried material was very accurately determined. Exactly equal
amounts by weight of this standard serum were placed in each
of a large number of special tubes. The serum was placed in
one arm and phosphorus péntoxid (P,0;), an active dehydrating
agent, in the other. The air was then exhausted as completely
as possible by an air-pump and the tubes sealed. They then were
placed in a dark refrigerator, where a constant temperature was
maintained. The antitoxin under these conditions was found
to retain its potency undiminished for a long period. Ehrlich
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placed 1700 U. I. in each tube. Each month a tube is opened
and its content of serum dissolved in 1700 c.c. of a mixture of
water and glycerin. Each cubic centimeter, therefore, contains one
immunity unit of antitoxin. A careful study of the toxin which
Ehrlich had used in preparing this standard showed him that it
contained, in addition to the 100 M. L. D. of toxin, an equal
amount of toxoid. Theoretically, therefore, this immunity unit
prepared by him contains sufficient antitoxin to neutralize 200
M. L. D. of a pure toxin. In view of the fact that all antitoxin
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Fig. 69.—A tube used for the preservation of antitoxin by the Hygienic
Laboratory of the Public Health and Marine Hospital Service: a, Serum secales,
or antitoxin; b, phosphorus pentoxid, an active dehydrating agent (M. J.
Rosenau, Bulletin No. 21, Hygienic Laboratory).

in this country is now standardized with reference to this U. I.
of Ehrlich, the immunity unit for diphtheria antitoxin has been
redefined as an amount of antitoxin equivalent to that contained
in 1 c.c. of solution when the contents of the tubes prepared by
Ehrlich are dissolved in 1700 c.c. of water. In the United States
a similar set of tubes (Fig. 69) has been prepared by the Hygienic
Laboratory of the Public Health and Marine Hospital Service,
and the standard serum is sent from that laboratory to the manu-
facturers.

The old antitoxin cannot be used directly to determine the
potency of new antitoxin, but a lot of toxin must first be standard-
ized. It is necessary to express the strength of the toxin in terms
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of the standard antitoxin. Toxin is used which has been pre-
served until the first rapid transformation of toxin to toxoid has
ceased, and it has, therefore, become relatively stable. A series
of syringe tubes is prepared (Fig. 70), each one containing one
standard immunity unit of antitoxin, and to these are added
varying amounts of the toxin to be tested; each is then injected
into a 250-gm. guinea-pig. The amount of antitoxin will be more
than sufficient to neutralize the toxin in some cases, and the
animals injected will show no ill effects; in other cases the toxin
will be in excess, and the animals will die. The amount of toxin
which, when thus mixed with 1 U. 1., will kill a 250-gm. guinea-
pig in just four days is called the L.+ dose. The amount of the
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Fig. 70.—Battery of syringe tubes for testing the potency of toxin and anti-
toxin (Madsen).

toxin solution just necessary to neutralize an immunity unit, as
evidenced by the almost complete lack of tissue reaction at the
site of injection, is called the L0 (limit zero) dose. In a solution
containing toxins only (no toxoids) the difference between the L+
and the 1.0 dose would be 1 M. L. D. of the toxin, but such toxoid-
free solutions cannot be obtained; hence the difference between
the two is greater. The only reason that the L0 dose is determined
in practice is that a toxin solution, in which the L+ and LO doses
differ widely, is not suitable for carrying out the test and should
be discarded. When the L+ dose of the toxin has been satis-
factorily determined, it may then be used to determine the potency
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of fresh antitoxin. A series of syringe tubes, each containing one
L+ dose of the toxin, is arranged, and the varying amounts of
the antitoxin serum to be tested are added. The amount of
serum which will prevent a 250-gm. guinea-pig from dying in
less than four days contains 1 immunity unit.

According to Ehrlich, diphtheria toxin is in reality made up of
two poisons—the frue toxin and toxone. The latter he holds to
account for the paralyses that are frequent sequel® in diphtheria.
The same antitoxin neutralizes both the toxin and the toxone.
This toxone is of some theoretic and practical importance in the
standardization of the toxin and the antitoxin.

The amount of antitoxin present varies greatly in the serum
produced by different horses. One which contains less than
250 U. I. per cubic centimeter is rarely used. The greater the
concentration, the more valuable is the serum for prophylaxis and
cure. Many efforts to concentrate diphtheria antitoxin have been
made, all based upon the fact that the blood-serum is a mixture of
various proteins, and that the antitoxin seems to be inseparably
bound up with certain ones only of these. The removal of the
proteins having no antitoxic value results in a considerable con-
centration of the antitoxin-holding proteins. Several methods
have been devised for this purpose. All are based upon differences
in solubility or coagulability of the various serum constituents.
The methods of Gibson and of Banzhaf deserve mention. The
former precipitates the serum by the addition of an equal amount
of a saturated solution of ammonium sulphate. This precipitates
the antitoxic and some other fractions of the serum, but does not
precipitate certain of the non-antitoxic albumins. These are
filtered out, the precipitate is dissolved in water to its original
volume, and is again precipitated by ammonium sulphate. This
precipitate, when filtered, is relatively free from albumins. It
is then stirred into a saturated solution of sodium chlorid, which
dissolves the pseudoglobulins with the antitoxin. The insoluble
portions are filtered out and the clear filtrate acidified by the
addition of 0.25 per cent. of 80 per cent. acetic acid. The pre-
cipitate which is thrown down is collected over hard filters, par-
tially dried by pressure with bibulous filter-paper, and placed in a
parchment bag for dialysis in running water. The acid is neu-
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tralized by the addition of sodium carbonate, and dialysis is con-
tinued until the soluble salts have practically disappeared. If
care is used, the antitoxin will be found to be dissolved in a much
smaller quantity of water than originally present in the serum.
The concentration may be from two to three and one-half times
the original.

Banzhaf makes use of the various coagulation temperatures
of the serum constituents in effecting their separation. The
albumins and part of the non-antitoxic globulins are precipitated
by heating for twenty-four hours at 58°. Sodium chlorid crystals
are added to saturation, and much of the remaining globulin,
transformed by heat, is precipitated, leaving the pseudoglobulins

Fig. 71.—One type of filtration apparatus used for serum: a, Filter; b,
test-tube within a filter flask from which the air is partially exhausted by
the vacuum pump at d (Weidanz).

and the associated antitoxin in solution. The clear filtrate is
acidified with acetic acid, and the precipitate prepared as in the
preceding method. By this method a concentration of ten times
the original has been obtained.

The antitoxic serum is in all cases filtered through sterlle un-
glazed porcelain, and, after the addition of a small amount of
preservative, placed in sterile containers and sealed.

Preparation of Tetanus Toxin and Antitoxin.—The tetanus
toxin is prepared by growing Bacillus tetani in broth under anaérobic
conditions. This may be accomplished by the use of a hydrogen
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atmosphere, but more easily by covering the medium by a layer
of paraffin or other neutral oil. The methods of preparing the
toxin for use and of manufacture of the antitoxin do not differ
materially from those used in the production of diphtheria anti-
toxin.

Unlike diphtheria toxin, the tetanus toxin may be dried and
preserved indefinitely without deterioration. It is, therefore, the
toxin and not the antitoxin which is sent out from the Hygienic

Ry Y

Fig. 72.—A filtration apparatus after Uhlenhuth and Weidanz.

Laboratory to the serum laboratories for the purpose of standard-
ization. A standard toxin has been prepared at this laboratory,
and its M. L. D. for a 350-gm. guinea-pig carefully determined.
This is sent out in dried form, and is diluted before use, so that each
cubic centimeter contains 100 M. L. D. of the toxin for a 350-gm.
guinea-pig. The immunity unit is defined as follows: ¢ The
immunity unit for measuring the strength of tetanus antitoxin
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shall be ten times the least quantity of antitetanic serum neces-
sary to save the life of a 350-gm. guinea-pig for ninety-six hours,
against the official test-dose of a standard toxin furnished by the
Hygienic Laboratory of the Public Health and Marine Hospital
Service.” !

Another statement is that one-tenth of a unit, mixed with
100 M. L. D. of the standard toxin, contains ‘ just enough free
poison in the mixture to kill the guinea-pig in four days after
subcutaneous injection.” The amount of toxoid has not been
accurately determined in this test-toxin used; therefore, the stand-
ardization test must in all cases be in terms of the Hygienic Labora-
tory toxin, no other sample of toxin being suitable. The test-dose
is called the L+ dose, as in the diphtheria toxin.

Preparation of Other Toxins and Antitoxins.—As has before
been stated, antitoxins have been prepared for a large number of
toxins. The two already discussed are by far of the greatest im-
portance commercially. In the development of theories of im-
munity considerable use has been made of antiricin and antiabrin.
An antitoxin for pollen (called pollantin) has been used to some
extent in hay-fever. Antitoxins against snake venom may be pur-
chased upon the market. They are of considerable importance
in certain tropical countries, particularly India, where poisonous
snakes abound.

Antienzymes.—A study of enzymes and their actions has shown
them to resemble toxins in some respects. Although an enzyme
does not form a part of the final product of its activity, it never-
theless seems evident that it first unites with the compound which
it transforms, and later is split off. Enzymes are believed to
possess two groups, resembling the toxins—one a binding group,
or haptophore, and the other a fermenting group, or zymophore.
The injection of an enzyme into the animal body will usually
result in the production of an antienzyme, which will permanently
combine with the enzyme and effectually prevent its action. These
antienzymes are probably developed in exactly the same manner
as are the antitoxins, and have the same general constitution.
They are likewise very specific: the action of pepsin is inhibited
by an antipepsin, and not by an antirennet.

L Treasury Dept., Circular No. 61, Oct. 25, 1907.
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CHAPTER XV

AGGLUTINATION AND PRECIPITATION

(Antibodies of Ehrlich’s Second Order)

GRUI;ER, in 1896, discovered that the blood of animals immun-
ized against Bacillus typhosus, and the blood of patients having the
disease, when added to a liquid culture of the organism, caused
the bacteria to cease moving and to clump together. This
phenomenon has been named agglutination. Later it was found
that the use of protein substances as antigens caused the pro-
duection in the body of substances which, when mixed with the
protein in solution, would form a precipitate. This is known as
the precipitation phenomenon. The antibody responsible for
agglutination is called an agglutinin; for precipitation, a precipitin.

Differentiation of Precipitation and Agglutination.—The dis-
tinction between agglutination and precipitation may be stated as
follows: Agglutination occurs when the antigen is in suspension
in the form of individual cells or finely divided particles. Pre-
cipitation occurs when the antigen is a colloid in solution.

Agglutination.—Agglutinins may be grouped into two classes,
normal and immune. A normal agglutinin is one present in the
body without any infection or systematic immunization. An
immune agglutinin is one that is developed as a result of the pres-
ence of an organism or its products in the body. There is no
reason to suppose that the normal and immune agglutinins differ
from each other in any essential particular. It is possible that all
normal agglutinins are in reality produced as a result of an unde-
tected infection or to the presence of the so-called group agglu-
tinins to be considered later.

The agglutination reaction is said to be specific; that is, the
agglutinin will agglutinate, in general, only the homologous
organism. The term homologous is used to indicate the relation-
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ship between an antigen and its specific antibody. The serum
of a glandered animal is homologous for the glanders bacillus, but
is heterologous for the typhoid bacillus.

Agglutinins are formed by the body for most foreign cells which
may enter or be injected. Red blood-cells, other body-cells, pro-
tozoa or bacteria, may be the antigens which provoke agglutinin
production. Under the right conditions the clumping will occur
whether the cells be living or dead, motile or non-motile.

Agglutinogen.—The antigen which causes the body to react and
produce agglutinins is called an agglutinogen. It is evident that
the agglutinogen is not the cell used for injection, but some sub-
stance produced by it. A culture of Bacillus typhosus in broth
may be passed through a porcelain filter, and the sterile filtrate
will still cause agglutinin production when injected into the animal
body. The agglutinogen is either something thrown off by the
antigenic cell in the process of growth, or formed as a result of
autolytic disintegration and digestion. Evidently some con-
stituent of the cell excites the production of the antibodies or
agglutinins, and these, therefore, unite with the corresponding
material in the bacterial or other cell.

Ehrlich’s Theory of Agglutinin Production.—According to
Ehrlich, the agglutinogen unites with the receptors of the body-
cells, which are diverted in this way from their normal function.
As a result, there is an overproduction of the receptors and they
are freed as agglutinins. These freed receptors or agglutinins
differ in several ways from the antitoxins, for they not only com-
bine with the antigen, but they bring about certain changes in it.
Such receptors, to differentiate them from antitoxins and similar
antibodies (receptors of the first order), are termed receptors of
the second order.

Constitution of the Agglutinin.—The agglutinin may be shown
to consist of two portions—a binding group and an agglutinating
group. The presence of the binding group, or haptophore, may be
shown by mixing bacteria with a serum containing the specific
agglutinin, and centrifuging. The supernatant liquid will be
found to have lost its agglutinating power—that is, the agglutinins
will all have united with the bacteria first added, and will be removed
thereby from solution. The agglutinating group of the agglutinin
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is called the agglutinophore, the zymophore, or the zymotoxic group.
This group is unstable, and may be destroyed by heating to a tem-
perature of 60° to 75° and by acids and alkalis. It changes with
age slowly. An agglutinin which has lost its zymotoxic group is
called an agglutinoid. The agglutinoid still retains the capacity
to unite with the antigen, but has lost the ability to act upon it.
The presence of agglutinoids may be demonstrated by mixing a
serum containing them with the homologous organism, and allow-
ing the mixture to stand for a time. No agglutination will take
place, nor will it occur when fresh agglutinin is added. The

Fig. 73.—Agglutination and formation of agglutinins: 1, Diagrammatic
representation of bacterial or other antigenic cells with fixed (a) and freed (b)
agglutinogen groups. 2, Union of agglutinogen with cell receptors of the
second order: a, Molecule of the cell protoplasm, with a cell receptor of the first
order (¢) and of the second order (b), showing its haptophore (¢) and its aggluti-
nophore or zymophore (d); f, an agglutinogen group united to the cell receptor.
3, Overproduction of cell receptors b and freed receptors or agglutinin molecules
at ¢. 4, Union of agglutinin with the bacterial or other cell.

agglutinoid unites with the cell and blocks the union of the ag-
glutinin. Certain investigators have claimed to have produced
antiagglutinins by the use of agglutinins as an antigen, inoculating
them into another species of animal. These antiagglutinins, when
mixed with the agglutinins, unite with them and prevent them from
uniting with the homologous antigen when it is added.

Body or Somatic and Flagellar Agglutinins.—It is probable that
agglutinogen in motile organisins may originate in two ways—from
the flagella or from the cell-bodies. Agglutinins have been differ-
entiated in such cases into those that bring about agglutination



150 VETERINARY BACTERIOLOGY

by combining with the flagella (flagellar agglutinins) and those
which unite with the cell-body (somatic or body agglutinins).
Method of Agglutinin Action.—Common salt must be present
in any serum which agglutinates. Its function is not thoroughly
understood, nor is the general phenomenon of agglutination itself
susceptible of a simple explanation. The older theories of the
change whereby the organisms are made glutinous by the union
of the agglutinin are to be discarded, and the true explanation is
doubtless to be found somewhere in the field of colloid chemistry.
Concerning the exact nature of the change in the cell we know
little or nothing. The cells are certainly not seriously injured;

—_ =
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Fig. 74.—Diagrammatic representation of group agglutination: Let 1, 2,
and 3 represent the agglutinogen given off by three related species of micro-
organisms. The organisms 1 and 2 have agglutinogens a and F in common,
but in quite different proportions. No. 3 likewise has F in common with both
of the others, and D in common with 1. If the area covered in the diagrams

represents the relative proportions of agglutinogen of each kind, the readiness
" with which one species may be agglutinated by a heterologous serum may
be understood.

in fact, an organism may grow luxuriantly in a serum which agglu-
tinates it. One of the delicate tests for agglutinability is to grow
the organism in such a serum, and note the production of long
threads (Pfaundler’s reaction).

Group Agglutinins.—The statement has been made that agglu-
tinins are specific. This must be somewhat modified. It has been
shown that the serum homologous for a certain organism may
clump to a less degree some other species or closely related forms,
and in rare instances forms quite unrelated. This seems to be
due to the fact that not all the agglutinogen given off by a
particular organism is of one type; the agglutinins produced,
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therefore, are likewise of different types. It is entirely probable
that closely related organisms should throw off some identical
agglutinogen, and, therefore, have some common agglutinins.
Agglutination of an organism by a heterologous serum is termed
group agglutination. The agglutinins which are specific for the
organism are called its chief agglutinins, and those common to two
or more organisms are termed coagglutinins. It may sometimes
be shown that differences exist between the agglutinins produced
by different strains of the same organism. The importance is
apparent, therefore, of using care in testing the agglutinating power
of any serum to dilute to such an extent that the action of the
coagglutinins may be negligible and that of the specific or chief
agglutinins, recognized.

Agglutination Tests in Disease Diagnosis.—The fact that an
organism developing in the body generally excites the production
of a specific agglutinin has led to the wide use of the fact in the
diagnosis of certain infectious diseases. Not all diseases cause
an appreciable production of agglutinin. The test is carried out
by mixing serum from the suspect with the organism. If agglu-
tination occurs in proper dilution, it is evident that the specific
organism is or has been present in the patient. The test is fre-
quently reversed, and serum from an animal showing high agglu-
tinating power is used to differentiate between different species
and races of bacteria. The principal disease organisms which cause
the production of appreciable amounts of agglutinin are as follows:
Bacillus typhosus (typhoid fever), Bacillus paratyphus (paraty-
phoid), Bacillus enteritidis (meat-poisoning), Bacillus dysenterice (ba-
cillary dysentery), Bacillus coli, Bacillus pyocyaneus, Bacillus mallei
(glanders), Bacillus pestis (bubonic plague), Bacillus tuberculosis
(tuberculosis), Micrococcus melitensis (Malta fever), Streptococcus
pyogenes, and some other pyogenic cocei, Micrococcus meningitidis
(epidemic cerebrospinal meningitis), Spirillum cholere (Asiatic
cholera), and others. The test is not commonly used in practice
for the recognition of all of them—some are of experimental interest
only.

The diagnosis of disease by agglutination is commonly called
the ““ Gruber-Widal,” or simply the “ Widal *’ test. The test may
be made either by observation of a hanging drop or microscopically,
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or it may be made by naked-eye observation of the reaction in
the test-tube, or macroscopically.

Microscopic Widal, or Agglutination Test.—Dilutions of the
serum are generally made 1:10, 1:20, and 1:40, or even more.
To prepare a 1:40 dilution for a hanging drop, place 19 loops of
physiological salt solution, separately, upon a clean microscopic
slide, then add one loopful of serum to be tested, and mix thoroughly
with the diluent. Place one loopful of a suspension of the organ-
ism (broth culture or suspension from the surface of an agar slant
in physiological salt solution) upon each of two clean cover-glasses;
to one add one loopful of the serum dilution, to the other a loopful
of sterile physiological salt solution. Invert over the cavity of a

Fig. 75.—The Widal or agglutination test of the typhoid bacillus, using
serum from a typhoid patient: A, Check showing the uniform distribution
of the bacilli; B, clumps of bacteria in the positive test (Jordan).

hollow-ground slide and examine microscopically. The check
should show the organisms uniformly distributed over the field,
and moving about actively, if the organism is motile. The organ-
isms in the other may show no change, but if the serum has
come from a patient infected with the organism, the bacteria will
soon begin to clump together, and in the course of a few minutes
to an hour practically all of the organisms will be found so
clumped, very few or none remaining isolated in the field. Motility
is lost in motile forms. The test is a very delicate one, as is evi-
denced by the fact that the agglutination may sometimes be secured
in dilutions as great as 1:100,000. The higher the dilution
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at which agglutination occurs, the greater is the specificity of
the reaction. As has been seen, the dilution must be great enough
in every case to escape the activity of the normal and the common
group agglutinins. Serum from an animal that has been immun-
ized against a specific organism may be used in the recognition
of that organism. Typhoid serum in this way can be used in the
detection of the typhoid bacillus. Such a test also enables one to
differentiate between closely related forms, as the varieties of the
dysentery and of the paratyphoid bacilli.

Macroscopic Widal, or Agglutination Test.—A series of small
test-tubes is prepared, each tube containing a definite amount of a
suspension of the organism. To these are added varying quantities
of serum, making dilutions of 1: 10, 1: 50, 1: 100, 1: 200, and higher.
A positive reaction is indicated by the appearance of small flocculi
of bacteria, which soon settle to the bottom, leaving the super-
natant liquid clear. The reaction may not be complete for several
hours, and the tubes should be allowed to stand for twenty-four
hours before making final observations. Check tubes should
always be kept as controls, in which the liquid should remain
uniformly turbid. Advantage is taken by certain manufacturers
of the fact that dead bacteria, as well as the living, may be
agglutinated. They make * agglutinometers.” containing all *
the apparatus and materials for making a complete test. The
bacterial suspension supplied will keep for a long period.

Significance of Agglutinins in Immunity.—Agglutination takes
place in the body as well as without. Clumps of typhoid bacilli
may be found in various capillaries in cases of typhoid. It is
uncertain what significance is to be attached to the phenomenon.
It can scarcely be of advantage, except possibly that it prevents
to some degree the distribution of the bacteria through the blood.

Hemagglutinins.—Certain bacteria, and certain toxic materials
from plants and animals, contain substances which agglutinate
red blood-cells. Such agglutinins are termed hemagglutinins.
When this agglutination occurs in the blood, it results in the
formation of emboli of the red blood-cells. These emboli are of
considerable significance in some diseases. Hemagglutinins may
also be formed by the injection of the red blood-cells of one species
into another.
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Precipitins.—The precipitins are quite analogous to the ag-
glutinins. They are formed as a result of the injection of a great
variety of proteins or protein derivatives. An antigen which in-
duces the development of precipitins is known as a precipitogen.
The precipitogen is doubtless the protein molecule itself. It con-
sists essentially of a binding or haptophore group only. The
precipitin seems to be formed in a manner similar to that already
described for agglutinins. It may be shown to eonsist of a
zymophore or precipitating group, and a haptophore or binding
group. The zymophore is easily destroyed by heat, but the hap-
tophore is thermostabile. A precipitin that has lost its zymophore
is known as a precipitoid. The preeipitins are quite specific, but
group precipitation will take place when related proteins are
treated with a serum homologous to one of them. The blood-
sera of various ruminants, for example, exhibit group precipita-
tion. An antiserum homologous to human serum will precipitate
the serum of anthropoid apes.

The work of Nuttall has showed quite definitely the limits
of group agglutination. He tested 900 kinds of blood, using in
all 30 antisera, and made a total of about 16,000 combinations.
He showed that, on the whole, the closer the relationship, the greater
the amount of common or group agglutination. For example,
he determined that the blood of apes of the old world would yield
a heavier precipitate with human antiserum than would that of
apes of the new world. Another exception to specificity has
been found in the protein of the crystalline lens: an antiserum
for the lens protein of man or the ox will produce a precipitate in
solution containing the lens protein from other animals not at all
closely related. It has been suggested that the cataract of the
eye may be due to the formation of an autoprecipitin for the
protein of the lens and its consequent partial coagulation or pre-
cipitation in situ.

The mechanism of precipitation is not well understood, but
it is probably to be explained on the basis of certain facts of
colloid chemistry. The test is so delicate that a positive reaction
has been secured with a dilution of 1: 100,000 of egg-white, while
the ordinary protein tests of the chemist fail to show 1: 1000.

Uses Made of the Precipitation Phenomenon.—Several practical
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applications have been made of precipitation in the differentiation
of proteins. These are the recognition of blood-stains, the differ-
entiation of meats from different species of animals, particularly
horse-flesh from beef, and the diagnosis of many other protein-
containing substances, including bacteria and their produets.

Recognition of Blood-stains.—It is sometimes necessary in
murder trials to determine with certainty the origin of a blood-stain.
The fact that the stain has been produced by blood may be easily
demonstrated by the chemist, but he has no ready means of telling
with certainty whether the blood is of animal or human origin.
Uhlenhuth was the first to call attention to the value of this test
in legal medicine. The precipitation test, when properly carried
out, enables the determination to be made with a high degree of
certainty. An antiserum specific for human blood must be se-
cured first by injections of human serum into a rabbit, at intervals
of a few days, for a period of several weeks. A bit of the material
with the blood-stain is placed in a watch-glass and 5 c.c. of sterile
physiological salt solution is added. This is allowed to stand until
some of the blood proteins have been dissolved. This may be
shown by blowing into the liquid through a capillary tube, when a
fairly permanent foam will be produced. If any dirt or sediment
appears in the solution, it is removed by filtration. An effort
is made to secure a dilution of the serum of about 1: 1000. The
diluted serum is placed in a series of test-tubes, and the specific
antiserum is added. If the blood-stain is from human blood, the
precipitate will make itself apparent as a clouding in the course of
a few minutes. The reliability of the test has been recognized
by the German courts, and the results have been accepted as
evidence. By varying the procedure, the same method may be
used in differentiating animal bloods.

Differentiation of Meats.—Meat inspection, particularly in
certain European countries, includes the differentiation of meats.
In certain localities large quantities of horse-flesh are used for food,
but the law forbids that horse-flesh be sold as beef. There are cer-
tain chemical differences between the two,—differences in the com-
position of the fat and possibly in the abundance of glycogen,—but
these differences require careful chemical analysis and examination
for their recognition. The precipitation test furnishes an easier
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and more reliable method for reaching the same end. Further-
* more, the testing may be extended to an examination of mixed
meats, as sausages, and the various kinds of meat present deter-
mined. Specific antisera must be prepared for each of the meats
which it is desired to recognize by mincing the meat and soaking
it in physiological salt solution.| This material is then used in the
immunization of a rabbit by repeated injections during several
weeks. The flesh to be tested is likewise extracted with physio-
logical salt solution, the solution filtered and tested as in the blood
diagnosis with the various specific antisera. It will give a most
prominent precipitate with its homologous antiserum, and the
differentiation may thus be made.

Differentiation of Bacteria.—It has been found that the injec-
tion of the bacteria-free filtrates of liquid cultures of bacteria will
induce the production of an' antiserum specific for the filtrate
from that particular type of organism. This method is not as
reliable as the agglutination method of differentiating bacteria,
but it may be used, and is just as specific.

Similar tests have been made to differentiate from each other
the proteins derived from certain plants and plant-seeds. It may
be stated that, in general, the injection of any protein in abso-
lutely pure condition will cause the production of the homologous
specific antiserum in the animal injected.



CHAPTER XVI
CYTOLYSINS, INCLUDING BACTERIOLYSINS, AND HEMOLYSINS

(Antibodies of Ehrlich’s Third Order)

THE use of animal, plant, or bacterial cells as antigens has been
found usually to cause the development, by the tissues, of specific
antibodies, which have the power of destroying these cells, and
in many cases of actually dissolving or digesting them. These
antibodies are termed cytotorins. In most cases the action is
lytic or dissolving; the antibodies are cytolysins. Cytolysins are
frequently subdivided with reference to their antigens, as bac-
teriolysins, hemolysins, nephrolysins, etec. Any substance which
destroys bacterial cells is said to be bactericidal, and this expression
is used when the method of cell destruction is not specified. Cyto-
lysins are produced by certain bacteria, and are also found in
certain snake venoms.

Bacteriolysins were first noted by Pfeiffer. He found that
when cholera spirilla were injected into the peritoneal cavity of the
immune guinea-pig, the serous exudate rapidly dissolved and
destroyed them. This lytic action of the blood-serum is called
Pfeiffer’s phenomenon. Later, it was discovered that this reaction
would take place just as well in a test-tube (in wvitro) as in the
animal body.

Cytolysins.—Cytolysins have been shown to be made up of two
elements. When a cytolytic serum is heated to 56° for half an
hour, or is allowed to stand for a time, it loses its lytic property.
This is regained, however, when a little fresh normal serum is added.
The normal serum is said to reactivate the immune serum. The
normal serum alone is not lytic, nor is the immune serum, but when
mixed, they will destroy cells. It is evident, therefore, that the
cytolysin is made up of two constituents, neither of which can
act without the other. The thermostabile constituent of the im-
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mune serum is termed amboceptor;* the thermolabile constituent
of normal serum is termed complement.

Action of Amboceptor.—It may be shown that the amboceptor
unites with the antigenic cell with which it comes in contact.
This may be demonstrated by the following experiment: A
heated immune serum (i. e., one containing amboceptor only)
is added to the homologous cell, allowed to stand for a time, then,
by means of repeated centrifugation and washings with physiologi-
cal salt solution, the serum may be completely removed. To the
washed cells normal fresh serum (i. e., containing complement)
is added, when cytolysis may be observed. This seems to show
that the amboceptor unites with the cell and cannot be removed
by washing, but cannot, on the other hand, destroy the cell until
the complement is added.

Action of Complement.—Normal serum containing complement
only shows no cytolytic activity. An experiment reciprocal to
the preceding, the addition of complement containing serum to a
suspension of cells, followed by centrifugation and washing, and
the addition of amboceptor, will not result in cytolysis. The
complement is evidently not bound to the cell, and can only be
attached through the amboceptor. The amboceptor may be con-
sidered as a structure which links or binds the complement to
the cell and enables it to destroy such cell.

Specificity of Amboceptors and Complements.—The amboceptor
is formed usually as the result of immunization, and is specific
for its antigen. The amboceptor for the red blood-cells of one
species of animal will not unite with those of an unrelated species.
Inasmuch as normal serum will activate many different ambocep-
tors, it has been argued that all complement is of a single type, but
Ehbrlich has succeeded in demonstrating that there are many
complements, and the general activating power of certain fresh
sera for many amboceptors is due to the multiplicity of the com-
plements which they contain.

Structure of Amboceptor.—There is reason for believing that the

! Synonyms of amboceptor are immune body, Immunkérper, Zwischen-
korper, substance sensibilisatrice, copula, desmon, philocytase, fixateur,
preparator, Hilfkorper:

2 Synonyms of complement are addiment, alexin, cytase.
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amboceptor is made up of two haptophore groups, one uniting
with the specific cell, and called the cytophilous haptophore, the
other uniting with the complement, and called the complement-
ophilous haptophore. The injection of a serum containing ambo-
ceptors into a different species of animal has been claimed to cause
the production of anti-amboceptors. That these anti-amboceptors
are formed was held because, by adding the serum produced by
immunization with amboceptors to a solution of the amboceptors,
the solution will be found to have lost all cytolytic power when the
complement is added. The fact that the amboceptor has the two
haptophore groups would make it seem probable that two kinds of
anti-amboceptors may be formed, one of which unites with the
complementophilous, the other with the eytophilous, haptophore.
That such are actually present may be demonstrated by carefully
planned experiments. Add the anti-amboceptor solution to the
solution of amboceptor, then add the specific cell antigen, wash the
cells repeatedly with physiological salt solution by means of centri-
fugation, and add the complement. No cytolysis will take place,
but, on the addition of fresh amboceptor, cytolysis will occur.
It is evident that, in the first instance, the amboceptor has been
prevented from uniting with the cell by the cytophilous anti-
amboceptor. The anti-amboceptor for the complementophilous
haptophore may be demonstrated by adding amboceptor to the
antigenic cell; to a portion add anti-amboceptor. To each por-
tion then add complement, and it will be found that no cytolysis
occurs when anti-amboceptor has been used, while it does occur in
the other tube. The anti-amboceptor in this case has prevented
the complement from attaching itself to the amboceptor, and
consequently prevented cytolysis. Some doubt has been thrown
upon the sufficiency of the above explanation, for it has been shown
that the anti-amboceptor for goat anticholera serum will inhibit
likewise the action of the goat typhoid serum.

Structure of the Complement.—The complement is believed to
consist of two groups—a haptophore, which unites with the ambo-
ceptor, and an active or lytic group, the zymophore. Careful
heating of complement is found to destroy the zymophore without
injuring the haptophore. Such a changed complement is called a
complementoid. It has been claimed that immunization of one
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species of animal with the complement of another results in the
formation of anticomplement, but more recent investigations
have thrown some doubt upon the sufficiency of the explanation
offered.

Ehrlick’s Conception of Formation of Amboceptor and Comple-
ment.—Ehrlich calls an amboceptor a freed cell receptor of the
third order. Such a receptor he believes exists in the form of a
double haptophore, and unites first with food or other materials,
then, by means of the other haptophore, with complement which
is present in the serum. The latter doubtless normally brings

Fig. 76.—Formation and action of cytolysins: 1, Bacterial or other cell,
a, with receptors, b, which are thrown off as antigens, ¢; 2, protoplasmic mole-
cule of the body a, with a receptor of the third order, b. This receptor, by
means of its cytophilous haptophore, d, can unite with the antigen, ¢, and
by means of its complementophilous haptophore, ¢, it can unite with the
complement f. At g is shown a receptor with both haptophores occupied.
At his a freed cell receptor or amboceptor; 3, a bacterial or other cell, a, to which
an amboceptor has united by means of the receptor b, and with a complement
united to c¢. This completes the lytic system, and the cell may be destroyed
by the complement.

about changes of a digestive nature which enable the cell proto-
plasm to make use of the food. The antigens used in immuniza-
tion unite with such receptors and divert them from their normal
funetion. Possibly the cell is injured; it is, at any rate, stimulated
to an overproduction of these receptors, and they are thrown free
in the blood as amboceptors.

Group Cytolysins.—It may be shown that related cells contain
some similar antigens, and that the cytolysins for one species of
cell may dissolve in low dilutions the cells of another species.
This phenomenon is similar to that of group agglutination, and
seems to be based upon the same general facts.

Bacteriolysins.—Bacteriolysins are normally present for certain
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bacteria in the blood of some animals, as bacteriolysins for the
anthrax organism in dog’s blood. They may be developed for
many organisms by systematic immunization, or they may appear
during the course of an infection. Their presence may be demon-
strated in two ways—either by direct microscopic examination or
by plating methods. In the first method the organisms are mixed
with the serum and examined microscopically. They can be
found, by actual observation, gradually to disintegrate and dis-
appear. The second method offers certain advantages. The
serum is mixed with the bacteria, and from time to time portions
of the mixture are plated out, and the rapidity of the destruction
determined by the relative number of colonies that develop.
Neisser and Wichsberg have developed a technic which enables
them to differentiate dead and living cells by the fact that leuko-
bases are formed from methylene-blue during life and not after
death.

Bacteriolytic Sera Used tn Practice.—By no means all bacteria
will induce the production of bacteriolysins in any quantity in
the body, as, for example, the pyogenic organisms and the pneu-
mococcus. The members of the intestinal group and the spirilla
are readily destroyed thus. Antisera have been prepared and
used for several of the latter. In the manufacture of the antisera,
either living or dead organisms may be used. Methods of titra-
tion, whereby the actual bacteriolytic content of the serum used
may be known, have not thus far been developed. The antisera
generally have other antibodies developed in addition to the bac-
teriolysins. Plague serum and that of swine erysipelas contain
some bacteriolysins, and probably the same is true of the seraused
in immunizing against hog-cholera and against rinderpest.

Bacteriolytic sera for passive immunization are prepared by the
methodical introduction of the organism into the animal body.
Either the first injections must be made with dead organisms or
an animal which has recovered from an attack of the disease
must be chosen. The animal is hyperimmunized by increas-
ing doses of the virulent organism after the first establishment of
immunity. This results in the accumulation of considerable
quantities of immune substances (amboceptors) in the blood.
This serum may then be used in passive immunization. Vaccina-

1
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tion, or the injection of dead or living bacteria into the body, with
the resultant development of an active immunity, owes its effi-
ciency, in some cases at least, to the production, by the body, of the
bacteriolysins specific for the organism.

Bacteriolytic sera for passive immunization are not employed
against many diseases. Some organisms, as has been stated, cause
the production of little or no bacteriolysin. The bacteriolysin
developed in the blood of one species is not always suitable for the
passive immunization of another. There ‘have been various
reasons advanced for this fact: the injection of the foreign serum
may cause the production of anti-amboceptors, or of anticom-
plements, or of some other antibody which would inhibit the lytic
action of the injected serum. Complement soon disappears from
an immune serum; therefore the amboceptors are dependent for
their activation upon the normal complement of the blood. This
complement may not in all cases be suitable for combination with
the particular amboceptor used, and the lytic activity be thus
inhibited. When the antiserum to be used for passive immuni-
zation comes from the same species of animal, as is the case in
immunization against hog-cholera and rinderpest, these objections
do not seem to obtain.

Hemolysins.—Hemolysins for the red blood-cells of one animal
usually may be obtained by injection of these into another.
They are divided into three types, the classification being made
upon the basis of relationship. Heterolysins are developed by the
injection of the red blood-cells of one species into another; isolysins
by the red blood-cells of one animal into another animal of the same
species, and autolysins by an individual for his own red blood-cells.
The last two, particularly the autolysins, are not easily produced
or demonstrated.

The study of hemolysis has proved of great value in two ways:
First, hemolysis is a phenomenon that may be easily observed,
and it has been used, therefore, more than any other, in the study
of the nature and activity of cytolysins. Hemolysis is readily
detected, because the hemoglobin escapes into the solution and it
remains permanently red, while unhemolyzed red blood-corpuscles
soon sink to the bottom, leaving the blood-serum clear and color-
less. Second, they are made of indirect use in the diagnosis of
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certain diseases, and in the recognition of certain organic sub-
stances. This second use is called variously absorption or fixation
of complement, or, after the name of its discoverers, the Bordet-
Gengou phenomenon.

Fixation of Complement and Its Utilization.—The method of
complement fixation is one that enables us to determine the pres-
ence or absence of cytotoxie, cytolytic, or similar antibodies in a
serum. Inasmuch as such substances are generally present in the
serum of a diseased individual, the determination of their presence
may constitute in such cases a diagnosis of the disease. A specific
example, the demonstration of fixation of complement by use of
antityphoid serum, will first be discussed. Five different solutions
are always needed in carrying out a test of this kind.

Suspension of Bacillus typhosus (antigen).

Heated serum of rabbit immunized against 1 (amboceptor).
Normal serum, usually taken from guinea-pig (complement).
Red blood-cells. Those of sheep generally used (antigen).

. Heated serum of rabbit immunized against 4 (amboceptor).

Suppose that 1 and 2 are mixed, and a small amount of 3 added.
Evidently the complete bacteriolytic system is present and bac-
teriolysis should occur. This is difficult to demonstrate micro-
scopically, however, and would not be demonstrated at all in that
manner if an excess of the first antigen or suspension of bacilli is
used. It is evident that the complement added will be used up or
“bound ”’ by the combination of bacillus and amboceptor. No. 4
and 5 are next added. They unite with each other, but, as all
the complement has been used up, there can be no hemolysis.
. The fact that hemolysis does not occur is proof, therefore, that the
complement has been removed. Suppose that, instead of the blood
of a rabbit that has been intentionally immunized to the disease,
the serum from a patient suspected of having the disease is used.
If hemolysis does not occur, then amboceptors for B. typhosus
are present in the patient’s blood, and the diagnosis of the disease
would be positive. If hemolysis does occur, evidently the patient’s
serum lacks amboceptor specific for typhoid, and the diagnosis
would be negative. The test may be reversed also, and some
organism suspected of being Bacillus typhosus may be substituted
for No. 1, and the same technic carried through. A lack of hemo-
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lysis would indicate that the organism had bound the amboceptor
and complement, and, therefore, was Bacillus typhosus in fact,
while hemolysis would indicate the reverse. The accompanying.
figure will make this clearer. In carrying out a test of this
kind it is necessary to arrange a very complete series of checks.
When properly managed, the method is very accurate and has
yielded results of value in many cases.
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Fig. 77.—Fixation or absorption of complement: A, Diagrammatic rep-
resentation of—1, Bacterial cell, a (B. typhosus in text), with antigen b; 2,
amboceptor for the antigen of (1) (the antityphoid serum); 3, normal com-
plement of the guinea-pig’s blood with the haptophore ¢ and the zymophore b-.
4, red blood-cell (sheep) with the antigenic receptors b; 5, amboceptor from the
blood of the rabbit immunized against 4. B, 1, Bacterial cell + amboceptor
+ complement makes a complete lytic series; bacteriolysis occurs, and the
complement is removed from solution; 2, the red blood-cell + its amboceptor;
no hemolysis, as the complement has been used by the other series. C, 1,
Bacterial cell not B. {yphosus, to which amboceptor (2) cannot unite, hence the
complement is not removed from the serum, and when the red blood-cells

and their specific amboceptor are added, a complete hemolytic system (3) is
formed and hemolysis occurs.

3

This test has been most used in the diagnosis of syphilis, the
antigen being secured from a macerated syphilitic fetus and the
amboceptor from the blood of the suspect. This is known as the
Wassermann syphilis test. A similar test may be used for diag-
nosis in other diseases. The same method may be used also in
the differentiation of proteins. In this case the antigen used is the
protein, and the first amboceptor is in the serum of an animal
immunized against this protein. The method is even more reliable
than the precipitation tests already discussed, but is more difficult






CHAPTER XVII

OPSONINS AND PHAGOCYTOSIS

It was observed by Parum as early as 1874 that decay-producing
bacteria quickly disappeared when introduced into the body, and
could not be demonstrated in the blood or other tissues. To
Metchnikoff, however, must be given the credit of elaborating the
theory of phagocytosis. By the term phagocytes (Gr. phagein, to
eat) is meant any body-cell which is capable of taking up and
destroying other cells, usually those of foreign origin. These
phagocytes are in some cases fixed body-cells, but, for the most part,
are leukocytes or white blood-cells of different kinds. Upon the
phagocytic activity of the body-cells Metchnikoff established his
theory of immunity. It may be stated briefly as follows: If an
animal is either naturally or artificially immune to a disease, it
means that the invasion of the body by organisms is followed by a
struggle between the organisms and the phagocytes. These
phagocytes ingest the organisms and render them harmless.
Metchnikoff subdivides the phagocytes in two ways—first, on the
basis of their morphological and functional behavior, and, second,
on the basis of their relationship to the surrounding tissue, i. e.,
some are mobile, others are fixed. The leukocytes in the blood are
in part the free-moving phagocytes. The small lymphocytes are
not known to have any phagocytic power, and it is probable they
are not endowed with active motion. Most cells have not been
shown to be phagocytic. The polymorphonuclear and the large
mononuclear leukocytes are the phagocytes par excellence. Certain
fixed cells of the lymph-nodes and the spleen are likewise active
phagocytes.

Metchnikoff terms the polymorphonuclear leukocytes the
microphages (Gr. micros, small; phagein, to eat), and the large
mononuclear, the macrophages (Gr. macros, large; phagein, to eat),
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and believes that they perform somewhat different functions in the
body.

" Wright and Douglas, in 1902, published observations that
threw much needed light on the theory of phagocytosis. They
showed that, in most cases, at least, the bacteria would not be
destroyed by the white blood-cells or phagocytes in the absence
of blood-serum. They showed that the serum contained something
that rendered the bacteria positively chemotactic or attractive
for the phagocytes, and they accordingly named this something
opsonin (Gr. opsonein, to prepare a meal).

Opsonins.—Opsonins may be shown to be present in certain
sera by the following experiment: Blood of a suitable animal is
drawn into citrate solution and centrifuged, thus throwing the

Fig. 78.—Phagocytosis by human leukocytes: 1, Micrococcus aureus; 2,
Bacillus dysenteriee; 3, B. typhosus; 4, B. tuberculosis; 5, Micrococcus meningi-
tidis (1, 2, and 3 adapted from Levaditi and Inman, 4 from Freeman, and
5 from Councilman).

cellular elements to the bottom. The top layer of corpuscles,
or “ cream,” containing a large proportion of leukocytes, is pipetted
off, and mixed with physiologicalsalt solution and again centffuged.
A second washing and centrifugation removes all traces of adher- .
ent serum. The corpuscles are then mixed with a suspension of
the bacteria and incubated for fifteen minutes. At the end of
that period mounts are prepared, stained with a suitable blood-
stain, such as Jenner’s or Wright’s, and examined. The bacteria
will not, in general, be engulfed by the phagocytes. A similar
series carried through, but with the addition of a little immune
serum, would exhibit marked phagocytosis, and considerable
numbers of the microdrganisms would be found within the leuko-
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cytes. Evidently the presence of the serum, or rather the op-
sonin which it contains, induces phagocytosis. Opsonins are
believed so to change or alter the bacteria as to make them posi-
tively chemotactic for the phagocytes. This does not mean that
the bacteria are destroyed, for there is no evidence that they are
in any way injured. That it is an alteration of the organisms,
and not a mere stimulation of the phagocytic cell, may be shown as
follows: A suspension of washed corpuscles prepared as before
is treated with immune serum, allowed to stand, and then washed.
When mixed with the bacterial suspension, no phagocytosis occurs;
evidently the opsonin is not bound to the phagocytes, nor does it
stimulate them when they are brought in contact with the bacte-
rial cells. The converse of this experiment may be tried, the bac-
teria added to the immune serum, and then centrifuged out and
washed free from all the serum with salt solution. When these
organisms are added to a suspension of the washed leukocytes,
active phagocytosis occurs. The opsonin is bound to the bacterial
cell, and makes it in a sense attractive to the leukocytes. The
negative chemotaxis is converted by this union into a positive
chemotaxis. The action of the opsonin has been likened to that
of an amboceptor, for it links up the bacteria and the white blood-
cells. The opsonins are, however, not identical with bacteriolytic
amboceptors.

Opsonins for some organisms are quite constantly present in
the blood. For example, human blood contains opsonins for the
organisms producing bubonic plague, Malta fever, pneumonia,
dysentery, Asiatic cholera, and for the pyogenic organisms.
These are called normal opsonins. Immune opsonins are those
produd®d as a result of infection or immunization. It is also
probable that some species of bacteria may be taken up by phago-
cytes in total absence of opsonins. On the other hand, it is be-
lieved that certain bacteria, when they invade the body, may
develop a resistance to phagocytosis. The appearance of the
capsule about the anthrax bacillus in the blood has been thought
to be a protective agency of this character. Whether the im-
mune and the normal opsonins are identical is a moot question.
Probably they may differ, it being contended that the normal
opsonin is simply the normal complement of the serum, for it has
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Preparation of Bacterial Emulsion.—The organisms must be
present in a perfectly homogeneous suspension. With most
organisms a twenty-four-hour slant agar
culture may be used, the growth scraped
off into sterile physiological salt solution,
triturated, and diluted until it shows only
a faint opalescence. Filtration is sometimes
necessary. This technic must be wvaried
somewhat for different organisms.

Preparation of Serum.—Both normal
serum and serum from the animal to be
tested are secured by bleeding, allowing
the blood to clot, centrifuging, and taking
off the serum with a pipette and transferring
to a small tube. Before use, the serum is
sometimes diluted—usually ten times.

Fig. 80.—Opsonizing
pipette containing the

leukocytes, bacteria, ' .
and serum (Miller). Fig. 81.—Opsonic incubator (Miller).

Technic of Test.—A capillary pipette with a fine bore is prepared
from glass tubing, and a mark is made a short distance, usually
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about 2 em., from the end. The suspension of leukocytes is then
drawn up to the mark, then an air-bubble is admitted, then the
serum to be tested to the same mark, a second air-bubble, and
finally an equal amount of the bacterial suspension. The contents
of the tube are blown out upon a glass plate or into a watch-glass
and thoroughly mixed. This mixture is again drawn some dis-
tance into the capillary pipette and the end sealed in the flame.
It is then kept at 37° for fifteen minutes, preferably in an opsonic
incubator, where it may be rotated frequently to secure thorough
mixture. The end is then broken from the pipette, and smears
are made and stained with some good blood-stain, such as Wright’s
or Jenner’s modification of the Romanowsky, which will stain
bacteria. Special staining methods must sometimes be used, as in
the examination of the tubercle bacillus.

Determination of the Opsonic Index.—The total number of
bacteria ingested by 100 polymorphonuclear leukocytes is
counted. This number is determined both with normal serum
and the serum to be tested. The ratio between the number of
organisms ingested by the leukocytes, when treated with the

specific serum and when treated with normal serum, is called the

. . a o g, .
opsonic index. Let ;- equal opsonic index where a is average

number of bacteria ingested per leukocyte when treated with a
specific serum; b is average number of bacteria ingested per leuko-
cyte with normal serum. In general, the opsonic index is found to
be low (less than unity) in chronic bacterial infections.
McCampbell’s Modification of Opsonic Test.—MeCampbell has
considerably shortened the technic in veterinary practice as fol-
lows: The bacterial suspension containing 0.8 per cent. sodium
citrate is drawn to the 0.5 mark on the leukocyte pipette of a
hemocytometer, the specific blood to be tested is drawn to the
same mark, then all drawn into the bulb, mixed, replaced in the
capillary tube, and the whole wrapped with a rubber band and
incubated. The same procedure is carried through with normal
blood. The disadvantages of this method are the presence of
sodium citrate, which interferes to a slight degree with action of
opsonins, and the use of two lots of leukoeytes from two animals,
one diseased and the other normal. Smears and examinations
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are made as in the preceding. It is possible there may sometimes
be intrinsic differences in these leukocytes, which render direct
comparison between their activity somewhat misleading. These
difficulties are more than outweighed by the increased ease of
manipulation, and good results are commonly secured.

The variation in the opsonic content of a patient’s blood gives
valuable information relative to the development of resistance.
As stated above, in many chronic infections the opsonic index
is below unity. In the treatment of tuberculosis in the human,
by means of minute injections of tuberculin, the determination
of the opsonic index has given much information of practical
nature. The injection of bacterial vaccines or bacterins which
have been carefully studied is followed at first by an initial lower-
ing of the index. This is called the negative phase. Later, the
index should rise above unity, when the positive phase is said to be
established. If the index can be kept above unity, the prognosis
is generally regarded as favorable.

Methods of Opsonic Immunization.—Immunization due to
increased opsonin is generally brought about by the introduction of
bacteria or their products into the body. Such an immunity is,
therefore, active. There is good reason to believe that injection
of an opsonic serum in some cases confers some passive immunity.
The most commonly practised method of increasing the opsonin
content of the blood is by vaccination. This may be defined as
the injection or inoculation with organisms or their products in
such a way that the disease produced will run a benign course.
Such a procedure in many cases induces the production of bac-
teriolysins, in others opsonins, and in still others both. Vaccines
may consist of either living or dead organisms. If the former,
they may be either virulent or atfenuated. Vaccination with viru-
lent organisms is not frequently practised. Some organisms do
not produee typical and serious diseases unless they enter the
body by a certain channel. The injection of the Asiatic cholera
organism subcutaneously is not followed by any serious results,
but, when the alimentary tract is the infection atrium, the char-
acteristic symptoms of the disease are produced. This fact has
been used as the basis for practical vaccination against this dis-
ease. Usually vaccines consist of attenuated organisms. Atten-
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uation or weakening or decrease of virulence is accomplished in
several ways: in some cases by growing at high temperatures, as
for anthrax, heating to temperatures just below the thermal
death-point, as in blackleg, by animal passage, as in small-pox, or
by growth on artificial media, as with members of the hemorrhagic
septicemia group.

Vaccines consisting of dead organisms are called bacterins.
These are prepared and sold commercially under various trade
names. They usually consist of pyogenic organisms which have
been killed by heat. The injection of these bacterins has been
shown to increase the opsonic index for specific organisms when
properly administered. It has been found, however, that there are
many strains of some of the pyogenic bacterial species, for example,
of Streptococcus pyogenes, and that vaccination against one strain
does not always protect against another. Vaccines are, therefore,
prepared containing organisms isolated from as many sources
as possible and containing many races or strains. Such a vaccine
is called polyvalent, a vaccine containing but one strain, univa-
lent.

Autogenic Vaccines.—Inasmuch as it cannot be readily deter-
mined to what strain a particular organism causing a chronic
bacterial infection, such as suppuration in a fistula, belongs, it is
sometimes desirable to prepare a vaccine of this particular organ-
ism for this single case. A vaccine prepared in this manner, to be
used in the animal from which the organism was isolated, is said
to be autogenic. The use of autogenic vaccines, carefully prepared
and standardized, has proved successful in many cases in the treat-
ment of stubborn and chronie suppurative conditions. The tech-
nic of preparation and use follows.

Isolation of Organism.—In many instances a slant agar culture,
made directly by securing material on a sterile platinum loop
from the deeper parts of the wound or abscess, will prove to contain
only the causal organism. In most cases, however, it will be found
advisable to plate directly in agar and incubate at blood-heat.
An examination of the colonies will reveal the causal organism
(or organisms in a mixed infection).

Preparation of Vaccine (McCampbell).—Into each of two flat
flasks or bottles, 100 c.c. of nutrient agar is placed, sterilized, and
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slanted. Streaks of the organism are made the full length of the
slant and incubated twenty-four hours at blood-heat. The water
of condensation is removed without disturbing the growth, and
100 c.c. of sterile physiological salt solution added. The growth
is carefully scraped from the surface with a long sterile glass rod;
the suspension is placed in a sterile flask and shaken thoroughly.

Standardization of the Vaccine.—Before injections are made,
the number of bacteria present per given volume of the suspension
must be known in order that accurate dosage may be determined.
The standardization may be effected by direct count or by use of
the nephelometer. In the first method, equal parts of the bac-
terial suspension and of defibrinated human blood are thoroughly
mixed, a smear prepared, and stained with a blood-stain or carbol-
thionin. The number of red blood-cells on several fields and the
number of bacteria on these fields are counted (see Fig. 79). The
number of red blood-cells may be taken as 5,000,000 per cubic
millimeter. The number of bacteria per cubic millimeter will be
found by the following proportion:

5,000,000 : x :: number red blood-cells per field : number bacteria per field.

Suppose 20 red blood-cells per field, and 50 bacteria, the ratio
becomes—

5,000,000 : x ::20 : 50 or x (number of bacteria per cubic centimeter)=
- 12,500,000.

To convert the number of bacteria per cubic centimeter, multiply
by 1000, which in this case would give 12,500,000,000. It is cus-
tomary to dilute the bacterial suspension so that each cubic cen-
timeter will contain a number of bacteria that is readily reckoned,
usually 50,000,000 per cubic centimeter.

The nephelometer is an instrument described by MeFarland,
in which tubes containing varying amounts of barium sulphate
in suspension in water are observed side by side with tubes of equal,
size containing the bacteria. After the tubes containing barium
sulphate have been compared as to opacity with tubes containing
known numbers of bacteria per cubic centimeter, they may be
used in determining the number present in other bacterial suspen-
sions. .






CHAPTER XVIII

ANAPHYLAXIS AND HYPERSUSCEPTIBILITY

THE body normally takes its food through the intestinal traet,
or by enteral introduction. Any foreign proteins introduced in
this manner are generally changed by digestion, so that they may
be used by the body-cells or assimilated. When introduced by
parenteral injection (outside the alimentary canal, as subcu-
taneously, intravenously, ete.) antibodies of different kinds are
produeed. Thus far we have considered three antibodies which
antagonize bacteria or other antigens which are introduced, but
there exists still another type of body reaction, sensitization toward,
rather than immunization against, an antigen. This phenomenon
is exhibited only under certain conditions, and the body is then
said to show anaphylaxis or hypersensitiveness to the antigen.
The significanee can best be understood by a study of specific
examples. A number of these have been noted independently and
are deserving of mention.

Phenomenon of Arthus.—Arthus injected rabbits subcu-
taneously with horse serum at six-day intervals. The first three
injections were readily absorbed by the tissues, the fourth was
followed by some edema at the site of injection, and, after the
sixth or seventh injection, the skin at the site became gangrenous,
and a deep abscess scar was finally formed. If the sensitized
animal be injected intravenously with the serum, it appears rest-
less, lies on its belly, and respiration frequently increases; it
defecates frequently, finally falls upon its side, and commonly dies,
all within the space of two or three minutes.

Serum Sickness in Man.—Many observers have noted that the
injection of antitoxic sera into man sometimes is followed by a
fever, the appearance of a rash or urticaria, pains in the joints, etc.
In some individuals the reaction is shown after the first injection,
in most cases only after a second injection, given some time after
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the first. Evidently there may be an inborn or a developed sen-
sitiveness in man to serum injection.

Theobald Smith Phenomenon.—Theobald Smith made the
observation that when guinea-pigs are injected with horse serum,
and a second injection is given after the space of ten days or more,
the pig will show signs of hypersensitiveness, and if a sufficient
quantity, 5 or 6 c.c., is injected intraperitoneally, death will result
in a few minutes. The first injection serves to sensitize against
the second. This phenomenon in the guinea-pig is so striking that
it has been used by many investigators in a study of the reaction.
The general phenomenon was given the name of anaphylaxis.
This will be discussed, and its utilization in diagnosis and in ex-
planation of certain hitherto obscure body reactions reviewed.

Antibodies in Anaphylaxis.—Many of the factors determining
anaphylaxis are at present imperfectly understood. Enough is
known, however, to enable us:to account for many hitherto
obseure body reactions. Various species of animals show different
types of anaphylactic reaction, but the differences are, according
to Anderson and Frost, mainly quantitative—the nature is the
same, although the manifestations are different.

Sensibilisinogen.—The antigen used in developing anaphylaxis
is known as the senstbilisinogen. In experimental work upon
guinea-pigs practically all proteins have been found to sensitize,
among them, blood-serum of many animals, egg-white, milk,
extracts from body organs and cells, plant proteins, bacterial
proteins, yeast proteins, and even some of the peptones formed
by the peptic digestion of proteins. Experiments have shown that
the sensibilisinogen is thermostabile; in many cases it will still
sensitize after heating to a temperature above boiling.

Allergin—The injection of the specific protein or sensibili-
sinogen has been shown to cause the production in the blood of the
guinea-pig of an antibody which has been variously termed
allergin, sensibilisin, immune body, and anaphylactin. Either
of the first two names is to be preferred to the others. That
some kind of an antibody is formed may be shown by injecting
the serum of a sensitized animal into a normal animal, which will
then show the anaphylactic reaction when injected with the proper

sensibilisinogen. Evidently a sensitizing substance (the allergin)
12
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has been transferred in the serum. An animal sensitized by the
injection of a foreign protein or sensibilisinogen is said to show
active anaphylazis, one which is sensitized by the serum or allergin
of another sensitized animal is said to show passive anaphylazis.
This allergin is specific, that is, an animal sensitized to egg-white
will not show anaphylactic reaction when injected with horse
serum. This fact might be utilized in testing for proteins of
different kinds, were it not for the much simpler technic of the
precipitation reaction. It is made use of, as will be noted later, in
certain disease diagnoses. How this allergin is formed is uncer-
tain. Probably the primary injection of the protein stimulates
the cells of the body to increase their normal power of assimilation.
This is accomplished by certain receptors, which break up the
protein (proteolysis), or so change it that it can be rapidly utilized
by the cell. These receptors increase in numbers, and are thrown
off into the serum, where they are as capable of transforming the
protein when injected as when still attached to the protoplasm.
The allergin retains its activity after heating to temperatures of
56° to 58°; it is, therefore, regarded by Anderson and Frost as
thermostabile. These authors believe that ‘“ anaphylactic shock
is due to disturbance of metabolic activities of vital cells rather
than to the specific (permanent) intoxication of the cells.” In
other words, there is no proof that the substances produced from
the homologous protein (sensibilisinogen) are poisonous; the shock
of anaphylaxis comes from the disturbance of metabolism of the
body-cells due to the sudden flood of readily assimilable materials,

Antianaphylaxis—An animal which has just recovered from
an anaphylactie shock does not show the same symptoms when a
second injection is made soon after. Again, if a small injection
be made into a sensitized pig, a large dose a few hours later will
fail to show the reaction. The possible explanation for this
phenomenon has been offered, to the effect that the allergin is in
each case all used up by the first injections, and the second injec-
tion, therefore, is transformed too slowly to allow any reaction
to become apparent. Such an animal is said to be in a state of
antianaphylaxis.

Immunity.—Continued injections of the antigen (sensibilisin-
ogen) result usually in the development of an immunity in the
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experimental animal. Allergin may be demonstrated in the blood-
serum of such immunized animals. Immunity must, therefore,
be accounted for on a basis other than antianaphylaxis. It may
be that the cells no longer unite with the products of the action
of the allergin upon the antigen, or that another antibody has been
developed which inhibits the action of the allergin. The immune
animal is only relatively susceptible, and may be shown still to
be somewhat susceptible by appropriate experimentation. Ander-
son and Frost state ‘“ anaphylaxis is a step toward immunity,
which is conceived as an increased capacity for safely and rapidly
eliminating the specific antigen proteid.”

Relationship of Anaphylaxis to Certain Body Reactions.—
The anaphylactic explanation of serum sickness in man has already
been discussed. Several cases are on record where injection of
diphtheria antitoxin has resulted in death within a few minutes.
Rosenau and Anderson have recorded cases in which the prophylac-
tic injection of antitoxic serum into normal individuals resulted in
explosive manifestations of anaphylaxis, such as a prickling sensa-
tion in chest and neck, labored breathing, paralysis, convulsions,
and death within five minutes after injection. It seems evident
that the individual was naturally hypersensitive. Fortunately,
such cases are extremely rare. The prophylactic and curative
value of diphtheria antitoxin far outweigh its dangers.

Rosenau and Anderson have also recorded some evidence that
certain of the toxemias of pregnancy, particularly puerperal
eclampsia, are to be accounted for by a sensitization of the body
by the cells of the placenta. It was found that guinea-pigs might
be sensitized with the placenta of the same species by a single
injection, and a second injection later gave a typical anaphylactice
reaction.

Bacterial Anaphylaxis.—It has been shown by several inves-
tigators that proteins from bacteria may be used in sensitizing
animals against a second injection; in other words, they resemble
proteins from other sources in this respect. Extracts from Bacillus
coli, B. anthracis, B. tuberculosis, B. typhosus, and others have been
shown to sensitize. This fact has been deemed of considerable
practical importance in disease diagnosis. There is reason to
suppose that infection with certain bacteria will sensitize the body
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to the injection of the bacterial proteins or extracts or to the dead
bodies of the organism. It has been found, for example, if the dead
organisms, or extracts from them, be rubbed into the skin of an
infected individual, an inflammation, marked by some edema,
redness, and frequently the formation of papules, will occur.
This is true in tuberculosis and some other diseases. That this is
one of the manifestations of anaphylaxis seems probable. The
injection of tuberculin, consisting of dead tubercle bagcilli and their
products of growth, into an animal having tuberculosis will cause
a characteristic rise in temperature, and is, therefore, of great
diagnostic value. This reaction resembles the anaphylactic
reaction in many ways. For example, a second injection following
soon after the first will give no reaction; probably the body is
in a state of antianaphylaxis. Furthermore, advanced cases
of the disease do not respond—perhaps they are either constantly
antianaphylactic or show anaphylactic immunity due to the
constant presence of large numbers of organisms in the body.
On the other hand, there are some unexplained differences between
this reaction and that typical of anaphylaxis produced by other
proteins. Many points remain still to be explained. That it is,
however, of a similar nature seems to be altogether probable. A
similar reaction may be secured with the emulsion of dead Bacillus
maller (mallein) in glanders.



CHAPTER XIX

AGGRESSINS

THE term virulence, as applied to microdrganisms, is not
readily defined. The reaction of an organism in the body cannot
be predicted by its behavior in culture-media. The most virulent,
diphtheria bacillus, for example, is not necessarily the one that
produces the largest amounts of toxin in culture-media. Con-
cerning this mechanism of virulence there have been much dis-
cussion and speculation.

Bail has developed what he has termed an aggressin hypothesis
to account for these variations in virulence. He has defined an
aggressin as a substance which is secreted by pathogenic organisms,
when growing in the animal body, which will neutralize the efforts
of the tissues to destroy the organism. The work on this subjeect
has been done principally by Bail and his students, although many
substantiating facts have been developed by other investigators.
The theory is of practical importance, inasmuch as it is claimed
that the injection of bacteria-free aggressins into an animal results
in the ultimate development of antiaggressin and of an active
immunity.

Bail divides bacteria into three groups—true parasites, half
parasites, and saprophytes. The true parasites include such
forms as the anthrax bacillus, in which the injection of a very
small number results fatally through a rapid multiplication of the
organisms. The half parasites are those having a lower degree
of virulence—such that relatively large injections must be made to
produce infection. The third group includes those totally devoid
of pathogenic properties. The difference between these forms is a
difference in the ability to produce aggressin.

Aggressin production is demonstrated by Bail as follows:
A guinea-pig is injected intraperitoneally with many times a fatal
dose of culture of Bacillus typhosus or Spirillum cholere. The
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peritoneal exudate is removed after the death of the animal and
centrifuged to remove the cellular elements as well as most of the
bacteria. The organisms remaining in the supernatant liquid are
destroyed by a chemical disinfectant. If a small quantity of this is
injected into a guinea-pig, together with a quantity of the specific
organisms that would usually be non-lethal, the animal will die’
with an acute infection. The injeeted exudate apparently makes
the organisms more virulent. The aggressins are contained in
this exudate, and convert a mild infection into one that is fatal.
The repeated injection of sterile aggressin causes the development
in the animal body of an active immunity. According to Bail,
antiaggressins can be demonstrated in the blood-serum of such
animals. One of the strongest links of corroborative evidence
is the fact that the bacteriolytic power of a serum ¢n vifro is not an
index of the ability of the animal from which it was taken to resist
infection. The modus operand: of the aggressin is to be sought in
the inhibition of phagoeytosis. Bail found that when the typhoid
bacillus is injected intraperitoneally, there is a marked increase in
the number of phagocytes in the exudate within a few hours, but
when they are injected with aggressin, there is no such increase—
the phagocytes are evidently not attracted.

This theory has not been accepted in its entirety by many
bacteriologists. The facts given by Bail are largely accepted,
but the theory is not well established. Some authors claim to have
shown that the so-called aggressin is simply endotoxin released in
the body by the lysis of the bacterial cells. It is also claimed that
there is no demonstrable difference between the endotoxins pro-
duced in culture-media and the aggressins formed in the body.
Peritoneal exudate containing aggressin, according to Bail, has been
filtered through porcelain, and found to be toxic for guinea-pigs
after filtration. Bail has attempted to develop practicable methods
of immunization in several diseases by an application of the theory.
None of his methods have come into general use.



SECTION IV

PATHOGENIC MICROORGANISMS, EXCLUSIVE OF THE
PROTOZOA '

CHAPTER XX

MICROORGANISMS AS A CAUSE OF DISEASE

Infectious Diseases.—An infectious disease is one caused by a
microdrganism. In general, the presence of microdrganisms in the
body does not constitute infection unless proliferation and mul-
tiplication occurs and there are pathological changes in tissues.
An individual harboring such an organism is called the host,
and is said to be infected. The latter expression is commonly
used also to describe any object, such as a surgical instrument,
which may introduce pathogenic organisms into the body; a better
term for such, however, is infective. An infective object, such as
the clothing of a diphtheritic patient or the manger of a glandered
horse, is someétimes called a fomite. An organism which will
produce disease is sometimes spoken of as a #irus; it is customary
to speak of the cause of a disease where the infecting agent is
not known by this name. By no means all diseases are infectious.
Among the non-infectious diseases may be named azoturla, dia-
betes, Bright’s disease, etc.

Contagious Diseases.—Any disease in which the causal organ-
ism may be readily transferred from one individual to another by
direct or indirect contact is said to be contagious. The terms in-
fectious and contagious have been used very loosely, particularly
in veterinary writings, sometimes even interchangeably. The
best usage, however, is strictly to limit the terms as here defined.
Infectious has to do with the cause of a disease, and contagious
with its ease and method of transmission. All infectious diseases,
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therefore, which are readily transmitted by contact, direct or
indirect, are said to be contagious. All contagious diseases are
necessarily infectious, but the reverse is not true; for example,
malaria in man and Texas fever in cattle cannot be regarded as
contagious, as they are transmitted only through the bite of cer-
tain insects.

Bacteria Normally Present in the Body or on its Surface.—
Many microorganisms are found in the healthy body. In some
cases they are harmless commensals; in others, they merely await
a favorable opportunity to invade the tissues. The care used in
surgical operations is made necessary by the presence of these
organisms.

Bacteria of the Skin.—Some bacteria are found quite constantly
upon the skin and hair, others may be isolated only occasionally.
Staphylococei and streptococei are generally present, and many
of them are capable of causing pus infection when introduced
under the skin. Certain organisms, such as the Bacillus smegmatis,
are found commonly in the axillee, where the skin is moist and
frequently greasy.

Bacteria of the Mouth.—Microorganisms to the number of sixty-
two species were found by Miller in the human mouth. Of these
he found ten quite constantly present. The flora of the mouth in
domestic animals has not been accurately determined, but large
numbers of bacteria are always present. Some of these are
pyogenic cocci.

Bacteria of the Stomach.—The acidity of the gastric juice in
man destroys many of the microsrganisms which enter the stomach.
In cases where the normal acidity is absent many bacteria will
multiply. The flora of the stomach in animals is not well under-
stood. Bloat is due to the development of gas-producing bacteria
in the ingested carbohydrate-rich food. The organisms respon-
sible are probably those normal to the intestinal tract.

Bacteria of the Small Intestine and Colon.—The flora of the
intestines in man has been studied at length by bacteriologists,
but that of animals is not so well understood. The organisms
most common are those belonging to the so-called intestinal
group, such as Bacillus coli and Bacillus lactis aérogenes. Strep-
tococei are generally present in feces. Certain putrefactive
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anaérobes, such as Bacillus putrificus, are sometimes found in large
numbers. Amebz and certain other protozoan types are fre-
quently found. The intestinal juices, particularly the bile, in-
hibit the growth of some species, but the normal inhabitants of
the digestive tract will grow and multiply in pure bile. The
number of bacteria increases from the stomach on, the greatest
numbers being found in the colon. Here the living bacterial
cells are frequently present by hundreds of millions to the gram.
It has been estimated that human feces sometimes contain as
much as 38 per cent. of their bulk in bacteria. The bulk in
herbivorous animals is certainly much lower. Some of these
bacteria are harmless commensals, but a few are believed sometimes
to assume pathogenic roles. It has been claimed that in the case
of herbivora certain of these bacterial cells secrete cellulase and
assist materially in the digestion of cellulose. This has not been
satisfactorily demonstrated, but is not improbable. Whether or
not bacteria in the intestines are essential to the maintenance of
health is a mooted question. Experimental evidence is conflict-
ing. Practically, infection of the intestinal tract oceurs very early
in life. Metchnikoff and his school have claimed that in man some
of the symptoms of old age, such as arteriosclerosis, are due to the
absorption of poisonous products of bacterial putrefaction, and
has sought to establish an intestinal flora consisting of non-putre-
factive types.

Bacteria of the Organs of Respiration.—Air entering the nose
is rapidly freed from dust and bacteria by contact with the moist
surfaces of the lining membranes, consequently the nose may have
many types of organisms present. It is a most efficient filtering
device, so that very few bacteria gain entrance to the trachea and
the lungs, and these are generally quickly eliminated.

Bacteria of the Genito-urinary Organs.—The secretions of the
vagina seem effectually to prevent bacterial growth. The uterus
is normally bacteria free, as is also the bladder. The urethra
contains few organisms. :

Avenues of Infection.—The avenue through which an organism
gains entrance to the body is called its portal of entry or its infec-
tion atrium. An infection arising from contact with infective
external objects is termed exogenous; one caused by organisms
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constantly or normally present in the body or on it is termed endog-
enous. Traumatic infection frequently oceurs through a break
in the continuity of the skin or mucous surfaces. Wounds caused
by weapons, instruments, and similar objects, the bites of animals
and sucking insects such as the mosquito, flea, tick, or bed-bug,
may introduce a pathogenic organism. Ordinarily, the skin is an
efficient barrier against infection. Microdérganisms may oceca-
sionally enter through the glands or hair follicles. Some bacteria
apparently may injure the unbroken mucous surface, as, for ex-
ample, the diphtheria bacillus. Certain disease organisms enter
through the digestive tract. Bacteria have been shown to pass
unharmed through the intestinal walls and to enter the lymph-
vessels and the thoracic duct. To what extent this is the common
source of infection in certain diseases, such as tuberculosis, is at
present a matter of dispute.

The lungs constitute the infection atrium in pneumonia,
probably in many cases of tuberculosis and aspergillosis, and pos-
sibly in certain diseases whose cause has not been determined,
such as small-pox.

The genital organs are the common infection atria in the
so-called venereal diseases, such as syphilis, chaneroid, and gonor-
rhea in man, dourine in the horse, and contagious abortion in
cattle. Disease organisms rarely pass from the blood of the
mother through the placenta to the blood of the fetus. There
are comparatively few diseases, therefore, that are inheritable,
Syphilis and small-pox are exceptions.

Types of Disease Produced by Microorganisms.—The char-
acteristics of the disease produced by various microorganisms, and
the pathological changes they bring about, vary as much as do the
morphological and cultural characters of the organisms themselves.
It is possible, however, to group related types together and find
a general basis for classification.

Specific and Non-specific Infections.—A specific infectious
disease is one caused in every case by a single species of organism,
and characterized by definite clinical characters or symptom-
complex and pathological lesions. A non-specific infection is one
which may be caused by one of several organisms, and does not
possess the definite characters which enable the determination of
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the specific cause by clinical examination or from the general
character of the lesions produced. Such infections as those
produced by the common pyogenic bacteria are non-specific.

Primary, Secondary, and Mized Infections.—Any disease caused
by a single organism may be termed a primary infection. One
organism may break down the body defenses and make infection
with another and second species easy. The occurrence of pneu-
monia as a sequel to measles in man, for example, would be termed
a secondary infection. Two or more organisms associated in
bringing about changes are said to cause a mized infection, as is
frequently the case in wound suppuration.

Classification of Disease Types.—Certain disease organisms do
not frequently enter the general circulation, but proliferate in a
more or less circumscribed area. In some cases such an organism
produces toxins, which are absorbed into the blood-stream and
cause injury to remote tissues, as in diphtheria and tetanus.
Such a disease is called a foremia. When, on the other hand, no
appreciable amount of toxin is produced, it is known as a phlo-
gistic disease or infection, such as wound suppuration and gonor-
rhea. A general invasion of the blood-stream is called a bacter-
emia. The term septicemia has come to be used synonymously
with bacteremia, although more correctly applied to those types
produced by pyogenic organisms. Sapremia is produced by the
absorption of poisonous putrefactive products or the destruction
of necrotic tissues by saprophytic bacteria. Pyemia is a metastatic
pyogenic infection. Diseases characterized by skin eruptions of
certain types are called exanthemata (sing. exanthema). For the
most part, the causes of these, such as small-pox, chicken-pox,
sheep-pox, scarlet fever, ete., have not been certainly determined.

How Bacteria Produce Disease.—A few bacteria produce the
specific torins which have already been discussed. Intracellular
poisons, called endotozins, are produced by other forms, and are
freed only by the dissolution of the cell. Possibly, disease may
sometimes be produced by mechanical means. The mechanism
in other cases is imperfectly understood.

Groups of Pathogenic Microorganisms, Exclusive of Protozoa.
—The disease-producing organisms can best be studied after a
classification of the related forms into groups. The characters
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belonging in common to all the organisms of a group are more
easily remembered than when learned separately for each species.
A classification may be based upon the character of the disease
produced; that is, be pathologic. Such a classification is open
to the objection that very different types of infection may be pro-
duced under different conditions by the same or closely related
organisms. Certain pus cocci, for example, may produce erysip-
elas, wound suppuration, septicemia, pyemia, or local infection,
and inflammation of almost any organ of the body. On the other
hand, infections having similar clinical characters may be pro-
duced by very different organisms. A bacteriologic classification
is based upon resemblances in morphologie, physiologic, and cul-
tural characters.

The following classification, in the main bacteriologic, will be
used in the differentiation of the various groups of known micro-
organisms, exclusive of the protozoa, that are of pathogenic
veterinary interest.

Principal Groups of Pathogenic Microorganisms

1. True bacteria.
A. Cells spherical, cocci.
1. Non-specific pyogenic organisms. Non-specific pyogenic coccus
group (1).
2. Causing specific infections. Specific coccus group (2).
B. Cells rod-shaped. Bacilli.
1. Non-specific pyogenic forms. Non-specific pyogenic bacillus
group (3).
2. Usually associated with specific infections.
a. Aérobic or facultative anaérobic.
(1) Non-spore producing.
(a) Not acid fast.
+ Gram positive.
1. Diphtheria group (4).
2. Bacillus pseudotuberculosis group (5).
3. Swine erysipelas group (6).
+ + Gram negative.
1. Glanders group (7).
2. Intestinal group (8).
3. Hemorrhagic septicemia group (9).
4. Fowl diphtheria group (10).
(b) Acid fast. Acid fast group (11).
(2) Spore producing. Anthrax group (12).






CHAPTER XXI

NON-SPECIFIC PYOGENIC COCCI

TuaEe non-specific pyogenic cocci are characteristic of wound
infections, suppuration, non-specific inflammations, and their
sequele. A considerable number of micro6rganisms have been
described belonging to this group. They are found quite com-
monly upon the surface of the skin. In pathogenicity, they vary
from non-virulent strains to those which will kill experimental
animals promptly when introduced in minute doses. Even the
same organism may be made to vary its virulence by proper
cultural methods.

An organism which is capable of causing suppuration or pus
production is said to be pyogenic. A long list of organisms are
known which can bring about this tissue reaction, but the coccal
forms to be studied are by far the most common in suppurative
processes in man and animals. Whenever these organisms invade
the tissues, or are introduced through a wound, they begin to
multiply and to destroy, and seemingly, to some extent, to dis-
integrate the tissues with which they are in contact. The body
reacts, in general, by an inflammation of the surrounding tissues,
the blood-vessels become dilated, there is more or less extravasa-
tion of blood-serum. Most important of all, the phagocytic
white blood-cells, particularly the polymorphonuclear leukocytes,
pass out of the capillaries in great numbers, so that the tissues
become packed full and the lesion is surrounded by a phagocytic
wall, which usually effectually prevents the bacteria from spread-
ing. The leukocytes also invade the diseased tissue and eventually
destroy the bacteria. This can, of course, be accomplished only
in the presence of opsonins. Nor is it brought about without
a struggle, for many of the leukocytes themselves are destroyed by
the bacteria, possibly through the leukocytotoxic substances

190



NON-SPECIFIC PYOGENIC COCCI 191

produced by them. The mixture of blood-serum, white blood-
cells, bacteria, and disintegrated tissue is called pus.

Until recent times it was supposed that no wound could
heal normally and naturally without pus being produced; it was
regarded as a more or less essential step in the healing process.
When it was discovered that pus production was the result of
infection, and that healing by first intention (without pus formation)
was desirable, every effort was made to disinfect the wounds
made in surgical operations. This antiseptic surgery was un-
questionably an advance over that previously practised, but the
use of the strong disinfecting solutions irritated the tissues. At
present the surgeon uses every precaution to prevent the entrance
of extraneous bacteria into the wound, and dependence is placed
upon the natural resistance of the body and its immunizing
agencies to prevent the development of those organisms which
cannot be removed from the skin. This has been termed aseptic
surgery.

While these organisms are usually associated with local inflam-
mation and suppuration, they may gain entrance to the blood-
stream and produce septicemia, pyemia, and metastatic infections
in many organs and tissues.

Organisms Belonging to this Group.—The organisms belonging
to this group may be subdivided into the Micrococei (Staphylo-
cocci) and Streptococei. The following species will be discussed:
Micrococcus aureus, M. albus, M. citreus, M. bovis, M. mastitidis,
M. ovis, M. epidermidis albus, M. cereus albus, M. cereus flavus,
Streptococcus pyogenes, and the closely related Streptococcus
lacticus. The student must expect to find in bacteriologic and
pathologic literature the greatest diversity of treatment of these
forms. It is important that the various synonyms of the names of
the more important organisms should be learned, that they may be
recognized hereafter. For example, the term Staphylococeus will
be found in literature quite as commonly as the form Micrococeus,
which is here used. It will be well before beginning the study of
the specific bacteria to read again the chapter on Classification of
Microdrganisms.

Common Characters.—The organisms belonging to this group
resemble each other in being cocci, without spores, non-motile,
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and gram-positive. They are all aérobic and facultative anaérobic,
and all grow, though in some cases poorly, upon most of the com-
mon laboratory media.

Micrococcus aureus

Synonyms.—Micrococcus pyogenes aureus; Staphylococcus pyog-
enes aureus; Staphylococcus aureus.

Micrococei were definitely described as present in pus by Ogston
(1881). Three years later Rosenbach (1884) cultivated them upon
artificial media and differentiated several species, among them the
one under consideration. Other investigators have frequently

Fig. 82.—Stained mount of the Fig. 83.—Colony of Micrococcus
Agic;ococcus aureus from agar (Giin- aureus on agar (Heim).
ther).

isolated this organism from pus in man and practically all domestic
animals.

Distribution in Nature.—M<crococcus aureus occurs quite con-
stantly upon the skin and hair of man and animals, in the nose
and mouth of man, occasionally in human feces, and frequently
in milk. It is often carried about in atmospheric dust, and is
not uncommon in water, especially when contaminated with
sewage.

Morphology and Staining Characters.—The organism is
spherieal, sometimes slightly flattened where two are appressed, and
in pus and in the blood is usually in masses like grape-clusters
(whence the name, Staphylococcus); in culture-media the cells are
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grouped irregularly. The diameter of the cells is about 0.7 to
0.9 u, rarely larger. It stains well with ordinary anilin dyes and
is gram-positive.

Isolation and Culture.—M<icrococcus aureus may be frequently
secured in pure culture by making cultures directly from a fistula
or other suppurating focus, first cleansing the outer portion and
securing material on a sterile platinum needle. In general it is
best, however, to plate out the drop of pus obtained in this way.
This is not only important in preventing contamination, but
in order to diagnose. mixed infections, especially in isolations made
for the purpose of preparing autogenic vaccines. The organism
grows well in all the common laboratory media. The colonies
upon gelatin appear as disks with smooth, definite edges, and with
granular, dark interior. Within a few days the colony sinks in a
cup of liquid. The liquid is cloudy, with a golden-yellow sediment.
The growth on agar is abundant, shining, and well circumseribed.
Upon the potato the growth is luxuriant, and the orange pigment
is produced here in greatest abundance. Bouillon is clouded.
Milk is curdled with a slight acid reaction, and the curd is eventu-
ally digested.

Physiology.—A study of the physiologic characters of this
organism makes it apparent that there are many races of which
account must be taken. It has not been satisfactorily demon-
strated, however, that there is any relationship between these
variations and pathogenicity.

Pigment Production.—An orange-yellow pigment is produced.

Fermentation.—A slight power to produce acid in milk has been
noted. No gas is produced. Nitrates are reduced to nitrites.
A proteolytic enzyme which digests casein is produced in milk.
Gelatinase is found in gelatin. Rennin and maltase have been
demonstrated.

Relation to Oxygen.—The organism is aérobic and facultative
anaérobic.

Vitality.—There is a marked resistance to desiccation, although
it is not probable that the organism can remain alive for very long
periods in this condition. Cultures upon media will remain alive
for months. The optimum growth temperature is blood-heat,
although growth is good at room-temperatures and below. The
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various isolated strains have shown great variation in heat resis-
tance. Usually a temperature of 60° for half an hour suffices to
destroy all the cells, but some require 80° for the same length of
time. The cells are easily destroyed by eommon disinfectants.

Pathogenesis.—Mechanism of Disease Production.—Staphylo-
cocei have been shown to produce a leukocytotoxin called leuko-
cidin. A stained mount of pus will frequently show that many of
the leukocytes have been destroyed, and that the cells are begin-
ning to disintegrate. Staphylolysin, a hemolytic toxin, is also
produced, particularly by the virulent strains. It seems to have
been demonstrated, however, that these two toxins do not explain
the pathogenic nature of the organism satisfactorily. Possibly
anaphylaxis will explain some of the reactions secured, but there
seems to be some poisonous property, possibly an endotoxin,
which is not at present understood. We have no satisfactory
explanation for its mechanism of disease production.

Ezxperimental Evidence of Pathogenesis.—The causal relation-
ship of this organism to pus-production and wound infection has
been amply demonstrated. One-tenth c.c. of a twenty-four-hour
culture of a moderately virulent strain will kill a rabbit, when
injected intravenously, in four to eight days, and, upon post-
mortem examination, abscesses eontaining the same organism will
be found in many of the internal organs.

Types of Natural Infection.—As has been stated previously,
Micrococcus aureus is most frequently found associated with
wound infeetions, and is also the common cause of abscesses,
carbuneles, boils, acne, and furuncles in man and animals, of
poll-evil and fistula in the horse, and similar lesions in other animals.
The organism may gain entrance to the circulation and produce
septicemia or pyemia in man, rarely in animals. It has also been
found in man as the cause of certain metastatic infections, par-
ticularly of the bone-marrow (osteomyelitis), and ulcerative
endocarditis. These have also been produced experimentally in
the laboratory animals. Inflammation of the udder in cows
(mastitis) is oceasionallly caused by this organism.

Immunity.—The production of two specific toxins, the hemo-
lytic staphylolysin and the leukocidin, has already been noted,
as also the probable importance of an endotoxin. Antitoxins
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for the two first mentioned have been produced, but do not seem
to confer immunity. Agglutinins have been demonstrated in
normal as well as infected animals; they seem, however, to be of
no diagnostic value. The precipitation reaction has likewise
been obtained with the bacterial filtrate. Bail has claimed that
the production of aggressins accounts for pathogenicity, but his
results are inconclusive. Bacteriolysins for Micrococcus aureus
are not produced in appreciable quantities, and are probably not
of any immunizing value. Opsonins may be demonstrated in
both normal and immune blood, and seem to be the most important
serum component in determining immunity.
Immunization.—Bacterins and vaceines, both univalent and
polyvalent, have been prepared, and have been extensively tested
in cases of chronic sup-
puration. The results
of repeated injections
have been encouraging
in many cases. A check
has been kept on the
development of immu-
nity in man by repeated
determinations of the
opsonic index. Care is
used to eliminate the
negative phase as far as
possible in making the
injections. Autogenic
vaccines have proved

- Fig. 84.—Micrococcus aureus in pus (Frinkel
even more successful in and Pfeiffer).

both man and animals.

The methods of preparation of such a vaccine have already been
discussed. It seems altogether likely that the use of bacterins
and of autogenic vaccines has found a permanent place in veter-
inary treatment.

Bacteriologic Diagnosis.—A mount of pus stained by Gram’s
method reveals the organism distinetly, if present. Its character-
istic morphology will, in general, render its recognition easy.
This method has proved to be of particular value in differentiating
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this organism from certain other pyogenic forms, such as the gono-
coccus. Frequently a stained mount will reveal but a few bacteria,
and cultures are then necessary. These must be made in any
event where it is desired to make a positive diagnosis.
Transmission and Prophylaxis.—The fact that the organism is
constantly present on the skin and hair makes it partieularly
difficult to prevent its entrance into wounds. The common
practices of aseptic surgery are the best preventives of infection.

Micrococecus albus

Synonyms.—Micrococcus pyogenes albus; Staphylococcus pyog-
enes albus.

This organism differs from M<icrococcus aureus by being devoid
of eolor, and by being less pathogenic. In a few cases of suppura-
tion it has been found alone, and in many cases associated with the
preceding. In all other respects what has been said with respect
to Micrococcus aureus will apply to this form. It is believed by
some investigators that these two organisms are simply varieties
of one single form which they term Micrococcus (Staphylococcus)
pyogenes.

Micrococcus citreus

Synonyms.—Micrococcus pyogenes citreus; Staphylococcus pyog-
enes citreus; Staphylococcus citreus.

This organism was originally described by Rosenbach as pres-
ent on the skin. It is doubtfully pathogenic and relatively un-
common. It differs principally from Micrococcus aureus in the
production of a lemon-yellow pigment on agar and potatoes and
its lack of power to liquefy gelatin.  In other respects it resembles
the two preceding forms, and is possibly but‘a variety of them.

Micrococci of Uncertain Significance

Micrococcus (pyogenes) bovis (Synonym, Staphylococcus
pyogenes bovis).—This organism is somewhat smaller than
Micrococcus aureus, and does not liquefy gelatin. It has been
claimed to be more commonly the cause of suppuration in cattle
than the typical Micrococcus aureus. It is doubtful whether
there is a valid specific difference between the two.

Micrococcus mastitidis.—A mierococcus was isolated by Kitt
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from mastitis in cows, which differed from typical Micrococcus
albus principally in its lack of power to liquefy gelatin. It prob-
ably represents a variety merely.

Micrococcus ovis.—An organism resembling Micrococcus albus
was described by Nocard as the cause of gangrenous mastitis in
sheep. With the exception of its specialized pathogenesis, it
differs but little from typical Micrococcus albus.

Micrococcus epidermidis albus.—This is probably a variety
of the Micrococcus albus found in the deeper layers of the skin, and
the common cause of “ stitch abscesses.”

Micrococcus cereus (albus and flavus).—These organisms
differ from the micrococei heretofore described in producing a
waxy growth upon artificial media, hence the name cereus (wax).

Streptococcus pyogenes

Synonyms.—Streptococcus erysipelatos; Str. puerperalis; Str.
articulorum; Str. pyogenes malignis; Str. septicus; Str. scarlatinosus.

Pasteur first recognized the Streptococeus in pus, but Ogsten,
between 1880 and 1884, first definitely isolated and described it.
Fehleisen, in 1883, found the organism in erysipelas, and Rosen-
bach described it in detail and gave it its present name.

The student will find no more puzzling group of organisms than
the Streptococei. They have been found in connection with all
types of inflammatory processes. Some strains are exceedingly
virulent, others wholly lack the power of disease production.
Differences have been recorded in the cultural characters of isola-
tions from different sources, and the species split into several on
the basis of these variations. None of these classifications has
proved to be wholly satisfactory, and, for the present, it is probably
best to treat all the forms as varieties merely of one rather poly-
morphic species.

Distribution.—Streptococcus pyogenes doés not adapt itself
as readily to a saprophytic mode of existence as do the staphylo-
cocci. It is commonly present upon the skin of man and animals,
and has been isolated from a great number of different inflamma-
tory and suppurative processes in both.

Morphology and Staining Characters.—This organism is a
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coccus about 1 ¢ in diameter, occurring in chains of greater or less
length. Sometimes there is a tendency toward diplococcus
formation, and the threads may be made up of many such diplo-
cocci. Where two organisms approximate, they are more or less
flattened. The organism is non-motile, does not produce spores,
is easily stained by the common anilin dyes, and is gram-positive.
The length and character of the chains is variable in different
media and under varying growth conditions, and likewise in strains
isolated from different sources. This latter fact has been made use
of by some investigators in an effort to perfect a classification.

Fig. 85.—Streptococcus pyogenes in lactose broth (Heinemann in ‘ Journal of
- Infectious Diseases”’).

The typical form does not produce capsules, although capsulated
varieties have been described.

Isolation and Culture.—The organism may frequently be
isolated in pure culture directly from the wound, but it is
generally necessary to pour plates and isolate from the colonies.
Care must be used in this latter method not to overlook the
colonies, for many strains produce minute colonies only, and
in mixed infections they may be missed. Inasmuch as most
strains ferment lactose, with the production of acid, the use of
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litmus-lactose-agar plates is sometimes helpful, the colony appear-
ing surrounded by a zone of red.

Growth occurs in most of the laboratory media, particularly
upon the addition of a sugar, such as dextrose. The colonies
upon agar and gelatin are small,—rarely larger than a pinhead,
—at first transparent, and almost dew-drop-like. Later they
may become somewhat opaque. The gelatin is not usually lique-
fied, although saprophytic strains are known which possess this
property. Whether these latter are typical
Streptococcus pyogenes is uncertain. Upon
agar slants this organism tends to grow in
the form of discrete colonies. Bouillon is
sometimes clouded by a uniform distribu-
tion of short chains; in other cases it
remains clear, the organism growing in
masses of long, tangled threads which
remain as a sediment at the bottom.
Blood-serum is unusually favorable as a
medium. A growth is frequently produced
upon the potato, though many strains
refuse to develop on this medium. Milk
is usually coagulated, with acid production
and no digestion of the curd.

Physiology.—Streptococcus pyogenes is
aérobic and facultative anaérobic. Its
optimum temperature is about 37°, but
growth will usually take place at room-

. 5 Fig. 86.—Streptococ-
temperatures. The thermal death-point mlfyogenes orrmea{] glifrft

differs in various strains—usually about 60° agar_culture (Friinkel

B ; y and Pfeiffer).
for fifteen minutes is sufficient to destroy.

Antiseptics and disinfectants are efficient in destruction. No
pigment is produced. No coagulating or proteolytic enzymes are
developed in the typical strains, although, as indicated above,
gelatinase has been reported in some saprophytic types. No
indol is produced. No gas is developed in any medium. Acid
is produced by most strains from many sugars, particularly
dextrose and lactose. Efforts have been made to elassify the
various types of Streptococcus on the basis of their acid-production
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in various sugars. This seems to be helpful in determining the
origin of intestinal types in some cases.

Pathogenesis.—Unexplained differences and variations in
pathogenesis may be noted in the various strains which have
been studied. Virulence for a given species of animal may be
increased by passage through that species.

Mechanism of Disease Production.—Little more is known of the
mechanism of disease production with this organism than with the
staphylococei. Neither the hemolytic streptolysin nor the endo-
toxins, which have been described, seem adequately to explain its
pathogenesis. Changes are usually brought about in tissues
which are in more or less intimate contact with the organism.
No class of infections shows better the necessity of virulence of
an organism and lack of resistance on the part of the tissues in
order to bring about pathologic changes.

Ezxperimental Evidence of Pathogenesis.—Inoculation experi-
ments of animals have duplicated practically every infection with
which this organism has been found associated in man and
animals. The causal relationship of the organism to many in-
fections has been abundantly demonstrated. All laboratory
animals may be infected with strains exhibiting sufficient
virulence.

Disease and Lesions Produced.—Streptococcus pyogenes is asso-
ciated as primary cause with a long list of affections in both man
and animals. As a secondary invader it is of great importance
in many other diseases. Mixed infections with Micrococcus
aureus and other organisms are common. Some of the more
important are worthy of note.

Wound Infection and Suppuration.—Streptococcus pyogenes is
not as common in surgical wounds and other traumata as the
Micrococcus aureus and M. albus. Karlinski, in 1890, examined
suppurative processes in man, animals, and birds, and found
that Streptococcus was present in about 22 per cent. of the cases
in man, 27 per cent. in lower animals, and 15 per cent. in birds.
Staphylococei were present in about 70 per cent., 54 per cent.,
and 55 per cent. respectively. Lucet found Streptococeci alone
in 9 cases, and associated with other organisms in 10 cases, out of
a total of 52 examinations of abscesses in cattle. Both Strepto-
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cocci and Micrococci are commonly present in fistulas and in poll-
evil in horses.

Septicemia and Pyemia.—When an unusually virulent Strepto-
coccus gains entrance to the blood-stream it may cause septicemia
(blood-poisoning). Direct growth through a blood-vessel wall
may result in the formation of an infected blood-clot, and later,
when broken up, it produces thrombi and may lead to embolism.
Abscess formation proceeds at the new foci of infection. Multiple
metastatic abscess formation of this character is known as pyemia.

Erysipelas.—This infection in man is characterized by a severe
inflammation of the skin, in which this organism is present in
large numbers in the lymph-spaces of the subcutaneous tissue.
Erysipelas seems to be due to an invasion with a peculiarly patho-
genic organism and to a lack of resistance on the part of these
tissues. Somewhat similar lesions have been noted upon lower
animals. The erysipelas of swine must not be confused with this
disease, as it is caused by a totally different organism.

Infection of Mucous Surfaces.—Tonsillitis in man, enteritis
in children, non-diphtheritic anginas, and similar inflammations
of mucous surfaces are commonly caused by Streptococcus.
Puerperal fever, an infection of a mucous surface following child-
birth and its consequent septicemia, has been demonstrated in
many cases to be due to Streptococcus infection, not infrequently
contracted from a case of erysipelas. Less is known of the rela-
tionship of Streptococcus to related diseases in animals, though
doubtless it plays an important part.

Peritonitis following an enterotomy is usually due to infection
of the peritoneum with Streptococcus pyogenes, although other
organisms are equally capable of giving rise to this condition.

Pneumonia, particularly the traumatic pneumonia of the horse,
may be caused by this organism. The so-called contagious
pleuropneumonia of the horse is believed by many investigators
to be due to an organism which has not been shown to differ
materially from Streptococcus pyogenes, except for its exceptional
virulence and mode of attack. The disease is contagious, and in
this respect differs from most types of streptococeic infection.

Ulcerative Endocarditis.—This affection is produced most
commonly by Streptococcus, although Micrococcus is found in
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some cases. Cauliflower-like excrescences of the heart-valves,
with consequent valvular insufficiency and embolism, due to the
breaking off of these particles, are the characteristic lesions.

Arthritis—Inflammation of the bone covering (periostitis),
infections of the bone-marrow (osteomyelitis), and of the joints
(arthritis) are generally the result of streptococcic invasion.
In all new-born animals there is danger of infection through the
navel, and consequent production of  navel ill ” (omphalophlebi-
tis). The umbilical vein, according to Moore, becomes heavily
infected with bacteria, which invade the joints by metastasis.
The selective action of the organisms in infecting certain tissues
at one time and others at another is not well understood. Rheu-
matic fever in man (acute articular), and probably in animals,
has been shown to be sometimes due to Streptococcus pyogenes.
The infection atrium in man appears to be the tonsils.

Suppurative Cellulitis.—Under this heading Moore has described
the streptococcic infections of the subcutaneous tissues, par-
ticularly of the lower extremities. In sheep it is called locally
“ foot-rot.”

Mastitis—Mastitis is commonly caused by Streptococcus.
Here again the particular strain selects a particular organ, and
may be transferred from one animal to another by the hands of
the milker. Several different species of the Streptococcus have
been described as associated with garget or infectious mastitis,
but there does not seem to be any good reason for believing them
to be anything but specialized strains of the Streptococcus pyogenes.
As will be seen later, the presence of Streptococcus in milk does
not necessarily predicate mastitis, for non-pathogenic forms are
common.

Immunity.—A hemolytic toxin, streptolysin, may be demon-
strated in some strains of Streptococcus pyogenes. For this an
antitoxin has been produced. It seems probable that there is
also a toxin which injures or destroys leukoeytes. These toxins
vary in amount, however, in cultures of different strains, and seem
to vary independently of the virulence. They certainly do not
account for the pathogenic nature of the organism. Agglutinins
may occasionally be demonstrated, but are not of diagnostic
importance. Endotoxins are produced by both virulent and non-
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virulent strains. Bacteriolysins are probably not important.
Opsonins, normal and immune, and the phagocytosis induced by
them, probably explain any immunity which is exhibited by the
body. This immunity, like others produced by opsonins, is not
lasting; in fact, it is so transient that it may be said that an attack
of erysipelas, for example, renders one even more subject to recur-
rence.

Treatment by the use of bacterins, and particularly autogenic
vaccines, has been found successful in chronic suppurations in
both man and animals. In acute attacks it is of little or no value.
It seems to be the consensus of opinion among investigators that
the use of a polyvalent
vaccine is more efficaci-
ous than a univalent
when it is not autogenie.

Antistreptococcic sera
are produced for. use by
both the veterinarian
and the physician. The
serum of Marmorek is
prepared by the use of
a culture having such
virulence for rabbits
that m—?—(ﬁ c.c. proves
fatal. Horses are im-

: ; Fi 87.—Streptococcus ogenes in  pus
munized by repeated in- % A (n'éﬁka and Pfelﬁer) g

jections of such broth
cultures and their serum used. This seems to be of distinet

benefit in immunizing passively an animal against the same
strain, but does not proteet against others. Polyvalent sera
are prepared by immunizing horses against a considerable number
of strains of the Streptococcus. The results from the use of
such sera have not proved as successful as hoped, though some
have reported excellent results. Such a serum doubtless owes
its protective influence to its opsonic content, but Hektoen and
Ruediger have shown that in some antistreptococcic sera on the
market the opsonin content was below normal. The advisability
of the use of antistreptococeic serum in general streptococcic
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infections in veterinary practice cannot be determined at present
from the data available. It is possible that in some diseases,
particularly of equines, a serum, either curative or prophylactic,
prepared from a homologous organism, may prove practicable
and helpful.

Diagnosis.—Smears of pus stained with methylene-blue or
by Gram’s method will usually reveal the organism if present
in any numbers. Sometimes the pus seems to be practically
sterile upon microscopic examination, but cultures prepared from
it will reveal the presence of the Streptococcus.

Transmission and Prophylaxis.—The constant presence of
various strains of this organism upon the hair and skin makes the
prevention of its entrance into wounds difficult. Cleanliness
and the use of mild antiseptics are the only practicable methods
of inhibiting its growth. In those infections which are character-
ized by a specialized organism, and which are more or less con-
tagious, isolation of infected animals and quarantine of those
exposed, with disinfection of barns, particularly stalls and mangers,
are the methods which must be used in checking the spread.

Streptococcus lacticus

Synonyms.— Bacillus lactici acidr.

Strangely enough, the organisms first isolated from milk, and
described as the cause of its souring, are not the ones now re-
garded as most commonly associated with this change. These
were members of the intestinal group, or bacilli that produce both
acid and gas in milk. Leishman, in 1899, gave the name Bacillus
lactict acidi to an organism which he isolated from soured milk,
and regarded as the common cause of this fermentation. Kruse
later showed that Leishman had been mistaken in regarding it
as a bacillus, and renamed the organism Streptococcus lacticus.
Since then experimental data have accumulated, which seem to
demonstrate quite conclusively that normal souring of milk is
brought about in the vast majority of cases by this organism.
The work of Heinemann in this country served materially to clear
up the relationship between this and other forms.

Distribution.—Streptococcus lacticus is found generally in milk,
butter, and cheese, upon the skin and hair of cattle, and in feces.
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handled, would “rot.”” Ayers and Johnson have shown recently
the falsity of this assumption. There are practically always
present in any given sample of raw milk one or more strains of
the lactic-acid organism, which will resist the temperature of the
pasteurizer, and will bring about normal souring in the milk
pasteurized.

The production of lactic acid in milk is of considerable im-
portance in preventing the growth of undesirable bacteria. Milk
entirely freed from these forms, as by heating to the boiling-point,
does not sour, but undergoes a putrefactive fermentation, brought
about by organisms ordinarily held in abeyance by the develop-
ment of the lactic acid.

‘ Pathogenesis.—Heinemann, by a series of animal inoculations,
has shown it possible to exalt the virulence of typical Str. lacticus
so that it would kill rabbits as quickly as virulent Str. pyogenes.

The close relationship of the two forms can scarcely be ques-
tioned. Before the work of Heinemann it had been concluded
by many workers that the presence of streptococei in milk was
necessarily an indication of udder infection, and examination for
streptococci was made a part of the routine work of certain
board of health laboratories. Inasmuch as it is now known that
the Str. lacticus is normally present in practically all milk, it is
evident that such examinations are of little use. A streptococcic
milk standard is not practicable.

Utilization.—Different strains of Streptococcus lacticus are
used in pure cultures as starters in the dairy. The flavor of butter
is largely dependent upon the development of a peculiar flavor
and aroma, largely through the agency of the lactic-acid bacteria
present. It is customary, therefore, to pasteurize cream to destroy
undesirable organisms and to add to it the starter, which is allowed
to increase and produce the desired aroma and flavor. The
Str. lacticus is likewise of importance in the manufacture of cheese;
the change of the lactose present to lactic acid is an essential
preliminary in most cases to the ripening process.



CHAPTER XXII

SPECIFIC INFECTIOUS DISEASES PRODUCED BY COCCI

No hard-and-fast lines can be drawn between the specific
and non-specific infections produced by cocci. The relationship
and possible identity of some of the organisms here discussed, with
the forms discussed in the preceding chapter, will be made evident.
Some of the infections here classed as specific should possibly be
considered under the general heading of Streptococcus pyogenes.
The diseases described are, however, recognized as clinical entities,
and are, therefore, worthy of somewhat more lengthy consideration.

Several of the diseases here discussed are caused by Strepto-
cocci: strangles in horses (Streptococcus equi), apoplectiform
septicemia in chickens (Str. gallinarum), verrucose vaginitis of
cattle (Str. sp.), abortion in mares (Str. sp.); the remainder are
caused by Miecrococei: pneumonia (Micrococcus pnewmonie or
lanceolatus), epidemic cerebrospinal meningitis in man (M. menin-
gitidis) and in horses (M. intracellularis equt), Malta fever in goats
and man (M. melitensis), takosis in goats (M. caprinus), gonorrhea
in man (M. gonorrhee), and botryomycosis in various domestic
animals (M. ascoformans).

The Streptococei of this group all closely resemble the Sirepto-
coccus pyogenes, and possibly are specialized varieties of that organ-
ism. Many of the Micrococei are characteristically grouped as
diplococei, particularly in the tissues.

Streptococcus equi

Synonyms.—Streptococcus coryze contagiose equorum.

Disease Produced.—Strangles or distemper in equines.

The disease strangles in horses has a long recorded history.
It was deseribed by Solleysel in 1664, and its contagious nature
determined by Lafosse in 1790. Schiitz (1888) first isolated and

207



208 VETERINARY BACTERIOLOGY

described the organism now generally considered to be the specific
cause.

Distribution.—The disease is quite widely distributed, both
in Europe and America. It generally attacks young animals.

Morphology and Staining Characters.—The organism is a gram-
positive Streptococcus, resembling the Str. pyogenes in both mor-
phologic and staining characters. Some authors state that the
organism is gram-negative, for it is decolorized if the alcohol
remains too long in contact. The chains are usually long and
twisted.

Isolation and Cultural Characters.—The organism may be
isolated in pure culture, in most cases from the deeper portion of
the characteristie abscesses, by the same methods used for Sir.
pyogenes. No specific differences in cultural characters have been
shown. Bureschello claims that in many cases strangles is a
mixed infection of Staphylococcus aureus and Streptococcus equi.
In such cases plating would be necessary to differentiate the species
of organisms present.

Physiology.—A temperature of 60° will destroy the organism
in an hour, and 80° in thirty minutes. It is destroyed readily
by direct sunlight and by disinfectants. It grows well at room-
temperature, although its optimum is blood-heat.

Pathogenesis.—Enough has already been said to make doubt-
ful the standing of strangles as a specific disease caused by a
specific organism.

Mechanism of Disease Production.—Little is known of the
factors that determine the pathogenicity of the organism. Prob-
ably they differ little, if at all, from those of Str. pyogenes.

Ezxperimental Evidence of Pathogenesis—Pus from abscesses
in strangles kills white mice, with evidence of acute septicemia
in two to four days. An abscess generally develops at the point
of inoculation. Rabbits and guinea-pigs succumb to the injection
of large quantities of the organism, but are not readily infected.
Other animals are very resistant. Subcutaneous inoculations of
the horse will usually provoke abscess formation at the point of
inoculation. Typical strangles in horses was caused by Schiitz
by use of pure cultures. It seems evident, however, that there
must be some predisposing factor to the disease in most cases.
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Inoculations upon the nasal mucous membrane frequently fail
to infect. Some authors are inclined to believe that the true cause
has not been discovered, and that Str. equs is a secondary invader.
Age is a predisposing factor: young animals are most commonly
infected. Other predisposing causes are fatigue and exposure to
cold, hard work, or any other factor that lowers the vitality.
Variations in virulence wholly unexplained probably account for
the epidemic character of the disease.

Disease and Lesions Produced.—The infection atria are prob-
ably the upper air-passages. The disease may be produced in
simple or malignant form. A catarrhal discharge, with inflamma-
tion of the nasal mucous membranes, is generally first noted, fol-
lowed quickly by a swelling of the adjacent lymphatic glands
and of the submaxillary and pharyngeal lymph-nodes. These
generally develop into abscesses. The infection spreads through
the lymph-channels, but generally remains localized in the tissues
adjacent to the point of infection. Metastatic infections may
oceur in practically any of the organs of the body, and in the
chronic types of the disease great variations in localization will be
found. Fatal termination is rare (0 to 3 per cent.), but some-
times occurs, due to septicemia, pyemia, or pneumonia.

Immunity.—Toxins and antitoxins, agglutinins, and bacterio-
lysins have not been satisfactorily demonstrated for this organism.
Immunity is conferred by an attack of the disease, but is transitory,
and the same animal may suffer from the disease a second time.
Animals over five years old are quite generally immune. Probably
immunity can be best accounted for by increased opsonin con-
tent of the blood and consequent stimulation of phagocytosis.

Immunization by vaccination with living and with dead cultures
has not given wholly satisfactory results. Possibly the injec-
tion of autogenic cultures may have a protective influence. Todd
has prepared a vaccine by growing the organism on blood-serum
for twenty-four hours, then large flasks, containing 10 per cent.
serum broth, are inoculated and incubated a month. Six per cent.
of sterile glycerin is added, and the material concentrated at
60° for two days over unslaked lime. The organism is destroyed,
and the material evaporated to a thick paste. This is diluted
and used as a vaccine. He has reported favorable results. The
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use of the serum of animals recovered from the disease and
hyperimmunized by repeated injections has been followed by
even better results. Certain Freneh veterinarians have secured
unusually good results by the prophylactic injection of such a
serum. The immunity conferred is not permanent. The cura-
tive effect seems sufficient to warrant its use in many cases.

Diagnosis.—Bacteriologic diagnosis may be made by identi-
fication of a gram-positive Streptococcus from the lesions charac-
teristic of the disease.

Transmission.—Transmission probably oceurs most frequently
by the use of common drinking troughs and by ingestion of infec-
tive food; more rarely, by direct contact and inhalation. It is
probable that the organism may remain in the glands and folli-
cles of the nasal mucosa after recovery of some animals, and such
might easily infect others.

Streptococcus gallinarum

Synonyms.—Streptococcus of Norgaard and Mohler. Strep-
tococcus capsulatus gallinarum (?).

Disease Produced.—Apoplectiform and other septicemias in
chickens.

This disease was first deseribed, and its cause isolated, by
Norgaard and Mohler in 1902. The same disease was studied by
Moore and Mack in 1905. Damman and Manengold (1906)
recorded an epidemic of ““ fowl sleeping siekness,” due to a Strep-
tococcus, and later, in 1908, noted a similar outbreak.

Distribution.—The disease has been reported from the original
outbreak in Virginia, from northern New York, from Sweden,
and a similar, if not identical, disease from Germany.

Morphology.—The organism is a typical Streptococcus with
chains of variable length, cells 0.6-0.8 i in diameter, stains readily
by the ordinary anilin dyes, and is positive to Gram’s stain.
With the exception of the doubtful difference in diameter, there
appear to be no morphologic characters whieh differentiate it from
Str. pyogenes. The German type is described as forming capsules
in the blood, and may be entirely distinet.

Isolation and Culture.—The organism may be isolated from the
blood and internal organs of affected fowls. It does not produce
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sufficient acid to coagulate milk, but differs culturally otherwise
in no marked degree from Str. pyogenes.

Pathogenesis.—Experimental Evidence.—Inoculations of pure
cultures into fowls, rabbits, mice, and swine are fatal, while those
into the guinea-pig, sheep, and dog are not.

Disease and Lesions Produced.—The disease is a typical sep-
ticemia, marked by parenchymatous degenerations and hemor-
rhage. Norgaard and Mohler state that fowls frequently die in
twelve to twenty-four hours after the first symptoms.

Immunity.—Little is known relative to the causal organism
and its products. Probably they differ little, if at all, from those
of Str. pyogenes. The dis-
coverers state that active
immunity may be conferred
by the injection of bouillon
culture filtrates and by vac-
cination with killed cult-
ures, and passive immunity
by the injection of the
blood-serum of an immun-
ized animal.

Bacteriologic Diagnosis.
—The organism may be
identified as a gram-positive
organism in smears from the

- Fig. 89.—Streptococcus gallinarum (Mag-
blood and internal organs nusson).

and by culture.

Transmission.—According to the German authorities, the
disease is not very eontagious, but its appearance in considerable
numbers of fowls at one time remains unexplained.

Streptococcus Sp.

Synonym.—Streptococcus of Ostertag.

Disease Produced.—Contagious granular or verrucose vaginitis
in cattle.

Ostertag, in 1898, isolated and cultivated a Streptococcus
from the purulent discharge and from the deeper layers of the
mucous membrane in cases of infectious vaginal catarrh. His
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findings have been confirmed by the work of Hecker, Raebiger,
and Hess. The latter edited a report of the Swiss Veterinary
Surgeons Society in 1903, which gives a very complete summary
of the knowledge of the disease and its cause.

Distribution.—The disease has been reported from all parts
of Europe, and is wide-spread in North America.

Morphology.—The organism occurs in short chains of six to
nine individuals, held together by a delicate capsule. It stains
readily with common anilin dyes, and is decolorized by Gram’s
method. This latter differentiates it sharply from the Str. pyog-
enes.

Isolation and Culture.—Isolation may be made upon agar or
gelatin.  Plate cultures are usually necessary, as there are gener-
ally many other bacteria constantly present in the infected vagina.
Growth occurs on gelatin (without liquefaction), blood-serum,
and agar, particularly glycerinized. It produces a diffuse cloud-
ing of bouillon. Acid production is so weak that milk is not
coagulated. It will be noted that the latter is also a character
which differentiates it from the Str. pyogenes.

Physiology.—The organism is aérobic and facultative anaérobic.
Acids are produced in small quantities, if at all, in carbohydrate
media. The optimum growth temperature is blood-heat, but
good growth occurs at room-temperature.

Pathogenesis.— Experimental Evidence.—This organism is not
pathogenic for any of the laboratory animals, nor can it produce
disease in horses, hogs, sheep, or dogs when inoculated into the
vagina. Inoculations of pure cultures into the vagina of heifers
has been found to reproduce the disease, so that there seems to be
little doubt of its etiologic relation to the disease. It seems to be an
example of extreme specialization, such as is found in the organism
causing gonorrhea in man.

Disease and Lesions Produced.—The disease in an acute form
produces a swelling of the labia of the vulva, with increased secre-
tion from the mucous membranes of the vagina. Later the dis-
charge becomes purulent, then granules from the size of a pin-
head to a rape-seed develop. These are the enlarged lymph-fol-
licles of the mucous membrane. The acute stage lasts usually
for several weeks, the discharge becomes less prominent, and
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finally the chronic'stage sets in, and may persist indefinitely or
gradually disappear. The organism may be isolated from the
pus in the acute stage, or from the deeper layers of the mucosa
in the later stages. In the bull the glans penis may show gran-
ules similar to those of the vagina, or there may be a purulent
catarrh of the prepuce. In the cow the disease may involve the
uterus and possibly produce abortion and even sterility.

Immunity.—Recovery from the disease presumably results
from the development of an active immunity, probably opsonic
in nature. No means of artificial immunization have been
employed.

Bacteriologic Diagnosis.—The presence of a gram-negative
Streptococcus in the depths of the mucous membranes should be
diagnostic of the disease. Identification in the discharges would
necessitate cultures.

Transmission.—The disease is probably most commonly trans-
mitted by coition or by immediate contact with soiled litter and
fodder.

Streptococcus Sp.

Disease Produced.—Contagious abortion in mares. Ostertag
in 1900 described a Streptococcus as the cause of abortion in mares.

Distribution.—Recorded only from Europe.

Morphology.—This organism somewhat resembles the preced-
ing morphologically. It is a coccus, occurring in short chains,
stains easily with anilin dyes, but is gram-negative.

Isolation and Culture.—Ostertag succeeded in isolating the
organism upon blood-serum in pure cultures from the uterine
mucous membranes and from the blood and internal organs of an
aborted fetus. This Streptococcus does not grow readily upon
most artificial media, but shows much better development upon the
addition of blood-serum. Serum bouillon shows initial clouding,
with subsequent sedimentation. Upon the solid serum media the
growth is poor, being scarcely visible to the naked eye. Milk
is not changed. It will be noted that both this organism and the
preceding may be differentiated, both morphologically and cul-
turally from the Str. pyogenes.

Physiology.—The organism quickly dies on artificial media,
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frequent transplantations being necessary to maintain it. It is
easily destroyed by disinfectants.

Pathogenesis.—Ostertag succeeded in producing abortion in a
pregnant mare by an intravenous injection. The organism is
not pathogenic to the common laboratory animals. Like the
preceding, it seems to be a case of specialized parasitism. Not
enough critical work has been done upon the disease to satis-
factorily establish the causal relationships of this organism.

Immunity.—No work is recorded relative to immunity to this
disease. Transmission is probably through coitus.

Other Streptococci of Uncertain Significance

Streptococcus mastitidis sporadicee.—(Str. agalactie conta-
giose, Str. der infektiosen Induration des Euters).

Organisms of mammitis or mastitis in cattle have been found
in all parts of the world, frequently associated with the disease in
epidemic form. This organism was originally reported as gram-
negative, but the Str. mastitidis, gram-positive, is reported by the
local government board in England as the commoner type. There
are no good differential characters other than pathogenesis to
separate this latter form from Str. pyogenes and Str. lacticus.
On account of the general occurrence of this latter species in milk,
direct microscopic examination of the milk is often insufficient
for the purpose of determining the condition of the udder, 7. e.,
whether or not it is infected with garget.

Streptococcus Sp.—Epizoitic pleuropneumonia in equines.
Stable pneumonia.

A number of investigators have demonstrated a Streptococcus
present in the lesions of certain pneumonias in the horse. The
organisms isolated by different investigators have not always the
same cultural, morphologic, and physiologic characteristics. By
some the organism is regarded as identical with Sir. equi, by
others as a specific type, and by still others it is believed that
the specific organism is still unknown, and the Streptococci de-
scribed are but secondary invaders. An organism resembling the
human pneumococcus, if not identical with it, has been isolated
from some cases of equine pneumonia, and will be considered in
connection with that organism.
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Streptocdccus pneumoniz

Synonyms.—Pneumococcus; Diplococcus pneumonie; Diplo-
coccus lanceolatus; Streptococcus pneumonie; Micrococcus pneu-
monie; Micrococcus lanceolatus.

Disease Produced.—Pneumonia in man, and probably some
animals, particularly the horse. :

Sternberg, in 1880, described this organism from normal
sputum, but Frinkel, in 1885, first definitely associated the organ-
ism with croupous pneumonia. Considerable difficulty early
arose, due to the confusion of two distinct organisms; namely,
the form under consideration with the pneumobacillus of Fried-
linder. A somewhat similar organism, possibly a gram-negative
variety of this form, has been
found by Mayer associated with
pneumonia in the horse.

Distribution.—Throughout
the world, in diseased and
healthy individuals.

Morphology and Staining.—
Usually occurs in twos, more
rarely in chains of four or six,
spherical or more generally flat-
tened at the point of contact,

and with opposite side some- g ok 5
. ig. 90.—Streptococcus pneumonie
what elongated and p OmtEd’ in pure culture (Weichselbaum) (Kolle

whence the name, lanceolatus. and Wassermann).

Capsules may be demonstrated

in the body, but do not appear in culture-media except in
serum broth. It stains readily with ordinary anilin dyes, and is
gram-positive. There is some doubt as to whether the organism
is a Micrococcus or a Streptococcus. The occurrence of chain-
formation and lack of any other grouping would make the latter
more probable.

Isolation and Cultural Characters.—The organism may in some
cases be isolated from the blood directly in pure cultures. It
is most readily obtained from the sputum by animal passage.
Growth occurs on most laboratory media except potato. Growth
is never luxuriant, the organism developing as discrete, transparent,
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dewdrop-like colonies upon the surface of the medium. Bouillon
is slightly clouded. Milk is acidified and coagulated. The
addition of glycerin, and particularly blood-serum, stimulates
growth in most media.

Physiology.—The optimum temperature is 37°; little or no
growth will occur at lower temperatures. Desiccation for several
months, particularly in sputum, does not always kill the organ-
ism. Twelve hours’ exposure to direct sunlight is fatal. Acids
are produced from many earbohydrates.

Pathogenesis.—The pneumococeus produces acute septicemia
when injected into the
mouse, guinea-pig, or rab-
bit. The production of
typical pneumonia is at-
tended with difficulty, if,
indeed, it has been satis-
faetorily demonstrated. Its
principal claim to recogni-
tion as the etiologic factor
in the disease rests upon
its presence in the lesions
and its general pathogenic
relationship to animals.
The fact that it is quite
commonly present in the
sputum of normal individuals seems to ihdicate that there are
great differences in disease-producing power among different
strains. Whether or not the organism isolated by Mayer from
pneumonia in the horse is identical with this organism cannot at
present be determined, nor can its relationship to “ Brustseuche”
be said to be satisfactorily proved.

The tissues of the lung invaded by the organism become con-
gested, and blood-plasma is poured into the alveoli. The fib-
rinogen coagulates, and the lung becomes ‘ hepatized,” that
is, liver-like in consistency. Frequently there is more or less
hemorrhage, largely by diapedesis, and the lung becomes red-
dened. Later leukocytes, particularly the polymorphonuclear
type, invade, and the tissues become gray. Autolytic digestion

Fig.91.—Streptococcus pneumonie colony on
agar plate (X 100) (Frinkel and Pfeiffer).
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nature. No practicable method of immu;ﬁzation, either by the
use of vaccines or antisera, has been developed.

Bacteriologic Diagnosis.—The most conclusive method of
bacteriologic diagnosis is by isolation and cultivation of the organ-
ism. A demonstration of the characteristic lanceolate, capsulated,
gram-positive diplococei is often diagnostic. The agglutination
test is not conclusive.

The relationship of this organism to pleuropneumonia and
contagious pneumonia in equines is uncertain, and further work
needs to be done before the connection can be made clear.

Micrococcus meningitidis

Synonyms.— Diplococcus intracellularis meningitidis; Micro-
coccus weichselbaumit; Streptococcus meningitidis; meningococcus.

Disease Produced.—Epidemic cerebrospinal meningitis in
man,

Weichselbaum, in 1887, first adequately described this organism
from meningeal exudate, and proved its pathogenic nature by
animal experimentation. It has since been observed repeatedly
in many epidemics, both in Europe and America.

Morphology and Staining.—Micrococcus meningitidis in stained
smears of meningeal exudate usually appears as a diplococcus,
or in groups of four. In culture-media it is about 1 u in diameter,
and is usually in pairs, rarely in short chains. The latter fact
would seem to indicate that this organism should be classed as a
Streptococcus, but the tetrad formation sometimes scen seems,
on the contrary, to show that cell division may be in two planes,
hence the use of the generic name, Micrococcus. No capsules
are produced. It stains readily with the ordinary anilin dyes,
but is gram-negative.

Isolation and Culture.—The organism may be obtained by a
lumbar puncture with a sterile hypodermic needle, and transferred
directly to artificial media. It is best to use a medium containing
serum for the first isolation, for this bacterium frequently does not
grow well on artificial media at the first. Upon blood-serum
at 37° white, viscid, coherent colonies develop. Serum may be
added to agar or bouillon and will be found to favor the growth.
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Milk is not changed. Frequent transfers are necessary to the
preservation of cultures in artificial media.

Physiology.—The meningococcus is killed almost immediately
by desiccation. In culture-media autolysis rapidly occurs, and
the organism soon disappears. No acids are produced in carbo-
hydrate media. Proteolytic enzymes are not produced.

Pathogenesis.—The meningococcus does not readily infect
common laboratory animals unless intraperitoneal injections of
comparatively large amounts of the culture be used. Even in

Fig. 93.—Micrococcus meningitidis in a preparation of pus from a brain abscess.
Note that the organism is generally intracellular (Flexner).

this case the result seems to arise from the absorption of the toxic
products, rather than from an invasion of the tissues. Injection
of pure cultures into the spinal cavity of the goat has been found
to produce meningitis, and inoculation into the monkey has
resulted practically in a duplication of the disease as it oceurs in
man. The relationship of the organism to the disease is, therefore,
well demonstrated.

The disease is an acute inflammation of the meninges, accom-
panied by a purulent exudate. The organism sometimes, though
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rarely, enters the blood. Metastatic involvement of the lungs
and other organs occurs in a few cases.

Immunity.—No true toxins have been demonstrated; endo-
toxins are probably produced, and released through the autolytic
disintegration of the organism. Agglutinins are developed in
sufficient quantity, so that the blood of a patient frequently ag-
glutinates in a dilution of 1:50. Although no distinet bacterio-
lysins have been demonstrated, specific amboceptors for the organ-
ism may be shown to be present in the blood by the hemolytic
absorption of complement test. Opsonins probably play the
largest part in the .development of immunity. All these anti-
bodies mentioned have been determined to be present in the
serum of immunized horses.

Vaccination against the disease is not practised. Flexner
and Jobling have prepared an immune serum from the horse by
the injection of dead bacteria, followed by the injection of living
bacteria and the products of their autolytic digestion. The
serum is injected directly into the spinal canal after the withdrawal
of an equal amount of the purulent exudate. It comes in direct
contact, therefore, with the organisms, and probably stimulates
phagocytosis by its opsonin content. The use of this serum has
proved highly successful; by its means mortality has been mate-
rially reduced.

Bacteriologic Diagnosis.—Lumbar puncture, with demonstra-
tion in smears of a gram-negative diplococcus, occurring prin-
cipally within the leukocytes, constitutes a satisfactory diagnosis.
The agglutination test may be applied, but is not used in practice.

Transmission and Prophylaxis.—How the organism gains en-
trance to the spinal and brain cavities is not certainly known. It
is found in the early stages of the disease upon the nasal mucous
membranes. It is spread probably by the use of infected hand-
kerchiefs or by the inhalation of infectious droplets.

Micrococcus intracellularis equi

Synonym.— Diplococcus intracellularis equs.

An organism in no important particular differing from the
meningococcus has been reported by Johne, Ostertag, and others
in epizodtic or cerebrospinal meningitis in horses. Ostertag
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succeeded in producing the disease in horses by subdural injec-
tions of pure cultures. Other organisms have been found in similar
outbreaks by other investigators. Careful study of the relation-
ship of these organisms to the diseases must be made before con-
clusions as to their importance as an etiologic factor would be
justified. This epizoétic infection should not be confused with the
far more common type of so-called meningitis produced by forage
poisoning.
Micrococcus melitensis

Diseases Produced.—Malta fever in the goat and in man;
Mediterranean fever.

Bruce, in 1887, discovered a microdrganism in the spleen of
men dead from Malta or Mediterranean fever. Since that time
it has been studied carefully by numerous investigators, and its
relationship to the disease is well established.

Distribution.—The disease is known to occur in all the countries
bordering on the Mediterranean, in southern Asia, South Africa,
the Philippines, and some of the islands of the West Indies.

Morphology and Staining.—The organism is a small‘coccus,
about 0.4 ¢ in diameter, usually in pairs, occasionally in short
chains. Possibly it should be classed as a Streptococcus. Rarely,
forms longer than broad may be observed, especially in cultures
kept at temperatures below the optimum. These are probably
involution forms. The organism stains well with ordinary anilin
dyes, but is gram-negative.

Isolation and Cuilture.—It may be isolated from the spleen
during life or after death in pure culture, or by plating. The
individual colonies on agar in three days are small and dew-drop-
like, and continue to increase in size for some time. There is no
marked peculiarity of growth upon any of the artificial media,
although the organism may be cultivated readily on any of them.
Milk is not changed.

Physiology.—The M. melitensis does not produce acid from any
of the carbohydrates. Desiccation does not destroy it quickly,
for the organism has been found to remain alive and virulent when
dried for a considerable time. Pasteurization is fatal.

Pathogenesis.—The disease is a true bacteremia. Inoculation
of pure cultures reproduces the disease in the goat, cow, and mon-
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key. Accidental laboratory infections have proved its power
of producing disease in man. Infection probably usually arises
through ingestion. The disease is characterized by its low mor-
tality, its long duration in man, and the accompanying articular
rheumatism. It is a disease primarily of the goat, though it is
possible that cattle may sometimes harbor and transmit it.
Immunity.—No toxins have been demonstrated. Agglutinins
are present in the blood in infected individuals, so that agglutina-
tion may sometimes be secured with high dilutions—occasionally
as high as 1:6000. This test is one of the readiest methods of
diagnosing the disease.
Bacteriologic Diagnosis.—Diagnosis may be made by isolation
. of the organism by a punec-
ture of the spleen, or by
demonstrating the presence
of specific agglutinins in
the serum in dilutions of
1: 50 or greater.
Transmission and Pro-
phylaxis.—The organism is
exereted in the feces, urine,
and milk from infected
animals. Most cases in
the human are acquired
by drinking the milk of in-
Fig. 94.—Micrococous melitensis (x 1200) fected animals. The dis-
(Jordan). ease infects, in either the
acute or chronic form, so
large a proportion of the animals in some countries that the use
of unheated milk is always attended with danger. The disease
has no foothold at present in the United States, but is oeca-
sionally reported.

Micrococcus caprinus

Disease Produced.—Takosis, or wasting disease, of Angora
goats.

Mohler and Washburn, in 1903, deseribed the organism be-
lieved to be the specific cause of this disease of Angora goats.
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Their published investigations still remain practically the only
discussion of the etiology to the present time.

Distribution.—The disease is certainly known only from the
United States, where it has been reported from many localities,
particularly in the northern States. It is probably to be found
in other countries, and is believed to be endemic in Asia Minor.

Morphology and Staining.—The M. caprinus occurs in pairs in
the blood, and usually shows the same grouping in culture-media,
rarely in chains of three or four cells. When in pairs, the cells
are somewhat compressed longitudinally. Rarely in the blood
they assume the lancet shape characteristic of Str. pneumonie.
No capsules are produced. The organism does not stain well
with methylene-blue, but heavily with carbol-fuchsin and gentian-
violet. It is gram-positive.

Isolation and Culture.—The organism has been isolated directly
from the blood upon artificial media. In broth there is first
turbidity, followed by sedimentation and
clearing up of the medium. Upon agar 0 Cﬂ
slants a white, ceraceous or granular mass C0
of confluent colonies is produced. Colonies é. é o..
on agar reach a diameter of 8 to 10 mm., é
and appear smooth, white, flatly convex,
and waxy. When first isolated, liquefaction e

3 cus caprinus in a blood-
of gelatin does not occur, but later transfers _ REATE - and
liquefy the gelatin, beginning at the fourth Washburn).
day. Good growth is obtained upon blood- 4
serum and potato. Milk is coagulated, with development of
acids and ultimate peptonization. Many of the characters noted
relate the organism closely to M. albus.

Physiology.—The organism is aérobic and facultative anagé-
robic. Blood-heat is the optimum temperature, but develop-
ment takes place at room-temperature also. Acids are produced
in many carbohydrate media. No indol is produced, but phenol
may be demonstrated. The thermal death-point is 58° for ten
minutes. The organism is readily destroyed by desiccation and
light and by the action of disinfectants.

Pathogenesis.—The exact mechanism of disease production is
not understood. It certainly is not by the development of toxins.

Fig. 95.—Micrococ-
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Ezxperimental Evidence of Pathogenesis—The organisms pro-
duce a fatal disease in mice, guinea-pigs, and sometimes rabbits,
but the white and brown rat, dog, and sheep are found to be
immune. Inoculation into the goat revealed the fact that the
disease could be produced only with difficulty, yet enough evi-
dence was secured to make the demonstration of the organism
as the etiologie factor satisfactory.

Disease Produced.—The disease produced in the Angora goat is
characterized by symptoms of diarrhea, by pneumonia, great
emaciation, and weakness. It is generally fatal. The visible
mucous membranes are anemic. The anemia is even more marked
on postmortem examination. The lungs show inflammatory
changes; the exterior is frequently mottled, showing much the
appearance of pneumonia in process of resolution. Degenerative
changes are also to be observed in the heart and the kidneys.

Immunity.—There is no evidence of toxin production. At-
tempts at immunization by injection of broth filtrates into guinea-
pigs revealed the development of some increased resistance.
Efforts at practical immunization were unsuccessful. Nothing
is known of the agglutinins, opsonins, or bactericidal properties
of the immune serum. '

Bacteriologic Diagnosis.—Cultures from the blood, or stained
mounts from this source, should reveal the characteristic organism.

Transmission.—Methods of transmission are not certainly
known.

Micrococcus gonorrheez

Synonyms.— Diplococcus gonorrheee, gonococcus; diplococcus
of Neisser.

Diseases Produced.—Gonorrhea and its sequele in man.

Neisser, in 1879, noted the occurrence of a characteristic coccus
in gonorrheal pus. Bumm, in 1885, suceeeded in obtaining the
organism in pure cultures, and determined by inoculations into
human subjects the causal relationship of the organism to the
disease.

Distribution.—Gonorrhea is a common disease in all classes of
men, particularly in civilized countries.

Morphology and Staining.—The gonococcus closely resembles
the meningococcus. In stained preparations of gonorrheal pus
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the organisms occur generally in pairs inside the polymorphonuclear
leukocytes. The cells are usually coffee-bean shaped. The in-
dividual cells measure about 1.6 by 0.8 #. There is little or no
tendency to chain formation, the cells being arranged in irregular
masses in culture-media. The organism stains readily with the
ordinary anilin dyes and is gram-negative. This latter fact is
important, as it renders differential diagnosis between the com-
mon streptococei and the gonococcus possible.

Isolation and Cultural Characters.—The organism may be
isolated directly from gonorrheal pus, care being exercised to
secure pus not contaminated with organisms from the skin. Con-
siderable difficulty is sometimes experienced in securing cultures.
Usually no growth will occur
on ordinary agar or gelatin,
although, when considerable
quantities of pus are spread
over the surface, some colonies
will develop. Wertheim’s me-
dium, composed of one part of
human serum to two parts of
nutrient agar, is commonly
found to be the one on which
growth is most readily secured.
The organism gradually adapts
itself .to growth on’ artificial Fig. 96.—Micrococcus gonorrhee in
media, and after a few transfers pus (Giinther).
develops more luxuriantly. The
colonies resemble those of the Str. pyogenes, being small, discrete,
and transparent.

Physiology.—The organism is aérobic. It is easily destroyed
by desiccation, although when dried in pus it may retain its
vitality for weeks. It-must be transferred from one culture-
medium to another every two days if kept at thermostat
temperatures, less frequently in the refrigerator, to keep it
alive.

Pathogenesis.—Evidence of Pathogenesis.—That the gono-
coccus causes gonorrhea is evident from the fact of its universal
occurrence in gonorrheal pus, and from inoculation experiments

15
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upon man. The laboratory animals do not contract the disease
upon inoculation.

Character of Disease and Lesions.—The organism ordinarily
causes an acute urethritis in both sexes. It may also produce
gonorrheal ophthalmia, particularly in the new-born. The
urethritis may become chronic and lead to stricture. Secondary
involvement of the Fallopian tubes, ovaries, and peritoneum in
the female, and of the epididymis and bladder in the male, fre-
quently occurs. Metastatic infections of the joints, causing gon-
orrheal rheumatism, of the heart valves, causing endocarditis,
of the brain and cord, causing meningitis, are not uncommon.
The organism may persist for a long period in a dormant state.

Immunity.—No true toxins are produced by the gonococcus,
but endotoxins have been demonstrated, as have also specific
agglutinins and precipitins. Little or no immunity is developed
as the result of an infection. The presence of specific ambocep-
tors in the blood has been shown by the method of deviation of
complement. Vaccination with the autolytic products of the
organism, and with cultures killed by heat, and by mixture with
strong solutions of lactose or other sugars, have been used with
a moderate degree of success. Porrey has prepared an anti-
gonococcus serum from the rabbit by immunization with living
cultures, and claims to have secured favorable results from its use.

Micrococcus ascoformans

Synonyms.—Micrococcus botryogenus; Botryococcus ascofor-
mans; Botryomyces ascoformans; Zoiglea pulmonis equi.

Disease Produced.—Botryomycosis.

The organism associated with botryomycosis was discovered
in 1870, and later investigated independently by Revolta and
Micellone in 1879, by Johne in 1885, and by Rabe in 1886.

Distribution.—This infection has been- reported several times
from Europe, and there is evidence of its presence in the United
States.

Morphology.—The micrococei in the tissues are comparatively
large—1 to 1.5 u in diameter. They are embedded in the thick
capsules of the organism, forming a gelatinous mass of consider-
able size—a zodglea. Upon culture-media the capsule formation
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is not very evident, if present, and the cells are usually in pairs or
tetrads. There is some evidence that this organism should be
grouped as a Sarcina, rather than as a Micrococcus, while in many
respects it resembles the Micrococcus aureus. It stains readily
with anilin dyes, and is gram-positive.

Isolation and Culture.—J}. ascoformans may be isolated in
pure culture from the characteristic lesions, or in mixed infections
it may be secured by plating. In most of its eultural characters
it resembles a weakened strain of M. aureus. Gelatin colonies
are small, and cause slight liquefaction and cupping of the medium
when at the surface. In gelatin stab the growth is filiform and
white, followed by a slow, crateriform liquefaction. The colonies
on agar are scarcely visible in most strains, although more vigorous
types have been described. On potato the growth is yellowish and
has an aromatic odor.

Physiology.—This organism produces a small amount of gelat-
inase, as evidenced by the liquefaction of the gelatin.

Pathogenesis.—Ezxperimental Evidence.—Guinea-pigs injected
with M. ascoformans generally succumb to septicemia. Mice
are not susceptible. Sheep and goats develop ulcers at the point
of inoculation. Injection into the horse usually results in sup-
puration, but occasionally the typical botryomycomata are de-
veloped. Whether or not this is a variety of M. aureus is
unsettled, but it seems probable that it is a distinet species.

Character of Disease and Lesions Produced.—The lesions
resemble superficially certain fibromata and other neoplasms.
The infection usually takes place where the surface of the skin
has been abraded, as by harness, through wounds at castration,
on the udder, and elsewhere on the body. The tissues involved
become grayish-red, then lardaceous, and eventually form a mass
resembling a fibroma. These sometimes reach considerable size.
Metastatic infection through the lymph-channels may result in
the involvement of considerable areas and infection of the internal
organs, particularly the lungs.

Tmmunity.—Methods of developing immunity have not been de-
vised. Tt is possible that autogenic vaccination might be of value.

Transmission.—As noted above, infection generally occurs
through wounds or abrasions of the skin.



CHAPTER XXIII

NON-SPECIFIC PYOGENIC BACILLI

Many bacilli have been isolated from suppurative infections.
Some of these undoubtedly have no causal relationship to the pus-
production and are purely saprophytic; others, as the colon bacil-
lus, are normally non-pathogenic, but under certain conditions
may cause pus-infection; others, as the typhoid bacillus, normally
cause specific diseases, but occasionally produce a secondary
pyogenic infection, while others are known only from their associa-
tion with suppurative processes, and may be termed true pyogenic
bacilli. Two organisms belonging to the latter class are worthy
of specific mention—Bacillus pyocyaneus and B. pyogenes sutis.
They are grouped here solely because of their pyogenic properties,
and not on account of any relationships existing between them.
Their only common characteristics are their shape and ability to
incite suppuration. Our knowledge of the B. pyogenes suis is
unsatisfactory. It probably should be grouped with some other
forms, possibly with the Bacillus pseudotuberculosis.

Bacillus pyocyaneus

Synonyms.— Pseudomonas pyocyanea; Ps. aeruginosa; bacillus
of green or blue-green pus in man and animals.

Gessard, in 1882, described the Bacillus pyocyaneus from blue-
green pus. Since that time it has been isolated and studied by
numerous investigators, both in Europe and America.

Distribution.—This organism has been isolated from the feces
of man and animals, from sewage and surface waters, from the
soil, and from air and dust. It is usually saprophytic or com-
mensal in its growth, and is only rarely pathogenic.

Morphology and Staining.— B. pyocyaneus is a slender rod with
rounded ends, about 0.6 by 2.6 & or smaller, usually single, rarely
in chains of 2 to 6 individuals. It is motile by means of a single
terminal flagellum. No spores or capsules are produced. It
stains readily by the ordinary anilin dyes, and is gram-negative.

228
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Isolation and Culture.~—~This organism is readily isolated by
plating out pus which contains it, as the colonies are quite charac-
teristic on account of the green pigment which they diffuse.
It grows readily on all the common laboratory media. Upon
agar and gelatin plates the thin, poorly defined colonies are charac-
terized by the fluorescent pigment surrounding them. Upon
slant agar the color diffuses until the whole of the medium is a
light green, then a darker blue-green, and finally a brown or brown-
red. Gelatin is rapidly liquefied. Bouillon is clouded, a pellicle
forms, and the fluorescent pigment diffuses from the top downward.
Potatoes support a slimy growth
and turn green, then brown.
Milk is coagulated by a rennet-
like enzyme, and the curd pep-
tonized.

Physiology.—This organism
is preferably an agrobe, and
grows most luxuriantly in the
presence of oxygen, but growth
will continue under anaérobic
conditions.  Proteolytic fer-
mel?ts which wi.ll digest gelatin, Fig. 97— Bacillus p'yocyam (Kolle
fibrin, and casein are produced. and Wassermanh).

Two pigments are usually

formed—one green and fluorescent (fluorescin), the other (pyo-
cyanin) bluish. Pigment is not produced in the absence of
oxygen. In old cultures the pigments become yellow or brown.
Autolytic lisintegration of the cells takes place in old cultures.
Mucin, a compound made up of a protein and a carbohydrate,
has been found present in cultures. To this may be ascribed its
slimy consistency on agar or even in bouillon. The organism is
resistant to desiccation.

Pathogenesis.— Ezperimental Evidence.—Injection of cultures
of B. pyocyaneus subcutaneously into the guinea-pig or rabbit
causes rapidly spreading edema, suppuration, septicemia, and death
within a day or two. Not all cultures are equally pathogenic.

Character of Infection Produced.—The B. pyocyaneus is usually
a secondary invader, although in man it has been found causing
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primary infections. It has not yet been proved ever to cause
suppuration alone in any of the domestic animals, but is not un-
common in pus, to which it gives a green or blue-green color.
In man it has been found in purulent otitis media, meningitis,
bronchopneumonia, infantile diarrhea, and generalized infections.

Immunity.—A true toxin is produeced by virulent cultures.
Wassermann found 0.2 to 0.5 c.c. of this fatal for the guinea-pig.
An antitoxin has been prepared for this pyocyaneus toxin. An
endotoxin has also been demonstrated. A leukoeytic poison, leu-
kocidin, and a hemolytic toxin, hemotoxin, have been differentiated.
Immunity has been experimentally produced by the injection of
killed cultures.

Bacteriologic Diagnosis.—The organisms may be most readily
determined by plating. The presence of a gram-negative bacillus
in pus in a stained mount constitutes presumptive evidence.

Bacillus pyogenes suis

This organism has been several times described from inflam-
matory suppurative processes in the hog.

Morphology and Staining.—The organism is a slender, non-
motile bacillus. It produces neither spores nor capsules. It
stains readily with the ordinary anilin dyes. It is gram-negative.

Isolation and Culture.—The organism may be readily isolated
in pure cultures immediately from the pus. It grows readily
on artificial media, particularly on coagulated blood-serum.
On this latter medium the small dry colonies form a slight area of
liquefaction immediately about them.

Physiology.—Growth occurs best at 37°. No gas is produced
from dextrose.

Pathogenesis.—The organism has been found associated com-
monly with suppurative processes in the hog, particularly those
affecting the serous membranes lining the body-cavities. These
abscesses are generally encapsulated. ‘Evidently they may arise
as metastatic infections, for they are sometimes distributed
throughout the body. The organism is pathogenic to rabbits
and mice, and may set up inflammatory processes in these ani-
mals closely resembling those of the hog.



CHAPTER XXIV

DIPHTHERIA GROUP

Two organisms will be considered under this heading, the
Bacillus diphtherie and B. pseudodiphthericus. The former is of
importance in human medicine as the cause of the disease diph-
theria, and to the veterinarian, because of the use of horses and
other animals in the manufacture of antitoxin, and because of the
use that has been made of the toxin in the development of the
theories of immunity. The B. pseudodiphthericus is important
because of its resemblance to the diphtheria bacillus.

The characters which particularly differentiate this group are
the polar or banded staining of the organisms (presence of meta-
chromatic granules) and the production of the characteristic
toxin by the diphtheria bacillus.

The term diphtheria is used in a pathologic sense to denote a
type of inflammation characterized by more or less extensive
necrosis, and the formation of false membranes of fibrin, which are
rather intimately joined to the tissue which produces them.
Many organisms can bring about diphtheritic inflammation in the
tissues of man and animals. These organisms belong to such
varied genera as Streptococcus, Bacillus, and Actinomyces; a
pathologic grouping would, therefore, bring together unrelated
forms, hence the inclusion of but the one organism under this
group. By diphtheria is meant the specific disease of man caused
by the Bacillus diphtheriee, and diseases of animals resembling it
clinically, as fowl diphtheria, are not to be confused with it.

Bacillus diphtheriz

Synonyms.—Klebs-Loffler bacillus; Bacterium diphtherice; Cor-
ynebacterium diphtherie; Mycobacterium diphtherice.
Disease Produced.—Diphtheria in man, rarely in some animals.

Klebs, in 1883, described an organism present in the false mem-
231
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brane of diphtheria, which Loffler, in 1884, secured in pure cul-
ture and showed to be pathogenic. A similar organism was
isolated by him from a healthy child, so that he was reluctant to
conclude that he had found the true cause of the disease. Roux
and Yersin, in 1888-1890, showed that the various pathologic
conditions most charaeteristic of diphtheria could be duplicated
in animals by injection of the broth filtrate containing the toxin.

Distribution.—Occurs in epidemies, particularly among the
young, in Europe and America.

Morphology and Staining.— Bacillus diphtherie is so variable
in its morphology that many writers do not consider it a Bacillus

Fig. 98.—Bacillus diphtherie (Epstein in Journal of Infectious Diseases ).

at all, but to be more closely related to some of the higher bacteria
or even the fungi. It stains readily with the common anilin dyes,
and is gram-positive. When stained with methylene-blue a smear,
prepared directly from an infeeted mucous membrane, will show
rods varying from 0.4 to 1 # in diameter and 1.5 to 3.5 ¢ in length,
frequently slightly curved, sometimes pointed or club-shaped,
sometimes staining uniformly, but usually containing meta-
chromatic granules, which stain more deeply than the remainder
of the cell, and give a barred or granular appearance to the cell
contents. These same variations may be observed in the organism
taken from suitable culture-media, particularly LéfHer’s blood-
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serum. Occasionally branched forms may be observed. Demmy
has shown that the Bacillus diphtherie varies almost from hour
to hour in its morphology when grown upon blood-serum. In
five hours after the culture is made the cells take the stain uni-
formly; in eight hours some cells show vacuolization; in twelve
hours the organism is larger and stains unevenly, and within
forty-eight hours irregular and clubbed forms are abundant.
Wesbrook has constructed a chart which is in common use in
laboratories in the designation of the different types of bacilli
to be observed. Upon media where growth occurs more slowly
than upon serum the organism remains smaller and stains more

Fig. 99.—Bacillus diphtherie, Wesbrook’s types: @, ¢, d, Granular types; a, c!,
d!, barred types; a?, ¢, d*, solid types (X 1500) (McFarland).

uniformly. Whether or not the morphologic types of Wesbrook
represent true varieties or differ in their pathogenic properties
is a matter of dispute. Wesbrook claims the types which develop
rapidly upon blood-serum and show distinct granulation are viru-
lent, while the slower growing solid types are relatively non-
virulent. It is claimed by others that the latter simply represent
the B. pseudodiphthericus, the organism next to be considered.
No spores or capsules are produced. The organism is non-motile.

Isolation and Culture.—Bacillus diphtheri® may usually be
isolated directly from the throat of a diphtheritic patient in pure
culture upon agar or, better, upon blood-serum. In mixed infec-
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tions glycerin-agar plates may be poured from the growth on
blood-serum. It grows well upon most of the laboratory media.
Upon Loffler’s blood-serum distinet colonies are sometimes visible
within twelve hours as minute, pin-point, translucent dots; these
enlarge, and within twenty-four hours show as small, opaque,
gray colonies, usually discrete. The organism develops somewhat
less luxuriantly upon agar and gelatin, although repeated trans-
fers tend to increase the luxuriance. Growth occurs in milk,
with but little or no observable change in the medium. Broth
may be clouded. A delicate film or pellicle forms on the surface
after a time, and if transfers of this are made to fresh broth, the
growth may be largely con-
fined to pellicle production.
Advantage is taken of this
fact in growing the organ-
isms in production of diph-
theria toxin.
Physiology.—This or-
ganism is aérobic. Upon
culture-media it will remain
alive for long periods.
Desiceation of a diphther-
itic membrane does not

necessarily  destroy the

Fig. 100.—Bacillus diphtherie, mount baci]lus, and it has been
from blood-serum showing the character-

istic metachromatic granules (Frinkel and ISOI?ted from such after a
Pfeiffer). period of months. The

heat of pasteurization, 60°
for thirty minutes, destroys it. In the dried condition it is more
resistant. Dextrose is fermented by virulent forms in general,
with the production of acid, but no gas. Lactose is not fer-
mented. The non-virulent types are believed to show less power
of acid production. Nitrates are reduced to nitrites. No indol
is produced. Proteolytic enzymes are not formed; gelatin is not
liquefied.
Pathogenesis.—Mechanism of Disease Production.—Diphtheria
is one of the best examples of a toxemia, as the organism remains
upon the surface of the mucous membranes and in the necrotic
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tissue, rarely, if ever, entering the blood-stream, and brings about
the characteristic lesions of the disease by means of the toxins
which it produces. These are absorbed into the blood and bring
about changes in many of the organs of the body. Death is
sometimes due directly to asphyxiation by the false membranes
occluding the air-passages.

Ezxperimental Evidence of Pathogenesis.—The typical diphtheritic
inflammation of the mucous membranes may be reproduced in
young animals by direct inoculation in the trachea, and in older
animals as well if the membranes are-injured previously. The
histologic lesions of the body organs can be produced by injections
of the toxin of the organ-
ism. Paralysis due to tox-
one poisoning may be
developed under certain
conditions. That this or-
ganism is the specific cause
of diphtheria is, therefore,
definitely established.

Character of Disease and
Lesions  Produced. — The
pharynx is most commonly
affected; the larynx and
the nasal mucous mem-
branes are sometimes in- Fig. 101.—Bacillus diphtherie, twenty-
volveds T aae e ay also four—hoqr colony on agar (X 100) (Frinkel

and Pfeiffer).

be diphtheritic conjunctiv-

itis, diphtheritic infections of the middle ear and of the mucous
membranes of the genital organs. The organisms remain localized,
rarely entering the blood-stream, cause necrosis and degenera-
tion of the epithelial cells and the deeper tissues as well. Blood-
serum and fibrin are exuded from the vessels, and, together
with fragments of the necrosed tissue, form the diphtheritic
membrane. Acute interstitial nephritis, fatty degeneration of the
myocardium, and sometimes of the nerve tissues, are due to the
absorption of the toxins. There is no constant ratio between
the extent of the diphtheritic process in the throat or elsewhere and
the severity of the symptoms and lesions produced by the toxin.
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Immunity.—The diphtheria bacillus, according to Ehrlich,
produces two types of poison, the true toxin and the toxone. The
first is responsible for the acute symptoms of poisoning, the latter
for the paralysis that frequently occurs during convalescence.
The haptophores of both toxin and toxone are believed to be
identical, and to be neutralized by the same antitoxin. A con-
sideration of the production of diphtheria antitoxin has been taken
up in the chapter on Toxins and Antitoxins, under the heading of
Immunity. Agglutinins may develop in the blood, but are not
constant, and are of no practical value in diagnosis. They may
be produced in experimental animals by the injection of killed
cultures of the diphtheria bacillus. Precipitins have likewise
been produced by artificial immunization, but usually cannot be
demonstrated in the blood of infected individuals. Bactericidal
sera may be prepared by repeated injections of killed, washed
cultures of diphtheria bacilli, and favorable results have been
reported in the use of such a serum in freeing the throat of con-
valescents from the bacteria. Its clinical value can scarcely be
said to be proved. Opsonins have not been demonstrated.

The value of diphtheria antitoxin for prophylactic and curative
injections is well established. It has resulted in materially lessen-
ing mortality whenever it has been used. As much as 100,000
units have been injected in some cases, but the usual curative
dose is 8000 to 15,000 units.

Bacteriologic Diagnosis.—Sterile swabs are used to swab out the
throat and nose of the suspect, and are smeared over the surface
of blood-serum. Mounts made in five to eighteen hours thereafter,
stained with Lofller’s methylene-blue, should show the character-
istic organism with its metachromatic granules. Diagnosis may
sometimes be made directly from smears taken from the throat.

Transmission.—The organism doubtless sometimes gains
entrance into the body by the inhalation of infective droplets, but
more commonly by the use of common drinking vessels and
through fomites.

Bacillus pseudodiphthericus

Synonyms.— Bacterium  pseudodiphthericum;  Mycobacterium
pseudodiphthericum; bacillus of Hoffman; Bacillus clavatus;
Corynebacterium pseudodiphthericum.






CHAPTER XXV

BACILLUS PSEUDOTUBERCULOSIS GROUP

TaE term * pseudotuberculosis bacillus”’ is applied to any
organism that produces a disease in which nodules resembling
those of tuberculosis are formed. The name does not refer to any
relationship of the organism to the Bacillus tuberculosis, but
simply to the similarity of the lesions produced. These organisms
are not acid fast. They all resemble each other in being the cause
of chronic caseations and suppurations, particularly of the lymph-
nodes.

This group of organisms, including the B. pseudotuberculosis,
B. lymphangitidis ulcerosa, and B. pyogenes bovis, is in need of
careful revision, for the species limits are not well understood.
These organisms all resemble the diphtheria bacillus somewhat,
particularly in pleomorphism, shape, and staining characters.
None, however, are known to produce any toxins.

Bacillus pseudotuberculosis

Synonyms.— Bacillus pseudotuberculosts ovis; Mycobacterium
pseudotuberculosis; Bacillus tuberculosis murium; bacillus of
Preisz.

Diseases Produced.—Caseous lymphadenitis in sheep, and
similar infections in the mouse and rarely in ecattle.

Organisms differing morphologically from the tubercle bacillus,
but causing somewhat similar lesions in the body, were first noted
by Malassez and Vignal in 1883. Charrin and Roger, in 1888,
described nodules in the liver and spleen of guinea-pigs, eaused by
organisms that were not acid fast. Nocard, in 1889, studied an
epizodtic among rabbits eaused by a similar organism. Preisz
and Guinard, in 1891, reported pseudotuberculosis in sheep, and
in 1894 Preisz published an extended account of the disease.
In the United States Norgaard, in 1899, published an account of
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the disease and its organism, which showed it to be of considerable
economic importance in sheep and to be quite generally distributed.
This organism is not to be confused with the pseudotuberculosis
bacillus of Pfeiffer infecting guinea-pigs. The latter is wholly
different, and belongs to another group entirely.

Distribution.—The disease in sheep has been reported from
Europe, South America, and North America, particularly in aged
sheep.

Morphology.—Bacillus pseudotuberculosis is a short, straight
rod, with rounded ends, quite variable in size, about 0.4 @ by
1.3to 1.6 u or longer. Sometimes clubbed types are observed, the
enlarged portion staining more intensely than the remainder,

Fig. 102.—Bacillus pseudotuberculosis, colony and mount (’\*orga.ard and
Mohler in Report of Bureau of Animal Industry).
reminding one of somewhat similar types in the B. diphtherie.
Chain formation rarely occurs; the organisms are usually found
in pairs. It is non-motile, and produces no spores or capsules.
It stains readily with the ordinary anilin dyes, and is gram-

positive.

Isolation and Culture.—Cultures may be obtained in pure
condition by opening a caseous nodule and making smears upon
agar. Growth is scant at first, but becomes better after a time, as
the organism adapts itself to growth on artificial media. The
discrete colonies produced by the initial inoculation grow in twelve
days to a diameter of 4 to 6 mm.; they are rounded, thick, gray-
white in color, with a waxy and granular surface, and with con-
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centric rings and a papillate center. In subsequent transfers
the colonies are confluent, dry, and cohesive. Glycerin agar
is not so favorable as the plain agar. Bouillon becomes turbid,
then clears by sedimentation, and a white, ‘ greasy,” brittle
pellicle forms. Gelatin is not a suitable medium, as little growth
occurs at room-temperatures. Blood-serum is favorable, the
colonies frequently becoming creamy yellow in color. Growth
occurs on potato and in milk. In the latter the appearance is
unchanged. The organism described by Preisz is recorded as
showing some minor differences in cultural characters from the
one studied by Norgaard.

Physiology.—The organism is aérobic and facultative anaé-
robic. A little acid is formed from dextrose, .but none from
lactose or saccharose. No gas is developed. Neither indol nor
phenol is produced. The growth optimum is 37°, although some
growth will occur at 16° to 18°. The organism will resist desicca-
tion for several days. It is easily destroyed by disinfectants.

Pathogenesis.—Mechanism of Disease Production.—The disease
may be characterized as a chronic caseation of the lymph-nodes,
without general systemic disturbances. No toxins are produced,
and the means by which the organism brings about its local
reaction is unknown.

Experimental Evidence of Pathogenesis.—Intravenous injec-
tion of the guinea-pig results in death in four to ten days, with
foci of caseation in various internal organs, particularly the lungs
and the liver. Subcutaneous injection is followed by enlarge-
ment and caseation or suppuration of the lymph-glands, result-
ing fatally in from fifteen to twenty-eight days. Feeding experi-
ments have been successful in causing infection. Similar results
may be reached by the use of the rabbit, the mouse, but not
pigeons and fowls. Experimental inoculation of sheep has repro-
duced the disease.

Character of Disease and Lesions Produced.—The organism has
been reported chiefly as a cause of ovine caseous lymphadenitis,
but an organism probably identical with this form has been
reported from similar lesions in the lungs of cattle. It is possible
that it likewise is identical with the type next to be described.
The disease of sheep is found chiefly in breeding ewes. The
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disease progresses slowly, and is frequently not recognized until
the animal is slaughtered. The lymphatic glands are most fre-
quently affected. These glands enlarge, caseate, and are often
encapsulated. In more advanced cases the internal organs are
also infected, nodules appearing in the lungs, spleen, and liver,
and sometimes in the kidneys. The lesions are not commonly
found in young animals, probably because the disease has not
had time to develop sufficiently to cause the enlarged glands to
be noted in inspection.

Immunity.—The organism does not produce a toxin. Ag-
glutinin, bacteriolysin, and opsonin production, as well as methods
of immunization, have not been investigated.

Bacteriologic Diagnosis.—Mounts from pus or the caseated con-
tents of the nodules, stained by Gram’s method, should show the
characteristic bacillus. The use of the acid-fast staining method
will differentiate from B. tuberculosis. Isolation upon agar slants
may sometimes be necessary to complete the identification.

Transmission.—The normal infection atrium in the sheep is
not certainly known. Probably the organism may gain entrance
through skin abrasions, and possibly by inhalation and ingestion.

Bacillus lymphangitidis ulcerosa

Synonym.—Bacillus of pseudofarcy.

Disease Produced.—Ulcerative lymphangitis, pseudofarcy, or
pseudoglanders in equines.

Nocard, in 1892, described an organism which he believed
to be the etiologic factor in an outbreak of pseudofarcy in horses.
Later (1897) he concluded that his organism was identical with the
Bacillus pseudotuberculosis just described. Sufficient differences
in the organism have been pointed out to justify the retention of a
separate name for this organism until further investigations
have been made. The probabilities are much in favor of the iden-
tity of the two forms, and the name B. pseudotuberculosis might
then be used to include both.

Morphology and Staining.—This organism resembles the pre-
ceding morphologically. It is gram-positive.

Isolation and Culture.—The organism may be obtained in pure
culture directly from infected lymph-glands. Upon agar discrete,

16
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white, opaque colonies are formed. These generally become con-
fluent. The whole mass of the growth may be detached from the
surface of the medium. In bouillon, clouding occurs, then the
medium clears by sedimentation, with or without a pellicle. Upon
serum the organism produces outgrowths into the medium, and
resembles the B. pseudotuberculosis closely. Milk is not changed.

Physiology.—The organism is aérobic. Neither acid nor gas
is developed from carbohydrates. The thermal death-point is
about 65° with an exposure of fifteen minutes.

Pathogenesis.— Experimental - Evidence.—Subcutaneous inocu-
lations of the guinea-pig result in abscess formation and extension
along the lymph-channels. Introduced intraperitoneally into a
male guinea-pig, it commonly produces an orchitis which cannot
be readily differentiated from that produced by the glanders
bacillus. Nocard reproduced the disease in the horse by the
inoculation of pure cultures.

Character of Lesions and Disease Produced.—The subcutaneous
lymph-nodes are chiefly affected. They enlarge, and break
through to the surface, producing an abscess characterized by
suppuration. The clinicalspicture closely resembles that of farcy.
Involvement of the deeper glands and of the internal organs
occurs later in the progress of infection.

Bacteriologic Diagnosis.—This organism may be differen-
tiated from the true glanders bacillus by the fact that it is
gram-positive, while the latter is gram-negative. The pro-
duction of an orchitis in the male guinea-pig when injected
makes it necessary that mounts stained by Gram’s method be
used to differentiate from B. mallei. In doubtful cases, pure
cultures should be grown upon the potato.

Immunity.—Nothing is known of the metabolic products of
the growth of the organism nor of methods of immunization or
of the body reactions to its presence.

Transmission.—The disease is probably transmitted through
skin lesions, possibly by inhalation or ingestion.

Bacillus pyogenes bovis
Synonyms.— Bacillus renalis bovis; B. pyelonephritidis bovis.
Infection Produced.—Pyelonephritis, caseation of lymph-
glands, and chronic pneumonia in cattle.
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It is probable that this organism is identical with the Bacillus
pseudotuberculosis discussed above or at least closely related to
it. It has been isolated from cattle by several investigators.

Distribution.—This organism has been reported both from this
country and Europe.

Morphology and Staining.—This organism resembles the Bacil-
lus pseudotuberculosis in many respects, but is somewhat larger—
0.7 by 2 to 3.8 . It is sometimes granular, and produces clubbed
or even branched forms. It is quite commonly bent. It is non-
motile, does not produce spores or capsules. It stains readily
with the common anilin dyes, and is gram-positive.

Isolation and Culture.—The organism may be isolated in pure
culture from infected lymph-nodes or other lesions directly upon
agar. Agar slants show discrete, grayish-white colonies that
never become large. From the periphery of some of these colonies
short filaments radiate into the agar. Bouillon remains clear, and
a distinct sediment forms.

Physiology.—This organism tends to die out quickly in arti-
ficial media. It is aérobic. No acids nor gas are produced from
carbohydrates.

Pathogenesis.—Our knowledge of the pathogenesis of this
organism is not in a satisfactory state. It has been isolated from
chronic bronchopneumonia in cattle and from various other
secondary and metastatic infections. It has also been found asso-
ciated with pyelonephritis. This latter infection is marked by
enlargement of the kidneys and a purulent inflammation of the
lining mucous membranes of the ureters and bladder. The in-
flammation may cause necrosis of the tissues. When injected
into guinea-pigs or mice, suppuration may be induced.

Immunity.—Nothing is known relative to the metabolic prod-
ucts of the organism or of methods of either passive or active
immunization.

Bacteriologic Diagnosis.—The presence of the organism may
be demonstrated by the use of Gram’s stain and by pure culture
methods.

Transmission.—The infection atria are probably the respiratory
tract in lung infection and the genito-urinary organs, particularly
in the female following parturition.
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SWINE ERYSIPELAS GROUP

Two organisms have been described as belonging to this
group—the Bactllus rhusiopathie and B. murisepticus. As will
be noted later, there is good reason to believe that these organ-
isms are identical. The group may be characterized as made
up of very minute, slender, non-motile, non-spore-producing,
gram-positive rods.

Bacillus rhusiopathiz

Synonyms.— Bacillus rhusiopathie suis; Bacillus erysipelatis
suis.

Disease Produced.—Swine erysipelas, red fever of swine,
rouget, Rotlauf.

Loffler in 1885 first described the organism present in swine
erysipelas. The disease had previously been differentiated from
anthrax by Pasteur and Thuiller.

Distribution.—The disease has been reported from most of the
European countries, and an organism resembling the Bacillus
rhusiopathie has several times been reported from the United
States, although there has been no satisfactory demonstration
of the presence of the disease in this country. In Europe the
disease is of eonsiderable economic importance.

Morphology and Staining.—Bactllus rhusiopathie is a slender
rod, variously given as 0.2 to 0.4 « by 1 to 2 u, usually straight,
but sometimes somewhat curved, single or in chains. It is non-
motile, does not produce spores or capsules. It stains readily
with the anilin dyes and is gram-positive.

Isolation and Culture.—The organism may be secured in pure
culture by plating the blood or pulp from some of the internal
organs, the spleen in particular. The colonies in the gelatin
plate appear on the seecond or third day, and are quite character-
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istic. Each colony is found to be surrounded by a zone of much-
branched threads. They permeate the medium, and are not found
upon the surface, as is the case with anthrax and other forms which
produce colonies with filamentous edges.

Gelatin stab cultures develop only below the surface of the
medium, showing the micro-aérophilic or semi-anaérobic growth
characters of the organism. The mature stab has the appearance
of a test-tube brush, streaks and disks of growth radiating from the
center. Streak cultures do not develop well upon agar or blood-
serum except by growth under anaérobic conditions, preferably
by absorption of the oxygen by the
alkaline pyrogallate method. Bouillon
is clouded and produces a grayish-
white sediment.  Ordinarily no growth
occurs upon potatoes,. even under
anaérobic conditions.

Physiology.—The B. rhusiopathie
grows better anagérobically than aérob-
ically. It is unusually resistant for
a non-spore-producing form. Desic-
cation frequently fails to destroy the
organism in several weeks. The
thermal death-point is recorded by
some authors as low as 52° for fifteen
minutes,.by others as high as 70?. Fig. 103.— Baeillus rhusio-
The optimum growth temperature is ,upig, stab culture in gelatin
37°, but growth occurs well at room- —four days (Frinkel and
temperatures. Gelatin is not com- Pfeiffer).
pletely liquefied, but generally softened.

Pathogenesis.— Ezxperimental Evidence.—Mice die of septicemia
when inoculated with pure cultures. Death occurs usually within
four days, frequently within forty-eight hours. Field-mice are
immune, as are guinea-pigs, cattle, horses and other equines,
dogs, cats, chickens, and geese. Rabbits inoculated subcuta-
neously develop an edema and redness at the point of inocula-
tion, and this erysipelas-like lesion spreads to other parts of
the body and the animal dies. Intravenous iI{jection is quickly
fatal through the development of a septicemia. The white rat,
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the sparrow, and the pigeon are likewise susceptible. The typi-
cal disease may be produced in swine by inoculation of pure cul-
tures. There is no doubt but that the Bacillus rhusiopathie is
the cause of the disease. There is some evidence that the infec-
tion in a mild urticarial form is occasionally transmitted to the
human.

Character of Disease and Lesions Produced.—Small numbers of
bacteria can generally be demonstrated in the blood, and abun-
dantly in various of the body organs, particularly the spleen
and the lungs. In the acute type of the disease the mucous mem-
brane of the alimentary tract is reddened, and shows petechial
hemorrhages. The spleen and the lymph-nodes are somewhat
enlarged, and the lungs are usually congested. The most char-
acteristic lesions are those of the skin, where numerous congested
areas and local hemorrhages give rise to the spotted appear-
ance. In chronic cases there is generally a verrucose or ulcerous
endocarditis which is quite characteristic.

Immunity.—No true toxin has been demonstrated for the
Bacillus rhusiopathie. The presence of specific amboceptors in
immune serum may be shown by the method of complement
absorption, but just what part these play in immunity has not
been satisfactorily demonstrated. Opsonins are present, and prob-
ably account in part for the immunity.

Very young animals—under three months—and those over
one year rarely contract the disease. Animals that recover from
the disease are thereafter immune.

Active Immunization.—It has been shown by the researches of
Pasteur, later by Kitt and others, that passage of strains through
certain animals, particularly the rabbit or the pigeon, leads to an
attenuation such that the material may be used for vaccination
of the hog. It is also known that continued cultivation usually
reduces the virulence of the organism for mice. The virulence
is subject to great and inexplicable variations. The Pasteur
vaccine consists of an attenuated bouillon culture of the B. rhusio-
pathie. 'The material is sent out in two packages, labeled Vaccine
I. and Vaccine II. These are injected fifteen days apart. Im-
munity is established in two to three weeks after the second injec-
tion. The injected animals sometimes show the characteristic
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urticaria of the disease. The use of this method has led to varied
results in different countries. Voges and Schiitz have modified
the Pasteur vaccine method by doing away with the Vaccine I1.,
as they found the blood still contained bacilli at the time of the
second injection, and concluded the latter, therefore, useless.
It seems that a satisfactory immunization of the hog against the
disease cannot be accomplished by injections of the killed organ-
isms.

Passive Immunization.—Emmerlich and Mastbaum, in 1891,
described a method of preparing an immune serum which would
protect animals against the disease. Their method was impractical
in some respects, and was superseded by the method of Lorenz, and
this by those of Leclainche, Voges and Schiitz, and Lange. The
antiserum is prepared by the intravenous injection of virulent bouil-
lon cultures into the horse. Usually 100 c.c. constitutes the initial
injection, and is followed at intervals by larger amounts—up to
500 c.c. The injection produces a rise in temperature, and other
reactions that disappear in twenty-four to forty-eight hours. The
immune blood is drawn, and the serum used for passive immuniza-
tion of swine. It is prepared on a large scale in several institutes
in Europe, and is used extensively. Cattle and even buffalo are
sometimes used instead of the horse in the preparation of the serum.
Prettner claims that the use of cattle immune serum confers a more
lasting immunity than that of the horse. Schreuber and Schubert
studied the question of multiplicity of amboceptors, and came to
the conclusion that a mixture of immune sera from horses and
cattle would give a greater variety of amboceptors specific for the
organism. A mixture of this kind is termed ‘ double serum
(German, Rotlauf Doppelserum). The double serum has not
proved in practice to be of any greater value than the serum from
the horse alone. The immune serum is usually standardized by
the use of the mouse, commonly by the method of Lorenz. A
serum suitable for use should immunize a mouse in doses of 0.01
gm. per 10 gm. of weight, against injection with 0.01 gm. of a
virulent culture. Lorenz used mice weighing uniformly 15 gm.
as a standard, and such a serum is said to have a titer of 0.015 gm.
(mouse). Marx has modified the technic of Lorenz somewhat,
but the principle is the same. Leclainche has advised the use of
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the pigeon, rather than the mouse, as a test-animal. The serum
may be used curatively or prophylactically. Amounts up to 30 c.c.
are used in euring the disease. In cases not too far advanced it
arrests the disease, and has been shown to reduce the mortality
materially. The injection of the serum prophylactieally results
in temporary immunity only, hence it is customary to establish an
active immunity by injection of the specific organism, the culture
and the serum being mixed together or injected separately at the
same time. This method of immunization has proved of such
value that it is extensively used in Europe. The active immunity
developed as a result of the combined method lasts for periods of
six months to a year or even longer.

Bacteriologic Diagnosis.—Smears from the spleen, sometimes
from the blood, will show the characteristic slender, gram-positive
bacillus. Isolation in gelatin plates gives a characteristic type of
eolony. The stab culture in gelatin is also diagnostie.

Transmission.—The specific organism may be demonstrated
in the feces of an infected individual. It may gain entrance di-
rectly through the skin, but probably, in most instances, the infec-
tion atrium is the alimentary tract. Typical virulent bacilli and
non-virulent forms have been repeatedly isolated from healthy
animals. It is evident that the interrelationships of this organism
and the body are quite complex.

Bacillus murisepticus

Disease Produced.—Mouse septicemia.

Koch, in 1878, called attention to the fact that the injection
of putrid meat infusion into a mouse resulted in a septicemia due
to a non-motile, minute rod. It is of importance ehiefly because
of its resemblance to the Bacillus rhusiopathice. It has been
isolated from a variety of sources in nature, and has been known to
cause epidemics in miee kept for experimental purposes. There
are no marked cultural characters which may be used to differen-
tiate the two organisms, and morphologically they are likewise
very similar. It is claimed by some that the B. murisepticus is
somewhat more slender than the B. rhusiopathie. It has been
found possible to immunize the rabbit against the latter by injec-
tions of the former. However, it has not been found possible to






CHAPTER XXVII

GLANDERS GROUP

ON~E organism only, the Bactllus mallei, the cause of glanders
and farcy in equines, is known to belong to this group. It should
be noted that the so-called pseudoglanders and the causal organ-
isms are treated under other chapter headings. These latter
organisms are not related to the organism in question except in
that they produce lesions which are sometimes confused with
glanders clinically. Some of the pseudoglanders organisms belong
to such disease groups as the bacteria, the blastomycetes, and the
hyphomycetes.

Bacillus mallei

Synonyms.— Bacterium mallei; Mycobacterium maller.

Diseases Produced.—Glanders and farcy in equines; Rotz;
morve.

Loffler and Schiitz, in 1882, demonstrated the presence of a
characteristic rod (B. maller) in the nasal discharge of a horse
affected with glanders. Kitt, in 1883, and Weichselbaum, in
1885, confirmed these results and added to our knowledge of the
organism.

Distribution.—Glanders is known in practically every
civilized country.

Morphology and Staining.—Bacillus mallei is a short rod,
usually straight, but sometimes somewhat curved. The ends are
rounded. It is usually single, more rarely in pairs or short chains.
Involution forms are frequently produced; enlarged cells, clubbed
forms, filaments, and even branching have been observed. This
last fact has led to the grouping of this form with the higher fungi
by some authors. The normal rods vary from 0.25 to 0.4 by 1.5 to
5 w. The organism is non-motile, and does not produce spores
or capsules. It stains with the ordinary anilin dyes, and still
better with stains containing a mordant, such as carbol-fuchsin.
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It sometimes shows some granular differentiation of the cytoplasm,
resembling the diphtheria bacillus. It is not acid fast and is
gram-negative.

Isolation and Culture.—Bacillus mallei is rarely in pure cul-
tures in the nasal discharges, so that for its isolation from such
sources a special technic is necessary. It is customary to inject
intraperitoneally a male guinea-pig with a small quantity of the
discharge from anulcer, mixed with a little bouillon or physiologic
salt solution. Within two to four days the testicles swell and give
evidence of acute inflammation. The animal is then killed, a
testis removed and opened under aseptic conditions, and the con-
tents of one of the small abscesses or foci of inflammation removed
on a sterile platinum needle
to suitable media.

Bacillus  malle  grows
upon the ordinary culture-
media, particularly upon’
those that contain glycerin,
upon blood-serum, and
potato. The colonies upon
agar and glycerin-agar
plates are whitish or yellow-
ish, glistening, usually cir-
cular. Upon the slanted
medium the colonies are
coalescent and form a
moist, shining layer. In
bouillon and glycerin bouillon B. mallei produces an initial tur-
bidity, followed by sedimentation; a shining white pellicle is
likewise formed when the medium is not shaken. On blood-
serum the colonies are first discrete, clear, yellowish, viscous,
hemispheric drops which coalesce to form™a transparent layer
over the surface; this later becomes gray and opaque. Gela-
tin is not liquefied. The growth upon potato is perhaps the
most characteristic. It may be described as forming within forty-
eight hours a yellow, honey-like, semitransparent growth that
gradually becomes brownish or amber in tint. The potato itself
is tintd greeenish or greenish brown. This reaction is not charac-

Fig. 106.—Bacillus mallei from glycerin
agar (X 1000[ (Frankel and Pfeiffer).
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teristic if potatoes having too acid a reaction are used. They may
be neutralized previously to inoculation by soaking in dilute sodium
carbonate.

Physiology.—B. mallei is aérobic and facultative anaérobic.
Its optimum growth temperature is 37°, but its growth limits, at
least in freshly isolated cultures, are about 25° and 42° Its
thermal death-point is 55°, with five minutes’ exposure.

Pathogenesis.—Exrperimental Evidence—There is an abun-
dance of evidence to prove that B. mallei is the cause of glanders.
All the lesions of the disease may be duplicated by the experi-
mental inoculation of pure cultures into laboratory animals and
the horse. The guinea-pig
is very susceptible. A sub-
cutaneous inoculation is fol-
lowed within a few days by
local swelling and indura-
~ tion, which soon ulcerates
and discharges to the
surface. The disease
spreads largely through the
lymph-channels, and the
lymph-nodes enlarge and
suppurate. Various meta-

static infections of the
Fig. 107.—Bacillus mallei, in section

joints, the lungs, and other
from the spleen of a field-mouse (Frinkel ] / &
and Pfeiffer). organs occur. Death seems

to be due to exhaustion.
Infection may similarly be transmitted to the rabbit. The horse
may be readily infected, as may sheep, goats, the cat, and the
dog. Cattle and the house-rat do not contract the disease. It -
occurs in man through infection from glandered animals and
through working with pure cultures in the laboratory.

Character of Disease and Lesions Produced.—The disease as
found in equines may be either of an acute or a chronic type.
The former is commoner in the ass and mule, and the latter in
the horse. The acute type of disease is commonly ushered in with
a chill, there is a mucopurulent discharge, and death usually occurs
in from one to four weeks. The chronic type shows no marked
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characteristics in its early stages; the lymph-nodes in various
parts of the body become infected and enlarge. This may exist
for a long period in an animal, and may terminate finally in an
acute attack. The lesions in the chronic type are generally present
on the nasal mucosa, in the lungs, and in the lymph-glands. The
nodular glanders of the nasal mucosa is the most frequent type.
The nodules, small at first, enlarge to the size of a pea, then break
down, suppurate, and form chronic ulcers. When healing of the
deeper ulecers occurs, the scar resulting is quite characteristic.
In the lungs lesions are almost invariably to be found; these may be
nodular, or consist of infiltration of considerable areas of tissue.
In farcy or cutaneous glanders the nodules form in the skin;
the lymph-vessels become swollen and feel like a string of
beads or a knotted cord. These nodules usually break through
to the surface and ulcerate. In man the organism commonly
gains entrance through abrasions or wounds in the skin, or
by inhalation, and the infection produced is practically always
fatal.

Immunity.—No toxins have been demonstrated for Bacillus
mallet, although endotoxins are produced. Agglutinins are pres-
ent in the blood-serum of normal animals, but in much greater
concentration in the blood of infected animals. Precipitins
may also be demonstrated. Of the bactericidal and opsonic
nature of sera less is known.

Active Immunization.—Immunization by the use of suspensions
of dead bacteria or their products (mallein) has been attempted
both in prophylaxis and cure. Although some favorable results
have been reached, the subject needs further study. No method
of vaccination or active immunization has as yet been shown to be
practical and successful.

Passive Immunization.—The blood-serum of animals, such as
the ox, naturally immune to glanders has been claimed to possess
immunizing power when injected into smaller laboratory animals,
as the rabbit. No practical utilization has been made of this, and
the fact itself is in need of further study.

Bacteriologic Diagnosis.—A presumptive bacteriologic diag-
nosis may be made by an examination of properly stained pus
or sections of tissue, and a more positive diagnosis by the meth-
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ods of animal inoculation, agglutination, precipitation, absorption
of complement, and by the use of mallein.

Ezamination of Pus and Tissues—The discovery of a gram-
negative bacillus (in the pus'or in tissues) having the general
characters of the glanders bacillus is presumptive evidence of its
presence, as there are few organisms with which it might be con-
fused. Inasmuch as the organism decolorizes easily and is gram-
negative it is difficult to demonstrate satisfactorily in tissues.
The method of Kiithne is recommended as giving good results.
Carbol-methylene-blue (methylene-blue, 1.5 gm.; alcohol, 10 c.c.,
and 5 per cent. aqueous phenol or carbolic acid, 100 c.c.) is used to
stain the sections one-half hour; they are then washed in water,
then in very dilute hydrochloric acid (10 drops to 500 c.c. of water),
and quickly transferred to a solution of lithium carbonate (8 drops
of a saturated solution to 10 c.c. of water), then to distilled water,
dehydrated in absolute alcohol containing a little methylene-blue,
then cleared in anilin oil. The bacteria should show plainly.

Diagnosis by Animal Inoculation.—A male guinea-pig is in-
oculated intraperitoneally with a small amount of the suspected
material. This should be secured as free as possible from other
organisms to obviate the possibility of the animal dying pre-
maturely of peritonitis or septicemia. In from two to four days
the testes become enlarged and tender, the skin above them is
reddened and shiny. The animal, in case of a positive reaction,
should be killed and the contents of the testes examined micro-
scopically to determine the presence of a gram-negative charac-
teristic bacillus. Other organisms may give the orchitic reaction,
but they are gram-positive, with the exception of Bacillus pyo-
cyaneus. A culture should always be made from the pus in the
scrotum to make diagnosis certain. This reaction is sometimes
known as Strauss’ biologic test.

Agglutination Test for Glanders.—The serum of a normal horse
will frequently agglutinate the B. malle: when in dilutions of 1: 100,
1: 500, rarely more. The serum from infected animals will in
general give a reaction in dilutions of 1:500, and usually much
higher. The organisms used in the agglutination test may be
either living or dead. The latter are commonly used, as it does
away largely with danger of infection to man. The bacterial
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suspension is prepared by removing the growth from a young
" culture on agar and suspending it in physiologic salt solution con-
taining 0.5 per cent. phenol. This is heated at 70° for two to
four hours; this kills the bacteria, but does not interfere with the
agglutination reaction. Equal amounts of this suspension are
placed in a series of small test-tubes, and to these are added equal
amounts of different dilutions of the serum to be tested, and the
final dilutions of the serum determined. Dilutions are usually
prepared 1:100, 1:200, 1:400, 1: 500, 1: 800, 1: 1000, and up to
1: 8000 or more. The tubes are kept at 37° for from twenty-four
to thirty-six hours. A positive reaction is indicated by a film
covering the entire bottom of the tube, a negative by no pre-
cipitate or a little sediment in the bottom of the convexity, not
forming a film. Normal blood frequently gives the reaction in
dilutions as high as 1:500, and usually in dilutions of 1:100 or
less. The serum of injected animals will commonly agglutinate in
dilutions of 1: 800, 1: 1000, and much higher. A positive reaction
in dilutions of over 1: 1000 may be considered diagnostic. Whether
or not a positive reaction is accompanied by a complete clearing
of the test fluid depends upon the concentration of the suspension
and the dilution and potency of the serum used. The fluid may
remain somewhat cloudy in a positive reaction in the higher
dilutions, not all the organisms being agglutinated. The sus-
pensions of killed organisms may be secured ready for use from
some pharmaceutical houses, together with tubes and materials for
preparing the proper dilutions. The suspension when properly
prepared and preserved in the dark will keep for a considerable
time. The microscopic test for agglutination has not proved
practicable, as normal serum agglutinates microscopically in
high dilutions. When properly carried out, the macroscopic
test is claimed by some to be an even better diagnostic than
mallein.

Konew’s Precipitation Test or the Ring Test.—A solution of
glanders bacillus prepared by adding 10 c.c. of an 8 per cent.
antiformin ' solution to the bacilli washed from the surface of a
forty-eight-hour slant agar culture. The bacteria will go into

! The composition of antiformin is given on p. 312. It is a patented
disinfecting solution, and may be purchased upon the market.
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solution within two hours. It is well to add even more of the or-
ganism if it appears to dissolve rapidly, as it is desirable to get as
concentrated a solution as is possible. The solution must then
be carefully neutralized, preferably by the use of 5 per cent. sul-
phuric acid. This is then filtered through paper, then through
a Berkefeld filter, to remove all undissolved bacteria. The filtered
solution is termed “ mallease.” A test-tube is filled to a depth of
3 cm. with mallease, and blood-serum from a suspected case is
introduced by means of a pipette. The end of the pipette should
be passed through the layer of mallease and should rest against the
bottom of the tube before the serum is allowed to flow. A quantity
of serum about equal to the mallease is introduced. The pipette is
withdrawn quickly and carefully to prevent any mixture of the
two liquids. The serum has a higher specific gravity and remains
at the bottom, with the mallease as a distinct superficial layer.
If the serum is from an animal free from the disease, there will be
no reaction. A positive diagnosis of glanders is indicated by a
white cloudiness that appears along the line separating the two
liquids. This is due apparently to precipitation by the specific
precipitins formed in the serum. In acute or well-marked cases
the reaction occurs almost immediately, and usually in all cases
within fifteen minutes. The test is too recent to speak authorita-
tively of its reliability, but the reports thus far seem to indicate
that it is far more reliable and more easily carried out than any of
the other glanders tests.

Fization of Complement Test—Schiitz and Schubert' have
described a satisfactory method of adapting Wassermann’s syphilis
test by fixation of complement to the diagnosis of glanders. Mohler
and Eichhorn? have tested out the method and found it highly
satisfactory. They prepare hemolytic amboceptor for sheep
erythrocytes by injecting the washed red blood-cells intraperi-
toneally into a rabbit. The corpuscles are suspended in an equal
bulk of physiologic salt solution, and 14, 20, and 24 cubic centi-
meters are injected at intervals of seven days. The serum from
the blood of the rabbit may be used in five or six days after the last
injection. It must be inactivated by heating to 56° for thirty

1 Arch. f. Wiss. u. prakt. Tierheilkunde, Band 35, pp. 44-83, 1909.
2Bull. 136, Bureau An. Ind. U. S. Dept. of Agriculture.
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minute.s before it can be used. Fresh guinea-pig serum is used as
complement. The antigen used is an extract of glanders bacilli
prepared from the growth on slant glycerin-agar tubes. The
growth is washed off with physiologic salt solution and heated to
60° for four hours to kill the bacteria. The suspension of organ-
isms is then placed in flasks and shaken in a shaking apparatus for
four days. It is then centrifuged, the clear liquid removed, and
10 per cent. of a 5 per cent. solution of phenol added. This anti-
gen may be preserved without material deterioration for several
months if kept in a cool, dark place.

It is necessary to titrate the rabbit serum and likewise the
antigen in order to determine the amounts most suitable for carry-
ing out the test. For each set of determinations of diagnosis fresh
guinea-pig serum must be used. Blood-serum from the animal
that is suspected of having glanders must be inactivated by heat-
ing to 58° for thirty minutes. The materials necessary for the
test are—

1. Washed sheep corpuscles, 5 per cent. suspension (antigen 1).

2. Inactivated serum from rabbit immunized against 1 (am-
boceptor 1).

3. Fresh guinea-pig serum (complement).

4. Extract of glanders bacilli (antigen 2).

5. Inactivated serum from suspected animal (amboceptor 2).

The test is carried out in test-tubes. In tubes 1 and 2 there is
placed 0.1 c.c. of the serum (No. 5, above), and in tubes 3 and 4,
0.2 c.c. of the same. One c.c. of the established dilution of glanders
bacilli (No. 4, above) is then added to tubes 1 and 3. To each tube
is then added 1 c.c. of the dilution of fresh guinea-pig serum that
has been established by preliminary test. Each tube is now made
up to 3 c.c. with physiologic salt solution. They are then placed
in the thermostat at 37° for an hour. They are then removed and
to each tube is added 1 c.c. of the previously standardized rabbit
serum (No. 2, above) and 1 c.c. of the sheep corpuscles (No. 1,
above). The tubes are shaken and incubated for ten hours.
A positive diagnosis is indicated by lack of hemolysis in tubes 1 and
3 and complete hemolysis in tubes 2 and 4. Checks must be made
to determine the hemolytic activity of each of the above con-
stituents independently.

17
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This method is essentially a laboratory one and quite ix'npracti-
cable for field work. There seems to be no reason why blood
samples or, better, serum samples from suspected cases should not
be sent to properly equipped laboratories for diagnosis and report.
The method apparently is eapable of giving good results, and seems
to be more accurate than the mallein test.

Mallein Test for Glanders.—Mallein is a suspension of killed
B. mallei, together with the products of its autolytie disintegration.
What the active principles in bringing about the characteristic
reaction in a glandered horse may be is not known. Probably
they are the soluble bacterial proteins, possibly true endotoxins.
The various laboratories use different methods of preparing mal-
lein. The most important of these are worthy of note.

The mallein of Roux is prepared by the Pasteur Institute as
follows: The virulence of the B. mallei used is increased by pas-
sage through rabbits, and is such that mice and rabbits are killed
in less than thirty hours by intravenous injections. Flasks
containing 250 c.c. of glycerin  bouillon are inoeulated and in-
cubated a month at 35°. The cultures are killed by exposure
to a temperature of 100° for thirty minutes in an autoclave, then
evaporated to one-tenth the volume, and filtered through filter-

paper (“ papier Chardin ). The final product is a dark-brown,
" syrupy liquid, containing 50 per cent. glycerin. For use this is
mixed with nine times its volume of 0.5 per cent. carbolic acid.
The diagnostic dose is 2.5 c.c. of this dilution.

The mallein of Vladimiroff, used in the Russian Empire, is
prepared by inoculating a considerable number of flasks, each
containing 600 to 800 c.c. of beef broth, with a vigorous culture
of B. mallei, and incubating for eight months at 37°. The flasks
are shaken from time to time to cause tne shiny, gray-white pel-
licle which forms to sink to the bottom. The culture is then
examined for purity, sterilized in the autoclave at 110°, and filtered.
This is concentrated and again diluted until the diagnostic dose for
the horse is 1 c.c.

The mallein or morvin of Babes is prepared by inoculating
potato paste with B. mallei, and incubating six weeks. It then
is heated at 68° for three and one-half hours, emulsified with water,
filtered through a Witt filter, and precipitated with alcohol. This
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precipitate is washed in alcohol, then in ether, and dried. The
diagnostic dose is 0.02 to 0.03 gm. It is prepared for injection by
dissolving in a mixture of glycerin and water.

The malleinum siccum, or dried mallein, of Foth is prepared
by growing B. mallei in 4.5 per cent. glycerin broth. The cultures
used are rendered virulent by passage through cats, guinea-pigs,
and field-mice. The material is incubated at 37.7° for three
weeks. It is concentrated, and the organism killed by evapora-
tion at a constant temperature of 76° to 80° to one-tenth of its
former volume. This is filtered and poured into absolute aleohol,
" in which a precipitate immediately forms. This precipitate is
washed in alcohol and dried in a desiccator. The final product
is a white powder which readily dissolves in water. The diag-
nostic dose for the horse is 0.045 to 0.05 gm.

The mallein prepared in the laboratories of the Bureau of Animal
Industry consists of glycerinated broth in which the B. malle:
has grown four to five months, has been heated, concentrated, and
filtered. It is diluted by the addition of one-half its volume of
glycerin and one and one-half times its volume of 1 per cent.
phenol. The diagnostic dose is 1 c.c.

No practicable method of standardizing mallein has been
worked out other than trial upon a considerable number of healthy
and infected animals. The variations in the methods of produc-
tion of mallein given above are due to a desire to secure a very
uniform product. _

Mallein, when injected in the correct diagnostic dose, some-
times causes in a healthy animal a slight fever reaction of short
duration, with frequently a transitory swelling at the point of
injection. When injected into a glandered animal, the tempera-
ture begins to rise in six to eight hours. At the site of injection
there is developed a swelling, painful, hot, and of considerable size,
and extending along the lymphatics for some distance. It persists
several days, and disappears in a week or ten days. Constitu-
tional symptoms of the reaction, such as dejection of the patient,
lusterless coat, anxious expression, impaired appetite, and hurried
respiration are usually valuable aids in recognizing a reaction.

When properly carried out, the mallein test is valuable as a
diagnostic method for glanders.






CHAPTER XXVIII

INTESTINAL OR COLON-TYPHOID GROUP. WATER ANALYSIS

TuE organisms belonging to this group may be characterized
as plump, gram-negative rods, frequently though not always
motile; they produce no spores, do not liquefy gelatin, and in most
cases ferment certain sugars, with acid- and sometimes gas-
production. The group contains many undoubted species that
may be easily differentiated, but there are many intergrading
types and forms showing similar morphologic and cultural char-
acters, but differing considerably in kind and in degree of virulence.
These latter make a systematic presentation of the group as a
whole difficult. Exactly what amount of difference is necessary
to constitute a distinct species is always a difficult problem, but
nowhere more so than with these forms. The group name is
given because of their prominence in the intestinal flora in disease
and health in both man and animals. They are, therefore, abun-
dant in sewage and water contaminated thereby, and in soil, par-
ticularly that which has received additions of barn-yard manure.
They are uncommon in virgin soil and in uncontaminated water.

The members of this group are divided, for convenience in
study, into three subgroups. This arrangement seems to repre-
sent evident relationships. The fermentative powers of the
organisms are used as a basis upon which to make the groupings.
The first of these is known as the colon bacillus subgroup, the
second as the intermediate, hog-cholera, or enteritidis subgroup,
and the third as the typhoid-dysentery subgroup. The principal
points of difference between these subgroups may be summarized
in the following chart, giving the fermentation reactions in dex-
trose and lactose broth.

Subgroup I. Subgroup I1. Subgroup I111.
Colon subgroup. Intermediate subgroup. Typhoid-dysentery sub-
group.
Acid. Gas. Acid. Gas. *  Acid. Gas.
Dextrose...... +  + Dextrose...... + + Dextrose...... S —

Lactose....... + + Lactose....... - — Lactose....... - -
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The differences may be summarized as follows: the organisms
of subgroup I. ferment both dextrose and lactose, with formation
of both acid and gas; those of subgroup II. form acid and gas from
dextrose, but not from lactose; and those of subgroup III. may or
may not form acid from dextrose, but never from lactose, and gas
from neither of the sugars.

The fermentations of other carbohydrates and related com-
pounds are used to differentiate species and varieties from each
other. A few can be satisfactorily differentiated only by the ag-
glutination reaction. For a study of the fermentative power of
the organisms 1 per cent. solutions of the sugars to be stqdied are
made in sugar-free broth and placed in fermentation tubes, and
sterilized by the discontinuous process to prevent decomposition.
Those organisms which produce gas grow in both the open and
closed arm, as do those which produce acid, and those which do
not ferment the sugar are usually confined to the open arm.
The composition of the gas, that is, the relative proportion of
CO, and H,, is also of diagnostic value.

The organisms to be considered belonging to the colon sub-
group are Bacillus coli, B. lactis aérogenes, and B. pneumonic.
Those of the intermediate group, Bacillus enteritidis, B. cholera
suis, B. psittacosis, B. paratyphosus, B. typhi murium, bacillus of
Danysz, and B. pullorum. The most important forms of the
third subgroup are Bacillus typhosus, B. dysenterie, and B.
feecalis alkaligenes.

The growth reactions of the various members of the intestinal
group, and more particularly of the colon subgroup, are of con-
siderable sanitary significance, as they furnish our most efficient
means of securing evidence of the suitability of water for drinking
purposes, and of its contamination by sewage. The topics of
water analysis, sewage disposal, and water purification are so
intimately connected with the discussion of the members of the
intestinal group that they are included in the same chapter.

SUBGROUP [—COLON SUBGROUP

Baciflus coli
Synonyms.— Bacillus coli communis; B. neapolitanus; B.
pyogenes fetidus; Bactertum coli (commune); colon bacillus.
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Emmerich, in 1885, isolated an organism, which he named
Bacillus neapolitanus, from the feces of patients suffering from
Asiatic cholera. Escherich, in 1886, isolated a similar organism,
which he termed Bacterium colt commune, from normal feces.
Since that time the organism has been found to be constantly
present in the intestines of man, most animals, and even some
birds. The question of its occurrence in nature independent of
fecal contamination is a moot one. That it may maintain a sapro-
phytic existence outside the body for some timeé seems to be well
established, but the evidence that it does not usually long so main-
tain itself is increasing. Examination of water for the presence of
B. coli to determine its potability is quite universally practised,
and when properly interpreted,
has led to wvaluable results.
The presence of B. coli in water
in any considerable numbers is
sufficient to eondemn it for
drinking purposes, not because
of a pathogenic property of this
organism, but simply because
it indicates contamination with
surface wash or with sewage.

Morphology and Staining.—
The B. coli is a rod, varying - Y

Fig. 108.—Bacillus coli, stained

from 0.4 to 0.7 by 2 to 4 4, g ! .
b : preparation from a twenty-four-hour
sometimes shorter and almost agar slant (X 650) (Heim).

coccus-like, with rounded ends,
usually single, but occasionally in short chains. It does not
produce spores or capsules. It is rather sluggishly motile, at
least in young cultures, usually with 2 to 8 flagella, rarely more.
It stains readily with the ordinary anilin dyes, sometimes show-
ing some vacuolization and polar granules. It is gram-negative.
Isolation and Culture.—B. coli may be readily isolated from
feces or sewage by plating the material in various dilutions in
litmus-lactose agar, and incubating at blood-heat. The colonies
of B. coli appear surrounded by a zone of red, due to the formation
of acids from the lactose. The colonies must be differentiated
from those of the organism next to be described. Upon gelatin
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plates the colonies are moist, grayish white, opaque, becoming
darker and more coarsely granular. Gelatin is not liquefied.
Stab cultures in gelatin show a filiform growth along the line of
puncture, and a spreading growth at the surface. The agar cul-
tures resemble those on gelatin. Bouillon is quickly eclouded,
sometimes with formation of a pellicle. On potato a moist,
spreading growth occurs, and the potato is darkened. Milk is
coagulated by the forma~
tion of acids; the curd
shrinks, but is ot
digested.
Physiology.—B. coli
is aérobic and facultative
anaérobic. Its optimum
growth temperature is
37°, but growth is
luxuriant at room-tem-
perature and even below.
The thermal death-point
is 60° for fifteen min-
utes. Many carbohy-
drates are fermented,

Fig. 109.—Bacillus coli showing the flagella ] ; )
(Migula). with production of acid

and gas. Among these
are dextrose, lactose, and maltose, and, in about half the
strains isolated, saccharose. The gas formula from dextrose is

y H 2 ] :
approximately < = 7. Indol is produced in Dunham’s solu-
(O |

tion. Peptonizing and proteolytic enzymes have not been demon-
strated.

Pathogenesis.—The following quotation from Jordan epitom-
izes our present estimate of the pathogenicity of B. coli: “ The
common oceurrence of agonal or postmortem invasion of the body
by the eolon bacillus tends to diminish the value of the supposed
evidence derived from finding the colon bacillus in the internal
organs after death, and there ean be no doubt that the role in
human pathology assigned to the colon bacillus by some inves-
tigators, notably eertain French bacteriologists, has been greatly
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exaggerated. Failure to distinguish between the true colon group
and the group of meat-poisoning bacilli is doubtless responsible
for some of the statements attributing pronounced pathogenic
properties to B. coli. The frequent ascription of various inflam-
matory processes, particularly those occurring in the appendix
and peritoneum, to the unaided activities of B. coli, appears to be
without sufficient justification. Many of the cases reported rest
on the evidence derived from simple aérobic cultivation, and the
possible concurrence of anaérobic or other organisms not growing
by ordinary methods has not been excluded.” The preceding
was written with pathogenesis for the human body in mind, but
the conclusions are even more true with reference to its patho-
genesis for animals. Many diseases in domestic animals have
been ascribed to infection with varieties of B. coli from insufficient
evidence. It has been shown that even in the normal body colon
bacilli sometimes escape from the intestines, and are to be found
in the mesenteric lymph-nodes, and occasionally in some of the
other internal organs.

Ezxperimental Evidence of Pathogenesis—The intraperitoneal
injection of broth cultures of B. colt into the guinea-pig results
in the death of the animal, usually within three days. Animal
experimentation has demonstrated quite conclusively that there
are considerable differences in virulence of the colon bacillus iso-
lated from different animals or from the same animal at different
times.

Character of Lesions and Disease Produced.—B. coli has been
isolated from suppurations in pure culture. In man it is known
occasionally to invade the gall-bladder, and is a common cause of
cholecystitis. It may serve as a nucleus for gall-stones, and is
probably instrumental in their formation by the precipitation of
cholesterin. Inflammation of the ureters and of the urinary
bladder is commonly caused in man by organisms that cannot be
differentiated from typical B. coli. It has been reported as the
cause of calf diarrhea or white scours, and from malignant catarrh
in cattle. It is possible that these organisms are more closely
related to the B. enteritidis. Usually the colon bacillus does not
give rise to putrefactive products, and must be regarded as a
harmless or even useful commensal.
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White scours, or diarrhea in calves, is the most important of
the diseases of animals that have been attributed to B. coli. Differ-
ent strains showing differences in agglutination have been isolated
from various outbreaks. Moore and Nocard believe that the
organism enters the body soon after birth through the ruptured
umbilical cord coming in contact with fecal material. Investiga-
tors are by no means in accord in attributing this disease to' B. coli.
The etiologic relationship of this organism cannot be considered
as settled.

Immunity.—A considerable degree of immunity to B. coli
may be induced by injections of cultures, killed or living. Ag-
glutinins are present in normal serum, but may be greatly in-
creased by systematic immunization. Specific precipitins for
the bacterial proteins are present in the immune serum. Opsonins
are present in normal serum. The body has naturally a high
degree of immunity against the B. coli. This may be accounted
for by the presence of B. coli in the intestines and the continued
opportunity for infection.

Bacteriologic Diagnosis.—The isolation of the characteristic
colonies upon litmus-lactose agar is the simplest and quickest
method of determining the presence of B. coli. Methods of
recognition and isolation from water will be discussed at greater
length under that heading.

Bacillus lactis aérogenes

Synonyms.— Bacterium aérogenes; Bacillus pyogenes.

Escherich, in 1885, described an organism which he isolated
from sour milk as B. lactis a¢rogenes. It has since been found
repeatedly in the intestinal contents of man and animals. It is
sometimes more abundant than Bacillus colt itself.

Morphology and Staining.— Bacillus lactis aérogenes differs
morphologically from the B. coli principally by the lack of flagella
and in the ability to produce capsules when grown in milk.

Isolation and Culture.—This organism may be isolated in the
same manner as B. coli upon litmus-lactose agar. The colonies
upon agar and gelatin are larger, thicker, and more slimy than those
of the colon bacillus. Milk is curdled more rapidly. In gelatin
stabs the growth along the streaks is filiform; that at the surface is
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thick, convex, and circumsecribed. The whole stab culture is
frequently described as “ nail like.”

Physiology.—In most respects this organism resembles B. coli.
It ferments dextrose, lactose, and saccharose, with production
of both acid and gas. It also ferments starch, notably by the trans-
formation of the starch into dextrose by an amylolytic enzyme.
Indol is produced in Dunham’s solution.

Pathogenesis.—This organism is not known to possess patho-
genic powers. It is of interest principally because of its close
relationship to B. coli. and association with it. In making water
examinations no distinction is ordinarily made between B. coli
and B. lactis airogenes, inasmuch as they resemble each other so
closely and come from the same sources.

Bacillus pneumoniz

Synonyms.—Bacterium pneumonie; B. capsulatus mucosus;
pneumobacillus; pneumococcus of Friedlinder. v

Friedlander, in 1883, discovered this organism in the sputum
from a case of croupous pneumonia, and it was believed by him
to be the cause of the disease.
He failed to discover the real
cause of pneumonia because
the pneumocoecus of Frinkel
does not grow readily upon
plate cultures prepared by the
method used. It has since
been found repeatedly in
normal saliva, and  is still
believed to be an occasional
cause of pneumonia. It some-
times is found in the feces and

in sewage. flig. 110.— Bacillus pneumonie, show-
Morphology and Staining ing capsules (Gunther).

—The organism as it occurs

in the sputum is sometimes so short as to resemble a coccus.

Usually it is single, rarely in chains. It is surrounded by a

capsule in sputum and in milk. It is non-motile. It resembles

the preceding organism closely in all other respects.
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Isolation and Culture.—Isolation is accomplished by plating
upon gelatin. Growth upon most media resembles that of the
B. lactis aérogenes. Milk is not coagulated, although litmus milk
is reddened.

Physiology.—The organism shows markedly less fermentative
power than B. lactis aérogenes, but otherwise closely resembles it.
Dextrose, lactose, and saccharose are all fermented, but usually
not vigorously. Growth occurs at blood-heat, but the organism
develops well at room-temperature. The thermal death-point is
about 56°. Indol is produced.

Pathogenesis.—B. pneumoni@ has a very low virulence—only
exceptionally will it infect any of the lower animals. It has been
isolated in pure culture from the vegetations upon the heart
valve in endocarditis, from otitis media, and occasionally it is
believed to cause catarrhal or lobular pneumonia. It is noted
here simply because of the possibility of isolation in various infec-
tioﬂs, and because of its obvious relationship to the preceding
organisms of the group.

SUBGROUP II-INTERMEDIATE, HOG-CHOLERA, OR ENTERITIDIS
SUBGROUP

The classification and relationships of the organisms belonging
to this subgroup are much confused at present. Whether or not
the various forms described are all distinet species is doubtful.
The most important will be discussed under the names by which
they are commonly known, but this uncertainty as to correct -
grouping must constantly be borne in mind.

Bacillus enteritidis

Synonym.—Bacillus of Gértner.

Diseases Produced.—Meat-poisoning and enteritis in man and
in cattle.

Girtner, in 1888, studied an outbreak of meat-poisoning in a
village in Saxony, and isolated from a fatal case and from the
uncooked flesh of a cow the organism now known as Bacillus
enteritidis. This organism has since that time been found in
similar outbreaks of meat-poisoning and associated with certain
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infections in cattle. The organism has been found in meat or
so-called ptomain-poisoning in the United States.

Morphology and Staining.—Bacillus enteritidis resembles B.
coli morphologically. The organism is short and thick, sometimes
with a thin capsule, motile by means of numerous or few flagella.
It does not produce spores. It stains well or irregularly with the
anilin dyes, and is gram-negative.

Isolation and Culture.—The organism has been isolated directly
from the blood-stream and the spleen, and from the intestinal con-
tents by plate cultures. The cultural characters as reported vary
with different authors, probably because different strains were
studied. Colonies upon gelatin and agar resemble those of B. coli.
Bouillon is clouded, a delicate
pellicle may form, and in a few
days a whitish sediment collects.
A yellowish, glistening layer
forms on potato, frequently turn-
ing brownish with age. Growth
in milk seems to vary with the or-
ganism studied. Some have been
described as coagulating milk,
but the typical form does not,
although a slow proteolysis may
take place without coagulation. g 11y o enteritidis (Kolle

Physiology.—B. enteritidis is and Wassermann).
aérobic and facultative an-
aérobic. Its optimum growth temperature is between 30° and
40°, but it grows well at room-temperature also. The thermal
death-point, as determined by Mohler and Buckley, is 58° for
twelve minutes. Dextrose is fermented, with production of acid
and gas. Lactose is not fermented by the typical strains, although
some strains have been reported by a few investigators to ferment
this sugar, and the statement is commonly current in texts. Indol
is not produced. Gelatin is not liquefied.

Pathogenesis.— Experimental Evidence.—B. enteritidis is patho-
genic for the guinea-pig, mouse, and pigeon, but not for the
cat. The guinea-pig may be fatally infected by intraperitoneal
or subcutaneous injections and by ingestion. The same is true




270 VETERINARY BACTERIOLOGY

of the rabbit. Mohler and Buckley produced a fatal infection in
young house-rats, while other authors report the rat as immune.
The same is true of the dog, though this animal is relatively resist-
ant. Chickens are immune. Sheep are readily infected. The
hog succumbs to intravenous injection, as well as through feeding.

Type of Disease and Lesions Produced.—In man the infection
is marked by a severe enteritis and enlargement of the lymph-
follicles and Peyer’s patches, and by small hemorrhages. The
mortality in infections is low—probably less than 5 per cent.

The infection in cattle, as observed by Mohler and Buckley,
was characterized by degeneration of the heart muscle (frequently
fatty) and hemorrhages therein; in the liver parenchymatous
degeneration was accompanied by localized hemorrhagic extravasa-
tions; the spleen was enlarged and hemorrhagic and the lesions
of acute enteritis, with necrosis of the epithelium, were evident.

Immunity.—The so-called ““ toxin "’ of the B. enterttidis is prob-
ably an unusually soluble and potent endotoxin. It differs from
true toxins in being exceptionally heat resistant. Meat which
has been quite thoroughly cooked is sometimes found capable of
giving rise to toxic symptoms when ingested. The bacteria-free
filtrates from bouillon cultures and cultures in which the organisms
have been killed by heat will kill guinea-pigs when injected in
suitable quantities. It is probable that this endotoxin is respon-
sible for the quick development of symptoms in those who are
poisoned by eating infected food. Specific agglutinins are devel-
oped in the blood of infected individuals, as are also coagglutinins
for other members of the intestinal group. Some differences in
agglutinability of the different strains isolated have been noted.
It has been proposed that meat may be tested for the presence of
B. enteritidis by expressing the juice and determining its agglutin-
ating power. This has not been proved practicable. It is prob-
able that the bacilli already present in the meat would in some cases
fix all the agglutinins present, if stored for any length of time.
Practicable methods of prophylactic or eurative immunization
have not been demonstrated.

Bacteriologic Diagnosis.—The organism may be demonstrated
by plate cultures from infected flesh. In man the disease may be
diagnosed by the agglutination test, although with difficulty, for,
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as has been noted above, the various strains agglutinate differently,
and blood from a typhoid or a paratyphoid patient may show a
marked capacity to agglutinate B. enteritidis.

Transmission and Prophylaxis.—Probably a large proportion
of the cases of so-called ptomain-poisoning is due to infection with
Bacillus enteritidis and to its toxic products of metabolism. Such
infection undoubtedly oceurs frequently enough to justify rigor-
ous measures for its prevention. Meat or milk from animals
showing severe gastro-intestinal disturbances should never be
used, as the infection in the human has in several well-authenti-
cated instances been traced directly to such practices. Probably
most cases of meat-poisoning originate from use of flesh of diseased
animals, but the possibility of infection with the organism after the
animal has been slaughtered should not be ignored. Experiments
have shown that when fresh meat is inoculated upon the surface
with a culture of B. enteritidis, the organism rapidly penetrates
the tissues, even at low temperatures. Such infection might
easily occur in unsanitary abattoirs, through flies and careless
handling.

It should be noted that certain types of the paratyphoid
bacillus are very similar to this form, if not identical with it, and
doubtless are the cause of meat-poisoning as well.

Bacillus cholerz suis

Synonyms.— Bacillus suipestifer; B. salmoni; Salmonella.

Salmon and Smith, in 1885, described what is known as the
Bacillus cholere suis as the cause of the disease called by them
swine plague. In the following year Smith discovered another
organism associated with a different disease of swine. This led to
a revision of terminology, which has since come into common use,
and the organism first described is now known as the hog-cholera
bacillus. Smith recovered this organism from the spleens of
about 500 hogs affected with hog-cholera. It was quite generally
accepted as the cause of the disease, until de Schweinitz and Dorset
reported an outbreak of hog-cholera in which the B. cholere suis
was not the primary cause. This was shown by the transmission
of the disease by blood filtered through fine-grained porcelain
bougies, a procedure which removed the bacillus completely, as



272 VETERINARY BACTERIOLOGY

shown by the fact that the filtrate was quite incapable of infecting
culture-media. By the subsequent work of Dorset, Bolton, and
McBryde it was shown quite conclusively that the B. cholere suis
is not the cause of hog-cholera in the Mississippi Valley, and but a
secondary invader at most. Hog-cholera and its virus will be
considered, therefore, under the heading of Diseases Caused by
Ultramicroscopic Organisms. The Bacillus cholere suis, however,
doubtless plays some part in the disease as a secondary invader,
and is, therefore, worthy of consideration.
Morphology and Staining.—This organism differs morpho-
logically in no essential character from B. enteritidis.
Isolation and Culture.
—B. cholere suis may
frequently be isolated at
once in pure culture from
the organs of infected
animals, particularly
from the spleen. It has
. likewise been isolated
v by plating the intestinal
contents of normal and
infected animals. The
organism grows upon
agar and gelatin, form-

\z&‘. . Q ". ._-‘j..."'

L g ISP ing a grayish, glistening,

Fig. 112.—Bacillus cholere suis, organisms Pon-vxsmd grOWth’ fasih
from a young culture (deSchweinitz, Bureau 1S Not particularly char-
Animal Industry). acteristic. No growth

oceurs upon potatoes
having a decided acid reaction, but upon those which are neutral
or alkaline a thin, glistening, usually yellowish, layer is formed.
Bouillon is uniformly clouded; a slight pellicle may appear in
time. A grayish, friable sediment is formed. Milk shows a
slight initial acidity, but soon becomes alkaline, and gradually
becomes opalescent and finally translucent. It will be noted that
there are no marked cultural differences between B. enteritidis
and B. choler@ suis.

Physiology.—B. cholere suis is aérobic and facultative anaérobic.
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The optimum growth temperature is about 37°; it grows also,
but more slowly, at room-temperature. The thermal death-
point is 58°, with ten minutes exposure. The organism will
remain viable for several days when dried. Gas and acid are

Al
produced in dextrose broth. The gas formula is 66’—=2, the
2

reverse of that of B. coli. Lactose and saccharose are not fer-
mented, and no growth occurs in the closed arm of the fermentation
tube containing these sugars. Indol is not ordinarily produced.

Fig. 113.— Bacillus cholere suis, showing flagella (deSchweinitz, Bureau Animal
Industry).

It will be noted that there are no physiologic differences between
the B. enteritidis and B. cholere suis.

Pathogenesis.—It should again be emphasized that the B.
cholere suis is not the primary cause of hog-cholera, but that it
is a secondary invader of importance, and may be occasionally
the primary cause of disease in hogs, but this disease probably
would possess, according to Dorset, Bolton, and McBryde, a low
degree of contagiousness.

Experimental Evidence of Pathogenesis.—Some differences in
virulence have been observed in cultures obtained from different
sources. Rabbits succumb to septicemia in five to eight days

18 g
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when inoculated with 1% c.c. of a virulent bouillon culture. Guinea-
pigs are more refractory, and die after seven to twelve days.
Subcutaneous and intravenous injections and feeding experi-
ments rarely produce death in the hog. The animal may some-
times show fever and depression, particularly after the intravenous
inoculation, but the infection is rarely fatal unless 1 or 2 c.c. or
more of culture are used. Feeding with large quantities of culture
or long-continued feeding sometimes proves fatal.

Character of Disease and Lesions Produced.—An examination
of a rabbit killed by injections of B. cholere suis shows lesions
differing in no material respect from those discussed under B. en-
teritidis. To just what extent the characteristic lesions in hog-
cholera, particularly in the chronic types, are due to infection
by this organism is uncertaip. It is probable that in many cases,
at least, it is responsible for the development of intestinal ulcers.
Inasmuch as it is sometimes found in the blood of animals infected
by hog-choléra, it is probable that death may be due directly to
their activity.

Immunity.—The topic of immunity against hog-cholera will be
considered under that heading. The B. cholere suis produces no
true toxin, but there is some evidence of the formation of endo-
toxin. Agglutinins are present normally in the blood of the hog,
and immune agglutinins may be produced by the systematic im-
munization of animals by killed cultures. Group agglutination
with other members of this subgroup has been demonstrated. It
has also been shown that immunization of the hog against true
hog-cholera results in a considerable increase of agglutinins for B.
cholere suis in the blood. Opsonins for B. cholere suis have been
shown to be present in normal serum. Since the discovery of the
filterable virus, efforts at immunization by the use of vaccines and
sera prepared by the use of B. cholere suis have been practically
abandoned. ]

Bacillus paratyphosus

Synonym.—Paratyphoid or paracolon bacillus.

Disease Produced.—Paratyphoid in man, possibly similar
infections in animals.

Gwyn, in 1898, isolated from a clinical typhoid case an organ-
ism which belonged to the intermediate subgroup of intestinal
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organisms, rather than to the typhoid-dysentery group. Similar
organisms have been isolated repeatedly since that time—in some
instances from typical typhoid cases, in others from cases that had
all the clinical symptoms of typhoid, but that did not give the
agglutination reaction.

Morphology and Staining.—This organism corresponds closely
in morphologic and staining characters to the Bacillus enteritidis
and the Bacillus cholere suis.

Isolation and Culture.—The organism has been isolated in
pure culture directly, from the blood, and by plate cultures
from the internal organs in disease, and particularly from the
intestinal contents of man and of the lower animals. In gen-
eral cultural characters the organism resembles the B. enteri-
tidis. It has been found in practice that two varieties may be
differentiated, termed A and B, respectively. Type A does not
produce a terminal alkalinity in milk and dissolve the casein,
and in that respect differs from B. enteritidis, while type B corre-
sponds exactly.

Physiology.—Not markedly different from B. cholere suis.

Pathogenesis.—Paratyphoid fever in man has been attended
by a low mortality; in consequence few autopsies have been re-
ported. In both animals and man infection partakes more of the
nature of an acute enteritis than does typhoid fever; the lymph-
atics are not generally invaded as in typhoid, and’ the Peyer’s
patches are not swollen and ulcerated.

Immunity.—Probably an endotoxin, less soluble, but in some
respects similar to that of B. enteritidis, is produced by these
organisms. Agglutinins are produced in infected individuals.
The agglutination reactions of types A and B differ markedly.
It was this difference which first suggested the existence of the two
types. No method of practical immunization against the disease
is known.

Bacteriologic Diagnosis.—The differentiation of paratyphoid
may be made clinically by the specific agglutination tests. The
absence of a test in a case of clinical typhoid calls for a repetition
with the two types of paratyphoid bacilli.

Transmission.—It is probable that certain gastro-intestinal
infections in cattle may be caused by organisms of this type, and
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that meat and milk may become contaminated from these sources.
Milk and meat are probably the most common sources of infection,
although water has been clearly shown, in some instances, to be the
source of epidemics.
Bacillus psittacosis

Nocard, in 1892, isolated an organism belonging to the inter-
mediate group from cases of psittacosis (Latin, psittacus, parrot),
a type of pneumonia supposed to be contracted from infected
parrots. The same organism has since that time been isolated
from other outbreaks. In cultural, morphologic, and physiologic
characters it is scarcely to be differentiated from the B. enteritidis.
Some differences have been found in agglutinating properties of
the specific sera, and this organism is believed, on these grounds,
by some authors to constitute a distinct species. The disease is
uncommon, and is of little importance.

Bacillus typhi murium

Loffler, in 1889, described an organism as the cause of an epi-
demic among the mice kept for experimental purposes. Danysz,
in 1900, described a
similar, probably iden-
tical, organism, and
recommended its use in
the destruction of rats.
These forms have all the
morphologic and cultural
characteristics of the
enteritidis group, but
show some differences in
pathogenicity and in
formation of specific
agglutinins. Cultures of
these organisms have
Fig. 114.—Bacillus typhi murium (Migula). ~ been widely exploited as

specific for mice and
rats, producing a rapidly fatal disease, but as harmless to the
higher animals. Reports as to their efficacy when fed to the
vermin are conflicting; the results seem in some cases to have




INTESTINAL OR COLON-TYPHOID GROUP 277

been favorable. It evidently is true that the virulence of the
organism is subject to considerable variations, for the ecareful
work of Rosenau showed the culture which he possessed to be
worthless in the extermination of rats. On the other hand, there
is some evidence that the organism is not so free from harmful
effect on the human as has been supposed. Fatal infections in
man have been reported from Japan.

Bacillus pullorum

Disease Produced.—White diarrhea of chicks.

Rettger and Harvey have described the Bacillus pullorum as
the specific cause of a white diarrhea in young chicks. Its etio-
logic relation to the disease has been called seriously into question
by Morse, Hadley, and others, who believe that it is either a com-
mensal or a secondary invader, and that the disease is in reality
a coccidiosis. The evidence is somewhat conflicting on this point.
The importance of the B. pullorum, even as a secondary invader,
renders a description pertinent.

Morphology and Staining.— Bacillus pullorum is a rod, 0.3 to
0.5 by 1 to 2.5 ¢, with rounded ends. It occurs singly or very
rarely in chains. It is non-motile, does not produce capsules or
spores. It stains readily and uniformly with ordinary aqueous
anilin dyes, and is gram-negative.

Isolation and Culture.—The organism may be isolated from the
infected chicks by opening the body with aseptic precautions,
and making streaks upon the surface of agar slants with blood
or the pulp of the spleen or liver. Upon the agar slant the colonies -
are discrete, and at first resemble the pin-point, translucent
colonies of the Streptococcus. They enlarge later. Upon gelatin
the colonies resemble those of the typhoid bacillus. Little growth
occurs upon potato. Milk is a suitable medium, but there is
little change, no coagulation, and no proteolysis.

Physiology.—The organism is aérobic and facultative anaérobic.
The optimum growth temperature is about 37°. Dextrose and
mannite are fermented, with the production of both acid and gas.
Maltose, lactose, and saccharose are not fermented. Indol is
not produced.

Pathogenesis.— Experimental Evidence.—Rettger has isolated
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the specific organism in several outbreaks of the disease from the
internal organs, particularly the livers, of chicks that had died
of the disease or were showing symptoms. He also isolated it
from abnormal egg-yolks in the ovaries of hens, from freshly laid
eggs, and from the yolk-sacs of fully developed chicks within the
shell. He also succeeded in infecting chicks by feeding, but the
disease was not always contracted. Subcutaneous injections
always proved fatal. Hadley, Kirkpatrick, and others have been
unsuccessful in transferring the disease by feeding.

Characteristics of Disease and Lestons.—The most noticeable
antemortem characteristics are emaciation and wasting of the chick,
and the white diarrhea. The lesions are confined principally to
the intestines, and particularly the cecum. The liver is some-
times congested in areas.

Immaunity.—Practicable methods of immunization have not
been evolved.

Bacteriologic Diagnosis.—The organism may be isolated in
pure culture from the internal organs, particularly the liver.
Work on the normal intestinal flora of the chicken is needed.

Transmission and Prophylaxis.—Rettger claims that the dis-
ease is sometimes present before hatching, the organism being
present in the ovaries and oviduct, and that contamination of the
food likewise results in infection.

SUBGROUP III—-TYPHOID-DYSENTERY SUBGROUP

The three important organisms belonging to this subgroup—
Bacillus typhosus, B. dysenterie, and B. fecalis alkaligenes—are
not ordinarily pathogenic for the lower animals. They are, how-
ever, pathogenic for man, and since many of our diagnostic methods
for other diseases have been discovered through their study, they
are discussed briefly.

Bacillus typhosus

Synonyms.— Bacillus typhi; B. typhi abdominalis; Eberth or
Eberth-Gaffky bacillus.

Disease Produced.—Typhoid fever in man.

Eberth, in 1880, discovered the B. typhosus in the spleen and
other internal organs of the body of persons who had died of
typhoid fever. Gaffky, in 1884, cultivated the organism. It
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is now generally conceded to be the cause of typhoid fever, al-
though the experimental animals cannot ordinarily be infected.

Distribution.—Typhoid fever is widely distributed throughout
temperate and tropical countries. It is constantly present, fre-
quently in epidemic form, in the United States.

Morphology.—Bacillus typhosus is a short, plump rod, usually
varying between 0.5 and 0.8 ¢ in diameter, and 1 to 3 ¢ in length.
It is motile by means of numerous flagella. It does not produce
capsules or spores. It stains readily with aqueous anilin dyes.
Granular staining is some-
times observed, although the
cells usually stain uniformly.
It is gram-negative.

Isolation and Culture.—
The desirability of isolating
B. typhosus from contamin-
ated water has led to the
development of many media
in an effort to accomplish
this. A quantitative esti-
mation of the typhoid bacil-
lus from such sources does
Dot SecE b_e p.ractlcable, Fig. 115.—Bacillus typhosus, clump in
but the qualitative deter- , section of a spleen (Frinkel and
mination of presence may be Pfeiffer).
carried out. The methods
used are to inhibit the growth of the purely saprophytic organ-
isms present by the use of antiseptic substances, such as mala-
chite green, caffeine, and crystal violet, and to incubate such
media at blood-heat. These media do not inhibit, in general,
the growth of either B. typhosus or B. coli, and dependence is
placed upon differences in colony characters and media reactions
to separate them in subsequent plating.

The colonies upon gelatin are somewhat smaller and more
delicate than those of the B. coli. This organism was originally
described as producing a thin, ““ invisible growth ” upon potato.
This is true upon potato with an acid reaction, but upon alkaline
or neutral potato the growth is relatively abundant.
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Physiology.—B. typhosus develops best at a temperature of
37° but will grow at room-temperature. It is an aérobe and
facultative anaérobe. No indol is produced. Acid, but no
gas, is formed from dextrose. Neither acid nor gas is produced
from lactose or saccharose. There may be slight initial acidity in
milk, but there is never coagulation of the casein. Proteolytic
enzymes are not developed in cultures.

Pathogenesis.— Experimental Evidence.—The lesions typiecal of
typhoid in man are not produced either by injection or feeding
experiments upon the laboratory animals. The symptoms after
intraperitoneal injection of a guinea-pig do not differ greatly
from those produced by the Bacillus coli. Feeding experiments

Fig. 116.— Bacillus typhosus, showing Fig. 117.— Bacillus typhosus, colony on
flagella (Gunther). agar (Gunther).

with anthropoid apes within recent years have shown the possi-
bility of producing the typical lésions of the disease in these
animals. Infection with typhoid bacilli in laboratory workers
has several times occurred following the accidental ingestion of
pure cultures of the organism.

Character of Lesions and Disease Produced.—Clinical diagnosis
of typhoid is frequently difficult, as the characteristics of the dis-
ease are often not well marked. The organism invades the in-
testinal lymph-system, and particularly the Peyer’s patches.
The latter become ulcerated, and perforation of the intestinal wall
is a not uncommon result. The spleen is swollen. The bacteria
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are usually found in the blood, though not commonly in large num-
bers, but are abundant in the spleen. Cystitis, cholecystitis, and
bone metastases are not uncommon sequel® to the infection.

Immunity.—No true toxin has been demonstrated for B.
typhosus, but an endotoxin is present. Agglutinins and pre-
cipitins specific for the organism are likewise produced. Bac-
teriolysins may be demonstrated in the blood of animals that have
been artificially immunized by injections of the typhoid bacillus.
There is develop'ed in the body of an individual that has recovered
from typhoid a certain degree of immunity, but this disappears,
so that it is not unusual for a person to have several attacks of the
disease. This immunity is probably both bacteriolytic and
opsonic in nature.

The use of antisera in passive immunization against typhoid
and in curing the disease has not proved successful. The injec-
tion.of such sera has not been shown to have either an immunizing
or a curative effect in man. Active immunization by the injec-
tion of dead or living bacteria or their products has, on the con-
trary, been quite successful. Usually the organisms are séraped
from the surface of agar cultures, suspended in physiologic salt
solution, and killed by heat, or a broth culture may be used.
Such injections are, of course, only prophylactic.

Bacteriologic Diagnosis.—The Widal or agglutination test is
commonly used in the diagnosis of typhoid. A dilution of 1:40
and higher is generally made to minimize the effect of the normal
agglutinins which may be present in the blood. Both microscopic
and macroscopic tests are used; the former is the more delicate, but
the latter somewhat more reliable. The agglutinins often appear
early in the course of the disease—usually by the fifth day or rarely
later. Blood or serum for making the test may be either liquid
or dried. It is received in the latter condition by many of the
state and municipal bacteriological laboratories. The bacteria
may be cultivated directly from the blood of a patient. Fre-
quently the organisms can be found in the blood somewhat before
the serum exhibits a marked agglutinating power. Isolation of
the organisms directly from the feces is sometimes resorted to in
an effort to determine the occurrence of the so-called * bacillus
carriers.”
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Transmission.—Typhoid fever is contracted from contaminated
drinking-water, milk and other foods, and by contact, the fre-
quency being in about the order named. Flies probably are com-
monly instrumental in carrying the organism from dejecta of
typhoid-fever patients to food materials. The term bacillus
carrier, or germ~carrier, is used to designate an individual who still
harbors a pathogenic organism in the body after convalescence.
Such germ-carriers are particularly dangerous, as they may give
rise to an epidemic that is almost impossible to trace to its source.
The danger of milk infection is probably the greatest from in-
dividuals that are employed in dairies. Several epidemics have
been traced to this origin.

Bacillus dysenteriz

Synonyms.—Bacillus of Shiga; bacillus of Flexner.

Disease Produced.—Bacillary dysentery.

Shiga, in 1898, discovered in the feces of patients suffering from
dysentery a bacillus which he believed to be the specific cause of
i the disease. Previous to this
if had been shown that amebsz
may cause dysentery, and it
was when examining stools for
these protozoa that Shiga dis-
covered this organism. In 1900
Flexner published the results of
work in Manila and described
another type of organism.
Since that time many epi-
demics have been studied, and
it is generally believed that
the type described by Shiga is
the more common, but that the
bacillus of Flexner occurs in a certain proportion of the out-
breaks, more particularly in the tropical countries. Other
authors, Hiss in particular, have differentiated even more
groups.

Morphology.—B. dysenterie and B. typhosus are practically
indistinguishable under the microscope in stained mounts. The

Fig. 118.—Bacillus dysenterice (Kolle
and Wassermann).
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B. dysenterie, however, is non-motile. Spores and capsules are
not produced. It stains uniformly and is gram-negative.

Isolation and Culture.—The organism may be isolated directly
from the dejecta by plating. The cultural characters in general
closely resemble those of B. typhosus. Milk is rendered perma-
nently alkaline, however.!

Physiology.—The physiologic characters of B. dysenterie
closely resemble those of B. typhosus. The ability to produce
acid in solutions of various carbohydrates and of the related
alcohols is used as a means of differentiation of the varieties.
Otho listed some fifteen different types by this means. A more
conservative and valuable classification is that of Hiss, as modified
by Shiga:

Variety Acip PRODUCED FROM
B. dysenterie. Mannite. Maltose. Saccharose. Dextrose.
1. Shiga; type'Es S I SECTMEIINe — . = +
I1. Park-Hiss type.............. 45 = — ok
II1. Flexner-Strong type......... = — + -
IV. Harris-Wollstein type........ + Sl T Ar
V. Shiga, type RIS s i oI i i

It is believed that type I. is the most virulent. Types III.
and IV. are found frequently in summer diarrhea of infants.

Pathogenesis.— Experimental Evidence.—The belief that the
varieties of B. dysenterie are the more important etiologic factors
in the disease is based upon the following facts:

1. This.organism in some one of its varieties has been shown
to be present with great constancy in the patients’ excreta.

2. Injections of the organisms and their produets kill laboratory
animals, particularly rabbits, although typical dysentery is not
readily induced by feeding experiments.

3. The blood-serum of a patient will, in general, agglutinate
in high dilution the strain isolated from the feces.

4. An antiserum has been successfully used in the prevention
and cure of the disease.

Character of Disease and Lesions Produced.—The intestine,
particularly the colon, is inflamed and is sometimes ulcerated, and
may even show diphtheritic necrosis. With the exception of this
there is little that is characteristic of the disease. Unlike the

! Initial acidity followed by permanent alkalinity.
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typhoid bacillus, it does not commonly invade the blood or the
internal organs, with the exception of the mesenteric glands.
The disease is rather a toxemia than a bacteremia.

Immunity.—A soluble toxin has been demonstrated for the
Shiga type, but repeated efforts have failed to show that any such
is produced by the Flexner type. This poison was at first believed
to be an unusually potent endotoxin. Conradi first demonstrated
the toxin by growing the organism upon agar, then suspending it in
physiologic salt solution, and allowing the bacteria to undergo
autolysis. Later, Rosenthal and others showed that toxin will
be produced in considerable quantities in an alkaline bouillon,
but not in one that is neutral or acid. This bouillon is either
filtered through porcelain filters, or 0.5 per cent. phenol is added
and allowed to stand, and then filtered through paper until clear.
The toxin may be precipitated by ammonium sulphate, and after
dialysis and drying of such, 1 to 2 gm. may be a lethal dose for a
kilo of rabbit. It is weakened by prolonged beating at 70°,
and destroyed at 80° to 100°. The rabbit is very suseceptible to
the injection of the toxin, while the guinea-pig is relatively resist-
ant. The effect upon the rabbit may be characterized as a hemor-
rhagic necrotic enteritis.

Shiga first used antisera in the treatment of dysentery. He
regarded its curative properties as wholly bactericidal. Todd,
Koram, Doerr, and others have, by systematic immunization of a
horse, secured a serum that neutralizes the toxin actively. This
has been used with very favorable results in the treatment of dys-
entery caused by the Shiga baeillus.

Bacteriologic Diagnosis.—The disease may be recognized by
the Widal or agglutination test, and the several types of organisms
differentiated in the same manner. The organism may likewise
be isolated directly from the stools by plating.

Transmission.—Dysentery is spread it much the same manner
as typhoid, and the same preventive measures must be used.

BACTERIA OF WATER AND WATER PURIFICATION

Diseases of man and animals, particularly those of the alimen-
tary tract, are frequently transmitted through contaminated or
impure water. The impurity, so called, arises from the presence
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of sewage or surface wash. This does not mean that every water
containing sewage is necessarily harmful, but that the presence
of the sewage is an indication of the possible and probable occa-
sional presence of pathogenic forms.

Bacteriologic examination of water is important, for several
reasons. Much smaller quantities of contaminating organic mat-
ter may be determined by bacteriologic than by chemical means.
Its methods may be used in the determination of the potability
of water-supplies, in tracing a typhoid or similar epidemic to its
source, in determining the efficiency of filters for water-supplies
and of different types of sewage-disposal systems.

Water may be examined bacteriologically, either quantita-
tively or qualitatively. In the former a determination of the total
number of bacteria present in the water is made; in the latter, the
tests are designed to determine the abundance of certain specific
bacteria. The qualitative examination may be again divided
into determination of normal sewage bacteria, particularly B. coli,
and of specific disease-producing bacteria, as B. typhosus. The
former is the most useful examination made in determining the
potability of a water; the latter is rarely used.

Quantitative Examination of Water.—In general, the greater
the quantity of organic and decomposing matter present in water,
the greater will be the number of bacteria present. However,
it must be noted that changes in the environment, such as tem-
perature, may cause great variations in bacterial content, even
though the original water be uncontaminated. For example,
water from a source quite above suspicion may have less than
100 bacteria, to the cubic centimeter. This same water, carefully
sampled in a sterile bottle and allowed to stand at room-tempera-
ture, may show in twenty-four to forty-eight hours hundreds of
thousands to the cubic centimeter. It is important, therefore,
that the sample taken for examination shall be typical, and that
it be examined immediately, to prevent multiplication of the
bacteria present.

Media Used.—Either nutrient gelatin or agar may be used. It
should be prepared according to the methods outlined by the
American Public Health Association. The gelatin will, in general,
give a somewhat higher count than the agar, but, when many
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liquefying species are present, the count on the gelatin must be
made before all the slower-growing species have had a chance to
develop.

Methods.—Various dilutions of the water to be tested are
placed in a series of sterile Petri dishes, and the melted medium
to be used is poured in and thoroughly mixed. After the medium
has solidified, the plates may be kept at room-temperature, or,
better, placed in a thermostat which maintains a temperature of
about 20° to 22°. The number of colonies developing upon a
given plate, multiplied by the dilution introduced, will give
approximately the number present per cubic centimeter in the
original sample. The final count should be made only after the
lapse of several days or a week. Discrepancies will usually be
detected between the numbers, as determined from the plates
containing the lesser and the greater dilutions. It is customary
to use the plate having the nearest to 200 colonies in making the
final estimation. Where more than this number of colonies are
present, it is probable that many more have failed to develop at
all, or to a size that can be readily detected, on account of the over-
crowding. The numbers of bacteria can, of course, be determined
only approximately by the higher dilution; it is, therefore, cus-
tomary to follow the mode of expression suggested by the committee
on standard methods of the American Public Health Association:

NUMBERS OF BACTERIA FROM—
1-50 shall be recorded to the nearest unit.

51-100 ¢ ¢ «“ 5
100-250 “ « « 10
251-500 “ « “ 25
501-1000 « « “ 50
1001-10,000 o “ 100
10,001-50,000 « “ 500
50,001-100,000 “ “ 1000
100,001-500,000 L “ 10,000
500,001-1,000,000 “ “ L 50,000
1,000,001-5,000,000 ¢ “ « 100,000

Interpretation of Results—No standard for the number of
bacteria that may be present in potable water can be set because
of the various factors which may determine a high count. Stern-
berg, however, has suggested a standard that is in general ap-
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plicable; water containing less than 100 bacteria per cubic centi-
meter is probably pure; one containing 500 bacteria is suspicious,
and one with 1000 bacteria is quite certainly bad. The number of
bacteria normally present in unpolluted supplies of various kinds
differs considerably; for example, that in the deep wells of a region
from those of its lakes, and standards must, therefore, be established
for each. Determination of numbers is probably most useful in
systematic examination of the efficiency of filtration of publie
water-supplies. In some countries these tests are made daily,
and the maximum bacterial content of the filtered water that may
be used has even been fixed by law.

When gelatin is used, a separate count should be made of the
colonies which develop that are capable of liquefying the medium.
Such organisms are particularly characteristic of the surface soil,
and usually belong to the Bacillus subtilts group. The presence of
such in large numbers is an index to the extent of the surface-wash,
and not in general of the extent of sewage pollution. This deter-
mination is frequently of value in the examination of shallow wells.

Agar plates may be incubated at blood-heat. The typical
water bacteria develop very slowly, if at all, at this temperature.
A count made in forty-eight hours of such a plate is a fair index
of the amount of sewage contamination usually, as the organisms
from this source thrive best at this temperature. This determina-
tion, however, is largely displaced by the use of the litmus-lactose-
agar plates, as discussed under Qualitative Analysis.

Qualitative Examination of Water.—As has before been stated,
water may be examined for the specific pathogens it may contain,
or for the presence of sewage and intestinal bacteria, particularly
B. colu.

Isolation of Specific Pathogens.—B. typhosus is the organism
for which examinations have been most frequently made. It has
been actually isolated from water in a few instances only. Fre-
quently only a very small percentage of the colonies which develop
from direct plating of typhoid stools are typhoid colonies. The
chances of direct isolation by plating sewage or water from a sup-
ply is, therefore, remote, even though this organism be present in
numbers such as to cause an epidemic of the disease among the
consumers.
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Usually the search for the specific organism in the water-supply
is not begun until there is an outbreak of the disease, and the
probabilities are that the organism by that time has disappeared
from the supply. Many methods for isolation have been devised,
but are not commonly used. For the most part, they are de-
pendent upon enrichment by placing the suspected water in broth
containing antiseptics which will inhibit the growth of other bac-
teria, but not of the intestinal forms. This material is then plated,
and the typhoid-like colonies are fished out and tested one at a
time, the crucial test usually applied being the ability to agglutin-
ate with high dilution of typhoid antiserum.

The specific organism of Asiatic cholera may be more readily
isolated than that of typhoid. Flasks of peptone salt solution are
inoculated with the suspected water, and incubated at blood-heat
for twenty-four hours or less, and transfers made to fresh flasks
from the surface layer. The cholera spirillum has a considerable
avidity for free oxygen, and swarms just below the surface in much
greater numbers than elsewhere in the medium. Plates made
from this surface film should show the characteristic colonies.

Isolation of B. coli.—Advantage may be taken of the physiologic
and cultural characteristics of the B. coli to isolate it from water.
In examination of large numbers of .samples it is often found
useful to make what is termed a preliminary or presumptive fest
for the presence of the colon bacillus. Fermentation tubes con-
taining 1 per cent. dextrose (glucose) broth are inoculated with
varying amounts of the water to be tested. If gas is not produced
in any of the tubes, it is evident that B. coli is not present; at least
in any considerable numbers. A negative result is, therefore,
good evidence of the purity of the water examined. A positive
test makes it probable that the water contains the colon bacillus,
although further tests are necessary to establish the fact; hence
the name, presumptive test. The evidence that B. coli is present
is much strengthened if gas to the amount of 30 per cent. or more,

P H, 35 :
and having a composition of 'C’(‘)L= 1is produced. An approxima-
2,

tion of the number of colon bacilli present may sometimes be made
by observing the dilutions of the water in which gas is produced.
For example, if gas is produced in dilutions of 1: 0, 1: 10, and 1: 100,
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but not in higher dilutions, it may be inferred that there are be-
tween 100 and 1000 B. colt present per cubic centimeter in the
original sample.

A more accurate determination of the number of B. coli present
in a given sample may be secured by plating different dilutions in
agar containing 1 per cent. lactose, colored blue by litmus solution,
and incubating twenty-four to forty-eight hours at 37°. Organ-
isms which can ferment lactose with acid production are surrounded
by a red discoloration of the litmus. Such organisms are the
B.coli, B. lactis aérogenes, and Streptococcus. The first two may be
considered together, as they come from the same source and in-
dicate the same facts. The colonies of these may usually be
readily differentiated from those of Streptococcus by their large
size, their shiny appearance, and the frequent gas-bubble accom-
panying the colony if it lies below the surface. The Streptococcus
colonies, on the other hand, are small, rarely larger than a pin-
head, and never have gas-bubbles. It is sometimes necessary
to make transfers from colonies and carry them through the
various media to complete the identification. A highly contam-
inated water will usually reveal the acid colonies directly upon
plating, but in careful work it is sometimes necessary to enrich the
suspension. Plates may be poured from fermentation tubes
that show gas-production.

B. coli is not uncommon in nature; its constant presence in the
feces of most animals makes it widely distributed. It is entirely
probable that the presence of small numbers of B. coli in water may,
therefore, be without significance from the standpoint of potability.
It is generally regarded in America that if B. coli can be constantly
demonstrated in 1 e.c. samples of the water, this is an indication
of recent sewage contamination. When its presence may be
demonstrated only by the use of larger samples than 1 c.c., the
evidence must be regarded as inconclusive.

Water Purification

Self-purification of Natural Waters.—Natural waters, both run-
ningand impounded (asinlakes and reservoirs), gradually free them-
selves from organic and bacterial contamination. The rapidity
and efficiency of this cleansing process depend upon many factors.

19
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Sedivmentation is probably the most potent factor in freeing
a contaminated water from bacteria. The bacteria themselves
have a slightly greater specific gravity than water, and tend to go
to the bottom under the influence of gravity. This occurs more
rapidly when other and larger solid particles are in suspension;
flocculation and more rapid sedimentation then frequently occur.
Advantage is taken of this fact in the artificial purification of
.water, and coagulants of different kinds are added, which carry
down the bacteria, together with other suspended material.
Diminution of food-supply with consequent disappearance of many
bacteria is likewise important. Probably light destroys some
organisms, and others are ingested by protozoa. Some species
do not develop in the presence of certain other forms, that is,
they exhibit antibiosis. Water-plants, alge, and natural obstruc-
tions of all kinds to water-flow exert a filtering action. Changes
in temperature may inhibit the growth and even destroy some bac-
teria. A contaminated stream is constantly diluted by the influx
of ground-water and of tributaries.

Purification of Drinking-water.—For domestic purposes, water
may be effectually purified by heating to the boiling-point for a
few minutes. All the pathogenic bacteria are quite effectually
eliminated by this method. Berkefeld porcelain filters, if properly
constructed, are also efficient. They must be cleaned and sterili-
1zed at short intervals, otherwise the organisms will grow through
the pores of the filter, and the water passing through will be as
contaminated as the original supply. Where a city-supply must
be purified, it is commonly pumped into reservoirs and allowed
to settle, with or without the addition of coagulants. It is then
passed through filters of various types, usually sand. Passage
through a properly constructed filter of this type has been shown
to be exceptionally efficient. Such a system requires careful }
supervision. An efficient system will remove over 99 per cent.
of the bacteria originally present. Some city supplies are pumped
under pressure through sand-filters. This does not seem to be as
efficient a means of ridding the water of bacteria as the other, as a -
filter, in any case, to retain its highest efficiency, must remain for
some time undisturbed, and filters of the latter type require fre-
quent cleaning and washing. The installation of filtration plants
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for purification of city supplies has in many cases resulted in a
great diminution of the death-rate from typhoid and other intes-
tinal diseases.

Sewage Disposal.—The question of proper disposal of sewage
is closely related to the topic of pure water for domestic purposes.
Usually sewage is allowed to flow into a suitable stream, and is
purified as it passes down-stream. There is no valid objection
to this, providing there is a sufficient and constant flow of water -
in the stream to insure dilution, and the water of this stream is
not used as a city supply further down. Unfortunately, too little
attention has been paid to this subject, and the high typhoid
death-rates in some cities are due directly to the use of such
sewage polluted water. Berlin and Paris purify their sewage by
using it in the irrigation of large tracts of land, and recollecting
the water in underdrains. Such a system is highly efficient, but,
as it requires a particular type of soil, large areas, and suitable
conditions, it is not often practicable. For sewage disposal in
small cities and towns, and even private residences or farms, some
of the numerous modifications of the septic tank and filter-bed have
been shown to be most efficient. The sewage is first carried to a
septic tank, so called—a large tank, usually of brick or concrete,
and commonly covered. This tank is planned so that the sewage
flow of twelve to twenty-four hours will fill it, or, in other words,
that a given portion of sewage will require that time to pass
through. Here much of the solid material settles out. The dis-
solved oxygen, if any be present in the raw sewage, is quickly
used up, and anaérobic conditions are established. Under such
treatment the decomposition of the organic matter occurs rapidly.
Most of the sediment of the septic tank is soon dissolved by
bacterial action. Gases, particularly H,S, CH,, H,, and NHj, are
produced. These rise to the top, and are there intercepted by the
heavy scum which forms, and oxidized to H,SO,, or free S,, CO,,
H,0, -and HNO,; hence there is but little disagreeable odor to be
noted about such a plant. The organic material is, for the most
part, broken down into soluble, easily oxidizable substances.
The sewage must not be held under these conditions for too long a
period, otherwise the decomposition will go too far. The sewage
then usually passes to a dosing chamber. This is simply a chamber
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which automatically discharges through one or more siphons when-
ever it becomes filled. The sewage passes from here either into con-
tact beds or into filter-beds. The former consist of beds of crushed
rock, usually with water-tight walls. The sewage may be sprinkled
over the surface constantly and allowed to trickle through (the
so-called trickling filter), or it may be poured onto the bed in bulk,
and held in contact with the crushed stone for a time and then dis-
“charged. In either case the sewage becomes thoroughly aérated,
and the aérobic bacteria rapidly oxidize the organic matter pres-
ent. A filter-bed, on the other hand, is constructed of sand under-
laid with gravel and stone. The sewage is spread out over the
surface and is allowed to seep through. Opportunity for thorough
aération of the sand and gravel is given by the time elapsing be-
tween the discharges from the dosing chamber. Frequently
several beds are used, and the sewage is discharged first upon one
then upon another. The organic material is retained, probably
by absorption, and, as the sewage passes through, the bacteria are
largely filtered out, and the organic material is, for the most part,
quite completely oxidized. The water leaving the drains under
these filter-beds is relatively pure, in some cases quite as pure as
water from the average shallow well. As has been stated, there
are many modifications of the type of disposal plant. It has
been adapted to use for the farm-house as well as the city.



CHAPTER XXIX

HEMORRHAGIC SEPTICEMIA GROUP

HuEerPE, in 1886, united a number of organisms causing some-
what similar diseases in different species of animals under the name
of Bacillus septicemie hamorrhagice. He included chicken
cholera, septicemia of rabbits, swine plague, hemorrhagic septi-
cemia of cattle and of various wild animals, and a number of other
diseases. Trevisan grouped these organisms in a new genus, which
he named Pasteurella. The diseases produced by such organisms
are, therefore, sometimes termed pasteurelloses (sing., pasteurell-
osis). Ligniéres, in 1901, classified the pasteurelloses, or hemor-
rhagic septicemias, and his classification has been generally adopted
by the French bacteriologists, and is the outline followed by
Nocard and Leclainche in their ‘ Maladies microbienne des
Animaux.” The name Bacillus pleurisepticus is sometimes used
to designate the organisms of this group as a whole.

There is probably no group of organisms which is in greater
need of thorough study and revision than this. Non-pathogenic
organisms having the morphologic and cultural characters of this
group have been isolated from many sources. At least one disease,
dog distemper, originally described as caused by a Pasteurella,
has been shown to be due to an ultramicroscopic virus. It is
possible that in some other diseases placed in this group the organ-
ism described as the etiologic factor is but a secondary invader.
The discovery that hog-cholera is not caused by B. cholere suis
makes it appear highly probable that still other of these diseases
may be found to be due to a filterable virus. Furthermore, there
has not been sufficient care used in the differentiation of the various
members of the group. It is not to be concluded that our knowl-
edge of none of these diseases rests upon a secure foundation;
there is little doubt, for example, that the Bacillus pestis is the

cause of bubonic plague.
293
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The bacteria belonging to this group are closely related in their
morphologic, physiologic, and cultural characters. A descrip-
tion for one will answer in general for the remaining. They are
small, plump, short bacilli, with rounded ends, usually about
0.5 to 0.8 by 1 to 2 i, non-motile, and without spores. Capsules
may be demonstrated in the blood with some species. The organ-
isms stain readily with aqueous anilin dyes, but are gram-negative.
The outstanding morphologic character is the tendency toward
bipolar staining, particularly in tissues. The ends stain deeply,
the central portion not at all, giving the appearance of diplococeci,
The organisms grow readily upon the common cultural media,
with the exception of potato, upon which they usually develop
scantily, if at all; at blood-heat. Gelatin is not liquefied. Some
acid is produced from dextrose; milk is usually not coagulated.
The organisms are not particularly resistant, and are easily des-
troyed by heat, desiccation, and sunlight. Not only the organ-
isms, but the diseases produced by them in various animals,
resemble each other. All the species of the group are pathogenic
for the rabbit, and usually for other laboratory animals. On the
other hand, some of them possess a high degree of specificity,
such that only that form isolated from the lesions of a certain
species is pathogenic for that species. The disease is, in most
cases, a true septicemia, characterized by hemorrhages in various
organs. In some cases it may be localized in the lungs, the lymph-
glands, or the intestines.

As has been stated, it is at present not possible to differentiate
the organisms associated with the various diseases from each other
by any of their biologic characters. It is, therefore, necessary
to adopt tentatively a pathologic classification, and group them
with reference to the animals naturally infected and the diseases
produced. The following list includes only the more important
types that have been described, and is not complete:

A. Hemorrhagie septicemias of lower animals only.

Of birds, Bacillus avisepticus.

Of swine, Bacillus suisepticus.
Of cattle, Bacillus bovisepticus.
Of equines, Bacillus equisepticus.
Of rabbits, Bacillus cuniculicida.

Al e lles



HEMORRHAGIC SEPTICEMIA GROUP 295

B. Hemorrhagic septicerr;ia of rodents transmissible to man:
Bacillus pestis.

Bacillus avisepticus

Synonyms.— Bacillus cholere gallinarum; B. cholere; Bacterium
avicidum.

Disease Produced.—Fowl or chicken cholera in domestic fowls
and other birds. \

Perroncito, in 1878, first observed this organism in an outbreak
of chicken cholera. Pasteur, in 1880, cultivated the organism
and studied it quite at length. It was with this organism that he
performed his first experiments upon vaecination and the prepara-
tion of attenuated cultures. It is, therefore, of considerable
historic interest, as marking the i
beginning of the experimental
study of immunity.

Distribution.—The disease is
known to oceur in various Euro-
pean countries, and has been
reported from Canada and the
United States.

Morphology and Staining.
—B. avisepticus is a typical
member of the hemorrhagic
septicemia group; the char-
acters given under the intro- Fig. 119.—Bactllus avisepticus, from
ductory heading will serve for g4y agar slant (X 1000) (Giinther).
this form.

Isolation and Culture.—The organism may be isolated in pure
culture from the blood and internal organs of infected birds. The
colonies upon gelatin plates are small, white, usually irregular
dots, without marked or distinctive characters. In gelatin stab,
growth occurs along the line of inoculation in the form of numerous
tiny, discrete colonies, and upon the surface a thick mass generally
forms, rather circumseribed, giving to the whole the appearance
of a nail. Agar and blood-serum slants show a moderately luxur-
iant, white, glistening growth. Bouillon is slightly clouded.

Physiologic Characters.—B. avisepticus is aérobic and faculta-
tive anaérobic. It grows best at blood-heat, but will develop
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readily in culture-media at room-temperatures. Acid is produced
from saccharose and dextrose, but not from lactose; gas is never
formed. No proteolytic enzymes are produced. Indol and
phenol are formed in Dunham’s solution.
Pathogenesis.—Experimental Evidence.—The B. avisepticus
is pathogenic for chickens, geese, pigeons, and other birds, mice,
and rabbits, producing a rapidly fatal septicemia when intro-
duced subeutaneously. When fed, it will also produce disease in
these animals. Guinea-pigs appear to be relatively immune,

Fig. 120.—Bacillus avisepticus, in pigeon’s blood (Frinkel and Pfeiffer).

except when injected with very large doses. It is not known to
produce disease in man.

Character of Disease and Lesions Produced.—When introduced
subcutaneously, there is an extensive edema at the site of inocula-~
tion, generally accompanied by more or less hemorrhage. The
spleen and liver are swollen and congested, the lungs have congested
areas, and the intestines show an inflamed mucosa, with occa-
sional ulcer formation. Minute hemorrhages are found in various
organs, particularly the lungs, the walls of the intestines, and the
heart. Feeding experiments result in a localization of the lesions in
the intestines. Areas of necrosis are frequently found in the liver.
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Immunity.—No true toxin has been demonstrated for the
B. avisepticus. Endotoxins are produced. One attack of the
disease with recovery confers immunity. Agglutination in dilu-
tions of 1: 6000 has been shown with blood of animals artificially
immunized. The nature of this immunity is not certainly known,
although opsonins have been demonstrated.

Pasteur, in 1880, worked out a method of prophylaxis by the
use of vaccines prepared from attenuated cultures. He attenu-
ated the organism by long-continued cultivation upon artificial
media. Broth cultures were allowed to stand from three to ten
months. Under these conditions the virulence is gradually lost,
and inoculation into the fowl is followed by a mild local reaction
only. This immunizes against subsequent injections of the
virulent form. Pasteur believed that the attenuating factor was
the abundant presence of oxygen, for cultures which he sealed
from the free entrance of air he found to retain their virulence
even after ten months. He also found that various strains showed
great differences in their rate of attenuation. The Pasteur method
of vaccination has never come into general use. Tests have shown
that the use of the vaccine sent out by the Pasteur Institute was
apt to produce typical cholera in some fowls. It has been shown
that some degree of immunity is conferred by the injection of
killed cultures of the organism.

It has also been found that immunization against one of the
members of the hemorrhagic septicemia group immunizes like-
wise against others. Injections of the Bacillus bovisepticus, for
instance, will protect against subsequent injection with Bacillus
avisepticus. Ligniére has prepared a polyvalent vaccine by grow-
ing at 42° to 43° organisms isolated from sheep, cattle, horses,
dogs, hogs, and fowls in bouillon. When allowed to grow for five
days, it constitutes the Vaccine I.; for two days only, Vaccine II.
One-eighth c.c. of 1. is injected, and twelve to fifteen days later
the same amount: of Vaeccine II. By this means he claims to be
able to immunize against all types of hemorrhagic septicemia in
animals other than fowls. This method has not been utilized in
practice, although a few recorded tests have been favorable. In
summary, therefore, it may be stated that no practicable method
of vaccination against fowl cholera has been evolved.
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Kitt and Mayr, in 1897, showed that it is possible to secure a
protective serum from the horse and other animals, as goat and
swine, by injections of living fowl-cholera organisms, and this
serum, when injected in suitable quantities into susceptible ani-
mals, will protect them from injections of virulent bacilli. Schrei-
ber, in 1899, elaborated upon an observation of the preceding in-
vestigation that animals immunized against swine-plague bacilli
(B. sutsepticus) were likewise immune to fowl cholera. In 1902
he gave the name ‘ septicidin ”’ to a polyvalent serum which he
prepared by immunization with B. suisepticus, B. avisepticus, and
B. cholere suts. The reports relative to the efficiency of this
serum are conflicting. It has not come into general use. Hertel,
in 1902, reported that by intravencus injections of dead bacteria
followed by living bacteria into an ass he secured a serum which in
injections of 0.5 c.c. protected pigeons against 10,000 times the
normal lethal dose of the organism. Ligniére and Spitz have also
prepared a polyvalent serum, using the Ligniére vaccine noted
above. There is no record of a practical utilization of this method.
Kitt and others, in 1904, have described sera which protect fowls
experimentally inoculated with B. avisepticus, but, like the others
described, these have not come into general use. It may be con-
cluded, therefore, that while immunization against fowl cholera,
either by vaccination or the use of antisera, has been shown to be
possible, it has not been proved practicable.

Bacteriologic Diagnosis.—Stained mounts of the blood which
reveal the presence of gram-negative bacilli showing prominent
bipolar staining are diagnostic. The bacillus may be readily iso-
lated in artificial media. Whether or not serum reactions, par-
ticularly agglutination, might be utilized in diagnosis is not known.

Transmission.—The disease is supposed to be transmitted from
bird to bird by ingestion of food or water fouled with excretions
containing the specific organism.

Bacillus suisepticus
Synonym.— Bacillus suicida.
Disease Produced.—Swine plague; Schweineseuche.
Loffler and Schiitz, in 1886, published results which established
the identity of swine plague as a specific disease by the discovery
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of the causal organism. In the same year Smith isolated what
proved to be the same organism from hogs in the United States.
Since that time it has been isolated from animals in many parts of
Europe and the United States. From the beginning the close
relationship between the swine-plague and fowl-cholera bacilli
was recognized. In the early literature of swine diseases in
America there is much confusion relative to the use of the terms
swine plague and hog-cholera. The discovery that hog-cholera is
caused primarily by an ultramicroscopic organism has made neces-
sary a very careful retraversing of the knowledge relative to swine
plague, and it has been
urged that probably the
B. suisepticus is a second-
ary invader merely, as is
the hog-cholera bacillus,
and that the two diseases
differ not at all in their
primary cause. The evi-
dence at present seems to
point, however, to a spe-
cific disease caused by B.
suisepticus, and entirely
distinet from hog-cholera.
The question cannot be Fig. 121.—Bacillus suisepticus (after
said to be satisfactorily deSchweinitz and McFarland).
settled at the present

time. In the United States it seems probable that swine plague,
if such really exists, is relatively unimportant in comparison with
hog-cholera.

Distribution.—Swine plague is known to occur in Germany
and in parts of the United States. It has been reported from
practically all the States, but the evidence is in most cases quite
inconclusive, as the final criterion must be the isolation of the
specific organism.

Morphology and Staining.—The morphologic characters are
practically identical with those of B. avisepticus, as are also the
staining characteristics.

Isolation and Culture.—B. suisepticus may be 1solated in pure
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culture from the lungs, from the blood, and from various internal
organs of the body, without difficulty. The cultural characters
do not differ from those described for B. avisepticus.

Physiology.—The physiologic characters do not differ from those
of the group.

Pathogenesis.— Experimental Evidence—Inoculation of the
mouse, rabbit, and fowl lead to the same results as with the bacil-
lus of fowl cholera. Hogs die of septicemia after subcutaneous
injection. It has not proved generally possible to infect the hog
by feeding. That the organism is, under proper conditions,
pathogenic for the hog appears to be well
demonstrated, but that it can produce

0,90 2 z 3 g
Lostie Q an epizodtic naturally among animals is
) E, b rell established
ol y no means so well established.
*e% O Character of Disease and Lesions
et 2.4 Produced—The characteristic lesions of
this disease are generally to be found in

Fig. 122.— Bacillus sui- the lungs, although the intestines may
septicus in blood (after €xhibit some changes and may closely
deSchweinitz, Report Bu- simulate the conditions found in hog-
reau of Animal Industry).  cholera, The disease may, therefore, be

denominated a pneumoenteritis. It may
also appear in septicemia form. Punctiform hemorrhages are
generally to be observed, particularly in the kidneys.

Immunity.—As with the fowl-cholera bacillus, no true toxins
have been demonstrated. Both active and passive immunization
against the B. suisepticus have been accomplished. Active im-
munization has been attempted i many different ways. The use
of killed and living cultures has not, in general, proved satis-
factory in immunizing the hog, although they have been success-
fully used in the preparation of antisera from the horse and other
animals. Weil has elaborated the following technic, making use
of the so-called ‘‘ natural aggressins’’ for the establishment of
immunity. A rabbit is injected intraperitoneally with 5 c.c. of
bouillon containing a drop of twenty-four-hour culture of a highly
virulent strain of the organism. The animal should die within
the next twenty-four hours. The exudate, varying in amount from
1 to 20 c.c., is pipetted off and sterilized by the addition of 0.5



HEMORRHAGIC SEPTICEMIA GROUP 301

per cent. of phenol, then heated to 44° for three hours, then its
sterility determined by transfers te broth. If the broth shows no
growth, the material is sterile and is ready for use. This may
be used to inject laboratory animals and thereby establish im-
munity. The animal immediately after injection becomes more
susceptible to the disease, presumably due to the presence of ag-
gressin in the blood, but later a relatively permanent active im-
munity is produced. In practice it is found that in the immuniza-
tion of hogs it is necessary that the exudate containing the ag-
gressin be obtained from other hogs rather than rabbits. Wasser-
mann and Citron have developed a somewhat similar method of
immunization by the use of so-called ¢ artificial aggressins’’ or
bacterial extracts. These methods of immunization are of much
more theoretic than practical importance.

Passive immunization by means of antisera has been studied
by several investigators. A rabbit may be actively immunized
by one of the preceding methods, and its serum may protect a
mouse in doses of less than 0.1 c.c. against a fatal injection of a
highly virulent organism. Wassermann and Ostertag and their
pupils have shown that an antiserum specific for one strain of
B. suisepticus is not always effective for others. They, therefore,
prepare serum by the systematic immunization of a horse against
several strains of the organism until a serum of high potency
is produced. Its strength is determined by injections into mice.
Experiments upon young pigs with this serum are claimed to have
been highly successful, but the method has not come into general
use. Simultaneous injections of immune sera and of B. suisepti-
cus have also been advocated.

In summary it may be said that immunization against swine
plague is still in the experimental stage, and that no completely
satisfactory method has been evolved.

Bacteriologic Diagnosis.—The identification of the causal
organism by actual isolation is the only practicable method of
bacteriologic diagnosis.

Transmission.—The means by which the disease spreads
naturally are not fully understood. It is possible that it is by
ingestion, probably sometimes by inhalation.
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Bacillus bovisepticus

Synonyms.— Bacterium bovisepticum; Bacterium bipolare multi-
cidum; Bacillus bovicida.

Disease Produced.—Hemorrhagic septicemia in cattle, buffalo,
and related wild animals; Rinderseuche; Wildseuche.

The early descriptions of this disease refer to it as attacking
cattle, wild animals, and swine. Bollinger, in 1878 first described
it as Wild- and Rinderseuche, attacking wild boars and deer.
Kitt, in 1885, isolated an organism belonging to the hemorrhagic
septicemia group. Since that time numerous investigators have
reported epidemies of the disease in many countries. Fernmore,
in 1898, first noted its presence in the United States. Wilson and
Bumbhall, in 1901, and Reynolds, in 1903, studied several epi-
demices in the State of Minnesota.

Morphology and Staining.—It does not differ from the B.
avisepticus and B. suisepticus.

Isolation and Culture.—The specific organism may be isolated
from the blood and the internal organs of infected animals. The
cultural characters are practically identical with the preceding
forms.

Physiology.—Same as B. avisepticus and B. suisepticus.

Pathogenesis.— Experimental Evidence.—The organism is path-
ogenic for the mouse, rabbit, and pigeon. Inoculation of virulent
cultures into cattle have been successful in causing the disecase.

Character of Disease and Lesions Produced.—The presence
of small hemorrhages in many of the body organs, and particularly
upon the serous surfaces, is characteristic. Hemorrhages are
quite uniformly present also in the subcutaneous tissues. In
some cases these are quite extensive and involve a considerable
portion of the body surface. The heart is usually petechiated.

Immunity.—It is entirely probable that the facts relative to
immunity given under the discussion of fowl cholera and swine
plague will hold good in bovine hemorrhagic septicemia. How-
ever, no practical method of immunization is known and little
work has been done on this topic.

Bacteriologic Diagnosis.—Stained mounts from the blood and
the internal organs will show the gram-negative, polar-staining
bacillus. It may be isolated upon culture-media. Diagnosis
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by agglutination may be practicable, but further work is needed
before its usefulness can be ascertained.

Transmission.—The means by which the organism spreads
from one animal to another, and by which it gains entrance to the
body, is not well understood.

Other Hemorrhagic Septicemias of Animals

Organisms belonging to this group have been isolated from a
considerable number of other animal diseases in addition to the
ones which have already been described. Rabbit septicemia or
rabbit plague (Bacillus cuniculicida), pneumoenteritis, or hemor-
rhagic septicemia of sheep and of the horse, infectious pneumonia
of goats, Biiffelseuche or pasteurellosis of the buffalo, dog typhoid
or dog pasteurellosis, hemorrhagic septicemia of elephants, of
geese, wild birds, and many other animals have been ascribed to
Bacillus septicemice hemorrhagice. As has been before stated, the
evidence in some of these cases seems to be inconclusive.

Bacillus pestis

Synonyms.—Bacterium pestis; B. pestis bubonice.

Disease Produced.—Bubonic plague in man and rodents.

Yersin and Kitasato, in 1894, independently described the or-
ganism which causes bubonic plague. Since that time it has been
isolated and described by many observers in numerous outbreaks.

Distribution.—The disease is endemic in parts of China and
India. At various times it has spread as an epidemic over the
entire civilized world. Cases have been reported within recent
years in most of the civilized countries, but it has not gained a
foothold and spread in any countries except those of southern
Asia and China.

Morphology and Staining.—The Bacillus pestis morphologi-
cally resembles the other members of this group. It is small—
usually about 0.5 to 0.75 by 1.5 to 2 ¢. It sometimes occurs in
short chains, but is usually single. Involution forms are produced
so readily upon appropriate culture-media, such as partially
desiceated agar and salt agar, that their development has been
regarded as diagnostic. Capsules may sometimes be demonstrated
on culture-media, but not in tissues. The bipolar staining of
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the organism is particularly evident in smears from tissues or
blood.

Isolation and Culture.—The organism may be isolated directly
from infected lymph-glands in pure culture. It has been ob-
tained from the blood, but this is not usual. Growth occurs
readily on most culture-media. The colonies on agar are delicate,
drop-like, with center somewhat granular and thicker than the
uneven, slightly granular margin. Growth on other media does
not differ markedly from that described for other members of this
group. Growth occurs scantily or not at all on potato. One
character that has been described and has been found useful in

Fig. 123.— Bacillus pestis (Wherry).

diagnosis is the “ stalactite’ formation in broth covered with
oil and allowed to remain without being disturbed. Under these
conditions long delicate threads are produced which hang from the
oil and resemble the stalactites found in caves.

Physiology.—The organism is aérobic and facultative anaérobic.
The optimum growth temperature is between 25° and 30°, but
growth occurs both above and below these temperatures. It is
easily destroyed by desiccation, heat, light, and disinfectants.
Dextrose broth is acidified, but no gas is produced. Indol is not
formed.
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for this organism may be found in the blood of advanced cases
and of convalescents, but they appear too late to be of any diag-
nostic value. The reaction is rather doubtfully specific. The
reaction occurs only in low dilutions—rarely above 1:20. Agglu-
tination in much higher dilutions may be secured with immune
serum—sometimes as high as 1:1000 has been observed. Pre-
cipitins have also been noted in laboratory experimentation.
Opsonins for B. pestis have been demonstrated in normal human
serum and in immune serum. Bactericidal substances are pres-
ent in the serum of artificially immunized animals.

Active immunization of man against bubonic plague has been
quite extensively practised. The procedure consists in every
case of injection of killed or attenuated bacilli or their products
as a prophylactic measure. The use of the various substances has
proved quite successful. Haffkine’s vaccine has been used in
India. Tt consists of a killed six-weeks culture of plague bacilli
in broth. Modifications of this method have been utilized by
many investigators. The immunity established is probably both
opsonic and bactericidal.

Passive immunization by the injection of the serum of horses
hyperimmunized against B. pestis has been highly successful
according to some, and of no material advantage according to
others. Several procedures have been advocated. The following
is that of Kolle and Kumbein: A culture of B. pestis is passed
through rats to exalt its virulence. This is planted upon agar and
incubated forty-eight hours at 30°, the growth washed off and sus-
pended in physiological salt solution. The suspension is killed by
heating to 70° for an hour and its sterility determined. The
horse is injected at intervals of a few days with gradually increasing
doses of the dead bacteria, until after seven or eight injections the
bacteria from six or more culture-tubes are injected at one time.
Injections of minute quantities of the living organism are then
begun and finally after repeated injections the living organisms
from 16 cultures are used. The interval between injections is
governed by the reaction of the animal. Usually it is from five
to eight days. The animal is then bled, and the serum preserved
by the addition of 0.5 per cent. phenol.

Bacteriologic Diagnosis.—The organism may be recognized






CHAPTER XXX

ACID-FAST GROUP

TrE Bacillus tuberculosis, B. lepre, the bacillus of Johnes’
disease, and certain common non-pathogenic bacteria isolated
from hay, dung, milk, butter, and other sources, have common
morphological and staining characters which associate them as the
acid-fast group. The crucial test for these forms is their ability
to retain stains when treated with strong aeids. They do not
stain readily with the common anilin dyes, but when once stained
they are ‘‘ acid-fast.” Hot carbol-fuchsin is commonly used in
determining this character.

The members of the acid-fast group of baeteria are all slender,
non-motile rods, without capsules or spores, gram-positive, and
acid-fast. Slight variations in morphology and eultural characters
and considerable differenees in pathogenesis serve to differentiate
the various species. All the species may ocecasionally produce
branched cells and threads, and it has been concluded by some in-
vestigators that they belong rather with the fungi, or at least with
the higher bacteria than with the lower bacteria.

Care should be used not to confuse the term pseudotuberculosis,
and particularly the bacteria associated with that disease, with the
true tuberele bacilli and related forms. As has before been stated,
the term pseudotuberculosis is purely pathological, and refers to
the type of lesions produced in the body, and not to any resemblance
of the organisms causing the disease to those of tuberculosis.
The pseudotuberecle bacilli are more closely related to the diph-
theria group, and have already been discussed.

Bacillus tuberculosis
Synonyms.— Bacterium tuberculosis; Mycobacterium tubercu-
losis.
Disease Produced.—Tuberculosis in mammals and birds.
308
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The disease in its various forms in man and animals has been
known since ancient times. Villemin, in 1865, showed that the
disease could be transferred from one animal to another by injec-
tion of the crushed nodules. He did not succeed in discovering the
specific organism, however. In 1884 Dr. Robert Koch presented
the results of his studies of the disease and described the organism
which he had proved to be its etiological factor. This work will
always stand as a model of scientific research in bacteriology
carried out under the most difficult circumstances. Staining
methods and culture-media were both devised before the organism
could be seen or grown. Koch succeeded in demonstrating its
presence in the characteristic lesions, in growing it upon artificial
media, and in reproducing the disease in animals by the inocula~
tion of pure cultures. It was assumed in the beginning that tuber-
culosis in all animals was caused by the same organism, but in 1896
Theobald Smith called attention to the fact that certain differ-
ences in cultural, morphological, and pathogenic characters could be
distinguished in the organisms isolated from human and bovine
tuberculosis. Koch, in 1901, declared the two organisms to be
distincet, and that the probability of human infection with bovine
tuberculosis was remote indeed. Since that time the subject has
been studied with varied results by many investigators. Prob-
ably more has been written on this one disease than any ten or
more other diseases. Journals devoted exclusively to tuberculosis
are issued. Many points even yet are not fully understood, but
the subject is upon a moderately sound basis at present. It seems
best to differentiate three varieties of the tubercle bacillus—the
human, the bovine, and the avian. These possess many points
in common, and it is by no means certain that they cannot be
transformed the one into the other, but they may, in general, be
readily differentiated by specific morphological and physiological
characters. They will be discussed together.

Distribution.—Tuberculosis in man is known throughout the
civilized world. In the United States over 110,000 deaths occur
annually from this disease. It usually leads all other diseases in
total number of deaths produced. The disease in cattle is nearly
as widely distributed. It is found throughout Europe and America.
Isolated localities free from the disease, however, are known.
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In the United States it is rarely encountered on the western ranges,
but is relatively common in dairy and beef herds in other parts
of the country. Whenever swine are allowed to follow tuberculous
cattle, they commonly become infected. The same is also true
when they are fed upon unpasteurized milk from tuberculous
animals. Tuberculosis occurs rarely in the horse. Sheep have
been reported as tuberculous, but the disease is certainly rare; it
is probably frequently confused with pseudotuberculosis or caseous
lymphadenitis in this animal. Tuberculosis in domestic fowls is
known to occur in many European localities, and in the United
States has been reported from Oregon, California, and New York.

Fig. 125.—Bacillus tuberculosis in Fig. 126.—Bacillus  tuberculosis,
human sputum. Note the slender human, mount from glycerin agar
beaded character of the rods (X (Fridnkel and Pfeiffer).

1000) (Giinther).

Morphology and Staining.—B. tuberculosis is a slender rod,
frequently somewhat bent, with rounded ends. It varies from
0.2 to 0.5 by 1.5 to 3.5 &, and sometimes longer. Frequently the
protoplasm takes the stain irregularly and gives a beaded appear-
ance to the cell. No spores or capsules are produced. The organ-
ism is non-motile. Branched and elongated forms resembling
somewhat the actinomyeces are sometimes observed. It is probable
that these are involution forms, although some authors claim them
to be developmental forms instead. The organism stains with
difficulty, but when once stained, is acid-fast. It is possible that
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under certain conditions, in the animal tissues in particular, this
acid-fast property may be temporarily lost. The acid-fast char-
acter is apparently due to the presence of a wax-like substance in
the bacterial cell. The cells from which this has been removed by
ether and benzol are no longer acid-fast.

There are certain morphological differences commonly to be
observed between bovine and human tubercle bacilli. The
former are shorter, straighter, and thicker than the latter. They
are also less apt to show the irregular or granular staining noted
above. These characters are, of course, not sufficient to differen-
tiate isolated bacteria of the two types, but cultures can usually
be identified readily by an ex-
perienced observer. Whether
or not one type may be trans-
formed into the other type
by animal inoculation or by
cultural methods is a moot
question. Some investigators
claim to have isolated typical
human bacilli from animals
that have been inoculated
with bovine baecilli, others
hold that there is no evidence
of the transfarmationsdil the " iur | o
one type to the other. How- vine, in a section of the peritoneum
ever this may ultimately be (Frinkel and Pfeiffer).
decided, it is certain that each .
type retains its characters with a considerable degree of con-
stancy. The existence of two well-marked varieties is unques-
tioned. The bacillus of avian tuberculosis resembles the bovine
type closely in its morphology and staining reactions.

Isolation.—The isolation of B. tuberculosis from lesions is
attended with considerable difficulty. This is even more pro-
nounced when an attempt is made to secure the organism from the
sputum or the feces where it exists in mixed culture.

It may be isolated from infected organs by securing bits of the
tissue and rubbing over the surface of inspissated blood-serum or
other suitable medium. The method worked out by Theobald
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Smith has given excellent results in the hands of numerous in-
vestigators. A dog is bled, using all aseptic precautions, from the
femoral artery into a sterile vessel and the blood allowed to clot.
The serum is removed by sterile pipettes to sterile test-tubes.
These are slanted and heated to a temperature of 75° to 76° for
about three hours, or until the serum is coagulated. The heating
must be done in a saturated atmosphere and the medium stored so
that there is no loss by evaporation. Bits of infected tissue are
placed upon the surface and kept in a thermostat for several weeks.
If no growth appears, the tissue is moved about and incubated
again. A constant temperature of 37° and a saturated atmosphere
must be maintained.

A procedure somewhat simpler than the preceding has been
described by Dorset and is found to give good'results. The shell
of fresh eggs is carefully broken, and the white and yolk dropped
into a sterile flask, the yolk broken with a sterile rod or wire, and
the contents of the flask shaken until the two are thoroughly mixed.
Foaming is to be avoided. The mixture is placed in tubes, slanted,
and heated at a temperature of about 70° for from four to five hours
on two days. This coagulates and sterilizes the medium. The
tubes should be stored where they will not lose water by evapora-
tion. Several drops of distilled sterile water should be added to a
tube just before ineubation. The isolation upon this medium is
carried out as outlined above. A growth may generally be ob-
served within ten days after inoculation with fresh tissue.

Isolations from sputum or feces, milk, or other substances in
which the organisms occur mixed with other forms, is attended with
some difficulty. It is usually accomplished by injecting the mate-
rial or the sediment yielded by centrifugation directly into a guinea-
pig. The bacilli may later be isolated in pure culture from the
nodules produced. Within recent years the use of ¢ antiformin
and similar substances has considerably simplified this procedure.
Antiformin is the trade-name given a disinfectant mixture having
the following composition:

Solution I. Sodium carbonate...........covvvvivvin.. 12 gm.
Chlorinated Mimyes e ity a2 a8, Daiih . 8 gm.
Distillod WaLer . s 207 H. b ot e « o bros o 80 gm.
Solutian' T1. Sodidn Ry dromidT il ot o .t e sl oo 15 gm.

Digtalled “water st Sy a0 Sl R pl e, 85 gm.
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Equal quantities of the two solutions are mixed for use. The
sputum or other material containing the tubercle bacilli is placed
in a centrifuge tube, and antiformin to about 20 per cent. of its
bulk, added. The tube is then corked, thoroughly shaken, and al-
lowed to remain in a dark place for twenty-four hours. It is then
centrifuged, the clear, supernatant liquid pipetted off, the tube
filled with sterile physiological salt solution, centrifuged, washed
a second time, and the sediment smeared over the surface of serum
slants. The antiformin destroys all other non-acid-fast bacteria
present and dissolves the mucus and most of the cell elements,
but when properly used, seems to have little effect upon the tuber-
cle bacilli, as they retain their vitality unimpaired. This is prob-
ably because of their chemical composition and waxy covering.

Cultural Characters.—B. tuberculosis does not grow readily
when first isolated upon culture-media, and will grow only upon
certain substances. After a few transfers it seems to become ha-
bituated to growth under these conditions and will develop through
a much greater range of temperature and on other media. Devel-
opment occurs best on media containing blood-serum, egg, or
similar proteins, or to which glycerin has been added.

The colonies upon blood-serum or glycerin agar appear in the
course of ten days or two weeks as tiny grains barely visible to the
naked eye. They gradually enlarge, and in subcultures become
confluent and cover the surface of the medium with a dry, rather
mealy, wrinkled growth; the colonies direct from lesions do not
coalesce usually. The growth is white and lusterless, or rarely in
old cultures cream or brown. In glycerin bouillon the growth
generally occurs as a more or less continuous, heavy, wrinkled,
white pellicle that breaks into pieces and sinks to the bottom when
the medium is shaken. Similar growths occur upon other media
which contain glycerin. In no other case is the growth so rapid.

Cultural characters which may be used in the certain differen-
tiation of the human, bovine, and avian tubercle bacilli are not
readily found. The organisms isolated from the human and from
the bird adapt themselves much more readily to artificial media
and grow more luxuriantly than does the bovine type.

Physiology.—The B. tuberculosis is aérobic. Its optimum
growth temperature is about 37.5° for the human and the bovine
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types and somewhat higher for the avian. The thermal death-
point is 60° for twenty minutes. This is, therefore, the minimum

Fig. 128.— Bacillus
tuberculosis, glycerin agar
slant (Curtis).

time and temperature for the efficient
pasteurization of milk. Sunlight de-
stroys the organism quickly, but it is
moderately resistant to desiccation.
Most of the physiological characters,
such as acid, gas, pigment,’and indol
production, are negative.

Theobald Smith has called attention
to what appears to be a very constant
differential character between human and
bovine tubercle bacilli. He found that
in glyeerin bouillon (2 per cent.) acid to
phenolphthalein the human bacillus
causes a permanent acid reaction, while
with the bacillus of bovine origin the
acidity diminishes and the reaction be-
comes alkaline if the growth environ-
ment of the culture is suitable. The
tuberculin prepared from the human
bacillus is acid, and from the bovine
bacillus alkaline. This difference has
been noted by other investigators since
its first description, and seems to be one
of the best methods of differential diag-
nosis.

Pathogenesis.—Tuberculosis- is char-
acteristically a chronic disease. Even
in experimental animals months are often
required for it to run its course. As
stated by Moore, “It does not destroy
life by acute toxemia, but by a chronic
and long-continued systemic poisoning
and by the morbid changes brought about
through the localization of these lesions
in the organs necessary to life.”

Ezxperimental Evidence of Pathogenests.—The laboratory animals
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are generally susceptible to infection with B. tuberculosis. The
constant presence of the organism in the lesions of the disease
and its ability to reproduce the disease are sufficient evidence
that it is the true etiologic factor.

Important differences in pathogenesis are to be noted among
the three varieties. The bovine bacillus is most pathogenic for
laboratory animals, the human next, and the avian least (except

-

Fig. 129.—Tubercular hypertrophy of the intestinal wall in the bovine
(Chaussé).

for birds). Guinea-pigs inoculated subcutaneously with bovine
bacilli generally succumb in less than fifty days; those inoculated
with human bacilli generally live more than fifty days. Intra-
peritoneal injection of the bovine type is fatal in seven to eighteen
days, of the human type in from ten to thirty-eight days. The
difference upon intravenous injection of the rabbit is even more
marked—with bovine bacilli death occurs within three weeks,
with human bacilli the animals usually live for several months
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and may even recover. The avian type ordinarily does not pro-
duce fatal infection in guinea-pigs, although rabbits succumb and
fowls and pigeons contract the disease readily.

Character of Disease and Lesions Produced.—Almost any part
of the body may be affected with tuberculosis. The disease,
wherever found, generally involves the lymphatics. It is charac-
terized by the development of nodules having an essentially similar
structure in all tissues. The presence of the tubercle bacilli in a
tissue causes a proliferation of the fixed connective-tissue cells to
form the beginning of a miliary tubercle. Lymphocytes are gener-
ally attracted and are present in the surrounding tissues in con-
siderable numbers. A more or less definite layer of ‘ epithelioid ”
cells forms the boundary of the tubercle. Typical giant-cells
with peripheral nuclei are found near the center. Coagulation
necrosis proceeds and the interior caseates. Encapsulation with
fibrous tissue may occur, and the whole may eventually become
calcified. These calcareous grains persist in healed tuberculous
areas. Tubercles frequently are formed in masses. In the cow
tubercular lymph-glands sometimes become as large or larger than
an orange.

The arrangement of the nodules frequently shows clearly the
path of the spread of the bacilli through lymphatic metastases.
Direct growth through tissues with invasion of new areas probably
rarely occurs. The organisms are not commonly found in the
blood-stream, although they may sometimes be carried to other
parts of the body by this means. Infection of the bones, joints,
and meninges probably occurs in this manner.

The organs most commonly the seat of lesions vary with the
species of animal and the mode of infection. In the human, pul-
monary infection (consumption) is most common, although in-
testinal tuberculosis, infection of the lymphatics of the neck
(scrofula), of the bones and joints (tubercular osteitis and arthritis),
of the meninges, and of the liver, spleen, kidneys, and other organs
of the body and the serous membranes lining the cavities, are not
uncommon. Lupus or tuberculosis of the skin is of frequent
occurrence in certain European countries. Catile generally show
nodules in the mesentery and in the peritoneum (Perlsucht or
pearl disease). The lungs and the accompanying lymph-glands
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and the intestines commonly show lesions. In a certain small
percentage of tuberculous cows, variously estimated from a frac-
tion of 1 to 5 per cent., tuberculous lesions may be found in the
udder. Any and all of the organs of the body may be infected.
Swine are most commonly infected in the lymph-glands of the
neck (swine scrofula), and in the abdominal organs and the lungs.
Avian tuberculosis most frequently attacks the abdominal organs,
particularly the liver and spleen, more rarely the lungs.
Immunity.—No true toxin has been demonstrated for the
tubercle bacillus. Endotoxins are produced. These are liberated
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Fig. 130.—Section of a tubercular intestinal wall showing the bacilli and giant-
cells (Chaussé).

from the cell with difficulty because of its composition and slow
dissolution. Specific agglutinins and precipitins have been de-
monstrated in the blood of infected individuals and in immune
serum. Opsonins, both normal and immune, have been shown to
occur. The development of bacteriolysins has not been satis-
factorily demonstrated.

Methods of active immunization are all dependent upon the use
of killed or attenuated bacteria or their products. The name tuber-
culin is given to any suspension of dead tubercle bacilli or a solu-
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tion of their products. As will be noted later, tuberculin is not
only of therapeutic significance, but of great diagnostic value.
Many types have been prepared by various workers. Some of
the more important will be described before a discussion of their
use in immunization and in diagnosis is undertaken.
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Fig. 131.—Tuberculin flask, showing the growth of Bacillus tuberculosis
(McFarland).

Koch’s Old Tuberculin (Alt Tuberculin).—Flat-bottomed
flasks containing 4 per cent. glycerin broth to a depth of 2 to 3 cm.
are inoculated with B. tuberculosis. The inoculated material is
carefully placed on the glass at the surface of the liquid in order
that it may spread out at once as a film over the surface. Unless
the organism is at the surface, little or no growth will occur. In
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the course of four weeks at blood-heat the surface of the broth is
covered with a heavy, wrinkled pellicle. By the end of eight weeks
it is ready for the preparation of the tuberculin. The contents of
several flasks are then united and placed in a porcelain evaporating
dish on a water-bath. The material is concentrated to about
one-tenth of its original bulk, when the glycerin content becomes
about 40 per cent. This constitutes the tuberculin commonly used.

Tuberculin of Denys.—This investigator believed that the
efficiency of the tuberculin was impaired by the heat used in con-
centration. He filtered unheated broth cultures through porcelain
and utilized the filtrate.

The tuberculol of Landmann, the tuberculocidin or antiphthisin
(A. P.) of Klebs, the oxytuberculin of Hirschfelder are all tuber-
culins prepared by various modifications of the original Koch
method, such as repeated extraction of bacilli at different tempera-
tures, treatment with H,O,, ete.

Koch’s purified tuberculin is prepared by adding 13 volumes of
absolute aleohol to the crude tuberculin and allowing the mixture
to stand twenty-four hours, collecting the precipitate on a filter
and washing in 60 per cent. alcohol, and finally drying in a desie-
cator at 100°. This material is diluted in water or glycerin before
use, being soluble in these.

Tuberculin R. or T. R. of Koch.—Young virulent cultures of
tuberele bacilli are dried in a vacuum, then ground in an agate
mortar or ball mill for a considerable period. The resultant pow-
der is next suspended in water, shaken, and centrifuged for half
to three-quarters of an hour at a speed of 4000 revolutions per
minute. The bacterial fragments are thrown to the bottom. The
portion of the tubercle bacilli that remain in solution Xoch termed
Tuberculinum O. (T. O.); the portion which is precipitated was
called Tuberculinum R. (T. R.). - Koch dried this T. R., reground
it, suspended and centrifuged to get rid of all the T. O. The T.
R. was originally planned for use in immunization. This residual
material was found to be largely free from the toxic action of other
tuberculin and of the T. O. This preparation has not come into
use, inasmuch as there is always a possibility that living virulent
organisms may survive the treatment and produce disease when
injected.
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New Tuberculin or Bacillus Emulsion of Koch.—The cultures
are prepared, dried, and ground as for the manufacture of T. R.
They are then suspended in glycerinated physiologic salt solution.
Some preservative, as phenol, is added. -

This by no means completes the list of preparations of the
tubercle bacillus. Most of them are of laboratory significance
only, the ones of any considerable practical importance being the
old tuberculin and the purified product.

The use of tuberculin as a prophylactic or cure has not proved
successful with the lower animals, nor has it in man when used
in large doses. Within recent years it has come into common use
in the treatment of human tuberculosis, minute injections being
given and care taken that no febrile reaction shall follow. Deter-
minations of the opsonic index from time to time have been used
with success in the determination of the proper spacing of the in-
jections. This method is intended to stimulate opsonin produc-
tion and thus aid the body in ridding itself of the bacilli.

The use of attenuated cultures, andvparticularly of cultures of
the B. tuberculosis from the human, has been advocated by von
Behring and others as a practicable vaccination method against
tuberculosis in cattle. This method seemed to promise good
results at first, but has failed when tried on an extensive scale.

Antisera have been prepared by repecated injections of various
animals with tuberculin T. R. and other products of the tubercle
bacillus. None of them has proved successful in conferring passive
immunity on other individuals.

In summary it may be stated that up to the present time no
practicable method of immunization against tuberculosis in cattle
has been developed, although in man the use of carefully regulated
injections of tuberculin is promising.

Bacteriologic Diagnosis.—Tuberculosis may be diagnosed bac-
teriologically by staining methods, animal inoculation, agglutin-
ation, and the tuberculin reaction.

Diagnosis by Staining Methods.—Tubercle bacilli may be
readily recognized by their acid-fast character when examined
microscopically. The presence of the characteristic acid-fast
bacteria in the tissues or sputum is generally sufficient to establish
diagnosis. This is not the case, however, with feces, milk, or
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other substances which may become contaminated with non-
pathogenic acid-fast forms common in dust, in soil, etc. Resort
must then be had to animal inoculation followed by isolation of
the characteristic bacillus, or to isolation by the use of antiformin.
The discovery of the bacilli in milk, sputum, and other body
secretions may frequently be greatly facilitated by centrifugation
and by the preparation of mounts from the sediment. Anti-
formin mixed with the material to be examined greatly aids in its
sedimentation without interfering in any way with its staining
properties, providing care is used in the washing as desecribed under
‘“ isolation.”

Diagnosis by Animal Inoculation.—This is the most delicate
method of determining the presence of tubercle bacilli. Intra-
peritoneal injections of the suspected material into a guinea-pig
will result in the development of the disease within a few weeks.
Non-pathogenic acid-fast bacteria may give some of the patho-
logical appearances of true tuberculosis, so that it is well to make
certain of the diagnosis by isolation and cultivation of the or-
ganism from the inoculated animal. An injection of tuberculin
may be used to shorten the period of time necessary to diagnosis
in the inoculated guinea-pig.

Diagnosis by the Agglutination Test.—Although specific agglut-
inins for the tubercle bacillus may be demonstrated in the blood
of those having the disease, the diagnosis by this method has
not proved practicable. Great care is necessary to secure a homo-
geneous suspension of the bacteria, and the agglutinins are rarely
present in quantity.

Diagnosis by the Tuberculin Tests.—Subcutaneous injection of
tuberculin into an infected animal causes a characteristic reaction.
The nature of this reaction varies to a considerable extent with the
manner and site of the injection or application. Subcutaneous
injections are usually used in cattle; in man the dermo-, cuti-, or
ophthalmo-reactions are commonly employed.

The test of cattle is made by injecting a standard dose of tuber-
culin. This is about the equivalent of 0.25 c.c. of Koch’s Old
Tuberculin. The normal temperature of the animal should be
ascertained before injection. This is most accurately determined

by taking the temperature every two hours on the day preceding
21
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the test, but in practice frequently but one or two preliminary
determinations are made. After six or eight hours the tempera-
ture is again to be taken every two hours for the remainder of the
twenty-four hours after injection. Care must be exercised that
the animals are kept under normal conditions during the test, and
that they remain quiet. Animals in heat or advanced in preg-
nancy or suffering from other diseases should not be tested. A
positive test should show an increase of at least 1.5° above the
previous maximum recorded temperature. The temperature
usually begins to rise in about eight hours, and reaches its maximum
in from ten to eighteen hours after injection, then gradually
subsides. There are many theories of the mechanism of the tuber-
culin reaction, but it is now believed to be explained best on
the basis of anaphylaxis. The fact that the amount of tuberculin
used in the test is not appreciably poisonous to a healthy animal
indicates that the infected animal has become sensitized against
the bacterial constituents, probably proteins The presence of a
specific allergin has not been satisfactorily demonstrated, but some-
thing of that nature is probably present and renders the tissues
sensitive, principally about the lesions. That this sensitiveness
extends to other tissues also is shown by the ophthalmic and other
reactions to be described presently. It is a well-known fact that
one injection of tuberculin will prevent a reaction to a second
injection made shortly after. ~This fact is made use of by dishonest
cattlemen in vitiating the tuberculin test. The probable explana-
tion of this fact is that the body is in a condition of anti-anaphy-
laxis, that the allergin has been exhausted by the preceding dose,
and there has been insufficient time for the accumulation of a new
supply. There is no evidence that the use of tuberculin as or-
dinarily practised ever results in the sensitization of the animal.
This is an important point, as the test can be used repeatedly in a
herd of cattle, and the results may be relied upon. Animals n
advanced stages of the disease frequently fail to react. In such
cases it is probable that the body is in a state of immunity to the
proteins of the tubercle bacillus. As was stated in the discussion
of anaphylaxis, the mechanism of this immunity is not well under-
stood. This immunity to injections of tuberculin must not be
confused with immunity to the disease, for it seems that these
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rest upon quite different factors. The diagnosis of tuberculosis
in the human is generally accomplished by other means than in-
jection, on account of the severity of the reactions. In cattle it
may be relied upon quite implicitly if the test is carried out prop-
erly.

Von Pirquet has described a cutaneous tuberculin reaction that
is of diagnostic value in man, particularly in young children.
The inner side of the forearm is washed with ether. One drop
of old tuberculin is applied, and another at a distance of about
10 em. The skin is slightly scarified and the drops rubbed with a
bit of cotton. A positive diagnosis is evidenced by the develop-
ment of a papule resembling that of vaccinia. The reaction is
quite local, showing that the tissues of the body distant from the
tuberculous lesions have been sensitized. The method has been
extensively tested and has been found quite accurate. Von
Pirquet secured positive reactions in 87 per cent. of the clinically
tubercular, in 20 per cent. of clinically tubercular free. The
reaction was found to be far more accurate during the first year
of life than later. Ligniéres modified this method by shaving the
skin and avoidiflg scarification. Six drops of undiluted old tuber-
culin are applied and rubbed with a bit of absorbent cotton. The
reaction is similar to the preceding. It has been termed the anti-
tuberculin reaction. The intradermal method has yielded satis-
factory results when used upon cattle by some investigators; others
find it less reliable than subcutaneous injection.

The ophthalmo-reaction of Calmette and the conjunctival reaction
of Wolff-Eisner have likewise found extensive use in recent years
in human diagnosis. A tuberculin specially prepared free from
glycerin and other irritants is dropped into the conjunctival
sac. A positive reaction consists in the appearance of a pronounced
conjunctivitis, which shows itself in five or six hours and disappears
in two or three days. This reaction may be used upon cattle, but
it is not as specific as the subcutaneous injection.

Transmission and Prophylaxis.—Channels Through Which
the Organisms Leave the Body.—These are determined largely in
both man and animals by the localization of the lesions. The
organism is to be found in the sputum in man and animals affected
by pulmonary tuberculosis. The infectious droplets thrown out
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in coughing and the contamination of drinking-vessels are common
sources of infection. Material coughed up from the lungs by
cattle is commonly swallowed, and both pulmonary and intestinal
tuberculosis in these animals results in large numbers of organ-
isms being thrown off with the feces. This is probably the most
important channel of exit in the cow. Tuberculosis in swine fol-
lowing cattle is undoubtedly due to the ingestion of bacteria voided
in this manner. Contamination of milk with tubercle bacilli is
almost inevitable when they are constantly present in the feces.
Milk is also found to contain tubercle bacilli when lesions are
present in the udder. Whether or not they may be present when
the udder is not tuberculous is a mooted question, but as the
bacilli can rarely if ever be demonstrated in the blood, it is not
probable that they can enter the milk direct when the udder lesions
are absent. The urine may occasionally contain the bacteria.
The disease is probably never inherited, the offspring being in-
fected only when the disease infects the uterus and the placenta.
This fact is of importance, for upon it the Danish veterinarian,
Bang, has outlined a practicable method of building up herds free
from tuberculosis. The calves are separated from their tuberculous
mothers soon after birth and are fed only upon pasteurized milk.
Those animals known to be tuberculous are separated from the
others and a quarantine strict enough to prevent the transfer of
the disease from infected to non-infected animals is established.
Infection Atria in Tuberculosis—The portals of entry of
Bacillus tuberculosis have been investigated at length in recent
years, but there are still discrepancies in the results of investigators
that are unexplained. One group of tuberculous infections, par-
ticularly the pulmonary type in man, is probably due to inhalation
of the organisms. This was at one time universally conceded, but
the work of Calmette and others has shown that primary pul-
monary tuberculosis may result from ingestion of the organisms.
Certain investigators believe this to be far more common than in-
fection by inhalation. It has been shown that the tubercle bacilli
may be demonstrated in the thoracic duct of a dog fed upon the
organisms within a few hours after their ingestion, and without
any apparent lesion of the intestinal wall. The alimentary tract
is undoubtedly the infection atrium in most cases of intestinal
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tuberculosis and of infection of the other abdominal organs, the
mesentery, and the peritoneum. The tonsils are believed with
good reason to permit the infection of the neighboring lymph-
glands and the consequent production of scrofula. Cutaneous
lesions following abrasions or cuts of the skin have been observed,
particularly in butchers, and in a few instances in veterinarians.

Intertransmissibility of Human, Bovine, and Avian Tuberculosis.
—Human tubercle bacilli do not readily infect cattle. When
injected, they may cause local, but rarely general, infection. The
fact that the human and bovine types of bacilli may be differen-
tiated has already been emphasized. Both types of baeilli produce
fatal infection in the monkey. Instances of probable cutaneous
infections of man from cattle are on record.

Park and Krumweide have outlined the factors which must
be taken into consideration for differentiation of the bovine and
human type of tubercle bacilli. In their own isolations of the
tubercle bacilli from the human they have used the following
criteria:  ““ All cultures showing maximum luxuriance on glyeerin
egg in primary cultures are certainly human. All cultures not
showing maximum luxuriance should then be transferred to
glycerin egg, potato, and glycerin egg with bouillon added. Cul-
tures which have failed on glycerin egg should also be transferred
on plain egg, as glycerin egg may again fail. All cultures showing
maximum luxuriance are quite certainly human.” The forms
which show a very sparse growth are as quite certainly bovine.
Intermediate forms are tested upon rabbits, and, if necessary, upon’
calves.

Swine readily contract bovine tuberculosis. They have also
been known to become infected with avian tuberculosis through
the consumption of birds dead from the disease.

Birds contract the disease from each other by ingestion of
excreted bacteria. Whether or not the disease may start from
ingestion of bovine or human tubercle bacilli is not certainly
known.

It is evident that while each of the types of tubercle bacilli are
generally associated with a specific host, on the other hand,
each may, under appropriate conditions of infection and suscep-
tibility, produce infection in other hosts.
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The following table, adapted from a paper by Park and Krum-
weide, summarizes 1042 cases of human tuberculosis reported in
which the bovine or human character of the organism was deter-
mined. The age groupings are particularly interesting.

ApvuLTs CHILDREN CHILDREN
16 yrs. and over. l 5-16 yrs. Under 5 yrs.
DragNosis. e o S P
Human BovineiHuman“ Bovine | Human | Bovine
- |— = i G
Pulmonary tuberculosis........ 568 ‘ 1| 11 ‘ 12
Axillary inguinal tubercular |
ademitie: f TSNS RS Ll 4 " 2
Cervical tubercular adenitis. . . . . 22 1 83 20 115 20
Abdominal tuberculosis. . ... ... RS 3 7 17 6 13
Generalized tuberculosis of ali- i j
mentaryorigin.............. GRNIR el 3 13 10
Generalized tuberculosis. ....... 28 < et 28 5
Generalized tuberculosis and
meningitis of alimentary origin e 3 8
Generalized tuberculosis and B
1.0z 0081 -4 (01 S S A U { 4 1S s 7 e 45 1
Meningitis. ... ..........o.eon LY ST RSP 2
Tuberculosis of bones and joints.| 18 (1 | 26 | 1 | 21 /|
QRLEE Gy PRl g iRk NS L e O 2o AL 2
SLORAREY N Ao R e v 1| 677 | 9 . 99 ‘ 33 161 59

There seems to be no reasonable doubt but that the bovine
tubercle bacillus may infect the human. The above table shows
it to be common enough in children under sixteen years to justify
all reasonable precautions against the ingestion of infected meat
and milk. The danger to the adult would appear to be almost
negligible.

Bacillus of Johnes' Disease

Disease Produced.—Chronic enteritis or para-tubercular dys-
entery of cattle.

Johnes and Frothingham, in 1895, described an acid-fast
organism as the probable cause of chronic dysentery in cattle.
They believed the organism to be identical with the avian tubercle
baeillus, but this has been disproved by subsequent investigations.
It has not received a specific name.

Distribution.—The disease has been noted in various parts of
Europe and in the United States. Cases have been reported from
Wisconsin, Minnesota, and Iowa.
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Morphology and Staining.—The organism closely resembles the
Bacillus tuberculosis morphologically. It is a slender rod, usually
1 to 2 ¢ in length, rarely longer. It is non-motile. Neither
spores nor capsules have been observed. It does not stain readily
with the aqueous anilin dyes unless mordanted. When once
stained, it is acid-fast. The same staining technic may be used
as with the tubercle bacillus.

Isolation and Culture.—Bugge and Albein claim to have isolated
the organisms, but details are lacking. It has not been culti-
vated by other investigators.

Pathogenesis.— Experimental Evidence—The disease has not
been transmitted to any of the laboratory experimental animals.
The belief that it is the etiologic factor
in the disease rests upon its constant
presence in the lesions.

Character of Disease and Lesions Pro-
duced.—The disease is characterized by
progressive emaciation and persistent
chronic diarrhea, with commonly fatal
termination. The lesions are confined
to the intestines, small intestines pri- g - ;
marily, and the colon secondarily. The Joliis’ }i?szé;fﬁllls‘;scti:;
mucosa shows thickening and wrinkling,  of intestinal wall.
but there is little evidence of conges-
tion. The lesions are not sharply limited, there is no necrosis,
although some of the villi may be denuded of epithelium. Giant-
cells may rarely be demonstrated, but tubercle formation does not
oceur.

Immunity.—Nothing is known relative to immunity to this
disease.

Bacteriologic Diagnosis.—No practicable method of bac-
teriological antemortem diagnosis has been developed. The
presence of acid-fast organisms in large numbers in the thickened
mucosa in the absence of nodule formation is diagnostic on post-
mortem.

Transmission.—The disease is doubtless transmitted by inges-
tion, but this has not been experimentally demonstrated.
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Bacillus lepra

Synonyms.— Bacterium lepre; Mycobacterium lepre.

Disease Produced.—Leprosy in man.

Hansen, in 1872, discovered the bacillus of leprosy in the lesions
of the disease. It was studied more at length by Neisser and
Hansen, who published their report in 1880.

Distribution.—Leprosy is common in Asia, northern Europe,
in certain Pacific Islands, and is found occasionally in various
parts of the United States. A similar, though probably not
identical, disease has been noted by Wherry and others in rats.

Morphology and Staining.— B. lepre resembles the B. tubercu-
losis. It is a slender rod, frequently as much as 6 ¢ in length. The

Fig. 133.—Bacillus lepre (Kolle and Wasserman).

rods are usually straight, non-motile, do not produce spores or
capsules. They stain somewhat more readily than the B. tuber-
culosis, but are distinctly acid-fast.

Isolation and Culture.—Several investigators claim to have
cultivated the leprosy bacillus, but the results in every case need
confirmation. It is not certainly known that it has ever been suc-
cessfully grown upon artificial media.

Physiology.—Until the organism can be secured in pure cul-
tures, little or nothing can be determined as to its physiology.

Pathogenesis.— Experimental Evidence.—Lower animals, with
the possible exception of the monkey, cannot be successfully
infected with the Bacillus lepre. Arning succeeded in infecting
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a criminal in the Hawaian Islands by subcutaneous implantation
of leprous tissue. The belief in the pathogenicity of this organism
rests principally upon its presence in great numbers in the.leprous
tissues.

Character of Disease and Lesions Produced.—The organisms may
proliferate in the nerves, causing anesthetic leprosy; or in the
subcutaneous tissues, producing nodules resembling superficially
those of tuberculosis. The disease progresses slowly, the infected
individual surviving for years or even several decades.

Immunity.—Methods of immunization are unknown.

Bacteriologic Diagnosis.—The disease may be diagnosed bac-
teriologically by scraping a nodule and preparing a smear from
the serum so obtained. The characteristic acid-fast organism
may be demonstrated. In the hands of some investigators the
complement binding reaction (using extracts from leprous organs
as the antigen) has proved of diagnostic value.

Transmission.—The method of the spread of leprosy is not
understood.

Non-pathogenic Acid-fast Bacteria

Many species of non-pathogenic acid-fast bacteria have been
described, and from a variety of sources. Some are normal
inhabitants of the skin, others occur in dung and in soil. The
presence of these organisms upon the body, in milk, ete., frequently
renders a differential diagnosis necessary between them and the
Bacillus tuberculosis. A few of the more important types will be
briefly described.

Bacillus smegmatis.—This organism has been repeatedly
observed in the smegma from the genitals of man and animals
and from the skin of the axille. Morphologically it resembles
the tubercle bacillus. Its isolation is accomplished with consider-
able difficulty and only upon media containing blood-serum. The
B. smegmatis is non-pathogenic. It is of importance principally
because of the possibility of confusion with B. tuberculosis when
it occurs in the urine. Although the smegma bacillus is acid fast,
it may be decolorized by aleohol according to most authors.

Dung Bacillus, Grass Bacillus of Moeller, Butter Bacillus, etc.
—Acid-fast bacteria not unlike the B. tuberculosis in morphology
have been isolated from a great variety of sources. They may in
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general be easily differentiated from the tubercle bacillus, as they
do not produce a generalized tuberculosis when inoculated into
experimental animals. However, nodules resembling those of
tuberculosis are found as a result of the injection of some species.
The organisms when isolated upon culture-media, however, are
found to develop luxuriantly even at room-temperatures. It is

Fig. 134.—Bacillus smegmatis, 1n a stained smear of preputial smegma (Frinkel
and Pfeiffer).

interesting to note that isolation of such bacteria from soil has been
accomplished by the use of antiformin. The differential diagnosis
of these forms from B. tuberculosis must always be accomplished
by both animal inoculation and isolation upon culture-media.
In making a diagnosis of tuberculosis from stained mounts the pos-
sible presence of these forms must constantly be borne in mind.



CHAPTER XXXI

ANTHRAX GROUP

THE organisms Bacillus anthracis and Bacillus lactimorbi are
included in this group. It is possible that the latter organism
might better constitute the type of another group, but it resembles
the B. anthracis in a sufficient number of its morphological charac-
ters to render a tentative association of the two forms justifiable.

The organisms belonging to this group are aérobic bacilli which
form spores, are gram-positive, and liquefy gelatin. These two
bacilli are the only pathogenic aérobic spore producers which have
been described.

This group is in reality a subdivision of the much larger Bacillus
subtilis, or hay-bacillus group of bacteria. Organisms closely
related morphologically and culturally to the Bacillus anthracis
are ubiquitous; they are found by tens of thousands in every gram
of most surface soils. A dozen or more species of these soil organ-
isms have been described, some of them so similar to the anthrax
bacillus that they can practically be differentiated only by suitable
animal inoculations. These bacteria are among the most active
in nature in bringing about the decomposition of organic substances
in the soil, particularly in the series of changes grouped together
under the heading of Ammonification.

Bacillus anthracis

Synonym.— Bacterium anthracis.

Diseases Produced.—Anthrax, splenic fever, Milzbrand, char-
bon in cattle, sheep, and rarely other animals; malignant car-
buncle, woolsorters’ disease, in man. ‘

Pollender, in 1849, observed B. anthracis as minute rods in
the blood of cattle which had died of anthrax. Davaine also
observed and described it in the following year. The complete
proof that this organism causes the disease was furnished by the
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work of Dr. Robert Koch, published in 1876. Methods of vac-
cination were developed by Toussaint in 1880, and by Pasteur
in 1881.

Distribution.—Anthrax has been recorded in Europe since
ancient times. It is known also from Africa, Asia, Australia,
and South America. It has been reported from about one-third
of the States of the United States, and probably occurs sporadically
in most of them. The disease in this country is not common, ex-
cept in a few thoroughly infected localities.

Morphology and Staining.— Bacillus anthracis is a large rod,
straight, usually with truncate ends, 1 to 1.25 by 4.5 to 10 4, in
short chains when examined in tissues or blood and in long chains
in culture-media. It is non-
motile. Capsules may be
demonstrated in smears from
blood and other tissues.
Spores are produced only
when the organism is grown
in the presence of free oxygen.
They do not, therefore, occur
in the bacillus as found in the
blood and the tissues. The
single spore produced by a

) cell is oval or spherical, oc-
Fig. 135.— Bacillus anthracis, rods with- cupies the middle of the cell,
out spores (Giinther). and is of almost the same
diameter. The spores are
much more refractive than the protoplasm of the non-sporulating
cells. The spores germinate on being brought under favorable
growth conditions by breaking through the spore-wall at the pole.
They may be demonstrated by a contrast spore stain. The
vegetative rod stains readily with the aqueous anilin dyes and
is gram-positive. Metachromatic granules may rarely be demon-
strated.

Isolation and Culture.—B. anthracis may be readily isolated
in pure culture, upon any of the common laboratory media by
direct inoculation from the blood of an infected animal or from
the internal organs, particularly the spleen or liver. Plate cul-

—
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tures in agar or gelatin are sometimes necessary when the organism
is mixed with other forms. The colonies microscopically are
found to consist of long chains of bacilli, which, under the low
power, resemble tufts of curled hair. This appearance is quite
characteristic, but is closely duplicated by certain soil organisms
of the Bacillus subtilis group. In gelatin stabs a ‘ spiking ”’
occurs, 1. e., filaments radiate from the line of puncture and give
the appearance of an inverted fir tree. The gelatin is liquefied
slowly. The growth on potato is creamy in color and rather dry
in consistency. Blood-serum is slowly liquefied. Milk is rendered
slightly acid, curdled by a lab ferment, and the casein digested.

Fig. 136.—Bacillus anthracis, with spores (Frankel and Pfeiffer).

In bouillon the organism frequently forms a pellicle which readily
settles to the bottom. Clouding of the medium does not
oceur.

Physiology.— Bacillus anthracis grows best in the presence of
oxygen. The optimum growth temperature is about 37°. It
will grow at temperatures as high as 45°, and also at room-temper-
ature. The vegetative rods are easily destroyed by heat, but the
spores must be heated to 100° for five minutes before they are
certainly killed. The spores likewise exhibit great resistance
to desiccation. Dried upon threads, they have been known to
retain their vitality for years. Five per cent. phenol destroys
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the spores only after prolonged contact. A rennet-like enzyme
and ferments which digest casein, gelatin, and blood-serum are
produced. Acids and gas are not formed. .
Pathogenesis.— Experimental Evidence.—Guinea-pigs, mice, and
rabbits are very susceptible to experimental inoculation. The
subcutaneous injection of anthrax bacilli results in the develop-
ment of a quickly fatal septicemia having the characters of the
disease as it occurs in the larger animals. The carnivora are
relatively immune. Birds show a high degree of immunity.
Inoculation of cattle, sheep, swine, and other susceptible domestic
animals with pure cultures of the organism invariably produces

Fig. 137.—Bacillus anthracis colony Fig. 138.—Bacillus anthracis, stab
(Giinther). culture in gelatin (Giinther).

the disease, so that there is no question of the causal relationship
of this organism.

Character of Disease and Lesions Produced.—As it occurs in
animals the disease is usually a distinct and rapidly fatal septi-
cemia. Hemorrhagic and serous infiltration of the subcutaneous
and other connective tissues and subepidermal hemorrhages are
characteristic. The spleen is much enlarged, often several times
its normal size. The liver, kidneys, and lungs are usually congested
and ecchymotic. The organism is to be found in great numbers
everywhere in the blood-stream. Cutaneous infections in horses
and man, rarely in cattle, develop as earbuncles from which the
organism may not invade the general circulation, and healing
may occur. Commonly, however, this infection terminates
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fatally. Pulmonary infection resulting in a pneumonia with
quickly fatal termination may occur from inhalation.
Immunity.—No true toxin has been demonstrated for the
anthrax bacillus, in fact, it is difficult to account for the patho-
genicity of the organism on the basis of specific poison formation.
Immune serum is claimed by some investigators to have a con-
siderable specific agglutinative power, but others have failed to
demonstrate this. It seems that this reaction is inconstant and
may be entirely absent, even though the serum have a high im-
munizing value. Certain normal bloods, as from the dog, show
bacteriolytic power, but specific bacteriolysins cannot be demon-
strated in most immune sera. Opsonins, both normal and im-
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Fig. 139.— Bacillus anthracis, stained mount of blood, showing the capsules of
the bacilli (Preisz).

mune, have been demonstrated. Aggressins, according to Bail,
account for its pathogenicity. Many theories of immunity in
anthrax have been developed, but none of them has been gener-
ally accepted as solving the problem wholly.

Active immunization by vaccination has been extensively
practised. The organism may be attenuated in a variety of ways.
The first developed was that of Pasteur, and it is still the one most
commonly used. The organism is grown at a temperature of
42° to 43° for varying lengths of time. The pathogenicity grad-
ually decreases until injections no longer kill the rabbit; longer
growth attenuates it until the guinea-pig is not susceptible, and
finally even the mouse will not succumb. The exact length of
time required for attenuation in each instance can be determined
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only by experimentation, as there are many unknown or uncon-
trolled factors involved. Chamberland and Roux found that atten-
uation could likewise be accomplished by the use of small amounts
of certain antiseptics in the culture-medium. Omne part in 600 :
800 of phenol, and one part in 2000 : 5000 of potassium bichro-
mate were found to reduce the virulence so that ten days’ exposure
rendered the organism non-virulent for the sheep. Numerous other
methods of attenuation have been proposed, such as heating to a
temperature just below the thermal death-point, and injection into
resistant animals, such as the frog and white rat. These latter have
no practical significance. Before use the virulence of cultures grown
from sixteen to eighteen hours at 37° must be determined. Rab-
bits, guinea-pigs, and mice are inoculated with varying amounts—
usually from {5 to 1% of astandard loopful of the culture is in-
jected subcutaneously. An exposure to a temperature of 42.5° for
eleven days renders the organism non-virulent for the rabbit, but
an exposure of twenty days is required before it shows diminished
virulence for the guinea-pig, and of ten weeks before it becomes
non-virulent for the mouse. Experiments have shown that the
organisms once attenuated do not regain at once their virulence
when cultivated at 37°. Pasteur believed that the attenuated
forms lost their power of spore production, but avirulent types
have since been shown to be sporogenous and not to be differen-
tiated morphologically from the fully virulent form. Slight
cultural differences have been described. Pasteur prepared vac-
cine of two grades of virulence. The ‘ Premier vaccine ”’ (vaccine
1.) killed white mice with certainty, was irregular in pathogenicity
for guinea-pigs and fvirulent for rabbits. The  Deuxieme vac-
cine”’ (vaceine II.) killed guinea-pigs and was somewhat virulent
for the rabbit. About 0.25 c.c. of vaccine I. is used for cattle, half
the amount for sheep. Twelve days later a similar injection of vac-
cine II. is made. The use of the Pasteur vaccination method has
been attended with highly satisfactory results in European coun-
tries, although not so good in the United States. Variations in the
virulence of vaccine II. and also differences in susceptibility in
the vaccinated animals lead to a loss among such animals which
averages about 1 per cent. in cattle and somewhat more in sheep as
a direct result of the vaccination. Many modifications of the
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original Pasteur method have been suggested, but in only slightly
modified form it is the one still most commonly used.

Attempts to used killed cultures of anthrax bacilli or their
sterile produets in producing immunity have failed to yield satis-
factory results in practice. Bail claims that an active immunity
may be established by the use of aggressins. The material used is
the serous fluid from animals dead from anthrax; this is sterilized
by phenol and injected into an animal to be immunized. The
aggressin should preferably be secured from the same species of
animal as the one to be immunized. The immunity is not estab-
lished until after the lapse of ten days or more. When established,
it is claimed that the animal will resist infection with fully virulent
cultures. This method of immunization with aggressins has not
been thoroughly tested out.

Passive immunization by means of antisera has been tried by
numerous investigators. Cattle, the horse, ass, and sheep have
been used in the production of such sera. The animals are first
immunized by Pasteur’s method of vaccination, and in ten days
or two weeks from 157 to 545 of a loop of a fully virulent culture
is injected. This is generally followed by a strong reaction. Two
or three weeks later a somewhat larger dose is given, and the dosage
is gradually increased until many loopfuls—then entire cultures—
are injected. In three to four months an immunity is developed
such that the subcutaneous injection of several cultures from agar
slants may be made without noteworthy reactions. The blood
is drawn about two weeks after the last injection. The animal
may-then, after the lapse of two weeks, be again injected and again
bled. The serum is pipetted off and preserved with 0.5 per cent.
phenol. Exact methods of standardization such as are used with
antitoxins cannot be employed. An approximation of the potency
can be reached by the intravenous injections of varying amounts
of serum into rabbits, and five to ten minutes later inoculating each
subcutaneously with ;v of a loop of a virulent culture. A
serum is regarded as usable if two out of five animals injected with
2, 3, 4, 5, and 6 c.c. of the serum survive, and the remainder live
longer than control animals. As noted above, the immune serum
contains agglutinins, some bacteriolysins, and opsonins specific
for the anthrax bacilli. The serum may be used, both in prophy-

22
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laxis and cure. It is of therapeutic value in man, also. Ten c.c.
is a prophylactic dose for sheep. The serum is of greatest use
where it is necessary to immunize large numbers of animals quickly,
as in a herd of sheep in which anthrax has made its appearance.
The serum has not been used extensively enough to warrant defi-
nite statements of its value, although many favorable reports Rave
been recorded. (R :

Simultaneous injection of antisera and virulent cultures has
been advocated by Sobernheim. Its value has not been satis-
factorily demonstrated. 2

Bacteriologic Diagnosis.—Smears from the blood or tissues of
an animal show short chains of large, gram-positive rods, with
blunt ends. Capsules may be demonstrated in the blood. A stab
culture in gelatin will give the characteristic spiking. Animal
inoculations may be used where the organism is not in pure culture.

Transmission.—Anthrax is usually transmitted from one ani-
mal to another by ingestion, more rarely through skin lesions.
Cutaneous infection and infection by inhalation are most common
in man. The organism does not sporulate within the body.
Dead animals should be burned or buried deeply. The excretions
from an infected animal, the feces in particular, contain many
bacteria which ecan form spores on leaving the body. Pastures
once infected may remain so for many years, as the spores are not
readily destroyed by desiccation and may persist in the soil for a
long time. Blood-sucking flies sometimes spread the disease from
one animal to another by direct inoculation. Care should always
be used in dealing with infected animals, as the disease is fatal to
man as well.

Bacillus lactimorbi

Diseases Produced.—Trembles of cattle; milk sickness of man;
‘ alkali-poisoning ” in the southwestern United States.

Jordan and Harris, in 1909, described the Bacillus lactimorbi
as the probable cause of trembles in cattle and of milk sickness
in man. The organism was first isolated in an outbreak in New
Mexico. i

Distribution.—The disease has been reported from Ohio,
Tennessee, Carolina, Kentucky, Illinois, Indiana, and the south-
western states and territories,
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Morphology and Staining.—The Bacillus lactimorbi is a rod
somewhat smaller than the anthrax bacillus, usually single or in
pairs, occasionally in filaments. It is motile by means of 10 to 15
peritrichous flagella. Capsules have not been observed. Spores
are produced in the ends of the rods, and are slightly greater in
diameter than the rod itself. The young rods stain unevenly
with methylene-blue, and show very distinct metachromatic
granules. The organism is gram-positive.

Isolation and Culture.—Jordan and Harris isolated the organ-
ism directly upon agar plates from the intestinal contents—bile,
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Fig. 140.—Bacillus lactimorbi, showing rods and spores (X 1100) (Jordan
and Harris in ““ Journal of Infectious Diseases’’).

spleen, liver, and pericardial fluid. The agar colonies are small
and Streptococcus-like. The growth on agar slants is moderate
at first, later more luxuriant, but without distinet differential
characters. Gelatin stabs show incipient liquefaction in about
ten days. Bouillon is somewhat clouded, and a well-defined
pellicle forms. Milk is not coagulated. In litmus milk the reac-
tion is observed to become more alkaline, and there may be some
development of opalescence due to the great increase in alkalinity.
There is no growth upon potatoes. Blood-serum is not liquefied.
Physiology.—The optimum growth temperature is probably
about 37°, although good development takes place at room-temper-
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atures. The thermal death-point for non-sporulating rods is
55° for five minutes, and for the sporulating rods, 100° for fifteen
minutes. The organism is aérobic. Neither gas nor acids are
produced from carbohydrates. Gelatinase is produced, but
not enzymes that will proteolize milk or blood-serum.

Pathogenesis.— Experimental Evidence.—The proof that this
organism stands in an etiologic relation to the disease does not
seem to be entirely satisfactory. An organism not distinguishable
from this has been isolated from soil, dung, and hay in localities
from which the disease has not been reported. Intraperitoneal
injection of the heart blood from a case of trembles into a rabbit
resulted in death, and the organism was recovered from various
internal organs. Subsequent efforts at infection with pure cul-
tures failed. Inoculations into the guinea-pig were unsuccessful.
Feeding experiments upon dogs and cats were more successful,
and a disease corresponding to milk sickness was produced when the
organisms were fed in large quantities.

Character of Disease and Lesions.—Jordan and Harris give the
following characterization of the disease. ‘ The course of the
disease in cattle is marked by lassitude and muscular weakness,
sometimes, but not invariably, accompanied by constipation.
There is often muscular twitching or trembling, and oceasionally
signs of nervous excitement. In man there is, as a rule, excessive
vomiting, and obstinate constipation accompanied by great weak-
ness. The temperature is normal or subnormal.” In cattle, the
principal lesion observed is fatty degeneration of the liver. Ecchy-
moses in the heart-wall, the liver, and spleen have been noted.

Immunity.—Experiments relative to the agglutinating power of
serum have not yielded consistent results. Nothing is known of
methods of conferring immunity.

Bacteriologic Diagnosis.—The organism may be isolated in pure
culture from the infected organs and may-be identified by its char-
acteristic morphology.



CHAPTER XXXII

ABORTION BACILLUS GROUP

O~E organism only, the Bacillus abortus of Bang, is placed in
this group. It should be noted that other organisms besides the
one here discussed are doubtless occasionally responsible for abor-
tion in cattle and other animals.

Bacillus abortus

Synonyms.—Abortion bacillus of Bang; Bacterium abortum.

Disease Produced.—Contagious abortion in the cow.

Bang, in 1897, described a Bacillus as the probable cause of
contagious abortion in the cow. The specific organism was isolated
with difficulty. It has been isolated since that time in Europe
several times, and, more recently, in the United States. Several
investigators in the United States have described members of the
colon group and of other groups as present in contagious abortion,
but it is doubtful whether in many ecases appropriate cultural
methods have been utilized for the isolation of this organism.

Distribution.—Contagious abortion has been reported from
many localities on the continent of Europe and in Great Britain.
It is known to occur in all sections of the United States.

Morphology and Staining.— Bacillus abortus is very small, and,
according to Nowak, resembles the bacillus of chicken cholera.
Nowak, on the basis of its morphology, groups it with the Pas-
teurellas or hemorrhagic septicemia bacilli. It is polymorphir
in culture-media. Involution forms occur as branched and clubbed
types. It is non-motile, and neither eapsules nor spores have been
demonstrated. It stains readily by the aqueous anilin dyes,
frequently showing polar granules. It is gram-negative.

Isolation and Culture.—The isolation and cultivation of Bacillus
abortus are attended with peculiar difficulties. The organism
may be frequently obtained at once in pure culture from the
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heart blood or the intestines of an aborted fetus. Bang used a
medium consisting of nutrient agar, to which he added liquid gela-
tin and sterile liquid blood-serum. These tubes were inoculated
with suspected material, mixed well, and kept at blood-heat.
In the course of three days numerous colonies developed in a
definite stratum a few millimeters below the surface. As will be
noted under the discussion of physiology, the organism has an
unusual relationship to oxygen, and the amount of oxygen neceded
for its development is to be found at the depth at which the colo-
nies form. These colonies are compact, rounded, or somewhat
irregular, sometimes showing a dense nucleus surrounded by a

Fig. 141.—Bacillus abortus'(Nowak).

lighter zone. When the organism is present in impure culture,
as in the vagina of the cow, other methods are necessary for its
isolation. Nowak has described a procedure which has proved
satisfactory in the hands of several investigatbrs. Probably
simpler methods will be devised in time, but this appears to be the
best thus far developed. The material is smeared over the surface
of successive tubes of serum agar or over the surface of this medium
in Petri dishes. These are allowed to stand for several days, and
the colonies which develop are marked, as they are not B. abortus.
The plates are then placed in a desiceator, whose cubic content
of air has been determined, and plates of agar thickly seeded with
Bacillus subtilis are introduced, so that about 16 sq. em. of surface
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is present per every 240 c.c. of space. It has been found experi-
mentally that this will diminish the oxygen pressure to a point
where the Bacillus abortus will develop. After three days the
plates are examined and search made for the B. abortus in the
spaces between other colonies on the original plates. This same
device, of reducing oxygen pressure by means of cultures of Bacil-
lus subtilis, may be used in the study of growth-characters on
other media. The organism will grow in agar without addition
of serum, particularly at the surface, but the addition of serum is
decidedly beneficial. The colonies develop at the surface in about
three days at 37° as small, usually discrete, transparent dots. In
shake cultures in serum agar they appear in about four days in
a well-defined stratum about 10 to 20 mm. below the surface.
The individual colonies may reach a
diameter of 1 mm. when well separated
from each other. Growth in gelatin
at room-temperature is slow. Bouil-
lon cultures show development some
millimeters below the surface, the
medium above this remaining clear.
Milk is not coagulated. Little or no
growth takes place on potato. — a
Physiology.—The optimum growth Fig. 142.—Bacillus abor-
temperature is 37°, although the organ- ¢us. Culture in serum agar
ism is found to multiply slo.wly «iit fg:‘;ﬁi tt}ﬁz gslil:]li: s;:z;zmp
room-temperature. The relationship  (Nowak).
to oxygen, which has already been
discussed, classifies the B. abortus as a micro-aérophile rather
than a strict anaérobe. Strangely enough, Bang reports that the
organism will also grow in an atmosphere of pure oxygen; two
oxygen optima are, therefore, evident. It is relatively resistant
to desiceation. It will remain alive for months in a retained
mummied fetus, and for a year or more in a culture-medium.
Acids and gas are not produced from carbohydrates.
Pathogenesis.— Experimental Evidence.—Bang demonstrated
the etiologic relationship of the organism to the disease by intra-
venous injection, and by injection into the vagina and uterus of
pregnant cows. Preisz did not succeed in transmitting the disease
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by vaginal injections into the cow, guinea-pig, or rabbit. Nowak
succeeded in producing typical abortion of dead feti in guinea-
pigs and rabbits by intraperitoneal and intravenous injections.
He did not succeed by intravaginal injections.

Character of Disease and Lesions.—There are few symptoms
either preceding or following the expulsion of the fetus. The
infection seems to result in the death of the fetus, and the organism
can be readily isolated in pure culture from such. Bang regards the
disease as a specific uterine catarrh.

Immunity.—It is known that cows that have aborted one or
more times may become immunized against the disease. Vaccina-

Fig. 143.—Bacillus abortus, colonies on serum agar (Nowak).

tion and serum treatments have been attempted, but their worth
has not been thoroughly proved.

Bacteriologic Diagnosis.—Bacteriologic diagnosis may be made
certain by the isolation of the specific organism in culture as
outlined above. A tentative diagnosis may be made by pre-
paring stained mounts, and demonstrating the presence of a short,
gram-negative bacillus in the uterine exudate and in the blood
and tissues of the fetus.

Transmission.—The disease is probably most frequently trans-
mitted by the bull. Infection may also occur from other cows,
from infected stables, and bedding.
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BACILLUS NECROPHORUS GROUP

THis group is at present represented by a single species, ac-
cording to most investigators. There is a real question as to the
proper placing of this form, whether among the true bacteria or
in the group of Actinomyces. As will be observed from the dis-
cussion of the morphology, the organism resembles the latter
rather more than true bacilli. There has, however, been no satis-
factory demonstration of branching, although some of the forms
seen in culture-media suggest that such may occur.

Bacillus necrophorus

Synonyms.— Bactllus diphtheriee vitulorum; B. filiformis; Strep-
tothriz cuniculi; Actinomyces cuniculi; B. necroseos; Streptothriz
necrophora.

Disease Produced.—A large number of diphtheritic and ne-
crotic pathologic conditions in animals.

Loffler, in 1894, described this organism from calf diphtheria.
Later, Schiitz found it associated with the intestinal ulcerations
of hog-cholera. It is now known to produce disease in birds and
in both domestic and wild animals.

Distribution.—Bang succeeded in demonstrating the presence
of this organism in the feces of normal hogs, but not in the in-
testinal contents of the cow. It is probably rather widely dis-
tributed in some localities. The infection has been described
from various sections of Europe and America.

Morphology and Staining.—The organism is a long, slender rod,
usually bent more or less, although coccus-like forms and fila-
ments may be observed. It is about 0.7 to 1.5 ¢ in diameter.
In the tissues and colonies the filaments are matted together,
but definite branching has not been satisfactorily demonstrated.
The stained rods are usually beaded. Involution forms, as long
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clubs, frequently occur. The organism is non-motile, and does not
produce spores or capsules. It stains readily with the common
anilin dyes, but is gram-negative,

The peculiarities of staining, the possession of easily stained
granules, or of a vacuolate protoplasm, have caused some authors
to group this germ with the diphtheria baeillus, but these ap-
pearances are even more characteristic of certain of the Actino-
myces, particularly those isolated from soil.

Isolation and Culture.—Bacillus necrophorus is most easily
isolated in pure culture by inoculating infected tissue into rabbits
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Fig. 144.—Bacillus necrophorus (Mohler, Bureau of Animal Industry, Circuiar
No. 160).

or white mice. The pure culture may then be secured from the
infected organs. The cultural characters are all modlﬁed by the
fact that the organism is a strict anaérobe.

Colonies may develop upon the surface of agar plates if the
oxygen is removed by the alkaline pyrogallate method, but not,
according to Mohler and Morse, in an atmosphere of hydrogen
or in a vacuum. They appear in forty-eight hours as minute,
dirty white, round, opaque colonies, with gas-bubbles developing
below the surface. In seventy-two hours the colony appears
wooly, and the central portion, upon microscopic examination, is
shown to be a felted mass of threads with a border of long, wavy
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filaments. Bouillon becomes turbid, and then gradually clears,
with subsidence of the organism. Gelatin is not liquefied.
Physiology.—B. necrophorus is an obligate anaérobe. Its
temperature growth limits are between 30° and 40°, with an
optimum at about 35°. The organism is readily destroyed by
disinfectants. No pigment is produced. A very characteristic
odor, ‘“ between the odor of cheese and of glue,” may be noted in
both cultures and lesions. No enzymes capable of liquefying
gelatin or blood-serum are produced. Gas is formed in bouillon.
Milk is not coagulated, nor are acids formed. Indol is produced.
Pathogenesis.—Experimental Evidence.—Rabbits may be read-
ily infected with the B. necrophorus. A subcutaneous injection of
a small amount of necrosed tissue results in the death of the rabbit
in about a week. The inoculated area is necrotic to some depth,
and to a distance along the surface of half to one inch from the
point of injection. The necrosis is complete, and the tissues wholly
disintegrated. In some cases gas-bubbles may be observed. The
inoculation of pure cultures results in death more slowly; fre-
quently two weeks are required. The animal dies suddenly
after a series of convulsions. Mice are readily infected. Guinea-
pigs are much more refractory, but occasionally die as a result
of inoculation. There seems to be abundant experimental evi-
dence to connect the B. necrophorus with many types of necrosis
in animals. There is no evidence that the organism enters the
normal healthy unbroken skin. It is usually a secondary invader.
Character of Disease and Lesions Produced.—Mohler and
Washburn have given an excellent résumé of the conditions under
which this organism has been found. In many of these conditions
it has not been satisfactorily established that this organism is the
sole cause, for pyogenic cocci and other organisms may produce
the same changes. More work is needed upon these infections.
The possible presence of this organism in necrotic infections of all
kinds must be borne in mind. The organism has been reported
from the following infections, and probably in most cases is res-
ponsible for the accompanying necrosis: necrotic dermatitis,
necrotic scratches in the horse, necrotic pox in horses, cattle,
goats, and hogs, several types of necrosis in rabbits, neerosis of the
hoof in the horse, necrosis of the mouth and esophagus, ulcerative
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and necrotic vulvitis, vaginitis, and metritis, foot-rot of cattle,
lip and leg ulceration of sheep, necrotic omphalophlebitis and
joint ill in young animals, necrosis in the alimentary tract and
other viscera in many animals, and possibly even avian diphtheria.
It is sometimes of considerable economie significance, particularly
in the so-called lip and leg ulceration of sheep. Some of the affec-
tions, particularly this latter, are known to be contagious. Much
work still remains to be done, however, on the different infections
and possible variations in virulence.

The lesions produced in all tissues have many common charac-
ters. They are essentially coagulation necroses with caseation.
Metastatic infection is very apt to occur. The local lesion is
described by Mohler and Morse as a “sharply circumseribed
patch of yellowish or dull brown, sometimes greenish white,
homogeneous, structureless, dry, erumbly tissue débris of soft,
cheesy consistence, resembling compressed yeast, and manifesting a
characteristic stench. The line of demarcation between the living
tissue and the dead mass is a narrow hyperemic zone.” A false
membrane is formed over the surface as a ‘“ result of coagulation
necrosis of the inflammatory exudate and entanglement in its
meshes of the hyaline degenerated tissue-cells and leukocytes.”

Immunity.—It has been supposed that the organism produces a
true toxin because of its intense local destruction of tissue, and
because of the death of laboratory animals with many of the symp-
toms of a toxemia. The toxin has not been isolated, however. It
is stated that intravenous injections of the organism into the goat
confer an immunity. No practicable method of immunization
has been developed.

Bacteriological Diagnosis.—The organism may be observed in
mounts prepared from the tissue just surrounding the necrosed area.
Its appearance is characteristic enough to differentiate it from other
forms that may be present. Animal inoculations, preferably into
the rabbit, are generally necessary to secure pure cultures.

Transmission.—It is improbable that the organism ever gains
entrance through the unbroken skin or mucous membrane.
Scratches, wounds, abrasions, or injuries of other types supply an
infection atrium. The disease must be regarded as mildly con-
tagious, however,



CHAPTER XXXIV

GROUP OF SPORE-BEARING ANAEROBES

THE six organisms belonging to this group are Bacillus tetant,
causing tetanus; B. chauvei, of blackleg; B. gastromycosis ovis,
of bradsot; B. adematis, of malignant edema; B. welchii, of em-
physematous edema; and the B. botulinus, of meat-poisoning.

The organisms of this group are united because of their lack
of tolerance of free oxygen. They will develop in the presence of
small amounts of oxygen, but not with an oxygen pressure as
great as that of the atmosphere. Morphologically, these organ-
isms are not unlike. All are bacilli producing spores. Other
characters, such as retention of Gram’s stain and motility, are
inconstant. The members of this group may be differentiated
from each other in most cases by their morphological and cultural
characters, although, for the separation of some, animal experi-
mentation is necessary.

Bacillus tetani

Synonym.—Bacillus of Nicolaier.

Disease Produced.—Tetanus or lockjaw in man and animals.

Nicolaier, in 1889, observed the Bacillus tetani in pus from
laboratory animals that had died, following subcutaneous inocula-
tion with small amounts of garden-soil. He cultivated the organ-
ism, but did not succeed in securing it in pure cultures. Kitasato,
in 1889, succeeded in growing the organism in pure culture, and in
transmitting the disease experimentally. Kitasato and Veyl,
in 1890, described the production of the tetanus toxin.

Distribution.—The organism is found in all parts of the world.
1t is particularly common in street-dust and fertilized garden-soil,
and is found quite constantly in the alimentary tract of herbivor-
ous animals. It seems probable that it may for a time main-
tain a saprophytic existence and multiply in the soil.

349
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Morphology and Staining.—B. fefani is a rather long, slender
rod, 0.5 by 2 to 5 w«, with rounded ends, usually single, rarely
in short chains. It is motile by means of numerous peritrichic
flagella. Capsules are not produced. Spores are formed abun-
dantly. Their size and position are so characteristic as to be practi-
cally diagnostie. They are spherical, two or three times the diam-
eter of the rod, and terminal, giving the organism the appearance
of a drumstick. The organism stains readily with the ordinary
anilin dyes and is gram-positive.

Isolation and Culture.—The isolation in pure culture of B.
tetani is attended with considerable difficulty, largely. on account
of its being an obligate anaérobe. Kitasato first succeeded in
isolating it by producing tetanus
in experimental animals, then
inoculating broth, and, after
growth had taken place, heating
to a temperature of 80° for half
an hour. This temperature
should destroy all but spores.
The broth may then be inocu-
lated into agar or gelatin and
kept under anaérobic condi-
tions. If spores of other an-
aérobes are present, it may be
Fig. 145.—Bacillus tetani, rods and TD€cessary to make several con-

spores (Giinther). secutive animal inoculations
and isolations.

The colonies of the tetanus bacillus upon gelatin plates show
minute radiating lines of growth from a central nucleus, resembling
somewhat those of B. subtilis. Gelatin stabs show an arborescent
growth. The gelatin is slowly liquefied. Radiating filaments
are also produced in glueose agar stabs. Bouillon is clouded, and a
sediment forms. Blood-serum is llqueﬁcd Milk is coagulated,
with production of acid.

Physiology.—The optimum growth temperature is 37.5°, but
the organism multiplies rapidly at room-temperatures. It is an
obligate anaérobe, and in pure eulture requires practically com-
plete exclusion of oxygen. It will develop, however, under aérobic
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disease is most common in man and in the horse, although no
mammalia are immune. The disease is not transmitted by in-
gestion. The injection of the characteristic toxin is followed by
the symptoms of the disease.

Character of Disease and Lesions Produced.—The disease is a
typical toxemia. There is rarely, if ever, a general invasion of the
tissues. The organism remains localized at the seat of inoculation,
and produces the toxin which brings about the characteristic
symptoms. The entrance of the organism into a wound is not
always followed by the development of tétanus, for anaérobic
conditions must obtain, and it has been found that tetanus spores
entirely freed from toxin cannot germinate when introduced into
the tissues in moderate numbers. It is evident that the organism
has little initial pathogenic power. Usually considerable amounts
of dirt are introduced into the wound simultaneously with the
organism, and produce proper conditions for rapid development.
The tetanus toxin produced is absorbed, for the most part, by
the end-organs of the motor nerves, and travels to the nerve-cells
of the central nervous system by way of the axis-cylinders of the
peripheral nerves. Possibly a part of the toxin may be carried
to the central ganglion-cells by the blood-stream. The inoculation
period noted is believed to be due to the time required for the toxin
to pass along the nerves. That the toxin has a special affinity for
nervous tissue, and may be bound by it, has already been noted
in the discussion of toxins and antitoxins. The period of incuba-
tion in man averages about nine or ten days. In the horse it
varies from four to twenty days. Under exceptional conditions
this period may be much longer. Mortality is over 90 per cent.
when there is a short period of incubation, and over 50 per cent.
where the period is prolonged. The characteristic symptom in all
animals is a fetanus or stiffening of the muscles. The muscles at
the site of inoculation are generally the first, and, in mild cases,
they may be the only ones, affected. In the horse the appearance
of the tetanus or lockjaw, the retraetion of the eyes and protrusion
of the nictitating membrane, spasmodic contraetion of other mus-
cles of the head, and those of other parts of the body, are diagnostic.
A postmortem examination usually shows absence of gross lesions.
Certain degenerative changes in the motor cells of the cord may
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be observed in stained sections. Hemorrhages in different organs
are an inconstant accompaniment of the disease.

Immunity.—The toxin of the tetanus bacillus is produced in
artificial media as well as within the body. For the preparation of
antitoxin the organism is grown in bouillon, under anaérobic con-
ditions, in an atmosphere of hydrogen, with surfaces of the medium
covered with paraffin or paraffin oil or with oxygen excluded in
some other manner. After incubation for a period of one or two
weeks the broth is filtered through porcelain. The toxin may be
prepared in dried form by precipitation with an excess of am-
monium sulphate. After standing overnight the brown scum is
removed and dried, first between hardened filter-papers, then in a
desiceator, pulverized, and preserved in a darkened refrigerator.
Various methods of purification have been devised, such that a
dried toxin may be prepared of which 0.00000025 gm. will prove
quickly fatal to a white mouse. As has been said, this toxin has
a peculiar affinity for the cells of the central nervous system. Two
poisonous constituents of the toxin have been differentiated—
tetanolysin, which lakes the red blood-cells, and tetanospasmin,
which gives rise to the characteristic tetanus symptoms.

In the preparation of antitoxin the unprecipitated broth is
used. The smallest amount of toxin that will certainly kill a
350 gm. guinea-pig in three to four days is taken as the unit
of toxicity. Increasing amounts of the toxin are injected at
intervals into a horse.  The blood-serum of the immunized horse
contains the specific antitoxin. Many methods of standardization
of the antitoxin have been used. In the United States it is titrated
by guinea-pig injections against a standard toxin, sent out by the
Hygienic Laboratory of the Public Health and Marine Hospital
Service. It is used in both human and veterinary medicine,
principally as a prophylactic. The tetanus antitoxin has not
taken the place in the treatment of tetanus that is occupied by the
antitoxin specifie for diphtheria in the treatment of that disease.
It seems that the symptoms of the disease are noted only after
the union of the toxin with nerve-cells; that is, after much of the
damage has already been accomplished. The injection of anti-
toxin then will doubtless neutralize any toxin present in the blood,

but cannot remove the toxin already bound to the nerve-cells.
23
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The antitoxin is generally injected subcutaneously, but in severe
cases intravenous, intraneural, and intraspinal injections are
made to insure the contact of antitoxin with the toxin present.
Its use is doubtless indicated in all eases. As a prophylactic, it
has been found quite certainly to prevent the development of
tetanus when injected before the appearance of symptoms. In
human medicine it is customary to make injections following severe
wounds, into which dust and dirt have gained entrance, such as
Fourth-of-July wounds. The same may be said with reference
to severe wounds, nail-punctures, and similar traumata in the
horse.

Bacteriological Diagnosis.—The organism may frequently be
recognized in stained mounts of the pus from the wound. The
drumstick shape of the sporulating organism is quite characteristic.
Isolation in pure culture and animal inoculation may also be used.
The symptoms of tetanus are so distinctive, however, that these
methods are rarely called into use.

Transmission.—Tetanus is one of the best examples of a non-
contagious, infectious disease. Infection occurs practically in-
variably directly through the skin. The almost universal pres-
ence of the organism about stables renders infection easy. Nail-
punctures are particularly apt to result in tetanus, as they introduce
the organism deep into the tissues; superficial healing and exclu-
sion of air quickly take place, and conditions are then right for
rapid multiplication. It should again be emphasized that it seems
very difficult for the tetanus bacillus to gain a foothold and pro-
liferate, except in tissues that have been injured. The constant
presence of these organisms in the intestines does not produce
disease. So-called eryptic infections are not of uncommon oc-
currence, particularly in the horse. In these the point at which
the organism gains entrance to the body is not known. Usually
this comes cither from the wound having healed superficially, so
as to be indistinguishable, or from the wound having been origin-
ally so insignificant as to have escaped notice. Some investiga-
tors believe that the organism may oceasionally gain entrance to
the blood-stream from the intestines, but is unable to produce an
infection, except when it lodges in tissue traumatically or otherwise
injured, such as a broken bone or a bruise.
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Bacillus chauvai

Synonyms.— Bacillus feseri; B. chauver; B. chawveawi; B.
anthracis symptomatici.

Diseases Produced.—Blackleg, symptomatic anthrax, quarter
evil, quarter ill, Rauschbrand, charbon symptomatique in cattle
and rarely in sheep and goats.

Arloing, Cornevin, and Thomas, in 1880, described the B.
chauveei as the cause of blackleg, and proved its etiological relation
to the disease. Kitasato first grew the organism in pure culture.
Grassberger and Schattenfroh
have shown that this organ-
ism, as well as the organism
of malignant edema still to
be considered, is a member
of the ubiquitous group of
anaérobic butyric acid bacilli.

Fig. 149.—Bacillus chauvet, colonies

Fig. 148.—Bacillus chaurei (Kolle in a dextrose gelatin shake culture
and Wassermann), (Frinkel and Pfeiffer).

Morphology and Staining.—B. chauvei is a large bacillus with
rounded ends, usually single, but occasionally in pairs, 0.5 to 0.6
by 3 to 5 1. It is motile by means of peritrichic flagella. Invo-
lution forms, consisting of greatly enlarged rods, are frequently
encountered, particularly in old cultures. Capsules have not been
demonstrated. Spores are produced, sometimes central, but more
frequently near a pole, rarely quite terminal. They are oval in
shape, and are not generally more than twice the diameter of the
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rod. These characters enable one readily to differentiate it from
the B. tetani. When the spores are central, the spindle-shaped
swollen cell is called a clostridium. The organism is easily stained
by the common aqueous anilin dyes, but is gram-negative. This
reaction to Gram’s stain is a little uncertain, some cultures retain-
ing the stain to some degree.

Isolation and Culture.—The organism may be readily isolated
in pure cultures from the tissues infected. Plates may be poured
and kept under anaérobic conditions. The colonies are spherical,
or somewhat irregular, with microscopic radiations. Dextrose
gelatin is an exceptionally favorable medium. In a shake culture
the colonies appear in the lower portion of the tube, each usually
with its gas-bubble, and surrounded by a liquefied area. Bouillon
is clouded, gas is produced, and a flaky white deposit forms. The
reaction in milk is somewhat variable; according to most authori-
ties, it produces acid, coagulates, and later proteolyzes the casein.

Physiology.—The optimum growth temperature is about blood-
heat, but good growth occurs at room-temperatures. The organ-
ism is a strict anaérobe. Concerning its other physiological char-
acters, there is considerable disagreement among investigators.
This may be due to the fact that there are strains which react very
differently, and may constitute distinct varieties. Grassberger
and Schattenfroh claim that the organism shows considerable
variability, and that certain characters are easily lost. The
spores are quite resistant to desiccation. Heating for some hours
at 100° is necessary certainly to destroy them. Gas is produced
from carbohydrates, and probably also from proteins. According
to some authorities, butyric acid is produced.

Pathogenesis.— Experimental Evidence.—Inoculation of pure
cultures into laboratory animals results in death, with production
of many of the characteristic symptoms of blackleg, particularly
the edema about the point of inoculation. The disease may also
be produced in cattle, so that there is no doubt as to the etiological
relationship of this organism to the disease.

Character of Disease and Lesions Produced.—Blackleg in cattle
is characterized by a swelling, edema, and emphysema of the
muscles and the subcutaneous tissues of the infected part. Infec-
tion appears most commonly in the shoulder or hindquarter.
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The swelling increases rapidly in size, and the emphysema soon
manifests itself by the crackling sound produced when the thumb
is drawn firmly across the part. After death the organisms con-
tinue to grow and the body becomes distended with gas. The
subcutaneous tissues of the infected part are edematous, even
gelatinous, with blood and gas-bubbles. The underlying muscles
are dark brown or even blackish, whence the name, blackleg.
The disease usually results fatally in cattle in from one to three
days after the first appearance of the lesions.

Immunity.—The production of true toxins by Bacillus chauvei
is not well understood. According to some authors, no toxin can
be demonstrated. Others believe that there is a relatively thermo-
stabile toxin produced which will endure a temperature of even
115°. Grassberger and Schattenfroh, who have made the most
careful study of this problem, have succeeded in producing broth
cultures containing a toxin that, in doses as small as those em-
ployed with diphtheria toxin, will kill laboratory animals. This
toxin is produced by certain strains of the organism only, but these
they believe are the more pathogenic. This toxin they have shown
to be thermolabile. They have worked out methods of standardi-
zation closely resembling those of Ehrlich for diphtheria. Anti-
toxin may be produced by the injection of increasing doses into
suitable animals, particularly cattle, and this antitoxin has a
protective influence when injected into other animals. This
method of immunization has never come into general use.

Animals that have recovered from an attack of the disease
acquire immunity to a recurrence. Very young cattle and aged
cattle have a considerable degree of natural immunity. To
what the immunity developed may be due is not well understood.
Probably it is in part opsonic.

Active immunization of animals is extensively practised.
Various methods of attenuation of the organism for the vaccine
have been developed. That in common use in the United States
is the one adopted by the Bureau of Animal Industry, and is
essentially that developed by Kitt. Fresh material is secured
by macerating in a mortar the muscle tissue from a blackleg
tumor and squeezing the fluid through a linen cloth. This is
spread in a thin layer, and dried to a brown scale at a temperature
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at about blood-heat. This dried virus retains its virulence for
several years, at least. The vaccine is prepared by mixing one part
of this material with two parts of water and placing in a hot-air
oven at a temperature of 95° to 99° for six hours. This dries the
material and attenuates the organism. It is then pulverized and
put up in packages containing a definite number of doses. Before
use, a cubic centimeter of water for each dose is added, and the
material mixed and then filtered. The injection then is made
with 1 e.c. The dried material, pressed into the form of tablets,
is sometimes inserted under the skin without suspending it in
water. Vaccination has proved quite satisfactory.

Bacteriological Diagnosis.—A presumptive determination of
the organisms may be made by smear preparations from the in-
fected tissues. Anaérobic cultures will demonstrate the specific
organism in pure culture if inoculated with a bit of the tissue
before decomposition has begun and putrefactive bacilli have
gained entrance. Animal inoculation, particularly subcutaneous
inoculation into the guinea-pig, may prove useful. Usually the
symptoms of the disease are so characteristic that a bacteriological
test is wholly unnecessary.

Transmission.—It is believed that B. chawver is widely dis-
tributed in nature. The disease occurs only in certain localities.
There are districts which are never affected. Attempts have been
made to correlate the topography of the country, such as character
of soil, presence of marsh land, etc., with the prevalence of the
disease, but without much success. Organisms closely related to
B. chauve? may be found widely in the soil, but, for the most part,
they do not possess the peculiar pathogenic characters of this form.
Infection is believed to occur through wounds. The disease is
rarely, if ever, contracted directly by one animal from another. It
is a non-contagious infectious disease. It is not always possible to
locate the point at which the organisms gained entrance—in fact,
these cryptic infections constitute a considerable proportion of the
cases. It is possible that the explanation sometimes offered for
similar infections in tetanus will hold good here also; that is, that
the organisms may occasionally gain entrance to the blood from the
intestinal tract, and that they cannot produce disease except when
they lodge in some tissue that has been injured, as from a bruise.
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Bacillus gastromycosis ovis

Disease Produced.—Bradsot or braxy in sheep.

An organism morphologically quite identical with the Bacillus
chauveer has been isolated and claimed to be the cause of braxy or
bradsot in sheep. The disease is known principally from northern
Europe and the British Isles. There are certain chemical and
pathogenic characters of this organism which seem to separate it
from the Bacillus chauvei. Careful comparative studies of these
organisms are needed.

Bacillus cedematis

Synonyms.— Vibrion septique; Bacillus edematis maligns.

Diseases Produced.—Malignant edema; Malignes (Edem,
edeme malin, septicemie gangreneuse, in various animals and
in man.

Pasteur, in 1877, found that the injection of putrid flesh into
a rabbit was followed by an edema at the point of inoculation,
and ultimately by the death
of the animal, with changes
in many of the internal
organs. That these changes
were due to a specific organ-
ism, and not to the poisons
of the putrid flesh alone,
was shown by transfers from
one animal to another, and
by the isolation of an anaéro-
bic bacterium. Koch later
(in 1881) studied the disease.

Morphology and Stain-
Fig. 150.—Bacillus edematis, spores

ing.—Dle IS and rods from an agar culture (Frinkel
closely resembles the B. .4 Preiffer).

chauvcee? morphologically, and

is apparently closely related to it. Some investigators believe
that the two organisms are simply two varieties of the same
species. The organism is a rod, 0.8 to 1 by 2 to 10 y, with
rounded ends, single or in chains. Many of the cells are long
and filamentous. It is motile, with numerous peritrichic flagella.
Capsules have not been demonstrated. Spores are produced,
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usually equatorial, but sometimes polar. The rod is not greatly
distended by the spore, although the snowshoe or clostridium
shape is usually evident. The organism is gram-negative, and
stains readily with the common anilin dyes.

Isolation and Culture.—The organism may be secured in pure
cultures without difficulty, under anaérobic conditions, from the
edematous tissues of the infected animal. It may usually be
isolated from garden-soil by inoculation of a guinea-pig or a rabbit.
Its cultural characters do not differ from those deseribed for
Bacillus chauwvei. Gelatin and blood-serum are digested, milk is
curdled, and the casein digested.

Fig. 151.—Bacillus @dematis, tissue smear showing rods without spores
(Frinkel and Pfeiffer).

Physiology.—Growth is luxuriant at room-temperatures, as well
as at blood-heat. The spores are resistant to desiccation and to
heat. Gas is produced from dextrose, probably also from pro-
teins. Enzymes that liquefy gelatin, blood-serum, and casein
are present.

Pathogenesis.— Ezperimental Evidence.—Inoculation of pure
cultures of the organism into the laboratory animals, and also into
the horse and other domestic animals, will produce a typical infec-
tion. l

Character of Disease and Lesions Produced.—The tissues
at the point of invasion are distended with gas-bubbles and are
infiltrated with yellow or red serum. The muscle becomes dark
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and brittle. Hemorrhages are generally to be found in the sub-
cutaneous tissues. The disease has been noted in man, and is
not uncommon in the horse and the sheep. It occurs more rarely
in cattle. It is a typical wound infection.

Immunity.—Animals which recover from an infection are found
to be thereafter immune. The organism is also known to produce
a leukoeidin, which destroys
white blood-cells. Aside from
these facts, little is known rela-
tive to the factors determining
immunity in this disease.

Transmission.—The organ-
ism usually gains entrance
through wounds, although the
possibility of a cryptic infeec-
tion, such as is claimed to occur
in tetanus, should not be
ignored. In man the disease
has been known to occur fol-
lowing injections in which an
unclean hypodermic syringe was used, and a case has been reported
in which the organisms were believed to have gained entrance to the
body through the intestinal ulcers of typhoid fever. Infection
may follow delivery, castration, shearing of sheep, use of unclean
syringes or instruments, or dirty wounds of any kind.

Fig. 152.—Bacillus edematis, dextrose
gelatin culture (Giinther).

Bacillus welchii

Synonyms.— Bacillus aérogenes capsulatus; B. phlegmones em-
physematose; B. enteritidis sporogenes; Bacterium welchii; B.
perfringens; Granulobacillus saccharobutyricus immobilis; B. anaéro-
bicus cryptobutyricus; B. cadaveris butyricus; B. emphysematis
vagine.

Disease Produced.—Gaseous edema in man.

Welch, in 1892, described Bacillus aérogenes capsulatus from
the body of a man who died from an aortic aneurysm. The in-
ternal organs and subcutaneous tissues showed considerable
emphysema. Since that time it has been repeatedly isolated in
Europe and America.
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Distribution.—The organism is common in garden-soil, par-
ticularly that contaminated with excreta.

Morphology and Staining.—B. welchiz is a rod, 1 by 3 to 6 4,
with rounded ends when single or truncate when in chains. It
frequently occurs in chains, but may be found in pairs and small
groups. It is non-motile. In this respect it differs from the other
members of this group. Spores are produced only under certain
conditions. They are developed best upon the surface of blood-
serum in anaérobic cultures. They are central, and the cells
develop as clostridia. Capsules may be demonstrated in the body
fluids and in some artificial media. The organism stains readily
with the common anilin dyes
and is gram-positive. Involu-
tion forms are frequent in arti-
ficial media.

Isolation and Culture.—
McCampbell has described a
modification of Welch’s method
of isolation as follows: ‘1 gm.
of soil is shaken in sterile NaCl
solution (0.85 per cent.), and
inoculated into sterile neutral
) litmus milk tubes, which are

Fig. 153.—Bacillus welchii (Jordan). covered with 25 mm. of neutral
paraffin oil, for the purpose of

securing anaérobiosis, and then incubated for twenty-four hours
at 37°. At the end of this time the milk in the tubes is coagu-
lated and shows acids and gas. A subculture is made in a second
litmus milk tube under oil, and incubated for twelve hours in
“order to prevent the possible overgrowth of other bacteria. At
the end of this time the milk usually shows coagulation, acid- and
gas-production, as in the first instance (‘“‘stormy fermentation”);
0.5 c.c. of the whey in the subculture is then injected into the
posterior auricular vein of a rabbit. In three or four minutes
the animal is killed by a blow on the head, and the body is in-
cubated at 37° for eight to ten hours, at the end of which time
the abdomen is markedly distended with gas. When ignited, this
explodes and burns with a hydrogen flame. The thorax of the
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animal is carefully opened, and cultures made from the heart
blood in dextrose broth, covered by neutral paraffin oil. In
from eight to twenty-four hours the culture tubes show a marked
cloudiness, abundant gas-production, and, in most instances, an
odor of butyric acid.”

The colonies upon agar and gelatin plates are round, grayish,
semitranslucent; they are usually nucleated, and resemble those
of B. tetani. Upon agar slants a thin, coalescent, yellowish-white
growth occurs. Gelatin may or may not be slowly liquefied.
Bouillon is clouded with a heavy precipitate. Little or no growth
oceurs on potato. Upon blood-serum the growth resembles that
upon agar. There is some liquefaction along the line of inoculation.
Milk is quickly coagulated, with gas- and acid-production.

. Physiology.—Growth occurs best at 37°. The thermal death-
point for non-sporulating culture is 50° for ten minutes, for spores
100° for fifteen minutes. Gas is produced from dextrose, lactose,
and saccharose, but not from mannite. Probably some differences
are to be found in various strains. Gas is likewise produced from
pure proteins, such as recrystallized egg-white. The gas formula

Hi 22 : : ’ ;
is approximately 0.1 Butyric, lactic, and acetic acids
2

have been detected.

Pathogenesis.— Experimental Evidence.—Intravenous injection
of the rabbit frequently, though not always, causes death, but
subcutaneous inoculations are without effect. Guinea-pigs are
susceptible, as are also pigeons.

Character of Disease and Lesions Produced.—Infections with
B. welchii among the lower animals have been noted in few in-
stances only, and then only in the rabbit and in the dog, as a result
of severe injuries. However, it may quickly invade tissues after
death, and give opportunity for mistaken diagnosis. It has not
been shown satisfactorily that it ever invades the tissues generally
before death.- It is a secondary invader in practically every in-
stance of natural infection. It has been found in emphysema of
many organs in the human body. Herter believes that the pres-
ence of large numbers of this organism or its varieties in the in-
testines is responsible for the production of primary pernicious
anemia, particularly in children.
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From the veterinary standpoint, the organism is of principal
interest, not so much because of its slight pathogenic power, as
the fact that it may be confused upon isolation with other spore-
bearing anaérobes.

Immunity.—McCampbell has found that the filtrates of
B. welchiv grown in dextrose bouillon are toxie, but showed the
toxicity to be due to the butyrie aeid produced. No true toxin
nor endotoxin could be demonstrated. The acids are also hemo-
lytic and leukocytotoxic. Opsonins are present in normal and
in increased quantities in immune sera, as are also specific bacteri-
cidal substances. No method of systematic immunization has
been developed, nor does the slight pathogenicity of the organism
make this advisable.

Bacteriological Diagnosis.—The organism can be recognized
certainly from tissues only by isolation and morphological examina-
tion. Its gram-positive staining charaeters, lack of motility, and
the diffieulty with which spores may be demonstrated are charac-
teristie.

Transmission.—The organism probably gains entrance to the
body through wounds or invades the tissues after death from the
intestines.

Bacillus botulinus

Disease Produced.—Meat- or sausage-poisoning in man,
botulism (botulus = sausage).

Van Ermengem, in 1896, isolated an organism from sausage,
whieh he believed to be the cause of poisoning. The organism has
sinee that time been several times isolated, and is, therefore, of
some hygienic importance, particularly in meat inspection and in
meat hygiene. This disease or poisoning should not be confused
with that produeed by the Bacillus enterttidis, which has already
been diseussed.

Distribution.—Only a few well-authenticated reports of the
isolation of the organism are on record, and these principally
from European countries.

Morphology and Staining.—Bacillus botulinus is a large bacil-
lus, with usually rounded ends, 0.9 to 1.2 by 4 to 6 ¢. It is com-
monly single or in pairs, sometimes in short chains. Involution
forms frequently oceur. It is motile by means of four to eight
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peritrichic flagella. Capsules have not been demonstrated. Oval
spores, somewhat greater in diameter than the bacillus, are pro-
duced at the poles. The organism stains readily with the anilin
dyes and is gram-positive.

Isolation and Culture.—The colonies on dextrose gelatin are
at first circular, transparent, light yellow, and soon liquefy the
gelatin. Under the low power of the microscope they appear to
consist of granules in constant motion. Later the colonies become
brown and opaque. Milk is not curdled.

Physiology.—The organism is an obligate anaérobe. Its
optimum-growth temperature is 18° to 20°. It grows little, if
at all, at blood-heat, and when developing at this temperature,

Fig. 154.—Bacillus botulinus (van Ermengem in Kolle and Wassermann).

produces numerous involution forms. Gas is produced from dex-
trose, but not from saccharose or lactose. Acid, in part butyrie, is
produced in dextrose media.

Pathogenesis.—Injections of the organism into the body of
laboratory animals have revealed the fact that the organism is
pathogenic only by virtue of the toxins that are elaborated out-
side of the body. It does not increase in numbers in the tissues.
Probably this may in part be accounted for by its normal optimum-
growth temperature. The toxin produced, on the other hand, is
very poisonous, whether injected or ingested. The use of raw or
imperfectly cooked animal foods may give rise in man to the
symptoms of botulism in the course of twenty-four to thirty-six
hours, often with fatal termination.
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Immunity.—The toxin produced by Bacillus botulinus is among
the most powerful known—0.00005 to 0.0001 gm. is fatal in
three to four days when injected subeutaneously into a guinea-pig,
and 0.0001 to 0.0005 gm. will destroy a rabbit. A most striking
characteristic of this toxin, and one which distinguishes it from
those of diphtheria and tetanus, is its ability to produce poisoning
when taken into the body by way of the alitnentary tract. Guinea-
pigs, and even apes, are killed by the ingestion of 0.01 ec.c. of a
dextrose broth-culture solution in which the organism has been
grown. The toxin is destroyed by exposure to light and air.
Heating to a temperature of 80° renders it non-toxic. Antitoxin
has been prepared from the goat and from the horse by gradually
increasing doses of the toxin. This antitoxin exerts both a pro-
phylactic and a curative effect when injected. The poisoning
by B. botulinus is so infrequent, however, that the antitoxin is
only of scientific value.

Bacteriological Diagnosis.—This can be accomplished only by
isolation and cultivation of the specific organism.

Transmission.—The organism has been isolated, not only
from poisonous meat, but from normal swine feces as well. The
disease ean be produced only by the ingestion of proteins in which
the organism has been growing.



CHAPTER XXXV

VIBRIO OR CHOLERA SPIRILLUM GROUP

ONE organism, pathogenic for animals, Spirillum metchnikovi,
and one pathogenic for man, Spirillum cholere, and numerous
non-pathogenic forms isolated from various sources have been
described as belonging to this group.

The organisms of this group are more or less bent rods, usually
only a segment of a spiral, rarely showing one or more complete
turns. All are motile, aérobic, gram-negative, and without spores.

Spirillum metchnikovi

Synonyms.— Vibrio metchnikovi; Microspira metchnikovt.

Disease Produced.—Septicemia of fowls.

Gamaléia, in 1888, described this organism from an epizoétic of
fowl septicemia which occurred in Russia. What appears to be the
same organism was later (1894)
isolated by Pfuhl from water.

Distribution.—This organism
does not seem to have been
isolated from such a disease
by any investigator since the
original work of Gamaléia.
This latter, however, was suf-
ficient to establish its etiologic
relation to the disease. It is
possible that the disease is R ,
more widely spread than the ' “} _
literature would indieate, inasj Fig. 155.—Spirillum  melchnikori
much as poultry diseases are in (Giinther).
need of careful investigation.

Morphology and Staining.—It is a curved rod, with rounded
ends, or sometimes a spiral filament. It is actively motile by a
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single terminal flagellum, and is about 0.5 by 2 #. Neither capsules
nor spores are produced. It stains readily, but is gram-negative.
Isolation and Culture.—The organism may be isolated from the
intestinal contents of adult fowls and from the blood of younger
fowls by plate cultures in nutrient gelatin. Upon these plates
small white, punctiform colonies are developed in the course of
twelve to sixteen hours; these enlarge rapidly, cause liquefaction
of the gelatin, and are soon to be found in saucer-shaped depressions
in the medium. Growth in a stab culture in gelatin is likewise
rapid, and the gelatin is quickly liquefied in the form of a funnel.
Upon agar slants a yellowish layer is developed. Bouillon is

Fig. 156.—Spirillum metchnikovi in the blood of a pigeon (X 1000) (Frinkel
and Pfeiffer).

clouded, and a delicate pellicle may form. Milk is coagulated
with acid reaction and without solution of the casein.

Physiology.—The organism is aérobic. It develops almost as
rapidly at room-temperature as at blood-heat. The thermal
death-point is 50° for five minutes. It is sensitive to the pres-
ence of acids in culture-media, and soon dies in consequence of
their production in milk. It produces acid from dextrose and
lactose, but no gas. Indol is formed. Gelatinase is developed,
but no enzyme which will digest casein. ’

Pathogenesis.— Experimental Evidence.—Subeutaneous inocu-
lations into the chicken, pigeon, and guinea-pig are quickly fatal;
rabbits and mice succumb only to large doses. The disease ap-
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parts of China. It has swept in epidemics over Europe several
times within the last century.

Morphology and Staining.—The cholera spirillum is a short,
slightly curved rod, whence the common designation of ‘“ comma
bacillus.” Longer filaments and involution forms are frequently
observed. It is motile by means of a single polar flagellum.
Spores and capsules are not produced. It stains readily with
the common anilin dyes and is gram-negative.

Isolation and Culture.—It may be readily isolated from the
stools of cholera patients by plating upon nutrient gelatin. The
cultural characters are very similar to those of Sp. metchnikovi.-

Fig. 158.-—S'pirillum‘cholerw (Kihne-  Fig. 159.—Spirillum cholere, showing
mann). flagella (Giinther).

Physiology.—It is an aérobic organism. Growth occurs readily
at room-temperatures, although the optimum is blood-heat. The
thermal death-point is 60°. Desiceation, disinfectants, and sun-
light quickly destroy it. Blood-serum and gelatin are liquefied.
Milk is not coagulated. Nitrates are reduced to nitrites. . Indol
is produced. The organism requires a neutral or slightly alkaline
medium for its development.

Pathogenesis.— Ezperimental Evidence.—Asiatic cholera, in the
form found in man, usually cannot be transmitted to laboratory
animals. The etiologic relation of Sp. cholere to the disease, how-
ever, has been established by accidental and intentional infection
of several laboratory workers. Intraperitoneal injection of the
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guinea-pig results fatally. Ingestion of the organisms by young
rabbits may result in the development of the symptoms and lesions
of typical cholera as they are observed in man.

Character of Disease and Lesions in Man.—Asiatic cholera is
characterized by a severe diarrhea. The intestinal epithelium
is desquamated, and gives rise to the appearance known as  rice-
water 7’ stools. The intestinal tract shows congestion and some-
times extensive, even diphtheritic, necrosis. The loss of water
from the blood results in a considerable, frequently fatal, diminu-
tion in blood-pressure.

Immunity.—True toxins have been demonstrated for the
cholera spirillum. They are produced under peculiar cultural
conditions. Antitoxin has also been produced. Agglutinins and
precipitins are found in immune blood, and frequently in the blood
of patients. Bacteriolysins may be readily demonstrated; in
fact, it is with this organism that the classic demonstration of
Pfeiffer’s phenomenon was carried out.

Active immunization against Asiatic cholera has been exten-
sively practised. The vaccine consists either of cultures killed
at 58° or of cultures attenuated by growth at 39°.

Bacteriological Diagnosis.—This may be accomplished by
an examination of a stained mount from the rice-water discharges,
by isolation of the organism, or by the agglutination test.

Transmission.—The disease is transmitted through impure
water and food, particularly vegetables, contaminated with the
excretions of cholera patients.

Non-pathogenic Spirilla

Many species of spirilla closely resembling the preceding in
morphology and cultural characters, but lacking in pathogenicity,
have been isolated from a variety of sources. Such are the
Vibrio proteus or Spirillum of Finkler and Prior, isolated from the
stools in a case of cholera nostras, Spirillum tyrogenum, or Deneke’s
spirillum from cheese, Spirillum phosphorescens, isolated from
water, and many others.



CHAPTER XXXVI

ACTINOMYCES GROUP

THE members of this group are often called Trichomycetes
or thread fungi. In many of their morphological characters
they resemble bacteria. Frequently they occur as short rods that
cannot be differentiated by examination from true bacilli. Usually,
however, they occur in threads, which in some genera may be
branched. These threads may show more or less differentiation
into parts, and certain portions may develop into conidia or spores.
These organisms show a more complex life history, therefore, than
do the true bacteria. On the other hand, they can scarcely be
grouped with the true molds, as they are much simpler in structure.
They may be considered as a group, therefore, related closely to
both bacteria and molds, and partaking of the nature of each.

These organisms show such diversity of morphology in the
animal body and in culture-media that a satisfactory classifica-
tion into species and genera is a difficult problem. Many generic
names have been proposed. Some of these are valid, but the
organisms belonging to them are non-pathogenic, so far as known.
Jordan, in his General Bacteriology, has given a fairly satisfactory
working classification for the genera of the trichomycetes.

Filaments showing no branching............................ Leptothrix.
Filaments showing false branching. . ......................... Cladothrix.
Filaments showing true branching:
Spores orconidia produced . . u . G So i L SaRs s L. Nocardia
No sporés demongteabied. 1.5 o4 20T SR S E i U an Sl Actinomyces

The genus name Streplothriz is also frequently used for the
genera given above as Nocardia and Actinomyces. This name,
however, was applied to an entirely different genus of plants by
Corda in 1839, and was first so used. Its retention as a genus
name in this group is, therefore, no longer tenable, in the opinion
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of many investigators, altho(lgh a committee of the Pathological
Society has decided that it be retained.

Organisms belonging to Leptothrix and Cladothrix are not
known to produce disease in animals. It seems to the writer that,
at the present time, an attempt to draw a distinction between
Nocardia and Actinomyces is impracticable. The genera are so
imperfectly known, and their life-history in many cases so imper-
fectly worked out, that it is difficult to know into which of the
two genera to place a particular organism. The genus name
Actinomyces will be here used to include both.

Fig. 160.—Streptothriz (Actinomyces) celicolor, a non-pathogenic tricho-
mycete from the soil. A ring colony on a semisolid medium showing filaments
and aérial hyphe (Miller).

Several organisms are included in this genus, as here dis-
cussed, that may be shown to belong to the bacilli and not to the
trichomyecetes.

Many species of organisms of this group are known from the
descriptions of a single author only. It is difficult to determine
from these descriptions how many are valid species and how many
merely synonyms. The facts seem to be that Actinomyces are
widely distributed in nature. They may be isolated in abundance
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from most soils, and may be found to develop upon almost any
plate of medium exposed to the air. Only under exceptional
conditions are they pathogenie, but it is probable that the species
usually described as such are normally saprophytes that can,
upon occasion, proliferate in the tissues of the body and produce
disease.. The fact that cattle become infected through the gums
or tongue, where the awns of certain grasses penetrate, that the
barley testers, who bite the barley grain to determine its brewing
quality, are most frequently infected among men in temperate
climates, that injuries to the feet of natives of certain tropical
countries (where no adequate protection is worn on the feet) are

Fig. 161.—Streptothriz (Actinomyces) celicolor. Colony on agar. This colony
structure is quite typical of many species (Miiller).

frequently followed by local infections, and that Actinomyces have
been found causing infections in practically all domestic animals,
by one investigator or another is evidence of the wide distribution
of the members of the genus. The species to be described are
Actinomyces bovis and A. nocardii in cattle, A. capre in goats,
A. madure, and A. eppingeri in man.

The group, as a whole, may be characterized as consisting of
slender, branching organisms, which may develop into colonies
made up not only of threads but rods, cocei, and other cell forms.
Frequently, in animal tissues, and sometimes upon artificial media,
the ends of the threads may be clubbed. When grown upon the
surface of artificial media some forms develop aérial hyphe,
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which segment into chains of conidia. All species retain the Gram
stain to a greater or less degree. Some are aérobic, others facul-
tative, and still others obligate anaérobes. Pigments are produced
by some species.

Actinomyces bovis

Synonyms.—Streptothriz bovis; Cladothriz actinomyces; Strepto-
thriz actinomyces; Discomyces bovis.

Disease Produced.—Lumpy jaw and wooden tongue (actino-
mycosis) in cattle, and probably related infections in other animals
and man.

Harz, in 1878, gave the name Actinomyeces to the ray-fungus,
which Bollinger, in the preceding year, had found present in the
characteristic tumor-like growths in cattle.

Distribution.—The infection is known from Europe and North
and South America.

Morphology and Staining.—In the infected tissues the organism
forms minute yellowish granules, sometimes large enough to be
readily observed by the unaided eye. These granules are made up
of compact masses of the organisms. Branched filaments, with a
more or less radial arrangement, are to be observed occupying
the central portion, commonly mixed with coccus-like degeneration
products. The margin of the granule or rosette, when examined
in cross-section, is found to consist of club-like enlargements of
the threads, showing a marked refractivity to light. The filaments
are slender, usually about 0.5 ¢ in diameter. It is believed that
the formation of the clubbed ends is correlated in some way with
the resistance of tissue to invasion. They have been variously
regarded as degeneration products, involution forms, and as indi-
cating a thickening of the sheath to protect the organism against
antibodies produced by the tissues. Young colonies on artificial
media consist of interlacing, branched threads, which tend to form
compact masses. These commonly break up into bacillus-like
segments, in a manner not unlike the formation of certain spores
among higher fungi, by segmentation of the hyphal threads.
Whether or not these correspond to the oidial type of spore pro-
duced in the higher fungi, or represent spores at all, is not known.
The clubbed type rarely develops in artificial media. The organism
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stains readily with the common anilin dyes and is gram-positive.
It is not acid-fast.

Isolation and Culture.—The organism is not easily isolated
in pure cultures, particularly when it occurs in mixed cultures
with pyogenic cocci in the lesions. Wright has described a teehnie
which he found quite uniformly suceessful. Pus or tissues contain-
ing the organism in filamentous rosettes is preferable to that con-
taining only the clubbed type, as in the latter degeneration has
gone so far that frequently no growth will occur. The granules
are washed in sterile water, crushed between sterile slides, and
inoculated in varying amounts into tubes of melted 1 per cent.
dextrose agar, and incubated at 37°. In his experience the
colonies developed eharacter-
istically from 5 to 12 mm.
below the surface, but others
have found them to form
quite as well upon the surface
of the medium. Isolated col-
onies may then be transferred
to other media. In bouillon
the organism forms distinet,
solid, spherical, or mulberry-
like masses at the bottom of
the tube. Growth is secured

Fig. 162.—Actinomyces bovis, tissue  ith difficulty upon the sur-
section showing the radial arrangement : ]
face of the medium, accord-

and the clubbing of threads (Giinther). / ”
ing to Wright, but other in-

vestigators have not experienced the same difficulty. It forms
on agar and glyeerin agar colonies, which at first resemble tiny
drops of amber; these enlarge, and either remain discrete or
coalesce to form a distinetly wrinkled, ‘‘lichen-like” membrane,
which frequently has a dusty appearance. Gelatin is slowly
liquefied.

Physiology.—The organism may be regarded as a facultative
aérobe, as growth appears to take place best under anaérobic
conditions. The optimum growth temperature is 37°. The
organism is resistant to desiceation and will live for a long period,
probably months, in a dried condition. Gelatin is liquefied.
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There is no gas- or acid-production. A brown to black pigment
may be produced.

Pathogenesis.— Experimental Evidence.—In the great majority
of cases experimental inoculation is without result. Many animals
have been used—cattle, sheep, swine, dogs, cats, rabbits, and
guinea-pigs. In relatively a few cases significant lesions have
been developed. Musgrave, Clegg, and Polk have produced
extensive suppurative lesions by intraperitoneal inoculation of the
monkey, the infection terminating fatally in about three weeks.
The common lack of pathogenesis may be due to differences in
resistance, to a diminution
of virulence due to cultiva-
tion, or to the manner of
inoculation. In cattle it
may gain entrance with a
grass awn, and this may
protect it from the de-
structive agencies of the
tissues until its pathogen-
icity is well established.

Character of Disease and - Py
Lesions Produced.—A swell- et # s
ing or tumor-like mass de- \i’, Baliry, o R
VE‘IOPS in cattle at the site Fig. 163.—Actinomyces bovis (Strepto-

of infection. This softens thriz actinomyces), stained mount from cul-
: ture-medium (Musgrave, Clegg, and Polk,

and ultimately discharges in “ Philippine Journal of Science ’’).

thick, yellowish pus. The

discharge after the lesion has opened may become intermittent
in character. When the tongue is the primary seat of infection
it becomes swollen, indurated, and protrudes from the mouth in
some cases. The bones of the jaw are often attacked. The
infection is chronie. Animals rarely die from immediate effects.
In a few instances metastatic infection of other parts of the body
than the head and neck have been reported.

In man the disease usually attacks the softer tissues, progresses
more rapidly than in cattle, and is apt to terminate fatally from
metastatic infection. Whether or not the organism isolated from
human actinomyecosis is the same as that found in cattle is uncer-
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tain. The same may be said of the forms that have been isolated
from similar infections in other animals, among them the horse,
dog, and pig.

Immunity.—No method of immunization against the disease
has been developed.

Bacteriological Diagnosis.—A microscopic examination of the
unstained pus will usually reveal the characteristic granules,
with the radial arrangement of clubs or of tangled bits of branched
threads. A film stained by Gram’s method will bring the latter
out clearly when present in small numbers only.

Transmission.—It is believed that the organism commonly
enters the body through a trauma, through carious teeth, or by
‘being carried into the tongue or the gum with the sharp awns of
certain grasses and grains. So far as known the disease is wholly
non-contagious.

- Actinomyces nocardii

Synonyms.—Streptothriz nocardit; Actinomyces farcinica; Strep-
tothriz farcinica; Nocardia farcinica.

Disease Produced.—Bovine farcy. Farcin du beeuf. ‘

Nocard, in 1888, first described an Actinomyces or Strepto-
thrix from the lesions of cattle in Guadeloupe suffering from a
disease termed bovine farcy. The disease itself has not been
adequately studied, although the organism has been investigated
by several workers. There is no record of its occurrence in the
United States.

Morphology and Staining.—The organism is slender, much
branched, and interwoven. In culture-media short, plump fila-
ments with branches may occur, and in old cultures many ovoid
cells are found. The organism is gram-positive, and many por-
tions, particularly in old cultures, are acid-fast and also alcohol-
fast.

Isolation and Culture.—It may be isolated in pure culture from
lesions directly upon artificial media. The colonies upon agar
are small, white, irregular, raised, and opaque. Upon glyecerin
agar they are at first discrete, but soon coalesce, and present
a moist, meal-like growth. Bouillon is never clouded, but a
grayish, flocculent mass forms at the bottom. Milk is unchanged.

Physiology.—The organism is a facultative aérobe. It de-
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velops best at 37°. It is resistant to desiceation, and maintains
its virulence when cultivated. :
Pathogenesis.— Ezperimental Evidence.—Guinea-pigs are easily
infected by intraperitoneal injections. The organism produces
numerous nodules resembling tubercles upon the peritoneum
and the abdominal organs, particularly the liver, spleen, and
kidneys. Intravenous injection gives rise to a condition resembling
generalized miliary tuberculosis. Intraperitoneal injection of the
monkey gives rise to similar lesions. Cattle and sheep develop,
at the point of a subcutaneous inoculation, an abscess which dis-

Fig. 164.—Actinomyces nocardii, stained mount from culture (Musgrave,
Clegg, and Polk, in “ Philippine Journal of Science ).

charges, ulcerates, and may disappear, to reappear after an
interval. '
Character of Disease and Lesions.—The disease in cattle is
characterized by an enlargement of the superficial lymph-nodes,
which ulcerate and have much the appearance of farey in the horse.
The internal organs may be affected, with a resultant pseudo-
tuberculosis. g
Immunity.—Methods of immunization have not been developed.
Bacteriological Diagnosis.—The organism may be recognized
in preparations from the lesions, but, for differentiation from other
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Actinomyces or Streptothrices, culture and animal inoculation
are necessary.

Transmission.—The disease is probably transmitted by wound
infection, but this is not certainly known.

Actinomyces caprz

Synonyms.—Streptothriz capre and possibly S. canis.

Disease Produced.—Actinomycosis (streptothricosis) in goats,
possibly in the dog.

Silbersechmidt, in 1899, published a deseription of an organism
belonging to this group, which he isolated from a goat affected

Fig. 165.—Actinomyces capre, stained mount from culture (Musgrave, Clegg,
and Polk, in ‘‘ Philippine Journal of Science’’).

with a disease which closely simulated tuberculosis. It has been
studied by several other investigators, who are in agreement that
it should be regarded as a distinet species.

Morphology and Staining.—Morphologically, it resembles the
true bacteria more than other members of this group. The fila-
ments are comparatively short, and show little tendency to form
tangled masses, but separate easily. Both in culture and in the
lesions rod forms and cocei are predominant. It stains with the
anilin dyes rather irregularly, and is alcohol and acid-fast.

Isolation and Culture.—The organism grows rather readily
upon most of the laboratory media, so that isolation is not a matter
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of difficulty. Upon agar the growth appears in two to three days
as small, brownish colonies. It is somewhat more luxuriant upon
glyecerin and maltose agar, the colonies coalescing to give the
growth a moist, mealy appearance. The colonies are light brown
in color. Growth upon potato is similar. In bouillon the colonies
develop upon the surface as fine dry disks, and form a pellicle,
which finally settles as a sediment, the broth remaining clear.

Physiology.—The organism is a facultative aérobe.

Pathogenesis.—The organism produces tubercle-like lesions
in the rabbit, guinea-pig, and monkey upon inoculation. It is not
of any considerable economic importance.

Actinomyces madurz
Synonym.—Streptothriz madurce.
Disease Produced.—Madura foot, mycetoma, streptothricosis
in man.
Vincent, in 1894, cultivated an Actinomyces from cases of
mycetoma or Madura foot in man. This disease occurs in certain

Fig. 166.—A ctinomyces madure, stained mount from culture (Musgrave, Clegg,
and Polk, in ‘“ Philippine Journal of Science ).

tropical countries, as southern Asia and the Philippines. It is
undoubtedly a different species from those already described. It
is not known to affect animals in nature, but will infect the monkey
upon intraperitoneal inoculation.






CHAPTER XXXVII

BLASTOMYCETES

THE genus name Blastomyces is used to designate a group of
pathogenic fungi having many points in common with the members
of the genera Saccharomyces and possibly Torula. It is not
certainly known that the forms thus classified are closely related
among themselves, for it is a well-known fact that many of the
Hyphomyecetes, when grown in certain culture-media, will assume
a form indistinguishable from the yeasts. It is possible, therefore,
that some of the forms described as members of the genus Blasto-
myces may be only growth
stages of .higher forms. Here,
again, as has been emphasized
in other groups, there is need
still for careful morphological
and cultural studies of the
various species that have been
described, for some of them are
very imperfectly known.

An understanding of the
morphology of the Blastomyces
can best be obtained by a pre-
liminary discussion of the Sac- Fig. 167-<Bin’s’ Joodts) MY
charomyces or true yeasts. romyces cerevisie (Giinther).
The one character which sep-
arates this genus from the Hyphoﬁlycetes is the difference in the
vegetative method of reproduction. This is accomplished by
budding. The mother-cell is usually oval or round, and, at
various points on its surface, produces small buds, which enlarge
and soon separate as independent cells. Occasionally these cells
may remain together and become considerably elongated. By
continued budding from the tip, a chain of cells is formed
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simulating a mycelial thread of one of the Hyphomycetes. The
cell differs from that of a bacterium by the presence of a definite
nucleus, which may be demonstrated by careful staining technie.

Spores are produced by some yeasts when the cells are brought
under the right conditions of moisture, oxygen pressure, and
temperature. Generally, two, four, or six are produced within
a single cell. This type of spore formation relates such forms
definitely to the higher fungi, known as Ascomycetes or sac
fungi. Inthese fungi the spores are borne in saes or asci (singular,
ascus), and the cell of the yeast, with its contained spores, is sup-
posed to represent a simple type of ascus. Resting cells, consist-
ing of heavily walled or encapsulated cells filled with protein,
glycogen, or oil-granules, are formed by many yeasts. These
granules may resemble spores, and have doubtless many times been
mistaken for them. When brought under favorable conditions
the cell, as a whole, begins again to produce buds, showing con-
clusively that the granules cannot be regarded as spores.

Among the true yeasts, those which are not known to produce
spores are sometimes placed in the form genus Torula. It is not cus-
tomary to make this distinction among the pathogenic yeasts or
Blastomyeces, although it has been attempted by some authors.
As here used, the term Blastomyeces includes all those pathogenic
forms which reproduce regularly by budding, and may or may not
produce ascospores.

The organisms belonging to this group are Blastomyces farci-
minosus, B. dermatitidis, and B. coccidioides.

Blastomyces farciminosus

Synonyms.—Cryptococcus farciminosus; Leishmania farci-
minosa.

Disease Produced.—Blastopycotic epizoétic lymphangitis or
pseudofarey in the horse.

Rivolta, in 1873, first described the organism associated with
this disease. Tokoshige, in 1897, cultivated the organism and
determined its classification. It has been studied since that time
by several investigators. Galli-Valerio contends that this organ-
ism is a protozoan and not a Blastomyces. There is a clinically
similar disease, since deseribed in Europe and the United States
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as due to a member of the mold genus Sporotrichum. The organ-
ism described by Tokoshige should be reinvestigated. It is pos-
sible that it may prove to be a Sporotrichum also.

Distribution.—The disease is known from Italy, Egypt, Tunis,
England, France, northern Europe, Japan, India, the Philippines,
and possibly the United States (North Dakota, Iowa).

Morphology and Staining.—The organism as it oceurs in tissues
does not show budding forms ordinarily, but reproduces by a
series of sporulations. In nmiounts prepared from the tissues it
has a double refractive contour, which makes it stand out dis-
tinctly from the remainder, even when unstained. It is usually
spherical or ovoid, 3 to 4 & in diameter. The cell contents may be
homogeneous or granular. In culture-media the organism consists
of hyphal and spherical forms. Cells
with buds may be found, identifying
the organism definitely with the Blas-
tomycetes. Cells containing granules,
and resembling closely the resting cells
of the yeasts, are common. It has
not been conclusively shown that true
sporulation takes place in culture-
media. The organism stains readily Fig. 168.—Blastomyces far-
wit%] aqueous anilin dyes and is gram- ig?:s@ﬁi:pe:fdﬁfi?mw%ﬁ
positive. The latter method of stain-  gppe).
ing is useful in demonstrating the or-
ganism in pus or tissues. The alcohol must not remain too long
in contact with the organism or it will lose color.

Isolation and Culture.—The B. farciminosus is isolated upon
culture-media with eonsiderable difficulty. Several investigators,
particularly those holding to the protozoan nature of the organism,
deny that it has been accomplished. In view of the success which
has attended the cultivation of an essentially similar organism
in man, there seems no good reason to deny that Tokoshige and
others have succeeded in securing it in pure cultures. A slightly
acid medium is said to be more favorable than one which is alkaline.
Growth is very slow in any event.

Bouillon finally shows a white, flocculent deposit. Upon
the surface of agar, gray-white granular colonies make their ap-
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pearance in the course of a month, and finally attain to a diameter
of 1 to 4 mm. The colony is wrinkled, and can be removed only
with difficulty. Growth upon gelatin is essentially similar.
Potato seems somewhat more favorable, and growth occurs more
rapidly, but is of the same character as on agar. '

Physiology.—The organism is aérobic. Growth ocecurs at
room-temperature as well as at 37°. It does not liquefy gelatin.
Sugars are not fermented with production of either acid or gas.

Pathogenesis.— Experimental Evidence.—Guinea-pigs and rab-
bits are not easily infected with pure cultures. Typical lesions
have been produced in the horse by Tokoshige. They are readily
produced by the injection of pus from natural infections.

Character of Disease and Lesions.—The disease in the horse
shows a marked superficial resemblance to farcy. The infection
progresses through the subcutaneous lymphatics and forms dis-
tinet nodules. These may suppurate. Metastatic infection of
the internal organs occasionally occurs.

Immunity.—No practicable method of immunization has been
developed.

Bacteriological Diagnosis.—The organism may be readily
observed in a mount of the pus from a lesion stained by Gram’s
method.

Transmission.—It is supposed that infection is traumatic, that
the organism gains entrance through cutaneous lesions. The
disease not highly contagious.

Blastomyces dermatitidis

Synonyms.—Saccharomyces dermatitidis; Oidium dermatitidis.

Disease.—Blastomycetic dermatitis in man.

Busse, in 1894, first described an organism of this group as the
cause of a fatal infection in man. Gilchrist, in 1896, found a
similar organism as the cause of a dermatitis in man. Since that
time the organism has been repeatedly isolated and studied.

Distribution.—Blastomycotic dermatitis has been reported
from the United States, the Philippines, and Europe.

Morphology and Staining.—It is probable that several distinct
species have been grouped together; that is, not all cases have
shown morphologically identical organisms to be present. They
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have not as yet been sufficiently studied to justify their separation
as distinet species, but will be treated rather as one polymorphic
form. Careful morphological and cultural studies are still needed.

In the tissues the organisms appear almost invariably as
budding forms. The cells are spherical or ovoid, from 10 to 17 «
in diameter. They are distinctly double contoured. Several
investigators have observed what they believe to be sporulating
forms. The cells are frequently granular or vacuolate, resembling
typieal yeast cells in this respect. Upon culture-media numerous
hyphal threads and budding cells are produced.

Fig. 169.—Blastomyces dermatitidis. Budding forms and mycelial growth
from glucose agar (Irons and Graham, in “Journal of Infectious Diseases’’).

The organisms do not stain very readily with the aqueous
anilin dyes.

Isolation and Culture.—Isolation of the organism is usually
attended with considerable difficulty. Blood-serum slants are
usually employed and inoculated with material from the lesion.
Repeated trials are sometimes necessary before a growth is secured.
After once accustomed to growth on artificial media, no difficulty
is found in getting the organism to develop upon most of the
common culture-media.

Small white colonies showing a mold-like surface, due to the
formation of numerous aérial hypha, develop upon the surface
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of agar. The addition of dextrose to the medium somewhat in-
creases the luxuriance of the growth. In bouillon a fluffy, mold-
like colony or a granular sediment develops without any evidence
of the diffuse clouding generally found in yeast cultures. Gelatin
is not liquefied. Milk may or may not show coagulation and
slight digestion of the casein. Potato is a favorable medium.
Physiology.—Growth occurs at room-temperatures, but some-
what more luxuriantly at 37°. The organism is aérobic and facul-

Fig. 170.—Blastomyces dermatitidis (Hamburger, in “ Journal of Infectious
Diseases’).

tative anaérobic. Gas and acids are not produced in carbo-
hydrate media.

Pathogenesis.— Experimental Evidence.—Guinea-pigs and rab-
bits may be infected, with production of either a local abscess or
generalized blastomycosis. The lesions resemble in their essential
characters those found in the human body.

Character of Disease and Lesions.—In man a papule generally
appears upon one of the extremities, the face, or, more rarely,
elsewhere. A viscid pus is exuded, and there is commonly con-
siderable enlargement. Healing with an abundant formation of
cicatricial tissue gradually occurs. Usually the lymphatics are
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not involved, the disease différing in this respect from the lymph-
angitis of the horse. The course of the disease is usually chronie,
and it may persist for years, new ulcers appearing successively on
various parts of the body. Generalization has been reported in a
considerable number of cases. The skin lesions have sometimes
been confused with those of syphilis and tuberculosis. Primary
infection of the lungs has been shown in several cases.

Immunity.—No method of establishing immunity has been
developed. !

Bacteriological Diagnosis.—This may be accomplished by direct
microscopic examination of the pus. Phalen and Nichols state
that the organism may be most easily demonstrated by treating
unstained sections with potassium hydrate and mounting in
glycerin.

Transmission.—It is supposed that infection sometimes occurs
through wounds, but several instances have come to light in which
the infection was primarily pulmonary and the skin lesions sec-
ondary.

Blastomyces coccidioides

Synonym.—Oidium coccidioides.

Disease Produced.—Blastomycosis, so-called coccidioidal granu-
loma in man.

Posades and Wernecke, in 1892, first reported a case of so-
called coccidioidal granuloma from Argentina. In the United
States the disease has been recorded principally from California,
particularly in the San Joaquin Valley.

Morphology.—This form is of particular interest, because the
budding or true blastomyces form very rarely occurs in the tissues,
and multiplication is almost wholly through sporulation. The
organism in the tissues is spherical and doubly contoured. It may
reach a diameter of 30 # or even more. Budding forms have been
recorded from pus. In artificial media the organism resembles
a mold, but budding forms may be observed. The method of
reproduction in tissues, by the formation of spores within the
mother-cell and their liberation by a rupture of the cell membrane,
has led some investigators to believe that the organism is really
a protozoan. However, sporulation of this general type occurs
in the yeasts. The question seems to be definitely settled in
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a. Typical large organism with
thick hyaline capsule in a giant
cell.

b. Sporulation from within an
imperfect giant cell. Capsule
ruptured in two places, a, a.

¢. Giant cell containing a num-
ber of organisms without granulag
cytoplasm. These have appa-
rently recently been liberated by
sporulation of their parent or-
ganism.

Fig.171.—Blastomyces coccidioides (Evans, in “Journal of Infectious Diseases”).






CHAPTER XXXVIII

MOLD OR HYPHOMYCETE GROUP

THE term Hyphomycete, as usually interpreted, is one of con-
venience only, for within this group are included members of the
four great divisions of fungi generally recognized by botanists. The
members of the group are many times not closely related. They
all resemble each other in having a plant body or mycelium, which
consists of threads or hyphe made up, in the majority of forms, of
chains of cells. Reproduction is not generally by budding,-”
although this may sometimes occur. The hyphz themselves break
up into spores, or spores are borne at the tips of hyphe that have
been differentiated for the purpose. The hyphz may unite to
form a more or less solid mass, sometimes tissue-like in appearance.
This mass may remain viable when dried for a considerable time,
and may function in much the same manner as a resistant spore
in tiding the organism over unfavorable conditions. Such a
structure is called a sclerottum. The names given to these various
types of structures have already been discussed under the heading
of Morphology in Section I. /|,

The Hyphomycetes, for the most part, belong to the division
of fungi termed Fungi imperfectt by the botanist. The name is
derived from the fact that these fungi are not known to produce
perfect or sexual spores. Hundreds of genera and thousands of
species have been described as belonging to this group. Many of
these are doubtless simply developmental stages of forms that
are known under other names. The life history of some fungi
has been found to be so complex, and consists of so many stages,
that five or six names have been applied and the different stages
put in different groups of fungi, until it was found that all were
the same polymorphic species. Unfortunately, careful mor-
phological study has not been made of the pathogenic members
of this group, and there is the greatest confusion in the nomen-
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clature. The pathologists and bacteriologists who have de-
seribed the organisms have rarely paid any attention to
their botanical relationships, and the organisms themselves,
for the most part, have been ignored by the botanist in his
classification. :

As before stated, the possession of a more or less definite
mycelium, a more or less ‘“ mold-like ”’ growth, and the general
production of spores are all that is needed to include an organism
in the group. Many of the organisms of the group are very com-
mon in nature and are pathogenic only under exceptional condi-
tions, while others have so adapted themselves to a parasitic
existence that they may be regarded as obligate parasites. Many,
too, have been noted once or twice only in certain pathological
conditions, and it is by no means certain that they were more than
accidental saprophytes.

The genera of molds containing species of known pathogenicity
are—

Aspergillus.

Penvcillzum.

Fusarium.

Sporotrichum.

Microsporon and Trichophyton.

Achorion.

Oidium or Ojspora.

THE GENUS ASPERGILLUS

The Aspergilli are widely distributed in nature. They are
abundant in the soil and on decaying materials of all kinds.
Their spores are common in the air, and cultures may readily be
secured in most localities by simple plate exposure. They are not,
however, present in such numbers as the genus next to be de-
seribed, Penicillium. Several hundred species have been de-
seribed, and by some authors the genus is subdivided into two
genera, Aspergillus and Sterigmatocystis.

Aspergillus is placed by the botanists among the Ascomycetes
or sac fungi, because at one stage in the life history sexual repro-
duction oceurs, resulting in the formation of sacs filled with spores.
This phase of the life history has been worked out in but few species;
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however, it is probable that it occurs in all when grown under the
right conditions.

—The mycelium of Aspergillus is colorless and hyaline, much-
branched, penetrating for a short distance into the substratum or
medium; and usually sending up aérial hyphe, which give the
colony a floccose or downy appearance. The hyphe are septate,
that is, cross walls are formed and the cells are divided from each
other by walls. Asexual reproduction takes place by the forma-

Fig. 172.—Morphology of the Aspergillus glaucus: a, Mycelia and perithecia
on the surface of the medium, with a single conidiophore; d, a very young peri-
thecium; e, cross-section through a perithecium, somewhat older; f, cross-
section through a mature perithecium, showing the asci and the ascospores
(as); bb!, isolated asci; cc!, ascospores ripe and germinating (c bt d e f after
deBary, a b ¢! after Wehmer).

tion of enlarged, erect, spore-bearing hypha called conidiophores.
These conidiophores are inflated at the tip and become covered with
papille, which develop into short stalks, called sterigmata (singular,
sterigma). The sterigmata may branch once or many times,
giving rise to bunches of secondary sterigmata, or they may remain
unbranched. The species with branched sterigmata are frequently
grouped together into a genus Sterigmatocystis. From the tips of
these sterigmata spores or conidia are abjointed, and hang together
to form long chains. The spore mass at the tip of the conidiophore
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is termed a head. The spores are usually colored green, brown,
yellow, or black, or in a few species they are colorless. They are
spherical or oval in shape. Their surfaces are not easily wetted;
they are easily detached, and are readily carried about by currents
of air. This explains the readiness with which birds and some
animals become infected in the respiratory tract when fed on
moldy grain or fodder. When the spores come under favorable
growth conditions, they germinate and reproduce the mold.

If growth conditions are right, careful observation will enable
one to discover the sexual stages in the reproduction. Two
filaments, somewhat differentiated, begin to twist together until
they form a typical cork-screw. The cell contents fuse, and fer-
tilization is effected. A tangled mass of threads arises about
this cell, forming a compact layer or covering termed the peri-
thectum. The inclosed cell grows rapidly, and produces a con-
siderable number of enlarged cells, each of which eventually is
found to contain spores, usually eight in number. These cells
or sacs are called asci (singular ascus), and the spores are termed
ascospores. These, like the conidia, when brought under favorable
growth conditions, reproduce the mold. An Aspergillus may con-
tinue to multiply indefinitely without the sexual stage developing;
it is not improbable that some species have altogether lost the
power of reproducing other than by means of the conidia.

Several species of Aspergilli have been described as pathogenic.
Doubtless, these are normally saprophytes, and only produce
disease under exceptional conditions.

Aspergillus fumigatus

Diseases Produced.—Aspergillosis of birds; pneumomyecosis in
man and many animals.

The occasional presence of Aspergillus in lung infections has
been known since early in the nineteenth century. Probably
Mayer and Emmet, in 1815, were the first to note its presence in
the lungs of a bird, in this instance a jay. Since that time the
organism has been reported many times. In most eases no careful
species determination was made, but the probabilities are greatly
in favor of Aspergillus fumigatus being the species responsible.
Aspergillosis has been reported from the stork, raven, flamingo,
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eider-duck, parrot, pigeon, chicken, hawk, bullfinch, plover,
pheasant, bustard, duck, goose, ostrich, swan, and turkey among
birds, from the horse, dog, and cow among animals, and from man.
It has been reported from Europe and the United States.
Morphology.—In culture-medium it forms greenish or bluish
gray or later brownish masses. The conidiophores are abundant,
but short. The enlarged tip of the conidiophores is hemispherical,
and 8 to 20 & in diameter, bluish-green, and later brown. The

Fig. 173.—Aspergillus fumigatus: 1, Optical section through a conidiophore;
2, conidiophore and conidia; 3, eonidia; 4, a, perithecium; b, an isolated ascus;
¢, d, ascospores, front and lateral view; 5, swollen hyphz, bl, and conidiophores
(4, a—d, after Grijns, remaining after Wehmer).

perithecia with ascospores have been observed in culture-media.
In the lung tissues the branching mycelium may be observed on
miecroscopic examination, and the sporophores may be seen pro-
jecting into the air-sacs, where the conidia are produced. These
spores are never formed except in the presence of oxygen.
Isolation and Culture.—The Aspergillus fumigatus may be
readily isolated from the lesions upon almost any of the commonly
used artificial media, particularly when spores are produced. For
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Character of Disease and Lesions Produced.—By far the greatest
number of cases of aspergillosis have been reported from birds.
The lesions are generally located in the lungs, air-sacs, and hollow
bones, where the spores may readily lodge. In man and animals,
particularly the horse, the usual picture is an infection of the lungs
and air-passages, but occasionally of the mucous membranes of
other parts of the body. Metastatic infection of other organs is
not infrequent. The organism causes the development of nodules
not unlike those of tuberculosis. In the lungs the tubes are fre-
quently occluded by the green fructifications of the fungus. There
is more or less necrosis of tissue immediately surrounding the or-
ganisms. '

Immunity.—Several investigators claim to have produced toxic
substances, if not true toxins, by the growth of the organisms in
artificial media. These claims have not been sufficiently sub-
stantiated, although there is considerable a priori evidence,
from the character of the lesions and symptoms, that powerful
toxic substances of some kind are produced. No method of suc-
cessful immunization has been developed.

Bacteriological Diagnosis.—A diagnosis may usually be made
by the character of the lesions and the appearance of the green
spores. A microscopic examination of the scrapings of the in-
fected mucous membranes should reveal the spores and character-
istic conidiophores without difficulty.

Transmission.—The organism doubtless grows on decaying
organic matter outside the body. The feeding of moldy grain or
fodder may give ample opportunity for infection by inhalation.
The preponderance of pulmonary primary infections shows that
inhalation probably is the common method of infection.

Aspergillus flavus

This organism has been described by various investigators,
who believed it to be, in part at least, responsible for blind staggers
or meningoencephalitis in horses. It occurs in great quantities
on moldy corn and other grains. Although the complete data
have not been presented, the work of Haslam indicates that it is
of some pathogenic significance.

Morphology.—The sterile hyphz are cobwebby and white.
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Fig. 176.—Aspergillus niger: 1, 2, 3, 4, Stages in the development of the con-
idiophores; 5, conidia; 6, detail, showing the branched sterigmata; 7, 8,
sclerotia; 9, natural size of the fungus (Wehmer).

organism has also been found in the ear and in lesions in the
lungs.
Other Species of Aspergilli
Several other species of Aspergilli have been reported as
pathogenic. Among them are Aspergillus nigrescens, A. subfuscus,
and A. glaucus. These produce nodular mycotic foci in the in-
ternal organs of laboratory animals into which they have been
injected. They do not commonly produce infection under natural
conditions.
THE GENUS PENICILLIUM
Penicillium is closely related to Aspergillus, the principal
difference being the manner in which the asexual spores or conidia
are borne. The conidiophores are erect, and much branched at the
tip, the branches arising in whorls and are not enlarged at the apex.
From the end of each ultimate branch a chain of spores is abjointed,
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giving to the organism under the microscope the appearance of
being covered with little brooms. The sexual stage is essentially
similar to that of Aspergillus. Penicillia are even more common
than the Aspergilli. They occur as blue or green molds upon fruit,
and upon a great variety of decaying materials. Of the hundreds
of species of Penicillium that have been described, the majority

Fig. 177.—Penicillium glaucum: a, a', Tips of conidiophores showing the
characteristic method of branching and the chains of spores; b, perithecium;
¢, asci; d, ascospores (Brefeld).

are green or bluish-green in color, but white, gray, yellow, orange,
and brown forms are known.

None of the species of Penicillium are known to be harmful,
but their constant presence in moldy silage and grain which has
poisoned animals makes it necessary to consider them in any
discussion of forage poisoning.

THE GENUS FUSARIUM

The members of this genus are nearly all saprophytes or plant
parasites. Fusarium is included among the Fungi imperfecti,
as a sexual or perfect stage is unknown in the life history of most
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of the species. Webber has found an ascus stage in one species,
and concludes that the genus Necomospora of the Ascomyecetes is
the perfect form; in other species it is the genus Gibberetta.
Fusarium is characterized by its loose, spreading, cottony
mycelium with numerous cross walls, 7. e., septate. The conidio-
phores are not markedly different from the sterile hyphe, and are
usually branched. The conidia are borne at the tips of these
branches. They are long, slender, sickle or -crescent-shaped

Fig. 178.—Fusarium corallinum, conidiophores and conidia (Saccardo).

usually, and divided into several or many cells by cross walls or
septa.

Several species of Fusarium are found commonly on grains and
moldy eorn. This fungus has been believed by some investigators
to be of significance in forage poisoning. It is one of the several
forms which must be considered in a determination of the poisonous
properties of forage. ;

One species, the Fusarium equinum, is believed to produce
dermatitis in the horse.

Fusarium equinum

Disease Produced.—Itch disease, associated with sarcoptic
dermatitis.

Norgaard, in 1901, noted the presence of a Fusarium in a.derma-
titis of horses in the State of Oregon, and proposed the name
Fusarium equinum for the fungus. Melvin and Mohler later
studied the disease in greater detail. The disease has been re-
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ported only from this one locality, but in this instance affected
several thousand horses on the Umatilla Indian reservation.
Morphology.—The mycelium upon culture-media is septate and
branched. Three forms of spores are produced. The microconidia
are small and oval, one- or two-celled. The macroconidia are
large, sickle-shaped, three to five septate, and pointed at the
ends. They are 25 to 55 u long by 2.5 to 4.5 4 wide. Chlamydo-
spores are formed in the mycelial threads by a cell rounding up to

Fig. 179.—Fusarium equinum, mycelium and conidia (Melvin and Mohler,
Bureau of Animal Industry).

a diameter of 8 to 15 & and becoming densely granular. The
spores may be recognized in the hair-follicles of the diseased ani-
mals.

Isolation and Culture.—No difficulty was experienced in secur-
ing a growth of the organism on artificial media. The more
favorable media are potato and bread, but good growth will take
place on gluc