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PREFACE TO SECOND EDITION.

In this second edition, the results of last year’s earnest
work have been embodied. The efforts of Baecteriologists,
since Koch’s tuberculin announcement, have been directed
to the elaboration of therapeutic agents from the chemical
products of Bacteria. Physiological e¢hemistry ean accom-
plish more here than Bacteriology. The separation from
the blood of Antitoxines, and their application to the cure of
disease, will probably revolutionize our present method of
treatment, and add some peculiar agents to our Materia
Medica. The question of immunity. is still unanswered,
though the Phagoeytic theory of Metschnikoff and the
Alexines of Buchner are bringing us to the golution. Upon
these lines the greatest efforts are at present being made.

We are very grateful to all those who have taken notice
of our little effort, and we hope to merit a continuance of
their regard.

The way in which the first edition was received assured
us of its success.

M. V. B.

(v)






PREFACE TO FIRST EDITION.

Feering the need of a Compendium on the subject of
this work, it has been our aim to produce a concise treatise
upon the Practical Bacteriology of fo-day, chiefly for the
medical student, which he may use in his laboratory.

It is the result of experience gained in the Laboratory
of the Hygienical Institute, Berlin, under the guidance of
Koch and Frinkel; and of information gathered from the
original works of other German, as well as of French,
bacteriologists.

Theory and obsolete methods have been slightly touched
upon. The scope of the work, and want of space, forbade
adequate consideration of them, The exact measurements
of bacteria have not been given. The same bacterium
varies often much in size, owing to differences in the media,
staining, ete.

We have received special help from the following hooks
which we recommend to students for further reference :—

Macg: Traité pratique de Bacteriologie.

FrANKEL: Grundriss der Bakterienkunde.

EsenxserG: Bakteriologische Diagnostik.

CrookscHANK, Ii. M.: Manual of Bacteriology.

GuntneEr: Einfiihring in das Studium der Bacteriologie, ete.
WoopneaDp ANp HARE: Pathological Mycology.
SALMONSEN: Bacteriological Technique (English translation).

M. V. BALL.

BUFFALO, N. Y., October 1, 1891.
62 Delaware Avenue.
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INTRODUCTION.

History.—The microscope was invented about the latter
part of the sixteenth century; and soon after, by its aid,
minute organisms were found in decomposing substances.
Kircher, in 1646, suggested that diseases might be due to
similar organisms; but the means at his disposal were in-
sufficient to enable him to prove his theories. Anthony
Van Leuwenhoeck, of Delft, Holland (1680 to 1723), so
improved the instrument that he was enabled thereby te
discover micro-organisms in vegetable infusion, saliva, fecal
matter, and serapings from the teeth. He distinguished
several varieties, showed them to have the power of loco-
motion, and compared them in size with various grains of
definite measurement. It was a great service that this
*“ Dutch naturalist” rendered the world ; and he can rightly
he called the ‘ father of microscopy.”

Various theories were then formulated by physicians to
connect the origin of different diseases with bacteria; but no
proofs of the connection could be obtained. Andry,in 1701,
called bacteria worms. Miiller, of Copenhagen, in 1786, made
a classification composed of two main divisions—monas and
vibrio; and with the aid of the compound microscope was
better able to deseribe them. Ehrenberg, in 1833, with still
better instruments, divided baecteria into four orders: bac-
terium, vibrio, spirillum, and spirocheete. Tt was not until
1863 that any positive advance was made in connecting
bacteria with disease. Rayer and Davaine had in 135}_}

(xiii)



Xiv INTRODUCTION.

already found a rod-shaped bacterium in the blood of ani.
mals suffering from splenic fever (sang de rate), but they
attached no special significance to their discovery until
Pasteur made public his grand researches in regard to fer-
mentation and the role bacteria played in the economy.,
Then Davaine resumed his studies, and in 1863 established
by experiments the bacterial nature of splenic fever or an-
thrax.

But the first complete study of a contagious affection was
made by Pasteur in 1869, in the diseases affecting silk-worius
—pebrine and flacherie—which he showed to be due to micro-
organisms,

Then Koch, in 1875, described more fully the anthrax
bacillus, gave a description of its spores and the properties
of the same, and was enabled to eunltivate the germ on arti-
ficial media; and, to complete the chain of evidence, Pas-
teur and his pupils supplied the last link by reproducing the
same disease in animals by artificial inoculation from pure
cultures. The study of the bacterial nature of anthrax has
been the basis of our knowledge of all contagious maladies,
and most advances have been made first with the bacterium
of that disease.

Since then bacteriology has grown to huge proportions—
become a science of itself—and thousands of earnest workers
are adding yearly solid blocks of fact to the structure, which
structure it will be our aim to briefly describe in the pages
which are to follow,
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PARMTSL
GENERAL CONSIDERATIONS,

CHAPTER I.
BACTERIA.

BACTERIA (Baxrypeov, little staff) is the name given to a group
of the lowest form of plants, very closely following the algze,
They were called Fission- Fungi or Schizomycetes (sxibe, to cleave,
uoxns, fungus), because it was thought that, as the Fungi, they
lived without the chlorophyll. The word fission was supplied
to distinguish them from moulds and yeasts, it denoting the
manner of reproduction. Since several bacteria have been
found to possess chlorophyll, and as a great many increase in
other ways than by simple fission—the name of Schizomycetes
can no longer be applied, though the word Bacteria leaves much
to be desired.

Classification. Ferdinand Cohn, in the middle of the present
century, was the first to demonstrate bacteria to be of vegetable
origin, they being placed previous to that among the infusoria,
ITe arranged them acecording to their form under four divisions.

Cohn's System. I. Spherobacteria (globules).

II. Microbacteria (short rods).
ITL. Desmobacteria (long rods).
IV. Spirobacteria (spirals).
As expressed at the present time, Micrococeus, Bacillus, and
Spirillum, This classification is very superficial, but because a
better one has not been found it is most in use to-day.
2 (17)
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De Bary’s System, De Bary divides bacteria into twe groups,
those arising from or giving rise to endospores and those devel-
oped from arthrosporves. This division has a more scientific
value than the first.

Fig, 1.
H\_\‘:‘.-\_, -—
7 LH\:\- ] ’/
e i =l
s Sl ~
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Micrococeus, sSpirillom. Baeillus,

Structure. Bacteria are cells ; they appear as round or cylin-
drical of an average diameter or transverse section of 0,001 mm.
=1 micromillimeter), written 1 . The cell, as other plant-
cells, is composed of a membranous cell-wall and cell-contents ;
** cell-nuelei” have not yet been observed, but the latest re-
searches point to their presence.

Cell-Wall. The cell-wall is composed of plant cellulose, which
can be demounstrated in some cases by the tests for cellulose.
The membrane is firm and can be brought plainly into view by
the action of iodine upon the cell-contents which contracts them.

Cell-Contents, The contents of the cell consist mainly of
protoplasm, usually homogeneous, but in some varieties, finely
aranular, or holding pigment, chlorophyll, granulose, and sul-
phur in its structure.

It is composed chiefly of mycoprotein.

Gelatinous Membrane. The outer layer of the cell-membrane
ean absorb water and become gelatinoid, forming either a little
envelope or capsule around the bacterium or preventing the
separation of the newly-branched germs, forming chains and
bunches, as strepto- and staphylo-cocci. Long filaments are also
formed,

Zoogleea, When this gelatinous membrane is very thick, irre-
cular masses of bacteria will be formed, the whole growth being
in one jelly-like lump. This is termed a zooglea (Swor, animal,

Ageos, olue).
U Lﬂégiﬂﬂﬁun, Many bacteria possess the faculty of self-move-
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ment, carrying themselves in all manner of ways across the
wicroscopic field, some very quickly, others leisu 1'}11;,-'.
Vibratory Movements. Some bacteria vibrate in themselves,
appearing to move, but they do not change their place ; these
movements are denoted as molecular or ** Brownian.”

Fia. 2.

Flagella. Little threads orlashes are found attached to many
of the motile bacteria, either at the poles or along the sides,
somelimes only one, and on some several, forming a tuft.

These flagella are in constant motion and ean probably be
considered as the organs of locomotion ; they have not yetl been
discovered upon all the motile bacteria, owing no doubt to our
tmperfeet methods of observation. They can be stained and
have been photographed. See Fig. 3.

Reproduction. Bacteria multiply either through simple divi-
sion or through fructification by means of small round or oval
bodies called spores from spora (seed.) In the first case, division,
the cell elongates, and at one portion, usually the middle, the
cell-wall indents itself gradually, forming a septum and dividing
the cell into two equal parts, just as occurs in the higher plant
and animal cells, See Fig, 4.
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b ] |
o, g

i)

o
-]
g

L)
TiNe

Flagella.

Successive divisions take place, the new members either exist-
ing as separate cells or forming part of a community or group.

Fic. 4.

Division of a Micrococcus., (After Macé,)

S i
.

o %

Division of a Bacillus. (After Macé.)

Spore Formations, Two forms of sporulation, Endosporous and
Avrthrosporous. First, a small granule develops in the protoplasm
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of a bacterium, this increases in size, or several little granules
coalesce to form an elongated, highly refractive, clearly defined
object, rapidly attaining its real size, and this is the spore, The
remainder of the cell-contents has now disappeared, leaving
the spore in a dark, very resistant, membrane or capsule, and
beyond this the weak cell-wall. The cell-wall dissolves gradu-
ally or stretches and allows the spore to be set free.

Each bacterium gives rise to but one spore. It may be at
either end or in the middle (Fig. 5). Some rods take on a pecu-
liar shape at the site of the spore, making the rod look like a
drum-stick or spindle, clostridium (Fig. 6).

Fig. 5. Fia. 6.

I 4

BB
S e e Ty,

4
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&

Sporulation. After De Bary. Clostridium.

%%
|

Spore Contents, What the real contents of spores are is not
known. In the mother cell at the site of the spore little gran-
ules have been found which stain differently from the rest of
the cell, and these are supposed to be the beginnings, the sporo-
genic bodies. The most important part of the spore is its erj-
sule; to this it owes its resisting properties. It consists of two
separate layers, a thin membrane around the cell. and a firm
outer gelatinous envelope., :

Germination. When brought into favorable conditions the
spore begins to lose its shining appearance, the outer firm 1;10111-
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brane begins to swell, and it now assumes the shape and size
of the cell from which it sprang, the capsule having burst, so as
to allow the young bacillus to be set free.

Requisites for Spore Formation. It was formerly thought that
when the substratum could no longer maintain it, or had beconie
infiltrated with detrimental products, the bacterinm-cell pro-
duced spores, or rather turned itself into a spore to escape anni-
hilation ; but we know now that only when the conditions are
the most fayorable to the well-being of the cell, does it produce
fruit, just as with every other type of plant or animal life, a cer-
tain amount of oxygen and heat being necessary for good spore
formation,

Asporogenic Bacteria. Bacteria can be so damaged that they
will remain sterile, not produce any spores. This condition can
be temporary only, or permanent.

Arthrosporous, All the above remarks relate to Endospores,
spores that arise within the cells,

In the other group called Arthrospores, individual members
of a colony or aggregation leave the same, and become the origi-
nators of new colonies, thus assuming the character of spores.

The Microcoeei furnish examples of this form.

Some authorities have denied the existence of the arthro-
sporous formation.

Resistance of Spores. Because of the very tenacious envelope,
the spore is not easily influenced by external measures. It is
said to be the most resisting object of the organic world.

Chemical and physical agents that easily destroy other life
have very little effect upon it.

Many spores require a temperature of 140° C. dry heat for
several hours to destroy them. The spores of a variety of potato-
bacillus (bacillus mesentericus) can withstand the application of
steam at 100° C. for four hours.
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CHAPTER II
ORIGIN OF BACTERIA AND THEIR DISTRIBUTION.

As Pasteur has shown, all bacteria develop from pre-existing
bacteria, or the spores of the same. They cannot, do not arise
de novo.

Their wide and almost universal diffusion is due to the minute-
ness of the cells and the few requirements for their existence.

Very few places are free from germs ; the air on the high seas,
and on the mountain tops, is said to be free from bacteria,
but it is questionable.

One kind of bacterium will not produce another kind.

A bacillus does not arise from a micrococcus or the typhoid
fever bacillus produce the bacillus of tetanus.

This subject has been long and well discussed, and it would
take many pages to state the ** pros’ and *‘ cons,”’ therefore, this
positive statement is made, it being the position now held by the
principal authorities.

Saprophytes and Parasites. (Saprophytes, saxpos, putrid, gvror,
plant. Parasites, napa, aside of 8wros, food.) Those bacteria
which live on the dead remains of organic life are known as
Saprophytic Bacteria, and those which choose the living bodies
of their fellow-creatures for their habitat are called Parasitic
Bacteria. Some, however, develop equally well as Saprophytes
and Parasites, They are called Facultative Parasites.

Conditions of Life and Growth of Bacteria, Influence of Tem-
perature.—In general, a temperature ranging from 10° C, to 40°
(. is necessary to their life and growth.

Saprophytes take the lower temperatures ; Parasites, the tem-
perature more approaching the animal heat of the warm-blooded.
Some forms require a nearly constant heat, growing within very
small limits, as the Bacillus of Tuberculosis.

Some forms can be arrested in their development by a warmer
or colder temperature, and then restored to activity by a return
to the natural heat.
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A few varieties exist only at freezing point of water; and
others again that will not live under a temperature of 60° C.

For the majority of Bacleria a temperature of 60° C. is de-
structive ; and several times freezing and thawing very fatal.

Influence of Oxygen.—Two varieties of bacteria in relation to
oxygen,

The one cerobic, growing in air ; the other anwrobic, living
without air.

Obligate cerobins, those which exist only when oxygen is present.

Facultative cerobins, those that live best when oxygen is present,
but can live without it.

Obligate or true ancerobins, those which cannot exist where
oxygen is.

Facultative anwrobins, those which exist better where there is
no oxygen, but can live in its presence,

Some derive the exygen which they require out of their nutri-
ment, so that a bacterium may be @robic and yet not require
the presence of free oxygen.

Arobins may consume the free oxygen of a region and thus
allow the anwrobins to develop. By improved methods of cul-
ture many varieties of angerobins have been discovered.

Influence of Light.—Sunlight is very destructive to bacteria.
A few hours’ exposure to the sun has been fatal to anthrax
bacilli, and the cultures of bacillus tuberculosis have been killed
by a few days’ standing in daylight.

Effects of - Electricity.-—Electricity arrests crowth.

Vital Actions of Microbes. Bacteria feeding upon organic com-
pounds produce chemical changes in them, not only by l;he: with-
drawal of certain elements, but also by the excretion of these
clements changed by digestion. Sometimes such L:lmng‘ea are
destructive to themselves, as when lactic and butyric acids are
formed in the media. _

Ouxidation and reduction are carried on by some bacteria. Am-
monia, hydrogen sulphide, and trimet}wlmnin are a few of the
chemical products produced by bacteria. .

Ptomaines, DBrieger found a lmmlu:!r of complex :‘lealm.ds,
closely resembling those found in ordinary plants, and which
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he named ptomaines, from mrdua (corpse), because obtained
from putrefying objects,

Fermentation. This form of ‘splitfing up’’—fermentation,
as it is called—is due to the direct action of vegetable organisins.
Many bacteria have the power of ferments.

Putrefaction. When fermentation is accompanied by devel-
opment of offensive gases, a decomposition occurs, which is
called putrefaction, and this, in organic substances, is due
entirely to bacteria.

Liquefaction of Solid Gelatine. Some varieties of bacteria
digest the nutrient gelatine, and so dissolve it; others excrete
a ferment which liquefies the gelatine,

Producers of Disease. Various pathological processes are
caused by bacteria, the name given to such diseases being
infectious diseases and the germs themselves called disease-pro-
ducing pathogenic Dbacteria. Those which do not form any
pathological process are called non-pathogenic bacteria.

Pigmentation, Some bacteria are endowed with the property
of forming pigments either in themselves, or producing a chro-
mogenic body which, when set free, gives rise to the pigment.
In some cases the pigments have been isolated and many of the
properties of the aniline dyes discovered in them.

Phosphorescence, Many bacteria have the power to form
light, giving to various objects which they inhabit a character-
istic glow or phosphorescence.

Fluorescence. An iridescence, or play of colors, develops in
some of the bacterial cultures.

Gas Formation, Many bacteria, anaérobic ones especially,
produce gases, noxious and odorless ; in the cullure-media the
bubbles which arise soon displace the media.

Odors. Some germs form odors characteristic of them : some
sweet, aromalic ones, and others very foul, disagreeable smells ;
some give a sour or rancid exhalation.

Effect of Age. With age, bacteria lose their strength and die.

Bacteria thus carry on all the functions of higher organized
life ; they breathe, eat, digest, excrete, and multiply 3 and they
are very busy workers,
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CHAPTER III.

METHODS OF EXAMINATION.

We divide the further study of the general characteristics of
Bacteria into two portions :—

First the examination of the same by aid of the microscope.

Second. The continued study through artificial cultivation.

They both go hand in hand ; the one incomplete without the
other.

Microscopical. The ordinary microscope will not suffice for
Bacteriological research. Cerfain special appliances must first
be added. Itis not so much required to have a picture very
large, as to have it sharp and clear.

0il Immersion Lens. The penetration and clearness of a lens
are very much influenced by the absorption of the rays of light
emerging from the picture. In the ordinary dry system, many
of the light rays, being bent outward by the air which is be-
tween the object and the lens, do not enter the lens, and are
lost. By interposing an agent which has the same refractive
index as glass, cedar-oil, or clove-oil, for example, all the rays
of light from the object enter directly into the lens.

The *“ Homogeneous System,’” as this lens is called, dips into
a drop of eedar-oil placed upon the cover-glass, and is then ready
for use.

Abbe’'s Condenser. The second necessary adjunct is a com-
bination of lenses placed underneath the stage, for bringing
wide rays of light directly under
the object. It serves to intensify
the colored pictures by absorbing
or hiding the unstained structure.

This is very useful in searching
a specimen for bacteria, since it
clears the field of everything that
is not stained. It is called Abbe’s
Condenser. Together with it is
usually found an instrument for
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shutting off part of the light—a Blender. When the 't!acteria
have been found, and their relation to the structure is then
wished to be studied, the *“ Abbe” is generally shut out ";}3; the
Iris blender, and the structure comes more plainly into view.

For all stained Bacteria the oil immersion lens and Abbe con-
denser, without the use of Blender. IFor unstained specimens,
oil immersion and the narrowed blender.

When examining with low power objeclive, use a slirong
ocular. When using high power objective use weak ocular. A
nose-piece will be found very useful, since it is sometimes neces-
sary to change the objective on the same field, and that insures
a great steadiness of the object.

Great cleanliness is neceded in all bacteriological methods ; but
nowhere more so than in the microscopical examination.

The cover-glass should be very cavefully washed in aleohol,
and dried with a soft linen rag. To remove the stains on the
cover-glasses that have been used, they should be soaked in
hydrochloric acid.

They are well cleaned by cooking fifteen minutes in a ten per
eent. lysol solution.

Exzamination of Unstained Bacteria. As the coloring of bac-
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teria kills them and changes their shape to some exten t, it is pre-
ferable to examine them when possible in their natural state.

We obtain the bacteria for examination, either from liquid or
solid media.

From Liquids. Withalong platinum needle, the end of which
is bent into a loop, we obtain a small drop from the liquid con-
taining the bacteria, and place it on a cover-giass or slide
careful that no bubbles remain.

Sterilize Instruments. Right here we might say that it is
best to accustom one’s self Lo passing all instruments, needles,
ete., through the flame before and after each procedure ; it in-
sures safety ; and once in the habit, it will be done automati-
cally,

From Solid Media, With a straight-pointed platinum needle,
a small pinch of the medium is taken and rubbed upon a glass
slide, with a drop of sterilized water, or bouillon, and from this
a little taken on cover-glass, as before.

Fic. 9.

Platinum Needles.

The cover-glass with its drop is now placed on the glass slide,
carefully pressing out all bubbles. Then a drop of cedar-oil is
laid on top of the cover-glass, and the oil immersion lens dipped
gently down into it as close as possible to the UDVEI‘-glaS!:i,
the narrow blender shutting off the Abbe condenser, for this
being an unstained specimen, we want but Ifﬁ:fe Iiyfrt. We now
apply the eye, and if not in focus, use the fine ;1.d31131111e11.t1 or,
using the coarse, but always away from the object that is to-
wards us, since the distance between the specimen and the lens
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is very slight, it does not require much turning to break the
cover-glass and ruin the specimen. Having found the bacte-
rium, we see whether it be bacillus, micrococeus, or spirillum ;
discover if it be motile, or not. That is about all we can ascer-
tain by this method,

Fic. 10.

Hanging Drop in Concave Glass Slide,

Hanging Drop. When the looped platinum needle is dipped
info a liquid, a very finely-formed globule will hang to it ; this
can be brought info a liftle cupped glass slide (an m'tluﬂl*
microscopic glass slide with a circular depression in the centre)
in the following manner: The drop is first brought upon a
cover-glass ; the edges of the concavity on the glass slide are
smeared with vaseline, and the slide inverted over the drop ;
the cover-glass sticks to the smeared slide, which, when turned
over, holds the drop in the depression covered h}r the cover-
glass, thus forming an air-tight cell ; here the drop cannot
evaporate,

Search for the bacteria with a weak lens : ; having found them,
place a drop of cedar-oil upon the ::m*er-rrlass, and bring the n1|
immersion into place (here is where a nose- piece comes in very
usefully), careful not to press against the cell; for the cover-
glasses are very fragile in this position,

Search the edges of the drop rather than the middle ; it will

usually be very thick in the centre and the bacteria not so easily
distinguished.
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Spores, automatic movements, fission, and enltivation in
general can be studied for several days. This moist chamber
can be placed in a brood-oven or on the ordinary warming
stages of the microscope. i

CHAPTER IV.
STAINING OF BACTERIA.

STAINING or coloring bacteria is done in order to make them
prominent, and to obtain permanent specimens. It is also
necessary to bring out the structure of the bacteria, and
serves in many instances as a means of diagnosis: and lastly,
it would be well-nigh impossible to discover them in the tissues,
without staining,

Only since the aniline colors have come into active use, has
the technology of staining become developed.

Aniline Colors. Of the numerous dyes in the market, nearly
all have, at one time or other, been used in staining bacteria.
But now only a very few find general use, and with methyline
blue and fuchsin nearly every object can be accomplished.

Basic and Acid Dyes., Ehrlich was the first to divide the
aniline dyes into two groups, the basie colors to which belong —

(xentian violet,
Methyl violet,
Methylin blue,
Fuchsin,
Bismark-brown,
And the acid colors to which eosin belongs.

The buasic dyes stain the bacteria and the nuclei of cells ; the
acid dyes stain chiefly the tissue, leaving the bacteria almost
. untouched. Carmine and Hematorylin arve also useful as con-
trast stains, affecting bacteria very slightly. The aniline dyes
are soluble in aleohol or water or a mixture of the two.

Staining Solutions. A saturated solution of the dye is made
with aleohol. This is called the stock or concentrated solution ;
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1 part of this solution to about 100 parts of distilled wateJr con-
stitutes the ordinary aqueous solution in use or weak solution,

It is readily made by adding to an ounce bottle of distilled
water enough of the strong solution until the fluid isstill opaque
in the body of the bottle, but clear in the neck of the same.

These weak solutions should be rencwed every three or four
weeks, otherwise the precipitates formed will interfere with the
staining,

Compound Solutions. By means of certain chemical agents,
the intensity of the aniline dyes ean be greatly increased.

Mordants. Agents that *‘bite’”” into the specimen carrying
the stain with them, depositing it in the deeper layers, are
called mordants or etchers.

Various metallic salts and vegetable acids are used for such
purpose.

The mother liquid of the aniline dyes, aniline oil, a member
of the aromatic benzol group, has also this property.

Aniline 0il Water. Aniline oil is shaken up with water and
then filtered ; the aniline water so obtained is mixed with the
dyes forming the ‘‘aniline water gentian violet’ or aniline
water fuchsin, ete. .

Carbol Fuchsin. Carbolic acid can be used instead of aniline
oil, and forms one of the main ingredients of Ziehl’s or Neelsen’s
solution, used principally in staining bacillus tuberculosis,
Kiihne has a carbol-methylin blue made similar to the carbol
fuchsin.

Alkaline Stains. Alkalies have the same object as the above
agents ; namely, to intensify the picture. Potassium hydrate,
ammon. carbonate, and sodium hydrate are used.

Lofller’s alkaline blue and Koch’s weak alkaline blue make
use of potassium,

Heat. Warming or boiling fhe siains during the process of
staining increases their intensity.

Decolorizing Agents. The object is usually over-colored in
some part, and then decolorizing agents are employed. Water is
sufficient for many cases ; alcohol and strong mineral acids com-
bined are necessary in some,
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Iodine as used in Gram's Method. Belonging to this group,
but used more in the sense of a protective, is tr. éodine. It picks
out certain bacteria, which it coats ; prevents thein from being
decolorized, but allows all else to be faded. Then by using one
of the acid or tissue dyes, a contrast color, or double staining is
obtained. Many of the more important bacteria are not acted
upon by the iodine, and it thus becomes a very useful means of
diagnosis,

Formulas of different Staining Solutions.

I.— Saturated Alcoholic Solution.

Place about 10 grammes of the powdered dye in a bottle and
add 40 grammes of alcohol. Shake well and allow to settle.
This can be used as the stock bottle.

I1.— Weak Solutions.

Made best by adding about 1 part of number I. or stock solu-
tion to 10 of distilled water. This is the ordinary selution in use.

II1.,— Aniline Oil Wuter.
Aniline oil : ; : : _5 parts.
Distilled water : : g . 100 parts.—DM.
Shake well and filter. To be made fresh each time.

IV.—Aniline Water Dyes.

Sat. alcoh. sol. of the dye . . 11 parts.

Aniline oil water . i ; . 100 parts.

Abs, alcohol . ; : . . 10 parts.—M.
Can be kept 10 days.

. V.—Alkaline Methylin Blue.
A. Loffler’s.
Sat. ale. sol. methylin blue . . a0
Sol. potass. hydrvat. (1-10,000) . 100—M.

B. Koch's. |
Sol. potass. hydrat. (10 per cent. ) 0.2
Sat, ale. sol. methyl. blue . ; 1.0
Distilled water N : - . 200.0—M.
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VI.— Carbolic Aecid Solutions.
A. Ziehl-Neelsen.

Fuchsin (powd.) . : : ; 1 part.
Alcohol . ; - - : . 10 parts.
5 per cent. sol. acid. carbolic . 100 parts.— M.

Filter. The older the solution the better.

B. Kiilne.
Methylin blue ‘ . ; . 1.5
Alcohol . : ; ; ; s RO
5 per cent. sol. ac. carbol. . . 100.0
Add theacid gradually. Thissolution loses strength with age.

VII.—Gram’s Todine Solution.
TIodine . . . : : x 1
Potass. iod. . : : . > 2
Aque destillat. . " ; . 300,—M,

VIII.— Liffler’s Mordant (for flagella),

Aq. sol. of tannin (20 per cent.) . 10 parts.

Aq. sol. ferri sulph. (5 per cent.) . 1 part.,

Aque decoc. of logwood (1-8) . 4 parts.—M,
Keep in well-corked hottle.

[X.— Picro-carmine (Ranvier).

Carmine . z : . 4 1
Water . ; ; 2 - - {10
Sol, ammon, |, : . : : 3

Sat. sol. pierie acid : ; . 200.—M.

X.—Gabbet’s Acid Blue (rapid stain).
Methylin blue ; ; : 2

Ll

25 per cent, sulphuric acid . . 100,—M,

XIL.—Alkaline Aniline Water Solutions.
Sodium hydrat. (1 per cent.) . : 1
Aniline oil water . : ’ . 100.—M,
And add—

Fuchsin, or methyl-violet powd.,
Cﬂrl; well.  Filter before using,

. 4
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CHAPTER V.
GENERAL METHOD OF STAINING SPECIMENS,

Cover-Glass Preparations. The material is evenly spread in
as thin a layer as possible upon a cover-glass ; then, to spread
it still more finely, a second cover-glass is pressed down upon
the first and the two slid apart. This also secures two speci-
mens. DBefore they can be stained they must be perfectly dry,
oltherwise deformities will arise in the structure.

Drying the Specimen.—The cover-glass can be set aside to dry,
or held in the fingers over the Bunsen burner (the fingers prevent-
ing too great a degree of heat). Since most of the specimens
contain a certain amount of albumenoid material, it is best in
all cases to ¢‘fix”’ it, 4. e., to coagulate the albumen. This is
accomplished by passing the cover-glass (after the specimen is
dry) three times through the flame of the burner, about three
seconds being consumed in doing so, the glass being held in a
small forceps, smeared side up.

The best forceps for grasping cover-glasses is a bent one, bent
again upward, near the ends. (Fig. 11.) It prevents the flame
or staining-fluid from reaching the fingers,

Fic. 11.

The object is now ready for staining.

Staining.—A few drops of the staining solution are placed
upon the cover-glass so that the whole specimen is covered,
and it is left on a few minutes, the time depending upon the
variety, the strength of stain, and the object desired. Instead
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of placing the dye upon the object, the cover-glass can be iu.]-,
mersed in a small glass dish containing the solution ; or, if
heat is desired fo intensify or hasten the process, a watch-
erystal holding the sfain is placed over a Bunsen burner and
in it the cover-glass; and, again, the cover-glass can be held
directly in the flame with the staining fluid upon it, which
must be constantly renewed until the process is completed,

Removing Excess of Stain. The surplus stain is washed off
by dipping the glass in water, distilled water always Dbest,
though ordinary running water is admissible.

The water is removed by drying between filter paper or
simply allowed to run off by standing the cover-glass slant-
wise against an object. When the specimen is to be examined
in water (which is always best with the first preparation of
the specimen, as the Canada balsam destroys to some extent
the natural appearance of the bacteria), a small drop of ster-
ilized water is placed upon the glass slide, and the cover-glass
dropped gently down upon it, so that the cover-glass remains
adherent to the slide.

The dry system or the oil-immersion can now be used.,

When the object has been sufliciently examined it can be per-
manently mounted by lifting the cover-glass off the slide (this
is facilitated by letting a little water flow under it, one end
being slightly elevated). The water that still adheres is dried
off in the air or gently over the flame, and when perfectly dry
it is placed upon the drop of Canada balsam w hich has been put
upon the glass slide,

In placing the cover-glass in the staining solutions one must
be careful to remember which is the spread side,

By holding it between yourself and the window, and seraping
the sides carefully with the sharp point of the forceps, the side
having the specimen on it will show the marks of the instrument,

Little glass dishes, about one-half-dozen, should be at hand
for containing the various stains and decolorants,

Tissue Preparations, In order to obtain suitable specimens
for staining, very thin sections of the tissue must be made,

As with histological preparations, the tissue must be hardened

before it can be cut thin enough.  Alcohol is the best agent for
this purpose,
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Pieces of the tissue one-quarter inch in size are covered with
alcohol for 24 to 48 hours,

When hardened it must be fixed upon or in some firm object.
A paste composed of—

Gelatine . : . . ; . 1 part.

Glycerine . 3 . . : . 4 parts.

Water : : - : : . 2 parts.
will make it adhere firmly to a cork in about 2 hours, or it can
be imbedded in a small block of paraffine, and covered over with
melted parafiine,

Cutting. The microtome should be able lo cut sections g4,
inch in thickness ; this is the fineness usually required.

The sections are brought into alcohol as soon as cut unless
they have been imbedded in paraffine, when they are first washed
in chloroform to dissolve out the paraffine.

Staining. All the various solutions should be in readiness,
best placed in the little dishes in the order in which they are to
be used, as a short delay in one of the steps may spoil the speci-
nmen.

Fie. 12.

Spatula for Lifting Sections.

A very useful instrument for transferring the delicate sections
from one solution to another is a little metal spatula, the blade
being flexible,

A still better plan, especially when the tissue is *‘ crumbling, ”’
is to **carry out’ the whole procedure on the glass-side.

General Principles. The section is transferred from the alco-
hol in which it has been kept into water, which removes the
excess of aleohol, from here into—

Dish I, containing the stain; where it remains 5 to 15 minutes.
Then—

Dish I, containing 5 per cent. acetic acid (1 to 20); where it
remains 4 to 1 min. The acid removes the excess of stain.
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Dish II1, water to rinse off the acid. The section can now be
placed under the microscope covered with cover-glass to see if
the intensity of the stain is sufficient or too great. A second
section is then taken, avoiding the errors, if any; and having
reached this stage proceeded with as follows :—

Dish 1V, alcohol, 2 to 3 seconds to remove the water in the
tissue.

V. A few drops of oil of cloves, just long enough to clear the
specimen to make it transparent.(so that an object placed under-
neath will shine through).

V1. Remove excess with filter-paper.

VII. Mount in Canada balsam,

Bection Microtome,
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CHAPTER VI.

SPECIAL METHODS OF STAINING AND MODIFICATIONS.

Gram's Method of Double Staining. (For cover-glass speci-
mens.)—I. A hot solution of anil. water gentian violet 2 to 10
minutes.

IT. Directly without washing, into Gram’s solution of iud.
potass. iod. 1 to 3 min. (the cover-glass looks black).

IIT. Wash in aleohol 60 per cent. until only a light brown
shade remains (as if the glass were smeared with dried blood).

IV. Rinse off aleohol with water, ;

V. Contrast color with either eosin, picro-carmine, or bismark-
brown, The bacteria will appear deep blue, all else red or brown
on a very faint brown background.

The following bacteria do not retain their color with Gram’s
method—are therefore not available for the stain :(—

Bacillus of typhoid.
Spirillum of cholera.
Bacillus of chicken cholera.
¢« of hemorrhagic septicemia,
¢ of malignant cedema.
¢ of pneumonia (Friedlander).
gk of glanders,
Diplococeus of gonorrheea.
Spirillum of relapsing fever.
Gram’'s Method for Tissues (modified by Giinther).

I. Stain in anil. water gent. violet . . 1 minute.
II. Dry between filter paper.
III. Tod. potass. iod. sol. . . : . 2 minutes,
IV. Alcohol . : ; 1 minute.
V. 3 per ct. sol, lwdmuﬂmlt, 'u,ld in almhn] 10 seconds.
VI. Alcohol, ol. of cloves, and Canada balsam.

To Stain Spores. Since spores have a very firm capsule,
which tends to keep out all external agents, a very intensive
stain is requirved to penetrate them, but once this object attained
it is equally as ditlicult to decolorize them.
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A cover-glass prepared in the usual way, 4. e., drying and
passing the specimen through the flame three times, is placed in
a watch-crystal containing Ziehl’s carbol-fuchsin solution, and
the same placed upon a rack over a Bunsen burner, where it is
kept at boiling-point for ene hwur, careful to supply fresh solution
at short intervals lest it dry up.

The bacilli are now decolorized in aleohol, containing 4 per
cent. hydrochloric acid. A contrast color, preferably methylin
blue, is added for a few minutes,

The spores will appear as little red beads in the blue bacteria,
and loose ones lying about.

Spore Stain (modified).—I. Carbol.-fuchsin on cover-glass and
heated in the flame fo boiling point 20 to 30 times.

II. 25 per cent. sulphuric acid, 2 seconds ; rinsed in water.

11I. Methylin blue contrast,

Flagella Stain, with Lifller’s Mordunt.—I. A few drops of the
mordant (No. viii.) are placed upon the spread cover-glass and
heated until it steams.

II. Washed with water until the cover-glass looks almost clean,
using a small piece of filter paper to rub off the ¢rusts which have
gathered around the edges.

III. Aniline water fuchsin (neutral) held in flame about 14
minutes. 7

IV. Wash in water.

If the stain is properly made, the microbes are deeply colored
and the flagella seen as little davk lines attached to them,

Sporogenic bodies stain quite readily, and in order to distin-
cuish them from spores Ernst uses alkaline methylin blue, slichtly
warmed.

Then rinse in water.

Contrast with cold bismark-brown.

The spores are colored bright blue, the spore granules a dirty
blue, being mixed with the brown, which colors also the bacteria.

}'ﬁ{h,ne’ﬂ ?fcihﬂd.-—In sections, the alcohol used sometimes de-
\ SISOl 1¢ section is being anhydrated it
is constantly supplied with fresh dye,

Weigert uses aniline oil to dehydrate instead of aleohol, and
here, too, it can be used mixed with the dye.



40 ESSBENTIALS OF BACTERIOLOGY.

General Double Staining for Sections.

I. Stain (watery dyes) . . . 10 to 15 minutes,
II. Acetic acid and water (1 to 4) . 4 minute,
ITI. Alcohol . . : ; : . 2 to 3 minutes.
I'V. Contrast stain, usually picro-car-
mine or eosin - . . 2 1o 3 minutes.
V. Alcohol . : 3 ; ; . 4 minute.

VI. Clove oil. Canada balsam.

Instead of coloring with the contrast last, it can be used first,
then alcohol one-half minute, followed by the bacteria stain, a.ucl
water, alcohol, clove oil, and Canada balsam in succession,

The stains f‘m special bacteria will be given when treating of
the same.

CHAPTER VIL
METHODS OF CULTURE.

Artificial Cultivation.—The objects of cultivation are to obtain
germs in pure culture, free from all foreign matter, isolated and
su developed as Lo be readily used either for microscopical ex-
amination or animal experimentation,

To properly develop bacteria we supply as near as possible
the conditions which hold for the especial germ in nature.
With the aid of solid nutrient media the bacteria can be easily
separated, and the methods are nearly perfect.

Sterilization. If we place our nutrient material in vessels
that have not been properly disinfected, we will obtain growths
of bacteria without having sown any,

If we have thoroughly cleaned our utensils, and then not taken
care to protect them from further exposure, the germs we have
sown will be effaced or contaminated by multitudes of others,
that are constantly about us. We therefore have-two neces-
sary precautions to take :(—

First. To thoroughly clean and sterilize every object that
enters into, or in any way comes in contact with, the culture.
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Second. To maintain this degree of disinfection throughout
the whole course of the growth, and prevent, by proper con-
tainers, the entrance of foreign germs,

Disinfectants. Corrosive sublimate (bichloride of mercury),
which is the most effective agent we possess, cannot be gene-
rally used because it renders the soil unproductive and therefore
must only be employed in washing dishes, to destroy the old
cultures, Even after washing, a few drops of the solution may
remain and prevent growth, so that one must be careful to have
the glass-ware that comes in contact with the nutrient media
not too moist with the sublimate,

Heat, Heat is the best agent we possess for general use,
Drv heat and moist heat are the two forms emploved.

Fia. 14,

Hot Alr Oven,

For obtaining dry heat—that is, a temperature of 150° C.
(about 300° F.)—a sheet-iron oven is used which can be h{]E‘LlE{;
by a gas-burner. If it have double walls (air ecirculating be-
tween), the desired temperature is much more quickly nhtn?ned
A small opening in the top to admit a thermometer is I]t"ﬂﬂ‘l:
sary. These chests are usually about 1 foot high, 11 foot ‘I.\'.itll::!,
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and § foot deep. In them, glassware, cotton, and paper can be
sterilized, When the cotton is turned slightly brown, it usually
(lenotes sufficient sterilization, All instruments, where practi-
cable, should be drawn through the flame of an aleohol lamp or
Bunsen burner.

Moist Heat. —Steam at 100° C, in eirculation has been shown
to be a very effective application of heat.

Koch's Steam-chest. Circulating steam is oblained by aid of
Koch's apparatus. This cousists of a cylindrical tin chest

FiG. 15.

Koch's Sf;eam-rche::t.

about 2} feet hizh and about § foot in diameter ; divided in its

i 5 p chamber for
mterior by a perforated diaphragm, @, an uppel chambel
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the steam, ¢, and a lower one for water, 5. Two or more
gas-burners placed underneath the chest, which stands on a
tripod, supply the heat. In the cover is an opening for a ther-
mometer., The chest is usually covered with felt, When the
thermometer registers 100° C, the culture-medium or other sub-
stance to be sterilized is placed in the steam and kept there
from 10 to 15 minutes, or longer, as required.

Arnold's Steam-sterilizer will answer every purpose of the
Koch steam-chest, It is cheaper, requiringalso less fuel to keep
it eoing. The steam does not escape, but is condensed in the
outer chamber. (Fig. 16.)

Fig. 16.
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Arnold's Steam-sterilizer.,

‘Thﬂ autoclave of Chamberland allows a temperature of 1200
C. to be obtained, and is much used in Pasteur’s laboratory,

. In..ul,ra:lfl of sterilizing for a long time at once, successive steri-
lization is practised with nutrient media, so that the albumen

will not be too strongly coagulated, TFifteen minutes each day
for three days in succession,
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Fig. 1Y.

{Thamberland’s Autoclave with pressure.

Fractional Sterilization of Tyndall. Granted that so many
spores originally exist in the object to be sterilized, it is sub-
jected to 60° C. for four hours, in which time a part at least of
those spores have developed into bacteria, and the bacteria
destroyed by the further application of the heat. The next day
more bacteria will have formed, and four hours’ subjection to
60° heat will destroy them, and so at the end of a week, using
four hours? application each day, all the spores originally present
will have germinated and the bacteria destroyed.

S
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Cotton Plugs or Corks. All the glass vessels (test-tubes, flasks,
cte.) must be closed with cotton plugs, the cotton being easily
sterilized and preventing the enfrance of germs,

Test-tubes. New test-tubes are washed with hydrochloric
acid and water to neutralize the alkalinity often present in
fresh glass. They are then well washed and rubbed with a
brush, placed obliquely to drain, and when dry corked with

Fic. 18. Fie. 19.
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Wire-Cage. Cotton plugged Test-Tubes.

cotton plugs. Then put in the hot-air oven (little wire-cages
being used to contain them) for fifteen minutes, after which t]?ey
are ready to be filled with the nufrient media. (The cotton
should fit firmly in the tube and extend a short space beyond it.)
Test-tubes without flaring edges are more desirable since I;h.e
edges can easily be drawn out so as to seal the tube.
Instead of test-tubes, ordinary 3 oz. panel medicine bottles
can be used for retaining the nutrient media and cultures
. According to late investigations, the glass tubes ]Jl‘.‘ﬂml'li; sufli-
ciently sterile in the steam-chest without the preliminary sterili
zation in the dry oven, G



gt - . ESSENTIALS OF BACTERIOLOGY.

CHAPTER VIII.
NUTRIENT MEDIA.

Or the many different media recommended and used since
bacteriology became a science, we can only describe the more
important ones now in use. Each investigator changes them
according to his taste,

Fruip MEDIA,

Bouillon (according to Liofler). A cooked infusion of chopped
beef made slightly alkaline with carbonate of soda. Prepared
as follows: 500 grammes of finely-chopped raw lean beef are
placed in a wide-mouthed jar and covered with 1 litre of water ;
this is left standing twelve hours with occasional shaking, It is
then strained through cheese cloth or straining cloth, the white
meat remaining in the cloth being pressed until one litre of the
blood red meat-water has been obtained. The meat-water must
now be cooked, but before doing this, in order to prevent all the
albumen from coagulating, 10 parts of peptone powder and 5

_parts of common salt are added to every 1000 parts meat-water,
It is next placed in the steam-chest or water-bath for three-
quarters of an hour.

Neutralization. The majority of bacteria grow best on a
neutral or slichtly alkaline soil, and the bouillon, as well as
other media, must be carefully neutralized with a sat. sol. of
carbonate of soda. Sinee too much alkalinity is nearly as bad
as none at all, the soda must be added drop by drop until red
litmus paper commences to turn blue. The bouillon is then
cocked another hour, and filtered when cold. The liquid thus
obtained must be clearly alkaline, and not clouded by further
cooking. If cloudiness oceur, the white of an egg and further
boiling will clear the same.

Sterilization of the bouillon. Erlenmeyer flasks (little conical
glass bottles) or test-tubes plugged and properly sterilized are
filled one-third full with the bouillon, and placed with their con-
tents in the steam-chest. A tin pail with perforated bottom
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makes a good container in which they can be lowered in the
Koch’s oven. They are left in steam of 100° C. one hour for
three successive days, after which the tubes and bouillon are
ready for use. j

Solid Media. The knowledge of bacteria and germs or moulds
settling and growing upon slices of potato exposed to the air, led
Lo the use of solid media for the artificial culture of the same.
It was also thus learned that each germ tends to form a separate
colony and remain isolated.

Potato-Cultures. A ripe potato with a smooth skin is the
best.

Several are brushed and scrubbed with water to get rid of the
dirt and the ““ eyes’’ are cut out.

Next placed in 1 to 500 solution of bichloride of mercury for
4§ hour. Then in the steam-chest for # hour,

In the meantime, a receptable is prepared for them. This is
called the moist chamber,

The moist chamber consists of two large shallow dishes, one,
the larger, as a cover to the other.

These dishes are washed in warm distilled water.

A Ia_yer nf: lilter paper moistened with a 15 to 30 drops of 1 to
1000 bichloride is placed in the bottom of the glass dish.

Moist chamber for potatoes.

The operator now prepares his own hands, rolling up his coat

?‘IIETETI zmdL carefully washing his hands, then tnl?ing a potato
‘'om the steam- ; ing i W is tl

index finger in [:E:" s;:l::t I;]!l?;n%m]td:j;:;;:e; 2 “‘““1? ""_“1

finge . : S Lhe potato in its

Er:n;,f axis with a knife that has been passed through the flame

The two halves are kept in contact until they areﬂlnwered Eutc;
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the moist chamber, when they of their own weight fall aside,
the cut surface uppermost. They are then ready for inoculation.

Fig. 21,

Method of slicing potato. (After Woodhead and Hare.)

Esmarch's Cubes. The potato is first well cleaned and peeled.
It is then cut in cubes 4 inch in size.

These are placed, each in a little glass dish or tray and then
in steam-chest for § hour, after which they are ready for inocu-
lation (the dishes first having been sterilized in hot-air oven).

Test-tube Potatoes. Cones are cut out of the peeled potato
and placed in test-tubes, which can then be plugged and easily
preserved.

Manner of Inoculation., With a platinum rod or a spatula
(sterilized) the material is spread out upon one of the slices,
keeping free of the edges. The growth on this first or original
potato will be quite luxuriant, and the individual colonies often
lifficult to recognize, therefore dilutions are made. (Fig. 22.)

From the original or first slice, a small portion including some
of the meat of the potato is spread out upon the surface of a
second slice, which is first dilution. From this likewise a small
bit is taken and spread on a third slice or second dilution, and
here usually the colonies will be sparsely enough settled to study
them in their individuality.

This is the principle carried on in all the cultivations. It is

a physical analysis.
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Fig. 22,

Method of inoculation. (Woodhead and Hare.)

Potato and Bread Mash, These pastes are used chiefly in the
culture of moulds and yeasts. Peeled potatoes are mashed with
distilled water until thick, and then sterilized in flasks § of an
hour for three successive days.

Bread Mush.—Bread devoid of crust, dried in an oven, and
then pulverized and mixed with water until thick and sterilized

as above.

CHAPTER IX.
SOLID TRANSPARENT MEDIA.

Solid Transparent Media are materials which can be used for
microscopical purposes and which ecan readily be converted
into liquids. Such are the gelatine and agar materials.

Gelatine. Gelatine is obtained from bones and tendons, and
consists chiefly of chondrin and gluten.

The French golden medal brand is the one most in use, found
in long leaves with ribbed lines crossing them.

Koch-Loffler 10 per cent. Bouillon-Gelatine. To the meat-
water as made for the bouillon are added

100 grammes gelatine,
10 o, peptone,
5} chy salt,
to each 1000 grammes of the meat-water.
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This is placed in a flask and gently heated until the gelatine

18 dissolved.

Neutvalization with the soda and then cooking in water-bath
for 1 hour or more until the liguid seems clear, then add white

Fic. 23.

Haot-water filter.

of an egg and boil 4 hour
longer ; the egg will produce
a clearer solution and save
much trouble. A small por-
tion, while hot, is now filtered
into a test-tube and tested for
alkalinity, and then re-heated
several times, watching if a
cloudy ppt. forms,

If the fluid remains clear
upon cooling, the remainder of
the material can be filtered.
It must be accomplished
while hot, else the gelatine
will coagulate and prevent
further filtration. _

This can be ecarried on
either by keeping hot the so-
lution econtinually in water-
bath, and only filtering asmall
quantity at a time through
the filter, or keeping the filter
itself hot, either with a hot
water filter or placing the
filter in steam chest. (Fig.
23.)

Clouding of Gelatine. If the gelatine does not come out clear,
or becomes turbid on cooling, it may be due to several things—
1. The filter-paper too thin or impure.

2, Too strongly alkaline,

3. Cooked too long or not leng enough. :

The addition of the white of an egg, as before mentioned, will
often clear it up; if this avails not, re-filtering several times, and
attention to the few points mentioned,

—— . ciie el e
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Sterilizing the Gelatine. The gelatine is kept in little flasks
or poured at once into sterile test-tubes, careful not to wet the
neck where the cotton enters, lest when cool the cotton plug
stick to the tube. _

The tubes are then placed in steam-chest for three successive
days, 15 minutes each day (or in water-bath 1 hour a day for
three days). Then set aside in a temperature of 15° to 202 C.,
and if no germs develop and the gelatine remains clear, it can
be used for cultivation purposes,

Modifications. The amount of gelatine added to the meat-
water can be variously altered, and instead of making gelatine
bouillon the gelatine can be mixed with milk, blood, serum,
urine, and agar-agar.

The nutrient gelatine bouillon can also receive addilions in
the shape of glycerine (4 per cent. to 6 per cent. being added),
or reducing agents to take up the oxygen present.

Agar-Agar. This agent, which is of vegetable origin, derived
from sea-plants gathered on the coasts of India and Japan, has
many of the properties of gelatine, retaining its solidity at a
mueh higher temperature; it becomes liguid at 96° C. and con-
oeals again at 45° C, Gelatine will liquefy at 35° C.,

It is not affected very much by the peptonizing action of
the bacteria.

Preparation of Agar-Agar Bouillon or Nutrient Agar, The
ordinary bouillon is first made, and then the agar cut in small
pieces, added to the bouillon (15 grammes of agar to 1000
grammes bouillon).

It is allowed fo stand several minutes until the agar swells,
and then placed in water-bath or steam-chest for six hours or
more. The reaction is taken, very litfle of the alkali being
sufficient to neutralize it.

A white of an egg added, and boiled for several hours longer,
when, even if not perfectly clear, it is filtered,

The filtering process, very diflicult because of the readiness
with which the agar solidifies, must be done in steam-chest ot
with hot-water filter, and very small quantities passed through
at a time, changing the filter-paper often.
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Cofton can be used here instead of filler-paper, or filtering
entively dispensed with by making use simply of decantation,

As agar is seldom clear, a little more or less opaqueness will
not harm. The test-tubes are filled as with the gelatine, and
sterilized in the same manner. While cooling, some of the
tubes can be placed in aslanting position, so as to obtain a larger
surface to work upon.

Water of condensation will usually separate and settle at the
bottom, or a little white sediment remain encysted in the centre ;
this cannot easily be avoided, nor does it form any serious obstacle,

The crude agar should first be rinsed in clear water, and then
in five per cent. acetic acid and clear water again, to rid it of im-
purities.

Glycerine Agar. The addition of 4 per cent. to 6 per cent. of
glycerine to nutrient agar greatly enhances its value as a culture
medium, ‘ .

Gelatine-Agar. A mixture of 5 per cent. gelatine and 0.75
per cent. agar combines in it some of the virtues of both agents.

Blood Serum. Blood serum being rich in albumen coagulates
very easily at 70° C., and if this temperature is not exceeflcd,

a transparent, solid substance 1s obtained
Fic. 24. upon which the majority of bacteria develop,
and some with preference.

Preparation of Nutrient Blood Serum.
If the slaughter of tlie animal can be super-
vised, it were best to have the site of the
wound and the knife sterilized carefully,
and then sterile flasks placed to receive the
blood directly as it flows.

It is placed on ice forty-eight hours, and
then the serum is drawn out with sterile
pipettes into test-tubes ; these are placed
obliquely in an oven where the temperature
can be controlled and maintained at a cer-
tain degree. See Fig. 25,

- Incubators or Brood-ovens. [ncubators
Flask to receive blood 51 hprood-ovens, as such ovens are called,

ik consist essentially of a double-walled zinc
or copper chest, the space between the walls filled x_'.'iih;.h ;TLEI;E.

The oven is covered with some impermeable material 1o p

e e o
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vent the action of surrounding atmosphere. (Fig. 26.) Itissup
plied with a thermometer and with a regulator. The regulator

FiGg. 2b.

Thermostat for blood serum.

is connected with the Bunsen burner, and keeps the thermometer
at a certain height.

There are several forms of regulators in use, and new ones
invented continually.

The size of the flame in some is regulated by the expansion
of mercury, which, as it rises, lessens the opening of the gas
supply. The mercury contracting on cooling allows more gas
to enter again, (Fig. 27.)

Koch has invented a safety burner, by which the gas supply is
shut off should the flame accidentally have gone out.

Coagulation of Blood Serum., The tubes of blood serum
having been placed in the oven, are kept at a tempera-
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ture of 65° to 68° C., until coagulation occurs 3 then removed
and sterilized.
F1e. 26, Fre. 27.
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Sterilization of Blood Serum. The tubes are placed 3 to 4
days in incubation at 58° C., and those tubes which show any
evidences of organic growth are discarded.

[f now, at the end of a week, the serum remains sterile at the
ordinary temperature of the room, it can be used for experi-
mental purposes. ;

Perfectly prepared blood serum is transparent, of a gelatine-
like consistence, and straw-color. It will not liquefy by heat,
though bacteria can digest it. Water of condensation always
forms, which prevents the drying of the serum,

Blood serum, formerly much more used than now, was especi-
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ally applicable to the culture of tubercle bacilli. The glycerine
acar has now superseded it.

Human blood serum derived {rom placenta, serum from aseitic
fluid, and ovarian cysts are prepared in a similar manner to the
above,

Other Nutrient Media, Milk, urine, decoctions of various
fruits and plants, and lately for cultivating anserobic bacteria,
€qis.

Fresh Egg Cultures, after Hiippe. The eggs in the shell are
carefully cleaned, washed with sublimate, and dried with cotton.

The inoculation cceurs through a very fine opening made in
the shell with a hot platinum needle ; after inoculation, the
opening is covered with a piece of sterilized paper, and collodion
over Lhis.

Boiled Eggs. Egas boiled, shell removed over small portion,
and the coagulated albumen stroked with the material, (See
.D[phﬂw?‘tﬂ.)

Guinea-pig Bouillon. The flesh of guinea-pigs as well as that
of other experiment-animals is used instead of beef'in the pre-
paration of bouillon, for the growth of special germs.

CHAPTER X.
INOCULATION OF GELATINE AND AGAR.

Glass Slide Cultures. Formerly the gelatine was poured on
little glass slides such as are used for microscopical purposes,
and after it had become hard, inoculated in separate spots as
with potatoes.

Test Tube Cultures. The gelatine, agar, or blood serum having
solidified in an oblique position, is smeared on the surface with
the material and the growth oceurs, or the medinm is punctured
with a stab of the platinum rod containing the material. The
lirst is called a stroke or smear culture, the second a stab or thrust
culture. In removing the cotton plugs from the sterile tubes to
carry out the inoculation, the plugs should remain between the
fingers in such a way that the part which comes in contact with
Lhe mouth of the tube will not touch anything.

Alter the needle has been withdrawn the plugs are re-inserted
and the tubes labelled with the kind and date of culiuve,

Plate Cultures. Several tubes of the culture medinm are
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made liquid by heating in water bath, and then inoculated with
!.‘ne material as follows. A looped platinum needle is dipped
into the material and then shaken in the tube of liquid media
(gelatine, agar, ete.). 4

:I‘his first tube is called original. From this three drops (taken
with the looped platinum rod) are placed in a second tube, the
rod being shaken somewhat in the gelatine or agar; tl;is is
labeled first dilution (a colored pencil is useful for Suuﬁ 111E;L'kings}-.

inoenlation: a, tube with material; b, tube to be

Manner of holding tubes for
(After Woodhead and Hare.)

inoculated ; ¢, cotton plugs.

From the first dilution three drops are taken into a third tube,

which becomes the second dilution. Fig. 28.
The plugs of cotton must be replaced after each inoculation,
and during the same must be carefully protected from con tami-

nation,
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To hasten the procedure and lessen the danger of contamina-
tion, the tubes can be held in one hand aside of each other, each

Fie. 29.

Manner of holding plugs.

plug opposite its tube. They are now ready for spreading on
glass plates.

Glass Plates. The larger the surface over which the nutrient
medium is spread the more isolated will
the colonies be ; window glass cut in rec- Fie. 30.
tangular plates 6x4 inches in size is used ;
about ten such plates are cleaned with dry
towel and placed in a small iron box or
wrapped in paper ; and sterilized in the
hot-air oven at a temperature of 150° C.
for ten minutes. (Fig. 30.) When the
plates have cooled they are placed upon
an apparatus designed to cool and so-
lidify the liquid media, which is now
poured upon the plates from the inocu-
lated test-tubes.

Nivellier Leveling and Cooling Apparatus. Ice and water
are placed in a shallow round glass tray ; on top of this a square
plate of glass, upon which the culture plate is placed, and covy-
ering this a bell-glass,

The whole is upon a low, wooden tripod, the feet of which
can be raised or lowered, and-a little spirit-level used to adjust
it. (Fig. 31.) The glass plate taken out of the iron boy is placed
under the bell-glass. The tube containing the ecelatine is held

Iron box for glass plates,
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in the flame a second to singe the cotton plug to free it from dust,
and the plug removed, the edgesof the tube again flamed, the bell-
glass lifted, and the inoculated gelatine carefully poured on the
plate, leaving about one-third inch margin from the borders ; the

Nivellier leveling and cooling apparatus,

lips of the tube being sterile can be used to spread the media
evenly. If the plate is at all cool, the fluid will solidify as it is
being spread. The glass cover is replaced until the gelatine or
agar is quite solid to prevent contamination.

Moist chamber with plates on benches,

When the gelatine is congealed, the plale is placed upon a
little glass bench or stand in the moist chamber.

The Moist Chamber Prepared Out of Two Glass Dishes, as for
the Potato-Cultures. - The glass benches are so arranged that
one stands upon the other. In order to avoid confusion, a slip
of paper with a number writien on it is placed on the bench be-
neath each plate. As the original or first plate would have the
colonies developed in greatest profusion, it is placed the first
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day on the topmost bench ; but, since the c.olm'.ui{:s would be
likely to overrun the plate and allow the gelatine to drop on the
lower plates, it is best, as soon as evidences of growth appear,
to place it below, and watch the third plate or second dilution
for the characteristic colonies, forgetting not all this time to
change the numbers accordingly.

The date of culture and the name can be written upon the
moist chamber. . '

Petri Saucers. Agar hardens very quickly, even without any
especial means for cooling, and it docs
not adhere very well to the glass.  There-
fore it is better to follow the method of
Petri and use little shallow glass dishes,
one covering the other. They are first
sterilized by dry heat, and then the in-
oculated gelatine or agar is poured into
the lower dish, covered by the larger one,
and placed in some cool place, different saucers being used for
each dilution,

This method is very useful for transportation ; the saucers can
be viewed under mieroscope similar to the glass plates, and has
in a manner superseded them.

Esmarch’s Tubes, or Rolled Cultures. This method, especially
used in the culture of angerobic germs, consists in spreading the
inoculated gelatine upon the inner walls of the test tube in
which it is contained and allowing it to congeal. The colonies
then develop upon the sides of the tube without the aid of
other apparatus, The method is useful whenever a very quick
and easy way is required. The rolling of the tube is done under
ice-water or running water from the faucet. The tube is held
a little slanting, so as to avoid getting too much gelatine around
the cotton plug.

The tubes can be placed directly under the microscope for
further examination of the ecolonies.

Nore.—The peptone nutrient gelatine, blood serum and agar
can now be purchased already prepared, thus saving a great
deal of time and making unnecessary the purchase of consider-
able apparatus.

Fie. 33.

Petri saucers.
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CHAPTER XI.

THE GROWTH AND APPEARANCES OF COLONIES.

Macroscopic. Depending greatly upon the temperature of
the room, which should be about

Fia. 34, 65° C., the colonies develop so as

: to be visible to the naked eye in
two Lo four days. Some require
ten to fourteen days, and others
grow rapidly, covering the third
dilution in thirty-six hours, The
plate should be looked at each day.

The colonies present various ap-
pearances, from that of a small dot,
Naked eye appearances of colonies, 1K€ & fly speck, to that resembling

a small leaf. Some are elevated,
some depressed, and some, like cholera, cup-shaped, umbilicated,

Then they are variously pigmented. Some liquefy the gela-
tine speedily, others not at all. The appearances of a few are
so characteristic as to be recognized at a glance.

Microscopic. We use a low-power lens, with the abbé nearly
shut out, that is the narrowest blender., The stage of the
microscope should be of such size as to carry a culture plate
easily upon it.

The second dilution or third plate is usually made use of, that
one containing the colonies sufficiently isolated.

These isolated ones should be sought for, and their appearances
well noticed.

There may be two or three forms from the same germ, the
difference due to the greater or less amount of oxygen that they
have received, or the greater or less amount of space that they
have had to develop in,

The microscopic picture varies greatly ; now it is like the
anarled roots of a tree, and now like bits of frosted glass; the
pictures are very characteristic, and the majority of bacteria
can be told thereby. (Fig. 31.)
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Impression or “XKlatsch” Preparations. In order to more
thoroughly study a certain colony and to make a permanent
specimen of the same, we press a clean cover-glass upon the
particular colony, and it adheres to the glass. It can then be

Fic. 35. | Fic. 36.

Microscopic appearinces
of colonies, Klatsch preparations,

stained or examined so. The Germans give the name of
“ Klatseh” to such preparations. Many beautiful pietures can
be so obtained.

Fishing. To obtain and examine the individual members of
a particular colony the process of fishing, as it is called, is
resorted to.

The colony having been placed under the field of the micro-
scope, a long platinum needle, the point slichtly bent, is passed
between the lens and the plate so as to be visible througch the
microscope, then turned downward until the colony is seen to
be disturbed, and the needle is dipped into the colony. This
procedure must be carefully done, lest a different colony be
disturbed than the one looked at, and an unknown or unwanted
cerm obtained.

After the needle has entered the particular colony, it is with-
drawn, and the material thus obtained is further examined by
staining and animal experimentation. The bacteria ave then
again cultivated by inoculating fresh gelatine, making stad and
stroke cultures,
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It is necessary to transfer the bacteria to fresh gelatine about
every six weeks, lest the products of growth and decay given
off by the organisms destroy them.

CHAPTER XII.
CULTIVATION OF AN/EROBIC BACTERITA.

SPECIAL methods are necessary for the culture of the anzerobic
variety of bacteria in order to procure a space devoid of oxygen.

Several measures have been adopted of which the
easiest and most serviceable are the following (—

Liborius's High Cultures. The tube is filled about
4 full with gelatine, which is then steamed in a water
bath and allowed to cool to 40° C., when it is inocu-
lated by means of a long platinum rod with small
loop, the movement being a rotary vertical one, and
the rod going to the bottom of the tube,

The gelatine is next quickly solidified under ice ;
very little air is present. The anserobic germs will
aorow from the bottom upward, and any @robins
present will develop first on top, this method being
one of isolation.

From the angerobie germs grown in the lower part,
a stab culture is made into another tube containing
8 oelatine, the material being obtained by breaking
test-tube with the culture.

Hesse's Method. A stab culture having been made
with angerobic germs, gelatine in a semi-solid condi-
Liborius's tion is poured into the tube until it is full, thus dis-

TgIRGE- placing the air. (Fig. 38.)

Esmarch’s Method, ITaving inoculated a tube with the
microbe the gelatine is rolled out on the walls of the tube, a
téyoll Lu]turej” and the rest of the interior filled up with gela-
tine, the tube being held in ice water in the meanwhile, The
colonies develop upon the sides of the tube and can be easily

examined microscopically,

Fic. 37.
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Gases like Hydrogen to replace the Oxygen. Several arrange-
ments for passing a stream of hydrogen through the culture :—

Friinkel puts in the test tube, a rubber cork containing two
olass tubes, one reaching to the bottom and connected with a
hydrogen apparatus, the other very short, both bent at right
angles. When the hydrogen has passed through ten to thirty
minutes, the short tube is annealed and then the one in connec-
tion with the hydrogen bottle, and the gelatine rolled out upon
the walls of the tube. (Fig. 39.) Huppe uses eggs as described
in Chapter IX,

Fic. 38. IF're. 39, Fic. 40,

I LT

L L

Hesse's method, Frinkel's method. Buchner's method

Use of ZErobic Bacteria to remove the Oxygen. Roux inocu-
Ian-rs an agar tube through a needle thrust after which seni-
:-5.ﬂ]|(1 gelatine is poured in on top. When the gelatine has solidi-
fied, the surface is inoculated witly a small qzﬂntit}r of f}:tﬂilllls
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subtilis or some other werobic germ. The subtilis does not allow
the oxygen to pass by, appropriating it to itself,

Buchner's Method, The test tube containing the culture
1s placed within a larger tube, the lower part of which con-
tains an alkaline solution of pyrogallic acid or some other asent,
which absorbs oxygen. The tube is then closed with a ruﬁhur
stopper. (Fig. 40,)

CHAPTER XIII.

THE WAY IN WHICH BACTERIA AFFECT THE ANTMAL ORGANISM.

BAcTERIA affect the animal organism by depriving the cells
of the body of oxygen and nitrogen which they appropriate to
themselves for their maintenance,

They do more than this, however, for in their secretions and
excretions the main potency lies,

Ptomaines, or Cadaveric alkaloids, was the name first applied
to those bodies formed during putrefaction, but now used for
all alkaloids or bodies of a baszie nature formed by bacteria,
Many of these ptomaines when introduced into the body give
rise to the same set of symptoms as the bacteria themselves do,
so that we may say, bacteria affect the antmal body chiefly through
certain towic principles which they produce and which can be isolated.

Anti-toxins, Toxins, and Toxalbumens, Late researches
claim two classes of produets for bacteria—the one foxic, and
destroyed by heat ; the other anti-toxie, having a direct action
upon the tissue and preventing further infection. Then pro-
teids or toxalbumens, products extracted from pure cultures,
which, like ptomaines, produce symptoms similar to those of tlc
bacteria itself. They are amorphous and have no basic action,
viving, however, all the reactions of a proteid or albumen.

Filtration of Cultures, These products are isolated from the
culture after the bacteria themselves have been separated.

A filter consisting of a eylinder of porcelain, asbestos or
kaolin, through which the culture fluid passes, the bacteria
remaining behind, is called the Pasteur-Chamberland filter.
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Fig. 41.

Pasteur-Chamberland filter with pressure.
A. Container. K. Filter, K. Porcelain. P Air-pump.
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(Fig. 41.) The culture can be forced through or allowed to filter
slowly.

The germless liquor is then treated with various agents,
alcohol and acetic acid beine that used for the toxalbumen of
diphtheria, and a white amorphous powder is at length obtained,
These agents have different effects in different doses, and are
used also to establish an immunity,

Anti-toxins are obtained by filtering through a Chamberland
filter the serum of animals made artificially immune.

They cause immunity when injected into other animals, or enre
the already developed disease. The anti-toxins of pneumonia,
tetanus, diphtheria, and erysipelas of swine have been isolated.

Toxic Bacteria, Those bacteria which produce toxic agents
outside of the body, and will not develop in the body, are
called ftoxic bacteria. They are pathogenic only in the sense
that their produects, when accidentally introduced into the body,
cause mischief.

Infections Microbes. Those bacteria which can develop and
do develop in the animal body, and there, generate products
injurious to the same, are called infectious bacteria, or pathogenic
hacteria.

The Variations of Pathogenesis, The same animals under
different circumstances can be differently affected by the same
germ,

The ordinary white mouse is not acted upon by the bacillus
of glanders.

If, however, glycosuria be produced in the mouse in any way,
it speedily becomes attacked by the bacillus,

Different animals are differently affected by the same germs.
Ovdinarily the white mouse is not acted upon by the bacillus of
slanders, but the house mouse is at all times, : ‘

The bacterium may first become active when mixed with
certain chemicals, it having been harmless l_mﬁn-e.

Attenuation or Weakened Virulence. Bacteria can be les-
sened in action either temporarily or permanently, or made in-
active entirely without destroying them. There are the natural
decay and loss of strength ; and successive cultivation in artificial
media for a long time of the same germ also destroys its potency.
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But artificial means ean be used, such as the use of chemical
acents added to the nutrient soil, or by passing the germ through
animals who are in some sense immune, and are less affected than
the animals for whom it is strietly pathogenie,

Thus the bacillus of swine-erysipelas, which is quite virulent
for pigs, when passed through rabbits loses much of its power,
and again introduced into pigs will sicken them but slightly.
Sunlight or any other agent that is destructive to germs will
also weaken them when used cautiously,

Heat is the surest agent to lessen the action.

The longer it takes to produce the uttenuation, the more lasting it is.

The grade of virulence will oftentimes remain through sue-
cessive generations.

Some of the attenuations have been named according to the
animal that they will affect ; thus, Mice-anthrax is a culture of
anthrax which has been exposed to a temperature of 42.6 C. for
twenty days, and which will destroy nothing larger than mice.
A culture exposed for ten days will kill nothing lareger than
rabbits, ete.

The only explanation that can be given of attenuation is that
the microbes, though similar in appearance, differ, in that the
weaker ones give rise to less toxie products; they have been
exhausted.

Nigeli makes use of the simili of the sweet and bitter almond,
the one poisonous, because it contains amygdalin, but both pos-
sible to be borne on the same tree, and looking alike in every
particular.

The Resistance of the Animal Organism to Bacteria. The
body is in some sense resistant to bacteria ; to some more, to
others less 3 and this resistance has been variously explained.

Chemical Theory. The greater orless alkalinityof the blood di-
minishing or increasing the virulence is the explanation of some.

The Theory of the Action of the Serum of the Blood. It has
I:uim'n_iately shown that the serum of the blood has a direct in-
hibiting action on all bacteria ; and this is directly dependent
upon the quantity and quality of albumen in it. It was for-
merly thought the salts of the blood were the main factors, but
these only serve to keep the albumen in good condition,
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The serum will hinder the growth of germs, and when bac-
teria are injected directly into the blood, they soon disappear.
They cannot osmose; they colleet in the liver, spleen, and
marrow of bones, and the corpuscles aid growth. The serum
of different animals acts differently upon the same microbe.

Cellular Theory of Metschinkoff, The phagocytes, as he
terms them, are anti-microbic. They are the soldiers which
endeavor to destroy the enemy. If the cells are strong, they
become the victors ; if the bacteria are stronger, the bacteria
conquer and eat up the cells,

But this theory, though having many supporters, is opposed
on sufficient grounds, the one reason being that whenever cells
become the residence of live bacteria they suffer ; and if Mets-
chinkoff and others have seen bacteria directly enter cells and
dlsd,ppear it is that they were destroyed before, and that the
leucocytes mﬂy acted as scav-
engers, (Fig, 42.)

And the late researches
with the serum of the blood
freed of its cellular elements,
and being directly anti-bac-
teric, would seem to place the
phagocytes in the background.

The matter is, however, by
no means settled.

To sum up, we have patho-
genic microbes such as give
rise to products injurious to the animal organism. The infec-
tious ones can overcome the natural resistance of the animal
body and develop therein. The bacteria can have this activity
lessened or destroyed by agents which are injurious to their
products, so as to render them inactive,

Fi6. 42,

Phagocytes of Metschinkoff': a. Bacillus
entering ; b. Bacillus inclosed.
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CHAPTER XIV.

IMMUNITY.

TuE natural or acquired power of resistance to bacterial
influences is called immunity.

Natural, As we have mentioned before, certain animals are
naturally not acted upon by bacteria that affect other animals.
We say the animal or person is émmune by nature.

Acquired. But immunity can be acquired by various means.
We know that one case of smallpox usually protects against
other attacks and so with morbilla and scarlatina. This is
through disease. . :

Acclimatization Immunity. Various discases, which strangers
to a climate become affected with, do not trouble the natives.

Artificial Immunity. By the attenvated virus, as with anthrax,

Inoculations with sterilized cultures, the germs being destroyed.
Even certain chemical substances when injected give immunity
from certain germs, and when albumen prepared in certain ways
was injected, immunity also obtained.

Inoculalions intravenously with- greaily diluted virulent ecultures
give immunity.—The various theories which have been made to
explain the phenomena of immunity are all unsatisfactory, Some
say tnat a first attack destroys the agents which are necessary for
the disease to arise. Others say that certain bacterial products
remain in the body, and prevent a return of the diseases—act as
cunards. Some recently claim that the soil is rendered unfit for
the further development of the bacteria, after injection of some
of the active principles of the bacterium. Some place it in
the blood of the animals, it exerting a direct germicidal action.

Alexins. The latest researches place the power of immunity
in a certain principle called alexine (orefew, to defend), which has
its residence in the serum of the blood and tissues, This principle
destroys the bacilli, and they in dying, give out proteids, causing
the leucocytes to wander towards these proteids and digest Lh:

dying bacilli, The alexins are supposed to be produced by cells
containing eosinephile granules,
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Chemotaxis. This atiraction of leucocytes towards bacteria
by means of their chemical products is ealled chemotaxis,

These proteids when injected by themselves, i. e., sterilized
cultures, also produce chemotaxis. When the alexine is not
strong enough to destroy the bacterium it develops and finally
destroys the action of leucocytes.

Toxines are repellant, producing a *‘ negative chemotaxis, "

Cure of Infectious Diseases with Bacteria and their Produets.
Antagonism. It has been known, and is easily demonstrated,
that the growth of one bacterium near another results often in
the destruction of one, a direct antagonism existing.

Rabbits suffering with anthrax were injected with large quan-
tities of streptocoecus of erysipelas (pyogenes), and a cure
effected, those not so treated dying.

Several olher diseases have been so treated in animals with
interesting results,

Toxalbumen Injections. When diphtheria is produced in
animals, an injection of the toxalbumen of diphtheria will cure
the same, and if injected first, diphtherin will not arise.
Tetanus has been cured and prevented in a similar manner.

Tuberculin. Dixon, in 1889, found, by injecting products of
tuberele cultures in glycerine, that Guinea-pigs so treated, suffer-
ing from tuberculosis, were cured ; control animals dying. Koch,
in 1890, applied this method to man, but without success,

Koch's Rules in Regard to Bacterial Cause of Disease.
Before a microbe can be said to be the cause of a disease, it
must — :

First. Be found in the tissue or secretions of the animal suf-
fering from, or dead with the disease. Yy

Seeomd. It must be cultivated outside of the body on artificial
media. \ '

Third. A culture so obtained must produce the disease in
question when it is sntroduced into the body of a healthy

nimal. :
E Fourth. The same germ must then again be found in the
animal so inoculated.
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CHAPTER XV.

EXPERIMENTS UPON ANIMALS.

Tue smaller rodents and birds are the ones usually employed
for inoculation, as rabbits, Guinea-pigs, rats and mice, and
pizeons, and chickens ; sometimes monkeys. These are pre-
forred, because easily acted upon by the various bacteria, readily
obtained, and not expensive.

The white mouse is very prolific and easily kept, and is there-
fore a favorite animal for experiment. It lives well upon a little
moistened bread. A small box, perforated with holes, is filled
partly with sawdust, and in this ten to twelve mice can be kept.
When the female becomes pregnant she should be removed to
a class jar until the young have.opened their eyes, because the
males, which have not been raised together, are apt to attack
each other,

Guinea-pigs. When Guinea-pigs have plenly of light and
air they multiply rapidly. Therefore it is best to have them in
some large stall or inclosure. They can be fed upon all sorts of
vezetables and grasses, and require but little attention.

Methods of Inoculation. I Inhalation.—Imitating the natural
infection, either by loading an atmosphere with the germs in
question or by administering them with a spray.

II, Through Skin or Mucous Membrane.

LI, With the Food, .

Method of Cutaneous Imoculation. The ear of mice is best
suited for this procedure. A small abrasion made with the
point of a lancet or needle, which has been dipped in the virus.
The animal is then separated from the rest and placed in a
glass jar, which is partly filled with sawdust and covered with
a piece of wire-gauze,

Subcutaneous. The root of the tail of mice is used for this
purpose. The hair around the root of the tail is clipped off,
and with a pair of scissors a very small pocket is made in the
subcutaneous connective tissue, not wounding the animal any
more than absolutely necessary, avoiding much blood. The
material is placed upon a platinum needle and introduced into
the pocket, solid bodies, with a forceps.

Lo hold the mouse still while the operation is going on a
little cone made of metal is used, The mouse just fits in here,
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There is a slit along the top in which the tail ean be fastened,
and thus the amnnl 18 secure and immobile,

Intravenous Injections. Rabbits are very eagily injected
through the veins. Mice are too small,

3 y disinfects, but also makes the
vessels appear more distinet. The base of the car is compressed
to swell the veins, Then a syringe, like the one used for the
injection of ¢ tuberculine,”” a Koch syringe, which can be easily
sterilized, is filled with the desired amount of viras and slowly
injected into any one of the more prominent wma present.
(Fig. 43.)

Intra-peritoneal Injection. This is used with Guinea-pigs
mostly. The abdominal wall is pinched up through its entire
thickness. and the needle of the syringe thrust directly through,
so that it appears on the other side, then the fold let go, the
needle withdrawn just far enough so as to be within the cavity.

Inoculation in the Eye. The anterior chamber and the cornea
are the two places used. The rabbit is fixed upon a board ;
the eyelids held apart and head held still by an assistant, A
small cut is made in the cornea, a few drops of cocaine having

Fic. 43,

Manner of making intravenous injections in the rabbit.
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first been introduced in the eye. The mat.erinl is passed
through the opening with a small forceps, and with a few strokes
of a spoon it is pushed in the anterior chamber. .

For the cornea a few scratches made in the corneal tissue
will suffice ; the material is then gently rubbed in. .

Inoculation of the Cerebral Membranes. The skin and
aponeurosis cut through where the skull is the thinnest. T]H:’.I]
the bone carefully trephined, and the dura exposed. In Ruabies
inoculation, the syringe containing the hydrophobic virus pierces
the dura and arachnoid, and the virus is discharged beneath the
latter. :

Intra-Tracheal. -The bacteria can be introduced directly into
the trachea, thus coming in contact with the lungs.

Intra-duodenal.—Cholera germs are injected into the intes-
tines after they have been exposed, by carefully opening the
abdomen, This is done in order to avoid the action of the
gastric juice.

Obtaining Material from Infected Animals. The animal
should be skinned, or the hairs plucked out, before it is washed,
at least the portion where the incision is to be made. Then the
entire body is washed in sublimate. Two sets of instruments
are required, one for coarser and one for finer work: the one
sterilized in the flame ; the other, to prevent being damaged,
heated in a hot air oven.

The animal, the mouse for example, is stretched upon a board,
a nail or pin through each leg, and the head fixed with a pin
through the nose. The skin is dissected away from the belly
without exposing the intestines, Then the ribs being laid bare,
the sternum is lifted up, and the pericardium exposed. A pla-
tinum needle dipped into the heart after the pericardium has
been slit will give sufficient material for starting a culture. If
the other organs are to be examined, further dissection is made.
If the intestines were first to be lookéd at, they would be laid
bare first.

In this manner material is obtained, and the results of inocu-
lation noted.

Frequent sterilization of the instruments is desirable.



PART II.
SPECIAL BACTERIOLOGY.

CHAPTER 1.
NON-PATHOGENIC BACTERIA,

Special Bacteriology. Under this head the chief character-
istics of individual bacteria will be detailed, pathogenic and non-
pathogenic being the main divisions. It is usual to deseribe the
non-pathogenic first.

Non-Pathogenic Bacteria, We can give but a few of the more
important varieties,

Bacillus Prodigiosus, (Ehrenberg.) This bacillus, formerly
called a micrococeus, is very common, and one of the first
noticed, because of the lively red color it forms on vegetables
and starchy substances. **The bleeding host,”” miracles being
due to it.

Form.—Short rods, often in filaments, without spores.

Immobile.—Ias no automatic movements.

Facultative anecerobic, that is, it can grow without air; but
the pigment requires oxygen to show itself.

Growth. Gelatine. Liquefy rapidly.

Colonies.— At first white, round points with smooth edge
appearing brown under microscope, but soon changing to red,

Stab Cultwwes.—The pigment develops on the surface, the
arowth occurring all along the line,

Potato is well suited to the growth, the pigment developing
after twelve hours. Agar and blood serum growths do well.

Temperature.— Grows best at 25° C,

Varietics.— By exposure to heat of brood-oven during several
cenerations the power to produce pigment can be temporarily
abolished. '

(74)
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The Pigment.—A pigment-forming body is created by the
bacillus, and the action of oxygen upon il produces the color,
It is insoluble in water, slightly soluble in alcohol and ether ;
acids fade it, alkalies restore the color.

Gases.—A trimethylamin odor arvises from all cultures,

Stain,—Takes all aniline dyes easily in the ordinary way.

Bacillus Indicus. (Koch.)

Syn. Micrococeus Indicus. Origin.—Found in the stomach of
an Indian ape.

Form,—Short rods with rounded ends., No spores. _Auto-
matic movements present ; facultative anerobin,

Growth. Gelatine.— Liquefy rapidly.

Colonies.—Round, or oval, granular margins; brilliant red
pigment.

otab Cultures,.—On the surface the pigment shows itself,
Grows well on other media.

Temperature.— Grows best at 35° C,

Action on Animals.—In very large quanlities, if injected into
the blood, a severe and fatal gastro-
enteritis can be produced.

Stain.—Takes all dyes,

Bacillus Mesentericus Vulgatus,

The common potato bacillus of S
% -E-:::—*H-"i i
Fliigge. TN
Habitat.—Surface of the soil, on E?E :
potatoes, and in milk,
s,

Form.—Small thick rods with
rounded ends, often in pairs,

Properties.—Very motile ; pro-
duce abundant spores; liquefy a : _
eClntine s diistaticicion. ‘olony of Ef:mtl'rhm Mesentericus

Girowth. — Rapid. i3 7

I’Lcu-e Colonies.—Round, with transparent centre at first, then
becoming opaque. The border is ciliated ; little p:'njcﬁl;iun:;
evenly arranced,

Potato,— A w!nitc covering at first, which then chances to a
rough brown skin ; the skin can be detached in long tl::eads

Temperature, — Spores at ordinary temperatures, g '
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Spores.—Are very resistant ; are colored in the manner de-
scribed in first part of the book for spores in general,

Bacillus Megaterium (de Bary).

Origin.—Found on cooked cabbage.

Form.—Large rods, four times as long as they are broad,
2.5 . Thick rounded ends. Chains with ten or more mem
bers often formed granular cell contents,

Properties.— Abundant spore formation ; very slow movement ;
slowly dissolves gelatine.

Growih.—Strongly 2:vobie ; grows quickly, and best, at a tem-
perature of 20° C.

Plate Colonies.—Small, round, yellow points in the depth of
the gelatine, Under microscope irregular masses.

Fic. 45.

Bacillus Megaterium, with spores.

Stab Culture.—Funnel-shaped from aboye downwards,

Potato.—Thick growths, with abundance of spores.

Bacillus Ramosus.

Syn. Bac. Mycoides (Fliigge). Waurzel or root baeillus.

Origin.—In the upper layers of garden or farm grounds, and
in water.

Form.—Short rods, with rounded ends, about three times
as long as they are thick ; often in long threads and chains,
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Properties.—Large, shining, oval spores ; & slicht movement ;

liquefy gelatine. K
Growth.— At ordinary temperatures, with plentiful supply of

n"}.‘lum Colonies.— Look like roots of an old tree gnarled together,

radiatine from a common centre, On surface soon liquid.

Stab Culture.—Soon a growth occurs along the needle track,
and the whole resembles a pine tree turned upside down, The
gelatine then becomes liquid, a thin skin floating on top, and
small flakes lying at the bottom,

Stroke Culture.—Feathery resemblance is produced.

Staining.—Spores stain readily with the ordinary spore stain,

Bacterium Zopfi. (IKurth.)

Ovrigin.—Intestines of a fowl.

Form.—Short thick rods forming long threads coiled up,
which finally break up into spores, which were once thought to
be micrococei.

Properties.—Very motile ; does not dissolve or liquefy gela-
tine.

Growth.—In thirty hours abundant growth ; erobic; grows
hest at 20° C.

Plates.—Small white points which form the cenire of a very
fine netting, With high power this netting is found composed
of bacilli in coils, like braids of hair.

Excellent impress or ‘* Klatsch’” preparations are obtained
from these colonies.

Staining.—Ordinary dyes,

Bacillus Subtilis. (Hay Bacillus,) Ehrenberg,

Origin.—Hay infusions ; found also in air, water, soil, fieces,
and putrefying liquids.

Form.—Large rods, three times as long as broad; slight
roundness of ends, transparent; seldom found singly j usually
in long threads, Flagella are found on the ends. Spores of
oval shape, strongly shining, very resistant.

Properties.—Very molile ; dissolves gelatine,

Growth,—Rapid ; strongly @erobic.

Plate.—Round, gray colonies, with depressed white centre.



T8 ESSENTIALS OF BACTERIOLOGY,

Under microscope the centre yellow ; the periphery like a wreath,
with tiny little rays projecting ; very characteristic.

I_’u::rtu-m.—ﬂ thick moist skin forms in twenty-four hours.

Staining.— Rods, ordinary stain, spores, spore stain.

It is easily vbtained by covering finely cut hay with distilled
water, and boiling a quarter of an hour. Set aside forty-eight
hours. A thick scum will show itself on the surface composed
of the subtilis bacilli,

Bacillus Spinosus. (Liideritz.)

Called spinosus because small spine-like processes are formed
by the colonies,

Origin.—In the juices of the body of a mouse and guinea-pig
which were inoculated with garden earth.

Forim.— Large rods, straight, some slightly bent, ends rounded ;
often in long threads.

Properties.— Large spores, the bacillus enlarging to allow the
spores to develop; very motile ; gelatine slowly liquefied. A
gas is formed in the culture having an odor like Swiss cheese.

Growth.—The growth occurs at ordinary temperatures only
when the oxygen is excluded. Very strongly ansrobic. Glu-
cose added to the gelatine (1 to 2 per cent,) increases the nutri-
tive value. )

Colonies in roll cultures and high stab cultures appear as little
spheres surrounded by a zone of liguefied gelatine. In the
deeper growths thorn-like projections or spiunes develop pro-
ceeding from a gray-colored centre.

Staining. —With ordinary methods, This bacillus, being
strongly anserobic, must be cultured with the usual care taken
with angerobins,

Some Bacteria found in Milk. Bacillus Acidi Lactici.
(Hiippe.)

Origin.—In sour milk.

Form.—Short thick rods, nearly as broad as they are long,
psually in pairs,

Properties.—Immotile. Spores large shining ones. Do not
liquefy gelatine. Breaks up the sugar of milk into lactic acid
and carbonic acid gas, the casein being thereby precipitated.

Growth.—Slow ; is facultative angerobic. Grows first at 10°C.
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Plate Colonies.—First small white points, which soon look like
porcelain, glistening. Under microscope the surface colonies

resemble leaves spread out.
Stab Culture.—A thick dry crust with cracks in it forms on the

surface after a couple of weeks,

Attenuation.—If cultured through successive generations, they
lose the power to produce fermentation. Several other bacteria
will give rise to lactic acid fermentation ; but this especial one
is almost constantly found, and is very wide-spread.

In milk, it first produces acidity, then precipitation of casein,
and finally, formation of gases.

A bacillus described by Grotenfeldt, and called Bacterium
Acidi Lactici, forms alcohol in the milk, It was found in milk
in Bavaria.

Bacillus Butyricus. (Hiippe.)

This bacillus causes butyric acid fermentation.

Origin.—Found in milk,

Form.—Short and long thin rods with rounded ends; large
oval spores, seldom forming threads.

Properties.— Very motile 3 liquefies gelatine rapidly ; produces
gases resembling butyric acid in odor. In milk it coagulates the
casein, decomposes it, forming peptones and ammonia, with a
bitter taste, and butyric acid fermentation. An alkaline reaction.

Growth,—Quickly, at 35° to 40° C., with oxygen. Spons very
resistant.

Colonies. Plate,—Small yellow points which soon run together,
becoming indistinguishable.

Stal Culture.— A small yellow skin formed on the surface with
delicate wrinkles ; eloudy masses in the liquefied portion.

Staining.—With ordinary stains.

Bacillus Amylobacter (Van Tiegham) ; or, Clostridium Buty-

ricum, (Prazmowsky.) (Vibrion butyrique of Pasteur.)

Origin.—Found in putrefying plant-infusions, in fossils, and
conifera of the coal period.

Form.— Large, thick rods, with rounded ends, often found in
chains. A large glancing spore at one end, the bacillus becoming
spindle-shape in order to allow the spore to grow ; hence the
name clostridium,
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Fig. 46. : Properties.—Very molile; gases arise
- with butyric smell. In solutions of sugars,
@ lactates and cellulose-containing plants,
% and vegetables, it gives rise to decomposi-
@ & % tions in which butyric acid is often formed,
Casein is also dissolved,

Like granulose, a watery solution of
iodine will color blue some portions of the
bacillus ; therefore it has been called amy-

‘ lobacter.
Growth.—1It is strongly angerobie, and
h i has not yet been satisfactorily cultivated.
ﬁ Bacillus Lactis Cyanogenus, Bacterium

Syncyanum, (Hiippe.)

Origin.—Found in blue milk,

Form.—Small narrow rods about three times longer than they
are broad ; usually found in pairs. The ends are rounded.

Properties.—They are very motile ; do not liquefy gelatine;
form spores usually in one end. A bluish-gray pigment is formed
outside of the cell, around the medium, The less alkaline the
media the deeper the color. It does not act upon the milk other-
wise than to color it blue.

Growth.—Grows rapidly, requiring oxygen, Colonies on plate.
Depressed centre surrounded by ring of porcelain-like bluish
growth. Dark brown appearance under microscope.,

Stab Culture.—Grows mainly on surface ; a nail-like growth.
The surrounding gelatine becomes coloréd brown.

Potato.—The surface covered with a dirty blue scum.

Altenuation.—After prolonged artificial cultivation loses the
power to produce pigment.

Staining.—By ordinary methods.

Bacillus Lactis Erythrogenes. Buacillus of Red Milk. (Hiippe
and Grotenfeldt.)

Origin.— Found in red milk, and in the feces of a child.

Form.—Short rods, often in long filaments, without spores.

Properties.—Does not possess self-movement. IForms a nause-
ating odor ; liquefies gelatine. Producesa yellow pigment which
can be seen in the dark, and a red pigment in alkaline media,

Bacillus Amylobacter.
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away from the light. In milk it produces the yellow cream on
top of the blood-red serum, or, fluid in the centre, and at the
bottom the precipitated casein. _

Growth.—Grows rapidly in bouillon and on potatoes ; slower
on the other mediajPlates. A cup-like depression in the centre
of the colony, with a pink coloration around it, the colony itself
being slightly yellow.

Stab Culture.—The growth mostly on surface. The gelatine
afterwards colored red and liquefied.

Potato,— A golden yellow pigment formed at 379 C., after six
days.

Some Non-Pathogenic Bacteria found in Water. The bacteria
found here are very often given to producing pigments or phos-
phorescence, and are in great number. The more common ones
only will be deseribed.

Bacillus Violaceus.

Origin.— Water.

Form.— A slender rod with rounded ends, three times as long
as it is broad, often in threads ; middle-sized spores.

Properties.— Very motile ; forms a violet-blue pigment, which
is soluble in aleohol, and depends upon oxygen for its growth.
Rapidly liquefies gelatine, but not agar.

Growth.—Grows fairly quick, is facultative angerobie,

Cultures on Plate.—At first the colonies look like inclosed air-
bubbles. Low power shows irregular masses, with a centre
containing the pigment and a hairy-like periphery.

Stab Culture.— Cone-like liquefaction containing air, and the
pigment, in separated granules, lying towards the bottom.

Stroke Culture on Agar.—A violet, ink-like covering which
remains for years.

Bacillus Ceerulens. (Smith.)

Origin.—Schuylkill water,

Form.—Very thin rods; 2.5 k. long, 0.5 pw. wide ; often in
threads ; spores were not found.

.Pmpartie.s._ Liquefies gelatine ; produces a very deep-blue
pigment.

Growth.—Slowly, with oxygen, at ordinary temperature,

Plate.—Round colonies on the surface of bluish color.
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Stab Cultures,—A. cup-shaped liquefaction along the needle
thrust, with a sparse growth, the liquefied portion appearing
blue.

Fluorescent Bacteria, Several kinds present in water,

Bacillus Erythrosporus. (Eidam.)

Origin.—Drinking water and putrefying albuminous solutions,

Form.—Slender rods often in short threads, with spores of
oval shape, and appearing as if stained with fuchsin,

Properties.—Motile ; does not dissolve gelatine ; produces a
greenish-fluorescent pigment which appears yellow in reflected
light, but green on transmitted light.

Growth.—Somewhat quickly ; facultative angerobic; growth
only at ordinary temperatures.

Plates.— White colonies, with greenish-yellow fluorescence
around each colony. Under microscope the periphery appears
radiated.

Stab Cultures.—Good growth along the needle thrust; the
whole gelatine gives out the fluorescence,

Bacillus Fluorescens Liquefaciens.

Origin.—Water, and from conjunctival sac.

Form.— Very fine little rods ; no spores.

Propertics,.—Motile ; forms a greenish-yellow fluorescent pig-
ment ; liquefies gelatine.

Growth. —Rapid only at ordinary temperatures, and strongly
gerobic.

Plates.—Round colonies, cup-shaped depressions, the solid
gelatine that remains becoming colored with greenish-yellow
fluorescence.

Stab Culture.—On the surface, air-bubble depressions; the
white colonies in the bottom of these depressions, and the solid
gelatine around the inoculation shining with the fluorescence.

Phosphorescent Bacteria. Six varieties of phosphorescent
bacteria have been described ; they arve found usually in sea-
water, or upon objects living in the sea.

Bacillus Phosphorescens Indicus. (Fischer.)

Origin.—Tropical waters. '

Form. — Thick rods, with rounded ends, sometimes forming
long threads.
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Properties.— Very motile ; liquefying gelatine at a tempera-
ture of 259 to 30° C., with oxygen and a little moisture, and in
the dark, a peculiar electric-blue light develops a phosphores-
cence.

Growth.—Slowly ; must have oxygen ; does not grow under
10° C. or over 50° C.

Plates.—Little round, gray points, which under low power
appear as green colonies with reddish tinge around them.
Covked fish, when smeared upon the surface with a little of the
culture, show the phosphorescence most marked. Grows well
on potatoes and blood-serum.

Bacillus Phosphorescens Indigenus. (Fischer.)

Origin.—Waters in the northern part of Germany. It differs
from the Indian bacillus, in that it grows at a temperature of
59 C., and does not develop upon potatoes or blood-serum.

Bacillus Phosphorescens Gelidus, (Forster.)

Origin.—Surfaces of salt-water fish.

Form.—Short, thick rods, looking oval sometimes ; zoogleea
are often formed,

Properties.—Motile ; does notl liguefy gelatine; a beautiful
phosphorescence from the surface of fish ; it can be photographed
by its own light.

Colonies.—Grows best between 0° and 20° C. ; grows' slowly,
and mostly on the surface. The material must contain salt.
A bouillon made with sea-water, or 3 to 4 per cent. common
salt will suffice, The colonies appear as those of the Phospho-
rescens Indicus. :

Fresh herring laid between two plates will often show phos-
phoreseence in twenty-four hours.

The other three varieties require glucose in the culture before
they give out any glow. They are Bacterium Pflugeri, Bact.
Fischeri, and Bact. Balticum. They do not dissolve gelatine.

Several very indistinet species, found in waters from factories
and in some of the mineral waters, deserve yet to be men-
tioned. They have been given various names by observers
almost a new classification created. Such are the crenothrix,
cladothriz, and beggiatoa.
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Crenothrix Kiithniana, (Rabenhorst.) Long filuments joined
at one end; little rod-like bodies form in the filaments; and
these break up into spores,

Zooglea are also formed by means of spores ; and these can
become so thick as to plug up pipes and carriers of water.
They are not injurious to health.

Cladothrix Dichotoma. (Cohn.) Very common in dirty
waters. The filaments branch out at acute angles, otherwise
resembling the crenothrix; accumulations of ochre-colored
slime, consisting of filaments of this organism, are found in
springs and streams,

Beggiatoa Alba. (Vancher.) The most common of this
species, The distinction between this and the preceding species
lies in the presence of sulphur granules contained in the struc-
ture, and hence they are often found where sulphur or sulphides
exist ; but where the remains of organic life are decomposing
they ean also be found.

Several large spirilla and vibrio live in bog and rain-water,
but our space does not suflice to describe them.

Bacterium Ureze.

Origin.—Decomposed ammoniacal urine.

Form.—Thick, little rods, with round ends one-half as thick
as they are long.

Properties.—Does not dissolve gelaline; changes urea into
carbonate of ammonia.

Growth.— At ordinary temperatures, very slowly, In twodays
on gelatine very minute points, which in ten days have the size
of a cent. The colonies grow in concentric layers.

Micrococcus Ureae, (Pasteur and Van Tieghain.)

Origin.—Decomposed urine and in the air.

Forin.—Cocei, diplococei, and steptococei.

Properties.—Decomposes urea into carbonate of ammonia j
does not liquefy gelatine.

Growth.—Grows rapidly, needing oxygen; can remain sta-
tionary below 0° C.; growing again, when a higher temperature
is reached.

Colonies on Plate.—On the surface like a drop of wax.
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Stah Cultures.—Looks like a very delicate thread along the
needle thrust,

Spirillum. Spirillum Rubrum, (Esmarch.)

Origin.—Body of a mouse dead with septiceemia.

Form.—Spirals of variable length, long joints, flagella on each
end ; no spores.

Properties.—Does not liquefy gelatine ; very motile ; produces
a wine-red pigment, which develops only by nbsence of oxygen.

Growth.—Can crow with oxygen, but is then colorless ; grows
very slowly ; ten to twelve days before any sign ; grows best at
372 C.

Gelatine Roll Cultures. —Small, round ; first gray, then wine-
red colonies.

Stab Cultures.—A red-colored growth along the whole line j it
is deepest below, gefting paler as it approaches the surface.

Spirillum Concentricum. (Kifasato.)

Origin.—Decomposed blood.

Forrm.—Short spirals, two to three turns, with pointed ends ;
it has flagella on the ends.

Properties.— Very motile ; does not liquefy gelatine.

Growth.—Very slow ; mostly on the surface ; best at ordinary
temperatures,

Plates.—A growth of rings concentrically arranged, every
alternate one being transparent; the furthest one from the
centre ponssessing small projections,

Stal Cultures.—Growth mosily on the surface.

Sarcina, Cbcei in cubes or packetls of colonies, A great
number have been isolated ; many producing very beautiful
pigments, The majority of them found in the air.

Sarcina Lutea. (Schriter.)

Oviggin, — Adr.

Form.—Very large cocei in pairs; tetrads and groups of
tetrads.

Propertics.—Liquefies gelatine slowly ; produces sulphur-yel-
low pizment.

Growth.—Slowly 5 at various temperatures ; strongly ®robic.

Plates.—Small, round. yellow colonies.

Stah Cultures. —Grows more rapidly, the growth being nearly
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all on the surface, a few separated colonies following the needie
thrust for a short distance, Agar, a very beautiful yellow
along the stroked surface, ’

Sarcina Aurantica,—Flave, rosea, and alba are some of the
other varieties. Many are oblained from beer.

Sarcina Ventriculi. (Goodsir.)

Origin.—Stomach of man and animals,

Form,—Colorless, oval cocci, in groups of eight and packets
of eight.

Properties.—Does not liquefy gelatine ; shows the reaction of
cellulose to iodine.

Growth.—Rapid. At end of thirty-six hours, round, yellow
colonies, from which colorless cocei and cubes are obtained,

Habitat.—They are found in many diseases of the stomach,
especially when dilatation exists.

CHAPTER II.
PATHOGENIC BACTERIA,

WE have divided this part into two portions,

I, Those bacteria which are pathogenic for man and other
animals,

II. Those bacteria which do not affect man, but are patho-
genie for the lower animals,

Here again it will only be possible to give the more impor-
tant bacteria ; there are many diseases in which micro-organisms
have been found, but they have not yet been proven as causa-
tive of the disease, and have also been found in other diseases.
We cannot treat of them here.

Bacillus Anthracis. (Rayer and Davaine.)—Rayer and Da-
vaine, in 1850, first described this bacillus; but Pasteur, and
later Koch, first gave it the importance it now has,

Synonyims —Bacteridie du charbon (Fr.), Milzbrand bacillus
(German) ; bacillus of splenic fever, or malignant pustule.

Origin.—In blood of anthrax-suffering animals.
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Form.—TRods of variable length, nearly the size of a human
blood-corpuscle, broad cup-shaped ends; in bouillon cultures,
long threads are formed, with large oval spores.

Fic. 47.

Anthrax bacilli in human blood (fuchsin staining), Zeiss 1-12 oil immersion.
No. 4 ocular taken from Vierordt.

Properties.—Liquefies gelatine ; immotile ; the spores are very
resisting, living twenty years.

Growth.—Grows rapidly, between 12° C. and 45° C., and re-
quires plenty of oxygen, not growing without it ; grows well in
all media.

Plates of Gelatine.—Colonies develop in two days, white shiny
spots, which appear under microscope as slightly yellowish
eranular-twisted balls, like a ball of yarn ; each separate string
or hair, if looked at under high power, being composed of bae-
teria in line. .

Stab Cultures,.—A white growth with thorn-like processes along
the needle-track ; later on, gelatine liquefied, and flaky masses
at the bottom,

Potato.—A dry creamy layer, and when placed in brood-oven,
rich in spores,
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. Varieties. Asporogenic,—By cultivation in gelatine, contain-
ing 1 to 1000 ac-carbolic, a variety develop that cannot produce
spores.  Also involution forms, differing from the usual type.

Fic. 49.

Stab Cultures of Anthrax in Gelatine.

Staining.— They readily take all the aniline dyes with the
ordinary methods. To bring out the cup-shaped concave ex-
tremities, a very weak watery solution of methylin blue is best.

Spores are stained by the usual method. When several bacilli
are joined together, the place of their joining looks like a spore
because of the hollowed ends. The double staining will develop
the difference.

Sections of tlissue arve stained according to the ordinary
methods, taking Gram’s method very nicely,

Pathogenesis.—When mice are inoculated with anthrax mate-
rial through a wound in the skin, they die in twenty-four hours
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from an active septiczemia, the point of inoculation remaining
unchanged. The following appearances then present them-
selves :—

Peritoneum.— Covered with a gelatinous exudate,

Spleen.— Very much swollen, dark red, and friable.

Liver. — Parenchymatous degeneration.

Blood.—Dark red. The bacilli are found wherever the capil-
laries are spread out, in the spleen, liver, intestinal villi, and
glomeruli of kidney, and in the bloed itself. Only when the
capillaries burst are they found in the tubules of the kidney.

Mode of Entrance.—The bacilli can be inhaled, and then a
pneumonia is caused, the pulmonary cells containing the bacilli ;
when the spores are inhaled, a general infection occurs.

Feeding.—The cattle graze upon the meadows, where the
blood of anthrax animals has flowed and become dried, the
spores remaining, which then mix with the grass and so enter
the alimentary tract ; here they then cause the intestinal form
of the disease, ulcerating through the villi,

Local Infection.—In man usually only a local action oceurs ; by
reason of his occupation—wool-sorter, cattle-driver, ete., he
obtains a small wound on the hand, and local gangrene and
necrosis set in.

Pneumonie by inhalation can also occur in man,

Susceptibility of Animals.—Dogs, birds, and cold-blooded ani-
mals affected the least; while mice, sheep, and guinea-pigs
quickly and surely.

Products of Anthraz Buacilli. —A basie ptomaine has not been
found, but a toxalbumen or proteid, called anthrowin, has been
obtained. A certain amount of acid is produced by the virulent
form, alkali by the wealk.

Attenuation and Immunily.—Cultures left several days at a
temperature between 40° and 42° C. soon become innocuous, and
when injected into animals protect them against the virulent
form.

The lymph obtained from lymph-sac of a frog destroys the
virulence of anthrax bacilli and spores temporarily.

Hankin obtained an alexin from the blood and spleen of rats,
they being naturally immune. It destroyed the anthrax bacilli
}u vitro, and used by injection in susceptible animals made them
immune, It is insoluble in alcohol or water,
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Protective Vaeeination,— Animals have been rendered immune
by various ways—by inoculation of successive attenuated cul-
tures 3 also with sterilized cultures—that is, eultures containing
no bacilli, and with cultures of other bacteria.

Habitat,—The anthrax disease seems confined to certain dis-
tricts in Siberia, Bavaria, and Auvergne, and mainly during the
summer months,

The bacillus has never been found free in nature.

Bacillus Tuberculosis. (Koch.)

This very important bacillus was first described, demonstrated,
and cultivated by Koch, who made his investigations public on

Fig. 50.
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Tubercle bacilli in sputum, carbol-fuchsin, and methylin blue, Zeiss 1:12 oil
immersion.

the 24th of March, before the Physiological Society of Berlin,
in the year 1882. ‘

Origin.—In various tubercular products of man and other
animals,
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Form,— Very slender rods, nearly straight, about one-quarter
the size of a red corpuscle’s dianmeter, their ends rounded, usu-
ally solitary, often, however, lying in pairs in such a manner as
to form an acute angle. Sometimes they are *S’-shaped. In
colored preparations little oval spaces are seenin the rod, which
resemble spores ; but the question of the existence of spores is
still undecided.

Properties.—Does not possess self-movement.

Grrowth.— Requires special media for its growth, and a temper-
ature varying but slightly from 37.5° C. It grows slowly, de-
veloping first after ten days, reaching its maximum in three
weeks. It is facultative an®robic. On gelatine it does not
form a growth,

Colonies on Blood Serum.—XKoch first used blood serum for
culture ground, and obtained thereon very good growths, Test-
tubes with stroke culture were placed in the brood oven at 37° C.
for ten to fourteen days, when small glistening white points ap-
peared which then coalesced to form a dry, white, scale-like
growth. Under microscope composed of many fine lines con-
taining the tubercle bacillus,

Glycerine Agar.— By adding four to six per cent. glycerine to
ordinary agar-peptone medium, Nocard and Roux obtained a
culture ground upon which tubercle bacilli grew much better
than upon blood serum. This is now almost exclusively used.

Stroke cultures are here used as with blood serum., They are
placed in brood-oven after inoculation, and remain there about
ten days, at a temperature of 372 C.
The colton plugs of the tubes are
covered with rubber caps, the cotton
first having been passed through the
lame, and moistened with a few drops
of sublimate solution. The rubber
cap prevents the evaporation of the
water of condensation which always
forms, and keeps the culture from dry-
ing up. .

The growth which occurs resenibles  Tubercle bacilli in human
the ruge of the stomach, and some- liver 600 X. (Frinkel and
times looks like crumbs of bread moist- reiffer.)
ened. The impression or *“ Klatseh” preparation shows under
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the llll:‘:l‘ﬂﬁﬂﬂlpﬂ a thick curled-up centre around which threads
are. x-:lavmul in all directions. And these fine lines show the
baeilli in profusion,

Fia. 52.

Klatsch preparation,

Potato.—1It can be cultivated on slices of potato which are

placed in air-tieht test-tubes.
Bouillon.— Bouillon containing four per cent. glycerine is a

very good nurture ground.
Varieties.—Dixon, of Philadelphia, and others have obtained

branched forms of bacilli and club-shaped forms,
In Sputum.— Little granules arranged like streptococei, which
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take the characteristic stain, and look as if the protoplasma had
been destroyed that enclosed them,

Fic. 53.

Growth on Agar.

Bovine tubercle-baeilli are about one-third smaller than human
tubercle bacilli,

Staining.—The tubercle bacilli require special methods (o
stain them, and a great number have been introduced. They
are stained with great difficulty: but once stained, they are
very resistant to decolorizing agents. Upon these facts all the
methods are founded.

[t will only be necessary to describe those methods principally
in use; and as the examination of sputum for bacilli is of so
frequent an occurrence, and so necessary, it is well to detail in
particular the method of staining,

Starting with the sputum, we search for little clumps or rolled-
up masses ; it these are not present, the most solid porfions of the
mucus are brought with forceps upon a clean cover-glass ; very
little suffices. With another cover-glass it is pressed and spread
out evenly ; drawing one glass over the other, we obtain two
specimens, and these put aside or held high over the flame until
dry.

If we desire to examine the specimen quickly, or make a
hurried diagnosis, we use the rapid method, with hot solutions ;
otherwise we let it stay, in cold solution until the next mornine
the advantages of which will be later on deseribed. =

The Rapid Method.—(B. Frinkel’s method modified by Gab-
bet.) The principle is to combine with the contrast stain the
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decolorizing agent ; but the preparations are not permanent ;
the method, however, is very useful.

Two sulul._iuus are required : one of Ziehl's carbol-fuchsin ;
the other Gabbet’s acid methylin blue. (See No. X,, on
page 53.)

. The cover-glass containing the dried sputum is passed three
times through the flame, as described in the general directions,
It is then placed in the earbol-fuchsin solution five minutes (cold),
or two minutes in the hot, immediately then transferred to the
second solution, the acid blue, where it remains one minute,
then washing in water. The preparation is dried between filter-
paper, and mounted best first in water, Examined with oil-
immersion,

Another Rapid Method.--This method possesses the advan-
tage of giving permanency to the preparations; but the baeilli
are distorted and ugly crusts form.

Three dishes are required :—

The first contains nitric acid and water 1-4,

The second alcohol.

The third distilled water.

They are arranged one after the other in the above order.

Two staining solutions must be at hand, carbol-fuchsin and
watery methylin blue. The cover-glass containing the dried
sputum is passed three times through the flame, then covered
with a few drops of earbol-fuchsin, and held in the forceps over
the flame, so that the stain will boil upon the glass. With a
pipette the dye is constantly added and kept boiling for about
one minute. It is then decolorized by holding it in the first
dish until it appears brownish-black, then directly into the
second dish, when the alecohol peals off the red color in little
clouds, and it becomes nearly colorless; about five seconds
suffice. Then it is placed in the third dish, the water washing
off the aleohol. If the color of the preparation is now deeper
than a slight pink, it is again dipped into the acid, alcohol, and
hack into the water, careful not to hold it too long in the above
solutions. The contrast stain is now applied, a few drops of the
methylin blue solution left on cold for two minutes being suffi-

cient, The glass is now dried and mounted on the slide in
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Canada balsam., Examined with oil-immersion. The tubercle
bacilli red, all else blue. :

Slow Method.—When perfect permanent preparations are
desired and the bacilli to be seen unaltered, the slow method is
to be preferred, and it is to be recommended whenever the time
allows. It consistssimply in allowing the carbol-fuchsin to work
upon the preparation a number of hours, We usually place the
cover glass with the dried sputum and which has been drawn
through the flame three times, in a little dish containing enough
dye to allow the glass to be immersed. We do this about 5 or 6
o’clock P.M., and the next morning the preparation is ready
for decolorizing, the process being the same as described above,
viz., 25 % nitric acid, aleohol and water, and the contrast stain
methylin blue. We thus aveid the formation of ugly crusts,
the bacilli are not distorted, the specimmen is permanent and
very clear.

Biedert’s Method of Collecting Dacilli, when the bacilli are
very few in a great quantity of fluid, as urine, pus, abundant
mucus, ete., DBiedert advises lo mix 15 c.em. of the fluid
with 75 to 100 ¢.em. water and a few drops of potassium or
sodium hydrate, then boiling until the solution is quite thin. It
is placed in a conical glass for two days, and bacilli with other
morphological elements sink to the bottom of the glass; when
the supernatant liquid is decanted, the residue can be easily
examined. In this way bacilli were found that had eluded
detection examined in the ordinary manner.

The centrifugal machine is used either in connection with
Biedert’s sediment method or without, to obtain the solids sus-
pended in urine or serum.

Without eover-glass.—Sputum ean be spread and stained on
the glass slide without the use of a cover-glass, the oil o1 cedar
being placed directly on the stained sputum, and the oil immer-
sion lens dipping into it. It is a rapid and cheap way ; and
when a given case is to be studied daily the method is useful.

Pure Cultures from Sputum.—XKitasato recommends the tho-
rough washing, changing the water ten times, of the small masses
found in the sputum of tubercular persons. When such speci-
mens are examined they show tubercle bacilli alone, and when
inoculated in agar give rise to pure cultures,
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Staining Bacillus Tubereulosis in Tissue (sections).—The general
method of Gram can be used, but the better way is to use the
following :—

Carbol-fuchsin, 15 to 30 minutes.

5 per cent. sulphuric acid, 1 minute.
Aleohol, until a light-red tinge appears.
Weak methylin blue, 3 to 5 minutes,
Alcohol, for a few seconds.

Oil of cloves, until cleared.

Canada balsam, to mount in.

Instead of carbol-fuchsin, aleoholic solution of fuchsin or aniline
water fuchsin can be used, but the sections must remain in the
stain over night.

Hardened spulum and sectioning.—Sputum can be hardened by
placing it in 98 per cent. alcohol, Thin sections can be obiained
by imbedding the hardened sputum in collodion, The sections
are then stained as ordinary tissue sections.

To preserve spulum.—Sputum c¢an be preserved for future use
by placing it in aleohol, where it can be kept for months. Cover-
glass preparations can then be made by softening the coagula
with a small amount of liquor potassa.

The resisting action of the baecillus to acids is supposed to
be due to a peculiar arrangement of the albumen and cellulose
of the cell rather than to any particular eapsule around it.

Pathogenesis,—When a guinea-pig has injecled into its peri-
toneal cavity some of the diluted spulum containing tubercle
bacilli it perishes in about three weeks, and the following
picture presents itself at the autopsy : at the point of inoculation
a local tuberculosis shows itself, little tubercular nodules contain-
ing the characteristic bacilli. In the lungs and the lymphatics,
similar tubercles are found, a general tuberculosis.

If the animal lingers a few weeks longer, the tubercles become
necrosed in the centre and degeneration occurs, the periphery
still containing active bacilli, cavities having formed in the
centre.

Since the baeilli die in course of time, killed by their own pro-
ducts, their number forms no correct guide of the damage present.

Even their absence in the sputum does not preclude the ab-
sence of a tubercular process. It is their presence only that
warrants a positive declaration.

SRS
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They are found in the blood only when a vessel has cowe in
direct contact with a tubercular process through rupture or
otherwise, They have been found in other secretions, milk,
urine, ete.

Man is infeclted as follows :—

T hrowgh wounds. — Local tuberculosis,

Through nutrition.—Milk and meat of tuberculous animals.

Phthisical patients swallowing their own sputum and causing
an intestinal tuberculosis,

Inhalation.—This is the most nsual way, probably constitu-
ting the cause in % of Lhe cases,

The sputum of phthisical patients expectorated on the floors
of dwelling-houses in handkerchiefs, ete., dries, and the bacilli
sct free are placed in motion by the wind or rising with the dust
ave thus inhaled by those present. When the sputum is kept
from drying by expectoration in vessels containing water, this
great danger can be avoided.

Nearly all the cases of fheredity can be explained in this man-
ner. The young children, possessing very little resistance, are
constantly exposed to the infection through inkalation and also
by nutrition.

Invmunity.—No one can be said to be immune, though per-
sons who have been greatly weakened would offer less resistance
than healthy individuals.

Products of Tubercle Bacilli. The last years have developed
some wonderful faets in relation to this important deadly bacillus.
In 1889, Dr. Dixon, then Professor of Hygiene at the Univer-
sity of Pennsylvania, spoke of a method of curing tuberculosis
in guinea-pigs and with products obtained from the bacillus :
not much was thought of this statement at the time. '

In August, 1890, Koch, before the Medical Congress claimed
that he also had been able to cure tuberculosis in guinea-pigs,
and wounld be able to give some intevesting facts later on, In
November he claimed that he had obtained reactions in man
similar to those in the guinea-pig, and believed that a cure was
at hand.

In the excitement which followed this statement, the greatest
hopes were raised and the impossible expected. In Januar 4
1891, Koch made public the manner of preparing the lymph or
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** Tubereulin® or ** Kochin,” as it was variously called : old cu)-
tures of tubercle bacilli mixed with 60 per cent, glycerine and
filtered through a Chamberlain-Pasteur filter, the filtrate thus
obtained being a dark-brown liquid, sp. gr. somewhat higher than
water, an odor like ** beef extract,” a sweetish taste, not soluble
in aleohol; according to Jollas, containing 50 per cent, water,
and showing a strong Biuret reaction; 1 wmilligramme of the
Ivmph is supposed to contain but 151, milliecramme of the ac-
tive prineiple.  Dixon’s lymph is obtained in a very similar
mauuner, and no doubt contains the same principle.

Dixon recommends instead of using the pure culture for
obtaining the lymph, the tuberculosis lung of calf, a portion of
which is treated with water and glycerine, and then filtered
through Chamberlain-Pasteur filter without pressure.

Manner of Using Koch’s Lymph,—One milligramme of the
Koch’s lymph is injected under the skin of one suffering with
a tubercular process, and in a few hours to a few days, a rise of
temperature, tightness about the chest, and exaggerated cough-
ing spells take place, the symptoms varying in intensity;
usually a secondary rise occurs on the following day, The
(lose has been gradually increased until the reactions subsided,
and 600 milligrammes have then been borne without any reaction,

On Lupus the process could be watched and was very char-
acteristie ; a peculiar redness after the first injection, and after
a few more injections scabs formed, and an apparent cure seemed
to be obtained, but relapses were common and but very few
authentic ecures if any can now be had,

Tuberculin is a protein, and has no action on the bacilli, but
seems to act on tubercular tissue, adding to the inflammation
and exciting phagocytosis,

Koch believed that the tuberculosis tissue was rendered
necrotic by this toxic principle, making the soil unfit for the
bacilli which then perished or were expectorated.

Virchow dampened the excitement and ardor by showing a
oreat diffusion of fresh miiiary tubercles in the bodies of persons
who had died and who had been treated with the lymph. Cool,
carcful, and nntiring study and time taken together will, we
trust, bring a happy solution and a genuine remedy.

Tubereulocidin.—This is an albuminoid obtained from the
original tuberculin by precipitation with alcoliol, Klebs uses
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it as a cure for tuberculosis. The results are as yet undecided.

Tuberculin as « diagnostic agent.—In cattle it has been used in
doses of 30 to 40 grammes, When they are tubercular severe
reactions follow its injection.

Lepra Bacillus. (Hansen.)

Origin.—In 1880 Armauer Hansen declared, as the result of
many years’ investigation, that he found a bacillus in all leprous

lll‘DEE‘SSE‘E
Form.—Small slender rods somewhat shorter than tubercle

bacilli, otherwise very similar in appearance.

In the interior of the cell two to three oval spaces are usually
seen, not known if spores or otherwise.

Properties.—They are immotile, do not liquefy the nutrient
media.

Growth.—Bordoni-Uffreduzzi have obtained growths upon
blood serum to which peptone and glycerine had been added.
The growth is very slow, requiring about eight days at a tem-
perature of 37° C,

Colonies.—Small grayish round spots, under microscope ap-
pearing like a close-netted spider web around a firm cenfre.

Stab Cultures.—Show a waxy-like growth along the needle track.

Staining.—They resist the decolorizing action of acids as the
tubercle bacilli, but they are easily stained, requiring but a
few minutes with the ordinary watery solutions. They take
Gram’s stain readily,

Puathogenesis.— Arning has inoculated prisoners with tissue
obtained from leprous patients, and produced true leprosy.

Rabbits which had been infected through the anterior chamber
of the eye showed the lepra nodules (containing the lepra
bacilli) diffused through various organs,

In man the skin and peripheral nerves are principa llj,r affected,
but the lymphatic glands, liver, and spleen ecan also become the
seat of the lepra nodules, The lepra cells which compose these
nodules contain the bacilli in large numbers, By applying a
vesicant to the leprous skin the serum thereby obtained will con-
tain great numbers of bacilli. This is a simple diagnostic test.

Method of Infection.—Not yet determined ; the air, soil, water,
and food of leprous districts have been carefully examined with-
out result,
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Syphilis Bacillus of Lustgarten (Smegma Bacillus of Alvarey
and Tavel). Lustgarten in 1885, through a certain staining
process, found peculiar bacilli in syphilitie tissues which le
thought had a direct conmection with the disease.

In the same year Alvarey and Tavel and Matterstock found
a similar bacillus reacting in the same way to Lustgarten’s color
method in normal secretions, especially in the smegma of the
prepuce.

The quesltion yet remains an open one, what relation the
syphilis or the smegma buaeillus bears to syphilis. and will
remain so until the bacillus can be cultivated, which so far has
not been accomplished.

Origin.—In the cells of syphilitic tissue, in the secretion of
syphilitiec uleers, and in the smegma of the prepuce and vulva,

Form.—Small slender rods similar in appearance to tubercle
baeilli, sometimes swelled at the ends and curved S-shaped.

Colorless oval spaces also present, which Lustgarten calls
spores.

Growth.— As before mentioned, they have nol yet been culti-
vated.

Staining. —ILustgarten’s method :(—

1. Aniline water gentian violet, 12 to 24 hours, and then 2
hours longer in brood oven. :

9. Rinsed in aleohol. 2 to 3 minutes.

3. Aqueous solution potass. permang. (1§ per cent.). 10
seconds.

4. Aqueous solution of sulphuric acid. 2 seconds.

5. Aq. destil. to wash.

Numbers three, four, and five repeated, until the section is
colorless. Then alcohol, oil of cloves, and Canada balsam as

usual.
De Giacomi’s method :—
1. Aniline water fuchsin, 24 hours,
9. Rinse in dilute tr. ferri chlor. sol.
3. Decolorize in concentrated tr. ferri chlor.
4. Wash in aleohol, oil of cloves, Canada balsam, elc.
For cover-glass preparations, wash in water il]E‘it-E[l[l of aleohol.
Tubercle and lepra bacilli are colored by this qlethmii also,
but syphilis bacilli become decolorized if washed with H{:I{]S‘.
Pathogenesis.—No pathological actions have yet been definitely

S
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proven. They are found in greater quantities the younger the
infection is.
FIG’h 54'

Baeillus of Glanders.

Bacillus of Glanders. (Bucillus Mallei, Lofller-Shiitz.) Kotz
bacillus.

Origin.—In the ¢ farcy buds’ or litile nodules of the disease,
by Loffler and Shiitz in 1852,

Form.—Small slender rods, about the size of the tubercle
bacillus. The ends rounded. Never appearing in large collec-
tions, usually singly. Spores are present,

Properties.—The rods are very resistant, living in a dried state
for three months and longer without any spores present, They
are not motile ;" possess, however, great molecular vibration.

Growth.—The growth occurs between 25° and 40° C,, best
at 37° C.; it is very sparse upon gelatine, but on glycerine-agar
or blood serum a very abundant growth occurs.

CUolonics.—On agar or glycerine-agar there appear in two to
three days small white glistening drops, which under microscope
seem as round granular masses with an even periphery,

Stroke Cultures,—On glyeerine-agar and blood serum small
transparent drops of whitish or grayish color, which soon
coalesce to form a broad band.

Potato.— An amber-colored honey-like growth which gradually
turns red.

Staining.—Since the bacillus is very easily decolorized, some
special methods have been recommended,
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Lafller*s.— (For cover-glass preparations, )

1. Alkaline methylin blue (Lofler’s). 5 minutes,

2. Acetic acid with a few drops of tropeolin, 1 second,
3. Washed in water.

'}*b-r Sections.—Instead of tropseolin acetic acid, the followine
mixture is used :— )

B— Oxalic acid 5 per cent, . : . gth. j.
Cone. sulphurie. acid, : - - . gtt, ij.
Aq. destill. ; s : - - .- 3ij.—DM.

The sections are kept in this 5 seconds.

Kiihme’s method.  Coverglass.

1. Warm carbol-blue 2 min,

2. Decolorized in weak sol. of muriatic acid (10 parts to 500).

3. Washed in water.

Sections of Tissue,

1. Carbol-blue, 4 hour,

2. Decolorized in } per cent. muriatic acid.

3. Washed in distilled water.

4. Dehydrated in aleohol 1 second.

0. Aniline oil with 6 gtts. of turpentine, & min.

6. Turpentine, xylol, Canada balsam.

If contrast stain, add 5 gtts. of safranin (Bismark-brown) to
turpentine, and use it after the xylol.

Pathogenesis.—If horses, field mice, or guinea-pigs be inocu-
lated subcutaneously, with but a very small quantity of culture,
a local affection results, followed some time after by a general
disturbance ; ulcers form at the point of inoeulation; little
nodules, which then caseate, leaving sears and involving the
lymphaties ; metastatic abseesses then oceur in the spleen and
lungs, and death arises from exhaustion. Cattle, pigs, and rab-
bits are not easily affected ; man is readily attacked.

Manner of Infection.— Glanders being a highly contagious dis-
ease, it requires but a slight wound to allow it to gain entrance,

In horses the primary sore seems to be at the nasal mucous
membrane. In man it is usually on the fingers. Boiling water
or 1-10,000 sublimate solution will guickly destroy the virulence
of this bacillus,
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Bacillus of Diphtheria. (Klebs-Lofiler, ) y .

Origin.—In diphtheritic membrane, by Lofiler, in 1884,

Form.—Small, slightly curved rods about as long as tubercle
hacilli and twice as broad; the ends are at times swollen ;
spores have not been found.

Properties.—They do not possess any nmvem‘cnt : do mnot
liquefy gelatine. They are not very resistant, being destroyed
by o temperature of 50° C., but they have lived on blood-serum
five months.

Growth.—Grow readily on all media, between temperature
of 20° and 40° C, They are facultative anwrobic; they grow
quite rapidly and profusely. Egg cultures (Hueppe’s method)
cive good growlhs,

Colonies on Gelatine Plates.— At 24° C. little round colonies,
under low-power, granular centre ; irregular borders.

Stab Cultures.— Small, white drops along the needle track. In
glycerine-agar a somewhat profuse growth.

Potato.—On alkaline surface, a grayish layer in 45 hours,

Blood-Serum (after Lofler).—Blood serum 3 parts, and bouil-
lon 1 part ; the bouillon contains peplone, 1 per cent., chloride
of sodium, § per cent., and dextrin, 1 per cent,

On this medium a very thick yellowish-white layer occurs on
the surface, and isolated colonies in the upper strata.

Staining.—Is not colored by Gram’s method, Stained best
with Loffler’s alkaline methylin-blue. ‘

Puathoyenesis. — By inoculation, animals, which naturally are
not subject to diphtheria, have had dinhtheritic processes de-
velop at the site of infection ; hemorrhagic edema then follows,
and death,

In rabbits paralyses develop, and when the inoculation oeccurs
upon the trachea, all the prominent symptoms of diphtheria
show themselves,

Manner of Infection in Man.—The exact way is not yet known,
[t is supposed that the mucous membrane aliered in some man-
ner, the diphtheria bacillus, then gains entrance and the disease
develops.

Products.—Bul it is not the mere presence of the bacillus that
cives rise to all trouble ; certain products which they generate

zet into the system and produce the severe constitutional symp-
Lons,
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Roux and Yersin, in 1888, discovered that the injection of the
filtered culture bouillon (that is, freed of all diphtheria bacilli)
gave rise to the same palsies as when the bacilli themselves were
introduced.

Toxalbumen of diphtheria.—Brieger and Friinkel filter the
bouillon culture, evaporate (in vacuo at 27° C.) to 4 volume,
then treat with 10 volumes of alcohol and acetic acid the pre-
cipitate redissolved in water and reprecipitated with the acidu-
lated aleohol until a clear agueous solution is obtained ; this is
then dialyzed for 72 hours, and again precipitated with alcohol,
and dried ; a white amorphous body resulls, giving all the re-
actions of an albumen, and called by them toxalbumen,

Immunity.—Brieger and Frinkel, by injecting 10 to 20 c.cm,
of a three weeks’ old culture of diphtheria bacilli, which had
been heated at 70° C. for one hour, produced an immunity in
guinea-pigs against the virulent form,

Behring found several ways to make animals immune. One
method was to infect them with diphtheria and then inject tvi-
chloriodine into them, which prevented them from dying, and
they were then immune.

Site of Bacilli.—Bacilli are usually found in the older portions
of the pseudo-membrane very near to the surface. The secre-
tions of the throat of a diphtheritic child produced bacilli three
weeks after the temperature was down to normal,

Streptococcus in Diphtheria, Streptococci have been found
quite constant in diphtheria, but they resemble the strepto-
coccus pyogenes, and have no specific action.

Bacillus of Typhoid or Enteric Fever. (Eberth-Gaftky.)

Origin.—Eberth found this bacillus in the spleen and lym-
phatic glands in the year 1880, and Gaftky isolated and cultivated
the same four years later.

Form.— Rods with rounded ends about three times as long as
they are broad. Usually solitary in tissue-sections, but in arti-
ficial cultures found in long threads. Flagella on the side.

Properties,—They are very motile ; they take the aniline dyes
less deeply than some similar bacilli. Spores have not yet been
found ; small oval spaces appear in some of the degenerated
bacilli just at one end, but these bacilli are less resistant than
those without this so-called spore ; they do not liquefy gelatine.

oy
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Typhoid fever baeillus in pure cul- Colonies of typhoid bacilli 3 days
ture. 650 diameters. old 100 . (Frinkel and Pfeiffer.)

Growth.——They are facultative angerobic; grow best at 37°
C., but can also develop at ordinary room temperature. All
nutrient media can be used as culture ground. They develop
chiefly on the surface, and very slowly.

Colondes on Gelatine Plates,—Two forms ; the ones near the
surface spread out like a leaf, transparent with bluish fluor-
escence, The deeper ones resemble whetstone erystals of uric
acid, the same yellowish tinge,

In five days they attain to 3 millimetres in diameter.

On Potato-Gelatine.—The colonies do not have the yellow
color, they are transparent, later on they become dark brown
with green iridescence.

Stab Cultures.— Mainly on the surface a pearly layer.

Stroke Cultures.—A transparent thick layer.

Potato.—The growth here is quite characteristic. At 37° C,
in 48 hours a moist transparent film is formed over the whole
surface, but so transparent that it can hardly be seen without
close observation. If a small portion of this is placed under a
microscope, it will be seen swarming with baecilli.

The growth never becomes more prominent ; the potato must
have a neutral or acid reaction.
~ Milk.—They grow very well in. milk without producing any
visible changes in its eomposition,

Carbolized-Gelatine.—Gelatine which has added to it ¢ per
cent. carbolic acid will allow the typhoid bacillus to develop,
other similar bacilli being destroyed.
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Staining.— Colored with the ordinary aniline dyes, when they

Are warmed ; since they are easily decolorized, acids should be
avoided,

Gram’s method is not applicable. Tissue sections stained as
follows :—

Alkaline blue : ‘ 5 - . 1 hour.

Alecohol : ; A 5 . . 9 seconds,
Aniline oil . . : : : . O minutes
Turpentine oil . : . : . 1 minute,

Xylol and Canada bals.

Such a specimen should first be examined with low power, to
focus little colored masses, then examined with immersion lens ;
these masses will be found composed of bacilli.

Similar Baecteria. The Neapolitanus bacillus of Emmerich or
Jeeces bacillus of Briéger resembles the typhoid bacillus in many
ways, the colonies being the same and its structure similar,
But the growth on potato is very different; a thick, yellow,
pasty layer is formed thereon.

In Water. Bacilli have been found which also resemble
typhoid bacilli, and one must be very careful not to make any
positive statement,

Examination of Waler for Typhoid Bacilli, —When a water is
supposed to eontain typhoid baecilli, 500 e.cm. of the same is
mixed with 20 gtts. of 1-per cent. carbolic acid, which destroys
many of the saprophytes.

Plates are then made as described under Water Analysis.

Those colonies which then form and have a tendency to liquefy,
are touched on second day with permanganate of potassium,
and when so colored, destroyed with bichloride of mercury.

Those that now develop are transferred by inoculation to fresh
plates. At the end of eight days they are examined under
microscope ; every colony not possessing motile bacilli is dis-
carded. The motile bacilli are tested with Gram’s method of
staining ; those that do not take the stain are alone retained.
Cultures are made from these upon potatoes, and, if the char-
acteristic growth occurs, then only can they be called typhoid
bacilli with any certainty.

Pathogenesis.—Lower animals have not yet been given enteric
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fever, though their death has been caused by injection of the
bacilli into the veins of the ear. .

In man it has been found in the urine, blood, sputum, milk,
intestinal discharges, roseolar spots, and in various organs, as
spleen, liver, lymphatic glands, and intestinal villi.

It is found in secretions several days after the attack has sub-
sided. It is found only in this disease, and regularly. :

Way of Infection.—The bacilli in the dejecta of the diseased
person find their way into drinking water, milk, or dirty clothes,
and so into the alimentary tracl of a person predisposed to the
disease. They enter the blood through the lymphatics, and so
become lodged in various organs.

Products.— Brigzer found a ptomaine in the cultures which he
named typhotoxin with the formula GH,;NO, It has no
specific action, A toxalbumen insoluble in water has also been’
isolated, but, as experiment animals are immune to the disease,
no definite actions have yet been determined.

The cultures, when old,show an acid reaction.

Bacillus Neapolitanus. (Emmerich.)

Origin.—During the cholera epidemie in Naples, in 1884,
Emmerich found this baeillus in the blood and intestinal dis-
charges of cholera-suffering patients. He supposed it to be the
real cause of cholera ; but since then it has been shown to be
nothing more than the Fwces bacillus which Briéver described,
and which is found in feeces of healthy persons, in the air and
various putrefactive processes.

Form.— Very much like the typhoid bacillus, short rods with
rounded ends with oval spaces in them as the typhoid.

Properties.— Immobile, differing thus markedly from typhoid.
Do not liguefy celatine,

Growth.—They ave fucultative angerobic ; they erow more
rapidly than the typhoid, and endure cold and heat better than
they do.

Colonies.—They are exactly the same as typhoid—the same
whetstone-shaped deep ones and the leaf-shaped surface ones,

Potato.—A thick yellow-brown pasty layer is formed instead
of the transparent almost invisible growth of the typhoid
bacillus,
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Staining.—Do not take Gram. Fuchsin stains them easily.

_Puﬂmyﬂnmis.-—".‘fhen large quantities injected into auinea-
pigs, Flmy die at times, sometimes with intestinal symptoms,
sometimes without.

Baciilus Coli Communis. (Escherich,)

Found in human feces, intestinal canal of most animals, in
pus and water,

Form.—Short rods with very slow movement, often associated
in little masses resembling the typhoid germ,

Properties.—Does not liquefy gelatine, causes fermentation in
saccharine solutions in the absence of oxygen, produces acid
fermentation in milk,

Growth.—On potato a thick, moist, yellow-colored arowth,
.‘-.J' ery soon after inoculation on gelatine a growth similar to
typhoid. It can also develop in carbolized gelatine, and with-
stands a temperature of 45° C, without its growth being de-
stroyed.

Pathogenesis,—Inoculated into rabbits or guinea-pigs, death
follows in from one to three days, the symptoms being those of
diarrhwa and coma ; after death tumefactions of Peyer’s patches
and other parts of the intestine; perforations into peritoneal
cavity, the blood containing a large number of germs,

Staining.—Ordinary stains; do not take Gram.

Site.—The bacillus has been found very constant in acute
peritonitis and in cholera nostra. Its presence in water would
indicate fecal contamination.

T'he growth on potato, the effect on animals, and its action to-
wards milk are points of difference from the typhoid bacillus,
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CHAPTER IIL

PATHOGENIC BACTERTA—CONTINUED.

Spirillum Cholerm., (Koch.) Comma bacillus of cholera.

Origin.—Koch, as a member of the German expedition sent
to India, in 1883, to study cholera, found this micro-organism
in the intestinal contents of cholera

patients, and by further experiments Fic. 57,
identified it with the diseasc.

Form.—The microbe as seen ordi- ’h&%’:‘é{i ST,
narily appears as a short, arc-like body, S SN
about half the size of a tubercle bacillus, o Ay &5

s . LS
but when seen in large groups, spirals 'i;,;f &= ﬁ‘é%;; . R
are formed, each little are appearing o3& &l %rj}h'ﬁ%

LY - r [ ‘\' ‘Eﬁﬂ -
then as but a segment, a vibrio; each k{ﬁ'”é?—_wj? gf&gjﬁgm:"
- a - A
are is about three times as long as if SR WG TR
iS- blﬁﬂﬂ‘ El.lll'] PGE-EEE-SES ﬂ.t EEI.E]I Eﬂ{]. L Comma bﬂeillus] pure cul-
flagella. ture. 600 diameters.

Properties.—They are very motile ;
liquefy gelatine. They are easily affected by heat and dryness.
Spores have not been found, though some (Hiippe) claim arthro-
spores,

Growth.—Develops at ordinary temperatures on all nutrient
media that have an alkaline or neutral reaction. They are
facultative angerobic.

Colonies, gelatine.—After 24 hours, small whiteTpoints which
gradually come to the surface; the geldting i_:ué:ing slowly lique-
fied, a funnel-shaped cavity formeéd H‘u?diﬁgdthe colony in its
narrow part, at the bottom, and on the fifth day all the gelatine
is liquid. If the coloniesof three days’ growth are placed under
microscope they appear as if composed of small bits of frosted
glass with sharp irregular points..
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Stab Cullure.— After 30 hours a growth can be distinguished
along the needle track, and on the surface a little cavity has
been formed, filled up by a bubble of air, and this liquefaction
proceeds until on the sixth day it has reached the sides of the
tube, tapering, funnel-shaped to the bottom of the tube. After
several weeks the spirilla
are found in little collec-
tions at the bottom of the
fluid gelatine, In eight
weeks the bacilli have
perished.

Agar.—Stroke cultures.
A shiny white layer lasts
many months.

Potato.—A yellow honey-
like transparent layer, if
the potato is kept at ani-
mal heat.

Bouillon. — A wrinkled
scum is soon formed in
bouillon, They live well
and grow in sterilized milk
Cholera colonies after 80 hours 100 . (Frinkel E'Lllt'! ‘EtEL'lll?:Eﬂ wELI.‘El‘, e

and Lfeiffor.) maining virulent in the

latter for many months,

In ordinary water, the bacteria present are destructive to the
comma bacillus, and they die in a few days.

Stawining.—They are colored well with watery aniline solu-
tions. «The flagella can be well seen by staining according to the
flagella stain.

Pathogenesis.—Experiment animals are not subject to cholera
Asiatica, but by overcoming two obstacles Koch has produced
choleraic symptoms in guinea-pigs. Nicati and Rietsch pre-
vented peristalsis and avoided the acidivy of tl‘m stomach juices
by direct injection into the duodenum, after tying L!uf gall-duct,
Koch alkalinizes the gastrie juice with 5 c.cm. of 5 per cent.
sol. of sodii carbonas, and then injecting 2 arams of opium tine-
ture for every 300 grams of weight into the peritoneal cavity

Fic. 58.
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paralyzes peristalsis, The cholera culture then introduced
through a stomach-tube, the animals die in forty-eight hours,
presenting the same symptoms in the appearance of the intes-
tines as in cholera patients, the serous etfusion containing great
numbers of spirilla.

Manner of Infection in Man.—Usually through the alimen-
lary tract, with the food or drink, the intestinal discharges of
cholera patients having found entrance into the source of drink-
ing water. Soiled clothes to fingers, fingers to the mouth, ete, ;
torpid catarrhal affection of the digestive tract predisposing.
The microbe is not found in the blood or any organ other than
the intestines, the tissue of the small intestines. It is also
found in the vomit and the intestinal contents.

Fie. 69,
b
> - .-'.."':l_\,:',...: R
L8 “.'I-._|I .1.‘ it h‘h‘-ll_‘" -
hY
] L]
e
A - % P 3y
-l:.‘\ h, S -
e - - Y -
'\ .‘:\- = .
" ~ =
— y .._"\l.
o b i " -y
- .
T \-'\ "5 A
. S -
—
- - -
- — B
-
- [ . L L
L - -
Mot L
- - “ >
.,
X 2 ~ N
b -
- 3 — . S - .
- ~
=
- -
-
="
o
b .

Comma bacillus in mucus, from a case of Asiatic cholera,

Products,—** Cholera red.”> When chemically pure nitric or
sulphurie acid is added to nutrient peptone cultures of the
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cholera bacillus a rose-red color is produced. This will not tuke
place with other bacilli unless nitrous acid s present.  The cholera
bacillus forms nitrites from the nitrates present in the media,
and also indol. The mineral acid splits the nitrites, setting free
nitrous acid, which, with the indol, forms the red reaction,
This pigment has been isolated and extracted and eailed
‘¢ cholera red.”” A plomaine, identical with cadaverin, and sev-
eral other alkaloids have been obtained from the cultures, A
toxalbumen and a toxicpeplone have litely been isolated, but
no special actions aseribed to them,
Bacteria Similar to the Spirillum of Cholera.
Finkler-Prior Vibrio, or Spirillum Finkleri.
Origin,—Found in the intestinal contents of a patient sufler-
ing from cholera Asiatica in 1884, by Finkler and Prior, who
thought it identical with the spi-

X1a. 60. rillum of cholera ; it differs from

~ ,.:__'-:-:'..f it, however, in many ways, and

A5 2@_;—:{9@22_‘:&}? ﬁ;‘ﬁf"‘ has been found in healthy per-
u.*-'_;ﬁ‘—:{-%jﬂlﬁ 7l S0ONS,

AL %= Form.—Somewhat thicker than

i ,é;*:;’:z}l the cholera vibrio, n?:herwme

‘;"Eu'{i" about the same form; it forms

'-"f;l the long spirilla less often. Has

Flagella.

Properties.—It is very motile.
Liquefies gelatine in a short time,

Growth.—TIt grows quickly at ordinary room temperature, It
iz facultative gerobic. .

Colonies on Gelatine Plates.—Round, finely granular colonies,
which in twenty-four hours ave ten times as large =l:~:+i,h£=: cl1rr!x=m
colonies, and in forty-eight hours tln.:-, whole plate is I|f11{rzlhfrtlj
it being then impossible to distinguish any separat.e am-;d;l::,
The microscopic appearances in no way resemble the chole
Uﬂ;i?{ﬁ{:. Cultures.—The gelaline is |ii]llciit‘.{]f from nl]{m::‘: 1;1:::111‘
wards, like a stocking in appearance, and in three days

pletely liquid.

Spirillum Finkleri. 700 diameters.
(Fligge.)
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Potato.— At ordinary temperature a
thick gray layer covering the whole sur-
face.

Water.—It soon perishes in water,

Staining. — Ordinary aniline dyes.

Pathogenesis.—For man it has no spe-
cific action. If it is injected into Guinea
pigs, prepared as described under the
cholera bacillus, they die, the intestines
having a foul odor, and the bacilli then
found in great numbers.

Spirillum Tyrogenum, (Deneke.)

Origin.—In 1885 Deneke found in old
cheese a spirillum very similar in appear-
ance to the cholera spirillum,

Form.—The same as the cholera vibrio.

Properties.—Very motile, liquefy gela-
tine,

Growth.—They grow quicker than the
cholera, and slower than the Finkler;

they are also f‘acultut}w aerobice. Siab) Culbire; | (Pinklec:
Colonies.—They at [irst resemble cholera Prior.)

colonies ; they have, however, a yellow-
green iridescence, and are somewhat more irregular ; also grow
more rapidly.

Stab Cultures,— A thick line along the ncedle-track and the
yellow colonies forming at the bottom, on the surface a bubble
of air similar to the cholera. The gelatine is all liquid in two
weeks.

Potato.— At Dbrood-heat a thin yellow membrane, but not
always constant,

Staining, as cholera bacillus.

Puathogenesis.—When injected into animals prepared as for the
cholera bacillus, a certain number die.

Vibrio Metschnikovi, (Gamaleia.)

Origin.—In the intestines of fowls suffering from a gastro-
enteritis, common in Russia. Gamaleia found a spirillum which
bears so close a resemblance to the cholera bacillus, both in forim
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and growth, that it cannot be distinguished by these character-
istics alone. -

Form.—As cholera bacillus,

Grrowth.—Two kinds are found on the gelatine plate—one that
is identical in appearance with the cholera colony, the other more
liquefving, resembling the Finkler spivillum, If now a second
plate be inoculated from either one of these forms, both kinds
again are found grown, so that it is not a mixture of two bacilli,

Stab Culture,—Similar to the cholera growth, a trifle faster in
arowing.

Staining.—As cholera,

Pathogenesis,—To diflerentiate it from cholera, these bacilli,
when injected into animals, prove very fatal, and no especial
precautions need be taken to make the animal susceptible. In
the pigeon, guinea-pig, and chicken it produces a hemorrhagic
edema, and a seplicemia which has been called ** Vibrion
septiccemin.”  The blood and organs contain the spirilla in
areat numbers,

Products.—The nitrites are formed just as in cholera bacillus,
and the red reaction given when mineral acids added to gelatine
cultures, Certain products also which, when injected, give
immunity. The cultures are first heated for one half hour at
100° C., which destroys the germs, and then this sterilized pro-
duet injected. (5 c.em. of a five days’ old sterilized culture.)

In a couple of weeks 1 to 2 ¢.em. of the infected blood can be
injected without causing any fatal result.

Bacteria of Pneumonia. Two forms of bacteria have been
found in this disease, and thought at diflerent times to be the
cause of the same.

Neither one of them is constant in pneumonia ; and since
many other pathological processes have shown them they can
hardly be set down as the sole cause of pneumonia.

Klebs in 1875 called attention to the presence of bacteria in
pueumonia, and in 1582 Friedlander LlE.'.\fL*l.f;q}l:d a bacillus from
the lune tissue of a pneumonic person, which he thought was a
L‘[}(:{f‘llﬁ,hil nd called it pneumococcus,
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In 1886 A. Friinkel and Weichselbaum proved that this
microbe was not constant, in fact was rare.

A. Friinkel obtained in the majority of cases of pneumonia a
microbe that he had described in 1884 under the name of
sputum-septicemia micrococeus.

Weichselbaum now called it * Diplococeus Pnewmonia,” and
believed it to be the real cause of pneumonia. It has been found
in many other serous inflammations, and also in the mouth of
healthy persons.

Streptococcus pyogenes and staphylococcus pyogenes aureus have
been found in some cases,

Fia. 62.

Pneumo-bacillus of Friedlander, with capsule.

Pneumo-bacillus (Pneumococcus). (Friedlander.)

Origin.—In the lung of a croupous-pneumonia person, by
Friedlander, in 1882,

Form.—Small, almost oval-shaped rods, nearly as wide as
they are long ; often in pairs, they were at first believed to be
cocei. In bouillon culfures the rod-form becomes more visible.
In tissues each bacillus is surrounded by a faint capsule ; but
not around those developed in artificial cultures. Spores have
not been found.

Properties.—They arc immobile : do not liquefy gelatine. A
oas is produced in gelatine cultures.

Grrowth.— Grows rapidly on all media af ordinary temperature :
is facultative ®robic,

Colomies.—On gelatine plates. Small white round colonies.
reaching the surface in the course of three or four days ; appear-
ing then as little butions, with a porcelain-like shimmer, the
edres smooth.

Stub Culture,.—A growth along the needle-track, but on the
surface a button-like projection, which gives to the arowth the
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appearance of a nail driven into the gelatine,
its head resting on the surface ; therefore
such cultures are called * Nail cultures,?
See Fig, 63. Old cultures are colored brown,
and contain bubbles of gas,

Potato.— A yellow, moist layer in a few
days at brood-heat. Gas bubbles develop.

Staining.—The ordinary aniline stains,
The sections do not take Gram’s method ;
are therefore not suited for double staining,

Capsule,—Stained as follows :—

Cover glasses.

1. Acetic acid, two minutes.

2. Allow acetic acid to dry by blowing air
upon it through a glass tube,

3. Saturated, aniline water. Gent. violet,
ten seconds,

4. Rinsein water. Mount in Canada balsam.

For Sections.,

Bagillus of Pneumo- conc. ale. gent, violet, 50.0
nia. Stab  Culture. 7 Stain in warm{ aqua, 100.0
{ Nail Cullure.) . .d

acetic acid, 10.
for 24 hours, M.

2. Rinse in one per cent. acetic acid.
3. Aleohol to dehydrate, Mount in balsam,
The capsule will be found stained a light blue, the bacillus a

deep blue,
Pathogencsis.— Animals are not affected unless the eulture is

injected intrapleura.

Pneumobacillus of Frankel. (A. Frinkel and Weichselbaun,)

Synonyms.— Pneumococecus ; Diplococcus of Pneumonia ; Mi-
crococcus of sputum septiceemia ; Micrococeus Pasteuri ; Diplo-
coccus lanceolatus,

Origin.—A. Frinkel found it in the sputum of pneumonic
patients, thinking it at first to be the micrococcus of sputum
septiceemia ; later he believed it to be the cause of pneumonia.,

L]
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Form.—Oval cocci they were at first called, but they are now
known to be rod-shaped, being somewhat longer than broad ;
varying, however, much in size and shape. Usually found in
pairs, sometimes, in filaments of three and four elements. In
the material from the body a capsule surrounds each rod. In
the artificial cultures this is not found,

Fic. 64.

Bacillus of pneumonia in bloud ot rablic 1000 . (Frinkel and Pfeifier.)

Properties.—They are without self-movement ; do not liquefy
gelatine.

Growth.—Grow only at hiech temperature, 35° C. ; are facul-
tative angrobic. The culture media must be slightly alkaline ;
the growth is slow.

Colonies on Gelatine Plates.—Since the temperature must be
somewhat elevated, the gelatine media need to be thicker than
usual (15 per cent. gelatine), in order to keep it solid, and a
temperature of 24° C, used. Little round white colonies, some-
what eranular in the centre, growing very slowly.

¥ T .

Stab Cultures.—Along the needle-track small separate white
eranules, one above the other, like a string of’ beads.

Stroke Culture.— On agar, transpavent, almost invisible little
drops resembling dew moisture.

. — :

Bouillon.—They grow better here than in the other media,
remaining alive a longer period of time.

Staining.— Takes Gram’s method and the other aniline stains
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very readily. The capsule stained the same way as that of the
Friedlander baeillus.

Pathogenesis,—Rabbits and guinea-pigs, if subcutaneously in-
Jected, die in the course of a couple of days with septiceemia,
(0.1 e.em, of a fresh bouillon culture suffices,)

Autopsy shows greatly enlarged spleen and myriads of bacilli
in the blood and viscera, the lungs not especially affected. If
injected per trachea, a pneumonia occurs, In man in 90 per
cent. of croupous pneumonia they are found and usually only
during the existence of the * prune juice’ sputum, i, e., the first

stage.
Fig. 65,

& e

,H':i'
#f
)

Mierococcus tetragenus in sputum (lubercle bacillus also).

They have also been found in pleuritis, peritonitis, pericarditis,
meningitis, and endocarditis. They stand in some intimate re-
lation with all infections inflammations of the body. Their
presence in healthy mouth secretion does not speak against it, it
requiring some slicht injury to allow this ever-present germ to
develop the disease. :

Anti-toxin of Pneumonia. (Klemperer.)

The injection of very diluted cultures of the virulent bacilli in-
travenously has produced an immunity in rabbits and guinea-
pigs, The serum f such artificially immune animals when filtered
thronch a Chamberland filter and injected into a rabbit sufler-
ine with pneumonia, cured the same ; or when injected into a
susceptible animal produced in it immunity very quickly, This
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principle is aseribed to an anti-toxin formed in the tissues by
the diluted proteids, and this anti-toxin neutralizes the toxicity
of the strong virus.

Bacillus of Rhinoscleroma. (Frisch. 1882.) It was found in
the tissue of a rhinoscleroma, but resembles the Friedlander

hacillus in nearly every respect, and as the disease rhinoscleroma
was not reproduced by the inoculation of the bacillus in animals,
it can be considered identical. The growth, cultures, and pro-
perties are the same as the pneumobacillus of Friedlander,

Micrococcus Tetragenus, (IKoch. Gaflky).

Origin,—Koch found this microbe in the cavily of a tubercu-
lous lung. Gaffky, in 1883, studied its patho- Fig. 66,
genic actions and gave it the name it now
bears. \

Form.—Cocci which are eathered in the tis- A
sues in groups of four, forming a square, a — .
tetrad. See Fig. 65. In artificial culture, AT
sometimes found in pairs. A capsule of light ‘
gelatinous consistence surrounds each tetrad.

Properties.—They are immobile; do not
liquefy gelatine, il

Growth,—They egrow well on all nutrient
media at ordinary and brood temperatures ;
are facultative gerobic. They grow slowly. |

Colonies in gelatine plates. In two days,
little white spots, which when on the surface
form little elevations of a poreelain-like ap-
pearance ; under low power they are seen very
linely granulated.

Stab Culture.—Small round separated colo-
nies along the needle-track, and on the sur-
face a button-like elevation, a form of ¢ nail
culture.” See Fig. 66,

Potato.—A thick slimy layer which can be
loosened in long shreds.

Staining.—Colored with the ordinary aniline
stains, Gram’s method also applicable,

Pathogenesis.—White mice and guinea-pigs Stab Culture,

die in a few dﬂ}'ﬂ of Sﬁpl-ii::emin when ille‘L‘t-E[I Micrococcus tetra-
: ECTns,

3! |
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with the tetragenus cultures, and the mierococcus is then found
in large numbers in the blood and viseera.

Field mice are immune.

In the cavities of tubercular lungs, in the sputum of phihisical
and healthy patients, it is often found, but what action it has
upon man has not yet been determined.

Capsule Bacillus, (Pfeiffer.)

Origin, —Stringy exudate and blood of a dead guinea-pig.

Form.—Thick little rods, sometimes in long threads. Large
oval capsules in the stained preparations,

Properties.—Immotile, not liquefying, an odorless gas in gela-
tine cultures.

Growth.—At ordinary temperatures, quite rapidly ; facultative
angerobin,

Gelatine Plates.—Oval points, and like a porcelain button on
the surface.

Stab Cultures.—Like the pneumonia bacillus of Friedlander.

Potatoes,— Abundant growth, yellow color and moist, coming
off in strings.

Staining.—Hot fuchsin colors the capsule intensely ; then care-
fully decolorizing with acetic acid, the capsules are seen red or
light violet around the deeply-tinged bacillus. Gram’s method
not applicable.

Pathogenesis.—Subcutaneously injected in mice, they die in
48 hours. Rabbits die when a large quantity is injeeted into
the cireulation, The blood and juices have a peculiar stringy,
fibrinous consistence.

Bacillus of Influenza. (IPfeiffer.)

A small bacillus about one-half the size of the bacillus of mouse
septiceemia, and arranged in chain-form, is believed to be the
eause of influenza. It develops upon blood-serum agar. It is
aérobie. Without movement ; does not take the gram stain. It
is best stained with diluted carbol-fuchsin, the contrast-stain
being Liffler’s methylene-blue. It is found in the sputum and
in the bronehial and nasal secretions of influenza patients.

Hieru-ﬂrga.nismﬂ of Suppuration. The suppuration of wounds
is due to the presence of germs. The knowledge of this fact is

the basis of the antiseptic treatment in surgery ; for when the
microbes can be destroyed or their entrance prevented, the
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wounds are made clean and kept without suppurating. Vari-
ous forms of bacteria have been found in septic processes, and
the formation of pus cannot be ascribed to any particular one
alone ; some, more common than others, are found in nearly all
forms of suppuration ; others give rise to special types.

Wounds are often irritated by foreign bodies and chemicals,
and a discharge occurs in them even when every aseptic and
antiseptic precaution has been taken; but sucli a discharge is
free from bacteria, and no more like pus than a benign growth
is like a malignant one.

Streptococcus Pyogenes. (Rosenbach.) Streptococeus erysipe-
latis. (Fehleisen.)

Origin.—Fehleisen discovered this microbe in the lymphatics
of the skin in erysipelas, and he thought it the cause of the
same. Under the name streptococcus pyogenes, Rosenbach

Fic. 67.

Streplococeus pyogenes in pus 1000 X. (Frinkel and Pteifler.)

described an identical coccus which has been found in nearly
all suppurative conditions,

Form.—Small cocei singly and in chain-like groups, Spores
have not been found, though it is supposed because of their
permanency thal spores are present.

Properties.—They are immotile, do not liquefy gelatine.

i i;g;::i!;.;]’i‘::gfﬂﬁ?:;'slﬂwly, usually on the surface, and best

Colonies —In three days a very small grayish speck, which
hardly ever becomes much kireer than a pin-head ; under micro-
scope, looking yellowish, finely granular, the edges quite defined,
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Stab Cultures.— Along the needle-track little separated colonies
like strings of beads, which after a time become one solid white
string,

Stroke Culture.—Little drops, never coalescing, having a bluish
tint.

Potato,—No apparent erowth.

Bouillon.— At 37° C. clouds are formed in the bouillon, which
then sink to the bottom, and long chains of coeeci found in this
orowth,

Staining.—Easily colored with the ordinary stains. Gram’s
method is also applicable,

Puathogenesis,

Inoculated subcutaneously in the ear of a
rabbit, an erysipelatous condition develops in a few days,
rapidly spreading from point of infection,

In man, inoculations have been made to produce an eflect
upon carcinomatous growths, Erysipelas was always produced
thereby, When it occurs upon the valves of the heart, endo-
carditis results. Puerperal fever is caused by the microbe in-
fecting the endometrium, the Streptococcus puerperalis of Friinkel
being the same germ.,

In scarlatina, variola, yellow fever, cerebro-spinal meningitis,
and many similar diseases, the microbe has been an almost con-
stant attendant. ;

In erysipelas the cocei reside in the lymphatic glands and
ducts, They have not been found in the blood. In air, soil, and
putrefying matters they have been often discovered.

Staphylococcus Pyogenes Aureus. (Rosenbach.)

Origin.—Found very commonly in pus (80 per cent. of all sup-
purations), in air, water, and earth ; also in sputum of healthy
persons.

f
Staphylococcus pyogenes aureus in pus 1000 X. (Frinkel and Pfeiffer.)
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Form.—Micrococei in clusters like bunched grapes, hence the
name staphylo, which means grape. They never form chains,
Spores have not been found, though the cocci are very resistant.

Properties.-—Without movement ; liquefying gelatine, It gives
rise to an orange-yellow pigment in the various cultures.

Growth.—It grows moderately fast at ordinary temperature,
and can live without air, a facultative @robin and anterobin,

Colimies on Gelatine.—On second day small dots on the surface,
containing in their centre an orange-yellow spot. The gelatine
all around the colony is liquefied ; the size is never much greater
than that attained the second day.

Colondes on Agar.—The pigment remains a
long time.

Stab Culture.—At first, gray growth along
the track, which, after three days, has settled
at the bottom of the tube in a yellow granular
mass, the gelatine being all liquid.

Stroke Culture onn Agar.—The pigment dif-
fused over the surface where the growth is, in
moist masses,

Potato.— A thin white layer which gradu-
ally becomes yellow and gives ont a doughy
smell.

Staining.— Very readily colored with ordi-
nary stains ; also with Gram’s method.

Pathogenesis. —When rabbits are injected
- with cultures of this microbe into the knee-

Fia. 69,

Jjoint or pleura, they die in a day. Ifinjected l S
subcutaneously, only a local action occurs, ===
namely, abscesses. Stab culture, Miero-

COCCUS pyogenes

If directly into circulation. a o Y
A , & general phleg- e

monous condition arises, the capillaries become

plugged with masses of cocei, infaret oceur in kidney and liver

and metastatic abscesses form in viscera and joints. Garré b;r

rubbing the culture on his forearm, caused earbuncles to :1]:-1‘-:331*.
Fracturing a long bone in an animal and then injecting the

staphylococcus into a large vein, as the jugular, will prnrzluce

osteomyelitis. Becker isolated this microbe hﬂ'mnjse veral cases
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of osteomyelitis, and thoueht it a specific germ,
name of ““micrococcus of ost comyelitis,”
. !.'hlppur:ltiun IS nearly always produced by this microbe, and
It is found in the majority of suppurative processes,

Micrococeus Pyogenes Albus, (Rosenbach.) Similar in every
respect to the pyogenes-aureus, except that it does not form a
pigment,

Micrococcus Pyogenes Citreus. (Passet.) This staphylo-
coceus liquefies gelatine less rapidly than the pyogenes aureus,
and forms a citron-yellow pigment instead of the ora nge-yellow
of the aureus.

Micrococcus Cereus Albus, (Passet.) Diflers from the pyo-
genes albus in the form of colony. A white shiny growth like
drops of wax; hence the name cereus. It was found in pus, but
gave no action in animals,

Micrococcus Cereus Flavus., (Passet.) A lemon-yellow
colored growth after a short time, otherwise not differing from
cereus olbus,

Micrococcus Pyogenes Tenuis, (Rosenbach.)

Origin.— Found in the pus of large inclosed abscesses.

Form.—Cocei, without any especial arrangement,

Properties.—Not much studied.

Grrowth.—It was cultivated on agar, on which it formed in
clear thin colonies ; along the needle-track an opaque streak,
looking as if varnished over,

Bacillus Pyocyaneus, (Gessard.)

Synonyms.—Bacterium eruginosum, bacillus fluorescens.
(Schrdter.) The bacillus of bluish-ereen pus.

Origin:—TFound in 1882 in the green pus in pyocy®mia.

Form.—Small slender rods with rounded ends, easily mistaken
for cocei.  Often in groups of four and six, without spores,

Properties.— Very motile ; liquefy gelatine rapidly ; a peculiar
sweetish odor is produced in the cultures, and a blue pigment.

Growth.—Develops readily at ordinary temperature, growing
quickly and mostly on the surface ; it is ®robie. Colonies on gela-
tine plate, in two or three days a greenish iridescence appears
over the whole plate, the colonies having a funnel-shaped lique-
faction, and appearing under low power when still young, as
yellowish green, the periphery being granulated.

giving it the



PATHOGENIC BACTERIA, 125

Stab Cultures.—Mainly in upper strata, the liquefaction funnel-
shaped, the growth gradually settlingat the bottom, a rich green
shimmer forming on the surface, and the gelatine having a deep
fluorescence.

Polato.—The potato is soaked with the pigment, a deep fold
of green occurring on the surface.

Staining.—With ordinary aniline dyes.

Pathogenesis.—When animals are injected with fresh cultures
in the peritoneal cavities or cellular tissues, a rapidly spreading
edema with general suppuration develops. The bacilli are
then found in the viscera and blood.

If a small quantity is injected, a local suppuration oceurs, and
if the animal does not die it then ean withstand large quanti-
ties. It is immune.

The Pigment, Pyocyanin.—When the pus, bandages, and
dressings containing the bacillus pyocyaneus are washed in
chloroform, the pigment is dissolved and erystallizes from the
chloroform in long needles. It is soluble in acidulated water,
which is turned red thereby, and when neutralized the blue color
returns. Lt has no pathogenic action. It is an aromatie com-
pound. The bacillus has no especial action on the wound, and
is found sometimes in perspiration of healthy persons.

Bacillus Pyocyaneus. 8. (Ernst.) A bacillus found in gray-
ish pus-colored bandages.

The only especial difference between this and the above is the
formation of brownish-yellow pigment instead of pyocyanin, The
form and appearance of cultures otherwise the same.

Micrococcus Gonorrheea. Gonococcus. (Neisser.) In 1879
Neisser demonstrated the presence of this Fig. 70,
germ in the secretion of specific urethritis.

Form.—Cocei, somewhat {triangular in
form, found nearly always in pairs, the base

of one coccus facing the base of the other, o
and giving the appearance of a Vienna roll, s
hence the German name Semmel (roll)-form, 7
Four to twelve such pairs are often found YO
together, et

Properties.—No movement of their own.

Culture.—On gelatine-agar or potato they Gonococel in gon-
do not grow, and only upon human-blood  orrheal pus. Ani-
serum have they given any semblance of a ::,T:'dm“'“h-” violet.

BRIl ] Emelers.
crowth. The temperature must be between ahetea)
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[ ] E’:. - L L
492 and 37° C,, and the growth oceurs very

“slowly and sparsely,
In three days a very thin, almost invisible, moist yallmﬂﬁh

growth, sceming to be composed of little drops,

Under low power small processes are seen shootine out from
the smooth border. g

Gonocoeei in pus.

It requires to be then transferred to fresh media, as it quickly
perishes,

Staining.—Colored easily with all ordinary aniline stains,

Giram’s method is not applicable, this being one of its main
diagnostic features.

The following method for coloring cover-glasses is recom-
mended by Neisser.

The cover-zlasses, with some of the urethral discharge smeared
upon them, are covered with a few drops of aleoholic solution of
eosin and heated for a few minutes over the flame. The excess
of the dye is removed with filter paper, then the cover-glass
placed in concentrated methylin blue (aleoholic solution) for 15
seconds, and rinsed in walter.

The gonococei are dark blue, the protoplasm of the cell pink,
and the nucleus a light blue, the gonococei lying in the proto-

plasm next to the nucleus,
Other bacteria are similar to the gonococei in form ; they are
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distinguished from the gonococcus, in that they are colored with
Gram’s method, whereas the micrococcus of gonorrheea is not.
Therefore it is always necessary, after baving first found these
peculiar-shaped microbes, to apply Gram's stain, and if they are
then not found one can safely say it is the gonococcus.

Pathogenesis.—The attempts to infeel the experiment ani-
mals with gonorrheea have so far been without success.  In man,
upon a healthy urethra, a specific urethritis was produced with
even the 20th generation of the culture. Gonorrheal ophthalmia
contains the cocei in great numbers, and gonorrheal rhenmatism
is said to be caused by the lodgment of the cocci in the joints.

The microbes have been found long after the acute attack,
when only a very slight oozing remained, and the same were
very virulent.

The specific inflammations of the generalive organs of the
female ave due to this microbe extending its influence, having
cained entrance through the vagina. It is found chiefly in the
superficial layers of the mucous membrane,

Similar Microbes found in the Urethra and Vagina.

Micrococcus Citreus Conglomeratus, (Bumm.) Very similar
to the gonococei in form, they are, however, eustly cultivated,
and form yellow colonies which dissolve the gelatine and grow
quite rapidly ; the surface of the gelatine is at first moist and
shiny, but later on wrinkled. They are coloved with Gram’s
methud, and have no special pathological action. They are found
in the air and gonorrheeal pus.

Diplecoceus Albicans Amplus, (Bumm.) In vaginal secretion,
The diplocoeci are much larger than the gonococei, but similar
in form. They are also cultivated upon gelatine plates, grayish-
white colonies, which slowly liquefy gelatine. They erow mode-
rately rapid. Stained with Gram’s method, and have no
pathogenic action.

Diplococeus Albicans Tardissimus. (Bumm.)

Origin.—In urethral pus.

Form.—Like gonococei,

Properties.—Immotile ; do not liquefy gelatine,

Growth.—Very slow at ordinary temperature, but more rapid
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at brood-heat. The colonies are as small white points, which
under low power appear brown and opagque, !

Agar Stroke Culture.—Grayish-white growth, which after two
months is like a skin upon the surface,

Staining.— Tukes Gram’s method,

Pathogenesis —None known.

Micrococcus Subflavus. (Bumm,)

Origin.—In lochial discharges, in vagina and urethra of
healthy persons, '

Form.—As gonocoeei,

Properties.—Not motile ; liquefy gelatine slowly ; a yellow-
brownish pigment.

Growth.—Grows slowly on all media, forming on aelatine,
after two weeks, a moist yellowish surface growth.

Potuto. — Small half-moon-shaped colonies which, after three
weeks, become light-brown in color, and covering the surface as
a skin,

Staining.— Colored with Gram.

Pathogenesis,—Not acting upon the mucous membrane, but
when injected in cellular connective tissue, an abscess results
which contains myriads of diplococei.

The gonococcus is distinguished from all these similar micro-
cocel by being found usually within the cell protoplasm,

Secondly. — Not stained with Gram’s method.

Thirdly, — Refusing to grow readily upon gelatine.

All the similar bacteria being easily cultivated.

These characteristics, taken in toto, form sufficient features for
its ready recognition, and as it is often a serious question to
decide, not so much because of the patient’s health as because
of his character, we should be very careful not to pronounce a
verdict until we have tested the micro-organism as above. When
the germ so tested is found, the process can be called specific
without a doubt.

Bacillus of Tetanus, (Nicolaier-Kitasato,)
Origin.—Nicolaier found this bacillus in the pus of a wound

in one who had died of tetanus, describing it in 1854.
Kitasato has since then been able to isolate and cullivate this
aerm. (1889.)
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Form.—A very delicate, slender rod, somewhat longer Ithan
(e bacillus of mouse septiceemia, which is the smallest bacillus.

When the spores form, a small swelling oceurs at the end
where the spore lies, giving it a drum-stick shape. *

Bacillus of Tetanuz with spores.

Properties.— Not very motile, though distinetly so ; liquefies
gelatine siowly. The cultures give rise to a foul-smelling gas.

Growth.—Develops very slowly, best at brood-heat (36° to 38°
C.), and only when all oxygen is excluded, an obligatory andero-
bin. In an atmosphere of carbon dioxide gas it eannot grow,
but in hydrogen it llourishes.

Colonies on gelatine plates in an atmosphere of hydrogen.
Small colonies. After four days a thick centre and radiating
wreath-like periphery, like the colonies of bacillus subtilis.

High Stab-Culture.—(The gelatine having 2 per cent. glucose
added and filling the tube.) Along the lower portion of the needle-
track, a thorny-like growth, little needle-like points shooting
out from a straight line. The whole tube becomes clouded as
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the gelatine liquefies, and then the growth settles at the bottom
of the tube.

Fis. T73.

Fige
i
3
&
B
Heg
.

Appearance of eulture of bacillus Six days' culture of bacillus
of tetanus after agitating the lique- of tetanus in gelatine (deep
fied gelatine. (Frinkel and Pfeif- stab). (Frinkel and Pfeiffer.
fer.)

Agar.—At brood-heat, on agar, the growth is quite rapid, and
at the end of forty-eight hours gas bubbles have formed and the
growth nearly reached the surface.
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Bouillon.— Adding glucose to the bouillon gives a medium in
which an abundant growth occurs.

Staining.—All the ordinary stains, Gram’s method also; the
spores being colored in the usual way.

Pathogenesis.— A small amount of the pure culfure injected
under the skin of experiment animals will cause, in two to three
days, death from true tetanus, the tetanic condition starting
from the point of infection. At the autopsy nothing characteristic
or abnormal is found, and the bacilli have disappeared, except
near the point of entrance. This fact is explained as follows :

Several toxic products have been obtained from the cultures,
and they are produced in the body, and give rise to the morbid
symptoms. These have been isolated, and when injected singly
cause some of the tetanic symptoms. The virus enters the
circulation, but does not remain in the tissues,

Four ptomaines among them : tetanin, tetanotoxin, and spas-
motoxin ; also a toxalbumen.

Tminunity.—XKitasato, by inoculation of sterilized cultures,
has been able to cause immunity from the effects of virulent
bacilli,

An anti-toxin obtained by Tizzoni and Cattani from the serum
of animals made immune by sterilized cultures has been used
with curative effeets in several cases of tetanus in man. It is
a globulin, but differs from the anthrax anti-toxin, and it is
found exclusively in the serum. DBy precipitation with alcohol
and drying in vacuo, the anti-toxin is ohtained in a solid state.
The aqueous solution is used for injection subcutaneously,

Hubitat.—The bacillus is present in garden earth, in manure ;
and even from mortar it has been isolated.

The earth of special districts seems to contain the bacilli in
areater quantities than in others.

Bacillus (Edematis Maligni. (Koch.)

Vibrion Septique.—(Pasteur.)

Origin.—In garden earth, found lately also in man, in severe
wounds when gangrene with edema had developed. Identical
with the bacillus found in Pasteur’s septicsemia,

Form.—Rods somewhat smaller than the anthrax bacilli, the
ends rounded very sharply. Long threads are formed, Very
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la}'ge spores which cause the rods to become spindle- or drum-
stick-shaped.

LProperties.—Very motile ; liquefy gelatine; do not produce
any foul gascous products in the body.

2 1 X

Growth.-—Grows rapidly, but only when the air s excluded
and best at brood or hody heat, ’

Ttoll  Cultures.—(After Esmarvel’s method.)  Small, round
glancing colonies with fluid contents, under low power, a mass

Ef‘ motile threads in the centre, and at the edges o wreath-like
order.

High Stab Culture. —With glucose gelatine, the arowth at first
seen in the bottom of the tube, with a general liquefaction of
the gelatine, gases develop and a somewhat unpleasant odor.,

Agar.—The gases develop more strongly in this medium, and
the odor is more prominent.

Guinea-Pig Bouillon.—In an atmosphere of hydrogen cloud-
ing of the entire culture medium without any flocculent pre-
cipitate until third day.

Staining.— Are stained with the ordinary dyes, but Gram’s
method is not applieable.

Pathogenesis.—When experiment animals, mice or guinea-
pigs, are injected with a pure culture under the skin they die in
5 Lo 15 hours, and the following picture presents itself at the
autopsy : In guinea-pigs from the point of infection, spreading
over a large area, an wdema of the subeutaneous tissues and
muscles, which are covered and saturated wilth a clear red
serous exudate free from smell, This contains great quantities
of bacilli,

The spleen is enlarged, especially in mice. The bacilli are
not found in the viscera, but are present in great numbers on
the surface, 4, e., in the serous coverings of the different organs ;
though when any length of time has elapsed between the death
of the animal and the examination, they can be found in the
inner portions of the organs, for they grow well upon the dead
body. In man they have been found in rapidly spreading gan-
grene. They are present in the soil, in putrefactions of various
kinds, and in dirty water,

Inununity.—Is produced by injection of the sterilized cul-
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tures, and also the filtered bloody sexum of animals dead with

the disease.
Spirillum of Relapsing Fever. (Obe rméier. )
. Fra. 76. .

Fia. T5.
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Cultures in agar of malignant Culture in gelatine of malig-
nant Ckdema. (Frinkel and

(Edema, after 24 hours, at 872 C.
(Frankel and Pfeiffer.) Pfeiffer.)

Syn. Spirochgete Oberméieri,
Origin.— Found in the blood of recurrent fever patients,

described in 1873.
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Form.—Long, wavy threads (16 to 40 u long), a true spiril-
lum j flagella are present.

Propertics.—Very motile. Has not been cultivated,

Staining.— Ordinary aniline stains, Bismark brown best for
tissue sections. "

Pathogenesis. —Found in the organs and blood of recurrent
fever. Man and monkeys inoculated with blood from one suf-
fering from this disease become attacked with the fever, and in
their blood the spirillum is again found. It is found in the
blood, only in the relapses (during the fever). After the attack
the spirilla gather in the spleen and gradually die there. It
has been found in the brain, spleen, liver, and kidneys. In the
secretions it has not been discovered.

Bacillus Malarize. (Klebs and Tommaci-Crudeli.)

Origin.—These two observers have found a germ present in
malarial persons in the blood, which produced an intermittent
fever in animals which had been inoculated with such blood.
They were also found in the soil of the Roman Campagna.
Very little importance is at present attached to this germ, bui
al the time of its discovery, 1879, it was thought to be the cause
of malaria.

KEematozoa of Malaria. Certain micro-organisms are found
in the blood of persons suffering from malaria, and have lately
been very carefully studied. They do not belong to bacteria,
being really of animal origin, among the protozoa ; but because
they are described in the larger works on bacteria, it is neces-
sary that they be considered here.

Synonyms. Hematomonas Malarie (Osler). Plasmodium M-
larie (laveran).

Form.— Various shapes have been described, and whether
they are all of one micro-organism or several distinct organisms
s not yet definitely settled. They have been found in the cell
intra-corpuscular, and outside of the cell exlra-corpuscular,

1st. Round bodies 1 to 10 . in diameter, lying free in the
serum or hanging on to the blood-plates. They have very lively
amaboid movements.

2d. Flagelluted bodies.—TFlagella on the upper surface of the
full-grown round bodies, These vary in length and are very
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mobile. They then loosen themselves, and are finally lost. Found
only in freshly drawn blood,

3d. Crescent-shaped bodies.— These ave cylindrical and usually
hent sickle-shape. In the centre a black spot formed of little

aranules. Not motile,

4th, Rosette lodies.—Regularly outlined with a collection of
pigment-granules in the centre. The rosette afterwards divides
and separates into secients,

ath. White blood-corpuseies containing melanin, which they

have digested.

Fiag. 1.

Extra-corpuscular.

Intra-corpuscular,
VARrIOUS FORMS 0F PLASMODIA.

Cultivation of these organisms has not vet heen attained

Staining and Eamination of Blood, —Take the blood of .a, per
son subject to malarial fevers, Just before n paroxysm. Havine
first carefully cleansed the finger, a ligature is ﬂppiieti, and the
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drop of blood drawn with a needle, brought on a well-cleaned
cover-glass, and immediately covered with a second cover-
glass. This is now examined with a strong objective (dry sys-
tem) by day-light.

If, now, a stained preparation is wanted, the cover-glasses are
slid apart, passed three times through the flame, and a concen-
trated solution of methylin-blue left on for a few minutes.

Still better is it to allow a drop of methylin-blue solution in a
little ascitic fluid to flow slowly on the cover-glass before the blood
has become dry. The finer structure will then be more plainly
brought out. TLaveran recommends the strong objective of the
dry system for examining.

A drop of a watery solution of fuchsin or methylene-blue can
be placed on the glass slide and a drop of bldod on the cover-
glass, then the cover-glass turned over on to the slide so that the
two liquids mix, and examined at once.

Pathogenesis,.—These organisms have been found only in
malarial diseases, and they have been constantly found. Malarial
paroxysms have been produced in a healthy person by inocu-
lation of blood containing such organisms. They disappear
under the use of guinine.

Golgi finds certain types constant in tertian, and others again
peculiar to quartan.

Some, however, hold all these various forms as nothing more
than changed blood-corpuscles. The impossibility of obtaining
a pure culture leaves the question still in doubt.

Grrassi and Feletti elaim to have produced in sparrows and
man, by injection of the blood of malarial persons, malarial
fever, and found the specific parasites for the different forms,
The amceeboid or intra-corpuscular give rise to the typical inter-
mittent fevers. The crescent-shaped extra-corpuscular, produc-
ing the dumb ague or irregular fever ; four different ameebee were

found. &
Hemameba preecox produces the guotidian.

i vivax FE ‘t  terlians.

L. malarise G *  quartans.

b immaculata ** ““  quotidian,
Laverania malarie 2 ““ irregular fever.

They place them with the Riizopoda.
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CHAPTER IV.

BACTERIA PATHOGENIC FOR ANIMALS BUT NOT FOR MAN.

Bacillus of Symptomatic Anthrax. (Bollinger and Feser.)

( Charbon symptomatique. Arloing, Cornevin, and Thomas.)

Origin.—This bacillus, described already in 1879, has only
lately been isolated, and by animal inoculation shown to be the
cause of the ** black-leg?” or ** quarter-evil’” discase of cattle,

Form.—Large slender rods, which swell up at one end or in
the middle for the spore.

Properties,—They are motile, and liquefy gelatine quite
rapidly.

A rancid odor is developed in the cultures.

Cultures.—The growth occurs slowly, and only in an atmo-
sphere of hydrogen, being very easily destroyed by oxygen and
carbon dioxide ; grows best at blood heat; under 15° C. no
growth,

G'lucose-gelatine.—In a few days little round colonies develop,
which, under low power, show hairy processes around a compact
centre.

Stab Cultures in full test tubes.—The growth first in the lower
portion of the tube not very characteristic. Gases develop
after a few days, and the gelatine becomes liquid.

Agar at brood temperature, in 24 to 48 hours, an abundant
crowth with a sour odor and abundant gas formation,

Staining.—Ordinary methods, Gram’s method is not appli-
cable to the rods; but the spores can be colored by the regular
double stain for spores.

Pathogenesis.—It a small amount of the culture be injected
under the skin of a guinea-pig, in twenty hours a rise of tempera-
ture, pain at the site of injection, and in a few hours more
death. At the autopsy, the tissues blackened in color and
soaked with a bloody serous fluid ; in the connective tissue large
collections of gas, but only in the neighborhood of the point
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of infection. The bacilli are found in great numbers in the
serum, but only appear in the viscera some time after death,
when spores have developed.

The animals are usually infected through wounds on the
extremities ; the stalls or meadoéws having been dirtied by the
spore-containing blood of animals previously dead of the dis-
ease. ‘* Rauschbrand’ is the German name ; ** Charbon syiip-
tomatique,”” the French, from the resemblance in its symptoms
to anthrax.

Immunity.—Rabbits, dogs, pigs, and fowls are immune by
nature, but if the bacilli are placed in a 20 per cent. solution of
lactic acid, and the mixture injected, the disease develops in
them. The lactic acid is supposed to destroy some of the
natural resistance of the animal’s cells.

When a bouillon culture is allowed to stand a few days, the
bacilli therein lose their virulence, and animals are no longer af-
fected by them,

But if they are placed in 20 per cent. lactic aecid and the mix-
ture injected, their virulence returns.

Immunity is produced by the injections of these weakened
cultures, and also by some of the products which have been ob-
tained from the cultures.

Bacillus of Chicken Cholera. (Pasteur.)

Syn.— Micrococcus cholera gallinarum. Mierobe en huit.  Ba-
cillus avicidus.  Bacillus of fowl septiccemia,

Fia. 78. Origin.—In 1879 Perroncito observed this
cocei-like bacillus in diseases of chickens, and
Pasteur, in 1880, isolated and reproduced the
disease with the microbe in question.

Form.—At first it was thought to be a micro-
coceus, but it has been seen to be a short rod

Chicken cholera alout twice as long as it is broad, the ends

:'Ilrlll:::fl mmm:;{d. slightly rounded. The centre is very slightly

Fﬁ:Eﬂ‘nr.} influenced by the aniline colors, the Pnles
easily, so that in stained specimens the bacillus 180ks like a
dumb-bell or a figure-of-eight. (Microbe en huit.)

Properties.—JThey do not possess self-movement ; do not

liquefy gelatine,
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Growcth.—Qccurs at ordinary temperature, requiring oxygen
for development. I grows very slowly.

Gelatine Plates.—In the course of three days little round,
white colonies, which seldom increase in size, having a rough
border and very finely granulated.

Stab Culture.—A. very delicate gray line along the needle-
track, which does not become much larger.

Agar Stroke Culture.—A moist, arayish-colored skin, more
appreciable at brood heat.

Potato.— At brood heat after several days a very thin, trans-
parent growth,

Staining.—Methylin Dblue gives the best picture. Gram’s
method is not applicable. As the bacillus is easily decolorized,
aniline oil is used for dehydrating tissue sections, instead of

alcohol.

Method :
Loffler’s methylin blue . W S £hour:
Alcohol . : : ; - - . D seconds,
Aniline il . : . : : . 5 minutes,
Turpentine . ; ; : : . 1 minute.
Xylol and Canada balsam,

Pathogenesis,—Feeding the fowls or injecting under the skin
will cause their death in from 12 to 24 hours, the symptoms pre-
ceding death being those of a heavy septiceemia.

The bacillus is then found in the blood and viscera, and the
intestinal discharges, the intestines presenting a hemorrhagic
inflammation,

(ruinea-pizs and sheep do not react. Mice and rabbits are
affected in the same manner as the fowls,

Tmmunity.— Pastenr, by injecting different-aged cultures into
fowls, produced in them only a local inflammation, and they
were then immune, But as the streneth of these cultures could
not be estimated, many fowls died and the healthy ones were
endangered from the intestinal excretions, which is the chief

manner of infection naturally ; the freces becoming mixed with
the food.
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Bacteria qf Hemorrhagic Septiceemia. (ITueppe.)

I._J'l.l[lm‘ tlu.s !mmling Hueppe has gathered a number of bac-
I.‘erm very similar to the bacillus of chicken cholera, differine
from ll;_nud each other but very little, They have been describe{nl
by various observers and found in diflerent diseases,

(1) The bacteria of this group color themselves strongly at
the poles, giving rise to the dumb-bell shape. They do not take
the Gram stwin. They are without spores,

(2) Aud do not liquefy gelatine.

They have been placed in three general divisions :—

[ Wild Plague. (Hueppe.)
| German Swine Plague. (Loffler, Schiitz.)
1st division. { Rabbit Septicsemia.
| Ox Plague. (Oresti-Armanni.)
l Steer Plague. (Kitt.)

The bacteria of the first division are not motile, do not grow
on polato, and are found scattered through the bloodvessels.
A loeal reaction is uncommon.

[ American Swine Plague. (Billings.)
ofl dlitision. J French Swine P]ﬂgl.lﬂ. (Cornil and Chantemesse. )
Cattle Plague. Texas Fever. (Billings.)
| Frog Plague. (Eberth.) ‘

Here the bacteria are motile,. They grow on potatoes and
are similar to the typhcid bacillus in gelatine. They form
small embolie processes in the capillaries. They cause only
a loeal disturbance in rabbits when subcutaneously injected.
An acid fermentation is produced in milk,

Hog Cholera. (Salmon.)
Swedish Swine Plague. (Lelander.)

The bacteria of this third division are very motile. The hog-
cholera bacilli lie in the spleen and other organs in small masses
like the typhoid bacillus,

Rabbits die in four to eight days without any local disturb-
ance. The erowth on potato is strong.

The Swedish swine-plague bacillus occupies a position be-
tween that of Hog Cholera and Bacillus Coli Communis.

The various swine-plague bacilli are but little active in fowls,
differing thus widely from the chicken-cholera bacillus.

3l division. {
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Bacillus of Erysipelas of Swine. (Lﬁm{a;', Schiitz.) Schweine-
rotlaufbacillus (German). Fougel du pore (French). _

Origin.—Found in the spleen of an erysipelatous swine by
Loffler in 1885.

Forn.—One of the smallest forms of bacilli known ; very thin,
seldom longer than 1 w, looking at fivst like little needle-like
crystals, Spores have not been found.

Properties.—They ave motile ; do not liquefy gelatine.

Growth in culture at ordinary temperature. very slowly, and
the less oxygen the better the growth.

Gelatine Plate.—On third day little silver-gray specks, seen
best with a dark background, coalescing after awhile, pro-
ducing a clouding of the entire plate.

Stab Cultures.—In a few days a very light, silvery-like clouding,
which gradually involves the entire gelatine ; held up against
a dark object, it comes plainly into view.

Stainiing.—All ordinary dyes and Gram’s method also,

Tissue sections stained by Gram’s method show the bacilli in
the cells, capillavies, and arterioles in great numbers,

Puthogenesis. —Swine, mice, rabbits, and pigeons are sus-
ceptible ; guinea-pigs and chickens, immune,

When swine are infected through food or by injection a tor-
pidity develops with diarrhcea and fever, and on the belly and
breast red spots occur which coalesce, but do not give rise to
any pain or swelling. The animal dies from exhaustion in 24 fo
45 hours. In mice the lids are glued together with pus,

At the autopsy the liver, spleen, and glands are enlarced and
congested, little hemorrhages occurring in the intestinal mucous
membrane and that of the stomach.

Bacilli are found in the blood and all the viscera.

One attack, if withstood, protects against succeeding ones.

Iimunity.—Has also been attained by injecting vaccines of
two separate strengths.

Bacillus Murisepticus. (Koch.) Mouse septicamia.

Oriyin.—Found in the body of a mouse which had died from
injection of putrid blood, and deseribed by Koch in 1878.

Form.—Differs in no particular from the bacillus of swine
erysipelas, excepling that it is a very little shorter, making it
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the smallest known bacillus. Spores have been found, the cul-
tures exactly similar to those of swine erysipelas.

The pathological actions are also similar. Field mice are
immune ; whereas for house and white mice the bacillus is fatal
in two to three days.

Micrococcus of Mal de Pis. (Nocard.) Gangrenous mastitis
of sheep. :

Origin.—In the milk and serum of a sheep sick with the
el de pis.”?

Form.—Very small cocei seldom in chains,

Properties, immotile ; liquefying gelatine,

Grrowth. —Growth oceurs best between 20° and 37° C., is very
rapid, and irrespective of oxygen.

Plates of Gelatine.— W hite round colonies, sone on the surface
and some in the deeper strata, with low power, appearing brown
surrounded by a transparent areola.

Stab Culture.—Very profuse along the needle-track, in the
form of a cone after two days, the colonies having gathered at
the apex.

Potato.— A dirty gray, not very abundant, layer somewhat
viscid.

Staining, with ordinary methods ; also Gram’s method.

Pathogenesis.—If a pure culture is injected into the mammary
gland of sheep, a ‘“mal de pis” is produced which causes the
death of the animal in 24 to 48 hours. The breast is found
edematous, likewise the thighs and perineum j the mammze
very much enlarged, and at the nipples a blue-violet coloration.
The spleen is small and black ; other animals are less susceptible.
In rabbits abscesses at the point of infection, but no general
affection,

Bacillus Alvei. (Cheshire and Cheyne.) Bacillus melittopl-
tharus. (Colin.)

Origin.—In foul-brood of bees.

Form.— Slender rods, with round and conical-pointed ends ;
very large oval spores, the rod becoming gpindle-shaped when
they appear.

Properties.~—Motile, liquefying gelatine rapidly.

Growth.—Grows best between 20° C. and 37° C., very slowly ;
gerobic.
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Gelatine Plutes.—Small grooves are slowly formed, which unite
so as to form a civcle or pear-shaped growth, from which linear
grooves again start,

Stab Culture.—Grows first on surface, then gradually along
the needle-track, long processes shooting out from the same,
clouding the gelatine. Later, air-bubbles form like the cholera
culture, and in two weeks the whole gelatine liquefied.

Staining. — Do not take aniline dyes very well, Gram’s method
is, however, applicable.

Pathogenesis.—If a pure culture is spread over the honey-
comb containing bee larvee, or if bees are fed upon infected
material, foul-brood disease will occur. Mice, ifinjected, die in a
few hours. (Edema around the point of infection, and many
bacilli contained in the cedematous fluid, otherwise no changes.

Micrococcus Amylivorus. (Burrill.)

Origin.—In the disease called ‘* Blight,”” which affects pear-
trees and other plants.

Form.—Small oval cells, never in chains, more the form of a
bacillus.

Pathogenesis.—Introduced into small incisions in the bark of
pear-trees the trees perislied from the * blight.”” The starch of
the plant cell was converted into carbon dioxide, hydrogen,
and butyric acid.

Bacterium Termo. (Cohn.)

This was a name given to a form of micro-organism found in
decomposing albuminous material, and was supposed to be one
specific germ. Hauser, in 1885, found three different distinct
microbes which he grouped under the common name of Proteus,
which have the putrefying properties ascribed to B. Termo,

Proteus Vulyoris.

Origin,—In putrid animal matter, in meconium and in water,

Form.—Small rods, slightly curved, of varying lengths, often
in twisted chains, having long cilia or flagella.

Properties,.—Very motile, and very soon liquefying gelatine ;
forms hydrogen sulphide gas ; causes putrefaction in meat.

CGrrowth.—Growth very rapid, besl at 249 C., is facultative
erobic.
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Gelatine  Plates,—Y ellowish-brown, irregular colonies, with
prolongations in every direction, forming all sorts of figures ; an
impression preparation shows these spider-leg processes to con-
sist of bacilli in regular order.

Stab Culture.—The gelatine soon liquid, a gray layer on the
surface, but the chief part of the culture in small erumbs at the
botton.

Puathogenesis.— Rabbits and guinea-pigs injected subeutane-
ously die quickly, a form of toxemia, hemorrhagic condition of
lungs and intestines present. When neurin is injected previ-
ously the animals do not die. This ptomaine is supposed to be
generated by the proteus vulgaris.

Proteus Mirabilis. (Hauser.)

Differs from P. vulgaris in that the gelatine is less rapidly
liquefied. Found also in putrid material.

Proteus Zenkeri, (Hauser.)

Does not liquefy gelatine ; otherwise similar to the other two.

We have now considered some of the characteristics of the
more important bacteria. The scope of this work does not allow
a more extended study than we have made, which, as we are
aware, has been very superficinl. The larger works must be
referred to, if a deeper interest is taken in the subject.
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YEASTS AND MOULDS.

IN works on bacteria, these true fungi, yeasts and moulds, are
usually considered. They are so closely related to bacteria, and
so often contaminate the culture media, and are so similar in
many respects, that a description is almost a necessity,

But there are several thousand varieties, and we cannot
attempt to describe even all of the more important ones, It
will answer our purpose to detail a few of the more common
kinds, and give the principal features of the different orders.

Fungi exist without chlorophiyl,

Sacchuromycetes or Yeasts increase through budding; the
spores attached to the mother cell like a tuber on a potato.

Yeasts are the cause of alcoholic fermentation in the saccha-
roses, A description of the most common ones will suffice,

Saccharomyces Cerevisiae. (7orule Cerevisice.) This is the
ordinary beer yeast.

Form.—Round and oval cells ; a thin membrane inclosing a
granular mass, in which usually can be seen three or four irre-
gular-shaped spores. When these become full grown they pass
through the cell wall and form a daughier cell. Sometimes long
chains are produced by the attached daushter cells.

Growth.—They can be cultivated as bacteria in bouillon, but
they grow best in beer.

There are several varieties of beer yeast, each one giving a
characteristic taste to the beer. Brewers, by paying special
attention to the nutrient media, cultivate yeasts which give to
their beers individual flavors,

Mixed yeast gives rise to a poor quality of beer.

Saccharomyces Rosaceus. §. Niger and §. Albicans. These
yeasts are found in the air; and instead of producing alcoholic

( 145)
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fermentation they give rise to a pigment in the culture media,
They grow upon gelatine which they do not liquefy. ,

Saccharomyces Mycoderma., This yeast forms a mould-like
growth, a skin, on the surface of fermented liquids, but does not
cause any fermentation itself. It forms the common ** mould”
on wine, preserves, and * sour krout.”

Oidinm, A form which seems to be the bridge between the
yeast and the moulds is the oidium. Sometimes it resembles
the yeasts, sometimes the moulds, and often both forms are
found in the same culture. Several are pathogenic for man.

Oidium Lactis.

Origin.—In sour milk and butter.

Form.—The branches or hyphens break up into short rod-like
spores. No sporangium, as in moulds.

Growth.—In milk it appears as a white mould.

Artificially cultured on gelatine plates, or milk gelatine plates,
it forms satin-like, star-shaped colonies, which slowly liquefy.
Under microscope the form of the fungus is well seen.

Agar Stroke Culture.—The little stars, very nicely seen at first ;
then the culture becomes covered with them, cansing a smeared
layer to appear over the whole surface, with a sour odor.

Properties.—The milk is not changed in any special way. It
is not pathogenic for man or animals. It is found when the
milk begins to sour.

Oidium Albicans. (Sovor.) Thrush Fungus.

Origin.—Mucous membrane of the mouth, especially of infants.

Form.—Taken from the surface of the culture, a form like
yeasts ; but in the deeper layers, mycelia with hyphens occurs.

Growth.—Not liquefying ; snow-white colonies on gelatine
plates.

Stab Culture.—Radiating yellow or white processes spring from
the line made by the needle, those near the surface having oval
ends,

Polatoes.—The yeast form, develops as thick white colonies.

Bread Mash.—Snow-white veil over the surface,

Pathogenesis.—In man the parasitic thrush, or ** white mouth,™
is caused by this fungus. In the white pﬂtc:hesl the spores and
filaments of this microbe can be found., Rabbits receiving an
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intravenous injection perish in twenty-four to forty-eight hours,
the viscera being filled with mycelia.

True Moulds. Fliigze has made five distinct divisions of
moulds. It will, however, serve our purpose to classify those
to be described under three headings: Penicillium, Mucor, and
“Aspergillus.

Penicillium Glaucum.

Origin.—The most widely distributed of all moulds, found

wherever moulds can exist,

Foirm.—From the mycelium, hyphens spring which divide into
basidia (branches), from which tiny filaments arise (sterygmata),
arrangzed like a brush or tuft. On each sterygma a little bead
or conidium forms, which is the spore. In this particular fungus
the spores in mass appear green.

Growth.—It develops only at ordinary temperatures, formine
thick grayish-gréen moulds on bread-mash. At first these ap-
pear white, but as soon as the spores form, the green predomi-
nates. Gelatine is liquefied by it.

Mucor Mucedo. Next to the penicillium slaneum, this is the
most common mould. Found in horse dung, in nuts, and
apples, in bread and potatoes as a while mould.

Form.—The mycelium sends out several branches, on one of
which a pointed stem is formed which enlarges to form a globu-
lar head, a spore-bulb, or Sporangium. The spore-bulb is par-
titioned off into cells in which large oval spores lie. When the
spores are ripe a cap forms around the bulb, the walls break
down and the wind scatters the spores, leaving the cap or
**ealwmella’® behind. '

Growth.—Takes place at higher temperatures on acid media.

It s not Pathogenic,

Achorion Schonleinii,

Tricophyton Tonsurans.

Microsporon Furfur,

These three forms are similar to each other in nearly every
particular and resemble in some respects the oidium lactis, in
other ways the mucors. The first one, Achorion Schénleindi, was
discovered by Schonlein in 1839, in Favus, and is now known as
the direct cause of this skin disease,
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Origin.—Found in the scaly crusts of fawus,

Form,—Similar to oidium lactis,

! Growth,—Is very sparse. On gelatine round white masses
inclosed by a zone of liquefied gelatine.

In milk it is destroyed,

Pathogenesis,—Causes favus in man.

Tricuphj_’\ifnn Tonsurans, Found, in 1854, by Bazin, in Tinea,

Iorm.—Similar to the achorion or favus fungus,

. Gmw{h.—ﬁnmewhat more rapid than the favus, and the gela-
tine quickly liquefied, Old cultures are of an orange-yellow
color. Colonies have a star-shaped form,

Pathogenesis,— Herpes tonsurans and the various tinem are
produced by this fungus,

Microsporon Furfur. Found in tinea versicolor, almost iden-
tical with the above, forms dry yellow spots, usually on the chest
in persons suffering from wasting diseases, k

Aspergillus Glaucus.

Origin.—In saccharine fruits.

Form.—The hyphen has formed upon its further end a bulb,
from which pear-shaped sterygmata arise and bear upon their
ends the conidia or spores,

Growth.—Best upon fruit juices. Non-pathogenic. The mould
is green. Aspergillus flavus has the tufts and spores of a yellow
color.

A. Fumigatus. Is pathogenic for rabbits when injected into
them. At the autopsy their viscera are found filled with the
mould.

Examination of Yeasts and Moulds. Yeasts and moulds are
best examined in the unstained condition. A small portion of
the colony rubbed up with a mixture of aleohol and a few drops
of liguor ammonia ; of this, a little is brought upon the glass-
glide covered with a drop of glycerine and the cover-glass pressed
upon it. If the preparation is to be saved, the cover-glass is
secured by sealing-wax around the edges. Yeasts take methy-
line-blue stain very well,

Ray Fungus. A division containing the actinomyces. (Bol-
lenger and Israel. )

Origin.—In actinomycosis of man and cattle, in the growth,
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Form.—In the pus or scrapings, little yellow grains ahnut.
the size of a pin’s head are seen by the naked eye. When one of
these points is flattened out between the cover-glass and slide
and placed under microscope (200 x), aster-shaped figures will

Mg, 79.

Actinomyces.

be seen, the centre thick, radiating from it, little hyphens, which
become thicker and rounder at their peripheral end. These
bottle-shaped hyphens are supposed to be the spore-bearing
organs., Some of these may have separated from the main body
and lie loose or attached to it by a very thin filament.

Growth.— Develops only at brood heat and by exclusion of
oxygen,

In Agar.—After several weeks a yellowish growth was ob-
tained, but this consisted mainly of myeelia, the club-shaped or
conical rays not forming.

In eggs a growth developed when the method of Hueppe was
carried out.,

Puathogenesis.—When a portion of the growth obtained in
egas was injected into the abdominal cavity of a rabbit, actinomy-
colic processes developed upon the peritoneum.

It usually gains access to the living body through a wound in
the gum or some caries of the teeth. A new growth is formed,
uleeration being first set up.

The new tissue, composed of round cells, then undergoes soft-.
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ening, purulent collections form and the normal structure is
destroyed,

The usual seat is in the maxillary bones, but the fungus has
been found in the lungs, tonsils, intestines, and various other
organs in man and cattle.

Ezxanination,.—Well seen in the unstained condition, From
the pus or seraping a small portion is taken and squeezed upon
the glass slide ; if calcareous matter is present, a drop of nitric
acid will dissolve the same,

Glycerine will preserve the preparation,

Staining.—Cover-glass specimens stained best with Gram’s
method. Tissue sections should be stained as follows : —

Ziehl’s carbol-fuchsin, ten minutes. Rinse in water.

Cone. alcohol sol, of picric acid, five minutes, Rinse in water.

Aleohol, 50 per cent., fiftcen minutes. Aleohol absolute, clove
oil, balsam.

The rays stained red, the tissue yellow.

Examination of Air, Soil, and Water.

Air.—Many germs are constantly found in the atmosphere
about us. Bacteria unaided do not rise into the air and fly
about ; they usually become mixed with small particles of dirt
or dust and are moved with the wind. The more dust the more
bacteria, and thervefore the air in summer contains a greater
number than the air in winter, and all the other differences can
be attributed to the greater or less quantity of dust and wind,

Methods of Examination, The simplest method is to ex-
pose a glass or dish covered with gelatine in a dust-laden
atmosphere or in the place to be examined. In the course of
94 to 48 hours colonies will be seen formed wherever a germ has
fallen. But this method will not give any accurate results in
recard to the number of bacteria in a given space ; for sueh a
purpose somewhat more complicated methods ave needed, so
that a certain amount of air can come in contact with the
culture media at a certain regulated rate of speed.

Hesse's Method. This is the most useful of the various
methods in vogue.

A olass eylinder, 70 centimetres long and 3.5 centimetres in
dimﬂ;ter, ié covered at one end, by two rubber eaps, the inner
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one having a hole in its centre 10 millimetres in diameter ; and
at the end B a rubber cork fits in the evlinder ; through this
cork a glass tube 10 mm. in diameler PUsSEs, which is plugged
at both ends with cotton. The eylinder and littings are first
washed in alcohol and sublimate and then placed for one hour
in the steam chamber.

Removing the cork of the eylinder, 50 cubic centimetres of
sterile gelatine in a fluid condition are introduced and rolled
out on the sides of the tube, after the manner of Esmarch,
leaving a somewhat thicker coating along the under side of the

T e - g

eylinder. The ceroscope, as the cylinder and its fittings are
salled, is placed upon an ordinary photographer’s t.rip{?ii r:nd
Lh.e alass tube, which passes through the rubber cork, connected
with an aspirator, the cotton having first been l'mnm"ed i'rmJn its
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outer end. The aspirator consists of two ordinary wash-bottles
connected with each other by a rubber tube, €. They are at-
tached to the tripod with a small hook one above the other, the
upper one hall’ filled with water and slightly tilted.

When the apparatus is wanted, the outer rubber
cap at the end A of the aeroscope is removed, the
air can then pass through the small hole in the
other cap, and the germs fall upon the gelatine in
the tube, the cotton in the small glass tube at the
other end preventing the germs from getting out.
The aspirator is set in use by tilting the upper
bottle so that the water flows into the lower, this
creates suction and draws the air through the
acroscope.

The amount entering estimated by the capacity
of the wash-bottle, The rate at which it enters
depending upon the rate of the flow of water,
which can be regulated.

Hesse advises for rooms and closed spaces 1 to 5
litres, at the rate of 2 minutes a litre, and for open
spaces, 10 to 20 litres at 4 minutes a litre, Plate
cultures can be made from the colonies which de-
velop in 8 to 10 days in the cylinder. '

Petri's Method. The air pumped or sucked
through sand filters, and thesand then mixed with
oelatine.

Sand is sterilized by heating to redness, and
while still warm placed in test tubes which are

Sand filter then plugged. (Sand which has been passed

after Petrl. 41 rough a sieve with meshes 0.25 millimetres wide
is the kind required,) A glass tube 9 centimetres long is pro-
vided with two portions of sand each 3 em. long and § e, apart,
little plates of brass gauze keeping the portions in pu.-_:.:l,mn.

The tube and its contents now sterilized in hotl air oven at
1502 C., the ends having first been plugged with cotton.

One end of the tube is then fitted with a rubber cork through
which passes a glass tube, which is connecled with an aspirator
(a hand-pump with a known capacity).
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If a hundred litres of air pass through the tube in fifteen min-
utes the germs should all be arrested in the first sand filter,

And when the filters are removed and thoroughly mixed with
gelatine, each filter for itself, there should be no colonies de-
veloped from the second filter, 4. e., the one nearest the aspirator.

Varieties Found in Air. The only pathogenic ones found with
any constancy ave the staphylo-coccus aureus and citreus ; but
any bacterium can be, through accident, lifted into the atmo-
sphere, and in certain places may be always found—the bacillus
tuberculosis, for example, in rooms where many consumptives
are living.

Non-Pathogenic. The micrococei predominate. Sarcina,
yeasts, and moulds constantly contaminate cultures.

In the ordinary habitations the average number of germs to
the litre of air does not exceed five.

Around water-closets, where one would imagine a great num-
ber to exist, owing to the undisturbed condition of the air, but
few will be found.

Examination of Water., The bacteriological examination of
water is to-day of as much importance as the chemical analy-
sis, and must go hand in hand with it.

At the start we must say thai a water containing thousands
of germs to the cubic centimeter is far less dangerous than one
containing but 2 germs, if one of these two be a typhoid bacil-
lus. It is not the number that proves dangerous; it is the
Kind.

If a natural water contains more than 500 germs to the cubic
centimeter, it were well to examine its source.

Bacteriology performs the greatest service in testing the devires
which are intended to render water fit for drinking.

As a diagnostic aid the examination is of but little use. An
epidemic of typhoid fever occurs, the water is suspected, an ex-
amination is undertaken ; but the days of incubation and the
days passed before the water is analyzed have given the typhoid
germs, if any had been present, ample time to disappear, since
in water that contains other bacteria they live a very short time
only. Again, the water Lested one day may be entirely free and
the next day eontain a great number, and before the typhoid
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germ can be proven to be present in that particular water, the
epidemic may be past.

Purity of Waters. The purest water we have is the natural
spring water—water that has slowly filtered its way through
various layers of gravel and sand and comes finally clear and
sparkling from the ground. It is without germs; but lel such
a water stand walled up in cisterns or wells, it becomes as
surface water, open to all sorts of impurities, and the bacterial
nature of it changes every moment,

Artesian or Driven Well. The driven well will secure to a cer-
tain extent a pure water. It is the ounly form of well or cistern
that will insure this, since the water does not become stagnant
in it 3 buf it may eonnect with an outhouse, the soil being very
loose, allowing the products of germs of refuse water to find their
way into the well. If a chemical examination shows increased
amounts of chloride of sodium, a contamination can be mooted.

Filtered Water. Dangerous as surface water is, the greater
quantity used, is such : the inhabitants of larger townsand cities
using chiefly the rivers and other large waters which course
near them for drinking purposes. A purification or filtration
can in a certain measure render these waters harmless.

Filtration is often carried on on a large secale in the waler-
works of cities and towns.

Bacteriological examination is here of great service to deter-
mine if a water, which has been filtered and may have a very
clear appearance, and give no harmful chemical reaction, yet
be entirely free, or nearly so, from germs; in other words, if
the filter is a germ filter or not,

Charcoal Sponge and Asbestos, the materials formerly in use
are objectionable because germs readily develop on them and
clog them, so that they require frequent renewal. In very
large filters, sand and gravel give the best results; the .numbcr
of germs in a cubic centimetre is reduced o forty or fifty and
kept at that number. This is a very pure water for a city water,
though, as we stated before, not a safe one, for among those
forty germs very dangerous ones may be found. I_t 15 IIIE‘.I'I
necessary for the users to refilter the water before drinking 1t,
through a material which will not allow any germs to pass.
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Pasteur-Chamberland Filter. This very perfect filter, which
i< now in almost universal use, consists of a piece of polished
porcelain in the form of a cylinder c¢losed at one end and pointed
at the other. It is placed in another eylinder of glass or rubber
and the pointed portion connected with a bottle containing the
water, or directly with faucet of the water-pipe. The water
courses through the porcelain very slowly and comes out entirely
free from germs ; pipe-clay, bisque, infusorial earth, and kaolin
are also perfect filters. The only disadvantage is the long time
it takes for the water to pass through. Pressure is used to
accelerate the passage in the form of an aspirator cr air-pump.
(See Fig. 41.)

The force of the hydrant water is also sufficient to produce a
steady, small stream.

These porcelain cylinders can easily be sterilized and the
pores washed out.

All the eylinders or bougies are not germ proof, so that they -
must be tested, and most of them must be cleaned every fourth

day, or they will allow germs to pass through.
Boiling as a means of purifying. When such a filter cannot

be obtained, the only alternative is to boil all the water to be
used for dvinking ; and this should especially be done in times
of typhoid and cholera epidemics,

Methods of Examination. Since the germs rapidly multiply
in stagnant water, an examination must not be delayed longer
than an hour after the water has been collected. Every pre-
caution must be taken in the way of cleanliness to prevent con-
tamination ; sterilized flasks, pipettes, and plugs should, or rather
must, be at hand, and the gelatine tubes best inoculated on the
spot. If this cannot be done, the sample should be packed in
ice uutil it arvives at the laboratory, which, as before stated,
should not be later than an hour after collection. The sample
1s placed in a sterilized glass flask, and the flask then closed with
a sterile cotton plug. A sterilized pipette is then dipped into
the flask and 1 c.c. of the water withdrawn in it and added to
a tube of gelatine, the gelatine heing in a fluid condition. To a
second tube, § c.c. is added. The tubes are then shaken so as
to thoroughly mix the water with the gelatine, and then poured
upon wide glass plates—one plate for each tube ; the plates are
then ‘placcd in the moist chamber, and in two to three days
examined. If the germs are equally divided, there should be
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one-half the number on one plate that there is on the other :
thus the § c.c. serves as control, 1

Water that is very rich in germs requires dilution with ster-
ilized water 50 to 100 times,

To count the colonies which develop upon the plates, a spe-
cial apparatus has been designed, for, unaided, the eye cannot
see them all,

Wolfhugel's Apparatus. A glass plate divided into squares,
each a centimeter large, and some of these subdivided. This
plate is placed above the gelatine plate with the colonies, and
the number in several quadrants taken, a lens being used to see
the smaller ones,

The petri saucers can be used instead of plates, and an appa-
ratus on the Wolfhiigel plan can be obtained to count the colo-
nies, It is best to count all the colonies on the plate or dish,

Varieties Found. The usual kinds found are non-pathogenie,
but, as is well known, typhoid and cholera are principally spread
through drinking water, and many other germs may and do
find their way into the water. Many of the common varieties
give rise to fluoreseence, or produce pigment.

Eisenberg gives 100 different varieties as ordinarily found.
As mentioned before, 2 bacteria to a cubic centimeter, one of
them typhoid, give more danger to a water than thousands of
non-pathogenic ones. When, however, more than 200 bacteria
to the e.c. are found, such a water ought not to be considered
potable, Distilled water forms often a good medium for some
bacteria,

The Examination of the Soil. The upper layers of the soil
contain a great many bacteria, but because of the difficulty in

analyzing the same, the results are neither accurate nor con-
stant. The principal trouble lies in the mixing of the earth
with the nutrient medium ; little particles of ground will cling
to the walls of the tube, or be imbedded in the gelatine, and
may contain within them myriads of bacteria. As with water,
the soil must be examined immediately or very soon after if is
collected, the bacteria rapidly multiplying in it.

When the deeper layers are to be examined, some precautions
must be taken to avoid eontamination with the other portions of
the soil.  One method, very laborious and not often practical, is
to diz a hole near the spot to be examined and take the earth

from the sides of this excavation.
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Frankel's Borer. Friinkel has devised a small apparatus in
the form of a borer, which contains near its lower end a small
cavity, which ean be closed up by turning the handle, or opened
by turning in the opposite direction. .

It is introduced with the cavity closed, and when if is at the
desired depth, the handle is turned, the earth enters the :::wiLj_r,
the handle again turned, incloses it completely, and the borer is
then withdrawn.

The earth can then be mixed with the gelatine in a tube, and
this gelatine then rolled on the walls of the tube after the man-
ner of Esmarch, or it can be poured upon a glass plate, and the
colonies developed so,

Another method is to wash the earth with sterilized water,
and the water then mixed with the gelatine, as many of the
germs are taken up by the water.

The roll-cultures of Esmarch give the best results, many of
the varieties usually found being angrobic.

Animals inoculated with the soil around Berlin die almost
always of malignant cedema, and with that of some other towns
invariably of tetanus. Many of the germs found are nitrogen
formers and play a ereat role in the economy of the soil.

CoxcrusioN. In tracing thus briefly the characteristics of
the more important bacteria, and the various methods used in
studying them, we are conscious of the very superficial manner
in which this has been done. We excuse ourselves, however,
on the ground that this work is but a wedge with which to enter
upon the study, or, for those who do not care to proceed further,
an eminence from which a fair view of the ground can be ob-
tained. In this, its humble mission, we trust it may meet with
BucCcCess,
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CHIEF CHARACTERISTICS

CHIEF CHARACTERISTICS

PART I.—
Name Genns, Biology. Product,
ACETI Bacillus. Short motile rods in | Ferment.
zooglea ; mrobic.
ACIDI LACTICL. Bacillus. short, immotile rods; | . . . . . -
grobic,
ACIDI LACTICL Bacillus. Short, immotile rods. =i alie =
ACTINOBACTER. Bacillus. Tmmotile rods with A
capsule; fagul. ange-
Tob.
ALROGENES. Bacillus. Small motile rods,sin-} . .. ...
gle and in pairs; very
resistant,
MALROPHILUS. Bacillus. Slender rodsin threads;| . . . . . .
immotile; oval
spores; ®rubie.
AGILIS. Micrococcus. Mobile diplococei with | Red pigment.
fine flagella.
ALBA. Beggiatoa. Cocei and spirals with R e
sulphur.
ALBA. Sarcina. Small eoced in packets. | White pigment.
ALBICANS AMPLUS. | Micrococcus. | Large cocei and diplo- e
coOrei.
ALBICANS TARDIS- | Micrococcus. Diplococcei colored by o
IMUS. Gram.
ALBICANS TARDUS. | Micrococcus. | Diplocoeei not motile. : .
ALLIn. Bacillus. Very small rods. Alkaloid pigment.
AMYLIFERUM. Spirillus. Rigid spirilla with e i
gpores; turns blue

with iodine.
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Culture Charncters.

-

Wot lignefy ; membranous
growth.

Not liquefy; small white
points poreelain - like;
slow.

Growth faster than above:
appearance same.

--------

Rapid growth ; round, con-
centrically-arranged col-
onies; not liquefy.

Liquefy rapidly ; small yel-
low-gray colonies,

Slowly liquefying, forming
acone with rose-red color.

R R N T

Slow growth in small white
colonies,

Slowly liquefy; gray col-
onies; growth fairly
rapid.

Small white points, not
liguefying; very slow
growth.

Grows slowly on surface,
the boundary raised;
twice as large as above.

Bright green pellicle on
agar,

ouions,
Water.

Actions. Habitat, Discoverer,
Produces acetic-acid | Air. Kiltzing.
fermentation.
Lactic-acitdl fermenta- | Air; sour milk. Pasteur,
tion; precipitates
Caseine.
Aleohol is formed after | Sour milk. Grotenfeldt,
the lactic-ncid fer-
mentation.
Cauzes fermentation | Air. Duelaux.
with gasand aleohol.
S e Digestive tract. Miller.
T 0ld cultures. Liborius.
6 e aeD Drinking-water. Ali Cohens.
= el alEe Sulphur springs. | Vauch.
T Air and water,
Is colored by Gram’'s | Vaginal secretion. | Bumm,
method,
TR Urethral pus. | Bumm.
------ skin in eczema, Unna,
Tommasoli.
Decomposes albumin. | Green slime of Griffths,

VanTiegham,
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Name,

Genus,

Biology.

NON-PATHOGENIC

Product.

AMYLOBACTER.
AQUATILIS,

ARACHNOIDEA,

ARBORESCENS.

ATTENUATUM.

AURANTIACA.

AURANTIACUS.

AURANTIACUS.

AUREA.

AUREUS.

BALTICUS.

BIENSTOCKIT.
BILLROTHIL

BrRUNNEUS.

BUTYRIC-ACID FER-
MENTATION,

Bacillus,
Micrococeus.

[
|

Beggiatoa

Bacillus,

l- Spirillum.

Sarcina.

Bacillus.
Mierococcus.

Sarcina.
Bacillus.

Bacillus.

Bacillus.

Micrococeus
(ascococcus).

Bacillus,
Bacillus.

i

See Bufrycus, with whi

Very small coeei in ir-
regular groups.

Very thick filaments
containing sulphur;
motile,

Thin rods, with round-
ed ends in threads,
and singly; immotile.

Threads with narrow-
ed ends,

Small cocei in pairs and
tetrads; strongly
mrobie.

Motile, short thick
rods, often in long
threads,

Oval cocei in pairs and
singly ; immotile.

Cocei in packets.

Straight motile rods
lying parallel.

Short rod.

See Putrificus, coll.
Groups of cocei sur-
rounded with cap-
sule: zooglea werobic.
Motile rods.

Large, slender motile
rods in pairs ; SpoTes;
facul. anerobin.

—— =

ch it is identical,

Yellow pigment.

Orange-yellow pig-
ment.

Orange-yellow pig
ment. ;

| Orange-vellow pig-

ment in water, al-
cohol, and ether;
insoluble.

Golden-colored pig-
ment: soluble in
aleohol.

Golden-yellow pig-
ment.

Phosphorescence.

Brown pigment.
Diastase.



Colonies, radiating from an
oval centre like roois:
later on colored yellow ;
slowly liquefy.

------

Rapidly liquefy; little
orange-vellow  colonies,
not growing iu high tem-
perature,

Slowly growing: nail cul-
tures; shining and
orange-yellow; not lig-
uefy,

Itound orange-yvellow col-
onies, mostly on surface;

slow growth; not lique- |

fying.
Liguefy; bright golden
luyer on potato,
Slow-growing, chrome-yel-
low, whetstone in shape;
not liquefy.
Do not liquefy; require
glucose for growth,

Creamy layer on surface
ul gelatin.

LR e T R TR T

Liguefy rapidily ; gray veil
on surface of potato.

------

Casein ppt. and changed
into butyricacid ; am-
monia set [ree.

London Water-
works.

Stagnant water.

Air and water.

Water. -

Water.

Exudate of pneu-
monia,

Water and skin of
BCZema,

Baltic Sea.

Putrid broth.

Maize.
Air.,
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\ Culture Characters. Actions. Hualiitat. Discoverer,
Light-yellow colonies ; ser- S R 01d distilled water. | Bolton,
rated edges.
s oaleie aa =i Sulphur waier. Agardh.

Francland.

Warming,

Koeh.

Francland.

Cohn.

Mace.
Adametz and

Unna,

Fischer.

Cohn.

Schriter.
Hueppe.
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Nae,

BuryRicus

(aniy-
lobacter),

CERULEUS,

CANDICANS
{cand idus).

CAROTARUM,

CATENULA.

CAUCASICUS,

CERASINUS SICCUS.

CEREUS ALRUS,

CEREUS FLAVUS,

CHLORINUS,

CHLORINUS.

CINNABAREUS,

CITREUS.

CITREUS.

CITREUS CONGLOM-
ERATUS.

CLAVIFORMIS.

CHIEF CHARACTERISTICS

Genus,

Clostridium,

Bacillus,
I

| Microcorcus.

| Bacillus.

|
|
|
: Bacillus.

Bacillus.
Micrococcus.

Micrococcus.

Micrococcus.
Bacillus.
Micrococcus.

Micrococcus.

| Bacillus (asco.).

| Microcoeeus.

Micrococcus.

Bacillus
(Tyrothrix).

Biology,

NON-PATHOGENIC

Product,

Thick motile rods en-
larging tor the spores;
obligat, wrobie,

Rods in long chains.
Masses of coeeid,

Threads of rods that
bend in various di-
rections; oval spores.

Motile rods with spores,

Motile rods, with spores
1 each end,

YVery small um—c:i,sinﬁ;ly |

and in pairs; ®ro

Cocei in short chains
and bunches, colored
by Gran.

Straphylo. and strepto.,
and in zoogleu, col-
ored by Gram.

Large rods, motils,
green-colored, due to
chlorophyll; wrobic.

Clocei in zoogloea,

Large oval cocei in
piirs; mrobie.

Straight and bent rods
in bundles; motile.

Large round cocei in
chains of eight and
TOrE.

Diplococeiand tetrads;
erobic.

Small rods; spores; true
auErobin,

Ll

Amyloid substanee,

Blug pigment, not
soluble in water,
alecohol, or acid.

Cherry-red

pig-
ment.

LU T T TR |

Green

yigment, sol-
uble

n alecohol.

Green pigment, s:l-
uble in aleohol
and water.

Brown-red pig-
ment; foul odor.

Citron yellow pig-
nient.

Cream-colored pig-
ment.

i B B B ¥ 4
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Colture Characters.

Not cultivated.

Liquefy ; a deep-blue layer
O POLato.

Notliquely ; nail-shaped in
test-tube,

Rapidly liquefy on surface,
a network centre on po-
tato; round, light gray;
grow rapidly.

On potato; rapidly-form-
ing cherry-red scum, not
developed on gelatin.

Not liquefy; small wax-
like drops: thick gray
layer on potato; growth
rapid.

Not liguefy; dark-yvellow
colonies; wax-like ap-
pearance,

Liquefy; greenish-yellow
colonies,

Yellow-green layer on gel-
atin.

Not liguefly ; slow growth :
bright-red points.

Slow growth; after two
weeks small vellow points
which take variousshapes
on potato; citron-yellow
layer; pgrowth = more
rapid.

Dirty eream-colored col-
onies, which are raised
and moist.

Lemon-yellow colonies.
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Actions, ; Habitat. Discoverer.
Forms butyrie acid in | Air, earth, and wa- | Prazmowski
presence  of lactic | tern and Van
aeid. Tiegham,
...... Water. Smith.
it Airaround old cul- | Fliigge.
tures,
riCn Cooked carrotsand | A. Koch.
beets.
Causes albumin to fer-| Old cheese. Duclaux,
ment.
Ferments milk, pro- Kefyr; grain. Kern.
dueing the kefyr
drink. !
T T e Water List.
e Pus. Passet,
...... Pus. Pazsed,
e Water. Engelman.
S Boiled eggs. Cohn.
e e Air and water. Fliigge.
; Skin in eczema, Unna and
Tommasoli.
...... Water. List.
...... Dust and blenor- | Bumm.
- rhagic pus.
Ferments milk, giving Fermenting albu- | Duclanx.

rise to alcohol,

min.
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CHIEF CHARACTERISTICSB
NON-PATHOGENIC
Name, | Genus. Biology. ‘ Product,
CONCENTRICUM, Spirillum. Thick motile spirals | ......
with flagella; wrobic. |
CORONATUS. l Micrococcus. | Coccisingly and strepto-] . . . . . .
cocel ; wrobie, |
CORYZ X, Micrococeus, Large diplocoecei with | e s T
| rounded ends, the |
| contact surfaces flat. |
| |
CREPESCULUM. Microeoccus. | Round and oval cocei, S
1 singly and in zooglea.
CYANEUS. Micrococcus, | Oval cells. Blue pigment.
| , Pig
CyaNosENUS (blue Bacillus. Motile rods in chains; | Alkali and a pig-
milk). spores ; ®robic. ment  deepened
by acids.
DICHOTOMA, | Cladothrix, Various forms—rods, PR
I spirals, and cocei, in
long threds. |
DIFFLUENS. Micrococens. | Oval coeei ) wrobic. | Fluoreseent  pig-
ment, soluble 1n
witer.
DISTORTUS. Bacillus Motile rods; spores; | Alkali.
(Tyrothrix). mrobic. i
DysopEs. *| Baeillus. Long and short rods; | Anodorresemblin
SpOTES. |  peppermint an
| turpeuntine.
ExporaracoGicus. Spirillum. Dry motile spirals, join-| s w S, yos
ed in peculiar shapes. |
ERYTHROSPORUS, Bacillus. Motile rolz and | Greenish - yellow
threads;spores, slen- | pigment.
der. I
FiGurans | Bacillus. Large motile rods; S
(mycoides). ; spores; long threads;
Erobic.
FILIFORMIS. Bacillus | Short motile rods; [ s s
(Tyrothrix). | spores in one end. |
FIscHERT. -| Bacillog, | @ sosias s | Phosphorescence.
FITZIANUS. Bacillus. Short rods in threads; |
spores as large as the |
rods.
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BACTERIA . —CoNTINUED.
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Culture Charncters. Actions. Hahbitat. Discoverer

Not liquefying; eoncentri-| . . .. .. Putrefying blood. | Kitasato.
cally-disposed colonies;
very slow growth; not |
growing on potato,

A halo formed around the D oo o Alr, Fliigge.
colonies.

White, raised ﬁil_nss*_r col- | No pathogenic action. | Acute coryzal se- | Hajek.
onies, at first like pneu- cretion.
mococei, later culture
flattened ; not liquefying.

............ Siis | Putrefying infu- | Cohn.

sions.

Bluish-green colonies, ] T Cooked potatoes. | Cohn.

Not liquefying;small white | Changes milk to deep- | Airof certain coun-| Fuchs.
colonies, blue color, tries.

Cultivated in infusion of| . . . . . . Water, Cohn.
plants,

Donotliquefy; smallgran-|  , . . . . : Air, Schriter,
ular, vellow, colonies; :
green fluorescence,

........ Milk made viscid and | Air. Duelaux.

casein precipitated.
ST Bread and yeast. Zopf.

o P AL A e Trunk of worm- | Sorokin.
S ] . edaten tree.
oes not liguefy; green cir Ad i

ﬂu:::resct:nce; white col- ].qruﬂ?u'ﬁ.ﬁer’"“g cot
onies. é

Liguefying; root-like pro- o - i
chases dxionding in ptha Garden-earth. Fliigge.
gelatin feather form in
test-tube.

........ Causes cagein to be pre- S SR Ducl
S cipitated from milk. | : i
Not liguefving: requires - f Feri

peptone for growth. & el Berarier:

Transparent on surface: | Produces ethylie aleo- | Unboiled hay-infu- Zopf.

dark centre in the deep;
not liquefying.

hol in meat extract.

sion,

—
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NON-PATHOGENIC

Name. Genus. Biology. | Produet.
Frava. Sarcina. Small cocel in packets. | Pigment.
FrLavus. Bacillus. Small rods; immotile, | Pigment.

Fravus DESIDENS. | Streptococeus. | Coecei and diplococei in | Yellow-brown pig-
chains ; wrobic. mient.

Fravus LIQUEFA- | Micrococcus. Cocel and diplococei in | Pigment.

CIENS. zoogloea, i
Fravus TARDI- | Micrococeus. | Cocei in short chains, | Chrome-yellow pig-
GRADUS, and diplocoeei. ment.
FLUORESCENS FiE- | Micrococcus. Small diploeoeei. | Blue-green pig-
TIDUS. ment : acids turn
red.

FLUORESCENS Bacillus. Short motile rods ; very | Green fluorescent

LIQUEFACIENS, thin. pigment.

FLUORESCENS NIVA-| Bacillus. Short rods; motile. Blue-green  pig-

LIS, . ment.
FLUoRESCENS PU- | Bacillus. Motile rods; short,with | Green fluorescent
TRIDUS, rounded ends. pigment.

FOERSTERL Cladothrix. Threads twisted in ; At
spirals; wvery irreg-
ular. .

FaETipu. Clostridium. |Rodsofvaryinglength;| Strong gas-produe-
very motile; a large| tion; very foul
spore in one end;| odor.
anierobic.

F®ETIDUS. Micrococcus, | See Crepesenfum, with | which it is identi

I UESCENS, Sarcina.

FuLyus. Micrococcus. Round cocei. | .- os s

Fuscus cimpaTUS. | Bacillus. Short rods: very mo- | Brown pigment.
tile; facultatively
angerobic.

FuUsIFORME. Bacillus. Spindle-shaped, with i i
pointed ends.

GENICCLATUS. Bacillus Rods variable length; | A bitter substance.

(Tyrothrix). §poTes.
GIGANTEUS URE- | Micrococcus. | Streptococei in thick : :
THRE, knots.




OF THE PRINCIPAL BACTERIA.

BACTERIA.—CoONTINUED.

Culture Characters.

Actions.

Habitat.

Liguefying.

Liquefying; yellow viseid
colonies; foul odor.

Yellow porcelain-white col-
onies,

Liguefying rapidly; yvellow
colonies.

Softens gelatin;
beads, isolated.

Little button-like colonies
that later on sink in, sur-
rounded by violet-green
color; ligueflying; growth
rapid.

Ligquefying ; white. sunken,
iridescent colonies.

Quickly liquefying; growth
rupid; small white points;
later on, surrounded by
blue-green fluorescence,

Not liquefying; transparent
at first, then green flu-
orescence and urinary
odor.

yvellow

Liguefying ; growth rapid;
small colonies that soon
become filled up with
fluid and assume a spher-
ical form.

cal,

Coniecal rusty-red colonies.

Small  brown colonies,
along needle-track little
branches; not liquefy.,

CN S e T

--------

No growth on gelatin; on
agar, thin drops; nearly
transparent; very slow

rowth: in huui{lnn, a
aky precipitate.

Colors the glacial wa-
ters green.

------

| Vomited matter. 3

Drinking-water.

Adr and old cul-
tures; water.
Air and old cul-
tares: wiiler.

Air.

Post-nasal space.

Water and air; con-
unctival sac.

Inznow and ice of
Norway.

All putrefactions.

Lachrymal canal.

0ld cheese and se-
mm of mice in-
oculated with
garden-earth.

oxerement of horse,
In foul egps,

Spongy layer on
sea-water,

Air and milk.

Normal urine and
urethra.
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Discoverer,

]
Maece,

Fliigge.
Fliigge.
Fligge.

Klamann.

Fliigge.
Schmolek,

Fligge.

Cohn,

] Liborius.

Cohmn.

=eheiben-
zuber.,

Warning.
J Dueclanx.

]. Lustgarten.
|
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CHIEF CHARACTERISTICS

Name,

GRAVEOLENS.

HEMATODES.

HANSENII,

HyacinTH.
Hyarnixa.
[ANTHINUS.
INDICUS.
INTESTINALIS.
JEQUIRITY.

EiHNIANA.

LACTEUS FAVIFOR-
MIS,

LACTIS ERYTHROG-
ENES.
LEPTOMITIFORMIS.

LEUCOMELAENUM.

LINEOLA.

LIODERMOS.

NON-PATHOGENIC

Genus, Biclogy. Product.

Bacillus. Small rods, nearly as | Foul gas.
broad as they are
long.

Micrococcus. Cocei in little zooglea. | Hed pigment.

Bacillus. Medium large rods. Yellow ]ﬂgruent;

1 insoluble.

Bacillus. Short rods in dumb-| . .. . ..

bell shapes.
| Barcina. Round cocei ingroups | . . . . ..
i of 4 1024,

Bacillus. See Bacillus violaeeus.

Bacillus. Short motile rods; no | Scarlet pigment al-
SpOTEs ; angerobin | tered by heat.
facul,

Sarcina. Very regular packets N
of cocel, eight in each.

Bacillus. Medium-sized  rods; | Ferment called
BpOTres. abrin.

Crenothrix. Long threads, breaking| . . . . .
up into cocci. They

! are ensheathed.

Micrococcus. Diplococei; not decol- | . . . . ..

| orized by Gram,

Bacillus. Short immotile rods; | Yellow  pigment

| round ends. and red pigment.

Beggiatoa. Filaments medivm | . ..o

I size,

Spirillum, Two or three spirals;; . . . . ..
dark granular con-
tents; clear spaces

| between.

| Bacillus. Short motile rods imj . . .. ..
' zoogleea, with flagella.

Bacillus. Short motile rods; NS SEy

rounded ends.




e ——————

Culture Charactars.

Liquefying;irregulargray-
ish, later greenish, eolo-
nies, with very foul odor.

Grows best on
egg at 37°C.; red layer.

On potato, a yellow growth
which changes with age.

OF THE PRINCIPAL BACTERIA. 169
Actions, Habitat. Discoverer,
. Skin between toes. | Bordoni-
Uffreduzzi. |
whibe jofil' © L SRy Sweat of man. Zopf.

Liguefving ; oval colonies ;
scarlet-colored.

Coloniesbrick-colored from
oxide of iron.

Not liguefying ; white col-
onies; grow well on po-
tato.

Small, round yellow dots,
later on cup-shaped, with
rose-colored periphery;
liquefying.

--------

Slimy layer on potatoes.

Liguefying: transparen
t?nen thick layer I:m pctr*

tato; like gum,

------

LI TR ST T Y |

Ferment causes oph-
thalmia.

LR B R

Yellow skin
nutrient
B1005.

Slime of diseased
hyacinth-bulbs,

Marshes.

infu-

Intestine of mon-
key.

Intestine of fowls.

Infusion of jequir-
ity bean.

Drinking-water of
wells,

Mucus of wvagina
and uterus,

In red milk and
fmces,
Sulphur waters.

Water over rotting
plants.

Stagnant water.

Air and potatoes,

of |

Rasmussen,

Wakker.

Kiitzing.

Koch.

Zopl.
Sattler.
Rabenhorst.

Bumm,

Hueppe and
Grotenfeldt.

Trévisan.

Perty.

Miiller.

Fliigge.
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CHIEF CHARACTERIBTICS

Name,

LiTORALIS.
LITOREUS.

L1viDUs.

LUTEA.

LUTEUS.
LUTEUS,

LuTEUS.

MAIDIS,

MARSIH.
MEGATERIUM,

MELANOSPORUS.

A ERISMO-PEDI-
OLDES,

MESENTERICUS FUS-
cus (potato).

MESEXTERICUS VUL:
GATUS (potato).

S

Genus.

NON-PATHOGENIC

Biology.

Baecillus.

| Bacillus.

=Sarcina.

Baeillus.

|
Micrococcus.

Bacillus.

; Spirillum.
| Bacillus.

Baecillus.

Bacillus.

Bacillus.

Baceillus.

Merismopedia. | Cocel in groupsof fours,

Micrococcus,

containing sulphur.
| Oval rods, never
| chains or zooglea,

| Medium-sized rods ;
[ motile.

in

Cocei singly and in

fours.

Short immotile rods,
| withlarge oval spores.!

Owal coced.

Diplococel very motile. |

Rods with pointed
ends; very motile;

|  seldom in threads;

oval spores.

See Plicalile,

Large motile
spores; wrobic.

Rods; ®robic.

rods;

Threads of rods which
are  formed from

| cocci-like  spores;
zooglea in packets.

Small motile rods with
spores,

| Thick motile rods in
threads; spores.

Product.

i

Deep  blue-black
pigment.

Pigment citron-

yellow.

Pigment; =oluble
in water; acids
intensily.

l_ Pigment, not acted

upon by acid or
alkali.

Yellow  pigment,
turning brown-
red.

Black pigment, not
act upon by
acids or alkalies.

Iriastase.
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Culture Characters, Actions. Habitat. Discoverer,
; . O e Sen-water. Dersted and
Rabenhorst.
.............. Sen-water. Warming.
Ink-spot at first, slowly S0 D e Berlin Water- Flogge and
liquefving:; blue-violet works. Proskauer.
colored later on; slow
growth.
Notliquefying; littleeleva- | . . . ... Air. . Schriter.
tions; citron-yvellow cen-
tre; yellow layer on po-
tato.
Not liquefying; irregular| . . .. .. Air., Fliigge.
in form; golden-yellow
colored.
Do not lignefying; small| ... ... Air. Bchriter.
eitron-yellow colonies on
potato,
Round, light-yellow ecol- S leain e, Water. Adametz,

onies, growing larger in
a few days; on potato a
slimy covering with
mouldy odor; slowly lig-
uelyving.

Gray points in deep, veil-
like on surface; liguefy-
ing; on potato, a wrink-
led skin of brownish
color.

Yellow irregular masses:
thick layer on potato,

First gray, then black, pel-
licle.

.......

Liquefying; white colo-
nies, ray-like periphery :
brown in}'cl' on potalo,

Yellow colonies, dark cen-
ire, ciliary processes at
periphery ; Lrown Ia;.'ur
on  potato, penetrating
the substance,

Inm solutions of sugar
an aldehyde pro-
duced.

Congulates milk and | Air

forms diastase out of
starch,

In maize and in
pellegra ; feeces.

Cooked cabbage.

Air and potatoes.

Stagnant water.

| Potato,

and old pota-

toes,

Paltaul and
Heider.

De Bary.

Eidam.

Zopf.

Fliigge.

Fliigge.



172

CHIEF CHARACTERISTICS

NON-PATHOGENIC
Name, Genus. Biology. Product.
MESENTEROIDES, Leuconostoeci, | Massesof cartilaginous - :
zoogleea, composed of
rods and cocei; ar-
throspores.
MILLER'S. Bacillus. Delicate rods, slightly S D
curved ; immaotile.
MiNUTA. Sarcina. Cube shaped packets. .
MIRABILIS. Beggiatoa. Very wide threads .
rounded ends and
curled; sulphur gran-
t ules.
1
MuLTIPEDICULOSUS.| Bacillus. | Long, slender rods, S st
1 |
MuLTISEPTATA. | Phragmidio- | Long threads, contain- FEO
thrix. ing cocci which are
not free; they have
no sulpbur, and are
not enclosed in a
sheath.
NASALIS. Mierococcus. Diplococei, motile; also i
streplococel.
NAVICULA. Bacillus. Spindle-shaped rods. Amyloid material
NITRIFICANS. Micrococeus. | Small cocei. Forms saltpetre.
NIVEA. Beggiatoa. | Very thin filaments. AT SR
Nopocus parvus, | Bacillus. Rods formed at angles :
immotile.
OBLONGUS. Micrococcus, | Motilecocei, singly and it e
in filaments ; @robie.
OCHROLEUCUS, Micrococeus. | Coceiinpairsand pack- Yellow pigment.
| ets; spores,
| eonest
i Sarcina. | Spherical, transparent, nE ey
PALUDOSA I Torles docak:
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Culture Charncters.
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Actions,

Habitat.

—

B omow @@ B

Liguefies: not growing on
the surlace,

Grows slowly; reacis to
iodine, turning blue.

a ® # wm owm

Insect-shaped colonies,

LT R Tl TR TR L

-
Grayish points, raised,
opaque; rapid growth;
not liquefying.

= m m R R w

Whue flakes,

Slow growth at 379 C.; in
agar a white line, which
in the centre becomes
porons.

Grows best in cultures to
which glucose and am-
moin, tartrate have been
added,

I.alqlual}'m ; slow growth;
thin yellow memhrnur
sulphurous odor,

W W R

Converts molasses into
a gelatinous mass.

Causes gluconic fer-
mentation.

Beet-root juice.

Caries of Leeth.

Sour milk.

Sea-water,

FPotatloes,
Sea-waler.

| Nasal space and se-

cretion.

Fotatoes.

. Soil.

Sulphur waters.

| Urethral seeretion.

' Beer.

Urine.

Water from sugar-

lactory.

Discoverer.

Cienkowski.
|
|

I- Miller.
| De Bary.

Cohn,

Fligge

1
i

Hack.

i Reinke and
Berthold.

i VanTiegham.
Rabenhorst.
Lustgarten.

Boutroux.

Prove,

Schriter,
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Name.

PASTEURIANUS,

PrricrEmr.
PHOSPHORESCENS

GELIDUS,

PHOSPHORESCENS
INDICUS.

PHOSPHORESCENS,
North Sea.

PHOTOMETRICUS,

PLICATILE,
PornyMYXa.

PRODIGIOSUS,
PROTEUS MIRABILIS,

ProTEUS WUL-
GARIS,
ProTEUS ZERKERI

PaguDo-DIPHTHE-
RLE,

PUTRIFICUS COLI,

PYOGENES TERUILS,
RapraTus.

Raprarus.

CHIEF CHARACTERIBTICS

Grenus,

Biology.

NON-PATHOGENIC

Product.

Bacillus,

Bacillus.
Baeillus.
Bacillus,

Bacillus.

Bacillus.

Spirillum.
Clostridium,.

Bacillus.

Bacillus.

Bacillus.
Bacillus,

Bacillus.

Bacillus.

| Micrococeus.
| Bacillus.

i
Streplococcus.

Differs from baeil, aceti
in that the cells con-
tain an amyloid mat-
ter.

Short rods in threads.

Motile; round, short
rods; wrobic.

Large motile rods.

Motile rods.

Motile, red-colored
rods.
Lon motile, thin

spirals; round ends.
Maotile rods in threads
with spores.

Short motile

: rods;
wrolbic,

Very motile, short rods;
erobic.

Rods sometimescurved,
as spirillun:,

Motile rods.
=mall rods, similar to

the true bacillus; in-
motile.

Slender motile rods;
long threads; spores.

Motile rods with round-

ovil spores.

Small coeci in chains.

el ends; anmrobic

Phosphorescence.
Phosphorescence.
Phosphorescence.

Phosphorescence.

Sulphur and red
Egment caused
y light.

L NI AR T

Amyloid, colored
blue by iodine,
Red pigment, sol-
uble in alcohol
trimethylamine.

------

Strong - smelling
gas.
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BACTERIA.—CoONTINUED,

Culture Characters,

Aptions.

--------

Not lignelg; requires glu-
cose; grows well on polato.

Mot liquefying; grows best
with glucose and =alt.

Liguelying; grows best at
30° C.

Liquefying; colonies look
as il punched out; grows
best at 15° G,

Movements depend upon
light.

Thick skin on potato.

Little red colonies; lique-
fying rapidly ; especially
abundant on potatoes,

Liguefying slowly ; opaque
centre, drregular jpro-
Cesses.

Liguelying quickly.

Notligueflying; thick white

layer un potato.

Grows at ordinary tem-
perature, rapidly form-
ing on surface a brown- |
ish growel ; pin-head
colonies raised above sur-
faece; not liquefying,

=

-----

(hinagar, a glassy growth,

Liquefying; growth rapid;
L'Ili}li.IIlIE."!-i ke  moulds,
From  centre radiating |
in all directions and
throughthe pelatin ; the
air must be excluded.

Liquefving; white colonies |
with Freenigh tinge ; fun- |
nel-shaped in test-tube, |

® % = & & ¥

------

w Bk F 0w

Causes fermentation in
dextrin zsolutions,

......

Mot virulent.

Decomnposes albumen.

£

Not pathogenie.

Habitat.

Heavy beers,

Putrid meat and

fish.
=alt fish.

Tropical seas.

Water around Kiel.

Stagnant water.

ISR S L ]

Bread and
toes.

pota-

Putrefaction.

Putrefaction.
Putrefnction.

In diphtheritie
membrane and
pormal pharynx.

Human feces,

Closed abscesses.,

In serum of white
mice inoculated
with earth.

Air,

175

Idiscoverer.

Hansen.

Ludwig.
FFirster.
Fischer.

Fischer.
Engelman.

Ehrenberg.
Prazmowski.

Ehrenberg.
Hanser.

Hauser.
Hauser.

Wellenhof.

Bienstock.

| Rosenbach.

Lilderitz.

Fliigge.
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CHIEF CHARACTERIBTICS

NON-PATHOGENIC

Name. Genns, Biology.

RAMOSUS LIQUEFA- | Bacillus, Motile rods.

CIENS.

REITENBACHIL Merismopedia. | Cocei in packets or
plates ; colorless eell-
wall conlaining chlo-
rophyll.

ROSACEUS. | Micrococeus. Large cocei in pairsand
tetrads,

RosEA. Sarcina. Spherical cocei in cubi-
cal packets.

ROSEA PERSEINA. | Beggiatoa. [Lc:ug rods with coecci-
shaped bodies in
thein, containing sul-
phur and a red pig-
ment.

Rosgum. Spirillum. Very short curved rods;

A motile and spores.

RUBER. Bacillus. Motile rods in groups.

RuBRUM. Spirillum. Motile; short spirilla;
mrobic.

Rurum. Spirillum. Long motile spirals.

RUGULA. Spirillum Motile rods, in long

(vibrio). spirals, singly and in
chains, with flagella
and spores ; anmrobic.

SAPROGENES. Bacillus. Large rods, terminal
spores; facultatively
anmrobic.

SCABER. Bacillus Short motile rods in

(Tyrothrix). chains; spores; wrobic.

SCHEURLEN'S, Baeillus. Short motile rods;
sSpores.

SEPTICUS. Bacillus. Non-motile rods in
threads and spoves;
angerobie.

SERPENS. Spirillum. Long, lively threads,
with three windings, |

Piodinct.

—— —— e — S

,,,,,,

Red pigment.

| Pigment ealled bae-

terio-purpuriu.

Pigment soluble in
aleohol.

Brick-red pigment.
Pale-rose pigment.

Red-rose pigment,

......

Tyrosin and leucin
are formed.

------

o

e

TR
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BACTERIA .—CoxTINUED.

Culture Characters.

177

Actions.

Liguefying; concentrical
colonies; funnel-shaped
in test-tube.

Not liquelying; small red
knobs, with frecal odor.

Not liquefying; thick vio-
let colonies; deep red on
potato,

Not liquefyving ; grows slow-
Iy ; pale-rose colounies,
Liqueflying rapidly ; round
vellow dots with zone;

fiecal odor.

Grows slowly ; foul odor.

e e o Tt e

Growth best at 39° C,;
slowly liquefying on po-
tato; a yellow, wrinkled
skin, underneath which
o red color.

;;;;;;

Cauzes cellulose to fer-
ment.

R I TR |

I Discoverer.

Habitat.
Air. | Fliigge.
...... Caspary.

Air. Fliigge.
Marshes. Schriter,
Marshes. Zopf.
Blennorrhagic pus. | Mace.
Boiled rice. Frank,
Dead mice, Esmarch.
Stagnant water. Perty.
Vegetable infu- | Miiller.

sions and tartar

of teeth,
Putrefaction. Rosenbach.

e Duclaux.

In ecarcinomatous | Scheurlen,

and normal mani-

1118,
Putred blood, Klein.
Stagnant water, Miiller,
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CHIEF CHARACTERISTICS

Name, Genus, Biology.
BIMILIS. | Bacillus, | Immotile rods; trans-
- parent spores.
SPINOSUS. | Bacillus. Large motile rods;
spores; true angero- |
bin.

SUBFLAVUS, | Mierococeus,

SUBTILIFORMIS, Bacillus,
Suprinis (hay ha- | Bacillus.
cillus).
!
SYNCYANEUS. I Bacillus.
SyxxaxtaHUS (vel- | Bacillus.
low milk).
TENULE. Spirillum.
TENUIS. Bacillus
(Tyrothrix).
| :
TERMO. | Bacillus.
TREMULUS, Bacillus.
TUMESCENE, Barcillus.
TURGIDUS, Bacillus
(Tyrothrix).
ULNA. Bacillus.
UNDULA. | Spirillum.
URE®RE, Bacillus.
RN =, Sarcina.

Diplocoeri colored by |
Gram's fluid.

Immaotile rods in
threads; transparent
SpPOTes. |

Large motile rods, three

times longer than
broad, in threads,
with flagella and |

spores; erobic.
Same as Cyanogenus.
Short, thin motile rods.

Large motile spirals
with flagella.

Motile rods in

long
chains; spores.

Short motile, cocei-like

rods in zoogloea,

Maotile rods with flagel-

la and large round
SPOTES,

Short rods with spores.

Short immotile rods in
long chains; spores;
erobiec,

Very large rods in
chains and singly;
not very motile; large
SpOTEes.

Long motile spirals,
with flagella.

| Short  rods;

SpoTes ;

mrobie,

Small cocei in l'::milies.‘

NON-PATHOGENIC

Product.

------

Yellow pigment,
soluble in water:
similartoaniline
eolors,

Carbonate of am-
moniun.

------

Ferment, propyla-
mine.



OF THE PRINCIPAL BACTERIA.

BACTERIA.—CoNTINUED.

Culture Charactoers,

Girows rapidly.

Liguefying; spiny
ery; foul odor
methylmercaptin.

Liguefying ; vellow dots.

qéripl]-
due to

Grows best at 37° C.

Liquefying ; gray centre,
wreath-like horder ; thick
layer on potato.

In boiled milk a vellow
pigment is formed,

Liquefying; opaque cen-
tre, vellow layer next,
and the periphery lobed ;
funnel-shaped in test-
tube.

.......

On boiled carrots a wrin-
kled gelatinous disk.

A pellicle formed on sur-
face of milk; a heavy
precipitate beneath.

On hoiled egg little Z00g-
leea,

Ry g mea g

Resembling a globule of
fat; grows well in mu-
cous urine.

179

Actions,

Iabitat,

——n

Albuminous decompo-
sition.

| Precipitates  casein;
forms a pellicle on
milk.

Splits urea into am-
monii carbonas.

Human f{eces,

Garden-earth.

Vaginal seecretion
and lochial dis-
charges.

Human fieces,
Soil and dust, hay,

etle.

Boiled milk
putatoes,

and

Stagnant water,

|
Fermenting cheese
and milk.

Connected  with
putrefaction of
plants.

FPutrefying plants.

Boiled carrots,

Fermenting milk
and cheese,

Putrefving waler
and boiled eggs.

Vegetable infusions.

Stale urine.

Bladder.

Discoverer.

Bienstock,

Liideritz.

Bumm.

Bienstock.

Ehrenberg.

Ehrenberg.
Ehrenberg.
Duelaux.

Dujardin,

Zopf.

Duelaux,

Cohn.

Miiller,

Miquel.

Welcker.
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Namea,

TROCEPHALUS.

YENTRICULA.

YEXTRICULI.

VERSICOLOR.

VIOLACEUS.

YVIOLACEUS.

YIRENS.

VIRESCENS.

VIRGULA.

VIRIDIS.

VISCOSUS.

W ISCOSTS.

YVITICULOSOS,

YVOLUTANS.

FoPFI.

-—

Genus,

Biology.

NON-PATHOGENI(

Product,

Baeillns
(Tyrothrix).

| Sarcina.

Bacillus,

Micrococcus.

Bacillus.

Bacillus.

Bacillus.

Bacillus,

Bacillus
(Tyrothrix).

Bacillus.

Bacillus.

Micrococcus.
Microconccus.,

Spirillum.

Bacillus.

Cylindrical motile rods :
with spores; an@ero- |
bie.

Cubiecul packets of 8 to
64 cocei.

Bods motile, often in
bundles of four.
Small coeci.

Motile rods, round end ; |
SPOTES.

Immotile rods, forming
large spores.

Straight rods; spores;
immotile; green
tinged.

Short motile rods with
flagella very broad.

Slender immotile rods;
spores wrobic.

Little immotile rods; |
oval spore, which is
tinged green.,

Motile rods, rounded
ends, usually in pairs.

Streptococei of globular
i |

Oval cocei in large
groups.
Long spirals with
flagella.

Long motile rods,break-

ing up into spores
like cocei.

o m

Violet pigment, sol-
uble in alcohol.

Yiolet

Figumnl-.
like anili

ne.

Supposed to con-
tain chlorophyll

Deep-green  pig-

ment, turning
vellow-brown.

R TR TR D

Green pigment.

Gummy substance,
called viscosa, a1.d
ferment.

IR T Tt T T
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Cultare Characters,

Actions,

Hahitat.

Not liquelying.

Round colonies with dark
centre ; slow growth ; not
liquefying.

Not liguefyving ; iridescent
vellow surface.

Not liquefying ; centredeep
violet; color remains on
agar a long time.

Liquefying; transparent
colonies, surrounded by
violet zone,

Deep round colonies; the
vicinity colored green;
grows on surfuce; slow
growth; not liquefying.

Rapid growth, liquefying;
small hair-like processes
from colonies; later on,

viseid and in threads, |

with green fluorescence.

Mot liquefying; a fine net-

work in the colony ; mu-
coid layer on potato.

B CR Ry

Not liquefying; forms thick
coils like braided hair,

Peptonizes albumen.

Mucoid fermentation
in wine and beer.

------

......

Discoverear,

e

Fermenting milk. | Delaux,

Contents of stom-
ach.

Stomach of dogs
fed on meat.
Air.

Water.

Boiled potato and
water,

Stagnant water,

Green sputum,.

Milk.,

Water,

Water and earth.

Beer and wine.
Air,

Marshes,

Intestinal contents
of fowls,

Goodsir.

Raeczynssky.

Fliigge.
Zopf.

Schriter.

VanTiegham.

Frick,

Duelanx.

VanTiegham.

Franeland,

Pasteur,

Fliigge.

Ehrenberg.

Kurth,
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CHIEF CHARACTERISTICS

PART IT,
Namop, Ganns, Biology Product.
Acure  YELLow | Micrococcus. | 0 .. .. .. T
ATROPHY.
ALVEL Baeillus. Rods with large spores. Sy
AMYLIVORUS. Micrococcus. D”S _cells, never in | Formsbutyricacid
chains,
ANTHRAX. Bacillus. Straight rods, slightly | Toxalbumin.
concave ends ; immo-
tile; mrobic; spores,
ARTICULORUM Micrococeus. | Oval eocei in lon e e
(diphtheriticus). chains, identical with
pYogenes,
Biskra Born (Alep- | Micrococeus. | Coeci united often in S Sy b
po boil). large numbers; im-
motile; capsules
| aronnd diplocoeei.
BoMBycCIs. Micrococeus. | Oval coecei in chains| . .. . ..
and zooglea; motile.
Buccaris. Leptothrix. Long threads in thick o e @
bundles, containin
masses of cocel an
spirals. . *
CATTEE PrLAGUE| .. .« + See Hwemorrhagic Septi | cemin and  Swine
(Texas fever). : i .
CAVICIDA. Bacillus. Little rods twice aslong | Propionic acid
as broad, through decom-
position of sugar.
CHAUVEL (symp- | Bacillus. Large rods with a spore | Toxalbumin,
tomatic anthrax), at one end, assuming
{ Rauschbrand). the clostridinum type;
motile: never in
threads ; true anero-
bin. S A
CHOLERA ASIATICE | Spirillum, Motile spiral-shaped [Ptomaine-like mus-

rods, often in chains; |
very short flagella on
ends. and strictly
werobic; spores have
not been found.

earine: and tox.
albumin, soluble
in water.
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e

Culture Characters.

Liquefying; pgrowths ra-
dinting from centre
downward; on potato a
dry vellow layer.

Ligquefying:; granular col-
onies with irregular bor-
der; on potato a dry,
creamy layer; in test-tube
a thorny, prickly track.

Lirows wellon gelatin ; pale-

riy colonies; not ligue-
yving; slow growth on
potato.

Liquefying; light-yellow
colonies; grow quickly.

Plague,

Not qu}unl‘yin ; irregular
scale-like colonies, mak-
ing the gelatin viscid.

Liguefying ; opaque centre
with ragged periphery ;
in test-tube growth be-
low, with gas formation.

Liquefying slowly, small
depressed sears giving
a frosted appearance, or
like ground glass; on po-
tato, a thin brown layer;
in test-tube, a funnpel-
shaped liquefaction, with
a bubble of air in the top,
the funnel taking six or
seven days to form well.

Actions.

Habitat.

—_—

R TR T

Produces a disease in
“ foul

bees  enlled
brood."

3 I:"ire-hligllf. " in pear

Lrees,

Causes splenie fever in
puimals; malignant

pustule in man,

Fatal in mice and rab-

hits.

Produeces the Aleppo or
Biskra boil, common
in Africa and Asia,

Causes “ flacherie” in

silkworms,
Causes dental caries.

Kills gninea pigs.

Causes “black leg,” or
Rauschbrand, in cat-

tle.

Causes cholera Asiatica
In man and a similar
trouble in animals,

—

e

Liver of vellow
atrophy.

Larve of bees.

------

Found in tizssues
and excreta of

diseased animals,

Mucons memhbrane
of diphtheria.

Blood of the dis-
ense.

Intestines of silk-
WOTTS,
Teeth slime,

Human feces.
Animalz

with disease,

Feces of cholera
patients,

Discoverer,

Eppinger.,

Cheshire and
Cheyne.

Burrill,

| Rayer and
Davaine,

LiMer
Cohn.

and

Dueclaux and
Heyden-
reich,

Béchamp.

Robin.

Brieger.

affected | Arloing, Car-

nevin, and

Thomas,

' Koch.
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CHIEF CHARACTERISTICS

PATHOGENIC
Name, Genus. Biology. Product.
CHOLERA  GALLI- | Bacillus. Immotile, cocei-like | Toxalbumin.
NARUM (chicken rods ; without spores;
cholera), strictly wrobic,
CHOLERA NOSTRAS | Spirillum. Motile, comma-sha e it
(Finckler). rods; strietly mrobic.
CoL1 COMMUNIS. Bacillus. Short motile rods, el Pt S
slightly curved,with-
out spores; faculta-
tively anmrobic.
CrassUs  spuTIG- | Bacillus. Short, thick rods with T
ENUS. rounded ends.
DECALVENS, Micrococeus. | Spherieal cells in great O
numbers.
DENTALIS  VIRI- | Bacillus. Slightly curved rods, | Gray pigment.
TANS. round ends.
DIARRH®EA OF IN- | Bacillus. Motile, medium-sized | Toxalbumin.
FANTS. rods ; spores; mrobic.
DIARRH®EA OF Bacillus. Rods in groups of two i
MEAT-POISONING. and singly; round
ends; spores. ‘
Z, Baceillus. Immotile, middle-sized  Toxalbumin.
DEETRESS rods, rounded ends ;
facultat. anwrobic.
DIFHTHERIA oF | Bacillus. Long rods in threads. :
Canvis  (Vito-
lorum). : A
Dlﬁﬂmisnu 1% | Bacillus. | Short rods in groups. | .+ . .. oo
PireEoxs (Colum-
barum).
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Culture Characters.

Actions.

Habitat.

Discoverar,

Not liguelying ; small iso-
Inted white disks ;in test-
tube, o granular track;
very faint.

Liguefying rapidly; col-
onies vellow-brown thick
miasses : in test-tube, fun-
nel formed in 24 hours,
dissolving all gelatin in
two days; profuse gray
mass on potato.

Not liquefying; dark cen-
tre, undulated periphery;
green-colored layer on
potato; milky layer on
surface of test-tube.

Not liquefying; oval gray-
ish, slimy colonies; nail-
shaped growth in test-
tulbe,

Not liquefying; round,
sharply - outlined col-
onies, with bluish-gray
opalescence.

Not liquefving; green col-
onies with foul odor,

||

Mot liquefying; little yel-
lowish colonies; a mem-
branous layer on potato.

s @ ALeE W

Whitish patches.

Causes chicken cholera
in fowls; not acting
011 man.

Harmless in man ; fatal
to guinen pigs.

Fatal to guinea pigs
and rabbits; causes
diarrheea in man.

Mice and rabbits die in | Sputum,

48 hours with
enteritis.

gastro-

Causes alopecia areata. | In roots of hair.

F-E|I:ti-:= processes and
death in mice and
pigs.

Canses green diarrhoea
in animals when in-
travenously injected,
and i3 the cause of
green diarrhea in
infants,

Causes death in ani-
mals, with symptoms
of septioemin,

Gives rise todiphtheria
In mian and animals,

When inoculated in

mice causes death,

Necrosis in pigeons and
other animals.

Blood and feces of
diseased fowls.

Fmces of cholera
nostras and caries
of teeth.

Fweces of nursing
infants: water;
choleraic stools.

In caries of teeth,

Fmeces of inlants
suflferin Irom
green diarrhoea.

Blood and juices of
choleraic diar-
rhea.

Diphtheritic exn-

ate,

e

Diphtheritic mem-
rane of calf,

Diphtheritic mem-
branein pigeons,

Pastenr.

Finckler and
Prior.

Escherich,

Kreibohm.

Thin.

Miller.

Lesage.

Klein,
Lifller.

Liffler,

Lifler.
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CHIEF CHARACTERISTICS

PATHOGENIC
Name, Genus. Biology. Produet.
Duck CHOLERA. | Bacillus, Similartochicken chol- . 4 e 8
| era bacillos; immo-
tile.

DysENTERY (epi- | Bacillus. Short motile rods ; very e
demic). thin.

ERYSIPELAS OF | Bacillus. Small, slender motile |Two vaccines, which
Swine(Rothlauf; rods; facultatively | give immunity.
rouget du pore). 1 angrobic.

Fmripus ozxExE, | Bacillus. Short rods, very mo- | Foul gas.

tile; in pairs and
chains.
FRroG PLAGUE. Bacillus. | See Swine Plague. = S

(FANGRENE.

GIGANTEA.

GINGIVE
ENES.

PYOl3-

GLANDERS

(Rotz,
Mallei).

GoNORRH@EA (Gono-|
coceus).

GRrOUSE DISEASE.

HaEMATOCOCCUS
BOYIS.

HEMOPHILIA KEOD-

| Mierococcus,

Leptothrix.

Baeillus.

Baeillus,

Bacillus.

Diplococcus.

NATORUM.

Micrococcnus,

Micrococcus.

Owval eocci in zooglea,

Long rods, cocci and
short rods in one;
thread also spiral.

Short thick rods with
rounded ends,

| 8lender, immotile rods,
usually singly; spores;
facultatively anero-
bie.

| Diplococei kidney-
shaped; motile; do
not eolor with Gram.

Small rods and u_ml
cocel in chains; im-
motile,

Coeeci seldom in chains;
surronnded by a pale
Zone,
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Actions,

Habitat.

Diiscoverer.

Small round yellow col-
onies like wax-drops; not
liguefying. .

Not liquefying: concentri-
callv-arranged colonies;
dry yellow membraneg on
potato.

Very delicate silver-gray
cloudson the gelatin, like
bone-cells; not liquefy-
ing; in test-tube a very
faint elouding.

Small greenish colonies
which soon become ligue-
fied and indistinguish-
able; a foul odor pro-
duced.

........

Grayish colonies with foul
odor.

Growth rapid; liqueflying;
round colonies, visible to
naked eve in 24 hours,

Light vellow, like honey,
colonies, turning red-
brown in a few days.

Grow on blood-serum.

Notliquelying ;small scales |
which turn gray in a few
days, the edges serrated.

Best at 35° . : not liguefy-
ing; small white points;
sparse growth on potato;
transparent.

Fatal for ducks, but not
for chickens or pig-
eons;lessactive than
chicken cholera ;
causes diarrheen and
exhanstion.

The cause of epidemic
dysentery in man;
enteritis in guinea
pigs.

Causes erysipelas in
swine and other ani-
mals ; the German
“ Rothlauf,” French
“rouget du pore.”

Mice are killed by in-
jection; rabbits af-
fecled with progres-
Sive gangrene,

------

Crauses earies of teeth.

Fatal tomice, with sep-
Lic processes.

Glanders is caused by
the bacillus in man
and animals,

Gonorrhen in man.

Fatal for miece and
guinea pigs.

Fatal for rabbits and
rats; hypermmia of
lungs and spleen;
blood - exundate in
peritoneal cavity.

Supposed to be the
cause of the disen=ze.

Blood of diseased
ducks.

In freces and mesen-
teric glands.

Blood and organs
of diseased ani-
mals.

Secretion of per-
sons  suffering
{rom oZmEna.

Gangrenous tissue.

Diseased teeth of
animals.

Suppurating pulp
of tooth,

In epithelium and
ulcerated glands.

Gonorrheeal pus;
in pus-cells and
epithelinm,

In blood and or-
gans of diseased
Erouse,

Blood and organs
of animals dis-
eased with hemo-
globinuria.

Found in this dis-
Base,

Cornil  and

Toupet.

Chantemesse
and Widal.

Lifler.

Hajelk.

Eberth,

Miller.

Miller.

LofMer.

Neisser,

Klein,

Babes.,

Klehs.
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CHIEF CHARACTERISBTICS

W

PATHOGENIC
Kame. Genus, Biology. Product,

HEMORRHAGIC Bacillus, Short rods, twice as A mE
SEPTICEMIA (In- long as broad; im-
fectious Pleuro- motile.

neumonia, Wild
Mlague, German
Swine Plague,
Cattle Plague,
Steer Plague, Rab-
bit Septiceemia).

Hos CHOLERA Bacillus. Very motile oval rods,  Peptonizes milk
(Swedish swine similar to hesemor- | without coagula-
plague). rhagic septicemia. tiom.

[NSECTORUM. Micrococcus. Oval cellsin chainsand | T Teea e

zoogleen ; streptocoeei.

LACTIS ZEROGENES. | Bacillus. Short, thick immotile : .

rods,

LEPRE. Bacillus. Slender, immotile rods | . . . . . .

with pointed ends.

LIQUEFACIENS CON- | Micrococeus. | Single coeci; never in ‘v w -
JUNCTIV.E. threads.

Luprus. Bacillus. Spme as Tuberculosis.

: Bacillus. Rodsin filaments, with i

ATARTA spores at euch'end;

| robic.

MaricNaANT(EDEMA Bacillus. Large, slender rods, Soluble vaccine.
{Gﬂngreugu_:} HEP | I'Olllll']Ed ends, U-rl:EH
ticemia, Vibrio in threads; motile,

EpOTes ;- strongly
anarobic.
= WE- L[icrﬂmcﬂlls. D'ﬂll (:D-Dl:i il:' ﬂilﬂi'ﬂﬂ; ¥ B B 8 & ®
MammiTis OF Co L re Eoctiols * TacnL

tatively an®robic.
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Actions.

Hahbitat.

Discoverer.

White isolated pinhead
points, not gmwinog ol
potato; best at 379 C.;
not liguefying.

Very good growth on gel-
atin and potatoes; a yel-
low-brown color.

Small poreelain-like disks
with depressed centre:

funnel-shaped in test-
tube with gas,
On blood - serum  round

white plaques with ir-
regular borders.
Liquefying; growth rapid;
colonies on surface, with
little radiating branches
from adark centre; those
in deep, berry-shaped.

= F & @& @ om

Liguefying; thick centre,
radiating periphery; in
high eulture in test-tube,
gas-bubbles arise, with
toul odor.

Not liquefying;
round granular colonies;
rowsslowly;in test-tuhe,

S

heavy deposit along the |

needle's track,

I

A disease having dif-
ferent names in dif-
ferent animals, cha-
racterized by cedema,

hemorrhage, and
septicemia.
(In experiment, ani-

mal’s death in four

to eight days: bae- |

teria in little emboli
in eapillaries.
A contagious disease in
the chinch-bug.
Fatal to guinea pigs
and rabbits; coagu-

lates milk; decom- |

poses sugary solu-
tions.

Causes leprosy in man
and animals.

On cornea of rabbits
causes slight cloud-
ing.

Produces fever in man
and animals.

Animals quickly die
with extensive gan-
grene and wedema.

brown, |Causes contagious mam-

mitis in cows ; coagu-
lates milk.

Blood and serum of
diseased animals,

Notspread through |

tizssue, but in ca-
pillaries of dis-
ensed swine,

stomach of chinch-
bug.

Feeces of nursing
infants and of
cholerine.

Leprous tissue,

Normal human
conjunctiva.

Blood of malaria
and air of ma-
larial districts.

Garden-earth,

Mammary gland.

Hueppe.

Salmon and
Selander.

Burrill.

Escherich.

| Hansen.

Gombert.

Klehs and
Tommasi-
Crudeli,

Fasteur,

Nocard and

Mollereau,
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PATHOGENIC
Name, Genus, Biology. Produet.
MAMMITIS OF | Micrococcus. | Streptococei and in! 0 ., .. ..
SHEEP, { fours.
MTSCHNIKOWL Spirillum AMotile spirals with An alkaline wvac-
(vibrio). flagella; werobic. cine which will
cause immunity.
MORBILLI. Micrococens. | Round motile cocei and Gl
| diplococei.

NEAPOLITANUS. Bacillus. Small immotile rods, Produces acids in
with rounded ends: | gelatin cultures.
no spores; faculia-
tively anerobic.

NOME. | Bacillus. Swall rods, with round- T
ed ends, growing of-
ten in long threads.

OxyToCUS PERNI- | Bacillus. Short rods with round S e i

CIOSUS. ends.

PERTUSSIS. | Bacillus, Very thin rods ; motile; ot
spores.

PreEvMoNta (Pneun-| Bacillus. Short, immotile rods, Tty i

mococeus of Fried- singly or in diplocoe-

linder). ¢i, surrounded with
capsule; no spores;
not colored with
Gram; facultatively
anmrobic,

PNEUMONIA (Pneu- Bacillus, Short, oval rods, often . .

mococcns of Frin- in chains; immotile;
kel; Micrococcus no spores; in the tis-
of ll’usteur'_h sue surrounded with
capsule, colored with
Giram: facultatively
anErobic.
PXREUMONICIS Bacillus. Short, thick motile rods| . s
AGILIS. In pairs.
i - roul gas
78 sEpTICUS. | Bacillus. Slightly curved rods, Foul g

EROTEDE 2 swelled in portions,
sometimes in long
threads ; motile.
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Actions,

Habitat.

— ==

Liguefying; round centres
with zone of liguelaction ;
cone-shaped in test-tuba.

Grows quickly: colonies,
some like cholera Asiat-
ica, others like cholera

Mot liquefyving ; thin pearl-
like seales in several lay-
ers; wrinkled and mu-
cous layers on potato.

Grannlar spherieal colonies
in the deep, flat on the
surface; not liquefying;
growth rapid; best ut 35°
X -

Small yellow granular col-
oniez; nail-culture in
test-tube.

Not liguefying ; thick yel-
low culture on potato.

Does not liquefy; grows
quickly; a button-like
colony; in test-tube, as
if a nail driven in the
gelatin with head on sur-
face,

Does not liquefy; grows
slowly ;s small, well-de-
fined miasses; in test-tube,
little separate globules,
one above the other,

Liguefyving ; dark granular
colonies; thick sediment
in test-tube,

Growth rapid ; liquefying ;
colonies have foul odor,
aresmall, thick branches,
but soon all liquid,

Causes contagious gan-

grenous mammitising

sheep.

Causes vibrion septi-
CiEmia in guilea pigs
and pigeons,

Supposed to have an
intimate connection
with measles,

Causes death in some
gnimals; not
cause of cholera.

No action on mice or
rabbits,

Intravenous injection
causes death in mice
and rabbits; turns
milk acid.

Said to be constantly
present in whooping
cough ; injected into
trachea of young
dogs, it produces
broncho-pneumonia.

An accompaniment of
pneumonia, not a
cause; animals not
affected.

Causes pneumonia in
man, septicemia in
animals; also serous
inflammations in
man, as pleurisy, per-
itonitis, ete.

Pneumonia in rabbits,

Fatal for mice in one
to three days.

the |

| Found in the milk
of diseased sheep,

| Freces of lowls.
Urine, blood, and
catarrhal exuda-

Cholera epidemic
of Naples, 1884,

In necrotic tissue
of noma.

sour milk.

Phlegm of whoop-
ing cough,.

Pneumonic  and
other sputum,
and lung tissue.

Sputum of lung af-
fections and se-
rous inflamma-
tioms,

From rabbits' pneu-
monia,

From a child dying
of intestinal gan-
grene.

tions of measles. |

Discoverer.

Nocard.

Gamaleia.

Keating.

FEmmerich.

Sehimmel-
buseh.

Wyssokow
itsch.

Afanassieff.

Friedlinder.

A. Frinkel.

Schon.

Babes,
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CHIEF CHARACTERISTICS

Name.

PsEUDO-PRNEUMO-
MNIA.

Ps1TTACL
CLOEUS).

Pyocyanus.

(perni-

PYOCYANEUS B.

PYOGENES (Strepto-
coccus eryvsipela-
tis—Fehleisen).

PYOGENRES ALBUS.

PYOGENES AUREUS
{micrococeus ol
osteomyelitiz—
Becker).

PYOGENES CITREUS,

PYoGENES FETIDUS

PYOGENES TEXLIS.

Raries (Hydropho-
bial.

RELAPSING FEVER
(Obermeier).

Genus,

| Bacillus.

: Micrococcus.

Bacillus.

Baeillus.

Micrococcus.

Micrococeus,

Micrococcus,

Micrococcus.

.| Bacillus.

| Micrococcus.

Bacillus.

Spirillum.

Biology.

Immotile, very short
rods with capsule.

Streptococei and zoog-
loza.

Thin motile rods; fa-
cultatively anerobie.

Forms a brown-yellow
pigment ; otherwise

:- Streptococei and zoog-
| leea.
I

Staphylococei

| streptococei ;

tatively anmrobic.

| Staphylococei and zoog-
lea; facultatively
angerobic.

aud

Same as Pyogenes au-
TEUS.

Short motile rods in
pairs.

Cocei without definite
| arrangement.

Very thin rods.

Long, wavy spirals;
motile.

identical with above, |

PATHOGENIC

Product.

Pyoeyanin, & non-
poisonous  pig-
ment.

facul- |

| Ptomaine, toxal-
bumin, and pig-
ment.

Ptomaine, which
gives immunity
when inoculated,
and cures.

e R "L AR
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\ Culture Characters, Actions. Habitat. Discoverer,
Not liguefving: thick glis- | Septicemia in mice; | From pus. Passet.
tening brownish layer on abscess in  guinen
potatoes, Tigs.
........ Causes disease in gray | In blood of par- | Wollf.
parrots, rol’s disease,
Ligquefying; large, flat col- | Fatal for animals: col- | Pus. Gessard.,
onies with greenish fluo- | ors the dressings
rescence ; on potato, yel- | green.
low-green skin, deeply
coloring the pulp.
.............. i e Ernst.
Not liquefying; round | Suppuration and sep- | Pus. Rosenbach.
punctiform colonies;slow-|  ticemia in animals.
growing.
Liquefying; white opaque | Suppuration and ab- | Pus. Roszenhach,
colonies, SCESS,
Liquefying; staall eolonies | Causes abscesses and | Pus. Rosenbach.
with a yellow-orange pig- suppuration in man
ment in centre; yveast- | and animals.
like smell; a moist layer
ol potato,
Cﬂlu]u ies, citron yellow | Suppuration. Pus. FPasset.
color.
Not liquefying; mucous | Fatal to animals, Pus.
layer on’ potato; very Easset
thick; in test-tube, a
Eflji]ll, layer on surface,
and small points along
the track.
On surface, transparent: P
tih goowils - prowe $ us of abscesses. | Rosenbach.
slowly.
A clouding in bouillon, | Causes hydrophobia in | Fr ibi
2k : n, om serum of ven- | G
‘P-]'ll_lcll deposits itself in animals. S tric]esnudsp‘inﬂl 1IlI|l-]Il]|:'i:|‘Tfm;rﬂnﬂ,
a lew weeks. | cord. Protopnoff, -
Caunot be cultivated. Causes fever in man | Blood of man dur- Obermeier,

and animals, and is
the cause of relapsing

faver,

ing an attack of
the disease.
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CHIEF CHARACTERISTICS

) 2

Name, |

ATHOGENIC,

Biology.

Produet.

Genus,
RHINOSCLERMA. | Bacillus.
|

SALIVARUS PYOG- | Micrococcus,
ENES, ']

SALIVARUS SEPTI- | Bacillus.
cus,

SALIVARUS SEPTI- | Mierococous.
CUS.

SaPrROGENES No. I1.) Bacillus.

SAPrROGENES No IIT.| Bacillus.

BAPROGENES FETI- | Bacillus.
Dus,

SENILE GASGRENE. | Bacillus.

BEPTICEMIA AFTER | Micrococcus.
ANTHRAX.

SEFTICAMIA oF | Bacillus,
Mice.

SEPTICEMIA OF Bacillus.
RagriTs (Cuni-
culicida).

SEPTICUS ACUMINA- | Bacillus.
TUS.

SEPTICUS AGRIG- | Bacillus,
ENUS,

See Prewnococois  of

Yery small round cocel
and staphylococei,

| Short, immotile rods,

encapsulated in pairs,
sometimes long |
chain ; mrobic.

(Cocei singly and in
zooglwea ; mrobic.

Short rods; faculta-
tively anzrobic.

Very short rods; facul-
tatively anmrobic.

Immotile rods; spores,

Thin rods: immotile;
singly and in pairs;
ends somewhat thick-
ened ; wrobic; spores.

Motile streptococei,

Smallest bacillus
known ; immaotile.

See Hemorrhagic Sepli

Thin, lancet-shaped
rods; very slender.

Yery short rods.

Friedlinder, with

Foul gas,

Foul gas.

Foul gas.

cEmd,
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Culture Characiers,

which it is identieal.

Slowly quul‘:l'fing; small
white opalescent col-
onies,

Not liquelying; gray cir- |

cilar colonies; trans-
parent zone; in test-tube,
sepurated.

Not liquefying ; round col-
onies ; separated dots in
test-tube.

Grows quickly; on agar,

hyaline drops which

uickly coalesce, and

orm a mucoid layer with

a foul odor, that of per-
spiring feet.

Forms a fluid gray band on
agar; odor of putrelac-
tion.

Not liquelying; thin, trans-

parent layer; putrid odor, |

Round vyellow colonies;
liquefying in 36 hours;
best growth at 37° C.

In bounillon virulence de-
stroyed.

Not liguefying ; siall floe-
culentmasses in the deep;
grows very slowly; in the
test-tube  producing a
faint cloud.

At 37° C. on blood-serum
small transparent plates:

later on, turning yellow. I

Notliquefying: brown cen- |
tre, a ring, then yellow l

ZO011E,
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Actions.

Habitat.

Local abscess in ani-
mals.

IFatal to animals,

Fatal to animals,

Produces septicemia in
rabbits.

Suppuration in rabbit.

Rabbits killed with
large doses,

Causes gangrene in
mice, similar to se-
nile gangrene of
man.

Septicemia in rabbils,
ut not in chickens
Or pulnea pigs.

Septicemia in house-
mice, but not field-
mice.

Pathogenie for rabbits
and guinea pigs; fever; |
and bacilli in blood
and organs.

Septicemiain mice and
rabbits, 3

Saliva.

Saliva of healthy
persons.

Saliva of puerperal
wonien.

Sweat of feet.

Putrid marrow of
bone,

Mesenterie glands
of swine with
ervsipelas and of
healihy swine.

In gangrenous tis-
sue and blood of
senile gangrene.

Blood of animal

dead from an-
thrax.
Putrefying liquids.
Navel stum of
child dea of
septicemia.

Earth of recently-
ploughed fields.

Discoverer.

Frisch.
Biondi.

Biondi.

Biondi.

Rosenbach.

Rosenbach.

Echottelins.

Tricomi.

Charrin.

Koch.

Babes.,

Nicolajer.



CHIEF CHARACTERISTICS

Name,

SEPTICUS LIQUEFA-
CIENS,

BEPTICUS ULCERIS,

SEPTICUS VESICE,

SMEGMA.

SPUTIGENUM,

BUBFLAVUS.

SwiNE PLAGUE
(American and
French).

BYCORIFERUS FOETI-
DUS.

Genus.

Biology.

PATHOGENIC

Product,

Bacillus.

Bacillus.

Bacillus.

Spirillum,

Bacillus.

Bagillus.

| Micrococeus.

Micrococens,

Streptococei and diplo-
cocel.

Owal rods; motile.

Rods always single;
very motile; oval
EpOres,

Slender curved rods,
identical with syph-
ilis.

Curved, comma-shaped
rods; motile.

Dipl: cocei like gono-
cocci; colored by
{aram.

Maotile, oval rods, sim-
ilar to that of hog
cholera,

Short, straight immo-
tile rods, often in
threads.

(3as ; no odor.

|
I

Causes casein pre-
cipitate in milk
and acid forma-
tion.

ptatoes a foul
OT.

On
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Culture Characters.

Actiona.

Habitat.

Diigcoverer.

Liquelying; a thin gran-
ular streak, the surface
sunken in; later, cone-
like, the walls covered
with leaf-shaped col-
onies,

Liquelying; wyellow eul-
onies, taken up with gas
later on.

Not liguefying ; small pin-
head colonies, growing
slowly: never larger: a
brown centre, yellow
periphery.

Not cultivated.

Wot enltivated,

Growth slow; liquefying;
on  tenth day yellow
Enmtﬂ with  thready

oundary ; on potato, a
brown, thread - like
growth after two weeks.

Not liquefying; pgrowth
similar to typhoid germ ;
on potatoes good growth,

Slow growth ; not liquefy- |
ing; after four days, lit- |
tle white points, which
do not change for several
weeks, then the super-
ficial ones are mucous-
like; nail growth: on
potatoes, rapid growth,

FPathogenic for mice
and rabbits, produ-
cing wdema, in the
gerum of which the
cocei abound,

An uleer in inoeulated
animals, followed by
paralysis and death,

Pathogenic for mice
and rabbits, produ-
cing death.

Supposed to be similar
Lo sy philis.

Causes death in ani-
mils,

No result on mucous
membrane: injected
under skin, abscess
results,

Found in American and
French swine plague,
in frog plague, and
Texas fever; animals
affected locally,

On human skin causes
eruption, vesicular
around hairs, then
it becomes pustular;
similar to sycosis.

Blood and organs
of child dying of
septicemia.

In blood of child
with gangrenous
uleer.

In urine of cys-
Litis.

Normal preputial
secretions.

In caries of teeth
and saliva.

Normal secretion |
of vagina and
urethra.

Found in eapil-
lariesin little em-
boli; not spread
in organs of dis-
eased animals,

From sveosis of the
beard,

Babes.

Bahbes.

Clado.

Alvarez and
Tavel.

Lewis.

Bumm.

Billings,
Rietseh, and
Eberth.

Tommasoli.
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CHIEF CHARACTERISTICS

PATHOGENIC

Name,

(Genus,

Biology.

SYPHILIS.

TETANUS,

TETRAGENUS,

TOXICATUS,

TRACHOMA

TUBERCULOSIS.

TUBERCIULOSIE
OGLEALC.

Z0-

TyrHOLID.

Ty PHOID OF SWINE
(swine plague).

TYROGENUM
{Dencke's).

Bacillus,

Bacillus,

Micrococcus,

Micrococeus.

Micrococcus.

Bacillus.

Bacillus.

Spirillum
(vibrio).

Micrococcus,

=

Thin rods, sometimes
corved,

Large, slender motile

rods, with spores in |

one end, drumstick
shape, often in
threads: true anmro-
bic.

Large round cells, uni-
ted in groups, vsual-
ly of four, and sur-
rounded 'E:_r; a cap-
sule; immotile ; wro-
bic.

Cocci singly and in

pairs.

Diplococei very small
and division - line
faint ; mrobic.

Product.

Plomaines, teta-
nine, tetanotox-
ine, spasmotox-
ine; also a tox-
albumin.

......

------

Slender rods, usnally | Kochine or parato-

in pairs; uot motile;

3}101‘&5 not definitel
etermined ; facul-

tatively anmrobic.

Cocei in large zoog-
leeaic masses, evo-
luted forms of tuber-
cle bacillus.

Slender motile rods,
sometimes in threads;
flagella, but no spores;
facultatively angero-
bie.

See Swine Plague.

Spiral - shaped rods;

wrobic.

line, & glycerin
extract of the
' Eure culture (tu-
erculin).

Typhotoxin and

toxalbumin.

¥ % & = @ @
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Actions.

Habitat,

Not cuitivated,

Liguefy gelatin slowly;
eolonies have radiated
appearance; o thorn
growth along the trac
in test-tube.

Not liquefying; little por-
celain-like disks; thick
slimy layer on potato.

Along needle-line, white,
wreath-like arrangement
of =mall spheres, turning
vellow ; bestat 37°C.; not

iquelying.

Grows best on blood-serum
and glyecerin agar at 87°
C., forming little white
erumbs on the sorface;
under micro=cope a hairy
matted ecoil is seen;
growths on  potatoes
when air-tight have been
obtained.

LI R T R

Notliquefying : little whet-
stone-shaped yellow col-
onies in the deep, and
ieaf-shaped ones on the
gurface ; on potato, a very
transparent, moist layer.

Liquefy rapidly: small
round colonies; dark
funnel-shaped liquefac-

tion in test-tube,

Eu}}pused to cause syph-
ilis.

Produces tetanus in
man and animals.

Fatal to guinea pigs
and white mwice.

Supposed to be the
cause of Blus{poison
ivy) poisoning.

In rabbits no result,
bhuton human cornen
typical trachoma.

Causes tuberenlosis, lo-
cal and general, in
man and lower ani-
mals,

- B e gm A

Gives rise to enteric
or typhoid fever in
man.

Sevpral animals have
died from inocecula-
tioms.

In tissueand secre- |

tions of syphi-
lities,
Earth and manure.

Found in eavern-
aous  phthisieal
lungs.

Found in the Rhus
foricodendron.

Found in
of Egyptian eye
disease,

In all organs and
secretions of tu-
bercular persons.

In easeous nodules
of tubercular ani-
mals.

Found in dejecta
and spleen and
urine of typhoid
patients,

From old cheese,

follicles |

Discoverer.

Lustgarien,

Micolaier and
Kitasato,

Gaffky.

Burrill.

sattler and
Michel,

Koch.

Malassez and
Vignal.

Eberth.

Dencke.






WBAG Ao ‘uelan ¥

BELNOY (D BINON S B[any h_:m..n SR ETY H_;.. "UIB[aD) ¥a
"SOTTIO COTITIO BINO &L = AT T BANOY gF
"V ASHEH]) CHMEANI(  -V{ dASEdn)  CAMANIJ BOTTIOVE] VHIATON) SOTIIOVE VHATOH]) SOTTIOVY VHATOH)

iC! a e = | N

(~ounadipyoy & =—"u1a[on ) N0 JIed0] 10MMIIAAG D) g ) modg)
S N RIS H EH L
1 dLVId






‘OERD % el ‘MIE[AD) FOT

*BIN0OLY L ‘OB [2L) &. I TMUE[DD) % L ‘UTIE]2E) .ﬁ;._ ‘BAN0Y gL
._..1:27:_; Mamn) BANOI §L "ELINON (D 'BINOTY g BATTIO
L0070 oY1|-S5B[L) MOX ] HOIMJ ONV HATHNI] HOIH ] ONY SHTHNIAg "HOIH,J ONY HATHANI -¥§{ HSHAH]) "AMIANAT

T Al "H ) |

ol .._.._...._. JOamiimIdAGE) S "[] _.._.._.._1....—_

(*sanadiayoy & — 0

SHINLTIND HEN.L
I HLVId






PLATE IIL

Sl s YRR
S N
H r
O
x .
b7

BACILLI OF SYMPTOMATIC ANTHRAX, WITH SPORES 1000 ¥
(Friinkel and Pfeiffer.)
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"

CIPHTHERIA BACILLUS PURE CULTURE 1000 ¥.
(Frinkel and Pfeitler.)






PLATE IV.

PFEIFFER'S CAPSULE BACILLUS IN BLOOD iooo X,
(Friinkel and Pfeiffer.)

YEAST-CELLS s00%.
(Friinkel and Pfeiffer.)






PENICILLIUM GLAUCUM 500 3X.
(Frinkel and Pfeitfer.)

ASPERGILLUS FUMIGATUS goo .
(Frinkel and Pfeiffer.)






INDE X.

BBE’S condenser, 26

Achorion Schonleinii, 147
Actinomyces, 148
MErobin, 24
Agar-agar, 51

bouillon, 51

glycerine, 52
Air, examination of, 150
Alexin, 69

anthrax, 59
Anmrobin, 24
Aniline dyes, 30

oil, 81

oil water, 31
Animals for experiment, T1
Anthrax, 86
Anthraxin, 89
Anti-toxins, 66

of pnenmonia, 118

of tetanus, 131
Arnold’s sterilizer, 43
Arthrospores, 22
Aspergillus fumigatus, 148

rlancus, 148
Asperogenic bacteria, 22
Autoclave of Chamberland, 43

ACILLUS acidi lactici, 78
alvei, 142
amylobacter, 79
anthracis, 836
avicidis, 138
butyricus, 79
capsule, 120
coli communis, 108
coeruleus, Sl
comma, 109
erythrorenus, 80
erythrosporus, 82
fwces, 107
fluorescens, 124

liquefaciens, 82

Bacillus, indicus, 75

Klebg-Lofller, 103
lactis cyanogenus, 80
lepra, 99
malariz, 134
mallei, 101
megaterium, 76
melittoptharus, 142
mesentericus vulgatus, 75
Milzbrand, 86
murisepticus, 141
mycoides, 76
Neapolitanus, 107
cedematus maligni, 131
of American swine plague, 140
of anthrax, 86
of bluish-green pus, 124
of cattle plague, 140
of chicken cholera, 138
of diphtheria, 103
of French swine plague, 140
of glanders, 101
of hog cholera, 140
of influenza, 120
of mouse septicemia, 141
of ox plague, 140
of rabbit septicmmia, 140
of steer plague, 140
of Bwedish-Danish plague, 140
of swine erysipelas, 141
of symptomatic anthrax, 137
of syphilis, 100
of typhoid fever, 104
phosphoreseens gelidus, 83
indicus, 82
indigenus, 83
pneumo-, 115
potato, 75
prodigiosus, 74
pyocyaneus, 124
2, 125
ramosus, 76
smegma, 100

(201 )
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Bacillus spinosus, 78
subtilis, 77
tuberculosis, 90
violaceus, 51

Bacteria, 17
antagonism of, 70
asporogenic, 232
as remedial agents, 70
desmo-, 17
effect on body, 64
fluorescent, 82
in air, 150
in milk, 78
in water, 81, 153
infectious, G6
life of, 23°
micro-, 17
non-pathogenie, 74, 158
of hemorrhagic septicemia, 140
of pneumonia, 111
origin of, 23
pathogenie, 25, 66, 86, 182
phosphorescent, 82
gimilar to cholera, 112
gphero-, 17
spiro-, 17
staining of, 30
structure of, 18
tables of, 158

~ toxic, 66
unstained, 27
vital actions of, 24

Bacteridie du charbon, S6

Bacterium acidi lactiei, 79
eniginosum, 124
Balticum, 83
Fischeri, 83
Phtigeri, 85
syneyanum, 80
termo-, 143
ure®, 54
zopfi, 77

Beggiatoa alba, S4

Benches for glass plates, 58

Biedert’s method, 95

Black-leg, 137

Blight, 143

Blood serum as media, 52

theory, 67

Bouillon, 51
pelatine, 49
preparation of, 46

Bread mash, 49

Brood-oven, 52

Brownian movements, 19

GELT'T'LE plague, 140
Cell contents, 18

Cellular theory, 68

Cell wall, 15

Charbon symptomatique, 137

Charcoal filter, 154

Chemical theory, 67

Chemotaxis, 70

Cholera, 109 g

Cladothrix dichotoma, 84

Classification, 17

Clostridium, 21
butyricum, 79

| Cohn’s gystem, 17

Cotton plugs, 45
Cover-glass specimens, 54
Crenothrix, 84
Kiihniana, 84
Cultivation, 40
artificial, 40
methods of, 40
~of anzrobins, 62
Cultures, appearances of, 60
ege, HO
filtration of, 64
glass-plate, 55
glass-slide, 55
potato, 47
rolled, 59
test-tube, 55

E BARY'’S system, 18
Decolorants, 35
Diphtheria, 103
Diplococcus albicans amplus, 127
turdissimus, 127
lanceolatus, 116
of pneumonia, 116
Disinfectants, 41
heat as, 41
Drying specimens, 54

NDOSPORES, 20
Enteric fever, 104
Esmarch’s method, 62
tubes, 59
Experiments on animals, 71

ERMENTATION, 25
Filters, 154
hot-water, 50

T e s



INDEX.

Filters, Pasteur-Chamberland, 64,
155
sand, 153 .
Filtration of cultures, 64
Fishing, 61
Fission-fungi, 17
Flagella, 19
staining of, 39
Fluorescence, 25
Foul-brood, 142
Frinkel’s borer, 157
method for anerobing, 63
stain for tubercle baeillus, 973
Frog plague, 140
Fuehsin, carbol, 31, 33
Fungi, 145
Fungus, Ray, 148
thrush, 146

{ABBETT’S stain, 33, 95
Gas formation, 25
Gelatine, 49
bouillon, 49
paste, 36
(Gelatinous membrane, 18
Germination, 21
Gonococcus, 125
Gonorrheea, 125
Gram's stain, 33

H:EMAMEEBA, 136
Hazmatomonas malarize, 134
Hematozoa of malaria, 134
Hanging drop, 29
Heat as disinfectant, 41

dry, 41

moisk, 42
Hemorrhagic septiceemia, 140
Ierpes tonsurans, 148
Hesse’s method for air, 150

for an®robing, 62

Hog cholera, 140
Homogeneous lens, 26
Hot-air oven, 40
Hot-water filter, 50
Huppe’s method, 63

MMERSION lens, 26
‘Immunity, 69
Incubators, 52
Inoculation of animals, 71
Iodine, 32

203

Iris blender, 27
Iron box for plates, 57

LATSCH preparations, 61
1 Kochin, Y7
Koch's lymph, 97
rules, 70
stain, 32
steam-chest, 42
Kiihne’s stain, 33
method, 39

L;‘*.‘VERJ.H, gemilunar bodies of,
134
| Leprosy, 99 -
Lil?m-lgs’s method for anerobins, 62
Ligquefaction of media, 25
Locomotion, 18
LofHer’s alkaline stain, 52
blood serum, 103
mordant, 33
Lupus, 98 :
Lustgarten’s method, 100

ALARIA, 134

Malignant cedema, 131
Material from animals, T3
Media, nutrient, 46

solid, 47

transparent, 49
Metschnikoff ’s theory, 68
Microbe en huit, 138
Mic%ﬂcmcci similar to gonococcus,

127

Micrococcus amylivorus, 139

cerus albus, 124

flavus, 124

cholera gallinarum, 138

citrens conglomeratus, 127

Indicus, 75

of gonorrheea, 125

of mal de pis, 142

of osteomyelitis, 121
i of sputum septicemia, 116
Pasteuri, 116
pyogenes albus, 122

aureus, 122

citreus, 123

tenuis, 124
subflavus, 128
tetragenus, 119
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Micrococeus urem, 84

Micro-organismes of suppuration,

Microscope, 26
Microsporon furfur, 147
Moist chamber, 47
Mordants, 31
Moulds, 147
examination of, 148
Mouse septicemia, 141
Movements, vibratory, 19
Mucor mucedo, 147
Mycoprotein, 18

AIL eulture, 116
Nivellier apparatus, 57
Nutrient media, 46

DORS in cultures, 25
Oidinm, 146
albicans, 146
lactis, 146
0Oil immersion, 26
Oxidation, 24

ARASITES, 23
Pasteur filter, 155
Penicillium glaucum, 147

Petri's sand filters, 152
saucers, of, 156
Phagocytes, 68
Phosphorescence, 25
I*igmentation, 25
Plasmodinm malarise, 134
Platinum needles, 28
Pneumo-bacillus, 115
Potato cubes, 438
cultures, 47
inoculation of, 48
in test-tubes, 48
mash, 49
Products of tubercle bacilli, 97
Proteus, 143
mirabilis, 143
vulgaris, 144
zenkeri, 144
Ptomaines, 24, 64
Putrefaction, 25

ABBIT septiceemia, 140
Rausch brand, 137
Reduction, 24
Relapsing fever, 132

INDEX.

Reproduction, 19
Rouget du Pore, 141

-

ACCHAROMYCES albicans, 145
cerevisime, 145
mycoderma, 146
niger, 145
rosaceus, 145

Saprophytes, 23
Sarcina alba, 86
aurantica, 86
fiava, 86
lutea, 85
rosea, 856,
ventriculi, 86
Schizomycetes, 17
Schweinerothlauf, 141
Slides, conecave, 29
Soil, examination of, 156
Solutions, composite, 31
formula of, 32
stock, 80, 82
strong, 32
weak, 31
Soor, 146
Spasmotoxin, 131
Specimens, cover-glass, 34
cutting of, 36
drying of, 34
Klatsch, 61
Spirillum, 17
cholers, 109
concentricum, 85
Finkleri, 112
of relapsing fever, 132
rubrum, 85
tyrogenum, 113
Spirochiete obermaieri, 132
Spores, arthro-, 18, 22
contents of, 21
endo-, 18, 20
formation of, 18, 20
requisites for, 22
resistance of, 22
staining of, 37, 38
Sputum, hardened, 96
Stain, alkaline, 31, 32
aniline water, 33
Gabbett’s, 33
Gram’s, 83
Koch’s, 32
Kiihne's, 33
Liffler’s, 32
picro-carmine, 33



INDEX.

Stain, Ziehl-Nielsen, 33 4
Staining, Ernst’s method of, 38
De Giacomi’s, 100 i
general method of, 54 |
Gram’s method of, 57

Kiihne’s method of, 39, 102 i

Lifler’s method of, 102
Lustgarten’s method of, 100
of blood for malaria germs, |
135 I
of capsule of bacillus of pneu-
monia, 116 -
of flagella, 39
of spores, 39
of sporogenic bodies, 59
of tissue sections, 36, 35
rapid method for bacillus tuber-
culosis, 93
slow method for bacillus tuber- |
culosis, 95
solutions, 30
special methods of, 38
Weigert's method of, 39
Staphylococeus, 18
pyogenes aureus, 122
Sterilization, 43
fractional, 44
Streptococeus, 18
pyogenes, 121
Suppuration, 120
Swine erysipelas, 141
plague, 140
syphilis, 100
System of Cohn, 17
of De Bary, 18

LIB"ARY
7 %
Zsrimed
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EST-TUBES, 45
Tetanin, 131
Tetanotoxin, 151
Tetanus, 128

| Thermo-regulator, 51

Thrusgh, 146

Tinea, 147

Toxalbumens, 64, 70, 104
Toxing, 64

Tricophyton tonsurans, 147
Tubereulin, 70, 97
Tuberculocidin, U3
Tuberculosis, N

Typhoid fever, 104
Typhotoxin, 107

IBRIO, Finkler-Prior, 112
Metschnikovii, 113
Vibrion septique, 131

ATER, bacteria in, 81, 156
examination of, 153
Weigert's method of staining, 39

Wire cages, 45
Wolfhiigel’s apparatus, 156
Wild plague, 140

EASTS, 145
examination of, 148

IEHL’S solution, 33
Zooglea, 18
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