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X PREFACE TO THE SECOND EDITION.

which it is desirable that he should know, and a little of that
which he may learn if his needs or inclinations lead him to go
further. It is acknowledged, however, that, in deference to
precedent, this purpose has not been carried to its fullest extent.
Much time has been spent on the index, in order to make the con-
tents quickly accessible. It is a source of regret to the writer
that the additions which the revision seemed to demand have
made the present book a little larger than the first edition.

Burraro, NEw YORK, June, 190r1.



PREFACE TO THE FIRST EDITION.

In this manual the writer has endeavored to describe the
laboratory technique which the beginner must follow, and at the
same time to give a concise summary of the facts in bacteriology
most important to the physician. In preparing a work of this
character, which claims to be nothing more than a compilation,
the standard text-books were necessarily consulted freely. On
account of the need for brevity it has, in most cases, been im-
possible to mention authorities.

The writer is glad to have this opportunity to acknowledge
his obligation to the works of Sternberg, Fliigge, Giinther,
Eisenberg, Abbott, W. H. Park, Muir and Ritchie, Vaughan
and Novy, and McFarland; and to numerous papers by Pro-
fessor Welch and others. It is thought that the chapters on
Germicides and Surgical Disinfection, by Drs. Thomas B. Car-
penter and Marshall Clinton, will be useful not only for the
information presented in them, but especially in correlating
that information with the facts of bacteriology.

Burraro, NEW YORK, October, 1898.
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the oxidation of the carbohydrates, which may appear indirectly
in the form of nervous or muscular activity or warmth.

Those plants that are devoid of chlorophyll are compelled
to some extent to use the same kinds of food as animals. They
are unable to decompose carbon dioxide (in most cases), and
procure their nourishment {rom substances derived from the
dead or living bodies of other plants or animals. Since they
have no chlorophyll, light is of no advantage to them, and is
often a positive detriment. Bacteria contain no chlorophyll,
and consequently are unable to decompose carbon dioxide and
to use it as food.*

There is another well-known property, possessed by yeasts
especially, which may be useful in cxplaining the work done by
bacteria. It is a fact of every-day obscrvation that, when
ordinary yeast grows in fruit juice or other fluids containing
sugar, alcohol and gas are formed. It not only appears that
bacteria sometimes form alcohol and gas from sugar, but that
with different kinds of bacteria and different kinds of food
material a great number of substances are formed, some of which
are powerful poisons. In most, if not in all, of the diseases
caused by bacteria such poisons are produced within the living
body of the affected individual, and the symptoms of the dis-
case and the changes produced in the body are certainly due to
these poisons, as a rule, rather than to the direct action of
bacteria.

The extreme smallness of the bacteria prevents us from seeing
them as individuals without the aid of the microscope, although
great numbers of them taken together may form a plainly visible
mass of growth. When they are examined with the microscope
they appear as little, round, rod-shaped or curved bodies, which
may be likened to so many periods, dashes and commas. Itis
at once perceived that each bacterium is an individual by itself, -

* See Part II., Chapter 1.
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Even before this time men had sought to explain the phenom-
ena of infectious diseases by supposing the body to have been
penetrated by minute parasites,—for example, worms. The
spreadd of such diseases through a community from a single
center could readily be accounted for by the multiplication of
a contagious clement, itself alive (comtagium vivum). With
increasing knowledge of the abundance of microscopic life these
speculations took tirmer held.  But long before their truth was
finally demonstrated great advances were made in the preven-
tion of infectious diseases.  Much honor is due the clinicians,
whose accurate observations and foresight accomplished im-
portant results at an early day, working with what now seems a
very meagre knowledge of the facts.

T'he production of immunity from small-pox by inoculation
was first practiced in oriental countries.  The method had long
been in use in the East, when in 1713 it was brought to the
notice of Furopeans by Lady Montagu, wife of the English
ambassador  at - Constantinople.  The  procedure  consisted
simply of the introduction of the virus of small-pox by
puncture of the skin.  An attack of small-pox resulted,
which was usually much milder and far less dangerous than the
natural disease. _

Lady Montagu stated in a letter: *“Every vear thousands
undergo the operation; and the French ambassador says pleas-
antly that they take the small-pox here by way of diversion, as
they take the waters in other countrics.” The mild attacks
that followed inoculation were, however, just as contagious to
other persons as the natural disease, so that the dangers of this
practice to the community were very great.

A much better method was found in vaccination. At this
time a belief was current among farmers that a mild form of
discase, called cow-pox, acquired by milkers, furnished pro-
teetion® against small-pox.  This belief was investigated and
introduced to the world by Edward Jenrer. In 1796 he inocu-
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chiefly with respect to infusoria and other relatively large forms.
In 1840 Henle described the part plaved by micrcérganisms
in producing disease in terms surprisingly in accord with views
held at the present time.  His deductions were based almost
entircly on knowledge of the general nature, spread and course
of infections.  So, too, Villemin anticipated the discovery of the
bacillus of tuberculosis, for he transmitted the disease to animals,
by inoculating them with material from cases of tuberculosis
in man,

The key to exact knowledge of the microdrganisms of disease
wis finally discovered in the study of fermentation. No better
illustration could be found of the pessible value to mankind which
may lic in any addition whatever to the common stock of
knowledge.  The study of bottles of bad-smelling broth would
have seemed, fifty years ago, a most unpromising beginning for
the discovery of the causes of cholera, plague, and the like, or
for an antitoxin for diphtheria.

Studies on Fermentation and  Spontaneous Generalion.—
I'#0 observers (Schwann, Cagniard-Latour, 1837) almost
“imultanconsly stated the proposition that veast cells were
living organisms, and that the fermentation of solutions of sugar
windne to their growth. From this time ensued a controversy
shich L ted more than thirty years.  The agency ascribed to
datwaenergetically denied by many, prominent among them
Liebig; while it was sustained with vigor by others. The
Latter e gtended the original conception to include other sorts of
fermmentation and the putrefaction of albuminous material.
Duficrent kind-, of fermentation, with different products, such
av acete acid and butyric acid, were ascribed to the growth
of different kind- of microbes.

U hese nierobe, were found to be fungi of various sorts, and
Chiefly ane o another variety of bacteria.  The most celebrated
among the - tudents of fermentation was Pasteur, the simplicity






14 MANUAL OF BACTERIOLOGY.

number of failures. Such failures it was shown were due to the
presence of the resistant forms of the organisms called spores
previously alluded to which some bacteria assume. The true
nature of spores was recognized later by Cohn. Pasteur found
that exposure to steam at temperatures sufficiently high above
the boiling point would destroy the most resistant microbes and
their spores.

The controversies over fermentation and putrefaction lasted
almost until the presentday. They have been productive of nu-
merous benefits to the arts and manufactures. But, whatis of
more importance to our subject, they led to a vastly better
understanding of diseases producing microérganisms. The
study of bacteria has been pursued with such vigor in the last
twenty-five years in fact that most of what we know concerning
- the bacteria of disease has been learned during this period, and
advances are still constantly being made.

The discussions concerning fermentation and putrefaction
were still going on when Lister made his brilliant deduction that
suppuration and septic processes in wounds were a species of
fermentation (1867). From this came the antiseptic and aseptic
methods of operating and of dressing wounds, which have
made possible the wonderful results of modern operative
surgery ¥

In 1834 the parasite of itch (Acarus scabies, the itch mite, an
arachnid, related to the insects) was discovered, and the cause
of one contagious malady determined.

Quite early in the nineteenth century also the relatively
large fungi of thrush and some of the parasitic skin diseases
were discovered. The bacilli of anthrax, which are also rela-
tively large, were seen in the blood of animals by Pollender
in 1855 and Davaine in 1863.

Davaine produced anthrax in animals by injecting into them

* See Dr. Roswell Park. History of Medicine.
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caused by a protozoon. Theobald Smith in the United States
discovered that the parasite of Texas fever is conveyed from one
animal to another by the cattle-tick. Since then it has been
shown (by Manson, Ross and others) that malaria is conveyed
from a person having the disease to one not affected by means of
mosquitoes. It has also been shown by Reed and Carroll that
a similar relation exists between mosquitoes and yellow fever.
The part played by flies and other insects in carrying disease
germs is still receiving active attention and the future may show
that these play a most important part in diseases other than those
already mentioned. _

In 1903 Novy and McNeil succeeded in making pure cultures
of pathogenic protozoa grow in tubes, in nearly the same way
that cultures of bacteria are propagated (see Appendix).

It is encouraging to reflect that the progress of bacteriology
has been made by gradual and logical steps. The great dis-
coveries have not been lucky accidents, but have been worked
out patiently and with deliberation.



PART 1.

CHAPTER L

EXAMINATION OF BACTERIA WITH THE MICRO-
SCOPE, INCLUDING METHODS OF STAINING.

The Microscope.—The microscope consists of a tubular
body which carries the optical parts, and which can be raised or
lowered for focusing. It is a matter of convenience to have three
lenses attached to the body of the instrument by means of a triple
nose-piece, which permits any objective to be turned into the
optical axis at will. But a low power dry lens and an oil-im-
mersion objective are all that are cssential for studying the
bacteria. The eye-picce slips into the upper and opposite end
of the body or tube. The arrangements for focusing consist of
a rack and pinion which accomplish the coarse adjustment, and
a more delicate fine adjustment. The stage, upon which the
objects to be examined are placed, has an opening in the middle.
In this opening an iris diaphragm and Abbé condenser are in-
serted. The iris diaphragm enables one to alter the size of the
opening as desired. Beneath the stage is a movable mirror, of
which one side is plane and the other concave. All of these parts
are supported on a short, heavy pillar, which is fixed in the
horseshoe-shaped base.

The essential parts of the microscope are, of course, the eye-
piece (German, Ocular), and the objective. Objectives are
variously designated by different makers, for instance, some
use letters, A, B, C, etc., others use numbers, 1, 2, 3, etc., others

again give the focal distance, as % inch, } inch, % inch, etc.
18
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bave been proposed.  In most of those now in use the following
solution (Ziehl’s carbol-fuchsin) is employed—

Fuchain, .o 1 gram.
Carbolic acid, pure. ... .o ool 5 cC.C.
N 7 10 C.C.
Pristilled water. ... ... it 100 C.C.

“I'he: method given below is the one recommended.

Method for staining the tubercle bacillus:

(4 ‘T'he cover-glass preparation is made, dried, and fixed by
prassing through the flame three times (see pages 26 and 27).

(hy ‘T'he cover-glass, held in forceps or in a watch-crystal,
s avered with carbol-fuchsin and heated till the stain begins
 give off vapor. The stain is allowed to act for five minutes.

(¢; Wash in water.

(dy Wash in alcohol containing 3 per cent. of hydrochloric
acid eme minute, or longer if necessary to remove the red color.

(r) Wash in water.

(f) Stain with methylene-blue solution (see page 29) thirty
secomids,

(g) Wash in water.

(h) Examine in water directly, or after drying and mounting
in Canada balsam. Tubercle bacilli take a brilliant red color;
other bacteria and the nuclei of cells are stained blue.

Gabbet’'s Method.- =This method is very popular and widely
used on account of its convenience. It is not as reliable as the
one just given.

Gabbett’s solution:

Methylene-blue. ..o il 1 to 2 grams.
25 per cent. watery solution of sulphuricacid........... 100 C.C.

(a) The cover-glass preparation is to be made, dried and
fixed by passing through the flame three times.

(b) The carbol-fuchsinstain is applied from two to five minutes
to the cover-glass, held in forceps or in a watch-crystal; it need
not be warmed.
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called a microtome. The tissues may be imbedded in collodion
or paraffin; or when they have been hardened with formalde-
hyde they may be cut after freezing. Bacteria stain admirably
in such frozen sections. For routine work collodion imbedding
will be found as convenient a process as any. Paraffin im-
bedding gives the thinnest sections.

A microtome consists of a heavy, sliding knife-carrier, which
moves with great precision on a level, and of a device for elevat-
ing the object which is to be cut any desired distance after each
excursion of the knife.- The thickness of the section will be the
distance which the object is elevated. The knife is kept wet
with alcohol during the cutting of collodion sections, otherwise
it is left dry. The microtome is usually provided with a special
form of knife. A razor will serve nearly as well, after having
had the lower side ground flat. If a razor is used, a special
form of razor-holder must be attached to the microtome to
receive the razor. Above all, it is necessary that the knives
should be kept in good condition. Only occasionally will they
need honing, using a fine water-stone or Belgian hone. Prefer-
ably the knife should not be honed directly on the stone itself
but on a piece of clean plate glass, on which the stone is first
rubbed with water. By this means the entire cutting edge is
sharpened in one plane. The movement in honing should be
from heel to toe, and toward the cutting edge, always placing
the back of the knife next the hone when turning. The knife
should be stropped frequently. The leather of the strop should
be glued to a strip of wood to make a flat surface. The move-
ment in stropping should be from toe to heel.  Sections should
be cut to a thickness of not more than 25 ¢. Thinner sections
(5 to 10 2) are to be desired.

Staining of Sections.—A watcry solution of one of the
aniline dyes is used—fuchsin, gentian-violet or methylene-blue
—made by adding a few drops of the alcoholic solution to a dish
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the same as far as the bacteria are concerned; fibrin and hyaline
material are stained blue, bacteria violet. It is often impossible
to decolorize the nuclei completely without decolorizing the
bacteria also. The parts of the nuclei which remain stained
often present pictures that resemble bacteria, and which may
lead to error if not recognized. Basophilic granules also retain
the stain, as do the horny cells of the epidermis. These re-
marks apply also to Gram’s method, except as regards fibrin.
Very beautiful preparations can be obtained according to this
or the Gram method when the sections have previously been
stained in carmine; the nuclei will then be colored red, bacteria
violet.

Tubercle bacilli may be stained in sections as follows:

() Use carbol-fuchsin, or aniline-water gentian-violet for
one-half to two hours with very gentle warming, or over night
without warming. See page 4o for the manner of handling
sections.

(b) Wash in water.

(c) Decolorize with some one of the decolorizing agents
mentioned in connection with the staining of tubercle bacilli
in cover-glass preparations, preferably 3 per cent. hydrochloric
acid alcohol. Decolorization must be continued until the red
color has disappeared, which requires one-half to several
minutes.

(d) Wash in alcohol.

(¢) Wash in water.

(f) Use hematoxylin as a contrast-stain for fuchsin prepara-
tions, and carmine for gentian-violet preparations. In the latter
case it is better to stain with carmine before staining the bacilli.
The carmine is not affected by the subsequent treatment.

(g) Wash in water.

(k) Alcohol.

(%) Xylol

(7)1 Balsam.



EXAMINATION OF BACTERIA WITH THE MICROSCOPE. 43

Nuclear stains, which may be used as contrast-stains for
sections:

DELAFIELD’S HEMATOXYLIN.

Hematoxylincrystals.........cooiiiiiiininaann.. 4 grams
AlcOBOl. .ottt 25 C.C.
Ammonia alum.....cooooiiiiiii it 50 grams,
£ 400 C.C
Glycerin...ooeeoennmnniii i 100 C.C
Methyl-alcohol......ccoiiniiiiiiiiiiiiiiiiiii... 100 C.C

Dissolve the hematoxylin in the alcohol, and the ammonia
alum in the water. Mix the two solutions. Let the mixture
stand four or five days uncovered; it should have become a deep
purple. Filter and add the glycerin and the methyl-alcohol.
After it has become dark enough, filter again. Keep it a
month or longer before using; the solution improves with age.
At the time of using, filter and dilute with water as desired.

LiTETUM-CARMINE (ORTH).

Carmine.....c.ooumminniiiiiiii i 2.§ grams.
Saturated watery solution of lithium carbonate ....... 100.0 C.C.

Add a few crystals of thymol. The carmine dissolves readily
in the lithium carbonate solution. Filter the stain at the time
of using. Sections are to be left in the stain five to twenty
minutes.

Sections stained in carmine are placed directly in acid alcohol
(x part hydrochloric acid, 100 parts 70 per cent. alcohol) for
five to ten minutes. They acquire a brilliant scarlet color.
When used as a contrast-stain for tissues containing bacteria,
it is best to use it before staining the bacteria, which might be
decolorized by the acid alcohol.

Staining of Blood-films.—The method of Wright is the
one recommended. It is applicable to bacteria and to the
parasite of malaria, and is useful as a general stain for blood.
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Films of blood are prepared as directed in Chapter VII., Part
1., and are allowed to dry.

(a) The stain is poured over the surface of the preparation
till it covers it. This serves to fix the film of blood. It is
allowed to remain for one minute.

(b) Add distilled water, drop by drop, till a reddish tint
appears at the edges and a metallic scum forms on the surface.
About six drops are needed for a three-fourths inch cover-glass.
The real staining of the preparation now takes place, and
requires two or three minutes.

(c) Wash in distilled water till the thin parts of the prepara-
tion have a yellowish or pinkish tint, which requires one to three
minutes.

(d) Dry with blotting-paper and mount in Canada balsam.

Bacteria, malarial parasites, and cell-nuclei are stained
blue, red blood-corpuscles are orange-pink, while the specific
granules of the leucocytes (neutrophilic, etc.) appear in various
tints from red to dark blue. The chromatin of the malarial
parasite takes a lilac to red color. The blood-plates have a
bluish or purplish color and must not be confused with malarial
parasites.

‘Fhe staining fluid is prepared as follows: To 100 c.c. of a 1 per cent.
sobution of salivm bis arbonate in water add 1 gram of methylene-blue. Place
in the stearn sterilizer at 160° C. for one hour. When cool add one-tenth per
cent, watery solution of eonin (Gribler, yellowish, soluble in water) until
the: misture kres its blue color, becomes purple, and a metallic scum forms
m the sutface,  Abemit §00 c.c. of the eosin solution are needed. Collect
the gres fpiitate: em u filter; let it dry; make a saturated solution of the pre-
digitate i methyl alohol; filter. To the quantity obtained add one-fourth
a5 e snethyl-aleohol, so that the solution may not be completely saturated.
Vhies prasgurse: of the: adove procedures is to modify the methylene-blue so that
other stabning elemems are developed in it (polychromism). The modified
methylene bue solution §s then combined with eosin. For full details see
Wright. Journal o) Medical Kesearch. Vol. VIL.  1902.

Staining of Spores.— ‘I'he¢ method is applicable to cover-












48 ‘ MANUAL OF BACTERIOLOGY.

(f) After a few seconds, replace the preparation in the nitrate
of silver solution, in which it is kept constantly moving, till the
solution begins to acquire a brown or black color.

Some recommend leaving the preparation in the nitrate of
silver solution for two minutes in the first place, and in the
reducing bath for two minutes, without using the nitrate of
silver solution a second time.

(g) Finally wash in distilled water, dry, mount in Canada
balsam. It is difficult to avoid the formation of precipitates;
otherwise the results of this method are usually good.






























58 MANUAL OF BACTERIOLOGY.

the bacteria (Fig. 16). These fluids usually filter very slowly,
and filtration has to be assisted by some form of vacuum-
pump; usually the filter-pump, which is used in connection
with a stream of running water, is employed. Compressed air
or carbonic acid may be used to assist in forcing fluids through
the filter. The filter bougies, the flasks and all parts of the
apparatus must, of course, be sterilized by heat before and after
using.







































CULTURE-MEDIA. 71

During the filling, the neck of the test-tube where it comes in
contact with the cotton must mot be wet with the medium.
Ordinarily about 7 to 10 c.c. are placed in a test-tube. For
Esmarch’s roll-tubes a somewhat smaller quantity is desirable.

The sterilization of tubes containing culture-media is
always done by steam, and has been sufficiently described.
It is to be remembered that the solidifying power of gelatin
is impaired by too prolonged heating, while heating is less
likely to damage other culture-media. The media which
are sterilized at a low temperature (70° C.) should be tested
for two days in the incubator to determine whether sterilization
has been effective. It is the universal experience in bacterio-
logical laboratories that occasionally culture-media will become
contaminated with extremely resistant spores which fail to be
sterilized by the ordinary processes, an occurrence which
causes great annoyance and calls for the exercise of much
patience. Sometimes, also, moulds attach themselves to the
plugs, especially if they are moist, and send their filaments
down through the cotton; finally, having reached the lower edge
of the cotton, their spores may fall upon the medium, grow
thereand ruin it.
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are able to diffuse through the collodion, while the animal’s fluid
may pass into the sac to nourish them. .These capsules were
originally made by dipping the round end of a glass rod into
collodion repeatedly. McCrae’s method* is easier and more
satisfactory. (Fig. 36.)

A piece of glass tubing is taken, and a narrow neck drawn on it near one
end. This end of the tube is rounded in the flame, and the body of a gelatin
capsule is fitted over it, while still warm, so that the gelatin may adhere to
the glass. The capsule is now dipped into 3 per cent. collodion, covering
the gelatin and part of the glass. It is allowed to dry a few minutes, and is
dipped again. In all, two or three coatings may be given. The capsule is
filled with water and boiled in a test-tube with water. The melted gelatin
is removed with a fine pipette. The capsule is partly filled with water or
broth and sterilized. The capsule may now be inoculated. The narrow part
of the neck must then be sealed in the flame, taking care that the neck be dry.
The sealed capsule should be placed in bouillon for twenty-four hours. No
growth should occur outside the capsule if it is tight. It may now be placed
in the peritoneum of an animal.

A method for making collodion sacs recommended by Gorsline} consists
in the use of a glass tube, the lower end of which is rounded and closed, except
a small hole, which is temporarily filled with collodion. This tube is dipped
in collodion and dried, as above. It may now be filled with water. By
blowing at the opposite end, the pressure through the hole in the bottom of
the glass tube will cause the capsule to loosen so that it comes away easily.

There are also various other methods recommended for making collodion
sacs.

* Journal of Experimental Medicine. Vol. VI, p. 635.
T See Contributions to Medical Rescarch. Dedicated to Victor C. Vaughan.
1903.



























SYSTEMATIC STUDY OF SPECIES OF BACTERIA. I0§

plugs removed and burned and the tubes filed with 5 per cent.
carbolic acid between the second and third sterilizations. In
taking these measures, the same kind of reasoning applies as
that which induces engineers to give bridges from four to six
times the strength they need to bear the greatest strain likely to
be put upon them, or to make the boiler of a steam engine strong
cnough to bear six times the greatest pressure which it is expected
that the steam contained in it will exert.
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simpler compounds. Fermentation refers especially to the
formation of useful products like alcohol. The term putre-
faction is employed chiefly for the breaking up of nitrogenous
compounds with the development of foul-smelling gases. The
term fermentation is also applied to the decomposition of com-
plex substances through the influence of unorganized ferments
or enzymes. The work of bacteria in decomposition is indis-
pensable to the existence of the organic world as we find it.
Green plants convert the stable compounds of nitrogen, the
carbon dioxide of the atmosphere and water into the complex
and unstable albumens and carbohydrates which serve as food
for animals. Animals, on the other hand, convert these un-
stable and complex compounds back into simpler forms. The
work of changing them back into the simple and stable con-
dition, in which they serve as the food for plants, is performed
by animal life in part only, and its completion is left to the
activities of bacteria. It is the work of bacteria in this direction
which we call decomposition. Without that work the existence
of life upon the earth as we understand it would soon come to
an end, and the dead and undecomposed bodies of living
things and their products of all kinds would lie about unchanged,
as they had fallen.

Bacterium termo is the name formerly given to a supposed
species of bacteria which was credited with being the producer
of putrefaction. The individuals were represented as being short
rods, mostly going in pairs, and actively motile. The term
has been abandoned since it appears to have included a number
of different species.

12
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sharply between them. Fomites are the materials on which
the infectious material is conveyed.

A miasmatic disease is a variety of infection in which the
microdrganisms are not received from another case of the dis-
ease, but are supposed to have been derived from the external
world, particularly through foul air. This word is less used
than formerly.

The following is a list of the most important discases of
man caused by bacteria. The proof as required by the rules
of Koch is not complete for all of them:

Tuberculosis, Suppuration and Influenza,

Leprosy, certain inflamma- Diphtheria,
Glanders, tory conditions al- Typhoid fever,
Anthrax, lied to it, Dysentery (not ame-
Tetanus, Epidemic cerebro- bic dysentery),

Malignant edema,
Bubonic plague,
Malta fever,
Erysipelas,

spinal meningitis,
Gonorrhea,
Chancroid or soft
chancre,
Lobar pneumonia,

Asiatic cholera,
Relapsing fever,
Rhinoscleroma (?),
Actinomycosis.

Malaria and amebic dysentery are caused by microscopic
unicellular animal organisms (protozoa).

It has been claimed

that small-pox is caused by protozoa; this view has acquired
added interest from the recent researches of Councilman.
Recent work indicates that the “sleeping sickness” (of Africa)
and some other diseases of tropical climates are caused by
protozoa (sec appendix).

Thrush and certain parasitic skin diseases are caused by
fungi of more highly organized structure than bacteria.

In each of the following diseases there is good rcason to think
that the cause is some kind of microdrganism, but it has not yet
been discovered:

Syphilis, chicken-pox, measles, scarlet fever, German measles,

mumps, whooping-cough, yellow fever, typhus fever, rabies,
dengue. )

Rheumatic fever and beri-beri would be placed in this list
by many writers.
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The reaction is very sensitive, the immune serum, as the
serum from the injected animal is called, causing clouding
in solutions containing very small traces of the homologous
serum. Rabbits are usually employed for the production of
immune sera for the precipitation reaction, and seem specially
adapted to the purpose.

The reaction is of great value in determining the kind of
blood in any doubtful case, and is applied practically in forensic
medicine to determine the character of suspicious blood-stains.

In the precipitin reaction, as this is called, there is group
precipitation, it is true. Thus, human and monkey’s sera
react with the same precipitin and dog’s and wolf’s sera
respond to the same precipitin. Bacterial precipitins have
also been obtained by injecting animals with bacteria. In
this case filtrates obtained by filtering bacterial cultures
or suspensions through porcelain filters give a cloud, with
ultimate precipitation, when treated with a drop of homolo-
gous serum.*

* Norris.  The Bacterial Precipitins.  Journal of Infectious Diseases.
Vol. L., p. 463. 1904.
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account of its size, and, moreover, the horse is very susceptible.
Insusceptible animals cannot be made to yield antitoxin, at
least of any appreciable strength. Eventually enormous doses
of toxin are given, and the animal acquires a high degree of
immunity. The blood of the animal is withdrawn, taking care
to avoid contamination, and the serum allowed to separate in
the refrigerator. The serum of the blood is drawn off and
constitutes the antitoxin. The use of antitoxin has been em-
inently successful and revolutionized the treatment of diphtheria;
and it has given partial success in tetanus with an antitoxin
prepared by injecting horses with increasing amounts of tetanus
toxin. (See the description of the bacteria of these diseases.)

Ehrlich discovered that the vegetable toxins, abrin and
ricin, behave in a manner very similar to soluble bacterial
poisons when injected into animals, and that by their injec-
tion an immunity for the same poisons may be secured. Ehr-
lich also found that the milk of animals which had been
immunized with increasing doses of abrin and ricin confers
immunity upon sucklings. In most cases we look to the blood-
serum for the immunizing agent.

There is little, if any, analogy between the tolerance acquired
in this manner from bacterial and other toxins and that which
victims of the morphine and cocaine habits have for immense
doses of these drugs, for no bodies resembling antitoxins are ob-
tained from animals that have been accustomed to such drugs.

Active and Passive Immunity.—The kind of immunity
which results from the injection of substances from immunized
animals is called ‘“passive immunity.” Diphtheria and tetanus
antitoxins produce passive immunity. ‘“Active immunity”
may be brought about in several ways:

(1) By a spontaneous attack of an infectious disease; (2)
by an attack excited artificially through inoculation with small
doses of virulent cultures, or (3) by the administration of
large doses of attenuated cultures; (4) or by the injection of



























18O MANUAL OF BACTERIOLOGY.

hrought about by a kind of fermentative action. So in addition
to the haptophore group the receptor must possess a ferment-
pranducing group. It seizes on the red cells or on the bacteria,
as the case may be, with the haptophore group, and produces
vertain changes with its ferment-producing group. The latter
is called the zymophore group. Receptors of this kind are
called receptors of the second order (Fig. 49).

With the lysins there is also a change, which takes place after
the receptor unites with the bacteria or other cells; so there must
be here also a zymophore or zymotoxic group, as it is called.
This zymotoxie group, however, is not an integral part of the
receptor, but is easily broken off from it, in the manner described
below.

As is explained later, the power of the lysins becomes sus-
pended, but not lost, on being heated to 35°0r 56° C.  In this
condition they are said to be inactivated.  They become active
again when certain fresh serum is added-—not necessarily fresh
lysin, but fresh normal serum.  This will all be discussed and
explained lter.  For the present purpose it is sufficient to bear
i mind that ly.in bhecomes inactivated and may be reactivated.
“ue the bedns act differently from agglutinins and precipitins.
I he p oot biese precaliar receptors which unite, on the one hand,
coth the ool abich they disintegrate, and, on the other, with a
forment producing ol tance casily destroved by heat. These
seccptors st e, e haptophore groups; in other words,
a baptophore for el and o haptophore capable of unit-
ing with o Lody comtaining a ferment producing group.  Re-
coptons for Lysins are therefore called amboceptors, or receptors
with two haptophores (Fig, 50). ‘They are also called recep-
tors of the thind order. “FThe substance which reactivates the
lysin, the fresh serum, is cadled complement, and it must be
comprsed of a haptophore in order o attach itself to the ambo-
ceptor, and azymotoxic group in order to produce lvsis.  On
heating fresh normal scrum to 557 or 56° C. the complement
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the bluer the color. Let A represent, then, a certain amount of antitoxin;
let A be capable of combining 1, 2, 3, 4, 5, different amounts of toxin; call
these amounts of toxin T, T,, Ty, T, Ty; and assume that a combination in
which all the 4’s are combined with T"s in the proportion of AT, is neutral,
that it has no poisonous properties; that a combination represented by AT,
also has no toxic properties, but that AT, would begin to show toxic properties,
and that AT, is distinctly toxic, and that AT, is very toxic. Starting with
toxin, then, if just enough antitoxin is added to neutralize its poisonous proper-
ties, AT, is first formed, which is not toxic; now add more toxin, and none of
this remains free, but, on the contrary, AT, is formed, which is not toxic; on
adding still more, when AT, or AT is reached the mixture is fatal for guinea-
pigs. The paralysis which Ehrlich attributes to toxon would be represented,
say, by AT,. In between the combinations represented by AT, to ATy are
all imaginable combinations, a sliding scale of no definite units.

In other words, while Ehrlich holds that toxin and antitoxin unite in one
definite proportion, Bordet holds that they may unite in any proportions, like
two different colors of paint mixed together producing any intermediate color
with more or less tint of one or other of the two original colors.

The cvidence adduced by Bordet for this conception is very abundant and
fully repays study.

Still another theory offered to explain the peculiar behavior of the antitoxin-
toxin mixture is advanced by Arrhenius and Madsen, also supported by
experimental evidence. They also deny the existence of toxon, and look upon
a mixture of antitoxin and toxin as analogous to an amphoteric mixture of a
dilute acid and alkali, or of an acid and alcohol. In such combinations there
are compounds formed of the two substances, but some of each of the two con-
stituents remains free. An ester is not only a compound formed by an acid
and an alcohol, but it has free alcohol and free acid. Moreover, the ester is
constantly changing, some of the alcohol and some of the acid separating and
new cster constantly forming again.  'When first mixed, more ester is formed,
and less alcohol and acid are liberated, till a point of dynamic equilibrium is
rcached, when just as much ester is formed as there are alcohol and acid liber-
ated.  Just so in adding toxin to antitoxin: at first more of the two combine
than is set free, but after a time a condition of dynamic equilibrium is estab-
lished, and any additional toxin remains free.

Briefly stated, these are the three theories which are now advanced by com-
petent authorities, and, if these outlines arc kept clearly in mind, it will not be
difficult to understand the subject as presented in the many medical journals
and the many monographs which have appeared on the subject.*

* A summary will e found in a monograph by Michaelis. Die Bindungs-
gesetze von Toxin und Antitoxin.  Berlin. 1905. Also a special article en-
titled, Immunity. Journal of the American Medical Association. Nos. 4 et
seq.  190s.
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room should then be made as nearly airtight as possible; this
can be accomplished by pasting strips of paper over registers,
cracks, spaces between window-sashes and the like. Form-
aldehyde gas is then passed through the keyhole into the room
(or it may be generated by formaldehyde candles) in sufficient
quantity to destroy the infectious element. The room should
be sealed for at least twelve hours, after which time it may
be opened and aired. The process is completed by washing
all exposed surfaces in the room with 1-1000 bichloride of
mercury. This latter requirement is not essential if the gas-
eous disinfection has been complete, but since we have no
absolute knowledge on this point, the secondary washing should
be carried out. This method can be considered reliable for
surface disinfection, but for the interior of mattresses and
stuffed furniture-cushions it is not certain. In all cases where
absolute disinfection is demanded, such articles must be ripped
apart and loosely exposed to the gas. They may be disposed
of by fire or sterilized by steam under pressure. The latter
method must necessarily be a matter of municipal control,
and can be carried out only by means of suitable apparatus
in the hands of a municipal disinfecting corps. Instead of
formaldehyde, sulphur dioxide may be used for room disin-
fection, but in the light of present knowledge the formaldehyde
method is superior.

18
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CHAPTER IX.

THE PREPARATION OF INSTRUMENTS, LIGATURES,
DRESSINGS, ETC., FOR SURGICAL PURPOSES.*

The purpose of this chapter is to explain the application
of the principles set forth on the preceding pages to surgical
technique. It has been shown that all objects about us may
have bacteria on them, and that bacteria are present on all
the surfaces of our bodies that come in contact with the air.
All the care that is needed in working with bacteria in the
laboratory, and more, must be exercised in surgical opera-
tions. Everything that has not been sterilized must be re-
garded as having the possibilities of infection in it. After
the hands have been cleansed, if they touch the clothing or
furniture, they must be cleansed again. If a sterilized instru-
ment falls on the floor, it must be sterilized again. The same
applics to dressings, sponges, ligatures or anything which is
to be used about the wound.

The value of chemical germicides has probably been over-
rated in the past. They are used only to destroy the bac-
teria on living tissues and on articles that would be damaged
by hecat. They give less reliable results than boiling. Wher-
cver boiling or steam sterilization is permissible, it should be
used. With materials that may contain a small quantity of
substance in which bacteria can grow, the {ractional method
of sterilization should be used (sce page 51). With glass and
mectallic objects, obviously a single boiling can accomplish as
much as boiling on three consecutive days.

* By Marshall Clinton, M.D., Instructor in Clinical Surgery, Medical De-
partment, University of Buffalo.
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immersion for half an hour in this solution rinse thoroughly
in sterile water and put in a 1-1000 bichloride of mercury
sulution for twenty four hours. Remove and place in 1-20
ciirbolic acid solution until required for use. At operation
remove {rom solution, rinse out in normal salt solution, and
place in receptacle fillad with salt solution. If sea sponges
ate used on s septic case, they should be thrown away and
nocattempt made to resterilize them. 1f used on clean cases,
they nun be resterilic od as above.

Dressings, The two materials universally used to dress
wounds are “gan.e ™ or cheesecloth and absorbent cotton.  If
they are properly sterilized, the impregnation of gauze or
cotton with antiseptics does not add to their value. Gauze
is usuathy cut in vand squares and folded compactly so as to
mithe compresses. A number of compresses are wrapped with
il lbin'l' of cotton cloth and the wlgc.\' stitched 1008(’1_\' into a
closed hundle. After sterilization by the fractional method, the
bundles can e phiced in sterile jars or reeeptacles and each
hundle removed as neadad. Ripping open the stitches gives
untouched sterile bundles of compresses, convenient and handy
for using.  Cotton is sterili.ed by the fractional method in
rolls. or bundles as for gaurse. These dressings should be
warmed hefore being placed in the steam sterilizer or they
will be unnecessarily wet when removed.

Irrigating solutions.  Chemical germicides, such as bichlo-
ride of mercury when in solution, cause necrosis of tissue.
Plain sterile water causes maceration of cpithelium. Normal
salt solution is the least irritating to the tissues and is the one
most generally employed for irrigating purposes. It is 0.6 per
cent. sodium chloride, prepared roughly by adding a teaspoon-
ful of salt to the pint of water. This solution may be steril-
ized by boiling for half an hour on three consecutive days.
It does not injure tissue, and may be freely used in operations
for irrigating. It has no germicidal or antiseptic properties.
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Accident wounds are generally lacerated or contused and may contain patho-
genic bacteria. They should be promptly and carefully cleansed with sterile
salt solution, wiped with sterile gauze and, if necessary, scrubbed vigorously
with sterile soap and brush to remove all infectious dirt. When there is any
doubt of this being accomplished it is better to dress such wounds wide open,
filled with sterile gauze, for forty-eight hours or more. Retained blood-clots
form a good medium for the development of bacteria so that drainage for a
day or two is safer in doubtful cases.

Infected wounds. There is no known method for promptly sterilizing in-
fected wounds without destroying tissue. An infected wound, if the infection
be not too deep, may be sterilized by cauterizing with pure carbolic acid.

Care must be exercised in the application of antiseptic solutions in infected
wounds for the antiseptic rarely penetrates as deeply into the tissues as the
bacteria are found, therefore further necrosis of tissue and mechanical cleanli-
ness are about all they accomplish.

After-treatment of wounds. Close attention to details is important in the
technique of a first dressing after an operation. All instruments, irrigating
fluids, bowls, basins, etc., are to be sterilized. When the dressing is removed
the skin surrounding the wound should be cleansed by washing with salt solu-
tion or peroxide of hydrogen. The sutures or drainage should be removed
with sterile forceps, and fresh sterile dressings applied. If a wound is found
infected, all accumulations of blood-clot, pus, etc., should be gently and care-
fully washed out, and free drainage provided. In the treatment of infected
wounds attention must be paid to maintaining mechanical cleanliness and
avoiding infection with some organism which may not be already present.

It should be borne in mind that anything that tends to depress a patient’s
resisting powers, such as prolonged exposure to cold during an operation,
loss of blood and infliction of a great degree of surgical shock, encourages
infection.
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rod with rounded ends; actively motile; does not liquefy
gelating  adrobic; does not form spores; grows rapidly at the
onlinary temperaturcs upon the common media. Gelatin cul-
tures give off a powerful, foul odor of trimethylamin. It
prodduces a greenish, fluorescent pigment, best seen in trans-
parent medin; on potato the growths form a thin, gray to
brown, slimy layer.

There are several other fluorescing bacilli, mostly found in
water, ~

Bacillus Indicus.—Found by Koch in the stomach contents
of an ape in India; a finc short bacillus with rounded ends;
motile; does not form spores; facultative anagrobic; liquefies
gelating grows rapidly, best at 35° C. upon the ordinary media;
produces a brick-red pigment. Very large doses injected into
rabbits caused death in three to twenty-four hours.

Bacillus prodigiosus.—Widely disseminated in the atmo-
sphere of certain places; a short bacillus with rounded ends,
in form often nearly like the micrococci; facultative ana&robic;
not motile, as a rule; does not form spores; liquefies gelatin
rapidly; grows rapidly, best at 25° C. on the ordinary culture-
media; milk is coagulated; gas forms in sugar-media; cul-
tures on potatoes give off a foul odor of trimethylamin. A
brilliant red color, which develops only in the presence of
oxygen, appears in cultures. The pigment appears as granules
outside of the bacteria.

Bacillus violaceus (of Berlin).—Found in water; a slim
rod with rounded ends which may form threads; actively
motile; facultative anaérobic; liquefies gelatin rapidly; forms
endogenous spores placed near the centers of the bacilli; grows
rapidly, and not at high temperatures, upon ordinary media,
forming a deep, violet-colored pigment. There are several
bacilli related to this one.

Bacillus amylobacter (Clostridium butyricum; Bacillus
butyricus, Prazmowski)..~-Found widely distributed in nature
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ing; motile, with flagella at the ends; probably anaérobic;
forms spores located at the ends.

Spirillum volutans.—Found in swamp water; very long
spirals with several turns; 1.5 to 2 ¢ broad and 25 to 30 g
long; motile, with a flagellum at each extremity. The pro-
toplasm is granular.

Spirillum undula.—Found in putrefying infusions con-
taining organic matter; a rather short spiral form with three

FI16. 55.—SPIRILLA FROM SwaMp WATER. (X about 500.)

turns or less, about 1 s thick and 8 to 12 z long; actively
motile, with a tuft of flagella at cach extremity; has been
cultivated on agar.

Spirillum or Spirochseta plicatile.—Found in swamp
water; spiral forms of various lengths; sometimes 100 to
200 ¢ long; actively motile.

The spirilla (vibrios or comma-shaped forms) closely re-
sembling the spirillum of cholera, will be considered in con-
nection with that organism. A form of chronic pseudomem-
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bacilli of diphtheria, tuberculosis, glanders and typhoid fever.
Frequently two or more species of pyogenic bacteria will be
found associated.

The table below, quoted from Dowd, shows the frequency
of the occurrence of various pyogenic bacteria in 135 cases of
different types of suppuration.

g . .
= |
388 8
5 | =s 5
i - .
g é'g ! S |
ERE 3
o <
Streptococcus pyogenes alone............. 9| 3 .. e e e
Streptococcus pyogenes predominant....... 23| 3 .. -~ .. 8
Streptococcus pyogencs relatively few...... 3| 1 6 - .. I
Staphylococcus pyogenes aureus alone..... II| I 1 7 6
Staphylococcus pyogenes aureus predomi-
0, 8| 2 -- e .. b¢
Staphylococcus pyogenes aureus relatively
................................. 13 e ee e 2
Staphylococcus pyogenes or epidermidis al- 3
busalone..... .. ... .. .. 1 4 2 4 .. 2
Staphylococcus pyogenes or epidermidis al- ,
bus predominant.............. . ...... ! .. 1 F R
Staphylococcus pyogenes or epidermidis al- |
bus relatively few........ ...l 10§ 3 ... 6
Staphylococcus cereus albug.............. 3 ‘ I 2 ... 1
Staphylococcus citreus. ..ol I .. 2, .. - 1
No growths on agar...........ccoocoaaal oo .. PR T .| 11
Very few growths onagar................ R . 3 .. 3
Bacillus pyocyancus............oooa.s . | S .- 3
Bacillus coli communis.................. R e e 3
Overgrown . ... i 4| .- 2 .. .- 1
Few undetermined colonies............... 12 | 2 5 | .- .- 5

The condition of the animal’s tissues is of great importance
in determining whether or not suppuration will occur when
exposed to infection. It will be seen that we are repeatedly
subjected to infection with pyogenic bacteria, but that in most
cases suppuration nevertheless does not occur.  The local con-
ditions have an important influence in determining infection.



























PATHOGENIC BACTERIA. 245

The Streptococcus pyogenes is not motile. It stains by
Gram’s method. By the method of Hiss (page 46) capsules may
sometimes be demonstrated. It is facultatively anaérobic;
grows best in the incubator; more slowly at room tempera-
ture, and does not liquefy gelatin. In gelatin plates it produces
small, round, white, punctiform colonies which are slow of
development, and are visible only after about three days. It
grows on the ordinary media, but according to some authors

F1G. 62.—STREPTOCOCCUS PYOGENES, FROM A PURE CULTURE. (X 1000.)

it does not grow on potato. Milk may or may not be coagu-
lated. The growths are never very luxuriant, and may die out
after a few transplantations.

It is killed by exposure to 52° to 54° C. in ten minutes.
The Streptococcus pyogenes occurs frequently on the mucous
surfaces of the healthy body. It is often found in pus, espe-
cially pus of spreading inflammations of the kind known as
cellulitis. This organism is the commonest infectious agent
in pucrperal fever, metritis and peritonitis. It occurs com-
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mice, pigeons and various other animals, including man.
Inoculation results in the production of swelling and edema,
spreading from the point of inoculation. Gas may be pro-
duced in the tissue. It may lead to wide-spread septicemia.

Bacillus tetani.—A slim, straight bacillus, with rounded
ends, which may form in threads. It is slightly motile. Spores
form in culture-media at the end of thirty hours in the in-
cubator. The spores are located at one end, which is

F1G. 74.—-TEi'ANUS BACILLI, SHOWING SPORES. (X 1000.)

swollen, so that in this stage the organism has the shape
of a drum-stick. The spores are extremely resistant, and
in the dry condition remain capable of germinating under
favorable conditions for years. They are killed by moist
heat at 100° C. in five minutes; by 5 per cent. carbolic acid,
in fifteen hours; by bichloride of mercury, 1-1000, in three
hours. The tetanus bacillus stains by Gram’s method. It
is a strict anaérobe; it grows in an atmosphere of hydrogen, but
not of carbon dioxide. It may sometimes be made to grow
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typhoid fever. Its growths in other media are mostly whitish.
Bouillon becomes clouded. Nitrates are reduced to nitrites.
In peptone solution it forms indol. On potato it forms an
abundant visible growth from cream color to pale brown.
Milk becomes acid and is usually, but not always, coagu-
lated slowly. It causes the development of gas and acid in
media containing dextrose or lactose. In media containing
neutral red it is stated that the colon bacillus produces a yellow
color with a green fluorescence. Differential points between

R .‘ Ed . N ‘A -
) x5 \ ~
F1G. 94.—BACILLUS COLI COMMUNIS WITH FLAGELLA, STAINED BY VAN
ERMENGEM’S METHOD. (X 1000.)

the bacillus of typhoid fever and the Bacillus coli communis
are as follows:

1st. The typhoid bacillus is actively motile; the colon bacil-
lus less actively motile.

2d. The typhoid bacillus has numerous flagella which rise
from all parts of the surface; the colon bacillus has a smaller
number of flagella.
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ing neutral red become yellow, as with B. coli communis, but more slowly, and
the red color sometimes returns. In respect to the fermentation of saccharose
and the formation of indol reports differ; both are usually negative. The
blood of the patient agglutinates the bacilli. But, as among the closely related
members of this group mutual reactions are sometimes seen, this test is not
to be considered invariable.* Several bacilli allied to the above are known.
The Bacillus enteritidis of Gaertner is a related form which has been found
in cases of meat-poisoning.

Bacillus lactis a¥rogenes (Bacillus a&rogenes).—A ba-
cillus having a form similar to that of the colon bacillus, de-
scribed as being larger and plumper. In the main its proper-
ties are similar to those of the colon bacillus. Its colonies
are more circumscribed and elevated than those of the colon
bacillus. It is non-motile. It coagulates milk more rapidly
than the colon bacillus. It produces gas upon potato more
rapidly than the colon bacillus, and more abundantly. It was
first described by Escherich, who discovered the colon bacillus,
assigning the Bacillus lactis aérogenes rather to the upper part
of the small intestine, and the colon bacillus to the lower portion.
According to Kruse, the Bacillus lactis aérogenes and its rela-
tives differ from the Bacillus coli communis chiefly in lacking
motility. Like the colon bacillus it has been found many
times in the urine in cystitis. Sec also B. acidi lactici, page
225.

Bacillus dysenteriee (Shiga).—A bacillus with rounded
ends, of the size and shape of typhoid and colon bacilli, seldom
forming threads. Most observers have found it non-motile.
Vedder and Duval have demonstrated flagella. The bacillus
docs not form spores. It may be stained with the ordinary
aniline dyes; it does not stain by Gram’s method. Itis a facul-
tative anaérobe. It grows at ordinary temperatures, but better
in the incubator. It grows on the usual culture-media, but more

* Cushing. Bulletin Johns Hopkins Hospital. July-August, 1900. Strong.
Ibid. May, 1902. Johnstone, Hewlett and Longcope. American Journal
Medical Sciences. August, 1902. Libman and Buxton. Journal Medical Re-
search. Vol. VIII. 19o2.
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of a 20 per cent. peptone solution to make the water contain
1 per cent. peptone, and enough of a 10 per cent. sodium chloride
solution to make 5 per cent. The water, with the salt and
peptone in it, is divided among a number of sterilized flasks.
After twelve hours in the incubator, any cholera spirilla which
happen to be present are likely to multiply and form a scum
on the surface of the medium, and may be identified according
to the methods given above. Seec also page 131. .

Since Koch’s discovery of the cholera spirillum in 1883-84 a
considerable number of bacteria have been described which
resemble the cholera spirillum more or less closely, and these
have to be taken into account in making examinations of
suspected material of any sort. This is particularly necessary
in the investigation of water, in which such cholera-like spirilla
seem to occur quite frequently.

Vibrio Metchnikovii.—A comma- shaped organism, which,
though somewhat shorter and thicker than the cholera bacillus,
is very similar to the latter in form, and, like this, may some-
times form genuinc spirilla. It is motile and has a flagellum
at onc end. It does not form spores. It is aérobic. It stains
with the aniline dyes, and is not stained by Gram’s method.
It grows at the room-temperature. It liquefies gelatin some-
what more rapidly than the spirillum of cholera. The colonies
on gelatin plates are not all alike; some of them resemble
those of Vibrio proteus, and others are extremely like those of
the spirillum of cholera. It grows upon the usual media.
Coagulated blood-serum is liquefied by it. The growth on
agar is gravish to yvcllowish, and abundant. It forms a pel-
licle on bouillon.  In milk an acid reaction is developed with
coagulation. In peptone solution it produces indol and ni-
trates like the spirillum of cholera. 1t is said to give the nitro-
soindol reaction more intensely than the spirillum of cholera.

It is killed by a temperature of 50° C. in five minutes. It
was discovered in chickens suffering {rom gastro-enteritis.
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It was supposed by its discoverers to be the cause of cholera
nostras, but it appears to have no relation to that disease.

Spirillum Milleri—A comma-shaped organism resem-
bling Vibrio proteus in many respects, and probably identical
with it. In gelatin it grows more rapidly, and produces lique-
faction more rapidly than the spirillum of cholera. On gela-
tin plates, at the end of twenty-four hours, the colonies are uni-
formly circular and granular, lying in little depressions re-
sulting from the liquefaction of the gelatin. Its growths in
the other media are not characteristic. It liquefies blood-
serum. It does not produce indol. It is less toxic to animals
than the spirillum of cholera. It was isolated by Miller from
a carious tooth.

See also Spirillum sputigenum, Part III.

Spirillum tyrogenum (Dencke).—A comma-shaped organ-
ism, not so large as the spirillum of cholera. It*is motile,
having a flagellum at one end. It docs not form spores. In
cultures, genuine spirilla may develop.  Gelatin is liquefied
more rapidly than by the spirillum of cholera, and the colonies
develop more rapidly.  The circumference of the colony is
round, the surface may appear somewhat granular, and it has
a greenish-brown color, seen under the low power.  Milk con-
taining litmus becomes acid, is subscequently decolorized, and
is also coagulated. It liquefies coagulated blood-serum. 1t
does not form indol in Dunham’s peptone solution. No pel-
licle forms in cultures upon bouillon. It is less toxic to animals
than the spirillum of cholera. It was isolated originally from
old cheese.

Vibrio Berolinensis.—A comma-shaped organism resem-
bling the spirillum of cholera in form and in the position of its
flagellum. It does not stain by Gram’s method. It grows at
the room-temperature, but more rapidly in the incubator.
The colonies upon gelatin, one or two days old, when magnified,
are decidedly more finely granular and more transparent than
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tensive ulceration.* According to Strong,t at least two distinct
species of amebe have been found in the feces in man, only one
of which is pathogenic and the cause of dysentery. Unfortu-
nately the designation, Amaba coli, has been applied to both
species. The ameba of dysentery should be designated A4 maba
dysenterie, limiting the term Amaba coli to the non-pathogenic
form or forms.

The Amaba dysemierie is a unicellular organism, 20~s50 p
in diameter when at rest, consisting of a clear, homogeneous
ectosarc and a granular endosarc, with an eccentrically placed
nucleus. The endosarc contains a number of vacuoles of
variable size and very frequently red blood-corpuscles, as well
as other foreign bodies, such as bacteria, pigment granules,
etc. Many red blood-corpuscles may be seen crowded together
in a single ameba. The organism is actively ameboid, extending
its substance into processes or pseudopodia of varying forms.
This ameboid motion assists in making easy the recognition
of the parasites under the microscope and in distinguishing
them from large, swollen cells found in the feces. The stool
should be examined while {resh and still warm.

The non-pathogenic ameba (Amaba coli), also occasionally
found in the intestinal tract of man, differs from the pathogenic
dysenteric organism chiefly in its much smaller size (10-24 )
and the invariable absence of red corpuscles from its interior.
The protoplasmic granules are also, as a rule, smaller and are
difficult to recognize. The Amceba dysenterie produces ex-
perimentally definite ulceration of the gut of cats, whereas the
Amceba coli is harmless. Both varieties of amebz may be
stained by a special stain devised by Mallory.}

* Councilman and Lafleur. Johns Hopkins Hospital Reports Vol. 1II.
Harris. American Journal Medical Sciences. Vol. CXV. 1898.

T Strong.  Circulars on Tropical Diseases. No. 1. Chief Surgeon s Office,
Headquarters, Division of the Philippines, Manila, P. I. February, 190I.
Ibid. No. 11. April, 19o1. (Both reports may be obtained from the United
States Government, Washington.)

} Mallory. Journal of Experimental Medicine. Vol. II. P. 529. Sep-
tember, 1897.
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in perfectly_fresh blood, but develop only after the blood has been drawn some
time, usually fifteen or twenty minutes.

The extracellular forms of the parasite, the gametes, incapable of further
development in their human intermediate host, can continue their life cycle
only when, by chance, they happen to be sucked into the body of a mosquito
of the genus Anopheles, the definite host, in which they undergo a second com-
plete sexual cycle of development with the ultimate production of spores or
sporozoids. When in turn the spores chance to be inoculated into the blood
of man by the bite of an infected Anopheles, the man becomes infected, and
the cycle of development in the red corpuscle, already outlined, commences.
The second or sexual cycle of the parasite in the mosquito, here described
for the tertian organism, applies as well to the other varieties of the malarial
organism, namely the quartan and the estivo-autumnal forms, in the case of
each starting from the extracellular mature forms of the organism found in
the blood of the human host.*

Quartan Parasite.—This resembles quite closely the ter-
tian parasite, but differs from it in certain respects. The
young, hyaline, intracorpuscular parasite is more highly
refractive, its ameboid motion is less marked and more slug-
gish, and the pigment granules are darker, much coarser,
and have very slight motility. The infected red corpuscles
are usually somewhat contracted instead of swollen, and their
color is apt to be darker, assuming a bronzed hue. The
full-grown parasite is much smaller than the corresponding
form of the tertian, approximating the size of a normal red
corpuscle. As segmentation begins, a characteristic appear-
ance develops which distinguishes the quartan organism,
namely, the coarse pigment granules are drawn toward the
center of the parasite in certain converging straight paths,
giving a stellate arrangement to the pigment, until finally it
becomes clumped entirely at the center in a solid mass. The
scgmenting forms of the quartan parasite thus present a more
symmetrical arrangement of the spores, which often resemble
the petals of a ““marguerite.” These spores are oval and num-
ber only from six to twelve, being fewer than those of the ter-

* Lyon. The Inoculation of Malaria by the Mosquito. A Review of the
Literature. Medical Record. February 17, 1900.
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recent studies, believe that the bodies above mentioned are
protozoa. Segmentation of the bodies is described, result-
ing in the formation of spore-like bodies. The spore-like
bodies undergo a further or second cycle of development
within the nucleus. The second cycle also ends in segmenta-
tion. The two cycles were seen in small-pox; in vaccinia,
only the first or extranuclear bodies were observed.

( e

I'16. 105.—TRYPANOSOMES IN THE BLooD or THE RAT. RoOMANOWSKY
STAIN. (X 1000.)

YELLOW FEVER.

It has already been indicated (page 149) that the study of cases of yellow
fever has failed to prove that this disease is caused by bacteria. On the other
hand, evidence that it is transmitted by the mosquito, Stegomyia, has been
increasing.

Trypanosomes.—A number of species of Trypanosoma have been described,
which produce discases in the lower animals; recently one has been stated
to be the cause of disease in man.* ‘The trypanosoma is a protozodn belong-

* For a full description of the life history and classification of Trypanosoma
sec Salmon and Stiles. Emecrgency Report on Surra. United States Bureau
Animal Industry. Bulletin No. 42. 1902. Sce also Francis. Marine Hos-
pital Service. Hygienic Laboratory. Bulletin No. 11. 1903.
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ing to the flagellata. It is of an elongated, spindle-shaped form, with a nucleus,
and has a flagellum at one end, which extends along a thin edge, called the
undulating membrane. It is actively motile. It occurs in the blood, between,
but not in, the blood-corpuscles. Its length is two to several times the diameter
of a red corpuscle. Members of this genus are the cause of surra (a fatal dis-
easc of horses and mules occurring in India and the Philippine Islands) and
of the tsetse-fly disease of South Africa; while others are found in rats, birds,
amphibia and fishes. In the horse the infection is transmitted by the bites of
flies. Novy and MacNeil have succeeded in cultivating the trypanosoma of
rats and birds on rabbit-blood-agar.* )

Several cases were reported during 1902 where trypanosomes were found
in the blood of individuals from tropical Africa, showing that this group of
parasites may occur in man.t The symptomatology of these infections re-
quires further study. Still more recently it has been claimed by Castellani
that a trypanosoma is the cause of “sleeping sickness,” a disease of the natives
of Africa. He states that the parasites may be demonstrated in the cerebro-
spinal fluid obtained by lumbar puncture and, with greater difficulty, in the
blood, during life. Many cases also show at autopsy streptococcus infection,
which is believed to be a secondary invasion.} -

* Loc. cil.
t British Medical Journal. May 30, 1903.
t British Medical Journal and Lancet. June 20, 1903.
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ABBE condenser, 20
Abrin, 164, 177
Abscesses, 233, 243
metastatic, 241, 243
Absorbent cotton, 70, 80, 218
Accidental infection of laboratory
workers, 104
Acetic acid, 29, 40, 119
Acid, acetic, 29, 40, 119
alcohol, 30, 34
aniline dyes, 28
boric, 206
butyric, 119, 223
carbolic, 118, 197, 200, 219
formic, 119
fuchsin, 28
hydrochloric, 143, 199
lactic, 119, 134, 225
oxalic, 211
picric, 28
propionic, 119
pyrogallic in cultivating anaé-
robes, 79
rosolic, 67
Acid-proof bacilli, 32, 35, 138, 143,
287, 294, 300
Acids, formation by bacteria, 119
Acquired immunity, 170
Actinomyces, 228, 286, 294, 298
Actinomycosis, 235, 208
Active immunity, 177
Acute miliary tuberculosis, 292
Aérobic bacteria, definition, 116
Aérobioscope, 125
Agar-agar, 64 -
Age, relation to infections, 155
Agglutinating substances in blood-
serum, 191, 306
Agglutinins, 165, 185, 191, 306
Aggrcssins, 181
Alr, bacteria of, 124, 152
bacteria conveyed by, 152
Albumen, culturc-media containing,

343

Albumen, fixative, 38
precipitins for, 167
Alcohol, acid, 30, 34
fixation of tissues by, 36
‘relation to infection, 155, 191
Alexins, 191
Alimentary canal, bacteria of, 143
Alum filter, 127
Amboceptor, 186
American filtration system, 127
Public Ht;alth Association, di-
rections for preparing media, 6o
Amceba coli, 329 P
of dysentery, 329
Anaérobic bacteria, cultivation, 79
definition, 116
Aniline dyes, 28
alcoholic solutions, 28
as germicides, 200
watery solutions, 28
oil, 30, 41
-water solutions, 29, 35
Animals, autopsies on, 94
care of, 92, 93
inoculation of, 84, 92
Anopheles, 154, 333
Anthrax bacillus (see also Bacillus
of anthrax), 272
protective inoculation, 172, 274
symptomatic, 172
virus for, 172
Antiagglutinins, 169
Antibodies, 169
Antilysin, 169, 192
Antiprecipitins, 169
Antiseptic, definition, 193
Antitoxic unit, 285
Antitoxins, 169, 175, 187
for diphtheria, 175, 187, 271, 284
tetanus, 175, 187, 271
Antitoxin-toxin mixture, 187
Argentamin, 200
Argonin, 200
Argyrol, 200
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Armnold steam sterilizer, 52
Arrhenius, 190

Arrow-poisons, bacteria in, 6, 122
Arthritis, 240, 232, 238
Arthrospore, 112

Asiatic cholera (see Cholera)
Aspergillus glaucus, 231
Autoclave, 56

Auto-infection, 154

Autopsies on animals, o4

bacteriological examinations at,

94. 9Q
disinfection at. 94, 95, 208
on human subjects, g9
Avian tuberculosis, 294

BABES-ERNST bodies, 110
Bacilli, branching forms. 108

acid-proof, 32, 35, 138, 143, 287,

294, 300
Bacillus acidi lactici. Hueppe, 223
acidophilus, 144
aérogenes, 144, 235, 235, 314
capsulatus, 122, 267
amylobacter, 145, 222

anthracis, 14, 122, 125, 152, 153,

155, 1062, 172
bifidus, 144
botulinus. 130
buccalis maximus, 224
butyricus. Hueppe. 2

Prazmowski, 22
capsule, of Pfeitfer. 239

3
23
>

coll communis, 134, 133, 144,

104, 233, 230. 230, 310

comparison  with  tvphoid

badillus. 311
detection of, in water, 313
in water, 132, 133

comma, of cholera (see Spirillum

of cholera)
Cyanogenus. 223
definition, 4. 100, 107
diphtherie, 104, 1320 277
dysenterie, 120, 314
cdematis maligni. 122, 208
enteritidiz, Giartner, 1309, 314
ervthrosporus, 223
fluorescens liquefaciens, 221

putidus, 221

icteroides, 149
Indicux, 222
influenze, 253

Bacillus, Klebs-Lofler (see Bacillus

diphtheriz)

lactis aérogenes, 144, 259, 314

cyanogenus, 2235

lepr=, 287, 296

mallei, 166, 296

megaterium, 223

mesentericus vulgatus (see also
Potato bacillus), 223

mucosus capsulatus, 258

mycogenes, 260

mycoides, 224

Neapolitanus, 310

edematis maligni, 122, 268

of anthrax (see Bacillus anthra-
cis)

of blue milk, 225

of bubonic plague, 235, 263

of chancroid, 258

of diphtheria (see Bacillus diph-
theriz)

of Ducrey, 258

of dysentery (see Bacillus dysen-
terie)

of Eberth (see Bacillus typhi
abdominalis)

of Emmerich (see Bacillus coli
communis)

of Escherich (see Bacillus coli
communis)

of Friedlinder (see Bacillus pneu-
moniw

of glanders (see Bacillus mallei)

of influenza (see Bacillus influ-
enzae)

of leprosy (see Bacillus lepre)

of malignant edema (see Badillus
wdematis maligni)

of ozena, 239

of rhinoscleroma, 2350

of Shiga (see Bacillus  dysen-
terie)

of smegma, 33, 143

of soft chancre, 258

of syphilis, Lustgarten, 149

Joseph and Piorkowsky, 140

of tetanus (sce Bacillus tetani)

of typhoid fever (see Bacillus
typhi abdominalis)

of Vincent, 228

of xerosis, 281

paracolon, 313

paratyphoid, 313

pestis bubonice, 263

phlegmones emphysematosa, 267
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Bacillus phosphorescens Indicus, 223
pneuénonim, Friedlinder, 235,
25
prodigiosus, 222
proteus, 139, 235, 262
pseudodiphtheriz, 281
pyocyaneus, 260
pyogenes fcetidus, 235, 310
ramosus, 224
subtilis, 224
tetani, 84, 122, 269
tuberculosis, 84, 150, 152, 286
in milk, 137, 138
staining of, 32, 42, 138, 286
typhi abdominalis (Bacillus ty-
phosus), 126, 131, 133, 134,
301
vaginalis, 142
violaceus, 222
Bacteria, acid-proof, 32, 35, 138, 143
aérobic, 116
anaérobic, 116
cultivation of, 79
chlorophyll, relation to, 1, 115,
121, 146
chromogenic, 117
classification, 106
cultivation of, 72
definition, 3
diseases caused by, 148
distribution, 4, 122
examination with the microscope,
18
ferments formed by, 117
fluorescent, 117, 221, 262
forms of, 106, 107
higher, 107, 228
in disease, 146
influence of clectricity, 116
of oxygen, 115
of sunlight, 116
microscopic examination, 18
motility, 113
multiplication, 111
non-pathogenic, 110
number of species, 221
nutrition of, 115
of air, 124, 152
of foods, 153
of ice, 125, 133
of milk, 133, 153
of soil, 122, 153
of the alimentary canal, 143
of the cranial sinuses, 140
of the gall-bladder, 140, 308, 313

|
|
|
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Bacteria of the intestines, 143, 144
of the mouth, 141, 226, 229, 251,

259
of the nasal cavity, 141, 260
of the normal human body, 140
of the skin, 140
of the stomach, 143
of the urethra, 142
of the vagina, 142
of water, 125, 153
pathogenic, 110, 233
phosphorescent, 117
products of growth, 117, 135, 139,
161
pyogenic, 234
size, 4, 110
staining, 27, 28
in tissues, 36, 39
transmission of specimens by
mail, 100
vegetative forms, 111
Bacterial poisons, 161
in meat, 161
in cheese, 161
products, 117, 135, 139, 161
Bacterlolysis, 166, 182, 191

. Bacterium coli commune, 134, 135,

139, 145, 259, 310, 313
definition, 109
syncyanum, 225
termo, 121, 263

urea, 226
‘ Zopfii, 226
Bail, 181

Balsam, Canada, 26, 29, 40
Basic aniline dyes, 28
Basophilic granules, 40, 43
Beef-tea, 59

Beggiatoa, 228

Beri-beri, 148

Berkefeld filter, 57

_ Bichloride of mercury (see Mercury,

bichloride)
Biedert’s method for examining spu-
tum, 36
Birds, tuberculosis of, 294
Bismarck brown, 28, 30
Black death, 266
-leg, 172
Blastomycetic dermatitis, 232

_ Blood-agar, 69, 276

Blood, cultures from, ¢8
-poisoning, 237
-serum-agar, 67

germicidal power, 162
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Blood-serum, Loffler, 68
Marmorek, 247
preparation, 67
sterilization, 55, 67
-test for typhoid fever, 166,
306
specimens of, 97
staining of, 43
Blue milk, bacillus of, 225
pus, 260
vitriol, 207
Bodily conditions disposing to in-
fection, 155
Boiling, sterilization by, 51, 128, 210,
213
RBoils, 243
Bodphilus, 154
Bordet, 189, 191
Boric acid, 206
Bouillon, 59
sugar-free, 62
Bovine tuberculosis, 137, 289
Branching forms of bacilli, 108
Bread-paste, 69
Bromine as a germicide, 204
Bronchitis, 239, 277
Brownian movement, 24
Bubonic plague, bacillus, 263
toxin from, 164
virus, 173"
Buchner’'s method
anaérobes, 79
Butter, tubercle bacilli in, 137, 138
Butyric acid, 119

for cultivating

CADAVER, carce in
discases, 208
Caleium  compounds  as  germicides,
204
hypochlorite, 204
Canada balsam, 20, 29, 40
Capaldi’s culturc-medium, 303
Capsule bacillus of Pfeiffer, 259
Capsules of bacteria, 45, 111
staining of, 45
Carbol-fuchsin, 34
Carbolic acid, 118, 197, 200, 219
Carbon dioxide, 119
Carbuncles, 243
Carmine, 42, 43
Caries of the teeth, 142
Cascation, 291
Catgut, surgical preparation, 214
Cedar-wood oil, 20

of,

INDEX.

Celloidin imbedding, 36
Cells, epithelioid, 290
giant, 290
pus, 234
Cellulitis, 245, 268
Cellulose, decomposition by bacteria,
118, 145
Centrifuge for milk separator, r36
Cerebro-spinal meningitis, 254
Chancroid, bacillus of, 258
Charbon (see Anthrax)
symplomatique, 172
Cheese-poisoning, 134
Chemotaxis, 114, 179, 235
Chicken-pox, 149
Chloride of lime, 204
Chlorine as a germicide, 204
Chloroform as a preservative, 68
Chlorophyll, relation to bacteria, 1,
115, 121, 146
Cholera, diagnosis, 322
infantum, 263, 315
nostras, 326
-red reaction, 318
spirillum (see also Spirillum cf
cholera), 317
Chromicized catgut, 216
Chromogenic bacteria, 117
Cladothrix, 228
Classes in bacteriology, hints for
teaching, ro1, 102, 103, 104, 105
Classification of bacteria, 106
Cleaning fluid, 25

 Climate, influence on infections, 155
 Clostridium butyricum, 222

contagious

definition, 113
Coal-oil, 206
Coccus, definition, 4, 107
Collodion, 36
capsules, 95
Colon bacillus (sce also Bacillus co’i
communis), 310
contrasted  with
bacillus, 311
group, 311

typhoid

" Colonies of bacteria, 85, 88, go

Comma bacillus of cholera (sce also
Spirillum of cholera), 317
-shaped bacteria, 107, 109
Complement, 191
effects of heat on, 186

" Condenser, Abbé, 20

Conjunctivitis, gonorrheal, 258
Consumption, 292
Contagious disease, definition, 147
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Cox;tsagious disease, disinfection after,
2
Contrast-stains, 28, 30, 32, 35, 43
Copper sulphate, 207
Copperas, 206
Cornet forceps, 25, 67
Corrosive sublimate (see Mercury
bichloride)
Cotton, absorbent, 70, 80, 217
plugs for tubes, etc., 13, 70, 80
Cover-glass forceps, 25, 26, 27
preparations, 25, 26, 27
Cover-glasses, 25
Cow-pox, 10, 171
Cranial sinuses, bacteria of, 140
Cream, ripening, 137
Creolin, 200
Cresol, 200
Croup, membranous, 283
Cultivation of anagrobic bacteria, 79
of bacteria, 72
Culture-media, definition, 7
neutralization, 59, 60, 61
-preparation, 59
reaction of, 59, 62, 115
sterilization, 51, 59, 62, 67, 71
-tubes, 69
inoculation of, 72
sterilization of, 70
Cultures at autopsies, 94, 99
destruction of, 104, 105
from blood, 98
sealing of, 79
Cumol, 215
Cupric sulphate, 207
Cutting of sections, 38
Cystitis, 240, 263
Cytolysis, 166

DELAFIELD’S hematoxylin, 43
Deneke’s spirillum, 326
Dengue, 149
Dental caries, 142
Deodorizers, 193
Dermatitis, blastomycetic, 232
Dextrose, 62
-agar, 63
-bouillon, 62
media for anaérobes, 79
Diagnosis of actinomycosis, 299
of bubonic plague, 263
of cholera, 322
of diphtheria, 246, 277
of dysentery, 315, 329
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Diagnosis of glanders, 297
of gonorrhea, 255
of influenza, 277
of malaria, 331
of Malta fever, 253
of meningitis, cerebro-spinal, 254
of pneumonia, 252
of tuberculosis, 32, 286, 292
of typhoid fever, 303, 307, 308
Dilution-cultures, 88
Diphtheria, 246, 277, 282
antitoxin, 175, 187, 271, 284
bacillus, 104, 152, 277
diagnosis, 246, 277
toxin, 162, 164, 177, 187, 282
Diphtheritic inflammation (see also
Pseudomembranous inflammation),
246, 281, 283
Diplococcus, definition, 108
intracellularis meningitidis, 235,
254
of gonorrhea, 255
of pneumonia (see also Micro-
coccus lanceolatus), 249
Disease, bacteria in, 146

' Diseases caused by bacteria, 148

by protozoa, 329
probably due to microdrgan-
isms, 149
infectious, recovery from, 160,
170

Disinfectant, 193
Disinfection at autopsies, 94, 95, 208

of cultures, 86, 104

of dejecta, 207

of hands, 211

of houses, 201, 203, 204, 208

of sputum, 207

of stools, 207

of test-tubes, 86, 104

of urine, 207

surgical, 210, 218
Distribution of bacteria, 122
Dorset’s egg-medium, 69
Dressings, surgical preparation, 218
Drigalsky-Conradi’s method for de-

tecting typhoid bacilli in water, 303
Drinking water, sterilization of, 128
Drying, influence on bacteria, 112,
113, 114
Ducrey’s bacillus, 258
Dunham’s peptone solution, 67
Dyes, aniline, 28
as germicides, 200

' Dysentery, 261, 314
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Dysentery, amebic, 329
bacillus, 314

EAR, middle, bacteria of, 140, 240
Eberth’s bacillus (see also Bacillus
of typhoid fever), 3o1

Edema, malignant, bacillus, 122, 268

Egg-albumen as a culture-medium, 69

Egg-medium of Dorset, 69

Eggs, in cultivating anaérobes, 69, 82

Ehrlich’s side-chain theory, 182, 191

Electricity, influence on bacteria, 116

Elsner’s culture-medium, 303

Emmerich’s bacillus, 310

Emphysematous gangrene, 268

Endocarditis, 239, 243, 246, 252, 258

Endogenous spores, 112

Endotoxins, 177

Enzymes, 117, 163

Eosin, 44

Epithelioid cells, 290

Epitoxoid, 189

Epitoxonoid, 189

Erysipelas, 248

Escherich’s bacillus, 310

Esmarch’s method for anaérobes, 82
roll-tubes, 88, 89

Essential oils as germicides, 206

Eye-piece, 18, 19, 20

FALLOPIAN tube, bacteria of, 140
Farcy-buds, 297
Fat in culture-media, 69
Fats, decomposition by bacteria, 118
Feces, bacillus of tetanus in, 270
bacteria of, 144
disinfection, 207
typhoid bacilli, examination for,
304, 307
Fermentation, 12, 120
-tube, 120
Ferments, development by bacteria,
117
and toxins, 163
Ferrous sulphate, 206
Fibrin, Weigert’s stain, 42
Ficker-Hoffmann’s method for de-
tecting typhoid bacilli, 304
Film-preparations, 26, 27, 28
Filter, alum, 127
American, 127
Berkefeld, 57
infusorial earth, 57

|
|
|
|

INDEX.

Filter, Kitasato, 57
mechanical, 127
Pasteur-Chamberland, 57, 128
sand, 57, 127, 128
unglazed porcelain, 57, 128
Filtration, sterilization by, 128
of water, §7, 127
Finkler and Prior spirillum, 325
Fishing from colonies, g1
Fission of bacteria, 3
Fixation of cover-glass preparations
26, 27, 28
of slide-preparations, 27, 28
of tissues, 37

" Fixative, albumen, 38

Flagella, 113

staining, 46
Flies, bacteria carried by, 153,

21
Fluid for cleaning, 25
Fluorescence of bacteria, 117,

260

Focusing the microscope, 21, 24
Fomites, definition, 148
Food used by bacteria, 115
Foods, bacteria of, 133, 139

poisoning by, 134, 139
Foot and mouth disease, 150
Forceps, Cornet, 26

cover-glass, 26

for slides, Kirkbride, 27

Stewart, 26
Formaldehyde as a germicide,

200, 209

catgut, 21§

disinfection of rooms, 208

fixation of tissues with, 36
Formalin (see Formaldehyde)
Formic acid, 119
Fowl-cholera, protective inoculation,

172

Fowls, tuberculosis of, 294

309,

221,

197,

. Fractional sterilization, 51

Friankel’s method for anaérobes, 8o
pneumococcus (see also Micro-
coccus lanceolatus), 249

" Freeman’s pail for pasteurizix.)g, 55

Freezing, influence on bacteria, 133
Friedlinder’s bacillus of pneumonia,
258
Fuchsin, 28
acid, 28
Fiirbringer’s method for disinfecting
Hands, 211 )
Fusiform bacillus of Vincent, 228 |
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GABBETT'S method for staining tu-
bercle bacilli, 34, 143
Gall-bladder, bacteria of, 140, 308,
313
Gangrene, emphysematous, 268
Gas-burner, Koch’s, 78
formation by bacteria, 119
-phlegmons, 268
-regulator, 77

Gastric  juice, germicidal power,
143

Gaugze, sterilization of, 218

Gelatin, 62

liquefaction, 117

tetanus bacilli in, 270
Gélose (see Agar-agar), 64
Gentian-violet, 28, 30
Geppert'’s test for germicides, 195
Germicidal power of blood-serum,

166, 186, 191

Germicide, definition, 193
Germicides, tests for, 194
Germ, use of the word, 3
German measles, 149
Giant-cell, 290
Glanders bacillus, 296

Straus’s method for diagnosing,

297

Glass plates, go
Glassware, sterilization of, 49
Gloves, rubber, 212, 213
Glucose (see also Dextrose), 62
Glycerin-agar, 65

-albumen, 38

-bouillon, 62
Gonococcus of Neisser, 235
Gonorrhea, 238, 255, 257

diagnosis, 256
Gram-Giinther method, 31
Gram'’s method, 30, 41

bacteria stained by, 31
not stained by, 31, 32

Gram-Weigert method, 41
Gray tubercle, 291
Green pus, 260
Ground-water, 126
Group agglutinins, 165

lysins, 167

precipitins, 168
* Groups of bacteria, 107
Gruber-Widal reaction, 166
Guarnieri’s medium, 69
Gun-cotton, 37

Giinther’'s modification of Gram’s :

method, 31
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HAFFKINE'S inoculations for plague
173, 178, 265
Hair-follicles, infection around, 237
Hands, disinfection, 211
Hanging-block, 24
-drop, 22
Haptophore, 183
Hardening of tissues, 36
Hay bacillus, 102, 112, 135, 194, 224
Heat, effect on growth of bacteria, 114
sterilization by, 49, 210
Hematoxylin, 43
Hematozoon of malaria, 331
Hemolysis, 166
Heterologous serum, 165
Higher bacteria, 228
Hill’s test for germicides, 194
Hiss, medium of, 303
stain for capsules, 46
Historical sketch of bacteriology, &
Hog cholera, 176
Holmes, O. W, 11
Homologous serum, 165
Honing of knives, 39
Horse-hair, surgical preparation, 217
Hot-air sterilizer, 50
Houses, disinfection, 201, 203,
208
Hueppe’s method for anaérobes, 82
Hydrochloric acid, 143, 199
Hydrogen, cultivation of anaérobes
under, 8o
peroxide, 205
sulphide, 119
Hydrophobia, 149, 173
preventive inoculation, 173
Hypha, 232
Hypochlorite of calcium, 204
Hypodermic inoculation of animals,

92,93, 94

204,

ICE, bacteria of, 125, 133
Ice-cream poisoning, 134
Illumination for the microscope, 21
Imbedding, 37
Immune-body, 191
Immunity, 16, 170

acquired, 170

active, 170, 177

antitoxic, 175

bacteriolytic, 178

by injection of cultures, 172

duration of, 177

individual, 170
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Immunity, natural, 170
passive, 170, 177
racial, 170
side-chain theory, 182
theories of, 178
unit, 284

Impression-preparation, 25

Incubator, 75

Indol, 118
test for, 118

Infected wounds, 219

Infection, bodily conditions favoring,

155

local conditions favoring, 156

of investigators with pathogenic
bacteria, 104

of wounds, 156

mixed, 158

secondary, 158, 159, 238

terminal, 158

Infectious disease, definition, 147
diseases not followed by immu-

nity, 171 :
Inflammation, 233, 239
diphtheritic (see also Pseu-
domembranous inflammation,
246, 280, 282

Influenza bacillus, 275
Infusorial earth in filters, 57
Inoculation of animals, 92
in isolating bacteria, 84
of tube-cultures, 73
Inoculations, preventive, 172
for anthrax, 172, 274
for black-leg of cattle, 16, 172
for bubonic plague, 172, 265
for cholera, 321
for erysipelas of swine, 172
for fowl-cholera, 172
for hydrophobia, 173
for small-pox, 10, 171
for tuberculosis, 293
for typhoid fever, 310
Insects, destruction of, 203, 206
infections spread by, 153, 154,
309, 321, 328, 333, 336
Instruments, surgical preparation,
210, 213
Intermittent sterilization, 51
Intestine, bacteria of, 143, 144
Intravenous inoculation, 93
Invisible growth on potato, 303
microbes, 110, 150
Involution forms of bacteria, 110
Iodide of mercury, 199

INDEX.

Iodine solution, 30
Todoform, 206

Iris diaphragm, 18
Itch, 14

JENNER, 10

¢ Journals of bacteriology, 7

KANGAROO tendon, surgical prepara-
tion of, 216

i Kerosene, 206

Kirkbride forceps for slides, 27

Kitasato filter, 57

Klatschpreparat, 25

Klebs-Lofller bacillus (see also B.
diphtheriz), 277

Knives, sharpening of, 39

! Koch, 15

Koch’s gas-burner, 78
method for anaérobes, 82
plate-cultures, 15, 84, 93
rules, 147
steam sterilizer, 54
tests for germicides, 194

- LAcTIC acid, 119, 134

Lactose, 62
Leeuwenhoek, 9
Leprosy bacillus, 287, 294
Leptothrix, 228, 229
buccalis, 141, 229
innominata, 229
maxima buccalis, 229
Leucin, 118
Leucocytosis, 179, 180
artificial, 180
Leucomaines, 163
Ligatures, surgical preparation, 197,
214, 216, 217
Light, influence on bacteria, 116
Lime as a germicide, 205
Liquefaction of gelatin, 117
Lister, 14
Lithium-carmine, 43
Litmus-agar, 65
- , 67
Lockjaw (see Tetanus)
Léffler’s bacillus of diphtheria, 104,
152, 277
blood-serum, 68
methylene-blue, 29
stain for flagella, 46
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Lump-jaw, 299
Lungs, bacteria of the, 140
Lustgarten’s bacillus of syphilis, 149
Lymphoid tissues, relation of bac-
teria to, 140, I5I

Lysins, 165, 166

inactivated, 191

reactivated, 191
Lysol, 200

MACROPHAGES, 178
Madura disease, Madura foot, 300
Magnifying power of objectives, 21
Mails, transmission of specimens of
bacteria in, 100

Malachite-green as a germicide, 200
Malaria, 1 154, 203, 206

parasite of, 331

Malarial parasite, staining of, 44, 98 .
Malignant edema, bacillus, 122, 268 .

pustule, 274
Mallein, 164, 298
Malta-fever, micrococcus of, 253
Marmorek’s antistreptococcus serum,
247
serum-medium, 68, 247
Massachusetts steam stenllzer, 53
Mastzellen, 40
Mayer’s glycerin-albumen, 38
Measles, 149, 246, 283
Meat, tubercle bacilli in, 137
Mechanical filter, 127
Medium, culture- (see Culture-me-
dium)
Membranous croup, 283
rhinitis, 283
Meningitis, 246, 252, 255, 259
cerebro-spinal, 255
Mercuric chloride (see Mercury bi-
chloride)
iodide, 198
Mercurol, 199
Mercury bichloride, 195, 196, 199
stock solution, 199
Metachromatic granules of bacteria,
110
Metastatic abscesses, 241
Metchnikgﬁ, theory of phagocytosis,
17
vibrio of, 324
Methyl alcohol lamp in formaldehyde
disinfection, 202
Methylene-blue, 28, 29, 30
as a germicide, 200
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Methylene-blue, Lofler’s, 29
Methyl-violet as a germicide, 200
Miasmatic disease, definition, 148
Microbe, use of the word, 3
Micrococcus agilis, 220
amylovorus, 147
definition, 4, 107
gonorrhee, 255
lanceolatus, 235, 249
melitensis, 253
of sputum septicemia, 249
Pasteuri, 249
pneumoni® Croupos®, 249
pyogenes tenuis, 235, 253
tetragenus, 235, 248
ure®, 220
Micromillimeter, 21
Micron, g, 21
Microphages, 178
Microscope, 21
Microscopic examination of bac-
teria, 21
Microtome, 38
Miliary tubercle, 291
tuberculosis, 292

" Milk as a culture-medium, 67

bacteria of, 123, 153

number of bacteria in, 135, 136
of lime, 2053

pasteurization, 55, 136
pathogenic bacteria in, 134
-poisoning, 135

samples of, 97

staining bacteria in, 138
sterilization in infant feeding, 136
tubercle bacilli in, 137, 138

" Miller’s spirillum, 326

Milzbrand (see Anthrax)
Mixed infection, 158
Moisture, effect on g'rowth of bac-
teria, 115
Mosquitoes as carriers of infectious
disease, 154, 333, 336
destruction of, 203, 206
Motility of bacteria, 24, 113
Moulds, 103, 124, 229
cultivation, 69
Mouth, bacteria, 141, 226, 229, 251,
259
Movement, Brownian, 24
Mucor mucedo, 231
Mucous membranes, bacteria of, 140
141
Multiplication of bacteria, 111
Mumps, 149
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Mustard as a deodorizer, 206
Mycelium, 232
Mycetoma, 300 *

NASAL cavity, bacteria of, 141, 259

§eiuer‘imm : 170
s
Lalh, 277
’ 302,

Neutnltedmcu!ﬂue—medn,
311, 314
eu, ion of culture-media, 59,
60, 61 :

Nxtrate of silver, 199
trifying bacteria, 119, 122
N ﬁntion bacteria, 123
tion by bactma, 119
Nitroso-indol reaction, 119
N Iz:l:o?genic bacteria,
Non-pa 220 ,
definition, 110
Normal solutions, 61
Nose-piece, 18
llgo method for anaérobes, 82
u
Number of bacteria i m feces, 144
milk, 136
soil, 122
water, 128
of species of bacteria, 220
Nutrient agar-agar, 64
bouillon, 59
gelatin, 62
Nutrition of bacteria, 114

OBERMEIER’S spirillum, 327, 328

Objectives, 18

Ocular, 18

Odors developed by bacteria, 119
from water, 126

Oese, 22

Oidium lactis, 230

Oil, aniline, 29, 41
cedar-wood, 20
culture-media containing, 264
-immersion objective, 19, 20
kerosene, 206

Oils, essential, as germicides, 206

Opsonin, 181

Osteomyelitis, 243, 309

Otomycosis, 232

Ovum, bacteria conveyed in, 150

Oxalic acid, 211

Oxygen, relation of bacteria to, 115

INDEX.

Oysters, typhoid fever conveyed ﬁy,
139 .

Ozena bacillus, 259

Ozone in purifying water, 128

PARACOLON bacillus, 313
lorm or o 201
Parasite, definition, 105
P hoid bacillus, 313
Pariett’s method for exa.minauon of
water, 132
Park, Roswell method for disinfect-

ing hands, 21

Park, W. H,, method for cultivating
anaérobes, 82

Passive immunity, 177

Pasteur, 13, 16

- Pasteur-Chamberland filter, 57, 128

Pasteurization, 55, 136
Pathogenic bacteria, definition, 110
Pear-blight, 6, 147
Penicillium glaucum, 230
Peptone, 59, 118
Dunham, 67
solution, concentrated, 324
Peptonizing ferments formed
bacteria, 117
Pericarditis, 239, 244, 246, 253
Periostitis, 309
Peritonitis, 239, 243, 245, 261. 263,
313
Perlsucht, 289
Permanganate of potassium, 2006, 211
Peroxide of hydrogen, 205
Petri dishes, 86
Petroleum for destroying insects, 206
Pfeiffer’s capsule bacillus, 259
reaction for cholera spirillum
(Pfeiffer’'s phenomenon), 192,

320
Phagocytosis, 176, 178, 233, 335
Phenol (see also Carbolic acid), 118
Phenolphthalein, 6o
Phosphorescence of bacteria, 117, 224
Picric acid, 28
Piorkowski’s culture-medium, 303
Piroplasma, 154
Placenta, bacteria
through, 150
Plague, bubonic, bacillus of, 263
Plants, diseases of, 6, 147
Plasmodium of malaria, 331
staining of, 43, 98

transmitted
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Plasmolysis, 110
Plate-cultures, 84
Platinum wire, 22
rules for use, 22, 73
Pleuritis, 239, 244, 246, 252
Pleuro-pneumonia of cattle, 150
Plugs, cotton, for tubes, etc., 70, 80
Pneumococcus of Friinkel (sce also
Micrococcus lanceolatus), 239, 249
Pneumonia, broncho-, 239, 246, 258,
261, 301, 308
croupous, 239, 251, 259
iagnosis, 251
Pneumonomycosis, 232
Poisoning by food, 134, 139
Porcelain filter, 57
Pos;—smortems, disinfection at, 95, 96,
2
Post-office rules for mailing speci-
mens of bacteria, 100
Potassium permanganate, 206, 211
Potato as a culture-medium, 66
bacillus, 83, 102, 112, 135, 223
invisible growth on, 303
Precipitins, 167
for albumen, 167
for bacteria, 168
Predisposition to infection, 155
Products, bacterial, 117, 134, 139, 161
Propionic acid, 119
Protargol, 200
Protective inoculation, 172
for anthrax, 172, 274
for Asiatic cholera, 321
for black-leg of cattle, 172
for bubonic plague, 173, 265
for erysipelas of swine, 172
for fowl-cholera, 172
for hydrophobia or rabies,
173
for small-pox, 10, 171
for tuberculosis, 294
for typhoid fever, 310
Proteus mirabilis, 262
vulgaris, 262
Zenkeri, 262
Protoxoid, 189
Protoxonoid, 189
Protozoa, pathogenic, 16, 154, 329
Pseudo-diphtheria bacillus, 281
-gonococcus, 256
-membranous inflammations 246,
252, 280, 283, 315
-pneumococcus, 253
-tuberculosis, 294

30
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Ptomaine poisoning, 139
Ptomaines, 162
Puerperal fever, 11, 245, 283
Pure cultures, 13, 84, 91
Pus, blue, 261

-cells, 234

formation, 234

green, 261

samples of, 97, 99
Putrefaction, 13, 120
Pyemia, 241
Pyocyanin, 164, 261
Pyogenic bacteria, 235, 237
Pyoktanin, 200
Pyosalpinx, 258
Pyrogallic acid for cultivating anaé-

robes, 79

Pyroxylin, 37

QUARANTINE, 9

RABIES, 149, 173
diagnosis of, 175
Pasteur treatment for, 174
virus fixe of, 174
Racial immunity, 170
predisposition to infection, 156
Rats, acid-proof bacilli of, 294
relation to bubonic plague, 265
Rauschbrand, 172
Ray-fungus of actinomycosis, 235, 298
Reactions of culture-media, 59, 61,
63, 115
Receptor, 183
first order, 184
second order, 185
third order, 186, 187
Recovery from infectious disease, 160,
170, 177
Reichert’s gas-regulator, 77
Relapsing fever, spirillum, 328
Rheumatic fever, 149, 240
Rheumatism, 149, 240

' Rhinoscleroma, bacillus, 259
" Ricin, 164, 177

‘Ripening of cream, 137

Robin, 164

Roll-tubes of Esmarch, 88

Rooms, disinfection, 201, 203, 204
Root-tubercle organisms, 123
Rosolic acid, 67

Rouget, 172
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Rubber caps for culture-tubes, 74, 79
gloves, 212
stoppers for culture-tubes, 74,

79, 80
Rules for students, 86, 94, 95, 104
of Koch, 147
of post-office, 100

SABOURAUD’S culture-medium, 69
Saccharomyces cerevisie, 230
Saccharose, 62

Salt-agar, 264

Sanarelli’s bacillus of yellow fever,

149
Sand filter, 127
Sapremia, 160
Saprophyte, definition, 109, 146
Sarcina, 108, 221
pulmonum, 221
ventriculi, 144, 221
Sarcgma., toxins of streptococcus for,
24,
Scarlet fever, 149, 246, 247, 283
Schatz’s method for disinfecting
hands, 211 -
Schizomycetes, definition, 3
Schultz’s method for neutralizing
culture-media, 61
Schweinerothlauf, 172
Scrofula, 291
Sealing culture-tubes, 79
Secondary infection, 159, 238
Section-cutting, 39
Sections, staining bacteria in, 39
carmine, 43
Gram’s method, 41
hematoxylin, 43
tubercle bacilli, 42
Weigert method, 41
Sedgwick’s test for germicides, 196
-Tucker aérobioscope, 125
Self-purification of water, 126
Semen, transmission bacteria by, 150
Semmelweis, 11
Separator for milk, 136
Septicemia, 160
Serum (see Blood-serum)

-test for typhoid fever, 166, 306

Shiga’s bacillus of dysentery, 1 38 314
Side-chain theory of immunity, 182
Silk threads in testing germicides, 194
surgical preparation, 217
Silkworm gut, surgical preparation,
217

INDEX.

Silver, germicidal power of, 217
nitrate, 199
wire in surgery, 217
Sinuses, cranial, bacteria of, 140
Size of bacteria, 4, 110
Skatol, 118
Skin, bacteria of, 140
disinfection, 141, 217
Sleeping sickness, 337
Slides, forceps for, 26
glass, 27
Small-pox, 171, 334
inoculation of, 10
vaccination for, 171
Smear-culture, 74
preparations, 25
Smegma bacilli, 143
Snake-venom, 164
Sodium hydroxide, 6o, 8o
Soft chancre, bacillus of, 258
Soil, bacteria of, 122, 153
Solutions, normal, 61
Species of bacteria, 107
Spirilla in the mouth, 141, 220, 226,
326
in water, 102, 131, 226, 227, 327
Spirillum, definition, 4, 107, 109
dentium, 226
of Asiatic cholera, 126, 131, 134,
144, 316, 317
of Deneke, 326
of Finkler and Prior, 325
of Metchnikoff, 325
of Miller, 326
of Obermecier, 327, 328
of Vincent, 228
plicatile, 227
relapsing fever, 327, 328
rubrum, 226
rugula, 226
sputigenum, 226
tyrogenum, 326
undula, 227
volutans, 227
Spirochata, definition, 109 -
dentium, 226
Obermeieri, 327, 328
of sy Aahlhs, 328
pallida, 328
plicatile, 227
refringens, 328
Splenic fever (see Anthrax)
puncture in typhoid fever, 308
Sponges, surgical preparation of, 217
Spontaneous generation, 3, 13
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Syntoxonoid, 189 Tsetse-fly disease, 154, 337
Syphilis, 149, 150 Tubercle bacillus, 150, 286
spirocheete in, 328 in butter, 137
Systematxc study of species of bac- in meat, 13
teria, 101 in milk, 13
gray, mxlmry yellow, 291
structure, 290
TEACHING bacteriology, suggestions staining, 32, 42, 286
for, 101, 102, 103, 104, 10§ in milk, 138

Teeth, bacteria of, 142
caries of, 142
Tendons, animal, as ligatures, 197,
214
Terminal infections, 158
Test-tubes, 70
inoculation of, 72
manner of holding, 73 -
plugs for, 8o, 82
sealing of, 79
sterilization, 70
Tetanus antitoxin, 176, 271
bacillus, 84, 122, 269
toxin, 162, 163, 164, 177, 187, 270
Tetrad, definition, 108
_Texas fever, 154
“Thermal death-pomt of bacteria, de-
termination, 114
Thermophilic bacteria, 114
‘Thermostat (see Gas-regulator)
Thiothrix, 228
Thrush, 232
Thymol, 97
Tinea favosa, 232
trichophytina, 232
Tissues, fixation and hardening, 37
staining bacteria in, 36, 40
Titration of culture-media, 61
Toxemia, 159
Toxin, definition, 163
endo-, 176
Toxins, 118, 164, 176
extracellular, 162, 176
intracellular, 162, 176
necrosis produced by, 164
of diphtheria, 162, 164, 177, 187,
282
of tetanus, 162, 163, 164, 177,
187, 270
spectra of, 188, 189
Toxoid, 189
Toxon, 189
Toxonoid, 189
Toxophore, 183
Trichophyton, cultivation, 69
Trypanosome, 336

in sputum, 33, 34, 97
289 ’

in sections of tissues, 42
Tuberculin, 164, 293
R, 293
Tuberculosis, 290
acute miliary, 292
bovine, 137, 289, 292, 293
diagnosis, 33, 286, 292, 293
frequency, 137, 291
immunity, 294
of birds, 294
organs affected by, 292
pseudo-, 294
spread of, in the body, 291
Typhoid fever bacillus, 126, 131, 133,
134, 150, 301
contrasted with colon ba-
cillus, 311
fever diagnosis, 303, 307
serum-test, 166, 306
Typhus fever, 149
Tyrosin, 118
Tyrotoxicon, 135

ULTRAMICROSCOPIC organisms, IIO,
150
Unit, immunity, 284
Urea, decomposition by bacteria, 118
Urethra, bacteria, 142
Urethritis, gonorrheal, 257
Urinary bladder, bacteria of (see also
cystms), 140
Urine, disinfection, 207
samples, 97
-serum-agar, 257
typhoid bacilli in, 308
Uterus, bacteria of, 140

VACCINATION, 10, I7I
and tetanus, 270
Vaccinia, parasites in, 335

Vagina, bacteria of, 142



INDEX.

Vaginitis, gonorrheal, 257
Van Ermengem’s method for sta,lmng
flagella, 47
Vegetative forms of bactena, 111
Venom of snakes, 164
Vibrio aquatilis, 327
Berolinensis, 326
definition. 109
Metchnikovii, 324
-proteus, 325
rugula, 229
Schuylkiliensis, 327
Vibrion septique, 268
Villemin, 12
Vincent, bacillus of, 228
Vinegar, bacteria in, §
Violet, gentian-, 28, 30
methyl-, 200
Virulence of bacteria, 115, 157

WARMTH, effect on growth of bacteria,
114
Water, bacillus coli communis in, 132
typhosus, 131
bacteria of, 126
conveyed by, 125, 153
filtration, 127
ground-, 125
infections carried by, 125
number of bacteria i in, 128
pathogenic bacteria in, 126, 131
purification by ozone, 128
samples of, 97, 128
self-punﬁcatxon, 126
spirilla in, 102, 226, 327
sterilization of, 128
storage of, 127
Watery solutions of aniline dyes, 28
Weigert’s stain for fibrin and bac-
teria, 41

357
Weir’s method for disinfecting hands,

212
Welch’s stain for capsules, 45
Whooping-cough, 149
Widal’s serum-test for typhoid fever,
306

Wire baskets, 7o

platinum, 22

silver, 217
Wolffhiigel plate, 129
Wool-sorters’ disease, 124, 153, 274
Wounds, infected, 219

infection of, 156 237

irrigation of, 219
Wright’s stain for blood, 43

method for anaérobes, 8o
Waurtz’s culture-medium, 302
Wurzelbacillus, 224

XEROSIS bacillus, 281
X-rays, 116
Xylol, 37)_40! 41

YEASTS, 103, 124, 144, 229
Yellow fever, 149, 150, 154, 203, 206,

33
tubercle, 291
Yersin’s serum for plague, 265

ZIEHL’S carbol-fuchsin, 34

Zinc chloride, 207
sulphate, 207

Zobgleea, 111

Zymophore group, 186

Zymotic group, 186
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