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EREFACE

This book is the outgrowth of lectures given to students in the

University of Chicago during the past few years. The subject is
one that the writer believes should find a place in every general
scientific course. Bacteriology is chiefly of professional interest
to the medical student, but the subject also bears technical rela-
tions to household administration, to agriculture, to sanitation
and sanitary engineering and to various industries and technological
pursuits. For the general seientific student and reader bacteriol-
ogy presents certain aspects that tend to widen the outlook upon a
. variety of human interests.
' It need hardly be said that within the eompass of this work
an exhaustive treatment of all sides of baeteriology is impossible.
The needs of the advanced worker can be met only—and that
but in part—by such monumental special treatizes as the Handbuch
der Pathogenen Mikrodrganismen, edited by Kolle and Wassermann,
and the Technische Mykologie, edited by Lafar. A general intro-
duetion to the subject, however, with some regard for perspective
and with emphasis on general rather than on special questions has
seemed worth attempting.

The reader who wishes to acquire greater familiarity with the
subjeet will find some bibliographical references given as a sort of
first aid to the investigator. These include references to some
articles of classic or historie interest, to some giving valuable sum-
maries or bibliographies of important subjects and to a few in fields
where investigation is very active or opinions considerably at
variance. No pretension to completeness is made.

The fundamental prineiples and methods of laboratory work
are treated as fully as seems desirable in a book of this class. The
tendency manifested in all the natural seiences towards the elabora-
tion of special laboratory manuals and guides has much in its favor.

A number of such guides for bacteriology are in existence, among
11
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(GENERAL BACTERIOLOGY

CHAPTER 1
INTRODUCTION

The Discovery of Bacteria.—The helief that there are living
organisms too small to be seen by the unaided human eye, and that
such invisible organisms play an important part in various natural
phenomena, has found utterance many times since the dawn of
- history. Several of the philosophers of antiquity were bold enough
to surmise that such organisms existed, and some writers even
framed their speculations on this subject in phrases that seem
like far-seeing anticipations of modern discoveries. Interesting in
some degree as these speculations are, they appear to have had no
influence whatever upon the course of scientific investigation, and
to have been let fall at random by their authors, like hundreds of
similar conjectures, without any real basis in observation or experi-
ment. The fact is that prior to the work of the Dutch microscopist,
Anton van Leeuwenhoek, in the latter part of the seventeenth
century, definite ocular evidence for such a belief did not exist.
Leeuwenhoek (1632-1723), who was a skilled lens-maker of Delft,
Holland, spent many years in examining through his microscope
a great variety of natural objects, with unremitting industry if
without system, and in the course of his observations chanced to
come across the organisms now known as bacteria. In a letter
to the Royal Society of London, dated September 14, 1683, he records
in these words his observations upon some tartar scraped from the
teeth and mixed with water: “I saw with wonder that my material
contained many tiny animals which moved about in a most amusing
fashion: the largest of these (4, Fig. 1) showed the liveliest and

most active motion, moving through the water or saliva as a fish
2 17
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INTRODUCTION 19

ever, Miiller succeeded in discovering many structural details of
which his predecessors had been ignorant. Indeed, he succeeded
in depicting several kinds of bacteria so accurately that they can
be identified today as belonging to one or another of the chief
group-forms.

Another unequivocal advance was made by Ehrenberg (1795~
1876). His principal work upon the “infusion animals,” *“infusoria,”
or ‘ Infusionstierchen,” as the animaleules found in infusions of
hay, meat, and other organie substances were termed, was published
in 1838, and brought together much more definite and detailed
information concerning bacteria than had previously been secured.
The chief merit of Ehrenberg’s work lay in the system that it
introduced into the study of miero-organisms. This investigator
was able to establish a number of different groups among the organ-
isms now called bacteria, and recognized clearly the fundamental
differences between the larger forms, such as the screw-shaped or
- spirally-twisted organisms, and certain of the true protozoa with
which they had heretofore been classed. Some of the names which
Ehrenberg conferred upon his “infusion animals,”” such as bacterium
and spirillum, are still current in bacteriologic nomenclature,
although with changed signification.

In the two or three decades succeeding Ehrenberg’s work con-
siderable knowledge was amassed concerning the mode of develop-
ment and physiology of bacteria, as well as their position in bio-
logie classification, but the labors of Dujardin, Perty, Cohn, Nigeli,
and others, although important, are quite overshadowed by the
work of Pasteur.

Up to the period of Pasteur’s investigations the role played
by baecteria in various familiar natural processes, such as putrefac-
tion, deeay, and fermentation, had been, perhaps, vaguely suspected,
but had not received conclusive demonstration. The memorable
researches of Pasteur (1822-1805) upon spontaneous generation
and fermentation imparted to the study of bacteria a broad biologic
importance that it had not hitherto possessed. DBacteria and kin-
dred micro-organisms were shown to be responsible for setting in
motion and carrying out many every-day processes, the nature
of which had not before been understood or which had been in-
correctly assigned to ‘‘the oxygen of the air”’ or to other inorganic
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agencies. Putrefaction and decay,were shown by Pasteur to be
not fields for the “spontaneous generation” of life, but manifesta-
tions of chemical disintegration due to the metabolic activities of
micro-organisms engaged in satisfying their need of food. Fermen-
tation was not due, as Liebig for a time maintained, to the presence
of dead and dying yeast-cells which in the course of their own
molecular disintegration toppled over and dragged down certain
complex organic molecules with which they were in contact, but,
on the contrary, was caused by the effort of living and growing
veast-cells to satisfy their nutritional requirements.

1t was almost entirely through the work of Pasteur that bacteria
and their allies emerged from their relative obscurity as organisms
chiefly of interest to the professional biologist and took a conspie-
uous position in natural science as a group of organisms whose
activities and eapabilities were full of a far-reaching significance
for all mankind. If any one man can be looked upon as the founder
of the science of bacteriology, that man is surely Louis Pasteur.

The profound importance of Pasteur’s researches has been
universally recognized. Lord Lister, whose own name is insepara-
bly connected with the triumphs of antiseptic surgery, thus ad-
dressed Pasteur in 1892 at the latter’s jubilee celebration: ““Truly,
there does not exist in the entire world any individual to whom
the medical sciences owe more than they do to you. Your re-
searches on fermentation have thrown a powerful beam, which has
lightened the baleful darkness of surgery, and has transformed
the treatment of wounds from a matter of uncertain and too often
disastrous empiricism into a scientific art of sure beneficence.
Thanks to you, surgery has undergone a complete revolution, which
has deprived it of its terrors and has extended almost without
limit its efficacious power."”

Tyndall also has expressed in foreible words the sweeping
change that was wrought in all conceptions of disease through the
work of Pasteur. “We have been scourged by invisible thongs,
attacked from impenetrable ambusecades, and it is only today that
the light of science is being let-in upon the murderous dominion of
our foes.” X

If the researches of Pasteur mark the beginning of bacteriology,
those of Robert Koch must be regarded as establishing bacteriology
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on the basis of an independent biologic science. In 1876 Koch brought
forward convineing evidence that a specific bacterium (B. anthraeis)
was the cause of a specific disease in cattle (anthrax or splenic
fever). The nature of the proof submitted in support of this view
was so conclusive that it drew the attention of the seientific world,
and inecited many investigators to undertake similar researches
along the line of the “germ theory.” In 1882 Koch further con-
ferred an inestimable service upon practical workers in this field
by his invention and application of solid culture-media, a technieal
device by which it became possible to isolate single species of bacteria
and obtain them in pure culture. Prior to the introduction of solid
media the izolation of a single species of microbe involved much
difficulty and almost always a certain measure of uncertainty.
So long as investigators were often not wholly secure as to whether
they were dealing with a single species of bacteria or with a mix-
ture of different kinds, the methods of work lacked uniformity and
‘ precision, and all general conclusions were hazardous. When,
however, KKoch showed how to obtain the descendants of a single
living cell or cluster of cells free from extraneous matter and
without admixture with other organisms, immediate advance
became possible. It cannot be a mere coincidence that the great
discoveries in bacteriology followed fast on the heels of this impor-
tant technical improvement, and it is perhaps not too much to
claim that the rise of bacteriology from a congeries of incomplete
although important observations into the position of a modern
biologic science should be dated from about this period (1882).
The Scope of Bacteriology.—As in other growing sciences,
s0 in baecteriology a noticeable differentiation has occurred. The
relation of baeteria to disease early took a conspicuous place among
the subjeets included within the scope of the new science, and it
is highly probable that the side of bacteriology bearing upon the
science of pathology and the art of medicine will always remain,
what it is today, its most broadly important aspect. There is at
present a tendency for the workers in this field to specialize either
along strictly pathologic or along hygienic lines. In pathologie
bacteriology consideration is given chiefly to the effects produced
upon the animal body by the presence of bacteria and their toxins,
to the distribution of the germs within the body, and to the reac-
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tions, defensive and otherwise, evoked by bacterial invasion.
Hygienic or sanitary bacteriology deals more particularly with the
channels by which bacteria leave the human body and pass into the .
outer world, with the mode and duration of life of disease germs
in water, soil, and air, and with the avenues by which these disease
germs are able again to approach and infect healthy individuals.
No sharp line can be drawn between pathologie and sanitary bacte-
riology. A common meeting-ground of great importance is found
in the researches upon immunity, where it is shown that the resist-
ance of the animal organism to infection depends both upon the
nature of the tissues with which the germ comes in contact, and
upon the hygienic surroundings of the organism with reference to
food, temperature, moisture, and the like, as well as upon the
inherited qualities of the various groups of body-cells. The inter-
weaving of pathologic and sanitary bacteriology, of preventive and
curative medicine, is illustrated with especial elearness in the
chapter upon diphtheria (Ch. XYV).

Although, from a practical point of view, the part played by
baeteria in the causation of disease in man must be admitted to be
of surpassing importance, it must not be forgotten that bacteria
exert a marked influence upon the welfare of mankind in many
other directions.

Bacteria not only disintegrate and destroy dead bodies, and
attack and kill living organisms, but some forms are also construc-
tive to a high degree, and translate important chemical elements,
like nitrogen and carbon, from unavailable combinations into sub-
stances that can be utilized by higher forms of plant life.

It has been discovered, for example, that certain kinds of
bacteria profoundly modify the ecomposition of the soil and the
character of erops, anc are henee of importance to the agrieulturist;
that other kinds of bacteria impart the characteristic flavors or
aromas to butter, cheese, and other dairy products; and that still
others determine the success or failure of various industrial pro-
cesses, such as the retting of flax, the tanning of hides, and, perhaps,
the curing of tobaceo. It is believed by many that the applications of
bacteriology to various industries and manufactures and to agricul-
ture are likely to become much more numerous in the near future.

Underlying all the applications of bacteriology are certain fun-
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damental facts and principles concerning the structure, mode of
development, and general physiologic requirements and capabilities
of bacteria themselves. This subject-matter constitutes the ground-
work of bacteriology, and is essential not only to a proper eompre-
hension of the present praetical applications of baeteriology,
but also to the further development of the science. '

Biologic Significance.—The fact should not be overlooked
that bacteriology owes its present important place among the
biologic sciences quite as much to its general scientific significance
as to the suceess of its practical applications. It has been often
pointed out that the change in man’s conceptions of the world
around him that has been produced by baeteriology is so sweeping
as almost to deserve the term revolutionary. Up to the middle
of the nineteenth century the character of many of the most familiar
of natural processes, such as decay, fermentation, and the like,
was entirely misunderstood; contemporary spontaneous generation
of at least the lower forms of life was the generally accepted belief
of most scientific men; infectious diseases were not sharply dif-
ferentiated from one another and the most fantastic hypotheszes
were advanced to explain their existence. Although the great
mass of material phenomena elsewhere had been brought into
apparent orderliness and system, here was a region in which the
unscientific imagination rioted in mystery and extravagance.
The penetration of this realm of obscurity by the discoveries of
haecteriology gave the human race for the first time in its history a
rational theory of disease, dispelled the myths of spontaneous genera-
tion, and set the process of decay and kindred phenomena in their
true relation to the great cycle of living and non-living matter,

The new conception of the microscopic underworld which bae-
teriology brought into biologic science must be reckoned as a
conspicuous landmark, ana, in so far as it has changed the attitude
of man toward the universe, should be regarded as one of the most
important triumphs of natural science.

Some of the aspects of the historical development of bacteriology are
admirably treated in two essays by Huxley: ‘Discourses, Biological and
Geological,” New York, 1894 (Yeast, p. 110; Biogenesis and Abiogenesis,
p. 229). A fairly detailed history of bacteriology to 1887 has been written by

Loffler, entitled “ Vorlesungen iiber die Geschichtliche Entwickelung der
Lehre von den Bacterien,” Leipzig, 1887,
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thoroughly cleansed by boiling in soapsuds, or by soaking for an
hour or more in the chromic-acid cleaning mixture.

Potassium dichromate.............................. 60parts
Water.. 300 ®
Cnncentmtcd sull'unc m-ld P K Sl 460

The sulfurie acid is added slow lg.r i th constant st irring.

After thoroughly rinsing and drying, test-tubes and flasks
are plugged with a good quality of ordinary non-absorbent cotton
and placed without ecrowding in a hot-air sterilizer. The
best hot-air sterilizers, like the Lautenschliger pattern (Fig. 2),

Fig. 2.—Lautenschliiger hot-air sterilizer.

are fitted with thermometers and give a uniform temperature
throughout. Experiments have shown that maintenance of a
temperature of 170° C. for forty-five minutes to one hour is sufficient
to destroy all bacteria, even those in the resistant spore-stage.
Many ovens and hot-air sterilizers need to be ecarefully watched,
because the temperature varies considerably in different parts. In
the absence of exact temperature-control a very slight browning of the
~ cotton is sometimes taken as evidence that the necessary temper-
ature has been reached. Too great charring must be avoided.
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Instruments may be sterilized directly in the flame or wrapped
in manila paper and heated in the hot-air sterilizer at 170° C. for
one hour. Scissors, forceps, knives, hypodermic needles, metal
syringes, ete., should be boiled in water or in a 1 per cent. soda
solution for three to five minutes before they are used, and after
use boiled again thoroughly for disinfection. Platinum wires and
loops for transferring bacteria from cultures are heated directly in
a gas or alcohol flame until red-
hot, and then allowed to cool
so that they will not injure the
bacteria touched by them.

Rubber stoppers and tubing
should be ecleansed with soap
and water and allowed to stand
for one hour in 1: 1000 mercurie
chlorid solution, then washed
with sterile water before using.

Autoclave Sterilization.—In
order to effect immediate steril-
ization of culture-media, steam
under pressure, and hence at a
temperature higher than 100°C,,
is often used. The apparatus
for this purpose, known as an
autoelave, consists of a steam

Fig. HI_AUH;E]::::F' Horizontal cylinder with a top fastened
down by nuts and screws, a pres-

sure-gage, safety-valve, and thermometer. A large Bunsen burner
underneath supplies the heat (Fig. 3). A temperature of 120° C.
for five minutes is usually sufficient to sterilize completely all
tubed media; media in bulk should be heated for fifteen min-
utes. Care is necessary in the manipulation of the autoclave.
(1) Baskets of tubes or flasks should not be piled on top of one
another so that the stoppers become wet from the dripping, (2)
All air should be allowed to escape before serewing down the stop-
cock, as a mixture of steam and air does not reach the tempera-
ture indicated by the gage. (3) The pressure should be allowed to
drop to zero before the stop-cock is opened, as a sudden removal
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of pressure may cause an explosive evolution of steam which will
blow the stoppers and media out of the flasks and tubes.

The autoclave 1s much used for sugar-free broth and agar, and
for sterilizing disearded eultures, and test-tubes and apparatus after
use. It is possible to heat gelatin in the autoclave at 120° for five
minutes and still obtain solidification if after removing the gelatin
from the autoclave it is placed at once in an ice-box. Blood-serum
and all media eontaining ecarbohydrates are apt to undergo im-
portant chemical changes from prolonged heating at high tem-
peratures,-and are best sterilized by the discontinuous method.

Discontinuous Sterilization.—As just stated, certain kinds
of media become to some degree unfit for bacteriologic work if
subjected to the high temperature
reached in the autoclave. The
use of a lower temperature is
hence desirable. Most bacteria
are quickly killed by boiling. A
serious drawback, however, to the
use of simple boiling is the fact
that very resistant bacterial spores
are sometimes not killed even
when boiled for several hours.
The method of discontinuous
sterilization is consequently ad-
opted in some cases. Any simple
apparatus may be used for this
purpose, such as a covered kitchen
steamer over a pot of boiling
water. A device in common use B
in the laboratory is the Arnold Fig. 4.—Arnold steam sterilizer
steam sterilizer, which is con- {Fowler).
structed with a false bottom, so that a minimum volume of
water is heated to produce steam quickly, while the main tank
is constantly fed by the water of condensation, which is caught
and collected by an outer jacket.

By the discontinuous method the medium is heated the first
day for fifteen to twenty minutes after the steam has filled the
sterilizer. The steaming process is repeated on one or two suceces-
sive days, the medium being kept at 20° C. in the intervals. This
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method aims to kill by each steaming all those bacteria that are
in the vegetative form, while the intervals of twenty-four hours
are supposed to allow time for the resistant spores to develop into
vegetative forms, which are then destroyed at the next steaming.
The method is not always successful. Smith* has pointed out
that the spores of anaérobes may sometimes fail to germinate
during the twenty-four-hour intervals in liquid media, such as
shallow layers of broth or milk where the fluid is well oxygenated,
but remain dormant until favorable anaérobie conditions come

about through the introduction and growth of film-producing
organisms, when the spores germinate and a mixed eulture is

produced. Most flasks of media will remain sterile after four
steamings if the intervals between are lengthened to forty-eight
hours, but the autoclave may
have to be brought into play
in very obstinate cases.

The method of discontin-
uous sterilization is also em-

certain body-fluids, such as
blood-serum, which eannot be
subjected to high temperature
— without coagulating. A tem-
perature of 53° to 70° C. for one
hour each on six successive
days in the inspissator will,
: ulfi}iz’r'. 5.—1;[0-::]1’5"3111?3"1'11;1;3{1}‘(;:- co- wit-l.li.‘ﬂw exceptions, completely
(5EFurln.gn:;;l. sterihzing blood-serum  geerilize tubes of blood-serum
(Fig. 5).

Preparation of Culture-media.—The food necessary for most
bacterial organisms is not of a highly complicated nature. Many
species find suitable conditions for nourishment and multiplication
if a small amount of simple nitrogen and earbon eompounds and
some salts and water are present. A slightly acid reaction
to phenolphthalein (equivalent to a neutral or slightly alkaline
reaction to litmus) and a temperature of about 20° C. afford excellent
opportunity for the growth of micro-organisms in the presence of
almost any ordinary food-stuff. It is largely by means of varia-

* Smith: Jour. Exper. Med., 1898, 3, p. 647.

ploved for sterilization of

R —
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tions in the behaviorof bacteria toward different carefully prepared
nutrient substances that bacteriologists are able to differentiate
the bacterial species. Many different culture-media have been
devised which are in general laboratory use. The most common
of these have for their basis an extract or decoetion of meat to which
a small amount of peptone is added. Koch found that by the
addition of gelatin to this meat-peptone broth a solid, transparent
medium could be obtained which greatly facilitated the study of
the development of organisms. Gelatin, however, does not remain
solid at 37° C., a temperature at which most pathogenic forms
grow best, and, moreover, certain forms react upon the gelatin
so as to produce liquefaction. To meet these conditions another
gelatinous substance of vegetable origin, agar* which remains
solid up to 100° C. and is not liquefied by baeteria, has been found
to possess special advantages. Milk, potato, and blood-serum

complete the list of the other media in common use.
Beef Broth.—

Chopped lean beef..................... .++.. 800 gm. (about 1 1b,)
L L T N PO 1000 c.c.
LEs e e S 10 gm.

The minced beef is placed in the water and kept in the ice-box
overnight. It is then strained, and the juice well pressed out and
boiled for half an hour to coagulate the albumins. These are next
filtered out by the use of filter-paper, the fluid made up to 1000
¢.c. with distilled water, and the peptone ecarefully stirred in and
dissolved by heating. The broth, which at this stage is generally
«quite acid, is then titrated and adjusted while hot to the desired
reaction by addition of the required amount of a normal solution
of sodium hydroxid.

Tiration.—Put 5 c.c. of the medium to be tested and 45 c.c. of distilled
water into an evaporating dish. Boil one minute. Add 1 e.c. of phenol-
phthalein solution (0.5 per cent. in 50 per cent. aleohol), Run into the hot
mixture enough % NaOH solution to produce a faint but distinet pink color.
Read from the buret the amount of _% NaOH used to neutralize the 5 c.c.
and calculate the amount of -lbi NaOH necessary to neutralize the entire quan-
tity of broth.

The following example will illustrate the method followed, If the re-
quired reaction of the finished medium is “ (4 1), a symbol used to indicate
that 1 per cent. of normal alkali is necessary to bring it to the phenol-

phthalein neutral point, and the buret reading shows that 1.8 c.e. Eﬂ NaOH
* First used by Frau Hesse.
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has been used in neutralizing the 5 c.c. of broth, then the problem takes this
simple form:

5 c.c. of broth is neutralized by 1.8 e.c. EED NaOH
100ce. “ “ “ “  “36 ce N NaOHor 18cc. 5 NaOH

1000 ea s R e 4 2 18 ec.c. % NaOH
Since the desired reaction is 4 1, which, it may be said, is the “standard re-
action,”* the above figures indicate that the broth as titrated is 0.8 per cent.
too acid and that 8 c.c. of normal NaOH per liter must be added to obtain the
result aimed at.

The broth is then heated § in the autoclave to 120° C., allowed
to cool again to bring down the precipitate { caused by change of
reaction, filtered, placed in flasks or tubes, and sterilized. Instead
of the fresh meat, three grams of a standard meat extract, such as
Liebig’s, may be used to each 1000 c.c. of water.

Dezxtrose-free Broth.—Meat, and also extract of meat, often
contains a slight amount of musele sugar or glucose. If sugar-free
broth is required, a simple method of removing the muscle sugar
is employed (Theobald Smith): Ten to twenty e.c. of a pure,
young broth culture of B. coli is added to the infusion of meat,§
and incubated eighteen hours at 37°. The broth is then boiled
to kill the organism and the preparation carried on as above. Con-
trol tests should always be made, since prolonged activity of B. coli
may cause the development of indol or other products. Special broth
media are prepared by adding 1 per cent. of dextrose, lactose, saccha-
rose, or other carbohydrates to the sugar-free broth. Broth contain-
ing ecarbohydrate should be sterilized by the discontinuous method.

Gelatin.—Ordinary nutrient gelatin is prepared by adding
from 10 to 12 per cent. of “gold label” gelatin (Coignet et Cie,
Paris) to broth prepared as above.] The medium should be
heated only long enough, over a water-bath or an asbestos pad,

* Report of Committee on Standard Methods of Water Analysis of the
Amer. Pub. Health Assoc., Jour. Infect. Dis., 1905, Suppl. No. 1, p. 106.

T After heating it is desirable to repeat the titration, as boiling releases
free H jons from the phosphates in the medium.

f This precipitate is magnesium ammonium phosphate (Jordan: Jour.
Infect. Dis., 1905, 2, p. 51).

§ Commercial meat extract should not be used for this purpose.

| For detailed methods of preparing large amounts of gelatin and agar

see Report of the Committee on Standard Methods of Water Analysis, 1905,
p. 108,
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to dissolve the gelatin and should be stirred constantly; before
filtration the reaction must be readjusted, since the addition of
gelatin renders the medium acid. A clear filtrate may be assured
by eooling the medium to 60° C. and stirring in slowly the white of an
egg dissolved in 30 c.c. water. Or 0.6 per cent. of Merck’s dried egg
albumin may be used. Gelatin may be autoclaved at 120° C. for
five minutes and still solidify if placed at once in the ice-box. In
- warm weather as much as 12 per cent. of gelatin is necessary.
Special eare should be taken to prepare gelatin each time in a uni-
form way, since too great variation in the results of baecterial growth
upon it will otherwise be obtained.*

Agar.—To the standard beef broth add 1.5 per eent. or, better,
1.0 per cent. pure thread agar. This medium is somewhat more
difficult to prepare than gelatin because of the higher melting-
point of the agar and consequent trouble in dissolving and filtering.
The difficulty is greatly reduced if the strands of agar are finely

-cut or chopped and theroughly dissolved in a minimum quantity
of boiling water before the hot broth is added. If the filter-paper
and funnel are wet with boiling water, little difficulty will be ex-
perienced in filtering while the medium is still hot. Sterilize in
the autoclave,

Dezxirose and Lactose Litmus Agar.—To agar made with sugar-
free broth, 1 per cent. of dextrose or of lactose may be added before
sterilization in the Arnold steam-bath at 100° C. Enough sterilized
litmus solution  to produce a clear dark color should be added
from sterile tubes just before plating or inoculation.

Milk and Litmus Milk.—Milk is a useful medium for determining
the production by bacteria of acids or enzymes which precipitate
or digest the casein, or act upon the lactose. Fresh milk, or in
large cities “certified” milk, should be obtained, steamed for
fifteen minutes in the Arnold sterilizer, and placed in the ice-box
overnight to allow the eream to separate. The middle portion of the
milk should then be siphoned off, avoiding both eream and sediment.
The usefulness of milk as a diagnostic culture-medium is enhanced
by the addition of litmus.t Fresh milk is naturally neutral or
faintly alkaline to litmus. Milk may be sterilized for five minutes

* Whipple: Tech. Quart., 1902, 15, p. 127.

t Use 5 to 8 per cent. of a 1 per eent. solution of Merck’s purified litmus
extract, or a 1 per eent. solution of Kahlbaum’s azolitmin.
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mixture filtered after the reaction, which is about 5 per cent. acid,
is brought to the neutral point with phenolphthalein as an indicator.
To the hot filtered solution a suspension of 30 grams of washed potato
starch, made perfectly homogeneous in a mortar, is gradually added
with constant stirring. The mixture is then brought nearly to
the boiling-point and finally weighed. The total should weigh
1000 grams. The medium is tubed and sterilized in the autoelave
for five minutes at 120° and is cooled in a slanting position. The

- salts used in the medium are the principal ones contained in potato
according to chemical analysis.

Synthetic Media.—Media whose exact chemical composition is
known offer certain advantages for the ecareful study of bacteria.
Environment may thus be reduced to its simplest terms, or varied
definitely and at will. Certain bacteria will develop in water
which has been redistilled in glass, and has a trace of MgS0, added.
Others refuse to multiply in more complex solutions. One of the
simplest synthetic or “non-protein’ media is as follows: *

A T B e R SR 1000 e
Asparagin. .. 2 gm
R T
TR L R R
Uschinsky’s medium (Frinkel’s modification) :7
BT | it e T e ——————— ] |, | (& %
L P e PR S S PR S 1 1%
Ammonium lactate...........cvveeiiiinia.. B "
A R
I e P 5 ¢

Special Media and Biochemical Tests.—A great variety of
special media are used in connection with the study of differ-
ent organisms, either because such media are particularly favorable
to the growth of those organisms or because they reveal certain
characteristic features and biochemical reactions. The addition of
glycerin to nutrient agar, for example, favors the development of the
tubercle baeillus. Certain organisms, of which the influenza bacil-
lus is the type, require the presence of hemoglobin in the culture-
medium, and are often designated on that account as the hemophilie

* Jordan: Bot. Gaz., 1899, 27, p. 9; Jour. Expt. Med., 1899, 4, p. 627.

t Hyg. Rundsch., 1894, 4, p. 769. For other formulas see Erwin Smith,

“ Bacteria in Relation to Plant Diseases,” Washington, 1905, p. 197.
2
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Add 5 e.c. of (1) to about 10 e.c. of the culture, then add 5 c.c. of
(2), and shake. The presence of indol is indicated by the ap-
pearance of a red color, which becomes darker on standing.

The Fermentation Tube.—As already pointed out, various
forms of bacteria differ greatly in their ability to ferment carbohy-
drate substances. The use of special tubes for studying fermenta-
tion and gas-production was first recommended by Theobald
Smith,* and has been generally adopted in this country. The
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Fig. 6.—Frost’s chart for measuring gas in the fermentaticn tests
(Heinemann's “ Laboratory Guide'').

tubes are filled with broth from which the muscle-sugar has been
removed and to which a definite amount, usually 1 to 2 per cent., of
some carbohydrate has been added. The growth of a gas-forming
organism leads to the collection of gas in the closed arm, the dis-
placed broth being foreed out into the bulb. The amount of gas is
measured in terms of percentage of the length of the closed arm,
most conveniently by Frost's gasometer card (Fig. 6). At the end of

* 8mith, Theobald: * The Fermentation Tube,” Wilder Quarter Century
Book, Ithaca, 1893, p. 212,
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neck in the middle, through which a definite amount of culture
‘may be run into the bottom of the tube. The neck is then drawn
out in the flame and sealed off. Heating should be done with the
bulbs completely immersed in a water-bath and held suspended
by a wire away from the bottom frame. It is advisable to begin
at a temperature of 50° C. for five minutes and for ten minutes,
repeating for every two degrees up
to 70°. Spores require still higher
temperatures for their destruction.
After being cooled quickly the bulb
contents are emptied into a Petri ‘ 1

dish and melted agar added, to . 'fést?.;g_t.ﬁéf;’:im Eiuffﬂ?nt _jur
determine by the development

of colonies the number of live organisms present. Eijkman* has
called attention to an important error in such experiments,
Many cells are so damaged by exposure to heat (and probably the
- same is true of other disinfecting agents) that they develop ex-
ceedingly slowly, although their vitality is not destroyed. In one
experiment with Bacillus coli no colonies were visible on a gelatin
plate within three days after incubation of the heated culture, but
on the same plate after fifteen days 670,000 colonies could be
enumerated. In order to discover whether all the organisms have
heen killed the contents of the bulb should be emptied into a
fluid medium, preferably one composed of equal parts of litmus
milk and broth (Harris).

The strength of a disinfectant is usually determined by its effect
upon pure cultures of bacteria. Koch tested the action of disin-
fectants on anthrax spores by placing in the disinfectant solution
silk threads which had been dipped in an emulsion of the spores and
dried. The threads were then washed and laid upon the surface
of agar. Hill T has devised a simpler and more exact method of
preparing test objects for disinfeetants which is now widely used.
Sterilized glass rods are dipped to a depth of one inch into forty-
eight-hour-old broth eultures of the organism to be used in the test.
The rods are then placed in test-tubes fitted with cotton plugs,
earefully dried in the thermostat, and immersed in the disinfectant

* Eijkman: Centralbl. f. Bakt., 1T, 1909, 22, p. 508.

t Rep. and Papers, Amer. Public Health Assoc., 1898, 24, p. 264.
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and the filtrate should be tested for sterility by inoculation of a
small amount into culture-media. Baeterial fluids after filtration
should be protected from light and kept
in the ice-hox.

Methods of Obtaining Pure Cultures.
—When fluid culture-media are inocu-
lated with such substances as soil or
water, many kinds of organisms develop
simultaneously side by side, and a het-
erogenous mixture of bacteria results.
Koch* was the first to devise a method
of using solid media which permitted
the separation of one kind of bacterium
from another. If nutrient gelatin and
agar are inoculated while fluid (for
example, at 42° C.), and are then solidi-
fied and kept under favorable tempera-
ture conditions, many of the living
bacteria that have been introdeced are
able to multiply. Since the bacteria
cannot move about freely, but are fixed
in the stiffened medium, the progeny
of each germ forms distinet masses or
colonies. If the colonies are not closely
crowded, a pure culture, that is to say,
the descendants of a single germ, may
he obtained by touching a colony with
the tip of a sterile platinum needle (a
process technieally known as “fishing")
and inoculating tubes of fresh eulture-
media. In order to secure a large sur-

) : Fig. 10.—Pressure filter
face upon which the colonies shall be (Heinemann).

spread out and made easily accessible,
the gelatin or agar, after inoculation, is poured while still fluid into
sterilized flat shallow dishes (Petri dishes) fitted with glass covers.
Technic of Making Plate Cultures.—Three tubes of agar
(1, 2, and 3), melted at 100° C., are placed in a water-bath at
42° (., a temperature that is just above the solidifying point of
* Koch: Mitth. a. d. kais. Gesundh., 1881, 1, p. 1.
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agar and is not injurious to bacteria. It is often desirable to
make first a suspension in salt solution, as, for example,
in dealing with material like pus. Tube 1 is inoculated with a
platinum loopful of the material to be plated. The cotton plug
is then replaced and the contents of the tube mixed by carefully
tilting back and forth and rotating the tube on its long axis.
From this tube two loopfuls of agar are transferred to tube
2, and after mixing, two more loopfuls carried from tube 2 to
tube 3. The contents of the several tubes are then poured
into Petri dishes. As soon as the cotton plug is removed, the
mouth of each tube should be passed through the flame, in-
serted under the edge of the lifted Petri dish cover, and the agar
quickly poured out. The covered Petri dish may then be tipped cau-
tiously back and forth to distribute the agar evenly before it solidifies.
If there are a great many baecteria in the original material, the plate
from tube 3 will probably contain the organisms in small enough
numbers to develop well-isolated colonies. On the other hand, if
there are very few bacteria in the material inoculated, plate 1 will
probably present more satisfactory conditions. Gelatin plates are
made in the same manner as agar except that gelatin may be cooled
as low as 25° C. without solidifying.

Dilution.—It is sometimes of advantage before plating to make
aceurate dilutions of highly polluted fluids, such as sewage, in order
to get colonies few enough in number to be well isolated. If there
is reason to suppose that the number of baeteria is more than 200
per c.c., 1 c.c. of the sample is mixed with 9 c.c. of sterile water.
If a higher dilution is required, proceed in a similar manner. .

(A) To dilute 1 : 10 use 1 c.c. of sample to 9 e.c. of sterile water.
(B} o L} l - lm i ie ie (LIS L gg, i L1 L £
[{;j i i 1 : lr{m if 11 114 {&} il gg_ i i (i i
{'D} o Ly 1 x l{]ﬂm i ig i (B’} L g,g_ o o o e
{E} i i l . lmjm'] L A df (G} id gg i i i o
{F} i i 1 & l,m},ﬂm i ie ie {D} i g,g, L i i L1

Separation of Bacterial Species by Heat.—Spore-forming
organisms are sometimes separated from other bacteria by heating
mixed cultures containing spores to 80° C. for fifteen minutes. This
procedure kills off any vegetative forms that may be present, but
leaves the heat-resistant spores able to develop if placed under
favorable conditions. A further separation of different varieties
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of spore-forming organisms must then be effected by plating or
animal inoculation.

Separation by Animal Inoculation.— Certain pathogenic
baecteria that in the animal body often occur mixed with other
species, as is the case, for example, with B. tuberculosis or B.
tetani, are sometimes obtained free from other bacteria by inocu-
lating an animal with the material containing the mixture of
organisms. After allowing time for the bacteria to develop, the
animal is killed, and tubes of suitable media are inoculated from
the characteristic lesions; in such ecases the specific bacillus will
often be found in pure culture in the tissues.

Method of Growing Anaérobes.—A number of devices have
been used for the cultivation of certain organisms known as anaé-
robes (p. 75), which will not grow in the presence of free oxygen.
Pasteur spread a layer of oil over the surface of media in order to

-
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Fig. 11.—A, Novy jar for plate cultivations; B, Novy's jar for tube culti-
vations (Eyre).

gshut off the air. Koch grew anaérobes on agar or gelatin plates
under a piece of sterile mica. Liborius employed the method of
inoculation deep into solid media, a simple method still in use.
A “ghake culture” in glucose agar may be made by previously
boiling the agar for fifteen to twenty minutes to drive off the ab-
sorbed air, then cooling quickly to 42° C., and inoculating, The
tubes of agar are then sclidified at once in cold water and incubated;
under these conditions anaérobie organisms often develop well in
the depths of the agar.
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Animal Inoculation.—Animal inoculations may be made
for various reasons: (1) To obtain pure eultures of an organism from
infected material. (2) To determine the virulence of an organism
which is under study or to observe the changes that it evokes in
the animal body. The animals most uszed for laboratory purposes
are guinea-pigs, rabbits, white mice, and white rats. (3) For
continuing the life of an organism that does not grow except in the
animal body (for example, the virus of hydrophobia and smallpox).

Guinea-pigs and rabbits are usually inoculated subeutaneously or
intraperitoneally. Subecutaneous inoculation is generally made under
the skin of the abdomen by means of a hypodermic needle. Pus or
similar material may be suspended in sterile physiologie salt solution.
The animal is conveniently held by an assistant, who turns its abdo-
men upward. The hair about the proposed site of inoculation should
be clipped close. The site of inoculation is then rubbed with
cotton soaked in 1:1000 HgCl or in 95 per cent. aleohol. Make
the puneture behind and to one side of the umbilicus, and if a large
quantity of fluid is to be injected, run the needle carefully for-
ward its full length through the subcutaneous tissue. An egg-
shaped swelling of the skin will form about the point of the needle
as the syringe is emptied; when the needle is withdrawn, apply
a drop of collodion to close the wound. *Pocket” inoculations
are carried out by making a small incision in the skin, and separ-
ating the skin from the muscles by pushing in sterile scissors, which
are then slightly expanded, closed again, and removed; a piece
of tissue may then be inserted and the wound closed with collodion or
with one or two sutures.

Intraperitoneal inoculation is made in essentially the same
manner as subeutaneous, passing the needle first beneath the skin,
then holding it at about a right angle to the peritoneal wall, and
carefully thrusting it through, taking care not to penetrate the
intestines. Rabbits may also be inoculated intravenously in the
marginal vein of the ear. Rabbits are convenient animals to use
in experiments where the blood is to be tested after inoculation,
because of the readiness with which blood may be obtained from
the large veins of the ears.

Mice are usually inoculated subeutaneously on the back at the
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root of the tail. A small wire cylinder mouse-holder aids in man-
ipulation.

Microscopic Methuds —Ezramination of Living Bacteria.—
In order to determine form, motility, spore formation, and reaction
with specific serum, it is often necessary to study bacteria alive.
The hanging-drop method is commonly used for this purpose.

A special slide has been devised for the hanging drop which has
a cireular pit ground into the glass on one side. When bacteria
are growing in fluid media, a drop may be transferred with the
platinum loop to the center of a eover-slip which has been steril-
ized by flaming, and the cover-glass then inverted over the hollow
chamber with the drop depending freely downward. If the bae-
teria are removed from solid media, they should be suitably mixed
with sterile physiologie salt solution and a drop of the suspension
placed on the cover-slip. The hollow chamber is sealed by cedar
oil smeared on the edge, so that the drop is not disturbed by air-
currents and does not evaporate rapidly.

Extreme care must be taken in focusing upon the hanging drop,
as unstained organisms are very difficult to see. The diaphragm
of the microseope should be adjusted to a small aperture in order
to take advantage of the lights and shadows caused by the difference
in light transmission of the bacterial bodies. The edge of the hanging
drop should first be found with a low-power lens and exactly cen-
tered, and then the high power turned in place and eautiously
brought into focus.

The so-called hanging block for studying the development of
bacteria was invented by Hill,* and consists of a thin slice of
nutrient agar (or of gelatin if a warm chamber is not necessary)
which is seeded on its surface with a number of organisms and then
inverted on a cover-glass and fastened by searing its edges with
a hot needle. The cover-slip should be sealed over a moist chamber
with paraffin. The organisms are thus held in one position on
the solid medium, and the mode of cell division ean be advantage-
ously followed.

Young, vigorous cultures not more than twenty-four hours old
should be used for studying cell division and also for determmmg,
motility in the hanging drop.

* Hill: Jour. Med. Res., 1902, 7, p. 202.
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Examination of Stained Bacteria—Film Preparation: Cover-
slips and slides for making stained preparations should be thoroughly
clean and sterile. If new, they should be washed in soapsuds or
NaOH solution, boiled in potassium dichromate cleaning fluid, rinsed
well in distilled water, and stored in 95 per cent. aleohol or in
alecchol and ammonia. They are then ready for use, and need
only be dried with a clean soft linen cloth and freed from grease
by passing them two or three times through the Bunsen flame.
The coverslip may be conveniently manipulated by means of
special cover-slip foreeps (Fig. 12).
~ Fresh young cultures twenty-four to forty-eight hours old
grown on agar are usually the best for ordinary stained prepar-

Fig. 12.—Stewart's cover-glass forceps.

ations. A loop of filtered water is placed on a cover-glass or slide,
and a small amount of bacterial gzrowth mixed with this and spread
evenly over the surface. If the glass is not clean, the mixture
will gather in droplets instead of spreading in an even film. This
film is then allowed to dry in the air, and when well dried the
preparation is passed three times slowly through the Bunsen
flame, film side up, to fix the film. TFixing may be accomplished
also by means of absolute aleohol or glacial acetic acid, which
must be washed off before the next step. The fixed film is covered
with the stain, allowed to stand fifteen to thirty seconds, washed
thoroughly with clean water, and mounted in water for examina-
tion: if desired, it can be dried later and mounted permanently in
balsam.

The basic anilin dyes most commonly used for staining bacteria
are, in order of merit, gentian-violet, methylene-blue, and fuchsin.
Saturated solutions of these stains in 95 per cent. alcohol should
be kept in stock, so that for immediate use it is only necessary to
filter a little of the aleoholic solution into ten times its bulk of dis-
tilled water. Exeent in special cases (tubercle bacillus, spores,
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gram-staining as due to the possession of a definite cell-envelop
which by the action of iodin is rendered impermeable to alcohol.
This observer’s experiments show that so long as the gram-stainerl
cell is intact the aleohol is unable to remove the stain, but that as
soon as the cell iz crushed and injured the stain is, in great part,
dissolved out. The amorphous débris obtained from broken-up
gram-positive bacteria does not retain Gram's stain.

1. Stain in anilin gentian-violet for one and one-half minutes.

2. Wash in water.

3. Treat with Gram’s solution (iodin, 1 part; potassium lodid,
2 parts; water, 300 parts) until purplish black, one and one-half
minutes.

4. Decolorize with 95 per cent. aleohol for at least five minutes,
wash, dry, and mount.

A eontrast stain with fuchsin or 0.5 per cent. solution of safranin
may be made if desired (for example, in examining gonorrheal pus);
~ twenty-four-hour agar cultures should be used. For sections,
prolong the process. Modifications, Weigert,* Nicolle.

Pappenheim’s Stain: A good general stain for pus preparations:

Sat. aqueous sol. of methyl-green. . ........... 3—4 parts
Sat. aqueous sol. of pyronin................. . 1-15 ¢
Apply cold for thirty seconds.

Bacteria are stained bright red and the nuclei of cells blue or

purple.
Stain for Tubercle Bacilli and Other * Acid-proof ' Baetlli :

Tubercle bacilli require a powerful stain containing a mordant,
and with this aid stain only with diffieulty; when once stained,
however, they resist decolorizing with equal tenacity. The following
method is most commonly used:

Ziehl-Neelsen Carbol-fuchsin Stain.§

Bagicfuchsin. ... ooneeeeeriiiaereneinann. 1 part
Abaohite aleoBol. .. ic.vos v 10 parts
5 per cent. sol. earbolic acid.................. 100 “

* Fortschr. d. Med., 1887, 5, p. 228,

+ Ann. de 'Inst. Past., 1895, 9, p. 666.

1 Deut. med. Wochensehr., 1882, 8, p. 451; also Med. Centralbl., 1583, 21,
p. 200.
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sule appears as a pale violet halo around the deeply stained
bacterium.

Flagella Stain: For staining the flagella of bacteria, young agar
cultures of twelve to eighteen hours should be used. Care must be
taken to treat the organisms gently, sinece under some conditions
the flagella are easily broken off. A tube containing 5 c.c. of
sterile water 1s carefully inoculated with enough of the culture to
produce a faint turbidity. The tube is then placed in the thermo-
stat for an hour to allow clumps to sediment and to permit slight
development. Two or three loopfuls of this suspension are then
placed upon a cover-slip without spreading, dried at 37°, and
fixed.

Lofller’s stain, *in which a mordant is used, gives good results.

1. Cover the film with the mordant:

Tannic acid (25 per cent. agqueous solution). . . .10 parts

Ferrous sulfate (saturated aqueous solution) . . 5 ¢
Fuchsin (saturated aleoholie solution)......... 1 part

2. Heat over a water-bath for five minutes; keep the cover-slip
flooded with the mordant.

3. Wash thoroughly in water and dry with filter-paper.

4. Cover the film with anilin gentian-violet or carbol-fuchsin
and heat as before.

5. After washing thoroughly in water the film is ready to be
mounted and examined.

In Van Ermengem’s methodt three solutions are necessary, as
follows:

Solution A—
Osmie acid, 2 per cent. sol....................1 part
Tannin, 10to 25 percent. sol................. 2 parts

Place the films in this for one hour at room temperature or heat
over water-bath at 100° for five minutes. Wash with water, then
with absolute aleohol, then with water, and treat with

Solution B—
0.5 per cent. sol. of AgNO, in distilled water.
Allow films to be in this a few seconds; then, without washing,

transfer to

* Centralbl. f. Bakt., 1880, 6, p. 200; 1800, 7, p. 625.
t Ibid., 1894, 15, p. 969,






METHODS OF STUDYING BACTERIA 51

Epstein’s stain is very useful in showing the granules in diph-
theria bacilli.

(a) Prepare a film in the usual manner.

(b) Stain with Loffler’s methylene-blue for twenty seconds.

(¢) Wash in water.

(d) Warm over a flame with Gram’s iodin solution.

(¢) Wash in water.

(f) Dry and mount.

Neisser's Method for Diphtheria Baeilli:* Use bacilli grown
eighteen hours on Léffler’s blood-serum mixture (p. 32) at a tem-
perature of 34° to 36° C.

Stain—
Grilbler's methylene-blue.................... 1gmm.
96 per cent. alechol. .. ...................... 20 e.e.
B A T, US| 1 | MLl
L T T by "=

1. Stain one to three seconds.

2. Wash.

3. Stain in Bismarck-brown (2 grms., 1000 c.e. boiling water)
three to five sectnds.

4. Wash and examine.

The protoplasm is stained a faint brown, the granules are blue.

Selective Bactericidal Action of Genlian-violet: Churchmant
has used the method of divided plates for determining the differ-
ence in the behavior of bacteria to gentian-violet. An ordinary
Petri dish is divided into two compartments by a strip of metal,
and, after sterilization, plain nutrient agar is poured into one,
gentian-violet agar (1 : 100,000) into the other. On streaking the
surface of the agar (with a fluid culture or emulsion) striking differ-
ences in behavior are observed, which are of significance in differ-
ential diagnosis.  Certain bacteria (e. g., B. anthracis, B. diph-
therize) are inhibited by the dye and refuse to eross the border-
line, while others (e. g., B. typhosus, B. cholers) grow freely in
the gentian-violet medium. In general, the gram-positive organ-
isms are inhibited by the gentian-violet and viee versi, but there
are some exceptions to this rule. Behavior toward gentian-

* Neisser: Lischr, f. Hyg., 1897, 24, p. 443.
t Churchman: Jour. Exper. Med., 1912, 16, p. 221.
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violet is much more definite and constant than the Gram-staining
reaction. Besides its diagnostic value, the method has important
practical applieation in detecting mixtures of species, air econtami-
nation, and the like.

Study of Pathologic Material.—The examination of material,
such as pus, blood, or discharges from diseased tissues or organs,
may be carried out as follows: (1) Gelatin and agar tubes should be
inoculated and plates poured at once. If there is reason to suspect
that bacteria may be present that cannot develop on the ordinary
media, blood-serum or agar smeared with blood should also be inoe-
ulated. (2) Several cover-glass preparations should be made at the
same time, one to be stained with methylene-blue, one with Ziehl-
Neelsen carbol-fuchsin, and one by Gram’s method. (3) A guinea-
pig or rabbit should be inoculated with a small amount of the
material.

The colonies that appear on the plates should be earefully ex-
amined. and pure ecultures on agar or blood-serum made from any
that present characteristic appearances, or that differ materially
from one another. If the inoculated animal sugeumbs, eultures
should be made from the site of inoculation, from the heart, spleen,
liver, and peritoneal cavity. When no apparent effect follows
inoculation, the animal should be killed after five or six weeks, the
organs carefully serutinized for possible tubereulous or other lesions,
and cultures made as above.

Study of Pure Cultures.—In order to determine the natural
relationship or systematic position of a bacterium it is necessary to
observe in pure culture the morphology, staining reactions, mode
of growth on various media, the biochemical reactions produced
by its development, and in some cases the effect upon animals.

1. Morphologic Appearance.—Young twenty-four-hour-old agar
cultures should be examined in a hanging drop for metility, form, and
size. The hanging block may be used for further observations on
size, cell division, grouping, and spore formation. Preparations of
both young and old cultures should be stained first by the ordinary
dyes, then by special methods, for the purpose of determining the
Gram stain reaction, the number and arrangement of flagella and
spores, and the absence or presence of capsules.
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2. Cultural Characteristics.—Cultures freshly isolated from water,
soil, or air, or those which have been kept for long periods upon
- artificial media, are sometimes put through a process of ““rejuvena-
tion ” before study in order that they may regain lost qualities.
This process consists in successive transplantations upon a series
of media, i. e., from agar to broth for three days’ ineubation at 20°
C., then to a gelatin plate for the same interval, and finally back to
agar, from which the econventional media are inoculated.* Obser-
vations of cultural features should cover a period of at least ten
days. The colonies on gelatin, and less often on agar plates, some-
times show important differences in form, rapidity of development,
elevation, character of periphery, and internal structure as seen
under a low-power lens. Agar and potato streak eultures should be
examined with reference to form, amount and consisteney of growth,
elevation, character of surface, edge, and pigmentation or diseolor-
ation of the medium. In growth resulting upon blood-serum the same
features are to be noted, and also the oceurrence of liquefaction or
digestion. Gelatin stab cultures often give a characteristic develop-
ment along the line of puncture; observations should also be made
on the character of the surface growth and the progress of ligue-
faction if present. The production of a surface pellicle, of turbidity
and sediment in broth, and the oecurrence of coagulation, digestion,
and nature of reaction in milk are the features of growth in liquid
media that differ with different species. An important biochemical
property is the power of fermentation of dextrose, lactose, and
saccharose, and in case of gas-production, the amount of gas pro-
duced, and the ratio of H to CO,. Growth in the closed arm of the
fermentation tube gives an indication of facultative or obligatory
anaérobiosis. It is sometimes considered useful to determine also
whether a micro-organism possesses the ability to reduce nitrates
in nitrate broth, and to form indol in peptone solution. The
virulence of the organism itself and the toxicity of its produets
of growth (in the form of culture-filtrates) for ordinary labora-
tory animals completes the usual list of data necessary for

classifieation.
It is of the utmost importance that descriptions be comparative;

* Fuller and Johnson: Jour. Exper. Med., 1899, 4, p. 310.












CHAPTER III

THE STRUCTURE AND MODE OF DEVELOPMENT OF
BACTERIA—THE COMFPOSITION OF BACTERIA

Bacteria are the smallest and the simplest forms of plant
life known. Unlike the higher animals and plants, the entire
organism consists of but a single cell. Individual cells differin size,
shape, method of cell-division, spore-formation, and the like; these
features can be determined only by the use of high magnification.
“Colonies” or masses of cells that develop upon eertain food-
substances often present definite peculiarities of form, color,
consistency, and luster, which are apparent upon examination
with simple lenses or with the naked eve. Similar differences
may be observed among masses of larger objects: a grove
of oak trees viewed from a distance too great to permit identi-
fication of the individual trees will still appear unlike a grove
of pine trees. It is hence sometimes thought desirable to consider
the morphology of baeteria under two heads: (A4) the morphology
of individual cells; (B) the morphology of masses of cells.

(A) THE MORPHOLOGY OF INDIVIDUAL CELLS

Dimensions.—Different kinds of bacteria vary materially in
size. The average bacterium of rod shape measures about 2p

in length and 0.5¢ in diameter (1 = 1 micron or micromillimeter

1 L 5 i
= 1900 mm.= about 5z55; inch). One large spherical bacterium

that has been deseribed measures about 2 in diameter; the most
eommon microbe found in suppurative processes is a spherical
baeterium about 0.8# in diameter. Considerable wvariation can
ocecur within a single species. The bacillus of typhoid fever is
found to range from 1 to 3/ in length, even when the descendants
of a single cell living under substantially identical conditions are
examined. The largest bacteria belong, as a rule, to the group of

L )
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spirally-twisted or serew-shaped forms;* one of theset has been
found to measure as much as 3.5¢ in diameter. Perhaps the largest
pathogenic bacterium is the spirillum or spirochete of relapsing
fever, which may measure up to 40p in length.

One of the smallest of the well-known pathogenie forms is the
influenza bacillus (about 0.5 X 0.2p). Other micro-organisms, not
surely known to be bacteria, are even smaller. The germs causing
pleuropneumonia in ecattle are so minute as to appear like mere
points when viewed with a magnification of 2000 to 3000 diameters.
The germ of foot-and-mouth disease will pass through the pores
of the finest Berkefeld filter, and is so small as to be invisible
under the highest lenses, but it can be cultivated by the usual
laboratory procedures and its presence can be demonstrated by
inoculation into susceptible animals. Tt is possible that other

diseases, the causes of which are at present
unknown, will be found to be due to ultra-

O U microscopic organisms. It has been shown,

g 13, G fl:.-r example, by Reed a_nd Parmll,i that the

rative size of virus of yellow fever, which is of unknown but
;Eﬁﬁsﬁ‘i hé:fr;ﬁ—; probably protozoan nature, will pass through
typhoid  bacillus, the pores of a compact porcelain filter. Special
24 ¥ 0.5p; and :
influenza bacillus, ethods, such as microphotography by the
0.5¢ X 0.2p1. ultra-violet light-rays§ and strong illumina-
tion of a dark field, the ‘“ultramieroscope”
of Siedentopf and Szigmondy,| have been employed in the hope
of rendering visible ultramicroscopic forms of life. Up to the
present, however, these methods have not been successful in re-
vealing the existence of hitherto unknown pathogeniec micro-
OTganisms.

The Normal Forms of Bacteria.— While varied and compli-

cated structures are found among certain other groups of unicellular

* A bacillus (B. biitschlii), however, studied by Schaudinn (Arch. f.
Protistenk., 1902, 1, p. 306) measures from 50p to 60x in length and from
4p to Spin width. )

1 Spirillum colossum (Centralbl. {. Bakt., 1902, Abt. II, 9, p. 608).

1 Reed and Carroll: Amer. Med., 1902, 3, p. 301,

§ Kohler: Ztschr. f. wiss. Mikrose., 1904, 21, p. 129,

|| Berl. klin. Wochensch., 1904, 41, p. S62.
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organisms (diatoms, desmids, radiolaria), the forms of bacteria
are very simple, and comprise only three principal types—the
sphere, the rod, and the spiral. Under normal and uniform econ-
ditions of life each form breeds true, the spherical forms producing
only spheres and the rods, again, only rods. It is true that immedi-
ately after cell-division a spherical bacterium may be somewhat
flattened, or that immediately after the division of a short rod the
daughter cells may appear almost spherical, but these temporary
appearances do not affect the main distinetion. Three forms, typi-
fied respectively by a ball (coccus or micrococcus), a rod (bacillus),
and a spiral (spirillum), include the best-known and most thor-
oughly studied bacteria. In addition to these three, there is a group
of closely related organisms, similar in many points to the groups
already mentioned, but

differing from them

: : % 8B /
in being somewhat @fa
~ larger, and especially % m U W

in exhibiting well-
marked filamentous

and branching charac- Fig. 14 —Forms of bacteria.

ters. These higher

forms of bacteria are known as {trichomycetes (sometimes, but
erroneously called streplothrices). Transition forms exist between
these several groups; certain micro-organisms are difficult to
classify exactly. The tuberele bacillus, for example, under ordi-
nary conditions, is a typical rod, but sometimes produces branching
filaments, and has been placed by some writers with the tricho-
mijcetes.

More bacilli are known than coeei, and more coeci than spirilla.
Migula* enumerates 833 bacilli, 343 cocei, and 96 spirilla, a total
of 1272; and Matzuschitat has tabulated descriptions of 1325
bacteria showing a similar proportional distribution among the
several groups.

Involution and Degeneration Forms.—Under constant and
favorable eonditions of life each kind of bacterium generally ex-
hibits a true constaney of form. Long-continued growth in arti-

* Migula: “System der Bakterien,” Jena, 1900.
1 Matzuschita: ‘Bakteriologische Diagnostik,” Jena, 1902,
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Monstrosities and abnormalities are sometimes observed in
bacteria contained in animal tissues or fluids (plague bacillus, cholera
spirillum), and although these may bear little resemblance to the
typical form of the species, such involution forms are known to be
alive and capable of development. The branching filaments that
are occasionally observed in cultures of the tubercle bacillus, diph-
theria bacillus, and other forms are believed by many to be de-
generative rather than truly developmental. Loeb* has shown
the influence of osmosis upon the produetion of branching in the
typhoid and tubercle bacilli. Probably in some cases the so-called
involution forms are degenerative, in others simply teratological.

The Finer Structure of Bacteria.—Corresponding to the
simplicity of outer form, the internal structure of bacteria i= rela-
tively undifferentiated. Some definite struetural features ean,
however, readily be made out. Many bacteria, perhaps all, are pro-
vided with a capsule, which originates from the outer layer of the
cell-membrane; in stained preparations it can sometimes be seen
surrounding the cell like a halo. The possession of capsular sub-
stance is believed by many investigators to be an attribute of all
kinds of baeteria, although the substance is much more highly
developed in some forms than in others. Certain organisms in
which it is particularly conspicuous are commonly called the
capsulated bacteria. Slimy eultures, such as those of B. mueosus
capsulatus, page 269, characterize the eapsulated forms. The
capsule is generally demonstrated most easily in preparations
made directly from animal tissues, as is notably the case with the
micrococcus of pneumonia, but it can also be seen in specimens
from ordinary cultures, if appropriate methods are used.t Cap-
gular substance is often formed abundantly in milk cultures. Buer-
ger} finds that the presence of serous fluid in culture-media favors
the development of capsules and that the capsules of the pneumo-
coccus can be readily demonstrated in preparations made from
cultures on glucose-serum-agar.

The cell-membrane is chiefly remarkable for its chemical com-
position, since it differs from the cell-membrane of the higher plants

* Loeb: Jour. Med. Res., 1902, 8§, p. 415.
1 Boni: Centralbl. f. Bakt., 1900, 28, p. 705.
1 Buerger: Jour. Infect. Dis,, 1807, 4, p. 426.
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in not containing cellulose. By many writers the membrane is
regarded merely as the slightly differentiated outer portion of the
cell-substance, and as deserving the name ectoplasm rather than
cell-membrane. Its chemical character indicates its close relation-
ship to the living protoplasm of the cell, as does also the fact that
the flagella, or organs of locomotion, probably take their rise from
this layer.
The nature of the cell-substance or entoplasm of bacteria has been
the subject of much controversy. Especially have questions as
to the character, disposition, and even the
(E? existence of nuclear material (chromatin) given
éﬁ ‘D occasion for many differences of opinion. The
fact that the cell stains uniformly by ordinary
methods has led, on the one hand, to the view
that a bacterium is composed of cytoplasmie
material without any nucleus, and, on the other
hand, to the opposite opinion, that it is com-
posed altogether or almost entirely of nuclear
matter (chromatin), with possibly a thin outer
envelop of eytoplasm. The latter view is sup-
ported by the great affinity shown by the
bacterial cell-substance for the ordinary nu-
clear stains as well as by the capacity of the
Fig. 16.—Chro-  cell for very rapid cell-division. Considerable
matin granules in  hiologic significance attaches to the strueture
Bacillus megathe- : g
rium (after Zett- of cells so simple and presumably so primitive
M); as bacteria, and the questions concerned have
aroused widespread interest. Perhaps the
most satisfactory view is that advanced by Zettnow,* which
is based largely upon his own researches, especially upon some
remarkable observations on large spirilla which he succeeded
in staining in a living and even motile condition, thus avoiding the
production of artificial changes. Zettnow regards the cell-body
of bacteria as composed largely, and in the case of certain vibrios
almost wholly, of chromatin mingled with varyving amounts of
eytoplasm, a view not unlike that first advanced by Biitschli.t

* Zettnow: Zeitschr. f. Hyg., 1899, 30, p. 18.
T Biitechli: “ Ueber den Bau der Bakterien,"” Leipzig, 1860.
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In most cases the chromatin, instead of being gathered together
in a fairly compaet mass or definite nucleus, is fragmented and
distributed irregularly through the body of the cell (Fig. 16). On
the whole, the researches of Zettnow, Vejdovsky, and others make
it fairly certain that bacteria contain both chromatin and eyto-
plasm, and that the chromatin is present in great abundance, but
varies in amount and in position in different eells, and oceurs most
frequently in a finely divided eondition.

When certain kinds of bacteria are treated with methyvlene-blue,
various granules in the cell are observed to stain differently from
the substance of the cell-body, for example, red against a blue
background. These are the so-called mefachromatic granules,
about the nature of which opinion is still at variance. These
eranules are sometimes scattered through the cell-substance, some-
times massed at either pole, where they constitute the ‘‘polar
granules” observed in the plague bacillus, the glanders baeillus, and
other bacteria. In certain species the metachromatic granules
are particularly easy to demonstrate, and their abundance may
even constitute a character of some differential value (diphtheria
baeillus). It seems probable that substances of radically diverse
physiologic significance have been classed as metachromatic gran-
ules. In some instances such granules are simple degeneration
produets; in others they doubtless bear some important relation to
the physiologie activities of the cell. They have even been compared,
although on insufficient grounds, to the centrosomes of more highly
specialized cells. It is more likely that they are in large part
reserve food-substance. A. Meyer*® has shown microchemically
that some of the granules are fat, some glycogen, others a lecithin-
like substance, and still others a peculiar protein-like compound.
It is an interesting fact that metachromatic granules are usually
found in greatest abundance in the cells of the most vigorous cultures.
The view advanced by a few writers, that some relation exists
between the virulence of a culture and the richness of the cell in
granules, has not been established.

Motility and the Organs of Locomotion.—Many kinds of
bacteria are observed to be motile under the conditions in which
bacteria are usually studied. Some of those forms in which motion

* Meyer, A.: Centralbl. f. Bakt., Abt. II, 1900, 6, p. 339.
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lum may attain for short distances a speed of 18 cm. per
hour.

The power of locomotion in bacteria depends upon the possession
of flagella, long, fragile, filamentous appendages which originate
from the outermost layer of the cell, or, according to some observers,
from the capsule, and by virtue of their power of contractility
drive the bacterium through the water. Flagella have been seen
in the living, unstained cell (large spirilla) by some observers,
but ordinarily special methods must be applied to reveal their
presence (p. 49). Differences exist in respect to the position of
the flagella on the cell-body: some forms possess only a single
flagellum at one pole (monotricha, cholera spirillum); others pos-
sess a flagellum at each pole (amphitricha, many spirilla): others
possess a tuft of flagella at one pole (lophotricha, certain large
spirilla); and others have flagella projecting from the whole body
of the cell, from the sides as well as the poles (peritricha, typhoid
bacillus and many other bacilli). In some non-motile bacteria
no flagella have ever been observed (atricha, anthrax bacillus).
The number of flagella on the body of peritrichous bacteria varies
considerably. Even eclosely allied bacterial species may differ
in respect to the number of flagella they possess. The typhoid
bacillus, for instance, possesses, as a rule, more flagella (ten to twelve)
than the closely related colon bacillus (two to six). The majority
of actively motile bacteria belong either to the bacilli or the spirilla;
very few miecrococei are motile under ordinary eonditions,® and no
motile trichomycetes have been desecribed.

Growth and Cell-division.—A baecterium can increase in size
up to a certain point; the maximum size attainable, as among the
higher forms of life, is singularly constant for each species. When
the maximum is reached, cell-division occurs by simple partition
or fission, dividing the cell into approximately equal halves.
Possibly division of the nuclear substance precedes that of the cell-
body (Nakanishif). Among bacilli and spirilla cell-division always
takes place at right angles to the long axis of the cell ;Lamﬂng the
eocel division may oceur only in one plane, resulting in the formation

* According to the investigations of Ellis (Centralbl. f. Bakt,, Abt. IT,

9, 1902, p. 546), all forms of micrococei possess flagella and are motile under
favorable conditions. This assertion has not been confirmed.

+ Nakanishi: Centralbl, f. Bakt., 1901, 30, pp. 97, 145, 193, 225,
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of chains (streptococet); or in two planes, giving rise to flat sheets
of cells or irregular masses (staphylococei); or in three planes, pro-
ducing cubiecal bales or packets (sarcine).® After cell-division the
cells may remain conneeted (streptobacilli or strepfococei) or they
may become speedily disunited. Bacilli and spirilla show some
elongation before division; eoeci, as a rule, do not, although some
cocei exhibit an inerease in the diameter of the cell without any
alteration of its spherical form.

Under favorable conditions cell-division may take place quite
rapidly (hay-bacillus, thirty minutes; cholera vibrio, twenty
minutes). Such rapidity of cell-division is sometimes referred
to as if it were a peculiar quality of bacteria, but as a matter of fact
the embryonic cells of many higher forms of life divide quite as
rapidly as bacteria.

The remarkable thing about bacterial cell-division is not so
much the rapidity with which one cell-division succeeds another,
as the fact that a very short time suffices for the growth of the
yvoung cell to maturity. A young bacterial cell attains full size and
aequires the capacity to produce in its turn an independent organ-
ism much sooner than most other forms of life. This rapid repro-
duction of distinet individuals is plainly different from the multi-
plication of embryonie cells among higher organisms. The rate of
multiplication among the more complicated protozoa, which are
also one-celled organisms, is considerably less rapid. Calkins{
has shown that Parameecium divides about onee or twice in twenty-
four hours. It has been estimated that if baecterial multiplication
went on unchecked, and the division of each cell took place as often
as once an hour, the deseendants of each individual would in two
days number 281,500,000,000, and that in three days the progeny
of a single cell would balance 148,356 hundredweight! No living
organism, however, as was pointed out long ago by Darwin, can
increase in exaect geometrie progression, for various checks and
hindrances are always placed upon its multiplication by natural

* It may be noted that when the cells become separated after division and
change their position it is diffieult, if not impossible, to trace the direction of
the division plane. Some of the organisms classed as staphylococei are said
to be able to divide in three planes. (Fischer: “Structure and Funetion of
Bacteria,” tr. Oxford, 1900, p. 19.)

t Calkins: Archiv f. Entwickelungrmech., 1902, 15, p. 139.
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causes. In the case of bacteria a potent influence that tends to
prevent unlimited multiplication is found in the interference with
growth caused by the substances produced by bacteria themselves.
Acids and other injurious products are commonly formed by bac-
teria during the disintegration of their food-substances, and accumu-
late in the immediate surroundings of the organisms, where they
often inhibit all further multiplication. This is undoubtedly one
of the ways in which baeterial growth is checked, although other
factors, such as insufficient food, lack of moisture, unsuitable
temperature, and the competition of other kinds of ‘bacteria, also
play a part.

Spore-formation.—The true spores or endospores of bacteria
resist a heat of from 70° to 100° C., and are characterized by definite
structural and physiologic qualities. In shape they are approxi-
mately spherical or oval. Spores are gifted, as a rule, with a very
much higher resistance to all sorts of injurious influences than are
- the vegetative cells from which they spring. In addition to their
great resistance to high temperatures, to the action of poisons and
the like, they stain with great difficulty, these characteristics being
probably due to their extraordinarily dense and compact structure.
The highly refractive character of the unstained spore is also econ-
nected with the concentrated character of the spore substance.

An assembling or concentration of the nueclear material seems
to precede spore-formation in some cases and constitutes the spore
primordium. As a rule, a single eell forms only one spore; excep-
tions to this are very rare. Spore-formation among bacteria, there-
fore, is not a reproductive device for multiplying the number of
individuals of the species, but more probably signifies the assumption
of a resistant stage for the purpose of meeting the advent of un-
favorable conditions of life.

The spore may be formed in any part of the cell, its position
being generally constant in the same species. In some cases it does
not exceed the diameter of the parent cell (anthrax bacillus); in
others it may cause a bulging out of the wall of the cell at the
point where it lies (Fig. 18). If a swollen spore is formed at one
pole, a “drumstick” appearance (tetanus baecillus) may result, or
if it lies centrally the cell will become “spindle-shaped,” a form to
which the name clostridium has been given.

a
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about 37°. Lack of food is apparently not an adequate stimulus
to spore-formation. In all cases a period of uninterrupted vege-
tative multiplication precedes the appearance of spores, and the
conditions necessary for the production of spores seem to arrive
simultaneously for most of the cells in a culture. In at least some
cases the cause of spore-formation is to be found in an accumulation
of metaboliec products in the culture; these may perhaps be acids,
perhaps other injurious compounds.®* It must not be forgotten
that although some bacteria do not form spores under the con-
ditions in which they are observed, it does not follow that they
may not form spores under other and more suitable conditions.
It is not possible to imitate with precision the “ natural” conditions
of life for all micro-organisms, and there is no complete justification
for the assumption that because an organism has never been ob-
served to form spores it never does so.

Physiologically the spore is to be considered as a resting-stage.
It serves to tide the species over a period of dryness, famine, or
unsuitable temperature, and to preserve alive in a hostile environ-
ment a sufficient number of individuals until such time as favorable
conditions recur. The spore stage is, in fact, physiologically anal-
ogous to the periods of hibernation or estivation among higher
forms of life. In this resting state the living matter of the spore
may remain dormant for years or even for decades.

(B) THE MorPHOLOGY OF MASSES OF CELLS

In the case of many species of bacteria a single cell, when planted
in a favorable medium and allowed to develop under suitable con-
ditions of moisture, temperature, and air-supply, will in a few
hours or days develop a “colony” so large that it can be plainly
seen by the naked eye. In some instances such masses of cells,
especially when the growth oceurs upon certain culture-media,
possess salient peculiarities which are highly characteristic of the
species. In others the differences between ecolonies of closely allied
species are exceedingly subtle, and can be detected at times only
by a trained eye. Growths upon the nutrient eelatin commonly
used as a culture-medium are especially characteristic; on this

* Migula: “System der Bakterien,” Jena, 1897, T, p. 177.
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medium the morphologic appearance of a mass of typhoid baeilli,
for example, is quite distinet from that of a mass of anthrax or of
diphtheria bacilli. The differences between the gelatin colonies
of closely related organisms are often, however, as in the case of
some members of the colon-typhoid group, almost or quite inap-
preciable.

The character of the colonies is profoundly affected by the den-
sity and viscosity of the culture-medium (Whipple*) and by the
physical conditions under which the colonies develop (Dunhamft);
and much less weight can be attached to small differences between
colonies than has been sometimes supposed. Upon nutrient agar
the morphology of bacterial colonies is less distinetive than upon
gelatin; the colonies upon potato and other solid food-substances
are, as a rule, still less eharacteristic.

Besides the shape, size, and general structure of bacterial
colonies, color is sometimes of serviee in differential diagnosis.
Certain species produce variously colored pigments which are more
or less characteristic of the organism forming them. A common
microbe of suppuration owes its name of the “ golden pus coceus”
to its production of a golden-yellow pigment. The bacillus of green
pus is also conspicuous for its pigment. It must be remembered,
however, that among bacterial colonies, as among living organisms
generally, there is no quality so variable as color, and that, as a
rule, implicit dependence cannot be placed upon the pigmentation
of a bacterial colony even as a mark of varietal or racial dif-
ference.

Considering all the faets, it must be admitted that great stress
should not be laid upon the morphology of masses of bacteria as an
ald in distinguishing different kinds. The mass-morphology, like
the individual morphology, is subject to wide variation under
varying conditions of life, and can be regarded as only one item
in the sum-total of characters that go to make up the concept of
a bacterial species. As has been pointed out by Marshall Ward,
“the attempt to determine species of bacteria by ordinary macro-
scopic methods leads to difficulties of the same kind as would be

* Whipple: Technology Quarterly, 1902, 15, p. 127.
T Dunham: Science, 1903, 17, p. 372.
f Ward, Marshall: Proe. Roy. Soc., 1897, 61, p. 415.
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met if we tried to differenfiate species from the marks presented
by masses of trees in forests from a distance—say, in a balloon.
A forest of a given species of tree would appear very different at
different seasons, and according to its age, the kind of soil, climate,
and so on, and the treatment it had received previous to planting.”

The Chemical Composition of Bacteria.—The bodies of
baeteria contain from about 80 to 88 per cent. of water, the amount
showing considerable variation and depending partly on the nature
of the organism, partly on the culture-medium. The ash is largely
phosphorie acid, the P,0, content often reaching as high as half
the total ash weight (tubercle baeillus, 55.23 per cent., de Schweinitz
and Dorset*). Sulfur, potassium, chlorin, and ealcium are also
present in notable amounts, together with usually smaller quantities
of magnesium, iron, gilica, ete. Some forms of filamentous bacteria,
found especially in sewage-polluted water, contain in their proto-
plasm granules of sulfur (Beggiatoa). Others have notable deposits
of iron in the sheath that surrounds the rather large filaments
(Crenothrix).

Among the bacteria, cellulose, as in the lower fungi generally,
is conspicuous by its absence; but another and somewhat similar
carbohydrate, designated as hemicellulose, is often present in
abundanece. Starch-like substances, staining blue with iodin, are
also observed. It is a peculiarly interesting fact that a substance
closely related to chitin, if not identical with it, has been found in a
number of bacteria. It has been noted that in many respects the
bacteria resemble the lower animals in their chemical composition.

Charaeteristic nitrogenous compounds, namely, nuelein, hypo-
xanthin, guanin, and the nuclein bases, such as adenin, oceur practi-
cally constantly in bacteria. Regarding the nature of the true
protein substances in bacteria little is known. Much attention has
been paid to the toxic constifuents of the bacterial cell, and these
substances are referred to in another place. The diffusible products
of bacteria are also considered elsewhere (p. 92).

* Centralbl. f. Bakt., 1897, 22, p. 209.
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teria are able to multiply at or very near the freezing-point,*
while others are said to be able to multiply at 75° to 77°. Setchell}
has found bacteria living in the water of hot springs at a temper-
ature of 89° C.! The range of temperature within which growth
can take place also varies greatly in different species. Bacteria
that have become habituated to living in the mammalian body
(e. g., B. tubereulosis) have a much narrower range than those
whose habitat is the outer world (B. subtilis). The optimum
temperature for most of the bacteria pathogenic for man lies, as
might be expected, in the neighborhood of the normal temperature
of the human body (37° C.). The following table gives the ap-
proximate temperature relations for several species:

BacTRERIUM. Mmoo, | Oprisos, | MaxiMUM,
B. phosphorescens. . Sl iocie, 00 | 200 37.0
B. fluorescens, var. llquefa,cmm. ......... - 5.0 240 | 380
B. subtilis. . 60 | 300 50.0
8. chaoler=. . B0 37.0 40.0
BRI 14.0 37.0 45.0
B baheremlonis, . oo e e e 7.0 380 42.0
LR T e e S 40.0 45.0
B. thermophilus....................... | 420 63-70 72.0

The wide range here shown in respeet to the maximum and
minimum temperatures that permit growth is paralleled by the
diversity in bacterial resistance to extreme temperatures. Spores
are always much more resistant to heat than vegetative forms,
and some species when in the spore-stage can withstand the temper-
ature of boiling water for upward of sixteen hours. The vegetative
forms of most bacteria, on the other hand, are killed at 55°
to 58° C. by ten minutes’ exposure in the presence of moisture.
As is well known, dry heat is much less effective as a germicide
than steam: in a dry atmosphere temperatures ranging from 140°
to 180° C. must be employed to insure sterilization. If steam under
pressure be used, as in the autoclave, exposure for fifteen minutes to
a temperature of 125° C. is sufficient to destroy all known microbes.

* Forster: Centralbl. f. Bakt., 1887, 2, p. 337; M. Miller: Arch. f. Hyg,,
1903, 47, p. 127.
+ Setchell: Secience, 1903, 17, p. 934.
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The difference between moist and dry heat doubtless depends upon
the fact that the chemiecal or physical changes that cause the coagu-
lation of protein or death of protoplasm take place, like such actions
generally, more readily in the presence of water.

The thermal death-point has been determined with considerable
precision for the common miecro-organisms. The usual method
consists in exposing, for ten minutes, a suspension of the organisms
in broth or salt solution to the action of a given temperature. That
temperature at which all the organisms are destroyed is said to be
the thermal death-point for the species. These fatal temperatures
are lower than is popularly supposed. The thermal death-point
(ten minutes’ exposure) for the cholera spirillum is 58° to 60° C.;
for the anthrax bacillus, vegetative form, 60° C., spore, 100° C.;
for the typhoid bacillus, 58° to 60° C., and for the tuberecle baeil-
lus, 60° C. Under certain circumstances the thermal death-
point may be raised. It has been shown that while tubercle bacilli
in suspension in milk are destroyed at 60° in fifteen to twenty
minutes, the pellicle that forms on the surface of milk during ex-
posure at 60° may contain living bacilli after sixty minutes.®* It
may be noted that the thermal death-point of those bacteria that
are at all likely to be present in polluted water is low (57° to 60° C.),
and gince these micro-organisms do not form spores, the practice of
simply bringing water to the boiling-point suffices to insure its
safety for drinking purposes.

Bacteria are much less sensitive to low than to high temperatures.
The common microbes of water and soil, and also typical pathogenic
bacteria like the typhoid and diphtheria baeilli, have been exposed
for some dayvs to the temperature of liquid air (about —190° C.)
without destroying their vitality or sensibly impairing their biologic
qualities. Cultures of bacteria have even been exposed to the
temperature of liquid hydrogen (about —250° C.)T with the same
negative result. On the other hand, when bacteria are frozen in
water during the formation of natural ice, the death-rate is high.
The questions relating to the duration of life of bacteria in natural

¥ Th. Smith: Jour. Exp. Med., 1809, 4, p. 217.

t This temperature is far below that at which any chemieal reaction is
known to take place, and is only about 23 degrees above the absolute zero
point, a temperature at which, it is believed, molecular movement ceases.
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ice possess an important practical interest, and will be discussed
elsewhere (p. 293).

Light.—That light affects the metabolism of the living cell is well
known, and the various reactions to light that are exhibited by the
higher organisms have been the subject of much investigation.

In connection with the study of bacteria the germicidal influence
of light has received most attention. Diffuse daylight has been
found to exercise a hindering effeet upon bacterial growth and
metabolie aetivity. Direct sunlight is highly injurious to certain
forms of bacterial life, many micro-organisms being killed almost
instantly when exposed to the full action of the sun’s rays. That
the unfavorable influence of sunlight is not due to the heat-rays
is shown by the use of a sereen (alum solution) which intereepts
the heat rays, but allows the germicidal rays to pass through.

Since light has no effeet upon bacteria in a vacuum, it may be
inferred that the changes brought about by light under ordinary
- conditions are primarily oxidation processes of a kind incompatible
with the continued life of the cell.

The action of light on bacteria has been picturesquely shown
by protecting certain portions of a plate seeded with bacteria, and
allowing the rest of the plate to receive the full effect of the sun's
ravs. In properly handled plates colonies of bacteria will develop
in the shaded portions, but no colonies will appear in the exposed
portions (Fig. 19).

The blue and wviolet rays have the most marked germicidal
power, and baeterio-photographs of the solar spectrum have been
obtained (Fig. 20). Ultra-violet rays are strongly bactericidal,
and have been utilized in special forms of apparatus for water
sterilization.

Unexplained and insufficiently understood differences have been
observed in the action of light upon different species of bacteria. 1t
is worthy of remark that spores, perhaps because of oily substances
that they contain, are especially sensitive to light.

The electric light exerts a germicidal influence similar to that
of the sun’s rays. The Rontgen rays have not vet been definitely
shown to exert any germicidal effect.

Moisture.—Many of the higher forms of life display considerable
resistance to drving. The small aquatic worms known as rotifers
will revive after months or even years of prolonged desiceation.



Fig. 19.—An agar plate of anthrax spores exposed behind a stencil plate Y
from 12,15 to 3.15p. m. on March 27, and thenincubated at 20°-22°C., photo-
graphed atintervals. The photograph was taken asa transparency, against a N-

window. The two crescenticareasare due to the agar-film not completely cover-

ing the plate in this case. Seventy-two hours’ incubation (H. Marshall Ward).

o,

Fig. 20.—Bacterio-photograph of the spectrum (H. Marshall Ward).

plate of spores of Bacillus anthracis, exposed to the action of the solar spec-
trum for five hours on August 16th (11 a. m. to 4 ;h:;t] The =

was very bright, and nearly, though not quite, pure. phuto%%pﬁ shows
the condition of the plate after twenty-four hours’ incubation at C. This
figure shows the limits of the various regions of the visible spectrum marked
on it (f, red; @, green; B, blue; V, violet). The base line a—b shows the
length of the slot” through which the speetrum shone on the plate. All parts
of the agar plate not exposed are rendered evenly opaque by the colonies
germinated out from the spores; similarly the spores in the infra-red, red, orange-
yellow are unhurt, as are those to the other end of the violet. The action of
the light begins in the green-blue and attains its maximum in the blue-violet,
near the Fraunhofer's line &,

|
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If, however, the actual body substance is not, like the rotifer,
protected by a gelatinous eapsule, the complete removal of moisture
speedily destroys life. Even the seeds of the higher plants which
are specially adapted for resistance to drying rarely outlast ten to
twenty years.

Most of the vegetative forms of bacteria are rather quickly
killed by ordinary air drying, although there are great differences
among the different forms. The tubercle bacillus is one of the more
resistant, the cholera spirillum one of the more sensitive, to drying.
Exposure to desiceation for a few hours, or at most a few days,
destroys the majority of known pathogenic microbes, so that in-
fection through the air, except where floating bacteria are protected
by their position within epithelial seales or in droplets of moisture,
is not so common as popularly supposed.

The spores of bacteria are much more resistant to drying than
the vegetative forms. The spores of the anthrax bacillus will
germinate after remaining in a dry condition for at least ten years.

Oxygen Supply.—Bacteria may be divided into three classes
with reference to their need for oxygen: the obligaiory aérobes,
or those that require free oxygen for the maintenance of their life
activities; the obligatory anaérobes, or those that do not grow except
in the almost complete absence of free oxygen; and the facultative
anaérobes, or those that can thrive in either the presence or the
absence of oxygen.

The obligatory aérobes comprise many of the ordinary air and
water bacteria, especially those of the pigment-forming varieties.
Among pathogenic bacteria the diphtheria bacillus and the cholera
spirillum are forms that require a supply of free oxygen. The
different kinds of aérobic baeteria vary in respect to their optimal
oxygen tension. This is beautifully illustrated by the “respiration
figures”’ pictured by Beijerinck,* which show that different Kinds
of bacteria grow best at different levels in fluid media, the thickest
swarm of each species being at that level at which the oxygen
tension is most suitable.

The discovery of an obligatory anaérobe by Pasteur in 1861 was
the cause of one of the most important changes wrought by bacteri-
ology in the biologic conceptions then current. All of the organ-
isms known up to that time required free oxygen to support life, and

* Beijerinck: Centralbl. f. Bakt., Abt. I, 1893, 14, p. 837.
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Pasteur’s discovery was at first received with considerableincredulity.
It has since been shown, however, by experiments of great precision,
that baeteria actually exist which are able to live and multiply
in the almost complete absence of free oxygen, provided their food
contains oxygen in suitable combinations. Anaérobes will grow in
media where reduced hemoglobin remains unchanged and reduced
methylene-blue shows no trace of reoxidation. The praetical
absence of oxygen is further demonstrated by the fact that strietly
aérobic baeteria are not able to grow at all under these conditions.
It has been found, however, that conditions for the growth even
of the obligatory anaérobes are not afforded by the entire absence
of oxygen, but by the presence of very minute quantities of oxygen,
which, according to Chudiakow,* are utilized by the anagrobes
in their metabolic activities. Certain anaérobes, furthermore,
can become acclimated to growth in gradually rising amounts of
oxygen until the original oxygen limit is greatly exceeded.

It is found experimentally that anaérobie bacteria as a class
thrive best in the presence of substances capable of undergoing
reduction or fermentation.f The peculiar phenomenon of anaéro-
biosis may perhaps be explained by supposing that anaérobes are
bacteria specially qualified to obtain their needed energy from the
simple gplitting up of organic compounds without oxidation. Al-
though it is true that, in its original form, Pasteur’s conception of
fermentation as *‘life without air” is no longer tenable, it cannot be
questioned that in many cases anaérobic life is conditioned by the
ability of an organism to ferment certain organic compounds.
In a modified sense, Pasteur’s explanation of fermentation as due
to the adjustment of certain micro-organisms to an anaérobic mode
of life affords a satisfactory view of the biologic significance of
anaérobiosis. In other words, if a mierobe is able to obtain the
energy necessary for its life activities by reducing processes without
rezorting to processes of oxidation it ean live an anaérobie life; if
it is so addicted to an anaérobic mode of life that the presence of

* Chudiakow: Centralbl. f. Bakt., 1898, Abt, 11, 4, p. 380.

T It is & common observation that many bacteria will not grow up into-
the closed arm of the fermentation tube except when the enlture-medium
contains certain sugars or other fermentable substances. The presence of
certain aérobic bacteria or their produects, or the products of anaérobie bac-
teria, also permits growth in the closed arm.
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oxygen, except in minimal quantities, interferes with its habitual
methods of attacking food-substances, it is an obligatory anaérobe;
if, on the other hand, it can obtain energy only through the direct
oxidation of organic substances, it is an obligatory aérobe.
Food-supply.—Bacteria are able to satisfy their food require-
ments upon the most diverse substances. Organic compounds
in great variety can serve as food. Complex nitrogenous bodies,
especially, which contain a large amount of available potential
energy, are attacked eagerly by many species, as witnessed in the
familiar phenomena of decay and decomposition. Tess complex
molecules can also serve as a source of energy. Many bacteria,
ineluding pathogenie forms, such as the cholera spirillum and others,
will grow upon non-protein media which consist of a solution in
distilled water of simple mineral phosphates and sulfates together
with asparagin or ammonium salts of the organic acids (suceinie,
lactie, citric). Particular interest attaches to the ability of certain
. micro-organisms to construct their living substance wholly out of
inorganic compounds. It has long been known that organisms con-
taining chloryphyl or allied pigments were able, with the aid of the
sunlight, to effect such a synthesis, but it was supposed that a sharp
distinetion must be drawn between the chlorophyl-bearing and the
non-chlorophylaceous organisms. The ability of the so-called nitri-
fying organisms (Winogradsky) to develop in the presence of very
simple mineral salts, and in the entire absence of organie matter of
any kind, has completely overthrown this distinetion (Ch. XXXII).
By these organisms the energy necessary for development iz obtained
from the oxidation of very slightly energized compounds like the
mineral ammonium salts and even nitrites. Since organic carbon
compounds are also formed by the nitrifying bacteria, it follows that
a complete synthesis of organic matler is effected by these organisms inde-
pendently of the presence of pigment and the action of the sun’s rays.
The nitrifying organisms, some of which are able to oxidize ammonia
to nitrites, and others to oxidize nitrites to nitrates, are so wedded
to their particular modes of metabolic activity that they are quite
unable to thrive in the presence of organic substances, a condition
analogous to that presented by the obligatory anaérobes. Beijerinck
and Van Delder.* have reported the discovery of a remarkable
* Beijerinck and Van Delden: Centralbl. f. Bakt., Abt. IT, 1903, 10, p. 33.
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The concentration and reaction of a nutrient substance are factors
of some importance. In general, organic substances in solution
are available as sources of food-supply for bacteria only when in
certain degrees of dilution. A familiar instance is the speedy
souring of a dilute sugar solution as contrasted with the keeping
qualities of a thick syrup. The osmotic adjustment required of
a bacterial cell suddenly introduced into a concentrated fluid is too
great to be readily compassed.

Most pathogenic bacteria thrive best in a food-medium that
reacts neutral or slightly acid to phenolphthalein. There are,
however, considerable differences between the different kinds of
bacteria. The cholera spirillum is quite sensitive to the presence
of a very small amount of acid, while the typhoid baecillus is not
checked by a distinet acid reaction. Many bacteria found in water
grow best in a medium that is 1.0 per cent. to 1.5 per eent. acid to
phenolphthalein.*®

Other Environmental Influences.—Among other factors
which have been studied with reference to their effect upon bacteria
are atmospheric pressure, mechanical agitation, and electricity.

Pressures of 600 to 700 atmospheres are said by some observers
to have an inhibitory effect upon putrefactive processes, but, on
the other hand, others state that living micro-organisms are not
affected by exposure for twenty-four hours to a pressure of 600
atmospheres. According to Roger,f a pressure of 2000 atmospheres
lessens the virulence of the anthrax bacillus. The effect of pressure
cannot be said to have vet been fully determined.

The evidence in respect to the influence of mechanical agi-
tation upon the life of bacteria is somewhat conflicting, but, on the
whole, indicates that prolonged shaking, whether moderate or
violent, of a fluid eontaining bacteria has little, if any, influence.
Shaking will, however, sometimes cause the separation of loosely
cohering cells, and this may lead to a simulation of cell multipli-
cation, if dependence be placed on a count of baeterial colonies.
When glass pearls or similar objects are shaken up together with
bacteria, the organisms are mechanically injured by the successive
shocks and destroyed.

* When nutrient broth and gelatin are titrated the litmus neutral point
is about 1.1 per cent. acid to phenolphthalein.
1 Roger: Arch, de Physiol., 1895, p. 12.
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Experiments made to determine the effect of the electric current
upon bacteria have been in too many cases conducted loosely, and
inferences have been drawn that have not been warranted by the
conditions of the experiment. In some instances when a small
amount of fluid is used, a rise in temperature is produced which is
sufficient to account for the death of bacteria; in other cases death
is due to the action of strongly germieidal substances, like chlorin
and ozone, which are liberated by the passage of the electrie current.
When the effects due to heat and to the electrolytic produetion of
gemicides are eliminated, it is very doubtful whether any direct
germicidal action can be properly attributed to the electric current.
Abbott* has found that with a weak eurrent cultures of certain
bacteria gather at the kathode, but if the baecteria are grown in
acid-modified media they gather at the anode.

Adaptability of Bacteria to Varying Conditions of Life.—
It has already been pointed out that different kinds of bacteria vary
greatly in their response to different physical and chemical agencies.
It is also a noteworthy fact that one and the same kind of micro-
organism is able to adapt itself to widely different conditions of
life. Thus, Dieudonnét has shown that by cultivating the anthrax
baecillus at gradually decreasing temperatures a degree of acelimati-
zation to eold is finally attained by this organism which enables
it to grow at a temperature as low as 10° C. The adaptability to
changed conditions shown by the tubercle baeillus, which when
first isolated from the mammalian body grows reluctantly on arti-
ficial media, but with continued cultivation becomes more sapro-
phytie, is another case of the same order. Still more remarkable
is the acquisition by the mammalian tuberecle baeillus of the power
when incorporated in the body of a cold-blooded animal to grow
at a very low temperature. It iz probable that these adjustments
to different conditions of life are in part due to the selective influences
that are always at work when cultures of organisms, eontaining
many individual cells, are exposed to a changed environment.
That is to say, on raising the temperature of a culture certain cells,
the least resistant, will be destroyed first, while the more resistant
will survive and their descendants will inherit the resistant quali-

* Abbott: Science, June 12, 1908, p. 910.
1 Dieudonné: Arb. a. d. kaiserl. Ges., 1894, 9, p. 492,
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ties of the parents; eventually the whole culture by this process of
continued selection will come to possess a heightened tolerance of
high temperatures. In addition to this factor, however, individual
adaptation on the part of the protoplasm of the individual cell may
oceur also, as indicated by analogous experiments with other
organisms, for example, by Dallinger’s results with flagellates,*®
which he succeeded, in the course of several vears, proceeding by
slow stages, in rearing up to a temperature of 70° C., when the
_ experiment was ended by accident. At the beginning of the ex-

periment the flagellates were killed at 23° C. Probably bacterial
protoplasm likewise can become directly adjusted to changed con-
ditions.

Effect of Chemical Substances upon Bacteria.—The phe-
nomena of positive and negative chemotaxis are fully exemplified
in bacterial life. It has been frequently demonstrated that bacte-
ria, like other free-moving organisms, are apparently attracted by
~ eertain chemical substances in solution (positive chemotaxis) and
repelled by others (negative chemotaxis). These movements are
ordinarily regarded as the direct result of a chemical stimulus.
According to the view held by Jennings,t the swarming of bacteria
around alge that are evolving oxygen, or around any other points
where favorable nutrient conditions exist, is not to be looked upon
as due to a definite attraction exerted upon the bacterial cell, but
as eaused simply by the tendency to remain at those points where
the conditions are favorable. In the course of their aimless wan-
derings bacteria eventually arrive at those spots where conditions
—as the oxygen tension—are highly suitable; there they remain.

The tendency of aérobic bacteria to collect near that portion
of an algal filament where oxygen is being most abundantly evolved
has been utilized by Engelmann in a beautiful experiment for show-
ing the effect exerted upon assimilation by the different parts of
the solar spectrum. The greatest aggregation of bacteria oceurs
at the red end of the spectrum (Fig. 21). indicating that the maxi-
mum assimilative activity of the algal protoplasm is proceeding
at this point.

* Dallinger: Jour. Roy. Mie. Soc., 1887, i, p. 185.
t Jennings, H. S.: * Behavior of the Lower Organisms,” New York,
1906, p. 39.

i
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to microbes sensitive to acid. The chemical products of bacterial
activity will be considered more at length in the following chapter.

Disinfectants and Antiseptics.—Chemical substances have
been extensively employed for antisepsis and disinfection. An
enormous number of such substances have been advocated for
various purposes, but in many casges perfectly satisfactory disinfec-
tion is obtained with familiar and relatively simple chemical com-
pounds. Most proprietary disinfectants are disproportionally
expensive, and, owing to the lack of precise information as to their
composition and strength, relatively untrustworthy.

A distinetion is commonly made between antiseptics and germi-
cides or disinfectants. An antiseptic substance is one that re-
strains or checks the development of bacteria, but does not destroy
them. For example, a 1:300,000 solution of corrosive sublimate
will prevent the development of anthrax spores, but a 1: 1000 solution
is necessary to kill them. The brine that is used in pickling meat
has a strongly antiseptic action, but pathogenie baeteria have been
known to retain their vitality in salt meat for long periods. Differ-
ent methods and substances have been found adapted for different
purposes.’®

For the purpose of disinfecting rooms or apartments a gaseous
substance is particularly useful. The ecustom of burning sulfur
in infected rooms has the sanction of antiquity, and under certain
conditions is reasonably effective. The sulfur dioxid (S0,) that
is formed when sulfur is burned is a germicide only in the presence
of abundant moisture, sulfurous aecid (H,SO,) being the active
agent. Roughly speaking, about one-fifth of a pound of water
should be volatilized for each pound of sulfur burned. “Exposure
for eight hours to an atmosphere containing at least four volumes
per cent. of this gas in the presence of moisture” is said to destroy
all non-spore-bearing pathogenic bacteria. This requires the com-
hustion of about 4 to 5 pounds of sulfur for every 1000 cubie feet.
Not only bacteria, but mosquitos, fleas, and other possible insect
carriers of pathogenic micro-organisms are destroyed, and this is
one of the advantages of sulfur fumigation. The use of sulfur has

* The extensive use of heat for sterilizing or disinfecting instruments and
surgical apparatus and for rendering bandages and dressings aseptic has been

elsewhere eonsidered.
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the disadvantage that it lacks penetrative power and that it injures
certain fabries and materials. For the latter reason, especially,
sulfur as a disinfectant of dwelling-houses has been largely super-
seded by formaldehyd (HCHO).

Formaldehyd, which is usually sold under the trade name of
formalin, a 33 to 40 per cent. solution of the gas in water, is a more
effective germicide than sulfur dioxid and has the great advantage
that it does not damage books, paintings, and delicate fabries,
attack ordinary dyes, or act upon most metals. Like sulfur, it is
efficacious only in the presence of moisture. Aeccording to MeClintie®
the humidity should not be lower than 60 per cent. and the temper-
ature not less than 16° C. in order to obtain the best results. For
practical purposes the gas may be generated in a variety of ways:

1. If the vapor of methyl alechol be passed over a highly heated
surface,—as, for example, over asbestos dises coated with finely
divided platinum,—the partial oxidation that occurs gives rise to
formaldehyd:

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

On this principle a number of lamps have been devised that have
been used to some extent, but considerations of economy and of
ease and efficiency of application have prevented a very general
introduction of this type of generator.

2. If formalin is simply beiled, two molecules of formaldehyd
unite, and a polymer, paraformaldehyd, is formed. The first effect
of heating formalin, therefore, is to drive off water with a relatively
small admixture of formaldehyd gas. If evaporation is continued,
the boiling-point of the solution is raised and a temperature reached
at which the polymer is broken up and formaldehyd is disengaged.
The same end is reached more expeditiously if the formalin is
superheated either in an autoclave under pressure, or in other
special forms of apparatus. When steam under pressure is used,
caleium chlorid (30 per cent.) or some other neutral salt is added
to the formalin to prevent polymerization (Trillat system). Great
penetration may be assured by the use of formaldehyd and dry heat
in a partial vacuum. Many of the pieces of apparatus designed
for liberating formaldehyd from formalin by heat are reasonably

* MeClintie: Bull. 27, Hyg. Lab. and Mar. Hosp. Service, 1906.
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effective, but are heavy and expensive. Simple heating of formalin
in almost any kind of vessel will give good resultsif a liberal amount of
formalin be used,—that is, 12 ounces for each 1000 cubic feet,—
if some substance, as for example 10 per cent. of glyeerin, which
raises the boiling-point, be added, and if evaporation be not too
rapid and be earried to a conclusion.

3. If the solid polymer of formaldehyd is heated, not ignited,
formaldehyd is evolved. A lamp has been especially constructed
for this purpose, and with the use of tablets or pastils of paraform
affords an easy and effective means of disinfecting smaii rooms
(Schering system).

4. Some formaldehyd is given off from the watery solution
at ordinary room temperature. Use has been made of this in the
method of spraying formalin upon sheets hung in a tightly sealed
room. The gas, however, is evolved slowly under these conditions
and in uncertain quantity, dependent upon many variables, such as
temperature, amount of exposed surface, and other factors. Diffu-
sion is necessarily poor.

5. Good results have been reported from the simple method of
pouring formalin over crystals of potassium permanganate in an
open vessel protected by some non-conductive material in such
a way as to retain the heat. Sixteen ounces of formalin and six
and three-fourths ounces of permanganate are recommended as
a suitable proportion at temperatures of 16° C. and over; larger
quantities of formalin are necessary if the temperature is below
16° C.

The disinfection of dejecta, sputum, and similar substances
suspected of harboring disease germs may be effectively carried
out by eremation or by boiling; but in practice a great variety of
chemical substances, the ordinary “ disinfectants” of commerce,
are employed for this purpose. It should be remembered that,
in accord with the modern theory of solutions and electrolytic dis-
sociation, many solutions are chemically and biologically potent in
proportion to the number of free lons or dissociated fragments of
molecules that they contain. A ecomparison of the disinfecting
power of the various metallic salts, for example, on the basis of
percentage solutions would be misleading, since the degree of
dissociation would differ in the several cases. A gram-molecule
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or equimolecular solution must be employed in crder to obtain
comparable results. Unless dissociation takes place, solutions of
metallic salts are practically without germicidal effeect. A solution
of mercuric chlorid in absolute aleohol has substantially no
disinfecting power, but if water be added, the germicidal power of
the solution increases proportionately to the amount of water added.
Among the important points discovered by Kronig and Paul* in
a now classic study of the action of disinfectants, it was shown
that the disinfecting properties of the salt of a metal are due in
large part to the specifie action of the metallic ion, but also in
some degree to the anion and to the undissociated- part of the salt.

The number of ehemiecal compounds used or recommended for
purposes of disinfection is legion. Many compounds which are
used depend for their effect upon the aection of freshly liberated
or nascent oxygen. One of them is potassium permanganate,
which forms the basis of many of the patent disinfectants, but is ex-
pensive in proportion to its efficiency. Hydrogen peroxid (H,0,),
another active oxidizing agent, is often used for the purpose of dis-
infecting the hands and for washing mucous surfaces. The commer-
cial preparations of hydrogen peroxid (solutions of the gas in water)
are liable to undergo deterioration unless carefully protected against
light and air, and are hence apt to lack uniformity. Ozone is a
powerful germicide and has been used with suceess in sterilizing
water on a large scale, but cannot be advantageously generated
and applied for ordinary purposes.

Among the metallic salts used for disinfection, corrosive sub-
limate (mercuric chlorid, bichlorid of mereury, HgCl)) is one of
the best known and most effective. In the presence of considerable
quantities of organic matter, however, its use is totally inadmis-
sible, for the reason that inert combinations between the Hg-ions
and certain albuminous substances are formed, and a large part
of the mercury thus rendered unavailable for action upon bacteria.
In alkaline fluids such as many of the body fluids and pathologic
exudates, oxids or hydroxids of mereury may be precipitated out,
but the addition of a small quantity of common salt (NaCl) will
prevent this. Corrosive sublimate is particularly serviceable in a
standard solution, 1 : 1000, for the disinfection of the hands and for

#* Krinig and Paul: Zeitschr, {. Hyg., 1897, 25, p. 1.
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washing woodwork, floors, and furniture. It must be kept in mind
that corrosive sublimate attacks metal, and is hence inapplicable for
the disinfection of instruments and for use in plumbing fixtures.

Among the metallic salts that have been rather extensively
used for disinfection are ferrous sulfate (copperas), zine chlorid,
and copper sulfate. The two former substances are of feeble germi-
cidal power and are of little practical value except as deodorants.
Copper sulfate has in recent years won a deserved reputation for
destroying the microscopic alge that sometimes impart offensive
odors and tastes to public water-supplies. The death of the alge
in large bodies of water may be effected by as great a dilution as
1:1,000,000. Copper sulfate also possesses high bactericidal as
well as algacidal power; according to a number of observers a
dilution of 1 : 400,000 will kill typhoid baeilli in twenty-four hours,
in water relatively free from organic matter, but other investi-
gators doubt its practical availability for water disinfection on
a large scale.

Some of the best-known and most efficient germicides are coal-
tar produects. Carbolic acid, or phenol (C;H,OH), is probably
still the most generally used disinfectant, although of late years it
has been to some extent supplanted by similar organie substances.
When used in strong enough solution (5 per ecent.) it will destroy
all vegetative bacteria and most spores, even in the presence of
considerable organic matter. Another merit of carbolic acid is the
- comparative permanence of its solutions. Cresol [C,H,(CH,)OH]
is somewhat like carbolic acid in eomposition, and is present
in large amount in “erude carbolic acid”; it is almost insoluble
in water. Tricresol is a mixture of orthocresol, metacresol, and
paracresol; it dissolves in water in a 2.5 per cent. solution, which
is about three times as powerful as carbolie acid. Creolin and lysol
contain large amounts of the eresols, and some phenol, mixed with
soap, which greatly facilitates the solution of cresol.

The sterilization of feces is advantageously carried out by
the use of caleium hydroxid (Ca(OH),). In laboratory experi-
ments 1 per cent. solution of freshly slaked lime in water has been
found to kill nearly all pathogenie bacteria within a few hours, A
20 per cent. solution mixed with an equal part of the feees and urine
of a typhoid patient will bring about complete disinfection within
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an hour. The cheapness and high efficiency of freshly slaked lime
render it the most useful of the common disinfectants for bowel
discharges, the contents of privy vaults, and manure piles. Air-
slaked lime, ealeium carbonate, has no antiseptic value. A mix-
ture of chlorid and hypochlorite of lime, the ‘““bleaching powder”
of commerce, is when fresh also very efficacious through its oxi-
dizing action. The use of substances, like ecarbolic acid and
chlorid of lime, that possess a pronounced and lingering odor,
is open to the objection that the mere presence of the odor
engenders a false sense of safety, regardless of the strength of
the germicide used and the duration of its application.

Whatever be the aim or method of disinfection, it must be
remembered that simple cleanliness is an indispensable adjunct, and
that the use of hot water and soapsuds or soda solution is a
powerful aid to the removal and destruction of disease germs.
The germicidal action of sunlight in the presence of abundant
oxygen supply should be utilized whenever possible.

Recommended Procedures for Disinfection.—In the ecase
of a patient suffering from infectious disease different methods of
disinfection are necessary according to the channel by which the
~disease germ leaves the body. In typhoid fever the urine and
feces are likely to contain the specific germ; in consumption, the
sputum.

The discharges from bowel and bladder should be received into
a vessel containing a 5 per cent. solution of carbolic acid or fresh-
prepared milk of lime made by adding one part of dry, freshly slaked
lime to four parts of water. BSlaked lime is prepared from quick-
lime by adding approximately one part of water to two parts of
quicklime. The volume of the earbolic acid or milk of lime solution
should be, at best, twice as great as the volume of the discharge.
Thorough mixing and stirring are advisable, and solid masses of
feces should be broken up. The mixture should stand for one hour
before being thrown into the water-closet. The same treatment
should be used for vomited material. The sputum from eonsump-
tive and pneumonic patients should be received in cups whieh con-
tain a 5 per cent. carbolic acid solution or milk of lime. Paper
cups may be used and burned with their contents. In the large
number of other diseases in which the discharges from mouth and
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nose are infectious, care must be taken to prevent the dissemination
of germs by sneezing or coughing, and patients should be instructed
on this point. Soiled handkerchiefs and eloths may be boiled after
immersion in the earbolie acid solution for one hour. In general,
bed-clothing, towels, napkins, and cotton underclothing may be
treated in the same fashion. Blankets, woolen clothing, mattresses,
etc., may be exposed to steam, hot air, or formaldehyd gas in one
of the large forms of apparatus provided by boards of health, or
if of slight value, burned.

Not only elothes, but all other articles eoming into more or less
direct contaet with a patient or eonvaleseent, and henee liable to be
contaminated with epithelial scales or discharges from the mouth,
nose, bladder, or bowels, must be earefully disinfected. Dishes
and table implements should be provided for the exelusive use of the
patient throughout his illness. After using they should be kept
in hot water at or near the boiling-point for fifteen to twenty min-
utes. Articles of food—milk, for example—brought into the =sick-
room and remaining unused should be destroyed. Toys and books
used by the patient and not of great value should be burned. Valu-
able books may be disinfected in a special formaldehyd chamber.
Unopened books in book-cases whose surfaces only have been ex-
posed will be satisfactorily disinfeeted in the eourse of the ordinary
formaldehyd room disinfection. Woodwork and wooden furniture
may be thoroughly washed with corrosive sublimate, 1:1000.
Upholstered furniture, rugs, and ecarpets, if allowed to remain in
the room at all, are difficult to disinfect, and, especially if soiled
with discharges, need to be treated in a special formaldehyd chamber.
The hands of the patient and of nurses and attendants need
particular attention. After a thorough cleansing with 2 per cent.
solution of carbolic acid or a 1:1000 solution of mercurie chlorid
they should be washed with soap and water. This should alwavs
be done before eating. Parts of the body that become soiled with
discharges should be immediately cleansed in the same way.

Room disinfection may be ecarried out with formaldehyd gas
generated in one of the ways already specified. The room must be
tightly sealed, a temperature of at least 10° C. (50° F.) must be
maintained, and the atmosphere must contain at least 75 per cent.
of moisture. Sleeping-cars, ambulances, and the like may be dis-
infected by the same means.






CHAPTER V
THE EFFECTS PRODUCED BY BACTERIAL GROWTH

In the preceding chapter it has been shown that bacteria may
be greatly modified in all their functional activities by the character
of their surroundings. They are not, however, mere passive victims
of their environment. The influence exerted by the higher forms
of life upon surrounding objects is often impressive, and bacteria
also can react upon their environment in a direct and sometimes
surprising fashion. Relatively slight physical and chemical changes
in bacterial surroundings may give rise to a remarkable and pro-
found disturbance of the surroundings themselves. The rapid in-
~vasion of the animal body by baecteria and the resultant putrefactive
change which takes place soon after death is a familiar instance.
The infection of the body of the fowl by the anthrax bacillus, which
has no effect upon the normal animal, but gains a foothold and
effects injury when the temperature of the fow! is lowered onlv
a few degrees below the normal, affords another example. The
variations in the nature of the bacterial products due to slight
changes in nutrient media offer innumerable illustrations of the
reactions of baecteria upon their surroundings in response to rela-
tively insignificant environmental changes.

Physical Effects.—Both heat and light may be generated by
bacterial growth. As would be expected from chemical consider-
ations, the temperature of organic substances undergoing bacterial
decomposition is frequently raised high above that of the surround-
ings. The heating of manure piles or of damp hay is often classed
as a bacterial phenomenon. It is even thought that some cases of
“spontaneous combustion” should be attributed to the agency of
the thermogenic bacteria, and that although the train of events
leading to the actual bursting into flame is not fully understood,
bacteria play a part in the initial stages of the process. Boekhout
and de Vries* maintain that the self-heating of the hay is of a

* Boekhout and de Vries: Centralbl. f. Bakt., IT, 1004, 12, p. 675; 1908, 21,

© p. 398,
a1
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purely chemical nature. Miehe,* in an exhaustive monograph on
the subject, adduces strong evidence of the thermogenic power of
certain micro-organisms. The latest observations, however, sup-
port the view that the heating process is due to chemical reaction
unaided by bacterial activity.

The phosphorescence sometimes observed upon decaying fish
and meat is due to the growth of light-producing bacteria. Sodium
chlorid and magnesium chlorid favor the growth of these phos-
phorescent bacteria, and one or other of these salts is essential
to the production of light. Aérobic conditions are absolutely
necessary for photogenesis. The photogenic bacteria are found
most commonly, though by no means exclusively, in sea-water
and upon the bodies of marine animals. As many as 28 different
species have been enumerated. The light generated by active
cultures of these organisms is considerable; photographs of cul-
tures have been taken by their own illumination.f It is sup-
posed that a substance in the living cell—photogen—is responsible
for the light phenomena. Photogen, like zymase, is elosely bound
to the cell protoplasm; unlike the former, photogen has not yet
been freed by pressure and filtration from the living cell.

Chemical Products.—From a physiologic standpoint the sub-
stances produced by bacterial life and aetivity may be divided
conveniently into four classes: (1) The secretions, or those substances
which subserve some purposeful end in the cell-economy; these
may be retained inside the cell or they may pass out into the sur-
rounding medium. (2) The excretions, or those substances that
are ejected because useless to the organism: the ashes of cell-
metabolism. (3) The disintegration products, or those bodies that
are produced by the breaking-down of food substances; their nature
is determined partly by the chemical strueture of the nutrient,
partly by the specific bacteria concerned in the disintegration;
some of the most conspicuous, if not the most important, of bacter-
ial products belong to this class; enzyme action is largely responsible
for their existence. (4) The true cell-substance. Under this head
may properly be included the protoplasm itself, substances in the

* Miehe: ““Die Selbsterhitzung des Heus,” Jena, 1907, p. 127.

 See especially Molisch, H.: “Leuchtende Pflanzen,” Jena, 1904, pp.
121-151.
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early stages of assimilation that are on the way to become proto-
plasm, and substances that are being broken down but have not
reached the stage where they are cast out of the cell.

Even on the basis of such a classification it is not always easy
to assign to any given bacterial produect its proper significance.
Enzymes can readily be placed in the class of secretions, but the
physiologic meaning of bacterial pigments, for instance, is obscure.
It is variously held that the pigments are disintegration produets,
that they are excretions, or even that they are secretions.

The Production of Pigment.—Most bacterial cells do not con-
tain pigment, and a mass of bacteria—an agar culture of B. typhosus,
for example—has to the naked eye a muddy gray tint. Some
kinds of bacteria, however, in the course of their growth, give rise
to colored substances, often of brilliant hue. Some pigments occur
in solution; others in the form of granules outside of the cell in the
nutrient substratum. Practically all colors of the spectrum are
represented: violet, indigo, blue (B. violaceus, B. janthinus, B.
cyanogenes, B. pyocyaneus); green (B. fluorescens); vellow
(Staphylococeus aureus, Sarcina lutea) ; orange (Sarcina aurantiaca),
and red (B. prodigiosus). Great variation may oecur in the amount
and character of the pigment produced by one and the same species;
cultivation on the ordinary media often occasions the temporary
or permanent loss of chromogenic power (B. violaceus), and growth
at an unusual temperature may have a similar effect (B. prodigiosus
at 37°). Some species that are not usually regarded as chromogenic
may give rise to colored sports (e. g., B. diphtheriz®, Hill). As a rule,
oxygen is indispensable to pigment production, and most chromo-
genic species yield no trace of pigment when grown under anaérobic
conditions. Spirillum rubrum, however, which grows well in the
presence of oxygen, is said to form its red pigment only in oxygen-
free media. In the case of some chromogens the presence of certain
chemical compounds or elements in the nutrient media is essen-
tial to, or greatly favors, pigment production. Thus phosphates
and sulfates have been found necessary for the produection of
pyocyanin by B. pyoeyaneus, and sodium tartrate has been shown
to favor the production of pigment by B. prodigiosus. Carbohy-
drate media (potato, rice, and wheat starch) often lead to a particu-
larly brilliant chromogenesis. Antiseptics may check or altogether



04 GENERAL BACTERIOLOGY

inhibit pigment production. The bacterial pigments are chem-
ically of diverse nature. Many of the red and yellow pigments are
ingoluble in water, but soluble in aleohol, ether, and chloroform.
Others, like the fluoreseent pigment, are soluble in water, but not
in ether or strong aleohol. Some, and possibly the majority, are
chemically related to the lipochromes, a group of fatty pigments
widely distributed throughout the plant and animal kingdom.
The reactions of others suggest an aflinity to certain anilin dyes,
such as fuchsin.

The relation of the bacterial pigments to the physiology of the
individual cell is a debated point. It is held by some that the pig-
ments are mere by-products that have no particular meaning for
the organisms forming them, and that their formation is an inei-
dental, and not an essential, feature of the cell-metabolism. As
regards the majority of bacterial pigments, there is much to support
this position. It is maintained by others, however, that at least
some pigments enter into a loose combination with oxygen, anal-
ogous to the union effected by hemoglobin, and that under certain
circumstances oxygen may be liberated. It has been suggested,
further, that the pigments serve to protect the bacteria producing
them from the action of light, but experimental evidence is against
this view.

Enzymes* and Fermentation Products.—It is well estab-
lished that many of the chemical efiects wrought by bacteria, as
by other living cells, are due, not to the direct action of the pro-
toplasm, but to the intervention of soluble ferments or enzymes.
Probably the majority of the disintegrative processes in which
baeteria are concerned are carried on by means of these powerful
protoplasmic auxiliaries. In many cases the enzymes diffuse
out from the cell and exert their effect upon the ambient substances,
as do, for example, the gelatinases or gelatin-liquefying enzymes;
in others the enzyme action occurs within the cell and the products
pass out. The zymase or aleohol-producing enzyme of the yeast-
cell apparently does not diffuse out, but acts upon sugar within the
cell, the resulting aleohol and carbon dioxid being ejected. The
difference between enzyme action within and without the cell would
not seem to be a fundamental one,

* See Fuhrmann: “ Vorlesungen iiber Bakterienenzyme,” Jena, 1907.
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It is in accord with the great adaptability shown by bacteria in
their utilization of various food-substances that the list of enzymes
known to be secreted by different species is a long one. Probably
all classes of enzymes are represented among bacterial produets,
although in some cases where there is reason to suspeet enzyme
action no enzyme has yet been demonstrated. Some of the changes
in nutrient media that are most relied upon as differentiation marks
are effects produced by enzymes, such as the liquefaction of gelatin,
the precipitation of casein, the dissolving of casein, and the inversion
of sugar. A single form of micro-organism may secrete more
than one kind of enzyme, and some species are known to give rise
to a large number. Different kinds of enzymes are formed under
the influence of different conditions of life, the nature of the
nutrient substratum being especially determinative. The pres-
ence of a particular carbohydrate, for example, may stimulate
a baeterial species to produce a hydrolytic enzyme, which under
other circumstances is not found among the produets of that
species.

The term fermentation has been used, and to some extent is still
used, to express various conceptions. A sharp distinetion between
changes produced by the living cell and changes produced by enzyme
action is no longer tenable, since many of the effects once aseribed
to “living ferments” have been shown to be directly attributable
to cell-secreted enzymes. The discovery of the aleohol-producing
enzyme, zymase, has removed almost the last excuse for limiting
the term fermentation to direct protoplasmic interference. More
recently the nature of the substances acted upon has been made
the basis of distinetion. The tendency at present is to limit the
term fermentation to the disintegration of carbohydrate substances,
and there are some who would go so far as to consider as true
fermentations only those carbohydrate decompositions in which
gas is produced, a virtual reversion to the old etymologie signifi-
cation (fervere, to boil). In ordinary descriptions it is customary
to state that B. typhosus, for example, does not ferment lactose,
that Staphylococcus aureus ferments lactose with production of
acid, and that B. coli ferments lactose with production of acid and
gas. Proteolytic action is not usually denoted as fermentation,
though logically the putrefaction of proteid substances by bacterial
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agency falls in the same category with the decomposition of sugar
by the action of the yeast-cell.

The large group of disintegrative products can only be briefly
touched upon here. A considerable portion of this book is devoted
to the description of the various activities and products of impor-
tant microbes, and the reader will soon become aware that a
notable share of the interest that attaches to certain species is
due to the nature of the chemical changes wrought by them in
the surrounding food-substances.

The * Iron Bacteria.”—Among the trichomycetes (p. 439)
or filamentous bacteria are found some varieties especially char-
acterized by deposits of iron oxid in the sheath or sometimes in
the protoplasm. The best known of these organisms are the
widely spread Crenothrix polyspora, Leptothrix ochracea, and
Spirophyllum ferrugineum, which sometimes grow in the con-
duits of certain public water supplies, where they form unpleasant-
looking, brownish, flocculent masses, often leading to complete
stoppage of the pipes. The frequent appearance of detached
portions of the growth in tap-water gives rise to consternation
among the water consumers, as in the famous * water calamities "
in Berlin, Lille, Rotterdam, and other places. There 18 no evi-
dence that such organisms are directly harmful.

Winogradsky, explaining the presence of iron in the sheath by
the oxidation of iron in the cell protoplasm of crenothrix, asserted
that the presence of some iron salt was indispensable to the growth
of the micro-organism, and attached great significance to the
physiologic activity of the iron bacteria in causing the deposit
of iron from solution, and the consequent formation of great
beds of mineral iron in the earth’s erust. Molisch,* however,
concluded from his investigations of bog-iron ore from wvarious
sources that these micro-organisms were by no means universally
concerned in the deposition of iron ore on a large scale, but that
under certain natural conditions well-known physicochemical
agencies might play an important part in the process. The latter
author has also asserted from experimental observations on
Leptothrix ochracea that iron is simply deposited by external
chemical action on the sheath, and no vital process is at all con-

* Molisch: Die Eisenbakterien, Jena, 1910.
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cerned therein, and further, that this organism ean live in an iron-
free medium, and is eapable of storing up manganese as well as
iron. Manganese has also been found in the sheath of crenothrix
in even larger quantities than iron (Jackson). Lieske,® on the
other hand, has found that in the case of Spirophyllum ferru-
gineum the iron is built up chemosynthetically by the protoplasm
of the plant from ferrous carbonate, which constituted a real and
necessary source of energy. He was unable to grow the organism
in an iron-free medium nor induce it to utilize the salts of other
metals. The complete physiology of these interesting organisms
needs further elucidation.

The *‘ Sulfur Bacteria.”—Sulfur, like nitrogen, is an essen-
tial consituent of living matter. When organic matter is decom-
posed by bacteria, sulfuretted hydrogen (H.S) is one of the usual
disintegration products. If anaérobic conditions prevail or if the
medium is rich in sulfur compounds, as for instance is the case
with the volk of eggs, the odor of H.S is usually plainly perceptible,
and has come to be recognized as one of the most familiar signs of
decomposition. The sulfuretted hydrogen may arise either from
the splitting off of H.S groups already present in the molecule or
from the reducing action of ihe bacteria upon the protein sub-
stance. Sulfuretted hydrogen may also be formed by the reduc-
tion of inorganic sulfur compounds, such as sulfates, sulfites,
and thiosulfates. Many different kinds of baeteria, including
most of the common laboratory organisms, are able to generate
sulfuretted hydrogen from protein bodies. The reduction of
sulfates, however, seems to be a quality less widely shared and i
not possessed, for example, by such bacteria as Bacillus coli, which
reduces nitrates vigorously. Beijerinck has isolated a special
micro-organism, Spirillum desulfuricans, which he regards as the
peculiar organism of sulfur reduction.

The direct physiologic opposite of these reducing bacteria are
the sulfur bacteria proper, which are able to exert a strongly ox-
idizing action upon sulfuretted hydrogen. These organisms are
found in the water of sulfur springs, in sewage-laden streams,
in swamps where masses of vegetable matter ave slowly decom-
posing, and, in fact, wherever an abundance of sulfuretted hydro-

* Lieske: Jahrb. f. wiss. Bot., 1911, 79, p. 91.
T
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gen is being liberated. Two genera are especially recognized:
Beggiatoa and Thiothriz. The former is a long eylindrie filament
possessed of the power of active movement and showing a close
morphologic resemblance to the blue-green alga Oseillaria. Thio-
thrix is differentiated from Beggiatoa by its lack of motility, by
the possession of a sheath, and by the formation of so-called conidia
or spores. A group of non-filamentous, colorless sulfur bacteria
also exists (Thiophysa, ete.), but has thus far been little investi-
gated. The so-called red or purple sulfur bacteria are peculiarly
interesting. These organisms were observed in 1826 by Ehrenberg,
and in recent years have been studied especially by Winogradsky.
who has placed them in a family by themselves, called the Rhodo-
bacteriacee. They are found especially in situations where a
vigorous reduction of sulfates is taking place and where, con-
sequently, sulfuretted hydrogen 1s present in great abundance.
The pigment which imparts the characteristic color to these or-
ganisms gives some of the reactions of the lipochromes, but little
is definitely known about its composition. Unlike the unpig-
mented sulfur bacteria, which are completely indifferent to light,
the purple bacteria gather by preference on the light side of an
aquarium. The view of Engelmann, however, that the pigment
is similar to chlorophyl and that the purple bacteria, like the green
plants, give off oxygen in the sunshine, has not been confirmed.
The physiology of the group of sulfur bacteria is unlike that of
any other living organisms, and they deserve to be set apart, as
Winogradsky has proposed, as an independent physiologie group.
The true sulfur bacteria all contain in their protoplasm highly
refractive inclusions which have been found to be amorphous
sulfur. The presence of sulfur in the cell is undoubtedly con-
nected with the fact that the organisms are only found abundantly
in waters containing sulfuretted hydrogen. The discovery of
the full physiologic significance of these findings has been largely
the work of Winogradsky. By the oxidation of sulfuretted
hydrogen to sulfurie acid, which is, of course, at once neutralized
by the carbonates present, the sulfur bacteria obtain the energy
necessary for their development. Sulfuretted hydrogen, in a word,
is their principal food. According to Winogradsky, the single Beg-
ojatoa threads use in a day two to four times their own weight of
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H,S. The sulfur in the cell-protoplasm is to be looked upon as
an intermediate stage in the oxidation process. The course of
the reaction may be indicated by the following equations:

(1) 2HS 4+ 0, = 2H,0 + 8.

@ 8 + 30, = 2H,0 + 2H,30,.
That sulfuretted hydrogen is indispensable for the continued
activity of these organisms and is for them the sole available source
of energy is inferred from the fact that if it is not aceessible the
store of sulfur in the cells quickly disappears (in twenty-four to
forty-eight hours) and the bacteria apparently then die from
starvation. It seems probable that the sulfur bacteria require
no organic substances for their development, but that, like the
nitrite bacteria (p. 562), they can subsist on a purely mineral diet,
For these organisms, therefore, sulfur in its combination with
hydrogen seems to have the same physiologic value that earbon
in its hydrogen compounds has for most other bacteria.

The Production of Acid and Alkali.—The production of aeid
and alkali by bacteria is one manifestation of enzyvme action.
The occurrence of acid production is so commonly used as a means
of special differentiation that it is convenient to consider this topic
separately. In general it may be said that an acid reaction is caused
by the fermentation of some sugar, glyeerin, or similar body present
in the nutrient medium. The muscle-sugar in nutrient broth made
from fresh meat, the lactose in milk and whey, and other sugars
naturally present in, or artificially introduced into, various eulture-
media, are usually responsible for the oceurrence of an acid reaction
in the medium as a sequence of baeterial growth. In a word, the
production of acid by a given species is due to its ability to break
up some chemical substance in such a way that hydrogen ions
are liberated. Thus the colon bacillus ferments lactose and sac-
charose, and in consequence provokes an acid fermentation in media
containing these carbohydrates, while the typhoid bacillus is unable
to effect this change. In a peptone-mannite solution, on the other
hand, the typhoid bacillus produces acid in twenty hours at 37°,
while B. coli leaves the original reaction unaltered.* The power
of acid production, or, more narrowly, the ability to ferment certain
sugars, is one of the more constant physiologic characteristics of

* Capaldi and Proskauer: Ztschr. f. Hyg., 1896, 23, p. 452.
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bacteria, and has been used advantageously to distinguish closely
allied organisms, notably in the groups of paratyphoid and dysen-
tery bacilli.

Carbohydrates are not the only substances the breaking-down
of which is accompanied by an acid reaction. The liquefaction of
gelatin by bacteria gives rise to a noteworthy increase in the acidity
of the medium, due to the formation of amino-acids.

Alkali production is sometimes declared to be more intimately
bound up with the constructive (anabolic) side of baeterial metabo-
lism than with its destruetive aspect, but the real difference between
alkali and acid production lies in the nature of the substances
attacked. In sugar-free nutrient broth the majority of bacterial
species produce an alkaline reaction due to the formation of ammonia.
This is more marked with some kinds than with others. B. pyocy-
aneus, B. suipestifer, and B. diphtheri® are among the especially
vigorous producers of alkaline substances. The alkalinity of a
culture undoubtedly depends in most cases upon the fact that the
food-substances are disintegrated by the bacterial cells or their
enzymes in such a way as to vield bodies that give rise to free
hydroxyl ions. Protein substances, as a rule, break up in this
- way, while carbohydrates, when they are attacked at all, give rise
to acids.

Putrefactive Products.—The decomposition of nitrogenous
compounds constitutes a striking feature of bacterial aetivity, and
one that has always eclaimed attention. One reason for the con-
spicuous charaeter of protein deecomposition, apart from the pro-
found modifications that are observed to occur in the dead animal
or plant body, is the frequent production of malodorous eompounds
like mercaptan and skatol, which obtrusively betray the neighbor-
hood of decaying nitrogenous substances. The gases arising from
the disintegration of proteids are numerous and varied. Ammonia,
carbon dioxid, hydrogen, marsh-gas, sulfuretted hydrogen, and
nitrogen are among the more common gases generated by bacterial
action. A variety of volatile compounds, amids, peptones, and
aromatic bodies, are also formed in the course of the complicated
processes of putrefaction. The substances formed under anaérobie
conditions differ materially from those formed in the presence of
oxygen, it being well known, for example, that anaérobic decomposi-
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tions are peculiarly apt to be accompanied by the evolution of offen-
sive gases. Many writers believe® that only obligatory anaérobes,
and not all of those, are able to bring about putrefactive changes in
native proteins. In general, it may be said that the action of
bacteria upon proteins is very similar to the action of tryptic di-
gestion, and results first in the formation of albumoses and peptones,
which are then broken up into amino-acids. The amino-acids
themselves are exeellent nutrients for bacteria, as shown by Czapek,
and are split both by the elimination of ammonia and by the
splitting off of earbon dioxid. Free fatty acids, aromatic acids,
and certain ptomains, cadaverin and putrescin, are among the
further products of decomposition.

Indol is a substance which has assumed importance as an aid
to the differentiation of bacterial species. It is one of the final
products of the decomposition of albuminous bodies, belongs to the
aromatie series (C H,N), and is characterized by a peculiar odor.
It gives a red color reaction when strong nitrie or sulfurie acid
and a 0.01 per cent. solution of sodium nitrite are added drop by
drop to a solution containing it, as, for instance, a peptone culture
of an indol-producing organism. It also produees a cherry-red
color when an acid solution of dimethylamidobenzaldehyd is
added to an indol solution; this is a more delicate and accurate
test than the former.i (See p. 34.)

The Relation of Bacteria to Food Assimilation by Higher
Forms of Life.—The question whether the bacteria usually so
abundantly present in the alimentary tract of man and the higher
animals play a useful or a harmful part has been the theme of
considerable speculation and some experimentation. Nuttall
and Thierfelder, who were among the first experimenters in
this field, suceeeded in raising aseptically guinea-pigs that had
been removed by Cesarean section from the body of the mother.
The yvoung animals, which were fed on sterile milk, lived for as
long as ten days after birth and their weight increased as
much as 28 grams. From such facts these investigators con-
cluded that the presence of bacteria in the digestive tract is not

* See Rettger: Jour. Biol. Chem., 1908, 4, p. 45,
t Czapek: Hofmeister's Beitr., 1902, 1, p. 538.
1 Bohme: Centralbl. {. Bakt., 1905, 40, p. 129.
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indispensable for the life of the guinea-pig; by analogy they infer
that the same would be true for the other higher animals and for
man. Schottelius* vigorously combats this view on the basis
of his own experience in raising sterile chicks. In the conduct of
these experiments, the egg-shells were carefully washed with eor-
rosive sublimate, which was then completely removed by chemie
neutralization; this procedure is not injurious, since control eggs
vield perfectly normal chicks. Throughout Schottelius’ experi-
ments complete bacterial tests of the food, air, water, and de-
jections were made at the beginning and the close of each series.
The bacteria-free chicks were apparently hungrier than the others
and ate more greedily, but in spite of this fact always lost weight
and usually died before reaching the thirtieth day. When some
of the sterile chicks were separated from the others and given
food contaminated with fresh fowl droppings, they always throve
better than the control chicks and usually gained weight and grew
to maturity. When a pure culture of a variety of Baeillus coli was
used to inoculate the food equally good results were obtained. A
mixture of air-cocei with the food was not so favorable. From
these results Schottelius concludes that the bacteria normally
present in the digestive tract have a marked beneficial influence
and are in reality necessary to the life of the higher animals.
Schottelius further maintains that the inerease in weight of the
guinea-pigs in Nuttall and Thierfelder’s experiments was due not
to a genuine tissue construetion, but to the presence of coagulated
and undigested milk in the alimentary canal.

Cohendy, T on the other hand, has. reached conclusions quite
at variance with those of Schottelius. By the use of more elabo-
rate and, it is thought, more suitable methods of raising young
chicks in the laboratory, Cohendy succeeded in bringing about
“life without microbes.” This was achieved in a vertebrate ani-
mal provided ordinarily with a rich intestinal microbie flora. The
chicks raised aseptically were at least as robust as those raised
under ordinary conditions. The discrepancies between Cohendy’s
observations and the work of Schottelius still need elucidation.

Ptomains and Toxins.—For evident reasons a high degree of
interest attaches to the poisonous produets of bacteria. As might

* Schotteliug: Arch. f. Hyg., 1902, 42, p. 48, and 1908, 67, p. 177.

t Cohendy: Ann. de I'Inst. Past., 1512, 26, p. 105.
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be anticipated, these products differ in respect to their origin and
physiologic significance.

It may happen during the course of the decomposition of organic
substances that toxic bodies are produced simply as a consequence
of the mode of disintegration of the protein molecule. Such poison-
ous products of decomposition, for example, are a few substances
belonging to the group of alkaloid-like bodies known as ptomains,
basic compounds characterized by a more or less definite chemical
composition. Investigators have supposed that in the decom-
position of meat, fish, cheese, and the like, poisonous ptomains
are formed in such quantities that the ingestion of partly decayed
food can cause acute poisoning. It is possible that cases of “ pto-
main poisoning’’ in man due to ingestion of ptomains or to their
formation within the intestine sometimes occur, but there is no
doubt that such cases, if they occur at all, are very rare. Many
of the epidemies of *“ meat poisoning,” ete., are now known to be due
to infection with specific micro-organisms, rather than to the action
of a formed poison. It still remains to be proved that the ptomains
play any really important part either in isolated cases or in out-
breaks of food-poisoning, or in the so-called gastro-intestinal auto-
intoxications.

The nature of the poisons produced by bacteria in the living
body has been much debated. There is reason to think that they
are not simple disintegration products, but are more closely related
to the life of the bacterial cell. At one time the specific bacterial
poisons were believed to belong to the class of ptomains just re-
ferred to, but this view was abandoned when it wasshown that the
ptomains apparently generated by certain pathogenic bacteria
were not able to reproduce the appropriate symptom-complex of
any disease, and did not correspond in other respects with the
toxicologic requirements. There is, furthermore, some reason to
look upon at least a portion of the ptomains isolated from decom-
posing substances and from bacterial cultures as secondary prod-
uets due to too heroie methods of chemieal manipulation, and not
as the primary products of bacterial activity.

The opinion that the specific bacterial toxins belong to the class
of proteins or albuminous substances has found some support.
It is possible by various procedures to extract from the cultures
of certain pathogenic microbes substances of a protein nature which
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are more or less toxic, but it is by no means certain that these are
the pure substances to which bacterial action must be attributed. In
faet, the substance that gives the positive protein test may be merely
an impurity adhering to the true toxin. One of the potent vege-
table poisons, ricin, long regarded as a typical toxalbumin, has been
obtained by Jacoby * in a form that possesses the characteristically
active qualities of ricin, but does not answer to the protein tests.

The true bacterial foxins, in the modern acceptation of the
term, are specific poisonous metabolic products of bacteria. They
are of completely unknown chemical structure, are probably
colloidal, are extraordinarily labile, and display great sensitiveness
toward slight heating. In many respects they are closely analogous
to the enzymes. One of the most characteristic qualities of the
true toxin is its ability to evoke the formation of an antibody, an
antitoxin, when injected into the body of a suitable animal species.
The potency of the bacterial toxins is extraordinary, and far sur-
passes that of any other known poison.

Minimal fatal dose of atropin foradult man....... . ............. 130 mg
. “ # # girychnin for adultman. . oo o0 o REEES 30 to 40 mg.
e “ & « opbra venom for adult man................4.375 mg.
L ¢ & tetanus toxin for adult man........ ess than 0.23 mg.

Some baeteria, as the tetanus bacillus, are able to produce their
specific toxin in the animal body; others, as B. botulinus (p. 330),
form their toxin, so far as known, only in organie substaneces outside
of the living body.

The constitution of the toxin molecule has been the subject of
much study, especially by Ehrlich and his eoadjutors. Elaborate
experiments have shown that the toxin is a complex substance.
To take a specifie illustration, it is found that broth in which the
diphtheria baecillus has grown loses, on standing, a certain part of
its toxicity, but retains undiminished its affinity for diphtheria
antitoxin. In other words, there is no constant relation between
the toxie strength of the broth and the amount of the broth that is
neutralized by a given quantity of diphtheria antitoxin. This
is held to indicate that the toxin is not a simple chemical unit,
but is composed of two portions, distinguished by their different
stability. Exposure to light and air destroys the toxic portion of

* Jacoby: Arch. Exp. Path., 1901, 46, p. 28.
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the toxin-complex, but leaves the combining portion intact. Henee
a toxin is supposed to consist of two portions: a combining or
haptophore atom-group, which is able to unite with the correspond-
ing antitoxin, and a specific torophore atom-group, to which the
poisonous action is due. Those modifications of the toxin-complex
from which the toxophore portion has more or less completely
disappeared, while the haptophore group persists, are designated
as loxoids.

The name foxon has been given to a poisonous product of bacte-
rial growth possessing the same haptophore group as the toxin, but
of far less avidity. The toxophore group of the diphtheria toxon is
conceived as different from the toxophore group of the diphtheria
toxin, in that it is incapable of producing acute effects, cutaneous
necrosis, and death, but, on the other hand, is responsible for the
characteristic late diphtheria paralysis. Analysis of the phenomena
attending the neutralization of toxins and antitoxins of various

-strengths has led Ehrlich to a belief in the existenee in toxic broth
of a variety of toxic bodies possessing varving degrees of avidity
and toxicity. These are the so-called prototoxins, deuterotoxins,
prototoxoids, etec. It has been urged against this view by Arrhenius
and Madsen,* on physicochemical grounds, that the behavior of
mixtures of toxin and antitoxin can be explained by reference to
the law of mass-action enunciated by Guldberg and Waage. On
the latter hypothesis it would be superfluous to assume the existence
of different components, and sufficient to regard the toxin as a
single uniform substance possessed of a weak affinity for its anti-
toxin. Further researches have shown that it is not possible
to bring the reaction of toxin and antitoxin within the law of mass-
action, and that the relations of these two bodies to one another are
much more complicated than would be expected if they were
simple crystalloidal substances. On the other hand, certain
striking analogies have been shown to exist between the behavior
of toxins and the behavior of colloidal substanees, and it seems

possible that the phenomena seen in mixtures of toxin and anti-
toxin may be due to a reaction between two colloids. Grassberger
and Schattenfroh T have found that the poison of the baeillus of

* Arrhenius and Madsen: Zeit. f. physik. Chemie, 1903, 44, p. 7.

t Grassberger and Schattenfroh:  Ueber die Beziehungen von Toxin und
Antitozin,” Leipzig u. Wien, 1804,
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symptomatic anthrax is free from toxoids and toxons, but that,
nevertheless, toxin and antitoxin mixtures unite in variable pro-
portions.

All of the foregoing statements, and practically all that is known
of the bacterial toxins, relate to the so-called extracellular toxins,
that is, to those toxins of which tetanotoxin and diphtheria toxin
are the types, which diffuse through the bacterial cell-wall during
life and are found in the fluid eulture-media in which the bacteria
are grown. In broth eultures of the cholera spirillum, typhoid bacil-
lus, and most other pathogenic organisms no such soluble toxins are
found, and it has been assumed that in these caszes the specific toxic
substances are endoforins which remain wholly or in great part
within the cell during the life of the microbe, and are liberated only
through cell dizintegration at death or in eonsequence of mechanieal
or chemieal treatment. The intracellular toxins have been compared
in this respect to the zymase of the yeast-cell, which is a typical
endoenzyme, and is not found in the culture-medium in which the
yeast-cell is living. Attempts to extraet specific endotoxins from
triturated or frozen cells have, however, signally failed. An
alternative hypothesis with much in its favor conceives that those
pathogenic bacteria which do not generate toxins in ordinary
culture-media do produce them when growing in the animal body.
On this conception the failure to obtain toxins from cultures of
the typhoid bacillus, the anthrax bacillus, and most pathogenic
microbes is to be attributed to the fact that the common culture-
media are unsuitable for the generation of the peculiar toxic secre-
tions.

In addition to the existence in or production by ecertain kinds
of bacteria of poisonous bodies which reproduee with more or less
fidelity the characteristic symptoms and lesions of a specific disease,
the cell-substance of all bacteria contains compounds, presumably
of a protein nature, which prove injurious when introduced into
the animal body. These bacterial proteins, which may be ex-
tracted by maceration or high pressure, illustrate in their action
the baneful effect generally observed when alien protein substances
are incorporated into the animal body. The poisonous effect of
blood derived from one animal when transfused into a different
species is a well-known instance of the injurious action of foreign
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protein, as has been amply demonstrated in the recent studies on
hemolysis. The effects provoked by injecting bacterial proteins
from the non-pathogenic as well as the pathogenic species consist,
broadly speaking, in localized inflammation, aseptic pus-formation
and necrosis, and also in certain constitutional symptoms, such
as fever, lassitude, and headache.

Not only do bacterial proteins cause certain general effects,
but inoculation of dead bacteria can give rise to specific tissue
changes. The injection of tubercle bacilli killed by heat eauses
the formation of characteristic tuberele nodules in suseeptible
animals.

Substances possessing the closest resemblance to the bacterial
toxins occur in the seeds of some of the higher plants and in the
secretions of certain animals. Among the best known of the vege-
table toxins (phytotoxins) are ricin (from the eastor-oil bean,
Ricinus communis), abrin (from the jequirity bean, Abrus pre-
catortus), and the similar substances, erotin and robin. These
poisons, like the baecterial toxins, are exceedingly potent. It is
estimated that one gram of riein, properly diluted, is sufficient
to cause the death of 1,500,000 guinea-pigs. Ricin not only exerts
a strongly toxic effect upon the tissues at the seat of inoculation,
but also causes agglutination of the ervthroevtes. After injection
an incubation period is observed, as in case of the bacterial toxins.
By use of the same methods as with the baeterial toxins, antiriein
and the other corresponding antibodies may be produced, and the
existence of haptophore and toxophore groups in these poisons is
inferred on the same grounds. Specific toxic bodies are found in
the blood and secretions of a number of animals (zo6toxing). Snake
venom and the poisons of scorpions and spiders, as well as an actively
poisonous substance present in eel-blood, are more or less familiar
examples. The chemieal behavior and physiologic action of these
poisons are strikingly similar to those of the true bacterial foxins.
The snake venins owe their power to a variety of active principles:
(1) hemagglutinin, (2) hemorrhagin (present especially in rattlesnake
venom), (3) hemolysin, and (4) neurotoxin. Antibodies have been
suecessfully produced against these several toxie bddies. The action
of the venins and antivenins is more complicated than that of the
bacterial toxins,
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sudden change and more apt to coincide with relationship by descent
than with physiologic characters. Walking mammals (horses),
flying mammals (bats), and swimming mammals (whales) are more
fundamentally alike than flying mammals and flying insects. Both
the wing of a butterfly and the wing of a bird serve the purpose of
flight, but structurally the two kinds of wings are far apart, and the
animals themselves belong to widely separated branches of the
animal kingdom.

Bacteria, however, are of such minute size and the observable
differences in structure are so slight that any classification grounded
on morphologic characters meets with many difficulties. Miero-
organisms that resemble one another very closely in appearanee may
differ radically in respect to the chemieal changes to which they give
rise, or to the pathologic processes that they evoke. Since these
pathologie processes and chemical changes are of great practical
importance, bacteriologists have come to lay considerable stress

‘upon physiologic qualities. There can be no valid objection to

such a praetice. The modes of nutrition of baeteria and the
products of their growth must give a more correct insight into
fundamental internal structure than can simple external form,
especially for organisms that lie on the limit of invisibility,

A promising beginning in classifying bacteria on a physiologie
basis has been made by Jensen.®* On the basis of source of nutri-
tion the following chief groups are distinguished:

(1) Bacteria which, like the green plants, need neither organic
earbon nor organie nitrogen. These so-called autotrophie bacteria
ean build up both carbohydrates and proteins out of earbon dioxid
and inorganie salts.

(2) Bacteria which need organic earbon compounds, but can
dispense with organic nitrogen. These bacteria are able to syn-
thesize protein substances out of carbohydrates (or organic acids),
and ammonia, nitrogen, or nitrates.

(3) Baeteria which, like the higher animals, require both organie
carbon and organie nitrogen compounds. These bacteria cannot
accomplish either carbohydrate or protein synthesis out of in-
organie substances. Upon such principles Jensen has construeted
an outline of a system of classification which probably gives a

* Centralbl. f. Bakt., 11, 1909, 22, p. 305.
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One of the most frequently cited morphologic classifiestions of
bacteria is that drawn up by Migula.* An outline of Migula’s
classification is given here for purposes of reference, and also be-
cause it illustrates the advantages and disadvantages that at pres-
ent are inherent in any morphologic classification.

CLASSIFICATION OF BACTERIA.—(Migula.)

I. Cells globose in a free state, not elongating in
an;',r direction before division into l
or 3 planes. . . Coccacem,
i CB“E ﬁglmn{nﬁn! onger or ahnrten and unl}r dl-
wdmg in one plane, and elongating to
about twice the normal length before
the division.
a. Celis straight, rod-shaped, without sheath,
non-motile, or motile by means of flagella. '2. Bacteriaces.

b. Cells crooked, without sheath............. 3. Spirillaces.
e. Cells inclosed in a sheath. . cevveeeen.od Chlamydobacteriaces.
1. Coccacex,

Cells without organs of motion:
a. Divisioninoneplane.................... 1. Streptococcus.
b. Division in two planes...................2. Micrococcus.
¢. Division in three planes.................. 3. Sarcina.

Cells with organs of motion: :
a. Divisionintwo planes................... 4. Planococcus,
b. Division in three planes..................5 Planosarcina.

. BACTERIACEE.
Cells without organs of mntmn . vuiaaesa. 1. Bacterium.

Cells with o s of motion {ﬂagellu,}
a. Fla distributed over the whole 'Im{ly' .2, Bacillus.
b. Flagella polar.. s ..3. Pseundomonas.

3. SPIRILLACEE.

Cells rigid, not snake-like or flexuous: o)
a. Cells without organs of motion, ....l1. Spirosoma.
b. Cells with organs of motion (flagella):
1. Cells with 1, very rarely 2 to 3 polar

flagella...........................2. Microspira.
2, Cells with polar flagella-tufts.......... 3. Spirillum.
T T A e e 4. Spirochata.

4. CaLAaMYDOBACTERIACE®E (Higher Bacteria).

Cell contents without granules of sulfur:
a. Cell threads unbranched. _
1. Cell division always only in one plane. ... 1. Streptothrix.
11. Cell division in three planes previous to the
formation of gonidia:
1. Cells surrounded by a very delicate,

searcely visible sheath (marine) ..... 2. Phragmidiothrix.
2. Sheath clearly visible (in I'r{'sh water) ..3. Crenothrix.
b. LE]] threads branched............4. Cladothrix.
Cell contents containing sulfur gr-umles .......... 5. Thiothrix.

* Migula: “System der Bacterien,” Jena, 1597,
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The main subdivisions of bacteria into spherical forms (Coe-
caces), rod-forms (Bacteriaces), and spiral forms (Spirillaces), as
set forth in this table, are such as are generally recognized by bae-
teriologists, but the establishment of genera upon the presence or
absence of flagella is more open to objections. For example, in the
group of rod baeteria organisms that are so fundamentally alike as
B. subtilis (motile) and B. anthracis (non-motile)* would be placed
in different genera if such a classification were logically carried out.
This is actually done, for example, in Chester’s classification of
bacteria.7 Again, the division of the spiral bacteria into two
groups, according as the cells are rigid or flexuous, is not well
founded. Careful investigation indicates that the typical spiro-
chetes (e. g., Sp. obermeieri) are rigid spirals. In other words, such
a classification is quite as arbitrary in the light of our present
knowledge as a grouping based on physiologic distinetions.

Among the spherical bacteria, differences in the mode of group-
ing of the cells have given origin to certain names—as streplococcus,
staphylococcus or micrococcus, and sarcina—that have been used as
the names of genera, but no such generally useful distinetions have
been found among the rod or the spiral bacteria. Consequently a
term like bacillus has come to serve as the genus name for an enor-
mous number of bacteria. Some of them are very different mor-
phologically and physiologically.§ Recognizing the limitations of
even the more satisfactory morphologic elassifications, it has been a
common custom for baeteriologists to class together for purposes of
study those bacteria having in common ecertain well-defined and
salient characteristics. Such a large and well-defined group of
bacilli as the colon-typhoid group might be conveniently treated as
an independent genus, and the same can be said of other groups of
bacteria. The practice of dealing with bacteria in related groups
is growing, and for the present it seems advisable to follow this
tendency and not endeavor prematurely to establish a terminology
based on morphologic features alone. The ordinary loose and

* See p. 223.

t Chester: ““A Manual of Determinative Bacteriology,” New York, 1901,
pp. 190 and 276.

1 Novy: Jour. Infect. Dis., 1906, 3, p. 315.
§ Bacillus subtilis, B. typhosus, B. tetani, B. prodigiosus, B. diphtherize.
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confessedly unsatisfactory nomenclature is consequently adhered
to in this book.

Nomenclature.—The present nomeneclature of bacteriology may
be criticized on two grounds: first, as already pointed out, for the
unwieldy size that certain “ genera’ have been allowed to assume;
and, second, for the haphazard way in which trinomial and even
quadrinomial names have been bestowed. Such names can be
properly employed only with reference to subspecies or varieties:
and designations like B. coli communis, Granulobacillus saccharo-
butyricus mobilis non-liquefaciens, and Micrococeus acidi para-
lactici liquefaciens Halensi, are both cumbersome and unseientific.
The use of a single genus name for a multitude of organisms is, in
fact, responsible for the tendeney toward trinomial nomenclature,
and the remedy for both conditions would seem to lie in the abandon-
ment of such a term as Bacillus for the name of a genus and the frank
establishment of new genera on the basis of physiologic characters:
-such, for example, as distinguish the colon-typhoid group or the
diphtheria group of bacilli. Until some such reform in nomencla-
ture is brought about the names used to designate different kinds of
bacteria will fail to make clear the group relationships which un-
doubtedly exist, and will continue to be a stumbling-block to all
students of the subject.

Variations.—Like other living organisms, baeteria of the same
species are not all precisely similar: races, strains, or individuals
are found which differ more or less widely from the parent form.
The term variation as used in biology signifies not the manifestation
of certain apparently novel qualities that appear uniformly when
organisms are placed under new conditions of life (latent character-
istics or environmental modifications), but a constant difference in
one or more features when the individual in question is compared
under the same circumstanees with one or more organisms of similar
descent. Unlike the modifications due to environmental influence,
variations are essentially dependent on elements intrinsie, not
extrinsic, to the organism.* To illustrate: the ability of actino-
myces (Ch. XXVII) to produce club forms is manifested only in
the presence of animal fluids, but the production of the elubs is not

* This, however, is not to be taken to imply that the property of variation
itself may not be affected by a change in environment.

8
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an instance of true variation; a eulture of actinomyces that did not
produce clubs under these conditions would be properly regarded
as a variant.

Two kinds of variability are commonly recognized: (1) Varia-
tions of the ordinary “fluctuating” type, which are distributed
more or less systematically about a modal condition and may be
grouped in a frequency curve or frequency polygon. As the term
indieates, fluctuating variability swings to and fro, oscillating
around an average type. The familiar deviations in human height
exemplify this kind of variation. It is supposed by de Vries* .
that fluetuations remain fixed within certain limits, and that the
accumulation of fluetuating variations can never give rise to a new
quality in an organism or bring about the formation of a new species.
(2) “ Discontinuous variations,” ““sports,” or ““ mutations,” on the
other hand, are supposed to be perfectly definite changes which
arise suddenly without the interposition of a series of intermediate
forms, and having once appeared, are permanent, and show no
tendeney to return to the mean of the parent form.

Among bacteria true mutations or sports are fully as rare as they
appear to be in the higher forms of life. Very few well-aceredited
observations of the sudden appearance of mutants among baecteria
are on record, and little attention seems to have been paid by bac-
teriologists to this subject. That discontinuous variations do oceur,
however, is shown by seattered observations made by Beijerinck t
and a few others.

In general, bacteriologists will not hesitate to classify the varia-
tions with which they are most familiar as those of the fluetuating
type. The number of them is praetically infinite, and, especially
in some groups, there is little doubt that they have been given too
great classifieatory value, as eompared with precisely similar devia-
tions in higher forms of life. At the same time these biologically
trivial differences are often practically important, as in the study
of pathogenicity or virulence. :

A very characteristic and common form of variation among
bacteria consists in the loss of some quality possessed by the organ-
ism when first taken under observation. The disappearance of the

* De Vries: “Mutationtheorie,” 2 v., Leipzig, 1901-1903,
+ Beijerinck: Kon. Akad. v. Wetenschappen, Amsterdam, Nov. 21, 1900.
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power to liquefy gelatin, as in the Proteus group, or to produce
pigment, as in the case of B. violaceus, and the loss of virulence, as in
many pathogenic forms, are every-day oceurrences in the bacterio-
logic laboratory. The term retrograde variety would seem appro-
priate for these forms if it had not already been applied by de Vries
to mutations of a retrogressive character. In his terminology, both
elementary species (the progressive forms) and retrograde varieties
are supposed to have originated as sudden mutations. Now, =o far
as many of the more ecommonly observed retrogressions in bacteria
are concerned, there can be no question that they arise from the
amumu!&tmn of fluetuating variations, and not in any sudden and
unexpected fashion. Minute divergences from the first culture
grow more and more pronounced in each suceeeding cultural transfer,
and finally the once conspicuous and taxonomieally important
character may disappear altogether. Such retrogression, or, as it
is often styled, degeneration, is no rare occurrence; it takes place
- with great uniformity, and follows definite and similar lines in a
number of widely different organisms. In eultures, many totally
unrelated organisms lose, by degrees, virulence, gelatinolytic power,
or capacity for chromogenesis. Such a change goes on steadily and
oceurs in nearly all strains coming under observation. The vari-
eties so formed grow luxuriantly and are perfectly stable under
the conditions in which they are ordinarily kept; in faet, often
they eannot be made to regain their lost property, even by succes-
sive transfers upon media considered to be especially favorable for
the manifestation of the quality in question; they are spoken
of as hopelessly degenerate. This is the case, for instance, with
many strains of B. fluorescens as regards pigment production,

Qualities once lost, however, may under certain conditions
be regained, as shown not only in the reacquisition of chromogenic
power, but also in the reassumption of virulence by attenuated
pathogenic races.

Connected with the variability of bacteria is their remarkable
plasticity or adaptability to diverse conditions of life. By a series
of inoculations or transfers it is possible so to alter bacteria that
qualities originally present are sometimes accentuated, sometimes
abolished. Bacteria may hecome adapted to very high temperature,
to gmwth in the presence of antiseptics, and even to multiplication






CHAPTER VII
BACTERIA AND DISEASE IN ANIMAL ORGANISMS

Theories of Disease.—In order to understand in some degree
the influence of baecteriology upon medicine, it is worth while to
recall the more important theories and conceptions regarding dis-
ease that have been held by the human race.

Probably one of the earliest notions of the cause of disease
was a belief that an evil spirit or demon entered into or
possessed the body of a man and there wrought various ilis.
This at least is the belief still widely prevailing at the present
~day among savage tribes, which represent in many particulars an
early stage of culture, and one through which the ancestors of
modern civilized man probably passed. “The possessed man,
tossed and shaken in fever, pained and wrenched as though some
live creature were tearing or twisting him within, A
rationally finds a personal spiritual cause for his sufferings. In
hideous dreams he may even see the very ghost or nightmare
fiend that plagues him. . . . . This is the savage theory
of demoniaeal possession, which has been for ages, and still re-
mains, the dominant theory of disease and inspiration among the
lower races. It is obviously based on an animistic interpretation,
most genuine and rational in its proper place in man’s intellectual
history, of the actual symptoms of the cases.”* This animistic
or demonistic conception of disease still finds expression in the
practices of the medicine-men or wizards of many savage peoples.
Granting that a spirit is the cause of a disease, the logical pro-
ceeding is to induce the spirit to leave the body of the patient.
Two modes of treatment are possible: the spirit may be lured out
by propitiatory sacrifices, fair promises, or other conciliatory
measures, or he may be forcibly evieted by powerful charms, by the
beating of tom-toms, or by pummeling the body of the patient.

* Tylor: “Anthropology,” New York, 1904,
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Examples of the methods of treatment used by these two schools
of medical praetice may be readily found among the descriptions
given by travelers of customs which prevail today among many
primitive and half-civilized peoples. As regards one large elass of
diseased persons, the insane, the theory of demoniacal possession
has remained current for obvious reasons up to comparatively
recent times.

When the advance of natural knowledge brought a larger meas-
ure of understanding of the strueture and funetions of the human
body than existed among the primitive peoples, a new and semi-
scientifie theory of disease sprang into being and attained world-
wide influence. The Hippocratic theory of disease, as it was called,
after its founder, Hippoerates, * the Father of Medicine,” was, in
fact, the dominant theory all through the middle ages, and still
colors much medical thought and practice. According to this
celebrated theory, the body contains four humors: blood, phlegm,
vellow bile, and black bile. Health consists in a proper mixture of
these four humors; disease, in an improper mixture. The doctrine
of temperaments arose as an outgrowth of the Hippocratic theory:
~according as one or another humor preponderated a man was said
to be of a sanguine, phlegmatie, or melancholic temperament. In
acute disease the humors went through a regular process, being
first of all erude, then passing through cection, or digestion, and
finally being expelled by resolution or crisis through one of the
natural channels of the body. The efforts of physicians were to be
directed toward keeping the humors in their proper relations one to
another, for if the normal delicate balance beecame disturbed, the
most serious results might follow. This ingenious conception of
disease held almost undisputed sway for a long period, and was
hardly seriously questioned until the seventeenth century. In the
seventeenth and eighteenth centuries a number of novel theories
were propounded, but were of little aid to medical progress: in faet,
many of the substitutes proposed for the Hippoeratic theory were
more complex and more mystical than the belief they were intended
to supplant. Disease was ‘“an intestine movement of particles,”
it was an attempt of nature to eliminate morbific matter, a want of
" a deficiency of stimulus, and so on. The theory of this
class that lasted longest and had the greatest effect upon medical

Wi tnne’!
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practice was the so-called theory of homeopathy. The definition of
disease given by Hahnemann, the founder of this school, is an index
of the greater part of his teachings. * Disease,” said this writer,
““is a spiritual dynamic derangement of a spiritual vital prineiple.”
His theory of potentiality or dyvnamization maintained that medi-
cines gained in strength by diluting, if the dilution was accompanied
by shaking; the potency of some drugs was also supposed to be in-
ereased by pounding. Aecting on this doetrine, Hahnemann ordered
his original tinetures to be reduced in strength to one-fiftieth; these
first dilutions again to one-fiftieth; and so on even to the thirtieth
dilution, which he himself used by preference and to which he as-
eribed the highest * potentialitv.” An interesting outcome of this
proeedure was the faet that while such highly “ potentialized” drugs
could not be rationally supposed to have any physiologic effects,
their administration to a patient was sometimes followed by more
favorable results than was the more “ regular” administration of

~ drugs. A mode of treatment which consisted essentially in giving

no medicine was sometimes as successful or more successful than the
ordinary procedure. In a word, homeopathy, although theoreti-
cally ridiculous, did much to reform the custom of indiseriminate
giving of drugs in large doses.

Amid the vagueness and confusion of such half mystieal hypoth-
eses as homeopathy, emerged the more tangible and definite germ
theory of disease. As already pointed out, the germ theory of
disease was the legitimate offspring of the germ theory of fermenta-
tion, and owed its origin to the memorable investigations of Louis
Pasteur. The belief that the so-called infeetious diseases are caused
not by any enraged and revengeful spirit, not by any improper
mixture of four humors, not by any spiritual dynamic derange-
ment, but by small living plants and animals is now securely estab-
lished. As regards such diseases as diphtheria, tuberculosis, and
Asiatie cholera, this belief is no longer a hypothesis, but is based on
indisputable fact. In respect to some other diseases, like yellow
fever, hydrophobia, and searlatina, while no specific micro-organism
has been established as the cause, there can be little doubt that the
germ theory of causation furnishes the most reasonable, consistent,
and probable explanation of the nature of these infections.

Pathogenesis.—The conception of a pathogenic micro-organism
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is a relative, not an absolute, one; that is to say, no microbe is known
that is capable under all conditions of producing disease in all ani-
mals. As a rule, a pathogenic bacterium is limited in its activities
to a small number of hosts; bacteria pathogenic for animals are not
pathogenic for plants; very few of the bacteria that can infect
mammals are also pathogenic for eold-blooded animals; some are
even restricted to the tissues of a single species.

The power of a microbe to produce morbid effects or changes
depends, therefore, primarily, upon the nature of the host. A
bacterium that is pathogenie for one animal species may be harmless
for another: the typhoid bacillus, when swallowed by man, can
produce a serious, often mortal, illness; when fed to cattle, it pro-
duces no effect. As a consequence, no sharp line can be drawn
between pathogenic and non-pathogenic micro-organisms. One of
the common, typically saprophytie bacteria, the ubiquitous hay
bacillus (B. subtilis), which is found almost universally in air, water,
and soil, is capable of giving rise to a serious affection of the
human eye.

The ability of a miero-organism to produce disease in individuals
of a particular race or species may be modified by a number of
general factors that predispose individuals to infection or endow
them with resistance. The conditions that determine whether a
microbe can bring about infection or not are very various. A few
illustrations will suffice. The age of an individual is often of great
importance. Experiments have shown that while the adults of
certain animal species are resistant to inoculation with a particular
germ, the young of the same species will succumb. The existence in
the human race of a number of * children’s diseases,” which are not
only more common, but more fatal, among children than among
adults, is evidence to the same effect.* Hunger and thirst predis-
pose to infection. If pigeons are kept on a low diet before, or just
after, inoculation with anthrax bacilli, they die, although under
normal conditions these birds are naturally immune to anthrax.
Animals deprived of water also lose their natural resistance to

* In a series of nearly 70,000 cases of scarlet fever admitted to the Hospitals
of the Metropolitan Asylum Board in London the case mortality per cent.
was 18.2 among those under five years of age and 2.8 among those from twenty
to twenty-five years.
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anthrax inoculation. An unsuitable diet, as the substitution of
bread and milk for meat, has the same effect. Excessive jatigue
will predispose to infection. The normal white rat is highly in-
susceptible to anthrax, but when exhausted by work in a treadmill,
becomes very susceptible. Exposure to extremes of heat and cold is
well known to depress resistance to infeetion. Thisis shown by
one of Pasteur’s classic experiments, in which he rendered the
naturally resistant hen susceptible to anthrax by chilling it with cold
water. The prevalence of pneumonia in man in those months of the
yvear when the influence of cold upon the human organism is most
felt affords another illustration of the same fact. Frogs, which are
immune to anthrax at ordinary room temperature, quickly die after
anthrax inoculation if placed at a temperature of 25° to 35° C, Wast-
ing diseases, like diabetes and typhoid fever, favor a secondary in-
vasion of the tissues by micro-organisms, especially those belonging
to the group of pyogenic bacteria. In diseases such as searlet fever
- and smallpox the weakening of resistance due to the primary
specifie infectious agent is followed by the invasion of the tissues by
streptococei, which are responsible for a large part of the injury
done to the organism in these maladies.

In addition to these and other predisposing factors which affect
the general resistance of the whole organism there are causes which
influence the resistance of particular organs or groups of tissues.
Loeal susceptibility may be inereased by defeetive blood-supply,
by rapid growth, by mechanical injury or trauma, and other factors,
When streptocoeci are injected into the circulation of a perfectly
healthy rabbit, they rarely settle on the valves of the heart, but if
the aortie eusps of the heart have been injured prior to infection, the
cocei gain a foothold there and set up an ulcerative endocarditis.
The special liability of the bones and joints of young children to
tuberculosis and suppurative affections is a well-known instance of
loeal susceptibility. The organ or tissue that offers temporarily or
constantly the point of least resistance is in each case the one to be
attacked. The great danger of infection of the human mother at
childbirth, unless every care be taken to prevent the access of bac-
teria to the uterine cavity, typifies the peculiar peril that arises
when there is a concurrence of a severe loecal injury and a generally
weakened condition.
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Not only do the nature and state of the individual play an impor-
tant part in determining the occurrence of infection, but the con-
ditions influencing the infecting agent itself are also of great im-
portance. The virulence of a micro-organism, that is, its power of
erowing in the body and producing injury, varies just as does the
susceptibility of the host. Certain races or strains of bacteria oceur
that are characterized by a high or low degree of virulence, and
there is no doubt that the varying severity of cases of infectious
disease is due in part to differences in the virulence of the attacking
germ as well as to differences in the resistance of individual hosts.
Experimentally, for example, there is a great difference in pathogen-
icity for guinea-pigs between various strains of diphtheria baeilli
isolated from diphtheritic throats. The virulence of a microbe for
a particular species may usually be increased by suecessive animal
inoculations, the mierobe recovered from one animal being inoculated
into another, and so on. The inereased virulence acquired as a result
of this method of animal passage does not necessarily obtain in the
case of other host species. The virulence of streptococei for mice
is increased by passage through the bodies of these animals, but at
the same time the virulence for rabbits is diminished. Virulence
may be decreased in a variety of ways, as, for example, by growth at
high temperature or in the presence of antiseptics. A strain that
has been weakened in virulence is said to be atfenuafed. An at-
tenuated culture may be vigorous in other respects. Tubercle
bacilli when first isolated from the mammalian body are usually
quite virulent, but grow feebly on artificial culture-media; after
some months’ cultivation they grow more luxuriantly, but have
lost in virulence. ]

The production of infection depends likewise upon the number
of baeteria introduced into the body. An organism will often cope
successfully with a small number of bacteria when the ingress of a
larger number will cause a fatal disease. Ordinarily the injection
into an animal like a rabbit of a few dozen or a few hundred
bacteria has little effect, although it is said that inoculation with a
single virulent anthrax bacillus will prove fatal to the very sus-
ceptible white mouse. In every case the number of bacteria neces-
sary to produce infection will depend both upon the virulence of the
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culture and upon the racial and individual susceptibility of the
subject,

Routes of Infection.—The particular tissues with which a germ
first comes in contact, that is, its path of entrance into the body,
often exercises a decisive influence upon the production of infection.
Injection directly into the ecirculation (intravenously) will many
times bring about infection when subcutaneous injection of the
same number and kind of germs fails to produce any effect. Some
pathogenic bacteria may be taken into the alimentary tract with
impunity, while a fatal infection will ensue if inoculation be made
into the peritoneum; typhoid bacilli, for example, may be fed to an
adult rabbit in large numbers without eausing death or even serious
illness, whereas intraperitoneal inoculation provokes a fatal infection.
On the other hand, there is evidence that the spirillum of Asiatie
cholera is much more pathogenie for man when swallowed than
~ when introduced under the skin. Organs or tissues of weak vitality
constitute a break in the line of resistanee through which various
bacteria may find their way: thus the human tonsils are a much-
used portal of entry for pathogenic microbes. Vulnerability to a
particular channel of infection may be ineurred by mechanical in-
jury or deranged metabolism: gastric disorders which alter the
normal acidity of the stomach juices seem to predispose to infection
with Asiatie cholera; inhalation of dust-partieles in themselves not
infectious is well known to increase the liability to pulmonary
tuberculosis.’

Bacteremia and Toxemia.—A distinetion, in some respects
important, is made between those infections in which bacteria be-
come widely disseminated throughout the body and those in which
they remain quite strietly localized. In the latter case general or
constitutional symptoms may be produced through the action of
soluble poisons which are absorbed at the point of their production
and carried to distant organs. Diphtheria and tetanus are pri-
marily toxemiec diseases. In tetanus the bacilli are not found in the
blood or internal organs; the local reaction eaused by their presence
is itself slight and often insignificant, and lesions have not been
detected at the site of inoculation, but the toxin makes its way .
slowly along the nerves to the central nervous system, where it
produces profound disturbance.
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At the opposite pole from this condition are those general in-
vasions of the organism in which bacteria multiply abundantly in
the blood or tissues and are sometimes found on autopsy in large
numbers in the eapillaries in various organs. This condition of -
bacteremia is fairly common; in man bacteria are present in the
blood not only in the so-called “ blood-poisoning” maladies, but
in diseases like pneumonia and typhoid fever. In some infections
of lower animals, such as anthrax, the multiplication of baeteria
in the body is the most prominent feature of the disease. It is
possible, however, that miero-organisms multiplying in the body
may produce poisons even though no poisons can be detected in
artificial cultures outside of the body, and hence that in effect
no striet dividing-line separates bacteremia from toxemia. Both
multiplication and poison-produetion accompany infection as a
rule, sometimes one factor being more prominent, sometimes the
other.

The distribution of miero-organisms throughout the body wvaries
greatly. In the toxemic diseases like diphtheria and tetanus the
hacteria remain, as a rule, strictly loealized. In others they are at
first localized, but spread by continuous extension, as in erysipelas
and many other infections. In still others they are borne in the
lymph or blood-stream to a greater or less distance from the primary
focus, and set up a secondary focus, or secondary foei, it may be in
remote organs, This is the so-called spread by metastasis. Certain
micro-organisms for unknown reasons settle in particular organs
much more frequently than in others.

The term pyemia, or metastatie infection, is ecommonly applied to
a condition in which secondary foei of suppuration appear, and mul-
tiple abscesses are formed in the internal organs and generally
throughout the body. Septicemia, in the bacteriologic use of the
term, refers to the presence or multiplication of micro-organisms
within the blood; in this state the bacteria are found abundantly in
the capillaries. It is here used in the same sense as bacteremia.
The terms bacteremia and septicemia are applied by some writers
solely to the presence of bacteria in the blood; as used by others
‘they are limited to conditions showing multiplication of bacteria
in the blood. There is no general agreement in respect to the latter
restriction. The term septicemia is also used in surgery more
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narrowly as applying to a condition in which the bacteria of sup-
puration invade the blood, but no abscesses are produced in the
organs. Broadly speaking, pyemia is a particular variety or
manifestation of bacteremia.

Mixed and Secondary Infections.—Physicians have long been
aware that an individual might be attacked at one time by two or
more infeetions. Diphtheria and scarlet fever, syphilis and gonor-
rhea, pneumonia (due to the pneumococeus) and typhoid fever, are
combinations by no means unknown. It is possible that in some
cases the different infections may originate nearly simultaneously,
but such an oceurrence is probably not common. Usually one in-
fection precedes another, and the second is very frequently a more
or less direct outcome of the first. Infection with certain micro-
organisms predisposes to secondary infection with the pneumo-
coceus; acute tuberculosis may develop during an attack of measles;
streptocoeeus invasion of the lung tissues iz common in pulmonary
‘tuberculosis. Certain micro-organisms that can cause primary
infeetion are also frequently found as secondary invaders. Pneu-
mocoecl and streptococel are preéminent in this respect, and show
a remarkable capacity for invading the body in the wake of other
Micro-organisms.,

Mixed infections of a somewhat different sort are those in which
the principal pathogenic organism is accompanied by auxiliary
microbes, or, as some French bacteriologists have called them,
accomplices, which by their presence influence the virulence of the
chief infectious agent without themselves taking any very active
part in the infectious process. The aérobic bacilli which usually
enter a wound along with tetanus bacilli probably facilitate the
growth of the latter and thus aid in producing infection. In other
cases two or more pathogenic organisms may aid one another in
weakening or breaking down the natural defenses. Diphtheria
baeilli in the throat are often accompanied by streptocoecel, and
there is reason to believe that such a mixed infeetion is more severe
than an infeetion with diphtheria bacilli alone.

The External Defenses of the Organism.—7The Skin.—As a
rule, the unbroken skin presents an impassable barrier to micro-
organisms. Virulent bacteria, especially staphylococei and strepto-
eocci, are found normally on the skin or between the superficial
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horny cells, but are not able ordinarily to penetrate deep into the
tissues unless favored by some cutaneous injury, such as a wound or
burn. The duets of the sweat-glands and the hair-follicles are,
however, vulnerable points, and experiments have shown that it is
possible for germs to make their way to the underlying tissues
through these channels. Such an entrance through the uninjured
skin must be regarded as exceptional. Even if the outer defenses
are passed, the subeutaneous connective tissues present obstacles to
further invasion, perhaps partly mechanically through rapid forma-
tion of new connective tissue, partly through the bactericidal prop-
erties of the lvmph and the action of phagocytes.

The Mucous Membranes.—While the moist condition of mucous
surfaces is favorable to baeterial multiplication, the constant re-
moval of the layer of mucus tends to prevent bacteria from gaining
permanent lodgment. The mucus itself has only a slight bac-
tericidal power. The conjunctiva is protected both by irrigation
with the mildly germicidal lacrimal seeretion and by the action of
the evelashes and eyelids, although these mechanical defenses are
frequently overcome by various pathogenic bacteria. The mucous
membranes of the nasal cavities are protected to some extent
against bacteria by the tortuous nature of the nasal passages, by
the mechanical barriers interposed by the hairs, and also by the
action of the ciliated epithelium, which sweeps mueus and dust
particles outward. Nevertheless, streptocoeci and other organisms
frequently use this path of entrance. The healthy human mouth
presents a highly favorable environment for the development of
bacteria, and it is not surprising that upward of fifty kinds of
bacteria have been described as oecurring in this locality. Pneu-
mococel and streptococel are probably constantly present, and in-
fluenza and diphtheria bacilli are also often found in the mouth
of persons apparently in perfeet health, but who have been more
or less intimately associated with patients or convalescents. The
saliva is feebly germicidal, and when seereted in normal quantities,
serves as a wash.

The Lungs.—The dust particles in a current of air cling to the
moist surfaces with which they come in contact, and in this way air
becomes largely freed from baeteria in the upper respiratory pas-
sages. Those bacteria that pass the larynx are eaught in the
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bronchi, and few reach the ultimate ramifications of the bronchioles.
Both the fixed alveolar epithelial cells and the wandering leukoeytes
that enter the bronchioles and saes have been observed to take up
bacteria. Under some conditions, the nature of which is not clearly
understood, the natural defenses of the lungs are broken down and
infection of these organs appears to oceur rather readily.

The Stomach.—The normal gastrie juice is decidedly unfavorable
to the growth of bacteria, a property due to the hydrochloric acid it
contains, and this is doubtless the reason that the stomach is so
free from infection. The action of the gastrie juice does not, how-
ever, prevent the frequent ingress of swallowed pathogenic germs
into the intestines, perhaps because such germs are frequently em-
bedded in solid particles which protect them from the baectericidal
action of the stomach fluid, perhaps because the gastric juice re-
strains development but does not kill. Tetanus and diphtheria
toxins are rendered harmless by gastric juice, but a toxin sometimes
found in tainted meat (produced by B. botulinus, p. 345) is not
affected.

The Intestines.—The intestinal secretions have, on the whole,
little restraining power over bacterial multiplication, although the
bile has feeble germicidal properties. The peristaltic movements of
the stomach and intestines also afford, it is thought, some degree of
protection. The number of bacteria in the intestinal contents in-
creases from the duodenum onward to the colon. Baeteria of more
or less pathogenic power, such as streptococei and B. coli, oceur in
the healthy intestinal tract, often in large numbers. As long as the
tissues are perfectly normal these organisms are quite harmless, but,
like the pathogenie bacteria of the mouth and upper air-passages,
their invasive power is increased by a diminution in the resistance
of the tissues with which they are in contact. The intestinal dis-
turbances in children under the influence of continued hot weather
may be in large part due to the normal bacterial inhabitants of the
intestines, rather than to any specific infection. On the other hand,
well-known pathogenic bacteria like the typhoid bacillus and the
cholera spirillum may exist in the human intestine, possibly multiply
there to a limited degree, and be ejected in the feces without having
induced disease.

The Transmission of Infection.—Some infectious diseases are
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caused by microbes which are naturally saprophytic and which
enter the animal body acecidentally, as it were, rather than from
choice of it as a culture-medium. Such, for example, seems to be
the case with tetanus, the bacillus of which is not a parasite by eon-
vietion, but lives habitually as a saprophyte in soil and in the in-
testinal econtents of the horse and some other animals. The other
pathogenic anaérobes of the soil are also essentially saprophytic.
As a rule, however, those bacteria that produce disease are more or
less closely adapted to a parasitic existence, and pass from one
animal body to another with only a relatively brief sojourn in the
external world. The large majority of the bacteria causing in-
fection in man are able, under ordinary eonditions, to survive only
for a very limited period apart from the human body. Hence the
transmission of infeetion is in most eases dependent upon contact,
either directly with an infected individual, or with material recently
cast off from the body of such a person. Important differences
exist in the resistance of pathogenic micro-organisms to the influ-
ences of external nature. The influenza bacillus and the gonococeus,
for example, die off very quickly; the pneumocoecus and the cholera
spirillum are somewhat more resistant; while the tuberele bacillus
and the typhoid baecillus are fairly hardy. Multiplication of patho-
genie germs outside of the animal body, barring the soil anaérobes,
occurs only in a few cases, and under rather exceptional eireum-
stances, as possibly when diphtheria or typhoid bacilli find their
way into milk,

From the point of view of preventive medicine it is especially
important to note that pathogenic bacteria may exist for a long
time in or upon the body of well individuals. After recovery from
typhoid fever typhoid bacilli may continue to be discharged from
the bowel or bladder for months or even years. Similarly, conval-
escents from diphtheria may harbor virulent diphtheria bacilli in
their throats for long periods. It is also true that persons who have
been in eontact with infected individuals, although themselves
remaining healthy, may be the carriers of disease germs. Influ-
enza bacilli may be thus transmitted from a patient to another
individual through the medium of a third person who is himself
unaffected. There is reason to believe that the living carrier of dis-
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ease germs as a prineipal or an intermediary is a highly potent
factor in disseminating disease.

" The path by which a disease germ leaves the body is influential
in determining the route of infection. The typhoid germ frequently
passes into sewers, makes its more or less devious way into a river,
lake, or spring, and is perhaps eventually swallowed at a distant
point. Diphtheria bacilli may be left by a child’s lips on the edge
of the school drinking-cup and so eause the infection of a play-
mate. Tubercle bacilli may be inhaled in the infectious droplets
discharged by a consumptive in the act of sneezing or coughing.
The infections of known origin, for the most part, are cauzed by
germs thrown off from the mouth, from the intestines, from cuta-
neous sores, and in the genito-urinary secretions. In certain infec-
tions, not vet elucidated, such as the *‘ acute exanthemata” (scarlet
fever, measles, ete.), the infectious agent is perhaps contained in
scaled-off epithelial cells as well as in discharges from the throat and
. nose,
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cation in one species of animal meets with unsuitable conditions
in another species. Profound metabolie differences, such as those
between warm-blooded and cold-blooded animals, are in themselves
sufficient to account for much so-called natural immunity. In
general, invertebrates are not attacked by parasites that invade
the vertebrate body, and the lower vertebrates (frogs, fish, reptiles)
are not affected by inoculation with the various bacteria patho-
genic for birds and mammals. This is quite in keeping with the
well-known physiologic and toxicologie differences between the
various animal groups. Strychnin, which is so powerful a poison
for vertebrate animals, has little effect upon protozoa, and quinin
may be fatal to the malarial parasite at the same time that it
exerts but a slight and temporary effect upon the human organ-
ism. The influence of body temperature upon infection is shown
in the ecase of tetanus: many cold-blooded animals not normally
susceptible to tetanus succumb to infection with the tetanus
~ bacillus when they are kept in a warm chamber., Flesh-eating
animals, as a rule, are less prone to infection than herbivora,
perhaps because of the long-continued elimination of suseeptible
strains through the action of natural selection, more probably
beeause of the difference in metabolism accompanying the difference
in food.

Closely related races and species of animals sometimes display,
one a natural immunity, another a natural susceptibility, to the
same infecting agent. Field-mice are highly susceptible to glanders,
house-mice almost completely immune. Jersey cows are more liable
to tuberculosis than Holsteins, and Yorkshire swine are more resis-
tant to swine erysipelas than some other porcine breeds. In man
the immunity against particular diseases once thought to be pos-
sessed by certain races iz not as marked as formerly supposed.
No race of mankind seems to possess absolute immunity toward
any human disease; in fact, such differences as are observed seem
to be due very largely to differences in the opportunities for infection
such as arise from diverse habits and pursuits.

Individual differences in the natural power of resistance in
man come to light in the experience of every physician. Members
of the same family exposed at the same time to the same possi-
bility of infection show greatly varying susceptibilities. Variations
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in degree ot resistance to the suppurative infection of slight
wounds and seratches are especially common and well known. It
is impossible to eliminate in every case of natural infection the
~ source of error due to differences in the amount and virulence of the
infecting agent, but enough is known to indicate plainly the existence
of individual suseeptibility. In an epidemic of typhoid fever, due
to an inferted public water-supply, where it is fair to suppose that
the specific microbe is distributed with some degree of uniformity
through eonsiderable bodies of water, it is well established that not
all water-drinkers, even in the same household, contract the disease.
Such differences in the degree of individual susceptibility can hardly
be referred to any deep-seated metabolic unlikeness. There are, in
fact, noteworthy fluctuations in predisposition in one and the same
individual. The influence of apparently slight faetors, such as
a change in the weather or some degree of fatigue, is sufficient to
turn the scale and transform a condition of resistance into one of
susceptibility. In laboratory animals used for experimental work
individual variations in resistance also oceur, but are not so well
marked as in man, and apparently oscillate within narrower
limits.

The causes of natural individual immunity are unquestionably
various, some of the factors involved being more or less under con-
trol, and therefore influenced by the observances of personal hy-
giene, while others are dependent on qualities so fundamental that
they are hardly likely to be altered during the lifetime of the
individual.

Instances of the close adaptation of particular parasites to
particular hosts are common throughout the whole animal and
plant kingdoms, and should not be confounded with the phenomena
of natural individual immunity. A close mutual relation, for ex-
ample, seems to subsist between the leprosy bacillus and the human
organism, and it is as little enlightening to refer the non-infeeti-
bility of the dog or the rabbit with the leprosy bacillus to “immunity”
as it would be to deelare that Indian corn and the tobacco plant are
“ immune " to Tilletia tritici, the parasite of wheat smut. The rela-
tively few instances among bacteria of abjeet dependence of a single
species of parasite upon a single species of host is & fact doubtless
connected with the wide range of bacterial conditions of life. It is
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evident that the exemption of certain races or species of animals
from the attacks of certain species of parasites is not necessarily
referable to the same cause or set of causes that bring about the
varying degrees of resistance evinced by individuals of the same
species. The problems of natural individual immunity are closely
connected in some ways with those of acquired immunity,

AcQUIRED IMMUNITY

Acquired immunity may be either active or passive.

Active immunity is due to the direct participation of the
organism concerned, and depends upon increased cell-activity.
Sueh immunity is gained at the expense and often at the risk of the
organism acquiring it. Immunity fo smallpox may be obtained
either by an attack of the disease due to natural exposure, or by
deliberate inoculation of dried material from pustules into the nos-
trils, according to a common practice in England in the eighteenth
century, introduced from the Orient by Lady Mary Wortley
Montague, or by the now common method of vaeccination with
cowpox virus. In each and every ecase this immunity depends
upon a specific reaction on the part of the cells and tissues of the
individual organism.

Passive immunity, on the other hand, involves no active
generation of protective substances by the immunized animal.
The latter is simply the recipient of substances formed in the body
of another animal and transferred to the individual to be protected.
In the preparation of diphtheria antitoxin the horse is actively
immunized by the injection of inereasing doses of diphtheria toxin,
and the blood of the horse comes to contain a protective substance,
the so-called diphtheria antitoxin. When a child has been exposed
to diphtheria, it is the custom to inject about 1000 units of
diphtheria antitoxin (p.248) into the body of the child for pro-
tective purposes. The child is then measurably assured against an
attack of diphtheria, and is said to have been immunized passively,
since its own tissues have in no way shared in the manufacture of the
protective substance. Passive immunity may be quickly acquired,
but is also much less permanent than active immunity, and tends
quickly to disappear.

Active immunity may be brought about in a number of ways:
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(a) By the incorporation into the animal body of living, fully
virulent bacteria; |

(b) By the incorporation of living bacteria of diminished viru-
lence;

(¢) By the incorporation of dead baeteria;

(d) By the incorporation of bacterial products secreted or ex-
creted during the life of the microbes;

(¢) By the incorporation of bacterial produets arising from
the disintegration of the cells after death;

(fy By the incorporation of certain micro-organisms or their
products which are not associated in any way with the production
of the specific affection.

These may be briefly illustrated.

(@) Immunity produced by the introduction of living and viru-
lent baeteria is practically identical with the immunity that results
from an attack of disease after natural exposure. In experimentai
work the varyving faeility with which this mode of immunization ean
be effected is in part dependent upon the suseeptibility of the organ-
ism to the particular parasite. A very suseeptible animal ean be
immunized in this way only with great difficulty or not at all.
Barber* has shown that a single anthrax bacillus, 3.5 # long, can
initiate a fatal infeetion in a white mouse. The suceessful use of
living cultures involves the administration first of small non-fatal
doses which are increased as rapidly as possible, as indicated by the
intensity of the reaction. The relative insusceptibility to infection
by some particular channel has been also taken advantage of, as in
Ferran’s method, now superseded, for protective vaccination of man
against Asiatic cholera. In this disease natural infeetion oceurs
by way of the alimentary tract, and the subeutaneous injection of
living virulent cholera spirilla is followed by a loeal reaction and
some fever, but by no general infection or serious consequences.
Up to the present this is the only instance in which virulent eul-
tures have been used in the immunization of man, unless, indeed,
the old practice of variolation advocated by Lady Montague is to
be reckoned here. This is thought to be the principle of the empirie
immunization of animals against cattle-plaguet (Rinderpest).

* Barber: Jour. Infect. Dis., 1909, 6, p. 634.

T Gall taken from animals dying of cattle plague is used for immunization;
the parasite concerned is unknown.



IMMUNITY 135

(b) Bacteria may be attenuated, that is, have their virulence
diminished, in a variety of ways: (1) by growth at temperatures
above the optimum, this being the usual manner of preparation of
anthrax vaceines (p. 234); (2) by growth in the presence of weak
antisepties (e. g., the anthrax baecillus in a medium containing
earbolie acid 1:600); (3) by passage through the body of an animal
of a different species, it being shown, for example, by Pasteur
that the organism of swine plague, when passed through the bodies
of rabbits, gained in virulence for rabbits but lost in virulence for
swine. Pathogenic organisms may also be attenuated by growth
on ordinary culture-media (pneumococcus), by continued eultivation
in the presence of oxvgen (bacillus of chicken cholera), by desic-
cation (virus of hydrophobia), and in other ways.

The injection of attenuated cultures may be sometimes followed,
as in vaccination against anthrax, by injection of fully virulent

cultures, more effective protection being secured in this way than

by the use of attenuated cultures alone. The classic example of
immunization by attenuated cultures is afforded by the ordinary
procedure of vaccination against smallpox. Although the specific
parasite has not yet been isolated, there is no doubt that the cowpox
virus, the vaceine, contains an attenuated form of the smallpox para-
site, weakened in virulence by passage through the body of the heifer.

(¢) Immunization with dead bacteria has the merit of avoiding
all danger of infection and at the same time of introducing into the
body the substances most intimately connected with the bacterial
cell and its activities. In experimental work upon animals the
method has found wide application. Vaceination of man against
three important diseases—Asiatic cholera, typhoid fever, and
plague—has likewise been carried out with dead cultures. The
particular methods used and results obtained are described else-
where (pp.301, 416). The use of dead bacterial cells for immuni-
zation has been most advantageous in such infeetions as those
named above, in which no powerful soluble toxin is secreted by the
cell in cultures, the toxic elements being seemingly bound firmly
to the cell-substance. When a high degree of immunity is sought
after, as in some kinds of experimental work, the injection of dead
bacteria may be followed by that of living attenuated cultures,
and finally by that of fully virulent ones.
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(d) The preparation of diphtheria antitoxin furnishes the best
studied instance of immunization by bacterial produets. Briefly
speaking, the method consists in injecting a horse subeutaneously
with small quantities of broth in which a toxin-producing strain
of B. diphtheriz has been growing, gradually increasing the doses.
The horse becomes immunized by this treatment, and is able, in a
few weeks, to withstand many times the originally fatal dose. This
immunity is due to, or at least usually accompanied by, the accumu-
lation of the specific antibody, the diphtheria antitoxin, in the blood
of the horse. It is evident that the broth in which the diphtheria
baeillus has been cultivated, usually for about one week, must con-
tain a variety of substances secreted or excreted by the living
bacterial cell, but the substance to which the immunization is
usually attributed is the specific diphtheria toxin.

Antibodies may be developed by feeding an animal with specific
poisons as well as by injection. Ehrlich has immunized mice
against ricin and abrin by feeding these animals with gradually
increasing quantities of the poison until they have become able
to resist several hundred times the lethal dose. Some degree of
immunity has been achieved by feeding animals also with baecterial
toxins or with dead cultures, but the results obtained in this way
are less rapid and satisfactory than those reached by injection.

(¢) The use of disintegrated products of the bacterial cell in
immunization cannot be readily separated in practice from the two
methods just considered. The use of dead bacteria must entail
always the presence of some substances derived from the breaking
up of the cells, and the use of broth in which bacteria have grown
also involves the introduction of substances originating from dead
as well as from living bacteria. At the same time some investi-
gators (e. g., Conradi) have advoeated the employment of material
obtained by the self-digestion of bacterial cultures (autolysis),
and have considered that, owing to the speedier absorption of the
physiologically active substances, more satisfactory results were
secured by this method.

Successful results have also been reported by Macfadyen,®
who, following the work of Buchner on the extraction of enzymes
from yeast-cells by pressure, triturated washed agar cultures of

* Macfadyen: Centralbl. f. Baet., 1901, 30, p. 753; 1903, 34, pp. 616, 765.
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the typhoid bacillus at the temperature of liquid air, —180° to
—190° C. At this temperature the cells are brittle and disintegrate
readily without admixture with sand or other triturating substances.
The resulting cell-juices were found to be highly toxic and to pos-
sess strong immunizing properties.

(f) Some degree of immunity toward specific infections may be
developed by the use of certain kinds of bacteria or baeterial prod-
ucts entirely foreign to the infection in question. In this cate-
gory, for example, is the undoubted protection conferred against
anthrax by the injection of B. prodigiosus or B. pvoeyaneus or
their produects. Similar instances are the use of veast in certain
pyogenic affections, and, perhaps, the retarding effect of strepto-
coceus infection upon certain kinds of tumors. The increased
resistance of the organism so treated is sometimes ascribed to the
‘‘antagonism’’ of the bacteria or their products, but the phenomenon
may be aseribed with greater plausibility to the increased leukoeyto-
~ sis resulting from the injection of protein substances. (See p. 155.)

It is not always possible in practice to separate sharply the
modes of immunization above outlined. The injection of an animal
with a bacterial culture entails simultaneous injection with living
bacterial cells, dead cells, secretion products, and produets of disin-
tegration, and it is evident that the results obtained may be due
to the concurrent action of several factors. As already pointed
. out, however, the methods in ordinary use involve the predomin-
ance of one or another constituent.

A combination of passive and active immunization has been
found advantageous in certain cases, a potent protective serum
being used to pave the way for the introduction of living virulent
cultures or powerful toxins. The injection of protective sera along
with the more dangerous excitants of active immunity has been used
with more or less success in swine ervsipelas, cattle plague, foot-
and-mouth disease, and anthrax.

Tue MECHANISM OF IMMUNITY
(a) The Antitoxins.—It was first shown by Behring and
Kitasato * in 1890 that the immunity of rabbits and mice which
had been artificially immunized against tetanus was associated
* Behring and Kitasato: Deut. med. Wochenschr,, 1890, 16, p. 1113,
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with the ability of the cell-free blood to render harmless the toxie
substanees produced by the tetanus bacillus. The same investiga-
tors bestowed the name antitoxin upon that substanece in the serum
which thus nullified the toxin. The action of the antitoxin is
manifested in the following direet way: If a fatal or many times fatal
dose of toxin be mixed with an appropriate quantity of antitoxic
serum in a flask, the injection of the mixture into a susceptible
animal is not only not fatal, but wholly without injurious effect;
the action of the toxin is wholly suspended because of its mixture
with the serum taken from the immunized animal. This phe-
nomenon does not depend upon the total destruction of the toxin
by the antitoxin, as is shown by heating the mixture to a point
sufficient to destroy the antitoxin, when it is found that the toxin
remains after the heating and is able to exert its toxic power.*
In other words, a more or less loose chemical combination of
antitoxin and toxin takes place in the mixture, the poisonous
properties of the toxin being held in abeyance as long as the union
exists. The purely chemical nature of the relation of toxin and
antitoxin has been clearly shown, especially by the work of
Ehrlich. The rate of reaction between toxin and antitoxin, like
other chemical reactions, is dependent upon temperature, con-
centration, character of medium in which the reaction oceurs, and
similar factors. The avidity of an antitoxin for its corresponding
toxin differs in different cases; the union between tetanus toxin
and antitoxin, for example, taking place less rapidly than that
between diphtheria toxin and antitoxin. The precise proportion
in which combinations oceur involves some important questions,
and is discussed elsewhere.

Little is clearly known about the chemieal character of the anti-
toxins. In general, they are, like the toxins, unstable, complex
bodies, readily destroyed by relatively low temperatures (65° C. to
75° C.), and losing strength steadily under exposure to light and air.
They are very sensitive to the action of acids. They are best
preserved for standards (Ehrlich) by evaporation of the sera to
dryness in a vacuum at low temperature, and subsequent storage

* The method of destroying the antitoxin by heat is applicable only in

certain eases, ¢, g., pyocyaneus antitoxin; in many cases the antitoxin resists
heat better than the toxin.
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in vacuo in the dark at a low temperature and with protection from
dampness. Attempts to obtain the antitoxin from milk or sera
in purer or more concentrated form have been numerous. Treat-
ment of immune sera with ammonium sulfate, magnesium sulfate,
and other salts has shown that the antitoxins are precipitated with
and are more closely bound to the globulins * than to the other
protein bodies in sera, but whether the antitoxins are themselves
to be ranked as proteins is uncertain. Several facts, such as non-
digestibility with trypsin, seem to oppose their protein nature.
Proscher,t by the use of trypsin, has been able to obtain a diph-
theria antitoxin that yields none of the ordinary protein reactions;
Jacoby 1 also has obtained an antiricin that responds to none
of the protein tests.

Standardization of Antitoxins.—The strength of a given anti-
toxie serum, that is, its value as a neutralizing agent for the cor-
responding toxin, is a matter of considerable practical importance.
It might be supposed that it would be a relatively simple proced-
ure to determine the fatal dose of diphtheria toxin for a guinea-
pig, for example, and then the amount of serum necessary to neutra-
lize this, so arriving at the antitoxin content of the serum. Un-
fortunately, the conditions are more complex. Ehrlich found when
different diphtheria toxins were used, or when the same toxin
was tested at different periods, that a unit quantity of a given serum
did not neutralize an equivalent number of fatal doses. The
number of fatal doses that could be rendered harmless by equal
amounts of the same antitoxic serum might vary within such wide
limits as 30 to 130. In other words, the combining power of a
given toxin for a given antitoxin is not an aceurate measure of its
toxic qualities. Since, however, the combining power itself re-
mains constant within narrow limits, it is possible to establish an
arbitrary standard unit upon which the relative strength of all
antitoxie sera can be based. Such a standard antitoxin was first
prepared by Ehrlich, and is preserved by him with all preeaution
against possible deterioration. A standard antitoxin serum based

# In some animals the antitoxins are found in the euglobulin fraction, in
others in the pseudoglobulin.

T Prischer: “Patentanmeldung,” 1902, 6, p. 20.

t Jacoby: Hofmeister's Beitriige, 1002, 2, p. 535.



140 GENERAL BACTERIOLOGY

on Ehrlich’s standard unit is also prepared in this country by the
Hygienic Laboratory of the Public Health and Marine Hospital
Service, and is distributed every two months to the licensed pro-
ducers of commercial serum in the United States. By the use of
this standard antitoxin it is possible to standardize a given toxin
for use in testing the strength of antitoxin sera. Briefly, the pro-
cedure consists in determining by animal reaction two limits (Lat.,
limes): (1) the amount of diphtheria toxin necessary to neutralize
exactly the standard unit: this is called the I, dose; (2) the amount
of toxin which, when mixed with one unit of standard antitoxin,
is just sufficient to kill in four days a guinea-pig of approximately
250 grams weight (this is designated as the L ; dose). When these
limits are established, it is then necessary to determine the smallest.
amount of the serum under test which, when mixed with the L ;
dose of toxin, will prevent the death of a guinea-pig of 250 grams
weilght for four full days. This amount of serum is considered to
contain one unit of diphtheria antitoxin.*

Origin of the Antitoxins.—The appearance of a toxin-neutral-
izing substance in the blood of an animal injected with toxin raises
a number of questions as to its source. The explanation naturally
suggested itself to some investigators that the antitoxin was a
“modified toxin” produced by transformation of the substance
injected. It is found, however, that the quantity of antitoxin de-
veloped in an animal is often much greater than the equivalent
of the toxin injected,f and, further, that the total antitoxin con-
tent of the body may continue to increase for some time after
toxin injections have ceased. The difference between the per-
manence of active immunity and the evanescent character of passive
immunity is also evidence against the modification theory, since, if
the antitoxin arose by transformation, there would be no apparent
reason why it should persist in the body longer in one case than

* Full details for making tests of the strength of a serum are given in the
Report of the Committee on Antitoxin and Immunizing Sera of the American
Public Health Association, Jour. Infect. Dis_, 1905, Suppl. No. 1, p. 284, and in

Bull. No. 21, Hyg. Lab. U. 8. Pub. Health and Mar. Hos. SBerv., Wash., 1905,
pp. 1-92,

T According to Knorr (Miinch. med. Wehnsehr., 1898, 45, p. 321), in the
horse one diphtheria toxin unit may produce 100,000 antitoxin units.



IMMUNITY 141

in the other. Such facts indieate that the antitoxin is probably
generated in the tissues.

The active share of the animal body in the production of anti-
toxin being thus made highly probable, it remained to ask whether
the antitoxin is a new substance hitherto unknown to the organism
producing it, or whether it is present in small quantities in the normal
organism and is simply increased in amount under the stimulation
of toxin injection. Observation has shown that diphtheria anti-
toxin is found in about 30 per eent. of normal horses (Meade Bolton.*
Cobbett 1) and in about 50 per cent. of children, and 83 per cent.
of adults, examined (Wassermann ). There is other evidence to
the same effect, that before any toxic injection has been made or
any attack of the specific disease has oceurred antitoxin and other
antibodies exist preformed in certain normal individuals. So far as
has been discovered, the antitoxic substances present in the body of
the normal organism are identical with those found in actively
- immunized animals (Wassermann §).

As already stated, antitoxins are found in the serum of
immunized animals. They may also oceur, though usually in much
smaller amount, in the milk. There is no reason to suppose that the
antitoxins are produced in the serum, although they are found there
in considerable abundance. Every physiologic consideration points
to the body-cells as the place of origin of the antitoxins. Kraus
and Lipschiitz | have, in fact, shown that the extract of normal
organs 18 richer in antitoxin against certain baeteriolysins than
is the serum of the same animal. The precise tissues or groups of
cells concerned in antitoxin production have not been certainly
identified, and it is not likely that they are the same in all cases.
There is some evidence, however, that in dogs the spleen is able
to fix a part of the antigen, and is probably the source of a con-
~siderable portion of the antibodies.  Asplenic dogs do not produce
hemolysins, hemagglutinins, or hemopsonins as rapidly or in as
high concentration as normal dogs. There is evidence that the

* Bolton, Meade: Jour. Exper. Med., 1896, 1, p. 543.

t Cobbett: Lancet, 1899, 2, p. 332.

t Wassermann: Ztschr. f. Hyg., 1805, 19, p. 408.

§ Kolle and Wassermann: Handbuch, 4, p. 485.

| Kraus and Lipschiitz: Ztschr. f. Hyg., 1904, 46, p. 49.

€ Luckhardt and Becht: Amer. Jour. of Physiol., 1911, 25, p. 257.
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liver is the seat of formation of certain antibodies (hemolysins,
precipiting). The blood itself seems at first to take no part
in the fixation of antigens, and the antibodies it contains are
contributed to it by the tissues, especially the blood-forming
organs, such as the spleen, lymph-glands, and bone-marrow.
From the foregoing statements it follows that when the anti-
toxins are once formed they do not reside in the body perma-
nently, but are continually leaving it in the various excretions and
secretions. This fact explains the difference in the permanence of
active and passive immunity; in the latter the antitoxin is excreted
from the body like other foreign substances, whereas in active im-
munity the supply of antitoxin is maintained above the normal
level through its continued manufacture by the body cells. 1t has
been shown that when a measured quantity of tetanus antitoxin
was injected into an animal, only one-third remained after six days
and no trace could be found after twenty-one days. While the dis-
appearance of antitoxin from the body is to be referred in part to
the loss in excretions, there is evidence also that some of the anti-
toxin is destroyed within the body itself. This seems to be espe-
cially the case when heterologous serum (from a different species of
animal) is used : the antitoxin introduced in serum obtained from an
individual of the same species (homologous serum) remains longer
in evidence. Thus the ordinary diphtheria antitoxin in horse
serum when injected into the body of a child is eliminated more
quickly than if injected into another horse. Varying results are
obtained with different antitoxins and different species of animals,
and the reasons for the disappearance of the antitoxin from the
blood eannot be said to be understood in all cases.

Immunity and Antitorin.—It is a pertinent question at this
point how far the occurrence of antitoxin in the blood is com-
petent to explain the resistance either of artificially immunized
animals or of those naturally immune. The neutralization of toxin
by antitoxin as demonstrated in test-tube experiments would lead
to the supposition that a similar reaction takes place in the living
body, and that when toxin is injected into the circulation of an
immunized animal, it is rendered inert by the antitoxin in the blood
in the same way as if mixed with antitoxin outside the body. In
the main this is doubtless true, as shown especially by the facts of
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passive immunity, but there are certain phenomena that emphasize
the difference between a test-tube and the living body. On grounds
that will be set forth presently, there is reason to believe that the
toxin has a chemical affinity for certain substances in the tissues as
well as for the antitoxin in the blood. Any protective action of
the antitoxin in the blood must, therefore, be due to its superior
avidity for the toxin. ‘Such superior avidity usually, but not
always, exists. Some instances are known where the toxie sub-
stance unites with the tissue-substance in preference to combining
with the antitoxin in the blood.* The affinity of the cell-substance
for the toxin is not a constant quality, but fluctuates under differ-
ent conditions, notably in the upper limits of active immunization.
The tissues of an animal treated with increasing doses of toxinsome-
times become hypersensitive to the action of the toxin and, in spite
of the fact that large quantities of antitoxin are ecirculating in the
blood, the toxin combines by preference with the tissue-substance
‘and causes the death of the animal. Tissue immunity is hence not
always parallel with antitoxin immunity, and the presence of anti-
toxin in the ecirculating blood cannot be the whole explanation of
the resistance shown by animals immunized against toxin, although
1t is the most evident and often the determining factor. Among
the most important antitoxins that have been produced may
be mentioned the diphtheria, tetanus, pvoevaneus, symptomatie
anthrax, and botulism antitoxins, the antitoxins for various bacterial
hemolysins, for snake, spider, and scorpion venoms, for the toxins
in the blood or seeretions of the eel, salamander, and toad, and for
the vegetable toxins, ricin, abrin, robin and erotin. An antibody
for a glucosid, the poisonous substance in poison-ivy, has been
produced by Ford.f

The antitoxin found in the blood of some naturally immune
animals may possibly be responsible in some degree for the resistance
of such animals, but such an explanation is certainly not valid for
all eases of natural immunity. The normal fowl exhibits almost
complete immunity to the tetanus toxin, but eontains no tetanus
antitoxin in its blood, the toxin circulating unchanged for days
after injection. The same is true of the alligator and some other

* Kraus and Lipschiitz: Ztschr. {. Hyg., 1904, 46, p. 49,
f Ford: Jour. Infect. Dis., 1907, 4, p. 541.
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cold-blooded animals (Metchnikoff). Immunity in these cases can
be in no wise referable to antitoxic influence.

(b) The Bactericidal Substances.—Animal blood can not only
neutralize bacterial toxins, but ean destroy bacteria themselves.
The systematic investigation of the germicidal power of normal
blood began with the work of Nuttall * in 1886. Nuttall showed,
among other things, that the blood of one kind of animal does not
have the same germicidal strength for all species of bacteria, and that
one and the same species of bacterium is affected differently by the
blood of different animals, Two other important facts were early
brought to light: (1) that the bactericidal power is lost when the
blood is heated to 56° for one-half hour (Nuttall); (2) that the cell-
free serum possesses the same power as the blood itself (Buehner).t
The germicidal power of the blood in vitre is often considerable, a
single drop of rabbit blood being able to destroy 53,700 anthrax
baeteria (Lubarsch).}

The natural immunity of the normal organism was believed by
Buchner and others to be due to the bactericidal activity of the
blood, and the name alexin (Gr., to ward off) was suggested
by Buchner for the substance that presumably exercised the pro-
tective influence.

It eannot be doubted that in eertain cases the alexin content
of the blood of an animal corresponds to the degree of immunity
toward a particular infection. Thus the serum of the white rat,
an animal that possesses a high natural resistance to anthrax, is
very strongly germicidal for the anthrax bacillus. Especially
significant is the increase in the germicidal power of the blood
which is observed in animals artificially immunized.

The serum of guinea-pigs immunized against Spir. metchnikovii
is strongly germicidal for this organism, while that of unimmunized
suinea-pigs 18 devoid of specific bactericidal quality. In other
eases, however, there is no relation between the resistance of an
animal and the baectericidal power of its serum. An animal may
be vaceinated against streptococeus infeetion, and indeed aecquire
a high degree of immunity toward streptococei, without coming

* Nuttall: Ztschr. f. Hyg., 1888, 4, p. 353.
t Buchner: Arch. f. Hyg., 1891, 10, p. 84.
{ Lubarsch: Centralbl. f. Bakt., 1889, 6, p. 451.
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to possess any specific germicidal quality in its blood. Normal
human serum is strongly bactericidal for the typhoid bacillug, and
yet this does not prevent the multiplication of this organism in
the blood during an attack of the disease.

The relations between induced immunity and the appearance
of bactericidal substances in the blood are best shown in certain
experimental infections of animals, notably those caused by the
cholera spirillum and the typhoid bacillus. It is elsewhere pointed
out (p. 399) that a specific choleraic poison or soluble toxin is not
readily demonstrable in eultures of the cholera spirillum in ordinary
culture-media. In correspondence with thisit is found that animals
immunized against the cholera spirillum eontain no antitoxin in their
blood. Immunity in such eases is associated with the antagonism
of the body-fluids to the living cholera spirillum rather than with
any toxin-neutralizing power, as shown by a series of convineing
experiments by Pfeiffer, Wassermann, and others. A guinea-pig
-immunized against many times the fatal dose of living cholera
vibrios is no more resistant than a normal guinea-pig to a fatal
dose of dead vibrios. The resistance to infection with the living
microbe is correlated with an inerease in the specifie bactericidal
power of the serum of the protected animal. Thus, normal goat
serum has only slight germicidal power for the cholera vibrio, 0.02
to 0.05 c.c. being needed to protect a guinea-pig against 2 mg.
of a virulent eulture, while 0.0001 c.c. of the serum of an immunized
goat will proteet against the same dose.

The fate of cholera spirilla introduced into the peritoneal eavity
of an immunized animal was first followed microscopieally by
Pfeiffer, who gave a detailed description of the process (Pfeiffer’s
phenomenon).* The vibrios first lose their motility, then swell
up and crumble into small fragments. These fragments finally
melt away and disappear, the process being likened to the dissolving
of wax candles in hot water. This lytie (Gr., to loose, dissolve)
action of the immune serum is manifested not only within the peri-
toneal cavity of an immunized animal, but also when the peritoneal
fluid or blood-serum is removed from the body and brought im-
mediately in contact with the bacteria in & test-tube.

Many experiments have since been made with bactericidal serum

* Pfeiffer and Issaeff: Ztschr. . Hyg., 1894, 17, p. 355.
10
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in vitro, and the course of events is found to be essentially identical
with that in the body. As inthe ease of the antitoxie sera, the anti-
bacterial sera are specific: a serum that is highly lytic for the
cholera vibrio may be without lytic effect on the typhoid bacillus.
An important extension of our knowledge concerning sera has been
effected by a study of the fate of red blood-corpuscles introduced
into the animal body. The injection of the blood of a mammal or
bird, for example, into the body of an animal of a different species
is always followed by the appearance of a hemolyzing substance
in the blood of the latter (Bordet *). This substance is specifie,
that is, it dissolves the hemoglobin out of the red corpuseles of the
species from which the injected blood was derived and is without,
or nearly without, aection upon the corpuscles of other animals,
although sometimes slightly affecting the blood of closely allied
gpecies. Thus the serum of a guinea-pig inoculated with rabbits’
blood becomes hemolytic for the red corpuscles of the rabbit.
Not only red blood-corpuscles, but other cells are eapable of giving
rise to antagonistic substances, or antibodies, when introduced
into the animal body. A great variety of cell-dissolving (eytolytic)
sera have been produced in this way. Injeetion of spermatozoa
leads to the appearanee, in the serum of the inoeulated animal, of a
spermatoxie substance that first renders the corresponding sperma-
tozoa motionless and then kills them. It has been shown that
such a serum resembles a hemolytie serum in all essential features.
The elaim has been made that sueh sera are histogenetically specific;
that the cells of the kidney, for example, produce a ‘““nephrotoxic”
serum, those of the liver *hepatotoxie” serum, and so on, but
speeificity of this kind has not been demonstrated. It is more
probable that a single type of cell can provoke the formation of
several antibodies which affect cells of different morphology, but
of somewhat similar chemical eonstitution.

The bacteriolytic and the hemolytie sera, therefore, fall under
the same general head, and the common eytolytic phenomenon
exhibited by the two kinds of sera are strikingly alike. A large
part of our knowledge of the eytolytic sera and antibodies in general
i due to the genius of Paul Ehrlich.f

* Bordet: Ann. de1'Inst. Past., 1898, 12, p. 688.

t Ehrlich, Paul: “Gesammelte Arbeiten zur Immunititsforschung,”
Berlin, 1904.
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_ The bactericidal sera possess the following important character-
istics. When heated to 55° C. for one-half hour, the bactericidal
power is lost; such sera are said to be inactivated. The addition
of normal serum to heated serum, however, restores the original
potency. The relation between normal sera and immune sera may
be exhibited in tabular form as follows:

GerMicinarn Powen

LT T T e - + 4+ +
Heated immune serum .......................... - -
Normal serum + heated immune serum. . ..., ... ... + + 4+

Heated normal serum + heated immune serum. . .. =

There is, therefore, no escape from the conclusion that the
bactericidal property is due to the action of two substances, one that
is present in the normal serum and in unheated immune serum, and
a second substance of superior heat-resistance which is present in
small quantities in normal serum and appears in much greater
amount in the serum of immunized animals as a consequence of
repeated inoculation with specific germs. The relation of these
two substances will be considered elsewhere in connection with the
receptor theory of Ehrlich.

An important factor in the production of antibacterial sera is
the virulence of the culture employed. The use of highly virulent
cultures conduces to the development of a particularly potent serum,
and in experimental work it has been found desirable to use freshly
isolated eultures of high virulence or eultures whose virulence has
been exalted by animal passage. As a preliminary to the use of
such hypervirulent cultures attenuated eultures may be employed.

The important question whether the bactericidal factor in normal
serumn (alexin) is identical with that in the blood of immunized ani-
mals is answered in the affirmative by most investigators, although
there are a few dissenting voices. Both bacteriolytic normal and
immune sera behave alike toward temperature and other influences,
can be reactivated by unheated normal serum, and possess the same
eomplex constitution. The lytic power of normal serum, like that
of immune serum, is due to the combined aetivity of two substances.

Differences between Antitoxic and Antibacterial Sera.—The funda-
mental distinetion between the antitoxic and the bacteriolytic
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sera has been set forth in the preceding pages. The antitoxic
sera act directly upon the poison secreted by the living bacterial
cell and neutralize its toxie property while the bacteriolytic sera
affect the bacteria themselves and destroy them or paralyze their
action. Since the antibacterial sera are without effeet upon the
formed toxin, they are mainly useful in practice as a means of
protecting against bacterial invasion, while the antitoxie sera (e.g.,
diphtheria) may be employed to eombat an infection already in
progress. Broadly speaking, the latter are curative, the former
protective. It must not be inferred that a given serum ecannot
be both antitoxic and bactericidal. If a horse be injected with
a diphtheria culture containing both diphtheria bacilli and diph-
theria toxin, the resulting serum will be not only antitoxie, but to
some extent bacteriolytic.

The baeteriolytic sera have not yet been applied very success-
fully to the treatment of disease in man. This has been a stum-
bling-block to the advance of serum-therapy because most of the
antisera hitherto produced are of this type. One reason for the
failure of the bacteriolytic sera in human therapeuties may be that
a serum of this sort produced in the body of one of the lower animals
does not find suitable conditions for its specific action in the body
of another species, such as man. There are facts which seem to sup-
port this view. The relative degree of suecess attained by vaccina-
tion with protective sera in several diseases is mentioned in connee-
tion with special topies. (See especially Asiatic Cholera, p. 416,
and Typhoid Fever, p. 301.)

(¢) The Phagocytes.—The brilliant researches of Metchnikoff *
have definitely established the active share in combating baecterial
invasion taken by certain white blood-corpuscles, denominated
phagoeytes, or “ devouring cells.” Metchnikoff’s views have been
sometimes referred fo as the phagoeyte “ theory,” but certain facts
regarding the protection afforded by phagoeytes are indubitably
demonstrated.

A significant distinction exists between a local reaction and a gen-
eral septicemic infection. The bacilli of chicken cholera injected
subeutaneously into a rabbit produce no loeal inflammation, but
multiply rapidly throughout the body, and the animal soon dies;

* Metchnikoff: “ Immunity,” Cambridge, 1905.
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the same bacilli injected into a guinea-pig provoke a strong local
inflammation, the bacilli remain localized at the point of intro-
duction, and spontaneous recovery takes place. In general, the
degree of resistance shown by the organism is measured by the in-.
tensity of the local inflammatory reaction.

Perhaps the most characteristic feature of the loeal reaction or
inflammation is the gathering of the leukoeytes at the afiected point,
and this has been shown by Metchnikoff to rest on a broad bio-
logic basis. In certain lower forms of animal life, such as the
ameba, food-particles are engulfed bodily and digested within the
cell. In multicellular animals, like sponges and jellv-fish, intra-
cellular digestion by ameboid cells also plays an important role, and
even in the higher metazoa both free-moving and sessile cells retain
the power of devouring foreign particles. In the course of the
metamorphosis of invertebrates, like the echinoderms and the
insects, and of vertebrates, such as the frog, it has been shown that
‘the superfluous tissues are picked apart by the leukoeytes bit by bit
and carried to another part of the organism. The absorption of
larval organs by the activity of the phagocytes is closely connected
with the behavior of the phagoeytes toward foreign substances intro-
duced into the body. Carmin granules, for example, are readily
ingested by the leukoeytes of warm-blooded animals as well as by
the ameba. The resorption of the eatgut used in surgical operations
is a familiar instance of the digestion of foreign substanees in the
human body, and, like the disappearance of larval organs, is at-
tributed to phagocytic activity. In specific eases of atrophy and
absorption much discussion has arisen concerning the relative share
of the phagoeytes and the body-fluids in bringing about the changes
observed, some investigators maintaining that the solvent action
of the body-fluids is sufficient to account for the destruction of use-
less or alien material in the organism. While it may be sometimes
difficult to assign to this latter factor its true value, there can be no
question that Metehnikoff and others have conclusively established
that the phagocytes can and do intervene in some of the typiecal
processes of absorption and larval metamorphosis.

According to Metchnikoff, the phagoceytes, besides acting as
digesting cells and as scavengers, are also the chief defenders of the
vertebrate organism against invading bacteria. *“ The diapedesis of



150) GENERAL BACTERIOLOGY

the white corpuscles, their migration through the vessel wall into
the cavities and tissues, is one of the principal means of defense
possessed by an animal. As soon as the infective agents have
penetrated into the body, a whole army of white corpuseles pro-
ceeds toward the menaced spot, there entering into a struggle
with the micro-organisms ” * (Fig. 23).

Dog serum, for example, is without bactericidal power upon
anthrax bacilli. If, however, anthrax bacilli are injected into a
dog, they are quickly taken up by the leukocytes. The most
plausible interpretation of these facts would seem to be that the
natural immunity of the dog towards anthrax is due to the de-
struetion of the bacilli by phagoeytosis. In other instances where
a normal animal is susceptible to infeetion with a particular mierobe
no phagocytosis is observed, but after the animal has been im-

: ‘munized by the injec-
tion of living or dead
bacteria or their prod-
ucts, the phagocytes of
the immune animal ae-
tively destroy the specifie
bacteria, no correspond-
ing increase in the bae-
tericidal power of the
serum being observed. It
has been shown, further,
that while non-virulent
pneumococei and strep-
Fig. 23.—Phagocytosis f I 1 by leuk tf.‘l'DDBBi o

e ; rﬁyt-.-a{[iici}. eocet by JURO digested by leukocytes,
virulent strains are not,

Opsonins.— Phagocytosis may be intensified or diminished
in various ways. Several observers have noticed that the power
of leukoeytes to destroy miecro-organisms is greatly increased by
the addition of serum from immunized animals, but only recently,
chiefly through the investigations of Wright{ in England, Hektoent

* Metchnikoff: “Immunity,” Cambridge, 1905, p. 548.
T Wright: Proe. Roy. Soc., 1903, 72, p. 357; 1904, 73, p. 128, ef seq.
§ Hektoen: Jour. Amer. Med. Assoc., 1906, 46, p. 1407.
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in the United States, Neufeld” in Germany, and their associates,
has an explanation of this interesting phenomenon been obtained.
These investigators have demonstrated that the activity of the
phagocytes is conditioned by the presence in the blood and other
fluids of certain substances which act in some unknown manner
upon bacteria and prepare them for digestion by the phagoeytes.
These baeteriotropic substances have been termed opsonins (Gr.
dgwvéw, 1 cater for, prepare food for). Opsonins are present
to some extent in the blood of normal animals, but they can be
materially inereased in amount by immunization.

It is a simple matter to demonstrate the existence of opsonins
in a given serum by mixing the serum with baecteria suspended
in physiologic salt solution. Leukoeytes washed free from serum
will take up some, but not a great many, of the bacteria. If,
however, the bacteria are first treated with opsonie serum, they
will be taken up in much larger numbers by the washed leukocytes.
The opsonin enters into a more or less close union with the bacteria,
as shown by the fact that opsonized bacteria can be washed in salt
solution and still remain sensitive to phagoeytosis. By these
and other experiments it has been fully demonstrated that a sub-
stance is present in immune sera, and in a less degree in normal
sera, which can so change or sensitize bacteria as to render them
more liable to phagoeytic destruction.

Opsonic Technic.t—In determining the amount of opsonin in
a given serum the following technie is employed:

It is necessary to have (1) blood-serum from the sick person and
from a healthy person or persons; (2) leukocytes; (3) a suspension
of the organism, the opsonin for which is to be measured. A
sterile 1 per cent. sodium citrate solution in normal salt solution
is placed in an ordinary glass centrifuge tube; a sufficient amount

of blood, a few drops will do, is allowed to drop into this solution
from a puncture of the finger or lobe of the ear; this tube is then
centrifuged until the leukoeytes appear as a white cream over
the sediment of red blood-corpuseles. The solution is then drawn

* Neufeld: Deut. med. Wochenschr., 1904, 30, p. 1458; Ztschr. f. Hyg.,
1905, 51, p. 283; Centralbl. f. Bakt., 1906, 36, p. 763,

t The deseription of technie follows the method employed in the Memorial
Tnstitute for Infectious Diseases, and has been kindly furnished me by Pro-

fessor Hektoen,
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off by means of a pipet, and the tube is filled with normal salt
solution, the contents well mixed, and centrifuged again.

The blood from which serum is to be obtained is gathered into
little U-shaped tubes made from glass tubing with a diameter of
3 mm., the lobe of the ear being pricked by means of a small
lancet, and the blood allowed to run into the U-tube by capillary
attraction; the tubes may be marked with blue pencil for identi-
fication; the tubes are centrifuged until the serum is separated as
a clear layer above the corpuscles. (These tubes may be sealed
with wax if necessary for transportation.)

The bacterial suspensions, except that of the tubercle bacillus,
which must be prepared by special methods, are made from
twenty-four-hour-old cultures in broth or on solid media; if solid
media are used the fluid of condensation is removed and the growth
washed off by means of salt solution. Suspensions of the desired
density are obtained by adding normal salt solution; elumps should
be broken up either by blowing into the suspension through a pipet
or by centrifugation.

Two watch glasses are taken; in one of them is placed the
leukocytic eream which is drawn off from the centrifuge tube by
means of a capillary pipet; some of the bacterial suspension is
placed in the second glass; the capillary end of a right-angled
capillary pipet is gently thrust into the serum in the U-tube, and
the serum allowed to enter to a marked point; a small amount
of air is now drawn into the capillary end and the tube is dipped
into the leukoeytic eream—previously carefully mixed—and the
leukoeytes drawn up to the same height as the serum was; another
air bubble is aspirated into the tube, and the bacterial suspension
drawn up to the marked point.

The same process is carried out with patient’s serum as well as
normal serum obtained either from one person or from a mixture
of the serum from several persons. The elements in the tubes
are carefully mixed by drawing up the contents into the elbow of
the tube and gently blowing the mixture back and forth. The
tubes are then placed in an ordinary incubator at 37° C., and al-
lowed to remain there for about fifteen minutes, when smears
are made in the following way: The mixture is blown out on a
glass slide after having been gently drawn back and forth several
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times, and a little square of cigarette paper is placed behind the
drop of blood, which is then drawn toward the other end of the
slide, thus forming a smear. The smears are dried in the air and
may be stained with carbol thionin or other suitable stain.

The bacteria in at least 50 leukoeytes should be counted, 25
from each edge of the smear. If the counts are uneven, more
cells should be counted, and always the same number in the
control as in the smear with the patient’s serum. Clumps of
leukoeytes should not be counted.

The suspensions of bacteria and of leukoeytes should be of such
density that on the slide made from the mixture with normal serum
there should not be more than 5 bacteria per leukocyte.

The opsonin may be estimated also by the dilution method;
specimens are prepared in the usual way, except that sera, normal
and immune, are diluted by means of normal salt solution or
Ringer’s solution. One mixture is made without serum, salt solu-
" tion or Ringer's solution being used in its place, in order to de-
termine the amount of spontaneous phagoeytosis. The dilution
of serum which gives the same amount of phagocytosis as a
mixture without serum is considered as the point of opsonie
extension.

The opsonic index is a mode of expressing the relative amount
of opsonins in a serum when compared with the normal standard.
It is obtained by dividing the average number of bacteria taken up
by a leukoeyte under the influence of a given serum by the average
number taken up by a leukoeyte under the influence of standard
normal serum and under otherwise perfectly comparable conditions.

Thus:

AvERAGE NUMBER OF
BacTERIA PER LEvkooyTe
L50 CousNTED)

Serum of tuberculous patient + washed leukocytes + sus-

pension of tubercle baeilli. . e o
Serumn of normal individual + ua,shed lf-ukn::cvtes 4 sus-

pension of tubercle bacilli. .......... ... 4
Salt solution + washed leukoeytes + suspension of tubercle
bacilli (control)..........cooveieeiiiiiiiiiiieens 0

The opsonic index of the tuberculous patient in this illustration

would be 3 =+ 4, or 0.75.
The technic of opsonie work seems peculiarly liable to lead to
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different results in the hands of different observers,* and there can
be little doubt that much experience and great care are needed
to obtain uniform and comparable results.

Certain facts regarding opsonins have, however, been practi-
cally established. Opsonins for many different bacteria are pres-
ent in the sera of most, if not all, animals. Investigators are now
agreed that after the injection of a suitable dose of dead baecteria
there is usually a fall in the opsonie index of the injected animal,
the so-called negative phase, and that this is followed by a rise
above normal, and then by a more or less gradual return to normal.
Natural infections in many cases are accompanied by a similar
change in the opsonic index. It has been found in pneumonia, for
instance, by independent observers that in the early stages of pneu-
monia the pneumocoeco-opsonie index is below normal, and that at
about the stage of crisis the index rises considerably above the
normal, returning again to normal in the uncomplicated ecases
leading to recovery. A similar course has been \nﬂtieed in the
streptococco-opsonic index in scarlet fever, the diphthero-opsonic
index in diphtheria, ete.

Opsonins are largely destroyed by heating to 54° C. to 60° C.
for thirty minutes; this seems to be due to the destruction of a sub-
stance which favors the opsonie action of a heat-resistant element;
it is the latter which is specifically increased in immunization. In
this respect and some others opsonins resemble other complex
antibodies. They are, however, probably distinet from Ilytic
amboceptors and agglutinins, as shown by the facts that a
normal serum may be lytie but not opsonie, and, viee versd, that
immunization may give rise to one of these antibodies and not to
others, and that the opsonie, agglutinating and lytic effects of serum
are not destroyed in equal degree by heat. There is good reason
to hold that opsonins are specific to the same extent as other anti-
bodies.

The opsonic method of treatment has been extensively used
during the last few years, especially by Wright and his associates.
The aim of the method is to maintain the opsonie index, and con-
sequently the phagoeytie power of the blood, by the use of * prop-

* Bee, for example, Bull. Johns Hopkins Hospital, 1907, 18, pp. 232-255;

Jour. Am. Med. Assoc., 1907, 49, p. 1249; R. E. Walker, Jour. Med. Res., 1908,
19, p. 237
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erly adjusted and interspaced doses™ at a high level. Frequent
determinations of the opsonic index are considered by some to be
necessary in this mode of treatment in order to guard against too
great and too frequent production of the negative phase. Others
would attach less importance to the opsonie eontent as an index
to the administration of killed bacteria, and more importance to
the clinical conditions and symptoms. The inoculation of dead
baecteria and bacterial products has given distinetly encouraging
results in the hands of Wright and others, particularly in the treat-
ment of infection with pyogenic cocei, and of forms of tuber-
eulosis loealized elsewhere than in the lungs.

It has been shown by a number of investigators, especially by
Hektoen* and his associates, that the phagocytic power or ac-
tivity of the leukocytes is subject to considerable variation inde-
pendently of variation in the opsonic content of the blood. This
inherent phagocytic power of the leukoeytes varies with respect
to certain bacteria at least, even in persons in apparently perfect
health. At birth the leukoeytes are somewhat less active phago-
eytically than in the adult; they grow less active for a few months,
and then more active, the adult standard for streptococei, pneu-
mococei, and staphylococei being reached about the third year
(Tunnicliff). The phagoeytic power of leukoeytes has been
found to be greater than normal for certain bacteria in pneumonia,
scarlet fever, and other conditions in which there is acute leuko-
eytosis, and the outlook is favorable. The increase in activity in
such cases may be due to the predominance of young leukocytes.

In view of all these facts, there can be no doubt that a loeal in-
flammatory reaction or a general increase in the number of leuko-
cytes (leukocytosis) is a process of distinet advantage to the organ-
ism. The injection of certain substances which increase the general
leukoeytosis (eollargol, nucleinic acid) has been practised by Miku-
licz T and others with a considerable degree of success in attempts
to enhance the resisting power of the body, prior to abdominal
operations that involve grave danger of infection. The production
of leukoeytosis, however, is in itself of little value unless at the same
time the amount of opsonin in the blood, the specific opsonic index,
is high enough to favor phagoeytosis. Thesimultaneousstimulation

* Hektoen: Jour. Amer. Med. Assoe., 1911, 57, p. 1579.
t Mikuliez: Archiv. . klin. Chirurg., 1604, 73, p. 347.
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of leukoeytosis and production of opsonins would, therefore, seem
to be the object to be aimed at in many of the bacterial infections that
have so far proved most refractory to serum therapy.*

(d) Ehrlich’s Receptor Theory.—The existence of toxin-
neutralizing and bactericidal substances in the body-fluid of immu-
nized animals has been already set forth. However these facts are
interpreted, it must be remembered that the facts themselves are
securely established. An ingenious and fruitful attempt to explain
the mode of origin and manner of action of antitoxie and bacteri-
cidal sera has been made by Paul Ehrlich 1 in his widely known
gide-chain or receptor theory. Whatever be the ultimate fate
of the speculations that have been built up around the central
hypothesis, there ean be no doubt that knowledge of immunity
and the immunizing processes has been greatly inereased by the
stimulus given to research through the doctrine of receptors.

The receptor theory starts with the assumption that the various
cells of the animal body, having to obtain their nutriment from the
blood or lymph with which they are bathed, are endowed with the
power of extracting from the ambient fluid those substances neces-
sary to theirlife and well-being. This power of food appropriation
is definitely localized in eertain cell-substances, the so-called cell-
receptors, which have combining affinities for food-substances.
These food receptors have been conceived as standing in the same
relation to the main body of the cell that the side-chains of certain
complex chemical molecules of known eomposition hold to the central
molecular nuecleus. The receptors may be of simple constitution,
adapted to the taking up of relatively simple substances, or they
may be very complex and able to anchor large and complex proteid
molecules of various kinds. Each cell may contain a large number of
receptors of different affinities and degrees of complexity.

It is a plausible conception that when baeteria or other alien cells
or their produets are introduced into the body, the combining affini-
ties of certain receptors may be satisfied by bacterial substances just
as by the similarly constituted food molecules. The anchoring of

* An excellent résumé of the researches on opsonins is given by Hektoen
in the Middleton-Goldsmith lecture, Jour. Amer. Med. Assoc., 1906, 46,
p. 1407.

T Director of the Royal Prussian Institute for Experimental Therapy
at Frankfort-on-the-Main. “Studies on Immunity,” New York, 1906.
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toxic substances, however, unlike that of food-substances, is fol-
lowed by damage to the cell and loss of the particular side-chain
or receptor that unites with the toxic element. When injury to
the main body (Leistungskern) of the cell is'not carried too far,
repair can take place and the receptors be regenerated. F ollowing
a principle enunciated by Weigert respecting regeneration of
tissue cells, there is tendency, in such cases of regeneration of
lost parts, toward overcompensation, receptors being formed
in excess of the needs of the cell and the surplus being discharged
into the blood-stream. The free receptors are the antibodies,
the antitoxins, agglutinins, antibacterial substances, antien-
zymes, and the like. The diphtheria antitoxin in the blood, then,
is the same substance which, when in the cells, may be a peril to
the cell by virtue of its affinity for the diphtheria toxin. If the
toxin did not find in the body any substanee with which it could
combine,—for which, in other words, its haptophore group (p. 102)
- possessed an affinity,—it would be wholly inert and impotent as fa
as that organism were concerned. When, however, the free re-
ceptors are brought in contact with the toxin either inside or out-
side of the animal body, they unite with the haptophore group
of the toxin molecule, thereby preventing the latter from entering
into combination with the eell-receptors and perhaps damaging
the cell irreparably.

There is evidence that the various bacterial toxins become bound
in each case to particular cells of the organism. The tetanus toxin
when mixed in vitro with emulsions of fresh organs manifests an
affinity for different organs in different animals. In man, the horse,
and the guinea-pig only the central nervous system is able to bind the
tetanus toxin. This is altogether in aceord with the clinical and
histologic charaeteristies of tetanus. If a mixture of tetanus toxin
and guinea-pig brain emulsion in suitable proportions is injected into
a susceptible animal, the animal is entirely unafiected, just as if
tetanus antitoxin (free receptors) had been used in place of {resh cell-
substance (cell-receptors). The toxin is firmly bound in both cases
and is quite unable to exert its toxie effect. That a real combination
oceurs between the toxin and the brain-substance is further shown
by mixing tetanus toxin and normal guinea-pig brain emulsion
and allowing them to remain in contact for a certain period; on
centrifugalizing the mixture the supernatant fluid is found to be
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body (Zwischenkorper), but in more recent nomenelature it is known,
in agreement with Ehrlich’s conception of its nature, as the ambo-
ceptor. The constituent of normal serum is designated by Ehrlich
and his followers as the complement. Every amboceptor is con-
sequently possessed of two different combining groups, the com-
plementophile, having an affinity for the complement, and the
cytophile, having an affinity for some specific cell. A number of
different amboceptors may coexist in the body of the same animal;
the blood of one animal
may be bactericidal for a
variety of different mi-
crobes, and the specific
amboceptor for one kind
may be removed by appro-
priate methods without
affecting those of other
-affinities. There is also
experimental evidence for
believing in a plurality of
complements, and perhaps
one reason why the bae-
tericidal sera have not
been very successfully ap- = .
plied in human therapeu-  Fie 25 Graphic represetation of -

ties i1s because there is a  stance uniting with one of them: ¢, Cell-

. receptor of the second order; d, toxophore
lack of mmplements m or zymophorous group of the receptor; e

human serum adapted to haptophore of the receptor; f, fuml-sl_lb:
: stanece or product of bacterial disintegration

amboceptors produced in  uniting with the haptophore of the eell-

the bodies of the lower receptor (Ehrlich).

animals.

The complement being assumed to be the active agent in the
‘various cytolytic sera, the question arises as to the nature of this
substance, and here it must be admitted that little or nothing is
known beyond the bare physical characteristics already stated.
At one time the complements were supposed to be of anenzyme nature,
but there is little to support this view. Kyes * has made the im-

* Kyes: Berl. klin. Wochenschr., 1902, 39, pp. 886-918,
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but on adding still greater quantities of immune serum, bacteriolysis
once more fails to appear. From these and similar experiments
it was concluded that a “deviation of complement” oeceurs under
conditions where the amboceptors are in great excess, that is to say,
some of the amboceptors ecombine with the complement, but others
are left free, and these free amboceptors unite with the receptors
of the bacterial cells more rapidly than the complement-amboceptor
group, thus blocking the way for the latter combination and leaving
it unable to act.

The expression “ fization of complement” has been used for a
somewhat similar phenomenon. When the serum from a typhoid
patient is mixed with an extract of typhoid baeilli, and complement
1s added, the mixture, after a short period of incubation, will
not reactivate a heated hemolytic serum. This is interpreted as
meaning that the complement in the mixture has been bound.
The method affords a very delicate test of the presence of specific
-antibodies or antigens in the serum of a patient. By this means
antigens have been shown to exist in the organs of syphilitie
subjects, and the method has been used likewise in certain
special cases for the diagnosis of gonococeus, meningococcus and
other infections. For a full deseription of the procedure see an
article by Meakins.*

OTHER REACTIONS PRODUCED BY BACTERIA

When bacterial cells and their produets are injected into an
animal, the cells of the animal react in such a way as to give rise
to a variety of substances besides the antitoxins and bacteriolysins
(amboceptors) already considered. Among the better known and
most important of these are the agglutinins,

(a) The Agglutinins.—If the blood or blood-serum of an
animal previously inoculated with the typhoid bacillus is added to a
suspension of typhoid baeilli, the latter soon become motionless, and
after a while the individual bacilli become aggregated in irregular
masses. The same process of elumping usually oceurs if, instead
of the blood of an injected animal, the blood of a typhoid fever
patient be employed. The reaction is specific, although not abso-
lutely so. That is, the serum of either a typhoid patient or an

* Meakins: Johns Hopkins Hosp. Bull., 1907, 18, p. 255.
11
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animal injected with typhoid bacilli will agglutinate typhoid ba-
cilli in high dilutions, while other baeilli, as a rule, are unaffected.
although it is true that those more closely related to the typhoid
bacillus, such as B. coli and B. paratyphosus, may be slightly clumped,
especially by the lower dilutions. Many other bacteria as well as
those of the colon-typhoid group are agglutinated in a similar
manner by their respective antisera.

The agglutination of bacteria by blood-serum has been utilized
in two ways: first, in the diagnosis of certain specific diseases like
typhoid fever, where the serum from the suspected case is added
in appropriate dilutions to a suspension of typhoid baecilli; and,
second, in identifying bacteria, for which purpose a serum of known
agglutinating properties is mixed with a suspension of the germ
whose character is to be determined. The former, the Gruber-
Widal test, has come to be extensively used in the diagnosis of
typhoid fever, and when carefully controlled, is a valuable aid in
diagnosis; the identification of bacteria by the agglutinative re-
action iz, on the other hand, less satisfactory, and there are many
objections to its unqualified aceeptance.

Technic.—The technic of the agglutination test ealls for the
observance of manifold precautions. An agar culture eighteen to
twenty-four hours old is preferably employed. TFrom this a faintly
turbid suspension in sterile physiologic salt solution is prepared.
The suspension of the bacteria must be homogeneous; for some
cultures a thorough shaking will suffice, for others recourse must be
had to passage through filter-paper. In any case a uniform method
of preparation must be employed in every series of experiments,
and care taken to obtain as nearly as possible the same number of
bacteria in a given volume of the suspension. The nature and re-
action of the medium on which the bacteria are grown, the age of the
strain and its origin, and other factors influence the course of
agglutination. Some strains are naturally more readily agglutinable
than others; some may be inagglutinable even by a potent serum,

The serum for the test may be obtained from a blister made by
the application of a cantharides plaster, or from blood drawn from
the ear-lobe or finger-tip and centrifugalized or allowed to clot
in a sterile tube. The substance in the serum that ecauses the
agglutination of the bacteria is known as agglutinin. It is fairly
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permanent and may persist in dried blood or serum for a long time
in unchanged strength. In public health work a few drops of blood
may be dried on a strip of aluminum foil, which is then mailed to
a central laboratory, where flakes
of the dried blood are weighed and
dissolved in appropriate amounts
of salt solution so that the test is
made as accurately as with fresh
blood.*

Appropriate dilutions of the
gserum or blood with physiologie
salt solution are mixed with meas-
ured quantities of the bacterial
suspension, and the process of ag- i
glutination followed either with the g 97 Typhoid bacilli, un-
naked eye or with the microscope. agglutinated,

- The microscopic examination, made
with high powers, shows a gradual cessation of motility in such
organisms as the typhoid bacillus, accompanied by the sticking
together first of a few cells, then of larger numbers, untilin typical
and decisive reactions large masses
of agglutinated cells are found
which are plainly visible with a low
power. The maximum elumping is
generally reached in about six to
eight hours (Iigs. 2V, 2§, 29),
Sometimes “spontaneous agglu-
tination” occurs, so that a sus-
pension to which no serum has
been added should alwayvs be ob-
g served along with the others, in
Fig. 28.—Typhoid bacilli partially ~ order to avoid this source of error.
agglutinated. The naked-eye test gives, as a
rule, more trustworthy results than
the microscopic. Varying dilutions of serum are mixed with a
definite quantity of bacterial suspension in small thin-walled glass
tubes. and placed in the incubator. The tube containing only the

* See Weshrook: Jour. Infect. Dis., Suppl. No. 1, 1905, p. 315.
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terial cell, thus blocking the way to reaction with intact agglutin-
ins and interfering, it is believed, with the agglutination reaction.
Recent investigators, however, express doubt as to the existence of
definite agglutinoids.*

It is essential that some mineral salt be present in order that
agglutination shall occur. Following out this clue, considerable
light has been shed on the real nature of the agglutinating process.
It is found that the same laws that govern the precipitation of col-
loids in suspension and finely divided particles, like kaolin, also hold
for the agglutination of bacteria. The ability of a salt to aggluti-
nate bacteria and to precipitate colloids depends on the degree of
dissociation and on the valency, speed of migration, and decom-
position tension of the kation. In a word, agglutinin is supposed
to reduce the amount of negative electricity with which baecteria
are charged and so render the bacteria more susceptible to the
precipitating action of the salts.
- Not baecteria only, but other free cells, are clumped by both
normal and immune sera. The red blood-cells of any species of
animal are agglutinated by the serum of an animal which has been
previously injected with cells of similar origin. The ‘‘hemagglut-
ining,” so far as they have been studied, resemble the bacterial
agglutinins in all essential features. Some bacterial eultures have
been found to contain hemagglutinins, and it is possible that the
thrombi observed in the blood-vessels after death from certain in-
fectious diseases may be due to hemagglutinins of baecterial origin.

Substaneces that agglutinate bacteria and erythrocytes are found
in the blood of many normal animals. The serum of a young uninoe-
ulated horse, for example, has been observed to agglutinate para-
dysentery bacilli in a dilution of 1:1000 (Park).t The relation
between normal and immune agglutinins is not known.

Group Agglutination.—The serum of an animal inoculated with
a given micro-organism agglutinates not only the particular species
used for inoculation, but very often also other organisms biologic-
ally related to the infecting agent. As a rule, agglutination of the
organism used for inoculation, the so-ecalled **homologous™ organ-

* Buxton and Vaughan: Jour, Med. Res., 1904, 12, p. 115. Buxton and

Torrey: Ibid., 1906, 15, p. 3.
t Park: Jour. Infect. Dis., Suppl. No. 2, 1906, p. 1.
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ism, is the most marked, that is, it will oceur with higher dilutions
of serum than is the case with other organisms of the same group.
Thus the serum of a rabbit inoculated with typhoid bacilli shows
a higher agglutinating power for the typhoid bacillus than for other
members of the colon-typhoid group, although the agglutinating
value of the serum for B. enteritidis, B. coli, or other members of
the group may be distinetly greater than that of normal serum.
Sometimes, however, the accumulation of “group agglutinins"
and ‘‘specific agglutinins” seems to follow a very irregular course.
This is especially true in the serum of an animal like the horse,
which contains a high proportion of normal agglutinins, so that
group agglutinins may be even more abundant than specific agglu-
tinins after repeated injections. Park has observed one instance
where the serum of a horse after eighteen injections with the
“Manila” strain of the paradysentery bacillus agglutinated
a colon bacillus more strongly than it did the homologous
organism.

Experiments show that saturation of a specific agglutinating
gerum with the homologous baeterium removes not only the specific
agolutinin, but some, or it may be all, of the group agglutinins. In
fact, bacteria may absorb group agglutinins that they themselves
have not produced and that do not visibly affect them. The use
of the absorption method for determining the existence of mixed
infection may therefore lead to wrong conelusions unless high
enough dilutions of the serum are used to eliminate the action of
the group agglutinins.

The complexity of the phenomenon of agglutination of bacterial
cells is well illustrated by the observation of Smith and Reagh *
that the flagella of motile bacteria may contain one kind of agglu-
tinogen which gives rise to a corresponding agglutinin, while the
cell-body of the same organism contains another kind, giving rise
to a different agglutinin.

In the light of all these Tacts it is evident that the specificity
of agelutinating sera i1s not absolute, and that such sera can be
safely used to identify bacteria or to diagnose disease only when
due care is taken to avoid all the manifold sources of error and
misinterpretation.

* Smith and Reagh: Jour, Med. Res., 1904, 10, p. 89.
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The Relation Between Agglutinating and Bactericidal Power.—
Although some observers have maintained that there is a direct
relation between the agglutinating and bactericidal properties of a
serum, the following facts show that the bacteriolysins and agglu-
tinins are entirely distinet: (a) The bactericidal power of a serum
is destroyed at 56°, while the agglutinins resist a temperature of
62° or higher. (b) In the serum of an animal injected on succes-
sive dates with a bacterial culture the respective increase in the
bactericidal and agglutinating power do not run a parallel course
or indeed show any connection. (¢) The agglutinin may be ab-
sorbed from a serum, leaving the bactericidal power of the serum
unimpaired.

(b) The Precipitins.—When the germ-free filtrates from broth
cultures of bacteria are mixed with the respective antisera produced
by animal inoculation, the formation of a powdery precipitate oceurs. *
The precipitation thus produced is approximately specific in its
' nature, the filtrate from a typhoid culture giving a precipitate
with typhoid immune serum, but not, for example, with cholera
immune serum. The substance in the immune serum that pro-
vokes precipitation has been termed precipitin.

Bacterial precipitins are by no means the only kind that may be
produced by this method. A great variety of albuminous bodies
when injected into animals give rise to eorresponding antibodies
which possess the power of causing precipitation of the substance
used for inoculation. Injection with milk brings about the forma-
tion of a precipitin which throws down the casein of the milk used
for injection, but does not act on the casein of the milk of other ani-
mals. Egg-albumin likewise gives rise to precipitins that arespecifie.

A particularly important development of the study of the pre-
cipitins has been the utilization of the specific character of the re-
action for the purpose of medicolegal investigation.t The serum
of an animal which has been injected with human blood produces
a precipitate when mixed with human blood even in high dilutions,
but has no such effeet upon the blood of the lower animals. A
simple, delicate, and highly trustworthy method for distinguishing
human blood-stains is thus afforded, and the value of the precipi-

* Kraus: Wiener klin. Wehnsch., 1897, 10, p. 736.
1 Uhlenhuth: Deut. med. Wehnsch., 1901, 27, pp. 82, 260.
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tation test in skilled hands has been abundantly demonstrated.

The rabbit is the most suitable animal for the preparation of
precipitating antisera. The initial dose should be small, about
2 c.c., for example, in the case of an animal serum, and this may be
followed at intervals of five to seven days by gradually inereasing
doses—e. g., 3, 5, 8 c.e.—up to six or seven times the original
amount. About one week after the last injection the animal is
bled, the serum collected and filtered through a Berkefeld filter,
to insure perfect clarity, and sealed in small brown glass tubes,
without addition of any preservative, until needed. For the best
results a precipitating antiserum should be of high potency. Ae-
cording to Uhlenhuth, who has had extensive experience with the
test in forensic medicine, such a serum should have the following
titer: * Upon addition of 0.1 c.c. of the serum to 2 c.c. of the cor-
responding blood solutions diluted 1: 1000, 1: 10,000, and 1:
20,000, the reaction should appear almost instantaneously in the
thousandth, within three minutes in the ten-thousandth, and
within five minutes in the twenty-thousandth dilution; turbidity
is observed at the bottom of the small test-tube, which should
not be shaken after the serum has been added.” With such a
high-potency serum very dilute solutions of the protein to be ex-
amined must be prepared. Solutions in normal saline solution
corresponding approximately to a thousandfold dilution of the
protein give satisfactory results.

By the use of this method remarkable results have been ob-
tained by Uhlenhuth* and others.

“ A butcher, accused of robbing and murdering three persons, stated
that certain blood-stains found on his shirt sleeves were referable to his hav-

ing slaughtered a calf. By the biological method, however, the human origin.

of the blood was proved. This result was an important link in the chain of
circumstantial evidence which was go convincing that the accused was con-
demned to death. Shortly before his execution he made a full confession.”

“In a poaching case, one of the accused persons, who was also suspected
of being a receiver of stolen goods, asserted that blood-stains found on his
meat-chopping board were not due to deer’s blood, but to that of wild ducks.
By the biologieal method, however, we determined the presence of deer's
blood, besides that of ducks, thus proving the guilt of the aceused.”

* [Thlenhuth: Praktische Anleitung zur Ausfithrung des biologischen
Eiweissdifferenzierungsverfahrens  mit  besondere Beriichsichtigung  der
forensichen Blut- und Fleischuntersuchung, Jena, Gustav Fischer, 1909,

o
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One of Uhlenhuth's interesting discoveries is the observation
that antiserum obtained from closely allied species is the best
means for determining the differentiation of certain organisms.
The serum of monkeys inoculated with human blood gives a
marked turbidity with solutions of human blood, while not reacting
at all with monkey's blood. Such a separation is difficult if not
impossible when an antiserum from the rabbit is used. In the
same way the antiserum from a rabbit inoculated with fowl's
blood gives a precipitate with both fowl’s blood and pigeon’s
blood, but if pigeons be inoculated with fowl's blood the resulting
serum precipitates fowl’s blood and does not react at all with
pigeon’s blood.

By this method also it has been found that Anopheles mos-
quitoes feed not only upon man, but also upon cattle and pigs.

The substance that reacts with the precipitin (** preeipitino-
gen ') seems to persist for a long time (at least sixty-six years)
“in dried blood; mixture with other bloods does not invalidate the
reaction. While the blood precipitins are highly specifie, they
may produce a slight reaction with the sera of animals biologically
related. The phenomenon of blood precipitation has been utilized
by Nuttall and others for the purpose of throwing light upon the
biologic affinities of forms of animal life.* Nuttall has established
the interesting fact that the precipitin produced by human blood
will throw down a more abundant precipitate from the blood of the
old-world monkeys than from that of the South American species.

The precipitation test has also been applied to the differentiation
and identification of meats. DBy its aid horse meat, for example,
may be distinguished from beef.

The phenomena of precipitation and agglutination are essen-
tially the same. Both appear to depend upon the facts that bacteria
and eolloid substances are kept in suspension in a fluid by charges
of negative electricity, that the amount of negative electricity that
the particles carry is reduced in some way by the substances known
as agglutinins and precipitins, and that then the salts present in the
fluid are able to neutralize the electrical charges so that the particles
cling together and fall out of suspension.

* The subject of precipitation is treated with great clearness and fulness
in a monograph by Nuttall, “ Blood Immunity and Blood Relationship,”
Cambridge, England, 1904.
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(¢) Protein Sensitization or Anaphylaxis.*—The term ana-
phylaxis (Gr., against protection) is applied to a state of sensitiza-
tion or excessive suscepiibility which is induced in animals by
the injection of certain substances. This condition, also known as
“supersensitiveness” or “hypersusceptibility,” may be brought
about by the introduction into the body of a variety of protein
substances, such as blood-serum, egg-white, milk, and also bac-
terial proteins and vegetable albumins. Attention was first drawn
to the reaction by Otto,t following observations and suggestions
made by Theobald Smith. The reaction was also observed inde-
pendently by Rosenau and Anderson.f The “serum disease,”
which sometimes follows the injeetion of antitoxic horse serum and
was the subject of detailed study by Pirquet and Schick,§ belongs
to the same group of phenomena. The tuberculin and mallein
reactions are other well-known instances of sensitization. A
definite period must always elapse between the first and second
imjection in order that the toxic effect shall be manifested. In the
sensitization of guinea-pigs against horse serum, this period, as a
rule, is from ten to twelve days.  The toxie action of the horse
serum upon the guinea-pig has been studied with especial fullness. ||
Sensitization may be effected by very small quantities; Rosenau
and Anderson have reported that in one instance ioaoa00 ¢-C. of
horse serum was sufficient to render a guinea-pig susceptible.
Larger doses, usually from 3 to 6 c.c., must be given in the second
injection in order to produce a fatal result, but so small a quantity
as 5 e.c. may sometimes suffice to produce serious symptoms.
Wells and Osborne¥ have found that 55 mgm. (0.000,000,5 gm.)
of a vegetable protein (squash-seed globulin) is a fatal sensitizing
dose for guinea-pigs. The liability to react hypersensitively
is transmitted from mother to offspring, the young of actively
sensitized female guinea-pigs being themselves hypersensitive.

* See a fine résumé by Hektoen, Jour. Amer. Med. Assoc., 1912, 58, p. 1081
T Otto: Leuthold-Gedenkschrift, 1906, 1, p. 153.

1 Rosenau and Anderson: Bull. 20, Hyg. Lab., Mar. Hosp. Service, 1906.
§ Pirquet and Schick: “Die Serumkrankheit,” Vienna 1905.

|| Rosenau and Anderson: Bulls. 29, 30, 36, Hyg. Lab., Mar, Hosp. Ser-
viee; Jour. Infect. Dis., 1905, 5, pp. 85-105.

4 Wells and Osborne: Jour. Infect. Dis., 1911, 8, p. 66.
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The male does not transmit this quality. The anaphylactic reac-
tion depends upon the presence of a specific protein ferment;
passive hypersensitiveness may be induced by transfer of serum
from a sensitized animal to a normal one.

Vaughan and Wheeler* explain the phenomena of anaphylaxis
and protein sensitization by supposing that when a protein such
as egg-white is injected, it is broken up into a toxie and a non-toxie
component by an enzyme which is present in small amount in the
animal body. At the first injection the disintegration takes place
slowly and the organism is slightly or not at all affected. By the
time the second injection is given, however, considerably larger
quantities of the splitting enzyme have been elaborated, so that
the liberation of a large amount of the toxic component is imme-
diately brought about and produces sudden death.

This view is now widely acecepted to explain ecertain phe-
nomena of infection. The central features in protein sensitization

" appear, therefore, to be (1) the development of a specific digestive
ferment when a foreign protein is introdueed into the animal body,
and (2) the presence of a poisonous group (containing the benzol
ring with nitrogenous side chains?) in every protein molecule.

Upon this theory the injury done to the animal organism in
certain forms of infection is due to the parenteral digestion of the
baeterial protein molecule. So long as the bacteria are alive and
multiplying in the body (period of incubation) no harm is caused
—this, of eourse, does not refer to those bacteria, like the diph-
theria bacillus, which seerete a definite toxin—Dbut as soon as the
specific parenteral enzymes begin to digest the bacterial proteins,
poisoning results from the toxie action of the bacterial protein which
is set free by this digestion. It is supposed on this view that the
poison that kills in this class of infectious diseases (typhoid, tuber-
culosis, pneumonia) is the same, and that the symptoms of the
infections differ in correspondence with the organ or tissue in which
the bacteria accumulate and where their protein substance is split
up and the poison liberated. The fever accompanying infection
is also supposed to be due to the cleavage of bacterial protein.
“There are certainly other eauses of fever, but the fever of the
infectious diseases results from the parenteral digestion of the

* Vaughan and Wheeler: Jour. Infect. Dis., 1907, 4, p. 476.






CHAPTER IX
THE STAPHYLOCOCCI

The bacteria most commonly found in boils, abscesses, earbun-
eles, and similar suppurative processes in man belong to the group.
of staphylococei. The presence of staphylococei in pus was first
shown by Pasteur * (1880) and later by Ogston 1 (1881). Micro-
cocci were obtained in pure culture by Beeker  in 1883, but thei
eausal relation to the suppuration of wounds and to osteomyelitis
was first clearly brought out by the work of Rosenbach§ in 1884,

Several races or varieties of staphylococei have been differen-
tiated in the course of later
investigation. One of these,
Staphyvlocoecus (pvogenes)
aureus, is found frequently
in connection with pathologic
processes in man; the other
varieties, although very similar,
differ in slight particulars from
this type. Staphylocoecus
(pyogenes) albus, for example,
15 distinguished from Staphy-
lococeus (pyvogenes) aureus by
its failure to produce a golden-

. 30. — Staphylococcus  aureus. 3
e Fuchsin; xpl&d]{] (Glnther). vellow pigment.

Morphology and Staining.
—The cells of Staphylococcus aureus are generally aggregated in
loose, irregular masses which have been likened to clusters of grapes,
and have given the generic name to this organism (Iig. 30). The
dimensions of the individual cocei vary within rather narrow limits,

* Pasteur: Bull. de 'Acad. de Méd., 1880, 9, p. 447.
+ Ogston: Brit. Med. Jour., 1881, 1, p. 369.
t Becker: Deut. med. Wehnschr., 1883, 9, p. 665.
§ Rosenbach: Mikroorganismen bei d. Wundinfektionskrankheiten, Wies-
baden, 1884,
174
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for many days and even months, in cultures dried upon silk threads
and desiccated over ealeium chlorid. Toward the chemical sub-
stances ordinarily used as disinfectants Staphylococeus aureus alse
exhibits more than the average resistance. It is, indeed, one of
the hardiest of the non-spore-forming bacteria.

Staphylococeus aureus is awell-nigh constantinhabitant upon the
surface of the skin and also upon the various mucous surfaces of man
and other animals. Apart from its occurrence in the air of hos-
pitals, stables, and similar situations where its presence is readily
explicable, it is found relatively infrequently in nature except in
association with the animal body.

Products of Growth.—The golden-yellow pigment which is
produced by this organism and which is probably a lipochrome, is
formed most abundantly upon earbohydrate media and in the
presence of free oxygen. A specifie gelatin-liquefying enzyme or
gelatinase is formed in gelatin and broth cultures and has been
separated from the cultures by filtration. Other enzymes, such as
rennin and maltase, are produced under suitable conditions. Milk
inoculated with staphylocoeci is coagulated by the acid resulting
from the fermentation of the milk-sugar; the precipitated ecasein,
as a rule, remains undissolved.

Certain strains when grown under suitable conditions produce a
substance that acts upon the stroma of red blood-corpuscles in such a
way as to cause the dissolving out of the hemoglobin. This hemo-
lytic substance is formed both upon agar plates and in broth cultures.
The hemolytic qualities of filtrates of Staphylococeus aureus have
been especially studied by Neisser and Wechsberg.* The specific
hemolysin, known as staphylolysin, is completely destroyed by
heating for twenty minutes at 56° C. An antibody to staphylolysin
is produced by inoculating an animal with hemolytic filtrates, and
there is other evidence that staphylolysin possesses a structure
analogous to that of diphtheria toxin and is endowed with a stabile
haptophore and a labile toxophore group. Many observers claim
that a direct relation exists between virulence and hemolytic power,
but others have failed to disecover any such connection.

A substance that kills leukoeytes is also present in staphylocoecus
filtrates; this has been termed leukocidin, and, like staphylolysin,

* Neisser and Wechsberg: Zeitschr. f. Hyg., 1901, 36, p. 330,
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is a true toxin. The presence of leukoeidin may be determined
by an ingenious method devised by Neisser and Wechsberg, which
consists in using the reduction of methylene-blue that is effected
by live leukoevtes as a measure of the integrity of the latter. The
extent of retardation or disappearance of the reducing aection
measures the degree of injury wrought upon the leukoeytes by the
leukocidin.

From the physiologie effects which follow the injection of staphy-
lococeus filtrates or cell-substance it is inferred that, besides the
hemolysin and leukocidin, other toxic bodies are generated by these
organisms, but practically nothing is known of the nature of these
bodies. Cocei killed by heat can still provoke pus-formation.

Pathogenicity for Man.—Experiments, as well as the facts
of comparative pathology, show that man is more susceptible than
the ordinary laboratory animals to staphylococeus infeetion. Garré
(1885) * inoculated himself by rubbing a pure eculture upon the
uninjured skin of the forearm, with the result that a series of ear-
buncles was produced, seventeen scars remaining to testify to the
suceess of the experiment. His experiments have been repeated
and confirmed by other observers (Bockhart,f Kaufman {). The
penetration of the cocei into the deeper layers of the intact skin,
probably through the sweat-duets or at the base of the hair-follicles,
is a fact of considerable significance. The positive occurrence of
such penetration seems well established, and the negative obser-
vations of some authors may well be referred to differences in the
virulence of the strains employed or to other experimental discrep-
ancies.

The demonstration that staphylocoeel have power under certain
circumstances to penetrate the skin, taken together with their
practically eonstant presence upon the skin itself, serves to explain
the multiplicity of human affections with which these micro-organ-
isms are found associated. A momentary weakness on the part of
the tissues in almost any locality may lead to a rapid local invasion,
followed by the production of a simple boil or by a more or less

* Garré: Fortschr, d. Med., 1885, 3, p. 165.

T Bockhart: Baumgarten, Lehrbuch der path. Mykologie, Braunschweig,
1890,

1 Kaufmann: Baumgarten's Jahresb., 1900, 16, p. 110.
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extensive earbuneular condition. Septicemia and pvemia some-
times result through the introduction of staphylocoeci into the
lyvmphatics or the blood-stream from a local abseess. The localiza-
tion of the secondary foei varies in different cases. In the series
of cases studied by Often * 25 per cent. developed endocarditis.
Sometimes general sepsis (“staphylomycosis”) results from the
most trivial loeal foeus, such as a small boil or slight skin wound.

Staphylococei are not only found frequently in all parts of the
body in secondary and mixed infections, but they are also primarily
responsible for a variety of specific pathologic conditions and for
injury to particular or-
eans. Many lesions and
diseases of the skin have
been attributed tostaph-
vloeoeei; in the case of
some of these it has been
claimed that special vari-
eties or races are con-
cerned, but the charae-
ters said to distinguish
these from the ordinary
Staphyvloeoecus  aureus
or albus are not, as
a rule, of differential

value. .
A considerable ma- Fig. 33.—Staphylococeus aureus in  pus
from human abscess, Fuchsin stain; > 1000

jority of all .attacks of (Frinkel and Pfeiffer).

acute osteomyelitis and

periostitis are due to staphylococei, which appear to have a special

predilection for the tissues of the osseous system. A
Suppurative inflammation,f in whatever part of the body it

may oceur, is usually attended with the presence of staphylococei

either in pure or mixed eultures (Fig. 33). Sometimes when found

* Otten: Dtsch. Arch. f. klin. Med., 1907, 90, p. 461.

T Suppurative inflammation is characterized partieularly by the greatly
increased immigration of the polymorphonuclear leukocytes into the afiected
part, by the lack of any coagulating power in the fluid portion of the pus
(absence of fibrinogen), and by the necrosis and subsequent more or less
complete digestion of the neighboring tissue elements.

12
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Staphylocoecus aureus and albus have been isolated from spontane-
ous abseesses in birds.

Varieties of Staphylococci.—Aceording to a number of ob-
servers, agglutination experiments point to the existence of at least
two races of staphylocoeci that may be distinguished as “pathogenic”
and ‘“‘saprophytic.” The serum of animals injected with the
saprophytic race has a much higher agglutinative power for the
saprophytic races than for the pathogenic variety, and conversely.
In nearly all other respects the two races are almost identical,
although most observers agree that only the pathogenic race pro-
duces hemolysin and leukocidin.

The oceurrence of a colorless variety, Staphylococeus (pyogenes)
albus, has already been mentioned. This organism is identical in
biologic qualities, in rapidity of growth, in pathogenicity, and,
in fact, in all respects except pigment-production, with the aureus
variety. On these grounds bacteriologists have been tempted to

-regard the unpigmented form as a degenerate descendant of the
pigmented strain; but attempts to transform one variety into the
other have not as vet suceceeded. An interesting race of the albus
variety (Staphylococeus epidermidis albus, Weleh) is found in the
deeper layers of the human skin, where it is not reached by ordinary
methods of disinfeetion. 1t i3 of relatively slight virulenee, and
is the cause of the “stitch abscesses™ following certain surgical pro-
ceedings. The ordinary Staphylococcus albus type is found not
uncommonly in abscesses in man, sometimes in pure culture, more
often in conjunction with the aureus variety. Staphylocoecus
(pyogenes) citreus is a rarer form of doubtful pathogenieity, pro-
ducing a lemon-yellow pigment, but in other respects standing
close to Staphylococcus aureus. Two varieties of staphylococei
still more infrequently met with in human pathology are Staphyl-
ococeus cereus albus and Staphylocoecus cereus flavus; these forms
do not liquefy gelatin, and produce a wax-like growth on the surface
of the medium.

Immunity.—Rabbits may be made actively immune against in-
travenous injection with staphylococei by inoculating them first with
killed, then with living but attenuated, cultures. During the course
of this treatment, however, the animals sometimes suecumb, and it
18 evident that the incorporation of staphylococeus cells into the
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body is attended with some danger to the subject of experiment.
If filtrates containing staphylococeus hemolysin and leukocidin be
used, antibodies for these toxins are formed; but immunity certainly
does not depend upon the presence of these antibodies, since no
connection has been shown to exist between increased resistance
and the presence of such antibodies in the blood. Neither does
prolonged immunization with the staphylococeus ecells and their
products cause any appreciable increase in the amount of baeterio-
lytic substance.

The production of active immunity to staphylococeus is, however,
accompanied by a striking development of phagoeytic action.
Phagoeytosis unquestionably plays the chief réle in immunization
to this organism. Staphylococei injected into an immunized
animal are much more rapidly taken up by the phagoeytes than is
the case in a normal animal. Such increased phagoeytosis, again,
has been shown by Wright and others to be connected with the
formation of bacteriotropic substances or opsonins in the blood
of immunized animals. Methods of treatment based upon the in-
crease in the amount of opsonin, and carried out by inoculation
with a “ vaecine "’ consisting of three-weeks-old broth eultures, killed
by heating at 60° C. for an hour, have been very successfully ap-
plied by Wright and others to the treatment of obstinate cases of
acne and furunculosis in man. Hartwell and Lee,* for. example,
conclude that treatment with vaceine is the most effectual remedy
for boils and carbuneles and for eases of chronie furunculosis.
These authors state that the vaccine treatment can be sucecessfully

carried on without estimation of the opsonie index, but others main-
tain that it should not be used without accurate opsonic control.

There is good evidence that the autogenous staphylococeus vac-
cine (the strain cultivated from the patient) is more efficacious
than the ordinary stock vaccine.

Injection of the serum from an immunized animal will protect
untreated animals against infection; in this case, also, the acquired
immunity (passive) seems to be associated with an increase in the
amount of opsonin.

* Hartwell and Lee: Bost. Med. and Surg. Jour., 1907, 157, p. 523.



CHAPTER X
THE STREPTOCOCCI i

Streptococei, as well as staphylococei, were seen long ago by
several observers in the pus formed during suppurative inflamma-
tion, but their constant presence and pathologic significance were
first strongly emphasized by the work of Ogston (1881),* Fehleisen
(1883),1 and Rosenbach (1884).1 Owing to the great variety of
pathologic conditions with which streptococei were found associated,
some perplexity was at first caused as to whether the various condi-
tions were due to one or to several species. Cultures of streptococei
from erysipelas (‘‘Streptocoeccus
ervsipelatis,” Fehleisen), for ex-
ample, were long kept separated l
in bacteriologie laboratories from :
cultures obtained from various : "
suppurative processes (Strepto- ' ;
coceus pyvogenes).  While in this |
particular case further investiga-
tion has tended to obliterate
any sharp distinctions between
erysipelas streptococel and sup-
purative streptococci, the ques-
tion of the existence of different Fig. 34.—Streptococeus pyogenes.
s cunno b egared even. 2 i ey, i
vet as definitely settled. At mann).
present Streptococcus pyogenes
is employed sometimes as the name of a species, sometimes as that
of a group of micro-organisms.

Morphologic and Cultural Characters.—The cells of strep-
tococeus, like those of staphylococcus, are spherical, but differ

* Ogston: Brit. Med. Jour., 1881, 1, p. 369.
T Fehleisen: Aetiol. d. Erysipels, Berlin, 1883,

t Rosenbach: Mikroorganismen bei d. Wundinfektionskrankheiten, Wies-
baden, 1884. '
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from those of the latter organism in being usually united in longer
or shorter chains (Figs. 34 and 35). Under certain conditions, how-
ever, they are aggregated in irregular heaps or masses. The diameter
of the individual cocci is about 1 g, although some wvariation is
noted according to the character of the culture-medium, and smaller
cells are not rare. The typical streptococeus always divides in one
plane, so that if the cells remain united, a typical chain results.
Transition forms between this and the staphylocoeeus have, how-
ever, been observed. Streptococei are not motile under the ordinary

conditions of observation, do not possess flagella, and do not form
: spores. The strepto-

cocei  isolated from
pathologie processes in
man retain the stain
by Gram's method,
but some streptococei
found in suppurative
conditions in domestie
animals are said to be
Gram-negative.

In the opinion of
some investigators an
important distinetion
should be drawn be-
tween long-chain
Fig. 35.—Streptnct$cg?;[ﬁtﬁ rnulture {Moser and iitﬁiiﬂﬁfﬂlgﬁzi

tococeus brevis) strep-
tococci. The former are thought to be more virulent, and, as a
matter of fact, the streptococei freshly isolated from disease pro-
cesses in man usually grow out into long chains (of more than eight
cells), while saprophytic streptococei, such as are commonly met
with in the normal mouth and throat, develop short chains.
Other morphologic and biologic qualities are believed to eorre-
spond. It has been found possible, however, to transform the
long-chain into the short-chain variety by alteration of the eul-
ture-medium, and, furthermore, short-chain streptococei which are
virulent are sometimes isolated from pathologic cases. As an
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absolute distinetion, therefore, any fundamental separation into
Streptocoeceus longus and Streptococeus brevis

breaks down, but as calling attention to a

correlation-character, the

names have some value. '
Upon ordinary nutrient agar and gelatin

generally wvalid

streptococei, as a rule, yield but a scanty

growth of fine, transparent, separate colonies L %
(Figs. 36 and 37). g
facilitated, however, by the addition of dex- Fig. 306.

Development is much

Strepto-
COCCUS pPYoOgenes,

trose (0.5 to 1.0 per cent.) to the medium. Colony on glyeerin-

The common pathogenie strains do not

agar, one day; * 100
(Heim).

liquefy gelatin, but some of the saprophytic
streptococci, isolated from the alimentary tract and from polluted

Fig. 37.—Strep-
tococcus pPyogenes.
Agar culture, two
days, showing colo-
nies (Frinkel and
Pfeiffer.

water, possess liquefying power. The growth
in broth varies in different specimens; it is
sometimes fine and powdery, sometimes coarse
and floeceulent. The character of the sediment
that collects at the bottom of a broth culture
has been supposed to give some indication of
the essential nature of the organism producing
it. Differentiation on this basis has not, how-
ever, been generally accepted. It is true that
the long-chain forms usually give rise to distinct
granules (Streptococcus conglomeratus), but it
has not yet been shown that an invariable
diagnostic value can be attached to the char-
acters of broth cultures. Blood-agar plates,
made by adding 1 c.c. of fresh or defibrinated
blood to 6 c.c. of agar at 40° to 45° C., are
useful for the differentiation of streptocoeci.
When such plates are inoculated with charac-
teristic streptococei and incubated for twelve to
twenty-four hours, small colonies of streptococei
appear, each surrounded with a clear zone due
to hemolytic action. Pneumococei and related
organisms (Streptococcus viridans), on the

other hand, produce a green coloration. Blood-serum (horse,
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man) diluted with broth, or undiluted (rabbit), is a favorable
medium for the maintenance of vitality and wvirulence. Growth
oceurs in milk, and is usually followed by eurdling due to fermenta-
tion of the lactose, but some strains, particularly the long-chain
varieties, generate too little acid to effect any visible change.
Upon potato a more or less luxuriant growth is produced by most
saprophytic forms, but the pathogenic varieties develop sparingly,
and many refuse to grow at all. The preservation of streptococeus
cultures, often a matter of some difficulty, is best effected by main-
taining either serum-broth mixtures or gelatin stab-cultures at a
low temperature (8° to 10° C.).

The name Streptococcus mucosus has been given to a fairly well-
defined group of streptococei characterized by the presence of
capsules. These encapsulated cocei retain their character even
when cultivated on artificial media. Their hemolytic power is at
best slight and they produce acid in inulin solutions. In these
and some other respects such as high pathogenicity for mice, they
resemble the pneumococei rather than Streptococeus pyogenes.
Streptococcus mueosus has been found in connection with a num-
ber of pathologie conditions in man. '

Virulence; Toxin Production; Hemolysin.—The virulence of
different strains of streptococei varies widely, but the factors upon
which such virulence depends have not been discovered. Virulence
for one species may be greatly exalted by animal passage; at the same
time the virulence of the same strain for another species may be
diminished. There is evidence that streptococei which are isolated
directly from septic processes in man are more dangerous to man
than similar organisms which have been living as saprophytes on
the skin or mucous membrane. As a rule, growth within an animal
body enhances the virulence of a microbe for that particular species,
and this seems to be especially true in the case of the bacteria of
blood-poisoning (streptococel and staphylococei).

The cell-substance of streptococel possesses only slight toxiecity.
and virulent strains do not differ from avirulent in this respect.

Old filtrates are more or less toxic, but no powerful specifie
toxin has been demonstrated. It is possible that certain poisons are
formed by streptococeus in the living body which are not produced
in cultures.

A specific hemolysin, streptolysin, has been demonstrated by
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Besredka,* Ruediger, and others. Aecording to Reudiger,f strepto-
lysin is a true toxin, containing a haptophore and a toxophore
group, and giving rise, on injection, to a specific antibody. There
is no good evidence that this hemolytic substance bears any con-
stant relation to the virulence of the miecro-organism producing
it, or that it plays any part in produecing the pathologic conditions
caused by streptococeus infection.

Pathogenicity for Man.—Few, if any, pathogenie organisms
can lay eclaim to wider or more multifarious activities than the
streptococeus. The list of human diseases and affections with
which streptocoeci are associated as the main and primary cause
is already a long one, and is perhaps not yet complete. In
addition to their conspicuous role as initiators of very diverse
pathologie conditions, streptocoeci are present in “‘mixed infee-
tions” and ‘“‘secondary infections” more often than any other
microbes; that is to say, they have a tendency to follow in the
wake of and act as accomplices to other pathologic organisms. It
has been found from an examination of the heart’s blood of cadavers
that in about one-third of all fatal diseases streptocoecei invade
the blood before death, and in these cases they perhaps aid more or
less in facilitating a fatal termination.}

The pathogenieity of streptococeus for man is well exemplified
in erysipelas. This peculiar inflammation of the skin was shown
by Fehleisen in 1883 to be due to streptococei. The cocel are not
present in the central portion of the inflamed area, but are found on
its periphery, and can be isolated most readily by excision of por-
tions of the tissue, other methods rarely succeeding. In the skin
they occur chiefly in the lymph-spaces, which are often packed
with them. Inoculation experiments made upon carcinomatous
patients§ have demonstrated not only that pure cultures of erysipe-

* Besredka: Ann. de I'Inst. Past., 1901, 15, p. 830,
t Ruediger: Jour. Amer. Med. Assoc., 1903, 41, p. 962
1 Simmonds: Virchow's Archiv, 1904, 175, p. 418,

§ Clinical observers have often noted that patients suffering from malig-
nant tumor were distinetly benefited by an attack of erysipelas, that the
growth was checked, and the tumor even diminished in size. Aecting on this
observation, Fehleisen ventured to inoculate streptococei into persons suffering
from inoperable tumors, and the experiment was apparently rewarded with
some degree of therapeutic success. Coley (Amer. Jour. Med. Sei., 1596,
112, p. 251) has modified the treatment by employing a mixture of killed
cultures of streptococei and B. prodigiosus, or the soluble products of these



186 GENERAL BACTERIOLOGY

las-streptococei can provoke the erysipelatous process, but also
that streptococei isolated from non-erysipelatous conditions may
give rise to erysipelas in certain persons. Petruschky * in this
way produced erysipelas by inoculation with a streptocoecus cul-
ture isolated from the pus obtained from a case of puerperal infec-
tion. The natural oceurrence of erysipelas in the human subject ap-
pears to depend upon two factors: first, upon an individual disposi-
tion to contract erysipelas, a characteristiec which is often marked in
certain families; and, second, upon a probably not wvery high
degree of virulence on the part of the infecting micro-organism.

The epidemiologie relations between erysipelas and puerperal
fever were noticed by several acute observers before the discovery
was made that one and the same specific germ could produce these
affections, and, indeed,
before bacteria of any
sort had been shown to
cause disease. The pos-
sibility of transfer of ery-
sipelas  streptococei  to
puerperal cases has long
been recognized.  The
combined evidence of ob-
servation and experiment
has caused the abandon-
ment of the view once
held by bacteriologists

“aiac that Streptococcus ery-
om0 T sy genianvibor e s S SUPtos0o
(Fraokel and Pleiffer), . = cus pyogenes are distinet

species.

Besides causing typical erysipelas, streptococei sometimes give
rise to other affections of the skin and lymph-vessels (e. g., impetigo
contagiosat).
organisms. In all cases where an injection of dead or living streptococei has
seemed to exercise a favorable influence, the sarcomatous tumors are most
affected, the carcinomatous tumors being only slightly and temporarily

inhibit..ed+ Many observers have been unable to note any favorable results
following upon the use of “Coley’s mixture.”

* Petruschky: Ztschr. f. Hyg., 1896, 23, p. 142.
T Kurth: Arb. u. d. k. Ges,, 1803, 8, p. 204,
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Many suppurative inflammatory conditions in different organs
of the body are caused by streptococei (Fig. 38). Osseous tissues
and tissues surrounding the bones are attacked less frequently by
streptococel than by staphylococel, but the joints and serous mem-
branes are often invaded.

Preumonia is sometimes due to a primary streptococeus infec-
tion.

Ulcerative endocarditis, an affection of the valves of the heart,
which oecasionally oceurs simultaneously with inflammatory con-
ditions in other parts of the body, is produced most frequently
by streptocoeci, although it may also be caused by staphylococei,
and less commonly by other micro-organisms. Experimentally
the injection of broth eultures of streptococei (or staphylocoeei)
into the cireulation rarely produces ulcerative endocarditis unless
the cardiac tissues have been damaged by mechanical or chemieal
agencies,

Siipfle® has found streptococei mueh more abundant than any
other micro-organism in inflammation of the middle ear (otitis
media).

The mucous membranes constitute a favorite abiding-place
for streptococei: the tonsils almost always harbor them. Conse-
quently any lowering of the normal resistance of these tissues from
either local or general causes gives the signal for a speedy invasion.
In throat affections of all sorts streptococei are usually present,
and in some cases, notably in diphtheria and in the anginas of
searlatina and measles, the part played by these organisms is highly
important. Typieal diphtheria is so generally accompanied by a
multiplication of throat streptococei that at one time these miero-
organisms were regarded as the cause of diphtheria. While there
15 no longer any support for this extreme view,it is true that, in
addition to the loeal injury that may be done to the throat by the
streptococei, especially in the production of the false membrane,
the virulence of the diphtheria baecillus itself seems in some degree
to be exalted by the presence of streptocoeei.

The majority of non-diphtheritic anginas, in the opinion of
many observers, are due directly to streptococeus infection. It
cannot be said, however, that this position is entirely justified,

* Siipfle: Centralbl. f. Bakt. Orig., 1906, 42, p. 304.
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since the facts are open to the interpretation that the streptococei
found in simple anginas are merely secondary invaders which,
as in diphtheria, have followed in the train of some primary in-
fecting agent. :

The septicemic condition known as puerperal or childbed fever
is usually to be attributed to streptococci. The once common
hospital epidemies of puerperal septicemia, which fill so grim a page
of medical history,* were probably due to the manipulative trans-
fer of streptococei from infected cases: but it is also supposed that
in some cases auto-infection oceurs. Most observers agree that
streptococel are found in the wvaginal secretions of pregnant
women, especially when the secretions are alkaline. The prevail-
ing opinion is that infection may take place with germs from any
portion of the genital tract, including the external parts, and that
special care should be given to the disinfection of the external
genitalia before and during birth.

Certain cases of enteritis in infants and oceasionally in adults
have been attributed to streptococei (Escherich et al.). There is
little doubt that streptococei, if not the primary eause of intestinal
disturbanece, are at least actively concerned in the pathologic
processes. Several varieties of intestinal streptocoeci have been
deseribed, separable, it is said, from one another and from the
ordinary Streptocoecus pyogenes by more or less definite cultural
characteristics; but the evidence showing a connection of any
particular variety with the causation of intestinal disease is not
as clear as could be desired. Intestinal infection of infants might
conceivably oceur through the medium of the milk-supply, since
streptocoeeie inflammation of the mamme (mastitis) of the cow

* As long ago as 1843 Oliver Wendell Holmes published (New Eng. Quar.
Jour. of Med and Surg., April, 1843) an essay on the contagiousness uﬂpuer—
peral fever in which he marshals a surprising array of cases of this disease
that were evidently carried to the mother by the attending physician or nurse.
Some years later Semmelweiss, in 1861 (“Die Aetiologie, der Begriff und die
Prophylaxis des Kindbettfiebers,” Pest, Wien u. Leipzig, 1861), showed
clearly that puerperal mortality could be greatly reduced by attention to
cleanliness, especially of the instruments and hands of the operator, but his
teachings were for a long time neglected and even scorned. During the period

before aseptic and antiseptic methods came into use in lying-in hospitals
infection was conveyed from one case to another, and in some years nearly all
the patients that entered a given hospital would die soon after being delivered
of child.
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is not uncommon. Streptococei have been often found in market
milk, but it has not been shown that their presence, even in consid-
erable numbers, is any indication that the milk is unwholesome.
Most of the streptococci in milk are probably descended from
saprophytie, not from pathogenic, ancestors. (See p. 530.)

As a secondary invader streptococcus has a baneful influence
upon a number of maladies, notably upon the last stages of pulmo-
nary tuberculosis, where it produces frequent complications, involves
healthy tissues adjacent to the tuberculous area, and predisposes
to hemorrhages. Streptocoecei are often present also in pneumonia
as a mixed infection, and in some cases act as th2 primary cause.
In smallpox and in scarlatina many of the most serious symptoms
and most frequent complications are the result of streptococeus
infection. In these diseases streptococel can be isolated from
the internal organs in a large percentage of the fatal cases, and in
some instances they can be isolated from the blood during life.
Some bacteriologists maintain that streptococei are the cause of
scarlatina, but this view is not generally accepted.

Rheumatic fever or acute articular rheumatism has been attri-
buted by different observers to various kinds of bacteria. An
anaérobie bacillus found by Achalme®* was at one time regarded by
some writers as the cause of this affeetion, but Achalme's bacillus is
probably identical with B. welchii (p. 341) and has no causal
relation to rheumatism. Streptocoeci have been found in the
blood in a number of cases of rheumatic fever, and characteristic
arthritic lesions have been produced in rabbits by inoculation with
cultures derived from such cases. By some observers the strepto-
cocel (or diploeoeei) from acute rheumatism have been considered
different from the ordinary Streptococcus pyogenes. Several
investigators, however, have produeed experimental arthritis in
rabbits with streptococci from non-rheumatic sources (Cole ).
At the same time the work of Poynton and Paine, Beattie,§ and
others deserves attention, and it is possible that Streptococcus
(or Diplocoecus) rheumaticus will eventually come to be regarded
as an independent species. According to some investigators, dis-

* Achalme: Arch. de méd. Exper., 1898, 11, p. 370.

t Cole: Jour. Infect. Dis., 1904, 1, p. 714,

1 Poynton and Paine: Centralbl. {. Bakt., 1902, 31, p. 502.
§ Beattie: Jour. Med. Res., 1905-06, 14, p. 399.
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tinetive and constant cultural characters, such as the production
of acid and precipitation of bile salts in MaeConkey’s bile-salt-
lactose-broth, and abundant production of formic acid (Walker
and Ryffel*), characterize the micrococcus found in rheumatism.
For the present the question of the specificity of the streptocoecus
found in rheumatism may be regarded as unsettled.

In certain cases of chronie arthritis or arthritis deformans,
hemolyvtic streptococei not readily distinguishable from the
ordinary Streptococeus pyogenes have been isolated from the
tonsil, often in pure eulture.f These eultures invariably produce
arthritis in animals. Extirpation of the diseased tonsil leads
commonly to marked improvement or to complete recovery.
Injection of killed cultures of the streptococecus strain isolated from
the patient (autogenous vaceine) is of undoubted value in the treat-
ment of such cases. These facts point to the hemolytie strepto-
coceus as the ecause of certain cases of chronie arthritis, and to the
tonsils as the focus from which infeetious material is being con-
stantly disseminated.

Streptocoecie septicemia may develop in connection with a
great variety of affections, both those in which streptococcus itself
is the initial exciting cause and those that are set in motion by
other factors. The coup de grace in many prolonged constitutional
maladies, such as diabetes, is often given through a general strep-
tococeus invasion.

Streptococcus Sore Throat (Septic Sore Throat).—In the first
decade of the twentieth century epidemies of sore throat of a
severe and unusual type appeared in a number of loecalities in
England and elsewhere.f In Colchester, England, 600 persons
were affected, in Christiania, Norway, about 550. 8Still more
extensive outbreaks have oceurred in this country: in Boston$
(1911), 1400 cases; in Baltimore || (1912), 1000 eases; in Chicago ¥
(1911-12), 10,000 cases (estimated), and in Concord,** N. H.
(1912), 1000 cases.

* Walker and Ryfiel: Brit. Med. Jour., 1903, 2, p. 659.

t D. J. Davis: Jour. Amer. Med. Assoe., 1913, 61, p. 724,

1 See Savage: “Milk and the Public Health,” The Macmillan Co., 1912.
§ Winslow: Jour. Infect. Dis., 1912, 10, p. 111.

| Hamburger: Bull. Johns Hopkins Hosp., 1913, 24, p. 1.

¥ Capps and Miller: Jour. Amer. Med. Assoc., 1912, 58, pp. 1111, 1848,
** Mann: Jour. Infect. Dis,, 1913, 12, p. 481.
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The symptoms and complications have been strikingly similar
in all the epidemics studied. Intense local hyperemia, with or
without a grayish exudate, and enlargement of the cervical lymph-
nodes are among the more characteristic manifestations. The
joints are affected in many cases and the heart and kidneys seri-
ously damaged. Pneumonia ending in fatal septicemia is often
observed. “The most dangerous and remarkable complieation
was peritonitis, which was responsible for a great number of
deaths” (Capps). In the epidemics occurring in the United
States the infection was traced definitely to particular milk sup-
plies. Although some secondary cases developed by contact, over
70 per cent. of the vietims in some outbreaks were users of milk
from a single dairy. Attempts to conneet the outbreaks with a
definite diseased condition of the ecattle furnishing the milk have
not been successful in all eases, but in the Cortland (N. Y.) epi-
demic* acute udder inflammation was found in eattle in the im-
plicated herd. It is possible that the milk may have become
infected after collection through the agency of human carriers, but
the massive and continuous infection occurring in some of the
outbreaks indicates rather a bovine origin.

Streptococei of a peculiar type have been isolated from milk,
from charaeteristic sore throats, and from the peritoneal exudate
in fatal cases, and have been subjected to thorough study by D. J.
Davisf and Rosenow,{ of Chicago. These streptococei are cap-
sulated, but the development of mucoid substance seems less
abundant than with the ordinary Streptococcus mucosus. On
blood-agar plates the colonies are larger and more moist than those
of the ordinary type. When first isolated the streptococei from
epidemiecs are always hemolytie, but the zone of hemolysis is usu-
ally relatively narrow. They ferment dextrose, lactose, saccharose,
dextrin, and maltose, but not inulin, mannite, or raffinose. Guinea-
pigs and rabbits are killed within forty-eight hours by relatively
small doses, which produce a generalized infection.

Davis has made the important observation that the udder of a
healthy cow may be infected with streptococei of human origin
which produce a mastitis unaccompanied by “eaking’’ of the bag,

* North, White, and Avery: Jour. Infect. Dis., 1914, 14, p. 124,
T Davis: Jour. Amer. Med. Assoe., 1912, 58, p. 1852,
1 Rosenow: Ibid., p. 773.
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Such a form of mastitis might well escape notice in the ordinary
examination of a suspected herd.

“When we come to a consideration of prophylaxis all other
measures and precautions will sink into insignificance when com-
pared with thorough pasteurization” (Capps).

Pathogenicity for the Lower Animals.—Among the lower
animals streptococei are found in spontaneously produced abscesses
and similar suppurative processes in about the same proportion
as in man: they are less common than simple staphylococeus
infections, but are said to comprise from one-third to one-fourth
of all cases. Horses seem particularly subject to streptococcus
infection. The streptococci found in inflammation of the cow's
udder are said to differ from the streptococei of human inflamma-
tions in being gram-negative, in their ability to liquefy gelatin,
and in their higher pathogenicity for guinea-pigs.

Experimentally, rabbits and miee have proved most susceptible
to inoculation. There is an entire absence of correlation in the
pathogenieity of streptococei for different animals. A culture
isolated from a severe septic infection in man may be utterly devoid
of pathogenic power for the mouse, while a culture obtained from
a small localized abscess may be highly mouse-virulent. Virulence
for a given species of animal, such as the mouse, may be exalted
by successive passages through individuals of that species, but the
ereatly heightened virulence thus obtained for one animal (mouse)
may be accompanied by the simultaneous diminution of virulence
for another (rabbit) (Knorr*). On the other hand, passage
through rabbits increases the virulence not only for the rabbit,
but also for the mouse and for the larger domestic animals. Cultures
whose virulence has been artificially exalted for the rabbit and the
mouse appear to have lost much of their pathogenie power for man.
Interpreted on the receptor theory, these facts indicate a conzider-
able qualitative difference in the receptor endowment of the different
animal species. Rabbits and miece usually develop a generalized
infeetion when inoculated with virulent strains. One-millionth
of a eubie centimeter of a twenty-four-hour-old broth culture has
been found to kill a rabbit, but such a high degree of virulence is
rare except in artificially exalted cultures. As a rule, a culture is
regarded as of fairly high virulence if 7 c.c. kills a rabbit within

* Knorr: Ztschr. f. Hyg., 1893, 13, p. 427.




THE STREPTOCOCCI 193

three or four days. Slightly virulent strains may produce localized
abscesses; an erysipelatous process has been provoked in the ear
of the rabbit by the use of a eulture of the proper degree of virulence.

One or Several Species of Streptococci?—One of the most
vexed questions in the history of streptococeus infeetions has been
that concerning the essential identity of the cultures isolated from
various sources. Several phases of this matter have already
been touched upon. It is a well-established faet that association
with diverse pathologic conditions does not in itself afford an
adequate basis for specific differentiation: streptocoecus cultures
isolated from suppurative processes in man are able to produce
erysipelas, and vice versi. A close examination of the morpho-
logic and physiologie peculiarities of wvarious strains has made it
clear that more or less difference exists between certain cultures,
but it is yet uncertain how much importance can be attached to
these divergences as betraying a deep-seated distinetion. In faet,
any uniformity in the observed differences in cultural characters
has itself been ealled in question. On the other hand, it does not
follow that produetion of similar symptoms and lesions is a mark of
specific identity. Attempts to differentiate streptocoecus groups by
the agglutination test have not succeeded. The agglutination reac-
tion, for example, between the streptococei cultivated from scarla-
tina and the serum from ecases of this disease is in no way specific.*

Many attempts have been made, especially by English and
American investigators, to differentiate streptococei on the basis
of fermentation reactions. Gordont Houston,] Andrewes and
Horder,§ and Winslow || and his co-workers have published elabo-
rate studies along this line. Classifications of streptococei based
on fermentative power have not, however, met with general accept-
ance. This is in part undoubtedly due to slight differences in
technic, which have given rise to conflicting results in the work of
different investigators. It is, in part, due also to the great varia-
bility of this group of organisms. The exiztence of numerous
variable and ‘“‘anomalous’ strains interferes with the establish-

* Weaver: Jour. Infect. Dis., 1904, p. 91.

T Rept. Med. Off. Local Gov't Bd., Great Britain, 1902-03, 32, p. 421.

§ Ibid., 1903-04, 33, p. 472.

§ Lancet, 1906, 2, p. TOR.

[l Jour. Infect. Dis., 1912, 10, p. 285.
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with cultures rendered very virulent by passage through rabbits.
_Agglutinins are present in the blood of immunized animals (Fig. 39).

Neither antitoxic nor bactericidal substances are present
in any noteworthy degree in the blood of immunized animals.
The phagoeytes, however, display increased activity. Bordet™®
showed that pronounced phagocytosis of streptococei takes
place in the peritoneal eavity of immune animals, while it is very
slight in normal animals. The addition of immune serum to normal
leukoeytes in test-tube experiments causes the leukoeytes to advanece
upon, engulf, and digest the streptococei. The marked inerease
of phagoeytosis is probably due, as in other cases, to the develop-
ment of a bacteriotropie substance or opsonin in the body-fluids
of the immunized animals. The streptococeus opsonin is quite
resistant to heat (62° to 65°) and also to acids and alkalis. Aeccord-
ing to Ruediger,T the amount of opsonin is sometimes inereased
during an attack of erysipelas.

The Use of the Serum of Immunized Animals for Protective
and Curative Purposes.—Many attempts have been made to
obtain an antistreptococeus serum which shall cure or prevent
streptococcus infection in man. Marmorek,f by the use of
streptococel made highly virulent for rabbits, 0.000,001 c.c. of a
broth culture being fatal, has prepared a serum that has been
rather extensively used both in animal experiments and in human
therapeuties. The experiments of Marmorek and others leave
no doubt that the serum of suitable horses that have been treated
with these virulent cultures frequently exerts a marked protective
influence when inoculated into a streptococcus-infected animal.
In human infeetions conflicting results have been obtained: in
some cases favorable effects have been noted, but on the whole
the use of Marmorek’s serum has been distinetly disappointing.
Experiments with animals have shown that in some cases those
sera prepared with a particular strain will protect against that
strain, but not against streptococei derived from other sources,
A similar serum prepared by Aronson, when given to a mouse in
doses of 0.0004 to 0.0005 c.c., will protect the animal against ten
fatal doses of streptococei, inoculated twenty-four hours after the

* Bordet: Ann. de 'Inst. Past., 1897, 11, p. 177.
T Ruediger: Jour. Infect. Dis., 1906, 3, p. 156.
1 Marmorek: Ann. de I'Inst. Past., 1805, 9, p. 593.
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serum. According to some observers, Aronson’s serum has been

successfully used in the treatment of scarlet fever and has reduced

the mortality from this disease.

The failure or very moderate success attending the use of
Marmorek's and Aronson's sera has been attributed by certain
investigators to the faet that these sera are “univalent,”—that is,
prepared by the use of a single strain of streptococeus,—and
attention is also directed to the fact that while the strains used are
virulent for the rabbit, they are not necessarily so for man. In
the endeavor to overcome these possible reasons for failure,
Tavel, Moser,* and others have immunized animals by using a
number of different strains of streptococei, and have espeeially aimed
to employ strains recently isolated from pathologie conditions in
man, and not altered by animal passage. The “polyvalent” sera
obtained from such animals are alleged to give more satisfactory
results than those prepared by the earlier methods. Moser,T who
assumes that scarlet fever is a streptococeus disease, uses the serum
of horses injected with about twenty different strains of streptococel
cultivated from cases of secarlet fever, and maintains that such a
serum has a strongly favorable influence upon patients suffering from
this disease. A similar.claim is advaneed by Menzer] respecting the
treatment of rheumatism with sera produeed with streptococeus
strains isolated from rheumatic patients. It must be admitted, how-
ever, that, on the whole, the evidence bearing on the therapeutie
value of the various antistreptococeie sera is very far from conelusive.
The mode of action of such sera, as has been shown, is still undeter-
mined, and there are consequently lacking adequate methods of stand-
ardization and control. Hektoen and Ruediger§ found that the
commereial streptococeie sera at one time in use in this country all
possessed a lower opsonie index for various streptocoeei than normal
horse serum.  Sinee in animal experimentation the opsonin content
of an antistreptococeus serum seems to be the factor that gives the
serum whatever protective value it possesses, it is clear that the evi-
dence of therapeutic success for such sera should be carefully sifted.

* Moser: Klin.-therap. Wehnschr., 1902, No. 28; Abs. Centralbl. f.
Bakt., 1903, 32, p. 690.

t Moser: Wien. klin. Wehnschr., 1902, 15, p. 1053.

{ Menzer: Die Aetiologie des akuten Gelenkrheumatismus, Berlin, 1902.

§ Hektoen and Ruediger: Jour. Am. Med. Assoc., 1906, 46, p. 1407.
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CHAPTER XI
THE PNEUMOCOCCUS (STREPTOCOCCUS PNEUMONILE)

The miecro-organism most commonly met with in acute inflam-
mations of the lungs in man is a small micrococcus upon which a
great variety of names have been bestowed; those in most general
use are Streplococcus (or Diplococeus) pneumonie, Micrococcus
lanceolatus, or, more briefly, the pneumococcus. It is also known,
after its discoverer, as Frdnkel's pneumococeus.

In considering the relations of this organism to the production
of pneumonia, it must be borne in mind that the name pneumonia
18 not restricted to absolutely uniform changes in one set of tissues,
. but that writers group under this name a variety of affections
symptomatically and histologically distinet. Among the most
generally recognized of these are: lobar (acute croupous) pneumonia,
bronchopneumonia or lobular pneumonia, and eapillary bronchitis
(bronchiolitis). * If one of these anatomie types—for example,
lobar pneumonia, the common form in adults—be considered from
the etiologic standpoint, it is found that at the present time in
temperate climates acute lobar pneumonia in the vast majority of
cases is caused by a lanceolate micrococcus, oceurring in pairs or
chains—the pneumococeus of Frinkel. A number of other species
of bacteria may occasionally also give rise to this condition. Among
these are B. diphtheriz (p. 237), B. pestis (p. 309), B. typhosus
(p. 277), B. mucosus capsulatus (p. 269), and also streptocoeci
and staphylocoeci. For the most part, however, the pneumonias
produced by these species are of the lobular type. Pneumonia, then,
is not a disease either of constant anatomic character or of uniform
etiology. One and the same organism can incite affections histo-
logically dissimilar, such as the lobar, lobular, and bronechiolitie
forms, and, on the other hand, apparently identical lesions may be
produced by the action of different microbes.

Morphologic and Cultural Characters.—Morphologically the
pneumocoeccus is a small, slightly elongated coceus, one end of which is
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advantage. One of the most useful of the solid media is that recom-
mended by Weichselbaum, consisting of one part of human serum
and two parts of nutrient agar. A very satisfactory fluid medium
is that of Marmorek, which is composed of two parts of ordinary
nutrient broth and one part of aseitic or pleuritiec fluid. Blood-
agar is one of the best media for conserving both vitality and viru-
lence. The temperature range of the pneumococcus is narrow,
growth taking place, as a rule, only between 27° and 42° C.  Even
upon the most favorable media the organism sometimes dies out
very quickly. The vitality of eultures may, however, usually be
conserved for some time in the refrigerator or maintained by fre-
q;:ent transfer (every two or three days). Cultures in Marmorek’s
medium have been found still living and virulent after eight months
(Lambert). In dried pneumonie sputum the cocei may survive
for as long as fifty-five days. Their life in dust and in the infec-
tious droplets discharged into the air by coughing or sneezing
probably does not extend over more than a few hours.

Varieties and Distribution.—It has been shown by several
investigators that more or less distinet varieties of pneumococei
exist, distinguishable from one another by their physiologic characters
in cultures or by the effects that they produce in animals on inocu-
lation. Especially are there found, both in normal mouths and in
various pathologie conditions, so-called atypical pneumoecocei that
resemble the true pneumococeus morphologically and in staining
reactions, but are thought by some to be distinguished from it by
their inability to ferment inulin* (Hiss f), and by their agglutination
reactions. Streptococcus mucosus, an organism that is found in
some cases of pneumonia, and that forms a great abundance of
capsular material in cultures when first isolated, but which ferments

* Inulin-serum-water, prepared by mixing 1 part of ox serum, 2 parts
of distilled water, and 1 per cent. of inulin, is usually fermented by Strepto-
coccus pneumonie (and Streptococeus mueosus), with resulting coagulation
of the serum; strains of Btreptococcus pyogenes ordinarily met with do not
ferment inulin. On the other hand, a morphologically typical strain of the
pneumococeus has been found which does not ferment inulin.  Considerable
variation in inulin-fermenting power is shown by typical pneumococei, and
too great reliance should not be placed upon this test. (See, for example,

Jane Berry, Jour. Infect. Dis., 1907, 4, p. 93, and Buerger and Ryttenberger,
Jour. Infect. Dis., 1907, 4, p. 609.)

t Hiss: Jour. Exp. Med., 1905, 6, p. 317.
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inulin, is probably to be classed with the true pneumococei, Trans-
ition forms linking Streptococeus pneumoniz with Streptococeus
pyogenes have been deseribed, and preecise differentiation is often
difficult. The full significance of all the varieties and intermediate
forms remains to be elucidated.

The application of immunity reactions (protection, agglutina-
tion) to the differentiation of pneumocoeei has resulted in the
hands of Dochez and Gillespie* in a grouping of different strains
which may have considerable significance. The immunity reac-
tions of at least two of these groups seems to be highly specific.

Rosenow, in studying transmutations within the streptocmm{s-
pneumococcus group,t has come to far-reaching conclusions re-
garding the possibilities of conversion of one type into another.
According to his observations, hemolytic streptococei have been
converted into typieal pneumocoeei and vice versi. Morphology,
capsule formation, fermentative power, speecific immunity response
(opsonin production, agglutination) have all been found by
Rosenow to vary with wide limits.

Particularly important are the facts concerning the distribution
of the pneumococcus. Few observations exist as to its oceurrence
in external nature, although it has been reported at least once as
having been found in the dust on the walls of a sick-room.{ It is,
however, a common inhabitant of the healthy mucous membrane
of man.

In 1880 Pasteur produced septicemisa in rabbits by inoeulation
with normal human saliva. The microbe found by him in this form of
“sputum septicemia’” (mierobe septicémique du salive) was doubt-
less Streptococeus pneumoniz. Sternberg and many others have
also found this germ in saliva. Park and Williams § in New York
succeeded in isolating typical pneumococei from the mouth, nose,
and throat secretions of a large percentage of healthy individuals
(forty out of eighty). The cocei are found in individuals living in
both eity and eountry and in those of both indoor and outdoor
occupation. Those present in healthy individuals are more likely

* Dochez and Gillespie: Jour. Amer. Med. Assoc., 1913, 61, p. 727.
T Rosenow: Jour. Infect. Dis,, 1914, 14, p. 1.

i Netter: Compt. Rend. de la soe. biol., 1897, 49, p. 538.

§ Park and Williams: Jour. Exper. Med., 1906, 7, p. 403.
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to be atypical than those found in pneumonia, and, judging from
animal experiments, are, as a rule, less virulent.

Pathogenicity for Man.—The well-nigh universal occurrence
of the pneumococeus in the tissue of inflamed lungs in cases of lobar
prneumonia, especially in those parts where the pathologic changes
are most active, and also its regular appearance in the sputum of the
majority of pneumonia patients, afford strong arguments for con-
necting this organism causally with lobar pneumonia. The same
is true of many cases of lobular pneumonia. Still more convineing is
the fact that the pneumococeus is present in the ecirculating blood
in practically all cases of lobar pneumonia. It was at one tfime
supposed that the finding of the pneumocoeeus in the blood was
of ominous significance and pointed to a fatal termination, but as
a result of the more recent researches, this view is no longer tenable.
The invasion of the blood is looked upon at present as a constant
accompaniment of infection. Rosenow * found pneumocoeel in
the blood in one hundred and thirty-two out of one hundred and
forty-five cases.

It is sometimes held that lobar pneumonia is caused by bacteria
that are inhaled and make their way directly to the alveoli of the
lungs (Weichselbaum 1). Lobular pneumonia, on the other hand, is
supposed to be due to the aspiration of bacteria that are present
in the bronchial exudate, or it may arise from a general extension of
a bronchitis into the alveoli. The type of pneumonia produced
by such organisms as B. influenzee and B. diphtherize is usually
of the latter variety (bronchopneumonia). Since these bacteria
are probably present in the first instance in the exudate of the upper
respiratory passages, the bronchopneumonia may be looked upon as
more or less direet extension of the initial infection. A far greater
variety of microbes is found associated with lobular pneumonia
than with lobar, both as the primary exciting agents and as partiei-
pants in mixed infections. Probably over 95 per cent. of all cases of
pronounced lobar pneumonia are due tothe pneumococcus.  The so-
called atypical casesof lobar pneumoniaare also due,in the great ma-
jority of cases at any rate, to the pneumococeus, and there is no
reason for assuming that a ease presenting anomalous symptoms is

* Rosenow: Jour. Infect. Dis., 1904, 1, p. 280,
+ Weichselbaum: Kolle and Wassermann, Handbuch, 3, p. 240.
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caused by an unusual bacterial species. The differences observed in
pneumococeus infections are related to the susceptibility of the
affected individual, and perhaps in some degree to the virulence
of the infecting micro-organism. In lobular pneumonia, and more
rarely in lobar pneumonia, mixed infections may oceur, the pyogenie
micrococei being the accessory organisms most commonly found. As
already pointed out, both streptococci and staphylococei are eapable
by themselves of provoking pneumonie processes of the lobular type,
and when they are found with the pneumococcus they may be regarded
as taking some part in producing the observed pathogenie effects.
How great an influence is exerted by such mixed infections upon the
outcome of a case is still uncertain. The question as to how far
the anatomic and clinical character of a pneumonia is affected by
the nature of the microbe or mierobes concerned is also unsettled.

It has not been shown that the lobular pneumonia produced by
Streptococeus pneumonize is materially different from the type of

pneumonia, for example, oceasionally produced by the typhoid
bacillus.

The pneumococeus must be held responsible not only for the
causation of most cases of both lobar and lobular pneumonia, but
for a number of other pathologic processes and conditions. Among
the most common of these are inflammations of the pleura, peri-
cardium, endocardium, and meninges. These may occur either as
independent and primary affections or as complications and sequels
of pneumonia. Inflammations of the meninges, and particularly

of the middle ear, are rather frequently secondary to pneumonia, and

are also sometimes primary. The connection between inflammation
of the middle ear and meningeal infection has been often noted.
There can be no doubt that the pneumococcus on its road to the
cerebrospinal membranes travels oceasionally by way of the nasal
passages, but the pneumococeus is frequently found in the blood,
and other modes of access are also possible.

- To these inflammatory eonditions of pneumococeal origin might
be added a long list of others provoked by the same organism.
There appear to be few, if any, organs or tissues that are not under
some ecircumstances subject to attack. Enteritis, eonjunctivitis,
and a great variety of other affections are oceasionally due to the
activity of the pneumococcus. In general, pneumocoecus infections

e T—
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tend to a more favorable outcome than similar infections with strep-
tococei or staphylococei, but the statement admits of exceptions.

In the production of pneumonia an important part is played
by causes affecting individual predisposition. The well-known
age-fatality of the disease which bears most heavily upon infants
and upon the aged demonstrates the influence of bodily conditions
in determining the course of infection. Disturbances of the eircu-
lation due to severe or sudden exposure to cold is another familiar
factor of causation. The influence of aleoholism as a predisposing
factor is especially marked. A wvariety of other causes, such as
infection with a disease like measles or typhoid fever, can lead to a
lessening of the normal resistance, so that pneumococei which are
taken in with the inspired air, or are perhaps always present in
some part of the respiratory tract, can penetrate the alveoli of the
lungs and excite the pneumonic process. In most, if not all, of the
infectious diseases the influenee of predisposing factors 1z import-
- ant; in pneumonia it is of almost supreme significance.

At the same time the possibility of the transmission of infection,
particularly in the ease of very virulent strains, must always be kept
in mind. It has already been pointed out that pneumococci can
retain their vitality in fine spray and in dust for a short time and in
dried sputum for a considerably longer period, extending even over
some weeks. As in many other bacterial diseases, so also in pneu-
monia, convaleseents and persons coming in contact with patients or
convalescents may earry virulent germs in their respiratory tract for
weeks or months. Sometimes an apparently simple ““cold in the
head” may be due to the pneumococcus. Many eases are on record
of apparently rather direct communieation of pneumonia from one
person to another, but few such cases have been studied with ade-
quate bacteriologic methods. It is plain, however, pending determi-
nation of the degree of danger, that disinfection of sputum should
be rigorously praetised, and that the proximity of a pneumonic pa-
tient should not be courted, especially by the enfeebled or those in
a condition inviting infection.

Pathogenicity for the Lower Animals.—Animal inoculation
has thrown aflood of light upon the nature and course of pneumococ-
cus infection in man. The injection of human saliva into rabbits
by Pasteur gave rise to a rapidly fatal generalized infection. The
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“sputum septicemia’ caused by this procedure is now known to be
due to the pneumococcus; precisely similar results today follow
the injection of pure cultures of this organism. Mice, like rabbits,
exhibit a high susceptibility to pneumocoecus infection; guinea-pigs
are less sensitive. It is a noteworthy fact that in these animals lung
lesions, when they occur at all, are slight and usually limited to the
bronehopneumonie type. The experiments with the pneumococeus
present an example of the general law that susceptibility is charae-
terized by general septicemic infection, resistance by the oceurrence
of a localized process. Resistant animals, such as the dog, show an
approximation toward the type of pneumoecoceus infection observed
in man. It is possible to produce typical lobar pneumonia in
the rabbit by carefully balancing the susceptibility of the animal
and the virulence of the germ. This may be effected either by
employing attenuated cultures of the pneumococcus (injected
imtratracheally, intravenously, or intraperitoneally), or by partially
immunizing the animals so that they acquire sufficient resistance to
prevent a general infection.®

On the basis of these experiments the course of pneumococcus
infection in man may be more readily comprehended. Man must
be regarded as an animal of rather high normal resistance. This
relative immunity may, however, be so far reduced as to permit
of the production of localized manifestations, which in still more
susceptible individuals may lead on to a fatal septicemia. In some
cases death is due to overwhelming interference with respiration
caused by the local pulmonary lesions; in others, to general systemic
poisoning or toxemia.

Virulence and Toxin Production; Agglutination.—The
oceurrence of cases of pneumonia differing widely in severity has
been supposed to indicate the existence of strains of pneumocoeei
of varving degrees of virulence, although in any given instance
it is plainly impossible to apportion the relative influences of indi-
vidual susceptibility and of bacterial virulence. The occasional
appearance of epidemics of pneumonia of a highly virulent character
has also been conjectured to be due to the presence of strains of
unusual pathogenic power. These inferences are supported to
some extent by the experimental evidence, which shows that con-

* Wadsworth: Amer. Jour. Med. Seci., 1904, 127, p. 851.
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siderable fluctuations in virulenee occur in cultures. The virulence
of a given strain may be greatly exalted by animal passage. This
fact has been adduced to explain the virulence of the epidemie
type of pneumonia, it being supposed that pathogenicity is height-
ened by frequent transfer from person to person. Attenuation
of pneumococei may also be effected experimentally in wvarious
ways, such as growth at a temperature above 39° C. or in a medium
in which abundant acid production oceurs (milk); in the ordinary
culture-media a spontaneous diminution of virulence takes place,

Many attempts have been made to obtain a specific soluble
toxin from cultures of the pneumococcus, but so far they have
signally failed. Macfadyen* succeeded in preparing a powerful
thermolabile poison by the freezing-and-grinding method, but there

ig no evidence that this substance is the same as that to which the
‘pneumococcus owes its pathogenicity for man. The poisonous

bodies by which this micro-organism produces its specific effect
- are perhaps generated only under the conditions prevailing within
the living body of its host, or are perhaps so firmly bound to the
bacterial eell substance that they are not separated from it by the
methods that have so far been applied. Rosenow concludes, as
the result of a long-continued study of pneumococeus metabolism,
that there are three more or less independent sources of toxie
material during pneumocoecus infections, each one of which is
closely related to protein cleavage. These are: “(1) the pneumo-
cocei themselves (struetural nitrogen); (2) growth in fluids or
exudates (metabolic nitrogen); and (3) the action of the proteo-
lytic enzyme on protein derivatives other than those from pneu-
moeoeel,”

Rosenow t also has made the interesting observation that, “Ex-
traction or autolysis of virulent pneumococei in NaCl solution brings
into the solution a substance or group of substances which inhibits
the action of pneumococco-opsonin; avirulent pneumococei take
up this substance and now become not only resistant to phagoey-
tosis, but exhibit also to some degree the property of animal virulence;
after extraction of the substance virulent pneumococei acquire
the power to apsorb pneumococeo-opsonin.”

* Macfadyen: Centralbl. f. Bakt., 1906, 43, p. 30.
T Rosenow: Jour. Infect. Dis., 1907, 4, p. 285,
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is obseured. When tested by Gram’s method of staining, decolor-
izing takes place. This character serves to distinguish it readily
from the ordinary streptococei and from the pneumococcus. In
cultures the meningococeus 1s about 1 u in diameter, and appears,
as a rule, in pairs; short chains are seen more rarely. No capsule
is present, although irregularities in staining and the oceurrence
of swollen cells have led to some confusion on this point. Involu-
tion forms are common.

Cultural Charactersi—In artificial media the growth of the
meningocoecus at .best is seanty. Great difficulty is sometimes
experienced in obtaining cultures of the organism from pathologic
exudations. Upon ordinary agar and in broth the growth is feeble;
on potato, as a rule, no visible
growth occurs, although rarely a
delicate yellow-brown coating is
formed; no change is produced
" in litmus-milk. A more satisfae-
tory growth is obtained by the
use of a glycerin-agar or of a
blood-serum  mixture.  Upon
Liffler’s medium in twenty-four
hours at 37° white, shining, viseid
colonies are formed which tend
to coalesce; the Dblood-serum L
15 not liquefied. Aeccording to Fig. 42.—Meningoeoceus in pus
Flexner,* the use of sheep cells (Councilman): Pus cells con-

taining diplococei from the muninfes.
ate

serum is advantageous. Sheep- A few diplococei are in the exuc
: outside of the pus cells, Between
serum-water prepared by Hiss’ 1,0 hus cells there are delicate fibrille

methodf is mixed in a propor- of fibrin. The illustration is an accu-
¥ : : rate representation of a group of cells
tion of about 1:10 with sterile in the ]E::eld of the microscope.
nutrient glucose-agar; this me-

dium has proved especially favorable for the growth of the menin-
ZOCOCCUS.

Whatever method of isolation be emploved, it is necessary to

deal as expeditiously as possible with exudations or secretions

containing meningococei, sinee the organisms soon perizsh once the

* Flexner: Jour. Exper. Med., 1907, 9, p. 105,

T Sheep serum one part, distilled water two parts, inulin 0.1 per cent.
14

|
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exudations are removed from the body. Very slight resistance is
shown to desiceation. The life of artificial cultures of the menin-
gococeus is usually brief; in cultures that are two or three days
old the cells give evidence of marked degeneration. Flexner has
shown that the organism contains an intracellular enzyme capable
of destroying its own cell-substance. Vitality can be preserved
in ordinaryv cultures only by frequent transfers. The addition
of caleium earbonate to sheep-serum-water agar, however, enables
the meningococeus to survive for some time.

Pathogenicity for Man.—Many cases of meningitis due to the
meningococcus are characterized by special features which' distin-

Fig. 43, —Meningocoeei in pus from brain abscess (Flexner),

guish them from cases of meningitis produced by other organisms,
as, for example, from pneumococeal meningitis. The most marked
lesions oceur at the base of the brain, extending from the optic eom-
missure backward over the crura, pons, and medulla. The meninges
of the entire brain are rarely affected. The cord is always affected,
and to a greater extent than in any of the other forms of meningitis.
The usual history is that of sudden onset, and many so-called ful-
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minating cases occur. The disease is most frequent in children
and young adults, cases being rare in persons over thirty-five years
of age. In the epidemic studied by Councilman, Mallory, and
Wright, the mortality was 76 in 111 cases (68 per cent.); in New
York eity in 1905, out of 2755 cases reported, there were 2026
deaths (73 per cent.). While the mortality is thus usually high,
epidemic meningitis stands in contrast to the practically invariably
fatal meningitis caused by other bacteria.

During life the surest method of diagnosis of this form of men-
ingeal disease iz the detection of the specific micro-organism in
spinal fluids obtained by means of lumbar puncture. Elsner and
Huntoon*® were able in this way to demonstrate the meningococcus
by microscopic examination in 141 out of 171 cases. When cul-
tural methods are also used the proportion of positive findings is
increased. Espeecially prominent among the symptoms are the in-
volvement of the eye and ear, the infection showing a definite tend-
- ency to extend along the optie, auditory, and fifth nerves. The
meningococeus is sometimes found in the circulating blood. A
general infection with the meningococeus seems to be always
secondary to disease of the meninges.T Under some circum-
stances it can give rise to a foeal pneumonia, which differs from
that produced by the pneumococcus. Complications in general
are not very frequent, acute rhinitis being the one most com-
monly reported. It is still an open question whether the nasal
cavity is the usual portal of entry-for this organism, and the
meningitis is secondary to an acute rhinitis, or whether the rhinitis
is secondary to a blood infection. In the first days of the disease
the meningococeus can be demonstrated in the nasal secretions
in a large proportion of eases. Exceptionally the meningococcus
may live as a saprophyte on the nasal mueous membrane of eertain
healthy individuals, especially such as have been in contact with
infected persons. The remarkably slight resistance of the coceus
to drying favors the assumption that the disease is usually spread
by germ-carriers, whether convalescents, actual patients, or
healthy persons. Direct contact with infected material smeared
upon handkerchiefs, towels, or drinking-cups, and inhalation of

* Elsner and Huntoon: Jour. Med. Res., 1909, 15, p. 377.
T See Duval: Jour. Med. Res,, 1908, 19, p. 259.
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infectious droplets, are in all probability the means by which in-
fection is spread.

Pathogenicity for Other Animals.—Rabbits and adult guinea-
pigs display little susceptibility to inoculation. White mice are
somewhat more susceptible, especially to intraperitoneal inocu-
lation. Young guinea-pigs (175 to 200 grams) are quite highly
susceptible to intraperitoneal inoculation, but in order to produce
a fatal result rather large amounts of culture must be used, and, as
a rule, the meningococcus fails to invade the tissues. The guinea-
pig experiments indicate that the death of these animals is caused
by a poison liberated by the disintegration of the bacterial cells.
Cultures killed by heat and eultures subjected to autolysis are
quite toxic. Councilman and his co-workers* produced typical
meningitis in a goat by intraspinal injection of pure cultures.
Flexnert has reproduced in monkeys the lesions and to some
extent the symptoms of acute meningitis as they oceur in man.

Agglutination and Immunity; Curative Antiserum.— Agglutin-
ins are produced by animal inoculation with the meningococcus,
and appear also in the blood of patients suffering from epidemie
meningitis; the serum of the latter agglutinates the specific cocei
in a dilution of 1:50 or higher. Kolle and Wassermann} have
shown that when large quantities of meningococei are injected into
the body of a horse, agglutinins, opsonins, and also speeific immune
bodies (amboeeptors) are produced, and that the horse-serum has
a curative effect: and Flexner$ has likewise found that guinea-pigs
and monkeys can be saved from otherwise fatal meningococeus
infection by a specific antiserum. A curative serum has been
prepared by Flexner and Jobling!l by injecting a horse first with
gradually increasing doses of dead meningococei, then of living
cocei, and finally of an autolysate. The injection of the anti-
meningitis serum directly into the spinal eanal in human cases
has a marked influence upon the course of the disease. The effect
seems to be due partly to an antitoxie action, partly to the stimulus

* Special Report Mass, State Board of Health, 1808, p. 77.

f Flexner: Jour. Exper. Med., 1907, 9, p. 142.

t Kolle and Wassermann: Deut. med. Wehnschr., 1906, 32, p. 609,
§ Flexner: Loe. eit., p. 168,

|l Flexner and Jobling: Ibid., 1908, 10, p. 141.
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that the serum gives to increased phagocytie digestion, and partly
to its direct injurious action upon the cocci. Large doses of the
serum are commonly given, 15 to 30 c.c. for children, and about
twice as much for adults. Repeated injections (at least three or
four at twenty-four-hour intervals) give the best results. Ohser-
vations of the cerebrospinal fluid after injection show a remark-
able destruction of the meningococei. The serum is entirely without
effect when introduced direetly or indireetly into the blood, and
must in all eases be injected into the seat of the disease by lumbar
puncture. Of 1294 cases of epidemic meningitis treated with the
Flexner-Jobling serum, 894 recovered and 400 died.* The average
mortality in the pandemic of this disease, which began in 1904 and
was not wholly at an end in 1913, was about 70 per cent. The
mortality in the serum-treated cases just referred to was not quite
31 per cent. One hundred and ninety-nine cases injected with
serum between the first and third day of the disease showed a mor-
- tality of 18 per cent. Complications and sequele of the infection
are reduced in number in the serum-treated cases.

* Flexner: Jour. Exper. Med., 1913, 17, p. 533.



CHAPTER XIII
‘THE GONOCOCCUS (MICROCOCCUS GONORRH(EZE)

Few diseases are so widely disseminated through all classes of
society as gonorrhea. The conservative statistics of Erb,* based
on the history of about two thousand male patients, mostly among
the German middle classes, showed that about 48.5 per cent. had
had gonorrhea. Some German authorities would place the pro-
portion in the whole population at a much higher figure. Cabot,T
in Boston, found that 35 per cent. of a hospital population of
8000 gave a history of gonorrhea.

Neisser ] in 1879 first called attention to the constant presence
of a peculiar coceus in gonorrheal pus. In ecases of gonorrhea of
recent origin this was the sole
organism found; it oceurred not
only in the urethral and vaginal
discharges of ordinary gonorrhea,
but was present in the exuda-
tions of conjunectivitis due to
gonorrheal infeetion. Pure cul-
tures of this organism were first
obtained by Bumm § (1885), who
also suceeeded by inoculation
experiments in demonstrating

- ; beyond doubt its eausal relation
Fig. 44.—Smear from gonorrheal pus. =

Romanowsky; > 1100 (Hicks). to gonorrhea.

Morphologic and Cultural
Characters.—Morphologically the gonococeus (Micrococeus gonor-
rheew) is very similar to the meningococeus. In preparations made

* Erb: Miinch. med. Wehnschr., 1906, 53, p. 2329.
t . C. Cabot: Boston Med. and Surg. Jour., Aug. 3, 1911.
§ Neisser: Centralbl. [. d. med. Wissensch., 1879, 17, p. 497.

¢ Bumm: “ Der Mikroorganismus der gonorrhoischen Schleimhauter-
krankungen,” Wiesbaden, 1885.

214



THE GONOCOCCUS 215

from gonorrheal pus the cells oceur in pairs, with the flattened sides
in juxtaposition; the appearance in stained preparations is like
that of a coffee-bean. Pappenheim’s stain (p. 47) is well adapted
for determining the presence of the gonococeus in suspected pus.
In pure cultures the cocei are often aggregated in irregular masses,
but, especially in young eultures, also show the characteristic dip-
lococcus arrangement. Like the meningocoeceus, it is found within
the pus cells, sometimes in enormous numbers (Fig, 44). In the
earliest stages of infection, however, gonococei are found free in the

serum, and the same is true of cases of gonorrhea of long standing.
The coecei in the pus eells do not invade the nucleus, but are

confined to the eytoplasm of the cell. There is satisfactory evidence
that the gonococei are picked up by the phagoeytes and do not
actively penetrate the latter; they are, indeed, entirely non-motile.
The gonoeocei found inside the leukoeytes are but slightly altered
in appearance, and in many eases are still alive; no multiplieation,
- however, has been demonstrated, although it is possible that this
oceurs. Whether the extensive phagoevtosis that takes place
has any influence upon the course of gonorrhea is unknown. When
treated by Gram’s method, the gonococcus completely loses the stain
Its behavior toward the Gram stain, together with its coffee-bean
form and intracellular situation, usually serves to distinguish the
gonocoeeus from related organisms, such as the common pyogenie
cocel found in the urethral or wvulvovaginal tracts., From the
meningococeus, however, the gonococeus is differentiated prinecipally
by the fact that it does not usually grow on the ordinary culture-
media. Some strains, however, are said to grow on glucose or
glycerin-agar from the start, but, as a rule, less luxuriantly than
the meningococcus. In practice little confusion is caused by the
close resemblance of these two organisms, since they are not liable
to occur in the same tissues. Meningitis is, however, in rare in-
stances, caused by the gonocoecus. Organisms other than the
gonococcus, staining like it and contained in the polymorphonuelear
leukoeytes, are oceasionally, although rarely, found in the urethral
and vaginal seeretions.

* The gonocoecus is decolorized rather slowly.  In testing for this organ-

ism the film should be exposed for ten minutes, instead of five, to the action
of aleohol.
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Growth seldom takes place upon the ordinary gelatin and agar
culture-media unless considerable quantities of pus are smeared
on the surface. Bumm was the first to succeed in cultivating the
gonococeus, accomplishing this by use of a mixture of ox, sheep,
and human serum. Later (1891) Wertheim * devised a medium
which has proved highly serviceable, and is today, with certain
modifications, in general use. The most successful results in
every way are obtained when blood or blood-serum is added to
the usual nutrient media.

Wertheim’s serum-agar is prepared by adding one part of human
serum (or other serous fluid, such as asecitic or hydrocele fluid)
to from two to three parts of nutrient agar. The serum is first
warmed to 40° C., and then added to liquid agar of the same tem-
perature. After a number of generations upon Wertheim’s medium
a scanty growth may occur on ordinary agar unmixed with serum.
Nutrient agar smeared with sterile human blood is also an excellent
medium for the gonococcus. Upon Wertheim’s serum-agar the
colonies formed by the gonococeus resemble those of streptococeus,
but are in general somewhat larger, less translucent, and of a more
tenacious consisteney. In ascitic broth (three parts meat broth
to one of ascitic fluid) a finely granular growth oceurs on the walls
and bottom of the test-tube. Toward external influences the gono-
coccus displays a high degree of sensitiveness. Aeccording to most
experimenters, cultures are injuriously affected by a temperature
of 40° to 41° C. The gonocoecus is sensitive to drying, and under
ordinary conditions ean survive exposure to the air for only a very
short time, although in masses of dried pus it may live exception-
ally for six or seven weeks. In favorable culture-media it rarely
maintains its vitality more than forty-eight to seventy-two hours
at room temperature, but, like many other bacteria, will live longer
if kept in a refrigerator. '

Correct diagnosis of gonoeoceus infection, based on the discov-
ery of Gram-negative diplococei within pus-cells, is frequently a
relatively simple matter, but it must be remembered that there are
several sources of error. As already pointed out, gonoeocei some-
times lie free in the serum and are not contained within the leuko-
cytes. Again, as already mentioned, the occasional prescnee of

* Wertheim: Deut. med. Wehnsehr., 1891, 17, p. 1351.
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organisms similar to the gonococeus, especially in the vulvovaginal
tract, makes it advisable in doubtful cases to fall back on eultural
methods. If microscopic findings are negative, a much higher
degree of certainty can be obtained by suitable cultural methods
in the hands of an experienced observer. Centrifugalization of the
urine is often resorted to, and increases the chances of finding
gonococecl in the sediment either microscopically or eulturally,
Inoculation Experiments.—The lower animals (including
apes) are not suseeptible to inoculation either with pure cultures
of the gonocoecus or with gonorrheal pus. Whether introduced
into the peritoneum or the urethra or applied to the conjunctiva
of these animals, the gonococei have shown themselves impotent
to effect an invasion of the tissues. The poisonous products con-
tained in cultures have, however, some effeet upon animals, and
will cause the death of guinea-pigs and white mice. These poisonous
substances are not true toxins and are not diffused into the surround-
- ing media during the life of the eell, but, according to the statement
of most investigators, are constituents of the bacterial cell-body.
On the death of the cell they may appear as disintegration products
in the surrounding fluid. They are quite resistant to heat, and are
able, according to some investigators, to withstand a temperature
of 80° C. or even 115° C. De Christmas® and his co-workers have
reported suceessful immunization experiments with these toxie
substances, but their results have not been corroborated by other
experimenters. Inoculation of the human subject (both sexes)
with pure cultures of the gonococcus gives rise to a typical infection
(Bumm, 1885). The mueous surfaces seem to be especially sus-
eeptible, and inoculation of the urethra almost invariably sueceeds.
Repeated demonstration of the specificity of this organism for
gonorrhea has thus been obtained. The poisonous bodies above
mentioned will evoke suppuration when injected into the urethra,
but since the products of other microbes, as, for example, staphy-
locoeei and eolon baeilli, produce the same result, the effect can-
not be regarded as specific. Little if any immunity is conferred
by an infection, reinoculation being successful at short intervals;
clinically it is observed that an acute attack may be superimposed
upon a chronic gonorrhea. An antibody (amboceptor) has, how-
* De Christmas: Ann. de I'Inst. Past., 1900, 14, p. 331.
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proportion of cases. According to thestatistics of Neisser,* gonor-
rheal metastases oecur in about 0.7 per cent. of all cases of gonorrhea
coming to the knowledge of physicians. Loeal or general compli-
cations, however, oceur in about 30 per cent. of all cases. Meta-
static conjunetivitis without direct inoculation of the conjunectiva
has been reported. It is uncertain whether this is always due to
the presence of gonococei carried to the conjunctival sac in the body-
fluids or whether circulating toxic substances act on the cellular
elements of the conjunctiva.

A peculiarly dangerous feature of gonococcus infection is the
long period during which an infected man or woman may be capable
of infecting others. Gonococei may persist in the genito-urinary
secretions for years after apparently complete recovery has taken
place. By this means serious inflammations of the genital tract
are produced in thousands of innocent wives by their previously
infected husbands.

Epidemics of gonorrheal vulvovaginitis in little girls due to
carelessness in the use of towels, wash-cloths, thermometers and
bath-tubs are not unecommon, and are a serious problem in many
institutions. Infection may be followed by the same grave eon-
sequences to the female reproductive organs as gonococcus infeetion
produced in any other manner.

Gonococcus Vaccine.—Cole and Meakins * have employed
Wright's method of subeutaneous vaceination in the treatment
of gonorrheal arthritis. An emulsion of gonocoeei in 0.85 per cent.
salt solution heated for one hour at 65° is first injected, the initial
dose containing usually about 300 million dead gonococci, The
suceeeding vaceinations are gradually inereased in amount until
1000 to 1200 million gonoecocel are administered in a single dose,
The results obtained by Cole and Meakins were often favorable,
and were more marked in the chronic cases than in the acute ones.
While the authors express skepticism as to the value of the opsonic
index as a guide to the administration of vaeccine, and “do not
feel that the danger of cumulative negative phases is a real one,”
they conelude as follows: ““In no case have we seen the adminis-
tration of gonococeus vaceine do harm, and we feel that these

* Neisser: Kolle and Wassermann, Handbuch, 3, p. 152.
t Cole and Meakins: Johns Hopkins Hosp. Bull,, 1907, 18, p. 223,
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cases offer sufficient justification for the treatment of gonorrheal
arthritis by means of vaccines in doses of 500 to 1000 million,
administered every seven to ten days.” Irons,* studying a larger
series of cases, has also obtained results indicating that in certain
cases of gonococeus arthritis recovery can be hastened by the in-
jection of dead gonococei.

Ironst has further found that the cutaneous inoculation of
glycerin extracts of autolyzed gonococel in patients infected by
the gonococcus produces a well-defined reaction. This cutaneous
reaction is not usually obtained in normal persons nor in those
suffering from other infectious diseases.

ﬁ!ﬂ:'.i' TR S Ak o i

Fig. 45 —Micrococcus eatarrhalis in smear from sputum (F. T. Lord).

OTHER PATHOGENIC MICROCOCCI

Micrococcus catarrhalis.—This organism has been found by
Seifert,i Kirchner,§ Pfeiffer, and others in the sputum and tissues
of a number of eases of bronchitis, pneumonia, whooping-cough,
and other affections in which the respiratory traet is involved.

* Irons: Jour. Infect. Dis., 1908, 5, p. 279.

f Ibid., 1912, 11, p. 77.

1 Seifert: Volkmann's Samm. klin. Vortr., No. 240,
§ Kirchner: Ztschr. {f. Hyg., 1890, 9, p. 528.
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It has often been reported in association with the influenza bacillus.
Its etiologic relations are not altogether clear. Morphologically
it resembles the meningocoecus; it loses the stain, however, when
treated by Gram’s method. Growth occurs upon the ordinary
nutrient media; blood-agar is said to be especially favorable. The
pathogenicity of M. catarrhalis for the laboratory animals is slight.
Owing to the relatively frequent occurrence of this organism in the
upper respiratory tract, ecare must be taken to avoid confounding
it with the meningococeus. The faet that it grows well on the
ordinary nutrient media even in the first generation serves to mark
it off from the latter organism. M. catarrhalis has been found a
number of times in " epidemics simulating influenza.” Similar
organisms have been found in multiple abscesses (Wells *) and
infeetious dermatitis (Lyon and Wherry 1).

Micrococcus zymogenes.—MacCallum and Hastingst ob-
served this mierobe in a ease of acute endoearditis, and it has
- since been found in loecalized pathologic processes in several
cases.§ Morphologically it is a small mierococcus, oceurring
most frequently in pairs, sometimes in short chains. It gives
a rather profuse, thin growth on agar, produces acid in glucose
and lactose broth, liquefies gelatin slowly, and forms minute colo-
nies on potato. Its behavior in milk is especially characteristic,
abundant acid being produced, accompanied by the formation of
a curd which is slowly dissolved. It is pathogenic for mice and
rabbits, in which it may ecause either a local absecess or a general
septicemia.

Micrococcus tetragenus.—This organism was discovered by
Gaffky || in the pulmonary cavities in phthisis. It has also been
found in pure culture in abseesses in animals and man.¥ It often
oceurs in the healthy mouth. Morphologieally M. tetragenus is dis-
tinguished by its occurrence in tetrads or groups consisting of four
small oval cocei; it is Gram-positive (Fig. 46). In cultures the

* Wells: (Not published).

T Lyon and Wherry: Amer. Med., 1903, 6, p. 401.
 MacCallum and Hastings: Jour. Exper. Med. 18399, 4, p. 521,
§ Harris and Longeope: Centralbl. f. Bakt., 1901, 30, p. 353.
Il Gaffkky: Mitt. a. d. k. Gesund., Ber., 1881, 1, p. 1.

4 Miiller: Wien. klin. Wehnsehr., 1904, 17, p. 815.






CHAPTER XIV
THE ANTHRAX BACILLUS

Historical.—Anthrax,* or splenic fever (Fr., charbon; Ger.,
Milzbrand), is one of the best-known and longest studied of all
bacterial diseases. As pointed out in the introductory chapter,
the demonstration by Robert Koch  in 1876 of the causal relation
between anthrax and a specific bacillus marks the beginning of
modern baeteriology.f Prior to Koch's investigations, and as
early as 1850, microscopic examinations by Davaine and Rayer,§
Pollender, | and others had shown that a rod-like organism was con-
_stantly present in the blood and organs of animals dying from splenic
fever, and inoculation experiments with the blood of infected animals,
leading to a reproduction of the typical disease with all its symp-
toms and lesions, had been sucecessfully performed by Brauellly To
the inferences drawn from these observations and experiments there
was raised the objection that not the rod-like organisms, but some-
thing else in the diseased blood, might have caused the effects pro-
duced by blood inoculation. It must be conceded that this argu-
ment, although without experimental basis, was logically well
founded. Before Koch's work, therefore, rod-shaped bacteria
had been observed in the bodies of animals suffering from anthrax,
and their etiologic connection with the disease had, in the judgment

* The disease of cattle known as “symptomatic anthrax” has nothing
to do with true anthrax. (See p. 337.)

t Koch: Cohn's Beitrige, 1877, 2, p. 277.

1 A fair example of the views upon the eausation of anthrax prevailing
at an earlier period is found in the hypothesis of Delafond, a French veterinary
surgeon, who held that the anthrax of sheep was due to “an excess of blood
circulating in the vessels.”” Concluding that this was caused by a rich nitro-
genous pasturage, he advised sheep-raisers as a prophylactic measure to put
the animals on short rations. (‘' Life of Pasteur,” New York, 1902, p. 69.)

§ Davaine and Rayer: Bull. soe. de biol., 1850, p. 141.

|| Pollender: Vierteljahr. f. ger. Med., 1855, 8, p. 103.

9 Brauell: Archiv f. path. Anat., 1857, 11, p. 132,
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of many, been rendered highly probable, but it was not until Koch's
researches appeared that medieal opinion generally was impelled
to the econviction that the anthrax baecillus was the cause of the
specific disease with which it was associated. Koch reached this
result by obtaining the anthrax bacillus apart from all foreign
matter and freed from any of the tissue fluids or body-cells of the
diseased animal from which it was derived. This achievement
was due to his discovery that the anthrax bacillus would grow
and multiply outside the body upon the aqueous humor of the ox’s
eye. By cultivating it upon this medium for a series of generations,
and, after allowing sufficient intervals for multiplication, trans-
ferring it from tube to tube, a growth was finally obtained which
not only was not mixed with any of the blood-corpuseles or other
matter derived from the original source, but was composed simply
of the descendants of the original rod-like organisms many gener-
ations removed. Experiments made with this pure culture showed
that a well-characterized attack of splenic fever, with the appro-
priate symptoms and lesions, eould be produced by the introduction
of a pure culture of bacilli into the body of susceptible animals.
Koch's observations upon the life-history of the anthrax bacilli also
cleared up many of the difficulties and apparent paradoxes that
had previously obscured the study of the disease. His discovery
of the phenomenon of spore-formation, and of the part played by
spores in the spread of the disease in nature, must be reckoned
as one of the more important of these advances. It is known that
previous workers had been greatly perplexed by the singular ob-
servation that oceasionally specimens of blood which appeared
not to contain any bacteria were nevertheless capable, on inocu-
lation, of produecing anthrax. This was satisfactorily explained
by the diseovery that spores, which are highly refractive and con-
sequently visible with difficulty, had been formed in the blood in
such cases after the blood had been drawn from the body. The pro-
longed vitality of the spores in soil, again, explained the persistence
of the disease in ecertain localities and its reappearance in once-
infected pastures after the lapse of many years.

Characteristics of the Anthrax Bacillus; Morphology.—The
anthrax baeillus is one of the largest of the pathogenic baeteria and
ranges from 4.5 pto 10 ¢ in length and from 1 g to 1.25 g in breadth.
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In cover-slip preparations from the blood or lymph of an infected
animal the rods are usually single, but rarely two or three are united
in short chains. Blood films and spleen pulp preparations when
stained by special methods (Johne,* Ribiger f) reveal the presence
of a capsule. The bacilli stain readily with the ordinary anilin
dyes and retain the stain when treated by Gram’s method. The
ends of the rods are often concave and somewhat swollen, so that
the appearance of a chain of anthrax bacilli has been often eom-
pared to a jointed bamboo fishing-rod (Fig. 47). When grown
on -artificial culture-media, threads and filaments, sometimes of
extraordinary length, are produced, and it is often difficult to make
out the limits of the individual
rods of which the filaments are
composed. After a varying
period of growth, depending upon
the temperature, nature of the
-nutrient medium, abundance " B
of oxygen, and other factors, | i
-
N

-
highly refractive bodies known ."'*

|
as spores make their appearance '\
in the interior of the rods.

Spores and Spore-forma- i
tion.—Owing to the fact that the
spores of the anthrax bacilli are Fig. 47.— Bacillus anthracis in

- . . agpleen pulp. Fuchsinstain; X 2000;
among the most resistant forms C. Frinkel prep. (IKolle and Was.

of pathogenic bacteria, they have  sermann).
long been favorite test objects for
determining the efficiency of germicides and other destructive
agencies, and much attention has in consequence been directed to
their morphologic and biologie properties. Only a single spore is
produced in each cell. It is formed in the middle of the cell, where
it can be seen in unstained preparations as an oval or nearly spheri-
eal, highly refractive body of the same diameter as the rod (Fig. 48).
The chemical composition of the spores is said to differ from that of
the rods in containing a larger proportion of fatty substances and
protein (spores, 77.75 per cent. protein; rods, 42.5 per cent.).
* Johne: Deut, Ztschr. f. Thiermed., 1893, 19, p. 244,
T Riibiger: Ztschr. f. Fleisch- u. Milehhyg., 1901, 11, p. 68.

15
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of virulence. Some of the statements in regard to this matter,
however, lack entire corroboration, and it must at present be re-
garded as doubtful whether permanently asporogenous but fully
virulent and undegenerate varieties of the anthrax bacilli either

can be artificially produced or can exist in nature.
Growth Characteristics.—Upon the ordinary culture-media
the anthrax baecillus grows freely under aérobic conditions and at

ordinary temperatures. In broth, as a rule, no pellicle is produced

Fig. 49.—Deep (a) and surface (b) colony of anthrax on gelatin plate; < 80
(Fliigge).
on the surface, but a heavy floceulent sediment is formed, the inter-
vening layer of fluid in undisturbed cultures remaining quite clear;
no indol is produced. The appearance of the colonies upon the
surface of gelatin or agar plates is highly characteristic; long,
wavy filaments project from the colony in every direction, and when
viewed under the low power of the microscope, the thickly coiled
masses have been likened to the snaky tresses of Medusa (Iigs.
49 and 50). The same tendency to form filamentous outgrowths is
seen in young gelatin stab-cultures, in which the “inverted fir-tree”
appearance is of common occurrence (Fig. 51). Gelatin is slowly
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liquefied. Milk is feebly acidified and is curdled by a rennet-like
ferment, and the easein slowly peptonized. On potato a gray, furry
growth is produced; gpores are often formed in particular abundance
on this medium.

Pathogenicity for the Lower Animals.—In nature anthrax
is primarily a disease of cattle and sheep; horses and swine are
susceptible, but are less commonly affected under natural con-
ditions. In the German Empire in
1899 the following cases of anthrax
were reported: 3678 cattle, 307 sheep,
282 horses, 61 swine, 6 goats. Wild
deer and other gregarious herbivora are
liable to occasional outbreaks. The
smaller rodents are very sensitive to

Fig. 50.—Baecillus anthracis, impression Fig. 51. — Baeillus anthracis,
preparation, edge of colony; Zettnow prep.  gelatin stab-culture (Hicks).
(Kolle and Wassermann).

inoculation. Rabbitg, guinea-pigs, and white mice are suseeptible
in the order named, and are fatally affected by the subeutaneous
introduection of a very small number of virulent bacilli. The white
mouse is said to sueccumb to inoculation with a single germ of viru-
lent strain. Carnivorous animals, although pessessing greater re-
sistance than the herbivora, are nevertheless suseeptible, as several
epidemics in zoologieal gardens have shown, leopards, lions, pumas,
bears, and others perishing from the disease (Jensen* Lange f).

* Jensen: Baumgarten, Jahresb., 1891, 7, p. 167 (cited).

T Lange: Hyg. Rundsch., 1901, 11, p. 529.
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Certain animals possess marked natural resistance to anthrax.
Rats are quite resistant, especially the white rat, only about 14
per cent. of the latter dying as the result of inoculation. The dog
is only slightly susceptible. Birds, especially pigeons, ean be in-
fected, but not easily. Frogs are immune, but toads are very
susceptible. '
The route by which the germs enter the body exerts an im-
portant influenee in both experimental and natural infection.
Subcutaneous inoculation is the method most commonly practised
in experimental work, and is almost uniformly fatal with the
ordinary small labora-
tory animals. It has
been frequently stated
that intravenous and
intraperitoneal inocula-
tions are even more con-
“stantly and surely fatal
than subeutaneous, but
late  researches ecast
doubt upon this view,
and indicate that if great
paing be taken to pre-
vent subeutaneous in-
fection during the course

of the operation, ani-
mals ean withstand the Fig. 52.—Bacillus anthracis in peritoneal
: : fluid of a mouse; gentian-violet; X 1000
introduction of a eon- (Frinkel and Pleiffer).

siderable number of an-

thrax bacilli direetly into the circulation or into the peritoneum.
Feeding experiments show that administration of spore-free cul-
tures even to highly susceptible animals is without result, owing
to the destruction of the bacilli in the stomach. The feeding of
spores, on the contrary, leads to infection of the more susceptible
species, although not so certainly as subeutaneous inoculation.
The more resistant species (for example, swine) are with difficulty
infected through the alimentary tract. Infection through the
respiratory tract is apparently possible, as far as the experimental
results indicate, although it is probably almost unknown in the
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lower animals under ordinary conditions, and the views of experi-
menters are not wholly in accord.

In the very susceptible animals the disease runs a rapid course
and presents all the characteristics of a typical septicemia (Fig. 52).
Local manifestations may be almost entirely absent. Enormous mul-
tiplication of the bacteria takes placeinthe blood and internal organs,
and seetions through the liver or spleen show that the eapillaries
are gorged with masses of bacteria (Fig. 53). The spleen is of a
deep-red color and is greatly enlarged, whence the appropriateness
of the name splenic fever as applied to this disease in cattle. The
more resistant animal species do not develop this generalized infec-
tion, but the bacteria remain
localized in an absecess or ear-
buncle and fail to spread ex-
tensively through the body.
This is the case in the dog and,
as will be seen presently, in
man also with certain forms
of infection. In this respect
anthrax furnishes an illustra-
tion of the general rule that
when a bacterial invasion meets
slight resistance from the ani-

: : ~ mal tissues an abundant multi-
e ﬁgﬁﬂ?'“},‘fmﬂﬁrﬂ;ﬁ% plication of the bacteria oceurs
(Giinther). throughout the body, while the

possession of high powers of
resistance i1s accompanied by a pronounced local reaction. Man
stands perhaps midway in susceptibility between the dog and the
sheep.

Under natural conditions cattle and sheep are infected through
the alimentary tract by swallowing spores while grazing in infected
pastures. As has been pointed out, spores are able to retain
their vitality in soil for a long period, and pastures once infected
with the disease are able to communicate it to cattle after the lapse
of many years (thirty years). Hides imported from China and
other countries where the disease prevails are not uncommonly
infected with anthrax spores, and in the United States several
outbreaks of anthrax among cattle with some consequent cases
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of human infection, have been traced to the overflowing of pasture
land by streams receiving the drainage of tanneries.®

Cattle may also oceasionally be infected by direct contact through
wounds, abrasions, and other injuries to the skin, but alimentary
tract infection is by far the more usual.

Pathogenicity for Man.—Three modes of infection of human
beings are known to oceur—(a) through the skin, (b) through the
respiratory traet, and (¢) through the alimentary tract. The bacillus
is almost always transmitted to man through the agency of the lower
animals rather than through other human beings. Persons having
to do with cattle and their produets, such as butchers, shepherds
and herdsmen, handlers of hides, hair, and fleeces, are most com-
monly affected. Laboratory infections, sometimes fatal, have
been known to occur with pure cultures of the anthrax bacillus.

(a) Malignant Pustule.—The most common form of anthrax
in the human subjeet is due to skin infeetion, and usually takes
. the form of a localized boil or abscess, which often heals spon-
taneously, but may progress into a septicemic condition unless
checked by incision or other surgical proeedure. The handling
of infected hides or carcasses constitutes the ordinary means of
infection. Porters on the London docks, who carry on their naked
backs hides imported from South American or Asiatic ports, some-
times develop malignant carbuncles as a result of anthrax infection
through dorsal abrasions or seratches. Owing to the relatively
high resistance of man, septicemia does not often occur, especially
if the carbuncle be incised and thoroughly cleansed. Lesions
of all sizes may be produced, from a minute pustule to a large and
angry abscess.

(b) Pulmonary Anthrax—The pulmonary form of anthrax due
to inhalation is the most dangerous, although not the most common,
variety of the disease in man. The name currently applied to this
variety of anthrax in England is “woolsorter’s disease,” and, as
the name implies, the affection is usually caused by inhalation of
the spores set floating in the air during the handling and sorting of
wools and fleeces. It is characterized by many of the symptoms of
pneumonia and often passes over into u fatal septicemia.

* Ravenel: Rept. Amer. Pub. Health Assoc., 1898, 24, p. 302; Russell,
Seventeenth Ann. Rept. of Wisconsin Agr. Expt. Station, 1900, p. 171;
Girtner and Dammann, Arb. a. d. k. Gesund., 1907, 25, p. 416.
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versely, which is normally without suseeptibility, becomes sus-
ceptible when kept at a high temperature. Lowering the temper-
ature of mammals with drugs, such as antipyrin, has a depressing
influence on the power of resistance. Administration of other drugs,
such as aleohol, phloridzin, and chloroform, feeding with unsuitable
or insufficient food, subjection to excessive fatigue, and other factors
all inerease susceptibility.

The cause of the high natural immunity to anthrax possessed
by the deg, fowl, and certain other animals has been the object of
much experimentation. No antitoxin is present in the blood of
naturally immune animals. The body-fluids of some species mani-
fest bactericidal powers toward the anthrax bacillus, but there
is no concurrence between the degree of immunity and the anthra-
cidal power of the blood-serum. The blood-serum of the highly
susceptible rabbit, outside the body, is strongly bactericidal, but
anthrax bacilli injected into the ecireulation seem to multiply freely
- in the blood-stream. Blood taken from the very resistant dog and
fowl 13 practically devoid of baectericidal properties. Bail and
Petterson * have attempted to explain the absence of bactericidal
power in the drawn blood of the latter animals by supposing that the
constituent known as the complement, which, within the dog,
is supplied by the leukoeytes, is lacking in the drawn blood. As
evidencing this, they show that addition of a suitable complement
to dog's serum, either in the guise of rabbit serum or of canine
leukoecytes, imparts to the dog’s serum a strong germicidal power.
On the other hand, the bacterieidal action manifested by rabbit
serum outside the body is supposed to be restrained within the body
by the presence of a substance which binds the amboceptor and so
prevents the destruction of the anthrax baeilli. Future investi-
gation must determine how far this view is correct.

The share of phagoeytosis in natural immunity is likewise under
discussion. As has been shown by Hektoen,t it is highly probable
that the natural immunity of the dog is due to phagoeytosis. The
destruction of virulent anthrax bacilli that takes place in mixtures
of normal serum and washed blood-corpuscles is accompanied by
marked phagoeytosis. Neither normal serum alone nor suspensions

* Bail and Petterson: Centralbl. f. Bakt., 1903, 33, p. 756.
T Hektoen: Jour. Amer. Med. Assoc., 1906, 46, p. 1407.
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of washed corpuseles can prevent the multiplication of the bacteria,
and it seems reasonable to conclude that the normal serum econ-
tains an opsonin or sensitizing substance which prepares the baeilli
for the onslaught of the phagocytes. Other experimental evidence
for this view is contained in the article just cited.

Vaccination Agaiast Anthrax.—Animals naturally suscep-
tible may be made immune by artificial means, and domestic animals
have been largely protected against anthrax in this way. Pasteur
devised a method for vaccinating eattle and sheep against anthrax
which is dependent on the subcutaneous inoculation+of attenuated
cultures. Two vaccines were used. The ‘first vaccine” con-
sisted of a broth culture whose virulence was so greatly diminished
by heat that it would no longer surely kill guinea-pigs, although it
was still fatal for white mice. After twelve days a second inocu-
lation was made with the “‘second vaecine,” which was of such a
strength that it would kill guinea-pigs but not rabbits. Following
inoculation with these two vaccines, a fully virulent culture could
be injected with impunity. In spite of some accidents due to the
use of imperfeetly standardized vaccines, this method of protective
inoculation has proved, on the whole, of great praectical value.
In France 30,000 to 50,000 cattle and horses and 250,000 to 350,000
sheep are vaceinated annually. It is estimated that many thousands
of animals are saved by this procedure. Active immunization of
rabbits and guinea-pigs can also be effected by the injection of
attenuated cultures, but with much greater difficulty.

The serum of aetively immunized animals contains specific
protective substances. Inoculation with the blood-serum of an
actively immunized animal confers some degree of protection
against anthrax infection, and in the hands of Sobernheim,* Selavo,f
and others has been attended as well with some measure of thera-
peutic success; that is, injection of the serum will save the life
of animals even when the anthrax bacilli have already entered the
circulation. Very favorable reports of the use of Sclavo’s serum
in eases of anthrax in man have come from Italy and from South
America.

* Sobernheim: Ztschr, f. Hyg., 1897, 25, p. 301; Centralbl, f. Bakt,,
1809, 25, p. 840.
T Sclavo: Centralbl. f. Bakt., 1899, 26, p. 425.
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The mechanism by which the protective serum exerts its action
is not certainly known. With our present knowledge, perhaps
the most reasonable view is that which would look upon anthrax
immunity as a phagoeytic immunity and the function of the immune
serum as sensitizing or opsonic.

A combination of the active and passive methods of immuniza-
tion has been used in parts of South America for dealing with
large numbers of cattle, and is said to possess the advantage of
effecting the desired result in a few days and with a single treat-
ment.

Bacillus Subtilis.—The common bacillus of hay infusion, B.
subtilis, is culturally and morphologically very similar to B. anthraeis.
The spores, however, germinate
equatorially instead of at the
pole. A heavy tenacious pel-
licle is formed in broth ecul-
‘tures; gelatin and casein are
liquefied more rapidly than by
B. anthracis. B. subtilis is
widely distributed in earth, air,
snd water, and was formerly
regarded as one of the most
typical of ‘‘non-pathogenic”
organisms. The first report
of any pathogeniec power on e R e s

the part of this germ was made panophthalmitis; agar colonies; X 30
by Charrin and de Nittis,* who (Axenfeld).

eultivated B. subtilis upon

blood-media and passed it through animals until it had aequired
considerable virulence. The hay bacillus is also eapable of pro-
ducing spontaneous infection in man, as shown by Baenziger and
Silberschmidt, T who found the organism in pure culture in a case of
panophthalmitis following penetration of the cornea by a piece of .
steel. They reproduced the disease in rabbits and regained the

* Charrin and de Nittis: Conyst. rend. Soe. de biol., 1897, 49, p. 711.

t Baenziger and Silberschmidt: Bericht der ophthal. Gessellschaft,
Heidelberg, 1902.






CHAPTER XV
THE DIPHTHERIA BACILLUS

The discovery of the bacillus of diphtheria and the study of this
organism and its produets have profoundly affected both the mode
of treatment of the disease and the manner of combating its spread.

(1) Early recognition of the real nature of a throat infection is
necessary for its proper treatment, and we are now able to distin-
guish with certainty the highly dangerous class of throat affections
caused by the diphtheria bacillus from clinically similar but less
dangerous anginas that are due to a different eause. In a word,
the finding of B. diphtherize enables a correet diagnosis to be made.
(2) Investigation of the physiologic properties of the diphtheria
bacillus has led directly to the discovery of the diphtheria anti-
toxin, a specific remedy of unquestioned value. (3) By systematic
bacteriologic examination of the throats of convalescents it is possible
for health officials to fix the term of necessary quarantine with
much more precision than formerly. The power to do this is an
invaluable aid in limiting the spread of the disease.

The earliest deseription of the diphtheria bacillus appears to
have been given by Klebs* in 1883, but the etiologic relations
of this organism first came into notice through the investigations of
Loffler, published in 1884.1 Loffler succeeded in obtaining in
pure culture from a number of cases of diphtheria the bacillus seen
by Klebs. Although Loffler's observations favored the view that
the bacillus thus cultivated was the cause of diphtheria, Loffler
expressly disclaimed the assumption that this was actually the case,
largely on the ground that the bacillus was not found in all cases
of clinieal diphtheria, while, on the other hand, it had been found
by him in the throat of a perfectly healthy child. The significance
of such findings is now more clearly understood. A similarity of
clinical symptoms does not always betoken causal identity. So
far as the local manifestations are concerned, streptococei can pro-

* Klebs: Verhandlungen des Congresses f. innere Med., 1883,
1 Loffler: Mitt. a. d. k. Gesund., 1884, 2, p. 421.

L
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duce a condition apparently indistinguishable from that in which
the Klebs-Loffler bacillus is found. Again, it is now known that
the diphtheria bacillus is oceasionally present in the healthy throat
of persons associated with diphtheria patients. Continued investi-
gation by various observers showed that the Klebs-Loffler bacillus
was always present in the typical false membrane of diphtheria, and
in 1888-89 Roux and Yersin * triumphantly demonstrated the
etiologic relation of the bacillus to the disease by showing that it

!i\ : éﬁh'zt}) :
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Fig. 55.—Bacillus diphtheriz,

fifteen-hours  serum  culture.
Loffler's methylene-blue; < 2000
{Denny, in Journal of Medical

formed a toxin which was cap-
able of reproducing with singular
fidelity the characteristic symptoms
and lesions.

Morphology.—The diphtheria
bacillus i1s a slender rod ranging
from 1 u to about 6 w in length.
When stained with LiéfHler’s meth-
ylene-blue, it usually presents a
beaded, striated, or granular ap-
pearance, which is so characteristic
that by simple microscopic ex-
amination a trained observer can

Research).

recognize the Klebs-Loffler baeil-
lus in cultures from a suspicious throat (Fig. 58). In cover-
slip preparations made directly from the false membrane the uneven
staining of the cell protoplasm is less noticeable than in prepara-
tions from cultures. Club-shaped forms are sometimes observed
in films made from the membrane, but less frequently than in
films from nutrient media; in the latter, baeilli with swollen and
deeply stained ends are, as a rule, abundant (Fig. 56). Baeilli
containing metachromatic granules are commonly observed in
cultures derived directly from clinical cases. Many recent observers
recognize different morphologic types of B. diphtheriz. In the
nose and throat of both healthy and diphtheritic persons diphtheria
bacilli, known as the “barred” and “solid” types, are found
(Wesbrook ) (Fig. 60). The distinction is based upon a dif-

* Itoux and Yersin: Ann. de I'Inst. Past., 1888, 2, p. 629.
t Wesbrook, Wilson, and MecDaniel: Trans. Assoe. Amer. Physicians,
1900; see also Gorham: Jour. Med. Res., 1901, 6, p. 201.
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ference in behavior toward stains. The protoplasm of the so-
called solid form stains uniformly and shows neither bars nor
granules. The protoplasm of the barred form stains in irregular
blocks or segments, the intervening portion taking the stain
slightly or not at all. The barred or striated type is said to

Fig. 56.—Bacillus diphtherize; blood-serum eulture showmg ciubbed ends
and il‘regulgr staining; methylene-blue; ¢ 1100 (Park).

be frequently present on the conjunctiva, and when isolated

from a form of conjunetivitis known as xerosis, is usually denoted

as the werosis bacillus. The term xerosis bacillus has, however,

been loosely used, and a number of different kinds of organisms

Fig. 57. —Wesbrook’s types of Baeillus n]?:ht-herim: a, e, d, Granular types;
al, ¢!, d', barred types; o?, ¢2, ¢, solid types; > 1500.

have been sometimes put under this head. A diphtheroid or-

ganism which has been named B. segmentosus, and is perhaps the

cause of certain acute cases of rhinitis, also belongs in this
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group.®* It is stated that barred forms are sometimes found in
clinical diphtheria as the sole type, but this condition appears
to be very rare. The relation of the solid type to clinical diph-
theria is still obscure. By some authorities the solid forms are
classed as pseudodiphtheria bacilli and are not regarded as capa-

ie of causing diphtheria. The barred and solid types are found
much more commonly than the granular type in the nose and
throat of healthy individuals.

The granular type, on the other hand, predominates in elinieally
characteristic diphtheria. Several observers report that during
convalescence the granular type is gradually replaced by the solid, a
fact that has been regarded as pointing to a gradual morphologic
alteration brought about by the influence of the body-fluids of an
immune individual.

In some cultures of the diphtheria bacillus true branching has
been observed. The branching apparently originates by budding,
and is sometimes followed by degeneration of the parent stem
at the point of origin. Sometimes very complex branching forms
are produced (Hill). By the use of the hanging-block method of
cultivation Hill I has observed so-called post-fission movements in
B. diphtheriz. After cell division a sudden snapping across of the
rod oceurs, which seems to be strictly characteristic of the organisms
of this group.

The diphtheria bacillus exhibits a marked tendency to the pro-
duetion of involution forms, These occur espeeially abundantly
in cultures on artificial media: for example, on blood-serum after
five to seven days. The biologic significance of the appearance of
involution forms as well as of branching forms among the diphtheria
bacilli and certain other groups of bacteria is not at present under-
stood.

B. diphtheriz does not form spores and does not possess the
power of movement. When tested by Gram’s method most races
retain the stain.

* Will Walter: Jour. Amer. Med. Assoc., 1910, 55, p. 1001,

 An excellent diseussion of morphologic types of B. diphtherie and
their significance in public health work is given in the Amer. Jour. of Pub.
Hyg., 1907, 17, p. 156.

1 Hill: Jour. Med. Res., 1902, 7, p. 202.
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Neisser * has devised a special staining method that has been
considered by some to be differential. The cover-slip films are
first treated for one to three seconds with a methylene-blue solution
(1 gram Griibler’s methylene-blue is dissolved in 20 e.c. of 96 per
cent. aleohol, and to this solution is added 950 c.e. of water and 50
c.c. of glacial acetic acid). After washing the films with water
they are stained with a second solution (2 gr. Bismarck-brown
dissolved in 1000 c.c. of water, or 1 gr. chrysoidin in 300 e.c. hot
water and filtered) and again washed. Schiller f recommends
lengthening the action of each stain to from ten to fifteen seconds.
When this staining method is applied to cultures grown upon Liffler’s
serum the method gives fairly good results, and undoubtedly aids
in diagnosis, but it does not permit the sharp distinetion to be made
between diphtheria and pseudo-diphtheria bacilli that was origin-
ally claimed for it. Many other special methods of staining this
organism have been employed with more or less success, but few
of them have been found so satisfactory as the long-used Loffler
methylene-blue (p. 46).

Cultural Characteristics.—The diphtheria bacillus grows
quite rapidly upon appropriate nutrient media, provided a suitable
temperature—not less than 19° C.—be maintained. The optimumis
about 37° C. The reaction of the medium is a feature to which this
organism is peculiarly sensitive, a reaction that is about 1 per cent.
acid to phenolphthalein or slightly but distinetly alkaline to lit-
mus, being necessary both for growth and for toxin production.
An abundant oxygen supply is likewise a requisite. The blood-
serum medium recommended by Liffler is ordinarily emploved
for isolation. Liffler’s serum consists of a mixture of three parts
of calf or sheep serum with one part of 1 per ecent. glucose broth.
On this medium the diphtheria bacilli grow rapidly at 37° C., often
forming minute but visible ecolonies inside of twelve hours; within
eighteen to twenty hours small opaque gray colonies are plainly
seen on the surface, and from a microscopic examination of
cover-slip films made from these colonies diagnosis iz almost in-
variably possible. Other organisms that may have been present

* Neisser: Ztschr. . Hyg., 1897, 24, p. 443.

T Schiller: Kolle and Wassermann, Handbuch, Ergiinzungsband 2, p.

107.
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in the throat or in the false membrane are usually outstripped by
the diphtheria bacillus in growth on Loffler's serum. Upon ordi-
nary nutrient gelatin and agar the diphtheria baeillus iz also able
to develop, but less luxuriantly; gelatin isnot liquefied by the growth.
The surface eolonies on agar, when viewed with a low magnification,
are coarsely granular and somewhat irregular in outline, with
ragged or fringed edges (Fig. 59). In milk abundant growth oceurs
with feeble acid reaetion, but the lactose is not fermented and no

Fig. 58.—Diphtheria bacilli (from photographs taken by Prof. E. K.
Dunham, Carnegie Laboratory, New York): a, Pseudobacillus; b, true
bacillus: ¢, pseudobacillus.

curdling of the milk takes place. The acid reaction of potato is
not favorable to growth. In broth containing dextrose an acid
reaction is produced by the majority of the granular, virulent forms,
while nearly all of the solid-staining forms that are encountered
are unable to ferment dextrose. The distinetion, however, does
not seem to be an absolute one. Nitrate is reduced to nitrite by
most strains of B. diphtherise; indol is not produced.
Resistance.—In growths upon the ordinary eculture-media
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the bacillus may retain its vitality for a long time. On agar it may
live for six to eight weeks, on ordinary blood-serum, five to six
months, and on dextrose blood-serum (Beck*), twelve to fifteen
months, Although virulence ordinarily becomes lessened in cul-
tures, many strains conserve their full virulence under prolonged
cultivation. Loffler has recorded one instance where virulence
was maintained during seventy-seven transfers, covering a period
of twenty-seven months. In the dried diphtheritic membrane
life can be maintained for a long period. Some observers have
isolated bacilli from fragments of dried membrane after the lapse
of several months,

Heat kills the bacilli rather readily. According to Brieger
and Frinkel,f exposure to moist heat for forty-five minutes at
55° C. proves fatal. In the dry membrane they are much more
resistant and are said to have withstood exposure to 98° C. for an
hour.

The Diphtheria Bacillus in the Human Body.—Mucous sur-
faces are a favorite site for the growth of the diphtheria bacillus.
The pharynx is the locality most commonly affected, but diph-
theria of the larynx or membranous eroup, and nasal diphtheria
or membranous rhinitis, are by no means infrequent. The nose
probably often serves as the portal of entry. Diphtheria of the
conjunctiva sometimes occurs as the result of a diphtheritic
patient coughing or sneezing into the eyes of the attendant physi-
cian or nurse. Diphtheritic infection of the middle ear is not un-
common. Infeetion of the mucous surfaces of the genital organs
is occasionally met with. Primary infection of the lungs may oc-
casionally occur, but is very rare. Apparently simple “colds”
are sometimes due to the diphtheria bacillus. Although the
diphtheria bacillus sometimes finds its way into the general cir-
culation and gives rise to septicemia, it remains, as a rule, confined
to the mucous surfaces. The symptoms and lesions produced
are due partly to the presence of the bacillus and partly to its
toxin. The chief local consequence of infection is a degenera-
tion of the epithelial cells, extending to the underlying tissues
and accompanied by a profuse fibrinous exudation. As a result

* Beck: Kolle and Wassermann, Handbuch, 2, p. 777.
t Brieger and Friinkel: Berl. klin. Wehnschr., 1890, 27, p. 241.
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pigs are readily killed by subeutaneous injection of a young broth
culture, death usually oeccurring within two or three days after
they are inoculated with a few drops of a twenty-four-hour broth
culture of a virulent strain. Nephritic symptoms, paralytic mani-
festations, and other characteristic features of human diphtheria
have been observed in the guinea-pig and other animals. An
enlarged and hemorrhagic condition of the adrenals characterizes
diphtheritic intoxication in guinea-pigs. Paralytie manifestations
appear more frequently in dogs and in pigeons than in guinea-pigs
or rabbits. As a rule, the bacilli remain loealized and are not found
in large numbers in the internal organs of the infected animals.
Inoculations upon the healthy muecous membrane of most adult
animals lead to no changes, but if young animals be injected intra-
tracheally or if the mucous surface be injured before inoculation
a charaeteristic false membrane is produced. The membrane pro-
duced experimentally is histologically identical with that found
‘in cases of human diphtheria. Animals vary considerably in
their susceptibility to infection. Rats and mice are relatively
refractory; rabbits are less susceptible than guinea-pigs; ecats,
dogs, and pigeons are highly susceptible. When the bacilli are
introduced into the alimentary tract, the result is negative, owing
doubtless to the inability of the bacilli to effect a lodgment on un-
injured epithelial surfaces. The bacilli are never found in any
considerable abundanee in the blood, and they appear only ex-
ceptionally to invade the tissues; injury to the organism, as a rule,
results from the absorption of the toxin formed in the false mem-
brane rather than from the presence of the bacilli in important
Organs.

The Diphtheria Toxin.—When B. diphtheriw is grown in ordi-
nary nutrient broth a soluble toxin is formed which diffuses out
from the bodies of the bacilli during life into the surrounding me-
dium. The toxin is present in hardly diminished strength in the
sterile filtrate of a broth culture. The formation of toxin is inter-
fered with by a persistent acid reaction, and hence if sugar is
present in the broth in considerable quantity, the acid produced by
its fermentation hinders materially the aceumulation of toxin. In
order to obtain maximum toxin production, the earlier experimental
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procedures involved passing a current of air over the surface of
broth eultures, the purpose of this being to facilitate the oxidation
of the acid products of growth. The use of broth freed from mus-
cle-sugar (p. 30) renders this device less essential, although the
free access of air to the cultures is still recognized as important.
The broth for toxin produetion should be in a thin layer in a wide-
mouthed flask. Theobald Smith * has shown that the addition
of a very small amount of dextrose, not exceeding 0.2 per cent., to
broth previously freed from muscle-sugar favors toxin production.
Other conditions, such as a temperature of about 36° C. and an
abundance of peptone (2 per cent. Witte's peptone) or other albu-
minous substances and a well-developed surface growth, favorably
influence toxin production. The toxicity, as a rule, attains a

maximum in about five to ten days, depending upon the race used.

Different races of diphtheria bacilli vary strikingly in their toxin-
forming power. Certain strains that have been found to yield
permanently an especially potent toxin are in widespread use in
establishments for the manufacture of diphtheria antitoxin. Some
of these strains generate so powerful a toxin that 0.001 c.c. of a
filtered broth culture proves fatal to a guinea-pig, while other
strains may generate so little that several cubic centimeters are
necessary to produce a fatal result.

Little or nothing is known regarding the chemical nature of
diphtheria toxin. It is destroyed by boiling for five minutes,
and is greatly weakened by lower temperatures (60° to 70° C.). Di-
rect sunlight causes a complete loss of toxicity within a few hours.
When the toxin is kept in the dark and in cold storage, it may
retain its activity for a long period—aeccording to Abba 1 as long as
two vears. Roux and Yersin { showed that the addition of a small
amount of acid to a toxin filtrate caused the toxic property to
disappear, but that if the acid were not allowed to act too long,
the toxicity was regained on restoring the original reaction. The
toxic body is precipitated by aleohol and by ealeium chlorid,
caleium phosphate, ammonium sulfate, and other protein preeipi-

* Smith, Theobald: Jour. Exper. Med., 1899, 4, p. 373.
T Abba: Centralbl. f. Bakt., 1898, 23, p. 934.
{ Roux and Yersin: Ann. de I'Inst. Past., 1889, 3, p. 273.
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tants, but it is probably not itself a protein substance. Neither
is the presence of protein necessary for its formation. Guinochet #
has shown that toxin is formed when diphtheria bacilli are grown
in urine that is free from albuminous constituents. Uschinsky f
found that toxin is produced in a protein-free medium containing
only ammonium lactate, sodium asparaginate, glyeerin, and some
simple mineral salts.{

The toxin in some respects resembles an enzyme, but objec-
tions have been urged against the view that it is itself an enzyme.
Such are its relatively high resistance to heat, the direct relation
between the amount of toxin and the toxie effect produced as
compared with the unlimited capabilities of true enzymes (Behr-
ing §), and other features not in harmony with the ordinary con-
ceptions of enzymes. Much light has been thrown by Ehrlich
upon the constitution of the diphtheria toxin. The facts that
have led to a belief in the complex nature of the diphtheria toxin,
- and the hypotheses that have thrown light upon its probable
composition and mode of action, are detailed elsewhere (pp. 103,
156).

The effects produced in animals by inoculation with a sterile
toxin are wonderfully similar to those produced by infeetion with
living bacilli, save that no false membrane is formed by the toxin
alone. The other symptoms that are evoked are practically identi-
cal whether bacilli or toxin be employed. The histologic lesions
which oceur in the heart and other organs, and are found both in
eases of human diphtheria and in animals inoculated with diph-
theria baeilli, are reproduced by the germ-free toxin. There is no
escape, therefore, from the conclusion that in diphtheria the chief
injury to the animal organism is brought about by the action of
potent poison which is secreted during the life of the bacillus and

* Guinochet: Archiv. de med. exp., 1892, 4, p. 487.

t Uschinsky: Loe. ecit.

f Hadley (Jour. Infect. Dis., Supplm. No. 3, p. 95) obtained abundant
toxin production in sixteen days on the following medium: sodium chloride,
0.6 per cent.; caleium chlorid, 0.08 per cent.; magnesium sulfate, 0.32 per
cent.: dipotassium phosphate, 0.23 per cent.; ammonium lactate, 0.75 per
cent.; glycerin, 3.4 per cent.; glycocol, 0.1 per cent., in distilled water.

§ Behring: “Geschichte der Diphtherie,” Leipzig, 1593.
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diffuses from the bacterial cell into the surrounding medium.
Under certain conditions the human throat affords a lodging-place
where the diphtheria baeillus is abundantly supplied with food,
where it finds a highly suitable temperature for its growth and
toxin-produetion, and where it is perhaps also benefited by the
current of warm, moist air passing over the surface. That toxin
is formed in the false membrane, whence it passes into the
underlying tissues and diffuses through the body, causing injury
to certain tissue cells for which it possesses a special chemical
affinity, is a supposition quite in accord with all the observed
facts.

Diphtheria Antitoxin.—Behring and Kitasato,* in 1890, found
that the serum of rabbits immunized against diphtheria and tetanus
by inoculation first with attenuated then with virulent cultures,
contained a substance capable of neutralizing the effects of infection
or intoxication in other animals. The action was found to be
specific. The practical importance of this discovery in the ease of
diphtheria was soon made evident by the further researches of
Behring, Wernicke, Knorr, Roux and Martin, and others.f The
active prineiple in the blood and blood-serum is still chemically
unknown, but from its neutralizing power it has been designated
the diphtheria antitoxin. Somewhat later it was found that small
non-fatal doses of toxin injected into the susceptible body were
as effective in producing antitoxin as inoculation with the bacilli
themselves, and that for antitoxin production on a large scale the
horse eould be used advantageously instead of the sheep. The
amount of antitoxin that appears in the blood inereases up to a cer-
tain point in proportion to increasing doses of the toxin, but the physi-
ologic capacities of each individual animal limit the total amount
of antitoxin produced. The antitoxic substance persists in the
blood or blood-serum for a considerable period after the blood is
drawn. It has been shown that the serum obtained from an immu-
nized animal may retain unimpaired for many months its power

* Behring and Kitasato: Deut. med. Wehnsehr,, 1890, 16, pp. 1113,
1145; also Behring: * Die Blutserumtherapie,” Berlin, 1902,

1 For references to these see Roux and Martin: Ann. de 1'Inst. Past.,
1894, 8, p. G09.
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of neutralizing diphtheria toxin when properly protected against
putrefaction and the action of light or of high temperature. The
probable mode of action of the antitoxin, and other theoretical
considerations, have been treated in the chapter on Immunity
(p. 137).

In the preparation of diphtheria antitoxin on a large scale cer-
tain procedures are generally followed. Horses have been found
especially suited for antitoxin production, both on account of
their size and their relative endurance to the treatment with toxin.
As a rule, gradually increasing quantities of toxin are injected into
the subeutaneous tissue of the horse at intervals of five to seven
days during a period of about two or three months. Not all animals
prove equally tolerant of the treatment or vield a satisfactory
quantity of antitoxin, and a continued selection of the particularly
well adapted animals goes on in every large establishment. When
the antitoxin in the blood reaches a desirable potency, for example
if the blood eontains over 300 units per cubic centimeter, blood is
drawn from the jugular vein into sterile glass jars and allowed to
clot; from five to eight liters may be drawn at a time without
injury to the animal, and bleeding may be repeated as often as once
amonth. Theserum that separates from the clot is drawn off aseptic-
ally. It is then usually filtered through a Berkefeld filter, protected
against contamination by the addition of earbolie acid, chloroform,
or tricresol, tested and standardized, and is bottled or placed in
syringes as the diphtheria antitoxin of eommerce. If diphtheria
antitoxin is kept in the dark and at a low temperature, it loses
strength very gradually. Some sera show hardly any deerease in
potency during periods of a year or more. Those sera containing
the largest number of units per cubic centimeter are more apt
to lose strength than the so-called low-poteney sera. A powdery
deposit often forms in antitoxic sera after a time, but does not
impair their value. Diphtheria antitoxin may be concentrated
to some degree by precipitating, redissolving, and dialyzing.

The Concentration of Diphtheria Antitoxin.—Two chief
methods of coneentrating diphtheria antitoxin are in use in various
laboratories. The first method is based on preecipitation by means
of ammonium sulfate, the second on precipitation by moderate
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heat. The former method for precipitation of diphtheria anti-
toxin was worked out by Gibson.* The serum is precipitated
by adding the same volume of a saturated solution of chemically
pure ammonium sulfate. The precipitate formed is allowed to
stand for about ten to twelve hours and then collected on large
folded filters, preferably of hard paper. The precipitate is redis-
solved in a sufficient quantity of water to make up the volume of
the original serum. After solution of the precipitate a quantity
of saturated ammonium sulfate solution equal to the amount
of water used for solution is added, and the preeipitate which is
formed collected in the same manner as the first precipitate. The
precipitate is dried by pressure between mats of filter paper, and
when of about the consistency of putty is dissolved in a saturated
zolution of sodium chlorid. The solution is filtered, and the
- filtrate, which contains the antitoxin, is precipitated by addng
2} e.c. acetic acid (SO per cent.) to each liter, and the precipitate
collected on hard folded filters. This precipitate is again dried
between filter paper and then dialyzed in heavy parchment paper
against running water until dissolved. After solution the fluid is
neutralized to litmus paper with a solution of Na,CO,, returned to
the dialyzing bag, and dialyzed until the sodium chlorid has been
practically removed.

The principle of this method of concentration is the separation
of the pseudoglobulins which contain the antitoxie principle from
the other constituents of the blood-serum. The precipitation with
ammonium sulfate removes the albumins by leaving them in solu-
tion. The second precipitation is for the purpose of removing the
remnants of albumin. Saturated sodium chlorid solution dissolves
the pseudoglobulin fraction, but not the other globulin fractions,
so that the euglobulin and fibrinoglobulin are removed by filtra-
tion. Acetic aeid in small amounts precipitates the pseudo-
globulins in saturated sodium chlorid solutions.

This method was improved by Banzhaf and Gibson, { who em-
ployed a fractional method of precipitation. The serum is first
diluted with the same volume of water, and to this diluted serum

# Gibson: Jour. Biol. Chem., 1905, 1, p. 161.
T Banzhaf and Gibson: Jour. Biol. Chem., 1907, 3, 253.
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is added half its volume of saturated ammonium sulfate solu-
tion. The precipitate which is formed is collected on hard folded
filters, pressed nearly dry, and dissolved in saturated sodium
chlorid solution, the solution being treated with acetie acid, and the
resulting precipitate dialyzed in the same manner as the previous
method. To the filtrate of the ammonium sulfate precipitate is
added enough ammonium sulfate solution to bring the percentage
up to about 38. The precipitate is then treated exactly like the
previous one. To the remaining filtrate ammonium sulfate solu-
tion is added again until the saturation is 50 per cent. and the
precipitate collected in the same manner. Three fractions of anti-
toxin globulins are obtained by this method. The last fraction
contains the largest amount of antitoxin and may yield a concen-
tration considerably higher than by the original method of Gibson.
The first and second precipitates contain but small amounts of
antitoxin.

An entirely new method of concentration was worked out by
Banzhaf.* The serum 18 heated at 58° C. in a water-bath for
about twenty-four hours. A heavy precipitate forms, consisting
of albumins and some parts of the globulins which do not contain
antitoxin. Some parts of the globulins seem to be changed by
this heating process so as to become insoluble in saturated sodium
chlorid solution, so that the true antitoxin globulins are left in
solution in a very pure form after the heated serum has been
saturated with sodium ehlorid in powder form. This serum is
then diluted with several times its volume of saturated sodium
chlorid solution and, after having stood for several hours, is filtered.
The clear filtrate is precipitated with acetic acid and the precipitate
collected, pressed, and dialyzed in the usual manner. Tt is elaimed
that by this method a concentration of ten times the original
potency ean occasionally be obtained, while by the original Gibson
method the concentration is two and a half to three times, and by
the fractional method three to five times.

Concentrated sera have several advantages over native sera.
The amount to be injected is smaller, an advantage of importance
when large or frequent doses have to be given, Some of the super-

* Banzhaf: Bull. of the New York City Antitoxin Laboratory, 1909,
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limit, as far as the antitoxin is concerned, to the number of units
that may be safely injected.

Many attempts have been made to lessen the amount of fluid
containing a given number of units. The use of a powerful toxin
for immunization, the selection of horses that yield a particularly
large number of antitoxin units per cubic centimeter, and improve-
ments in methods of immunization and coneentration have resulted
in lowering considerably the dose of horse-serum. Serum econ-
taining 500 to 700 units per cubic centimeter is now eommonly
marketed, and a few horses have been known to yield serum of
1000 to 1500 unit strength. The so-called low-potency sera, however,
containing about 300 to 500 units per cubie centimeter, are, unit for
unit, just as efficacious, and ean be produced much more economie-
ally, than the high-poteney sera.

The administration of antitoxin is followed in some cases by
temporary pain in the joints and by rashes. The rashes appear
to be due to unknown substances in the horse-serum, which are
present in larger amounts in some horses than in others, These
substances may be present in the blood of a horse at one
bleeding and absent at the next. They occur in both normal
and immune animals. The concentrated serum econtains, as a
rule, less of these rash-producing substances than the original
serum.

A few ecases of sudden death have been reported following the
administration of antitoxin serum.* The eause is unknown. It is
t}ossible that sensitization of the organism to horse-serum (see p. 170)
is responsible, or that some obseure individual peculiarity lies at the
bottom of the trouble. In eomparizson with the enormous number
of antitoxin injections constantly made, such cases appear to be
exceedingly rare.

The Results of Antitoxin Treatment.—The efficacy of antitoxin
treatment is matter of common knowledge and the results need only
be outlined here. The death-rate from diphtheria in certain large
cities hefore and after antitoxin came into use (15894-95) illustrates
the saving of life that has been effected.

* Bee, for example, Jour. Amer. Med. Assoc., 1908, 50, pp. 137, 456, and
4%}
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AVERAGE ANNUAL DEATH-RATE FROM DIPHTHERIA PER 10,000

POPULATION.
1885-1594 18051004
Berorg Usk oF ANTITOXIN. ANTITOXIN PERIOD.
| Gy e U e o B 6.41 1.49
Bearhn: ;oo siiiii e sl e 0.93 295
BT e e e S B.14 205
i e 4,85 3.88
Mo FOB, o iiveins s Ty SElh 15.19 (.62
27 T T B 11.76 6.54
127§y ey PR Rty L it s S L 7.34 4.99
CHICEEO®. .. | o oome e e T, 14.29 5.13

Modes of Infection.—The source of infection iz the human
carrier of diphtheria baecilli. The ordinary way in which diph-
theria is spread is by more or less direct transfer of baeilli from a
mild case of the disease or from a convalescent patient, or from a
well person that has come into contact with a case of diphtheria
and harbors the specific germ in his throat or nose. It has already
been pointed out that diphtheria bacili may retain their viru-
lence for a long time in particles of dried membrane. The germs
have been found on children’s toys, in the dust of sick-rooms, and
clinging to the eclothing of nurses. Under favorable conditions
they may resist drying for several weeks. The chief danger,
however, apparently does not depend upon dissemination of dust
particles or upon inadequate disinfection of the surroundings of a
patient, but rather upon the patient or convalescent himself.
For many days, and exceptionally for months, after complete recovery
the bacilli may persist in the throat and nose. Fully virulent germs
have been found in a child’s throat for as long as 335 days after the
cessation of elinical manifestations. When diphtheria is prevalent
in a school or an institution, bacilli are frequently found in a large
percentage of the throats of perfectly healthy children. There is
abundant evidence, therefore, that healthy individuals are sometimes
the carriers of virulent diphtheria germs, and may be the means
of eausing serious epidemics. Chronic membranous rhinitis, due
to the diphtheria bacillus, is not infrequently a source of infection.

It is well known that the disease is much more prevalent, as
well as more fatal, among children than among adults. The effect
of school attendance upon the spread of diphtheria has been clearly

* Antitoxin begun in 1895-96. Drop from 12.01 (1895) to 7.62 (1896).
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shown by English health officials.®* Not only has an increase in
the prevalence of the disease in England been noticed coincident
with the putting into operation of a compulsory education aect
(1870), but the number of cases of diphtheria reported has been
observed to rise and fall in direct sequence to the oceurrence of
holidays and the resumption of school work. “The relation be-
tween school closure and diphtheria prevalence in Chelsea (Eng.)
is shown in the following table, in which are set out the average
number of cases occurring at all ages, and at the school age of
three to thirteen vears, in thirteen four-weekly periods, during the
five non-epidemic years, 1890-1894 inclusive”f:

DIPHTHERIA IN CHELSEA.

CasEs AT AGES

WEEKS. Torarn Casis, Turee T0 THIRTEEN,
e e e R B B.O 3.8
o o e FH S e A R 11.4 4.8
ke ] Bl e R s e S R e 0B 5.2
Fh B e e e e 11.4 a0
B N R L 13.6 5.0
R e L e e o 11.8 a4
e ey e e L 16.4 7.4
i o e B i 14.8 8.2
T T i e R L 0.6 3.0
i i o e S 14.2 7.0
L i P i e L S 13.8 7
i e et A S G 21.2 11.8
e e 15.0 5.8

The closure of the schools for the summer vaecation (lasting
a month), which usually ecommences in the thirtieth week of the
year, is followed by a fall in the number of notified cases (thirty-
third to thirty-sixth week). There is a corresponding fall after
the Christmas holidays (first four weeks).

The use of the common drinking-cup and moistened lead-peneil,
the friendly transfer of pocket-handkerchiefs, candy and chewing-
gum, and the other familiar practices of school-children, afford
opportunities for an immediate and tolerably direct passage of
bacilli from an infected individual to a healthy one. It is prob-
able, too, that in the act of coughing or talking droplets of moisture
or mucus containing bacilli pass into the air and may be inhaled by

* Murphy: Lancet, 1894, 2, pp. 1403-09.
1 Parker: Trans. Epidemiol. Soe., London, 1806, N. 8. 16, p. 240.
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byvstanders. This is apparently, however, not the most usual mode
of infection, which is generally by direct contact. There is no evi-
dence that diphtheria bacilli are present in ordinary sewer air or that
they ever effect an entrance to a dwelling through defective plumb-
ing. It must be pointed out, however, that any condition, such as a
damp or “raw” atmosphere, which tends to produce an irritated
or weakened muecous membrane, is distinetly favorable to infection.
It is well established that diphtheria is sometimes disseminated
by infected milk. Certain domestic pets, notably cats, have been
regarded on epidemiologic evidence as being able to communicate
the disease,* but further evidence on this point would be welecomed.
The so-called avian diphtheria, or “‘roup” of fowls and pigeons,
has been frequently asserted to be due to the same micro-organism
as that causing human diphtheria, but there are insurmountable
objections to this view. The most important of these is the fact
that the antitoxin which protects against the Klebs-Loffler bacillus
is without effect upon the progress of roup. Moreover, the bacillus
usually present in avian diphtheria has been isolated and differs
in essential particulars from the Klebs-Loffler bacillus.
Prophylaxis.—In addition to the ordinary measures of quaran-
tine and isolation, which, to be effective, should be based upon the
systematic bacterial examination of the throat and nose of con-
valescents, a number of other methods have been suggested for
checking the dissemination of the disease. It has been shown that
diphtheria is primarily a disease of school-children and is largely
affected by school attendance. An appreciation of this fact by the
school authorities and the introduection of methods of examination
and prompt isolation have led in some quarters to a material re-
duction of contagion. It should be clearly recognized that the
disease is kept alive in the community and fresh outbreaks lighted
up chiefly by infected individuals who mingle with their fellows.
Experience has shown that the throats of persons coming in contact
‘with a case of diphtheria are quite likely to harbor diphtheria
bacilli, and that these persons, although themselves remaining
well, may become centers for the further spread of this disease.
The use of the antitoxic serum in doses of 500, or better 1000, units
has been widely advocated as a prophylactic measure. A con-
siderable degree of protectioncan be conferred in this way upon the
* Cf. Thorne: ** Diphtheria,” London, 1801,
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children in a family where a case of diphtheria has appeared, and
upon nurses or other attendants. Records of the Health De-
-partment of the City of Baltimore * show that only one case of
diphtheria developed among three hundred and eighty-two chil-
dren who, after more or less exposure, had been given 1000-unit
doses. In certain European hospitals a preventive dose of antitoxin
is given at regular intervals as a matter of routine to all children
in the institution, and this procedure is said to be attended with
great success. The passive immunity so obtained is relatively
transient; it begins about twenty-four hours after the injection
and is practically at an end after twenty-eight days.

Mixed Infections.—The Klebs-Loffler baeillus is found almost
invariably associated in the false membrane with streptococei,
staphylococei, or other miero-organisms. There is no doubt that
these bacteria, especially the streptococei, often play an important
part in both the local and general development of the infeetion.
Certain common complications of diphtheria, particularly suppura-
tive processes in the tissues of the neck, are unquestionably due
to the action of the associated pyogenic organisms. Some observers
have claimed that the virulence of the diphtheria bacilli is increased
by symbiosis with the streptococei, but there is no convineing
evidence in favor of this view. There have been a number of at-
tempts to gage the influence of these mixed infections on the out-
come of a diphtheritic attack. Simple streptococcus anginas are
unquestionably of a more benign character than throat affections
in which the Klebs-Loffler bacillus is found, either as the sole or
predominant organism; but regarding the mixed infections of
streptococel and diphtheria bacilli, opinions have been at variance.
From analogies observed in animal experimentation, as well as on
other grounds, there is reason to believe that the mixed infections,
ir. which the streptococcus is actually sharing in the produetion of
pathologic processes, are of a more serious character than those
in which the Klebs-Loffler bacillus alone is the active factor.

Pseudo-diphtheria Bacilli.—DBacteria that closely resemble
B. diphtheriz but are non-virulent are not uncommonly encoun-
tered in the throats and noses of healthy individuals, in the con-
junetival sae, and even in the false membrane in typical clinical

17 * Annual Report, 1904, p. S6.






THE DIPHTHERIA BACILLUS 259

effect that a transformation of one form into the other has been
accomplished, and there are some who believe that the pseudo-
diphtheria bacillus or the avirulent variety is simply a modified
form of B. diphtheriz, which has parted with its virulence and cer-
tain other properties under the stress of altered conditions. State-
ments by Lesieur,* for example, are especially specific on the
question of transformation. It is claimed that virulent cultures
of B. diphtheri® have been transformed by the action of daylight
into non-virulent ones exhibiting all the characters of the Hofmann
baeillus, and, reciprocally, pseudo-diphtheritic bacilli have, by
cultivation in eollodion sacs within the bodies of rabbits, been trans-
formed into organisms possessed of the qualities distinguishing
B. diphtherize.

The alleged differences in the morphology of diphtheria and
pseudo-diphtheria bacilli have already been touched upon, and,
as has been stated, the occasional transformation of the granular

.into the solid-staining type is believed probable by several investi-
gators. Careful cultivation experiments starting from a single
cell are needed to prove to what extent the barred, solid, and granu-
lar types breed true.

From the public health point of view the question of the inter-
relation of the ‘‘real”and “ pseudo” forms is of practieal importance.
It has been found that a eonsiderable proportion of healthy persons
in every community harbor the so-called pseudo-diphtheria baeilli
(16 to 22 per cent.), but whether or not these persons constitute
a menace to the health of the community is a question upon which
opinions differ. The same investigations } show that about 1 or 2
per cent. of all persons harbor typieal Klebs-Liffer bacilli (of the
granular type), but that in this number only about 17 per cent.
have virulent bacilli, *‘or, in other words, 17 in 5000 to 10,000 of
all persons have diphtheria bacilli that are dangerous to the health.”
If it were true that the solid-staining, avirulent, pseudo-forms
might suddenly, when transferred to a susceptible individual, acquire
pathogenic power, the protection of the community by quarantine
and isolation would present a different aspect. Further experi-
mental study of well-defined diphtheria and pseudo-diphtheria
bacilli is needed, especially in relation to virulence and variation.

* Lesieur: Jour. de Physiol. et de Path. gén., 1901, 3, pp. 961, 1000.
T Jour. Mass. Assn. of Boards of Health, 1902, 12, p. 75.
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In the light of our present knowledge the conclusion seems
justified that there are at least two independent and distinet organ-
isms, the diphtheria (Klebs-Loffler) bacillus and the pseudo-diph-
theria (Hofmann's) bacillus. The true diphtheria bacillus is rarely
found except in diphtheria patients (including latent cases of
apparently simple ‘‘sore throat’’), convalescents, and persons
in contact with such cases. There does not seem to be adequate
evidence of the transformation of the non-virulent pseudo-diphtheria
bacilli into the true toxin-producing type.

Method of Diagnosis.—The examination of suspected throats
for the diphtheria baecillus has been for years part of the routine
work of several large and well-managed municipal laboratories in
this country, and the methods employed after ecareful investigation
have become well erystallized.® Outfits for this work are issued
to phyvsicians on request. These consist, as a rule, of a tube of
Loffler’s serum, which should be freshly prepared, a tube con-
taining one or more sterile swabs, and printed directions and record
forms. The whole outfit is inclosed in a metal or pasteboard box.
The swabs are usually composed of pledgelets of sterile cotton wound
about the end of a wire.or piece of wood. Some boards of health
require that separate cultures be taken from the nose and throat
when the examination is being made for the purpose of determining
the end of a prescribed isolation period. Sometimes a cover-slip
film is made at once from the swab, for immediate microscopie
examination, but this procedure, although it sometimes facilitates
a speedy diagnosis, will often give a negative result if baeilli are
present in small numbers. The method of cultivation is much
more reliable. After the swab has been rubbed carefully over the
serumn, the tube is incubated at 37° C. until the next morning, when
cover-slip films are made from the growth on the medium and ex-
amined microscopically in the usual way. A single negative result
or even more cannot be taken as conclusive proof that diphtheria
bacilli were actually absent in the throat at the time the swab
was used, since if only a few bacilli are present, or if they are in
relatively inaccessible locations, as in laryngeal eases, they might
easily be missed. Many boards of health require two successive
negative cultures for release from quarantine.

* See Report of Committee on Throat Cultures, Amer. Med. Assoc.:
Jour. Amer. Med. Assoc., 1911, 57, p. 976.



CHAPTER XVI

THE GROUP OF COLON-TYFHOID BACILLI

One of the most important groups of pathogenic bacilli is that
which includes the typhoid bacillus, the bacillus of hog-cholera,
certain baeilli found in cases of meat-poisoning, and other related
organisms. The group is a large one and comprises many varieties
that are as yet imperfectly separated from one another. Great
advances, however, have been
made in differentiation within
this group in the last few years.

Characteristics and Subdi-
visions of the Group.—Under
favorable conditions of growth
the prevailing form is a plump,
straight rod with rounded ends.
Short, oval forms are not un-
ecommon upon certain media,
and long filamentous forms are
oecasionally developed, especi-
ally at high temperatures. The Fig. 61.—Bacillus typhosus eolony
cell protoplasm often stains ir- 7 £6atn sgrepy (o hours o
regularly, when carbol-fuchsin is  and Wassermann).
used. The bacilli lose the stain
when treated by Gram’s method. No spores are known to he
formed by any of this group.

One of the distinguishing ecultural characteristics of these
organisms is their mode of growth upon the surface of gelatin.
This feature is well seen in colonies upon a gelatin plate. Upon
the surface of the medium an irregular, thin, notched, leaf-like
expansion is formed, which is so typically produeed by members
of the group that the term ‘‘colon-like” or “typhoid-like” has
been applied to this kind of colony (Fig. 61). This constitutes
one of the more constant distinguishing growth characters of the
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group, although B. [lactis] aerogenes, an organism in most respeets
closely related to the colon bacillus, develops colonies that are pro-
jeeting, have rounded margins, and depart materially from the type.
In no case is gelatin liquefied. All the organisms of this group are
able to reduce nitrate to nitrite in the presence of organic matter,
and the majority of strains are able also to reduce nitrite with
evolution of nitrogen.

A particularly interesting biologic character of the group is
that many of the members appear to be on the verge of parasitism,
and, as it were, stand ready to assume a parasitic mode of life when
a favorable opportunity presents itself. Many varieties, such as the
forms found in the intestines of certain of the higher animals, occupy
a position intermediate between saprophytes and parasites, and from
this point of view the group is at present in a state of unstable
biologie equilibrium and must be looked upon as possessing marked
potentialities for evolution in the direction of parasitism.

Three subdivisions of the group can at present be distinguished:

1. B. coli; the capsulated bacteria.

2. The B. enteritidis group, including B. cholers-suis, B. icter-
oides, B. psittacosis, and various ‘‘paracolon” and ‘‘paratyphoid”
bacilli. :

3. B. typhosus and B. dysenterie; B. fecalis alkaligenes.

Some of the main points of difference between the several sub-
divisions are shown in the following eomparison:

1. B. ecliz Motility is not
pronounced in most cul-
tures; often_only a few
individuala in the field
show independent move-
ment; few flagella. Dex-
trose and lactose are fer-
mented with gas-produe-
tion, some wvarieties for-
menting saccharose also.
Milk is curdled, usually

2. B. enteritidis:  Actively 3. B.¢yphosus: The typhoid
motile; 10 to 14 ﬂagell,a..y ﬁﬂa ia aetivel ugﬂhlﬁ
Dextrose is  fermented l.m:l Irm 10 to 14
with gas-production, but  fi . B. dyzenteri=,
no gas or acid is formed otherwise closely ra'lnad
from lactose. Milk is i3 slightly motile or
never curdled: on pro- of muhl::tar. mnrdln
longed eultivation u.ndar some observ. g‘m
afrobie  conditions farmuuted with prud.uu-
milk aequires a aliia_ tiun of acid, but gas is
primary acidity, then never produced; no acid ia

within [nrl:.r—ught. hours comes strongly alkaline, roduced from hct.nu.
at 37°, with abundant aeid and finally the casein ia ilk is never eurdled, al-
priduetion. Luxuriant dissolved., Indol is pro- though a aluht-lnltln.’inuid-
growth on potato, usually duced not at all or very' ity develops, followed by a
with a brown tinge. Indol scantily, Distinctly patho- return to the original reac-

tion; an alkaline reaction

is produced by most varie- nic for many of the
is produced in milk by

ties in larpe amount. ower animals and for

Under most conditions not
]mthﬂm.mc for man or
the lower animals. When
injected intraperitoneally
into rabbits and guinea-
pigs a fatal result usually
ensues, but considerable
variation in virulence is
shown by different strains.

man.

some strains, but not to
HMh&im extent as in tl?a
receding  group. 0
Fndnl. is  formed under
ordinary conditions of
cultivation. 1
for man, less so for the
lower ani
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SUBDIVISION 1

BaciLLus coLl

The organism taken as the type of this class was deseribed under
the name of Bacterium coli commune by Escherich in 1886.% The
original culture was isolated from the dejecta of a breast-fed infant,
and cultures from this source are still considered by Escherich to be
especially typical. Other bacteria which were discovered about the
same time and variously designated, such as the “Naples cholera
germ,”” or B. neapolitanus, f isolated by Emmerich { from the dejecta
of patients suffering from Asiatic cholera, should doubtless rank
as members of this elass. The typical Bacillus coli is widely dis-
tributed in nature and has been isolated from air, from water, and
from soil. In only a limited sense, however, is it ‘“ubiquitous.”
It is found by far most abundantly and constantly in the intestinal
tract of man and many of the higher animals. In the colon it
occurs in especial abundance, and is so characteristic an inhabi-
tant of this region of the intestine as fully to deserve the name
that has been bestowed upon it. From fresh, healthy human feces
it is often isolated in pure eulture by the ordinary aérobiec methods,
although miecroscopic examination shows that other kinds of miero-
organisms are also present in the feces. The varieties of B. coli
that are isolated from the intestinal contents of different species of
mammals differ slightly in their biologic characters. Moore,§ for
example, has shown that cultures of B. eoli obtained from the intes-
tines of the dog are more virulent, when injected intraperitoneally
into guinea-pigs, than those from the intestine of the rabbit or
guinea-pig.

Morphology.—The morphology of the colon baecillus exhibits
considerable variation. The ordinary dimensions in stained prep-
arations from cultures upon nutrient agar or gelatin range from
2 # to 4 pin length and from 0.4 g to 0.7 g in breadth (Fig.

* Escherich: Die Darmbacterien des Stiuglings, Stuttgart, 1856.

T According to a strict application of the rules of priority, the bacillus
now known as B. coli should be called B. neapolitanus.

1 Emmerich: Arch. f. Hyg., 1885, 3, p. 291.
§ Moore: Amer. Med., 1902, 3, p. 504.
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62). Very short, oval and coecus-like forms are encountered not
infrequently, and usually pre-
dominate when the bacillus is
observed directly in normal ani-
mal tissues. ;
The most typicai members
of this group possess motility;
flagella can be demonstrated by
appropriate stains (Fig. 63).
Cultural Characteristics.—
The more salient biologic char-
acters of this subdivision of the
colon-typhoid group have al-
fuur-hnur ;Eummilﬁfuﬁh g{welg ready been noted in tabular
(Heim). ' form. Gelatin is not liquefied;
milk is curdled with acid reac-
tion, usually within forty-eight hours, by the cultures that must be
regarded as the more typieal or more vigorous. Indol is produced
in abundance by all
vigorous strains. Dex-
trose is fermented,
with the production
of gas, the gas being
mainly earbon dioxid
and hydrogen in the
approximate propor-
tion of two parts of
H, to one of CO.,.
Lactose also is always
fermented with gas-
production, the ratio
of hydrogen and car-
bon dioxid being, how- ;
ever, somewhat less Fig. 63.—Bacillus coli with stained by
constant than in the  van Ermengem's method; X 1000 (Williams).
dextrose fermentation. i
Nearly one-half of the colon bacilli that are isolated from vari-
ous sources produce gas in saccharose broth; they are not known
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to differ in other characters from those unable to ferment saccha-
rose.* Attempts have been made by some writers to distinguish
varieties of colon bacilli on the basis of differences in fermentive
power. One of the distinetions made most frequently relates to
differences in saccharose and duleite fermentation. The names
commonly used are as follows:

Gas produced from-—

Snccharose, Dhaleite.

B. neapolitanus (B. eoli communior)............. . + -+
B.coli (B. coli commumis). ..............oovvunnn — e
L T e e e + —
R T e e S e — —

No conclusions of value have yet been derived from studies of the
distribution of these varieties in normal or disease conditions or in
polluted waters.

Certain baecilli not infrequently isolated from water, soil, and
other sources, are regarded by many investigators as weakened
or aberrant members of the colon group. They depart from the
so-called type in several more or less significant respects. A not
uncommon divergence consists in the inability to generate any
considerable quantity of acid in milk, so that the milk is not ecurdled
promptly (i. e., within forty-eight hours at 37°), or in some cases
not at all. Ability to produce indol in peptone solution is likewise
lacking in some cultures otherwise typical. Certain of these bacilli
are obviously attenuated forms of B. coli, and may be made to
approximate elosely to the type by the method of rejuvenation or
broth cultivation elsewhere described (p. 53). A few observers
would include in the eolon group somewhat similar organisms that
are unable to produce gas in dextrose broth, although in other re-
spects possessing the biologic characters of the type, but it is not
generally considered that forms devoid of this fermentive power
should be classed as colon bacilli. When the colon baecillus is intro-
duced into the bodies of various animals, it is able to bring about
certain morbid changes, as was shown by Emmerich in his study
of ““ B. neapolitanus,” and has been confirmed since by many workers.
Intraperitoneal injection of 2 c.c. of a twentv-four- to forty-eight-
hour-old broth culture usually proves fatal to a guinea-pig within

* Jordan: Jour. of Hyg., 1903, 3, p. 1.
t See also p. 268.
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three days. Cultures isolated from wvarious tissue lesions and
suppurative processes are more virulent for animals than those
isolated from the normal intestine. Subeutaneous inoeulation
is much less likely to result fatally than intraperitoneal. Some
writers assert that cultures of B. coli isolated from the contents of
a diseased intestine are more virulent than those from a normal
individual, but investigators are not in accord on this point.

Pathogenesis.—As regards pathogenicity for man, the common
occurrence of agonal or post-mortem invasion of the body by the
colon bacillus tends to diminish the value of the supposed evidence
derived from finding the colon bacillus in the internal organs after
death, and there can be no doubt that the réle in human pathology
assigned to the colon bacillus by some investigators, notably certain
French bacteriologists, has been greatly exaggerated. Failure to
distinguish between the true colon group and the group of meat-
poisoning baeilli is doubtless responsible for some of the statements
attributing pronounced pathogenic properties to B. eoli. The
frequent aseription of various inflammatery processes, particularly
those oceurring in the appendix and peritoneum, to the unaided
activities of B. coli appears to be without sufficient justification.
Many of the cases reported rest on the evidence derived from simple
aérobic ecultivation, and the possible concurrence of anaérobes or
other organisms not growing by ordinary methods has not been
excluded.

It is well established, however, that under some conditions the
colon baecillus is able to pass from the digestive tract into the blood,
whence it may invade the gall-bladder and bile-ducts and cause
cholangitis and cholecystitis. Convineing evidence on this score
has been obtained both from human pathology and from animal
experiment. The bacillus i often found in the core of gall-stones.
Kramer * has made the interesting observation that in eultures
the colon bacillus (and the typhoid baeillus) ean precipitate choles-
terin and other biliary constituents and henece may take an impor-
tant part in gall-stone formation. B. coli is also able to pro-
duee lesions of the urinary passages, and the majority of all cases
of eystitis are to be laid at the door of this organism. Aeccording

* Kramer: Jour., Exper. Med., 1907, 9, p. 319.

Sl e
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to some writers (Rostoski®*), as high as 80 per cent. of all
eases of urinary tract infection are caused by the colon bacillus.
Animal experimentation and the agglutination test support the
clinical and pathologic findings in these cases of urinary traect
infection. In many cases infection of the bladder appears to take
place by way of the urethra rather than through the kidneys from
the blood-stream.t In some suppurative processes, as in the in-
fection of wounds, B. coli has been recognized as the active agent,
and while its share in pyogenic processes is not great, its oceasional
participation is undoubted.

It is still uncertain to what extent the chronic passage of B.
coli from the intestine through the blood into various organs is re-
sponsible for certain forms of chronic disease. In the opinion of
some investigators this “subinfection” is very important. The
conditions, under which such penetration of the intestinal wall
can take place are not fully known, although there is ground to
believe that injuries produced by the hookworin and other parasitic
organisms afford an opportunity for invasion of the blood by B.
coli. Inflammatory conditions produced by food or wine may
likewise favor subinfection. The question of the pathogenicity
of B. coli in such circumstances needs further study.

The pathogenic properties of the colon bacillus when confined
within the human intestine are not pronounced under ordinary con-
ditions of life. Practically all healthy individuals appear to har-
bor this organism in their intestinal contents.  Excessive sugar
fermentation by B. coli with liberation of irritant acids and gas
may be responsible for some cases of diarrhea, but it is not clear that
there is any concomitant increase of ability to invade the tissues
among the bacilli that take partin this process. Colonbacilli of
human origin are practically devoid of power to dissolve and
peptonize native proteids such as casein and egg-albumen. If is
therefore only in the presence of putrefactive anaérobes or other
bacteria capable of peptonizing proteids that colon bacilli aid in
excessive intestinal putrefaction.]

* Rostoski: Deut. med. Wehnschr., 1898, 24, p. 235,
t Bond: Brit. Med. Jour., 1907, 2, p. 1639.

t Herter: “The Common Bacterial Infections of the Digestive Traet,”
New York, 1907, p. 155.
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A serious disease of the coconut tree in the American tropics
has been traced to infeetion with an organism apparently identical
with B. eoli. Inoculation of coconut seedlings with B. coli of
animal origin has produced a condition of bud-rot similar to the
natural disease. *

Morphologically similar to B. coli are the anaérobie bacteria
designated as B. bifidus (Tissier) and B. acidophilus (Moro). Un-
like the colon bacillus, however, both these bacilli are gram-posi-
tive. According to a number of observers, they are the predomi-
nant organisms in the digestive tract of healthy human infants.
B. bifidus owes its name to a true division or bifureation of one or
both ends of the cell. It is, however, quite polymorphous, and
a number of varieties are recognized by students of the intesti-
nal flora.t Pure cultures are somewhat difficult to obtain, as
B. coli and other associated organisms are likely to overgroew the
slow-growing B. bifidus. B. acidophilus is an anaérobic bacillus
closely related to B. bifidus, but which develops readily on a
strongly acid medium. The systematic position of these micro-
organisms is uncertain, and they are mentioned in connection
with the eolon baeillus simply for convenience.

THE CAPSULATED BACILLI

A large group of bacilli that are non-motile and heavily cap-
sulated, but which in other respects elosely resemble the colon baeil-
lus, are often considered as a separate class of bacteria, but for vari-
ous reasons are here included in the same general subdivision with
the colon baecillus. Great differences and variations are shown in
fermentive power by the different members of this group, and
several observers have established subdivisions of the group on
the basis of this characteristic.] Pathogenicity is likewise a very
variable quantity.

The organism often found in sour milk, and known as Bacillus
[lactis] aerogenes, bears many points of resemblance to B. eoli,

* John K. Johnston: Bull. 228, Bureau of Plant Industry, Washington,
1912, '

t Herter: “Bacterial Infections of the Digestive Tract,” pp. 41-45.
1 See, for example, Perkins: Jour. Infect. Dis., 1904, 1, p. 241.
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and is often found associated with it in the intestine and elsewhere.
In general the fermentive power of B. aerogenes is somewhat greater
than that of B. coli. Milk is usually curdled more rapidly, and gas
is formed from potato starch. Growth in gelatin is more luxuriant;
in gelatin tubes a projecting *“nail-head” growth is characteristically
produced. Indol is usually produced in peptone solution. Capsule

Fig. 64.—Friedlinder's pneumobacillus, Weleh's eapsule stain; > 1100.

formation occurs in milk cultures. B. aerogenes is commonly
present in abundance in souring millk.

The most familiar of the pathogenic capsulated bacilli is the
form known as Friedlinder’s pneumobacillus or Bacillus pneu-
moniz (Fig. 64). In the early studies upon the bacteriology of
pneumonia this organism was considered to bear an important
relation to the disease, but further investigation has tended to show
that although frequently present in pneumonia as a secondary
invader, it is very rarely the sole and primary cause. In general
morphology and in capsular formation it sometimes resembles
the pneumococeus, but is easily distinguished from it by its ready
growth upon the ordinary artificial media and by the fact that it
loses the stain when treated by Gram’s method. The pneumo-
bacillus has been found in suppurative processes in various parts
of the body and in some few cases of generalized infection. It
is pathogenic for mice and guinea-pigs. The bacillus known as
B. [mucosus| capsulatus is very similar to, and in the opinion of
some observers identical with, Friedlinder’s bacillus. Some






CHAPTER XVII

THE GROUF OF COLON-TYPHOID BACILLL (Continued)

Svuppivision 2

THE BaciLLus ENTERITIDIS GROUP
Bacillus Enteritidis.——Under this head may be included
certain bacilli isolated from various meat-poisoning epidemics on
the continent of Europe and in England. The organism known
in laboratories as Gdriner's bacillus is typieal of the class. It was
found by Girtner (1888)* under the following cireumstances: The
flesh of a diseased cow which
was sold for food in a village in gl ; 2 k
Baxony was partaken of by a P "Wreora
number of persons, fifty-seven of - _ N
whom became ill. One young [ of Ve (5] i
man consumed 800 grams of raw oy 5: A 1-.?‘. .
meat and died in about thirty- [ "¢, - - :*':_'F' - ﬁ

%
X
5

SN

o7

five hours. From the organs of | ®2_. , 2% e el

this fatal case Giirtner isolated 2 i, ’;.":i'%i" -

a micro-organism which he called Wy v .—" i Sy 3

B. enteritidis (Fig. 66) ; the same S MR R g

organism was obtained also from ea g

the flesh of the diseased cow. Fig. 66.—Bacillus enteritidis,
Giéirtner; pure culture; van Ermen-

Similar bacteria have been en- gem prep. (Kolle and Wassermann).
countered in a case of meat-

poigoning in Brussels and in other outbreaks in Germany and
England. The biologic characters of B. enteritidis and its varieties
correspond very closely with those of the so-called hog-cholera
baeillus.

B. suipestifer.—A bacillus associated with hog-cholera was discovered in
1885 by Salmon and Smith.t Some confusion in nomenclature at first arose
from the fact that the organizm now known as B. suipestifer was unfortunately

* Gartner: Korresp. d. allg. firstl. Vereins. von Thiiringen, 1888, 17, p. 233.

t Salmon and Smith: Centralbl, f. Bakt., 1891, 9, p. 253.
271
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first deseribed as “the bacterium of swine plague.” The name of swine plague
has been sinee limited to another disease of swine, differing from hog-cholera
both in its morbid anatomy and as regards the biologie characters of the
specific organism associated with it. Owing to the similarity between the
symptoms of hog-cholera and those of swine plague (Schweineseuche), the
differential diagnosis of these two diseases can often be made only upon the
basis of the postmortem and bacteriologic findings. The more important
differences between the two species of microbes are shown by the following
comparison, which the confusion that has crept into the literature of the
subject seems to render necessary.

1. B. suipestifer.—Actively motile, with from three to nine flagella.
Vigorous growth in nutrient broth and moderate growth on potato. Renders
milk at first slightly acid, then strongly alkaline, and dissolves the casein.
Ferments dextrose with gas-produetion.  Pigs that have fasted for twenty-
four hours, when fed with cultures, develop extensive intestinal lesions which
result fatally.

2. B. suisepticus.—Belongs to the hemorrhagic septicemia group. Non-
motile. No flagella demonstrated. Growth in nutrient broth moderate or
feeble. No growth on potato. Aeid is generally produced in milk, but not
in sufficient quantity to cause coagulation. Aecid is produced in dextrose
broth, but no gas. Cultures fed to pigs usually produce no effect.

True hog-cholera is widely disseminated throughout the eentral United
States, and also prevails in Great Britain and on the continent of Europe.
An acute and a chronie form have been reported, the latter being apparently
the more common. Although the micro-organism once known as the hog-
cholera baeillus is found in some epidemics of hog-cholera, doubt has been
thrown upon its causal relation to the disease by the fact that it is not found in
all eases, and especially by the discovery that the disease can be transmitted
to healthy animals by inoculation with diseased body-fluids filtered through
the finest porcelain filters.* Since the disease can be caused by a filterable
virus, the so-called hog-cholera baeillus must be considered to have a very
subordinate role, if any, in this infection.t The relation between hog-cholera
and swine-plague is not yet fully cleared up. Some imvestigators mamntain
that both dizseases are due to one and the same filterable virus and that the
differences are due altogether to the associated bacilli, B. suipestifer or B.
suisepticus.

Paracolon and Paratyphoid Bacilli.—Achard and Bensaudei
were the first to isolate an atypieal organism from human tissues
during convalescence from a typhoid-like disease. Later, Gwyn §

* DeSchweinitz and Dorset: Bureau of Animal Industry, 1903, Circular
41; Boxmeyer: Jour. Infect. Dis., 1905, 2, p. 359.

t See especially “The Etiology of Hog-cholera,” Dorset, Bolton, and
MeBryde, Bureau of Animal Industry, Bull. No. 72, 1905.

f Achard and Bensaude: Soc. méd. des Hop. de Paris, 1896, 3d 8., 13, p.
679.

§ Gwyn: Johns Hopkins Hosp. Bull,, 1898, 9, p. 54.
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reported a case which apparently presented all the clinical symp-
toms of typhoid fever, but in which the serum reaction for the
typhoid bacillus was lacking. From the blood Gwyn isolated a
bacillus eclosely akin to B. suipestifer and B. enteritidis, which
agglutinated with the patient’s serum. Since that time a num-
ber of investigators* in different parts of the world have iso-
lated similar organisms from the blood of patients suffering
from a disease that, so far as clinical symptoms are concerned,
i= =ometimes suhst;ntially identical with typhoid fever. Many
cases of “ paracolon’ or ' paratyphoid " infection show a tend-
eney to run a rather mild course, and are marked by a sudden
onset with chills, but are otherwise very similar to infections with
the true typhoid bacillus. A certain proportion of the negative
results reported with the agglutination test in apparent typhoid
fever can be plausibly accounted for by the supposition that a
paratyphoid rather than a typhoid bacillus was the exeiting cause
~ of the attack. Many isolated cases of paratyphoid infection have
been observed, and one small epidemic due to water infection
has been attributed to an organism of this group.t It is not
vet known what proportion of cases clinically resembling typhoid
fever are due to paratyphoid bacilli. In a series of thirty cases
studied by Ruediger! in Chicago, paratyphoid organisms were
isolated from the blood in two eases, typhoid bacilli in seventeen
eases. Some eases of paratyphoid infection are accompanied with
severe diarrhea and resemble the so-called cholera nostras. The
observations of Hetsch§ indicate that they might be mistaken
elinically for Asiatic cholera.

The pathologic anatomy of paratyphoid fever is not very fully
known, since, owing to the relatively low mortality, few thorough
autopsies have been made. Up to the present the findings indicate
that the lymphatie system is not as generally involved as in typhoid
fever; this is especially evidenced by the absence of the character-
istic typhoid uleerations of the Peyer’s patches. Broadly speaking,

* Schottmilller: Ztschr. f. Hyg., 1901, 36, p. 365; Buxton: Jour. Med.
Res., 1902, 8, p. 201.
t See Jirgens: Ztschr. f. Hyg., 1003, 43, p. 372.
1 Ruediger: Trans. Chicago Path. Soec., 1903, 5, p. 187.
§ Hetsch: Klin. Jahrb., 1907, 16, p. 267.
18



274 GENERAL BACTERIOLOGY

the lesions of paratyphoid infection are those of a severe gastro-
enteritis.

Two wvarieties of paratyphoid baecilli are recognized, usually
designated as type A and type B. Type B is probably the more
widely distributed, and is found in by far the greater number
of cases of paratyphoid fever. According to some investigators,
B. paratyphosus B is identical with B. enteritidis and the bacillus
of mouse typhoid. A distinet difference in agglutination reactions
seems to separate B. enteritidis or Giirtner’s t)aei]lus (B. paraty-
phosus B) from B. suipestifer (B. aertryckii). The presence of
common agglutinins, however, renders the tracing of relationships
within this group particularly hazardous. Type A stands nearer
to the typhoid bacillus than type B, as is especially manifested
by its behavior in milk cultures, where it does not produce alkali
and leaves the casein undissolved. The specifie agglutinins and
other antibodies produced by the two types of paratyphoid bacilli
are different. The ecases of illness in which type A is found re-
semble typhoid fever. The pathogenicity of type A for the lower
animals is less than that of type B and corresponds more nearly
to that of the typhoid bacillus.

Epidemiologically paratyphoid fever appears to be frequently
due to food poisoning. Milk and meat probably play quite a part
in infeetion, and water is sometimes implicated. The fact that
both typhoid and paratyphoid fever may be caused by polluted
water, and that cases may exist side by side in the same epidemic
undifferentiated, suggests that the full extent of water-infection
may not now be recognized.

Organisms culturally resembling paratyphoid bacilli are widely
distributed in nature. They are found not infrequently in the
healthy human intestine, and oceur often also in the intestine of
swine, mice, and other animals. It is uncertain whether such baeilli
can be definitely identified either as B. paratyphosus or B. suipes-
tifer. Many English bacteriologists look upon these bacteria from
normal animals not as genuine paratyphoid bacilli, but as sapro-
phytic “para-Girtner” forms. Agglutination experiments made by
the absorption method seem to show a difference between these
bacilli and cultures of B. enteritidis from human infections.

No connection of human paratyphoid fever with specific dis-
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eases of the lower animals has been certainly established. In spite
of the extraordinarily close resemblance between B. paratyphosus,
B. suipestifer, B. psittacosis, and the bacillus of mouse typhoid
(B. typhi murium), extending even to agglutinating and immuniz-
ing tests, a difference in pathogenicity seems to exist, and recipro-
cal infections of the domestic animals and man are, to say the least,
very rare. Shibayama,* however, has reported a number of in-
stances in which cakes containing mouse-typhoid baeilli were
eaten by mistake and severe gastro-enteritis ensued.

- Theexistence of a violent gastro-intestinal form of paratyphoid
fever and a milder typhoid-like form, especially in the meat-poisoning
cases, may possibly be explained by supposing that a simple infection
oceurs in the latter case, while in the more severe and sudden form
intoxication from the ingestion of formed poison is mainly responsible.
The resistance of the paratyphoid poison to heat is a fact in favor
of this explanation.
| A number of other organisms of more or less bacteriologie

importance belong to the B. enteritidis group. B. icteroides (Sanar-
elli), believed by the discoverer to be the cause of yellow fever, and
B, psittacosis, are two of the better known forms. B. psittacosis
was found in a highly fatal, pneumonia-like dizease of human beings
which broke out in Paris in 1892, causing forty-nine cases and six-
teen deaths. It was shown that sick parrots from South Ameriea
were the starting-point of this outbreak. Other cases of this peculiar
infection, in some instances likewise communicated by parrots, have
been recorded by Leichtenstern,i in Cologne, and by other ob-
servers.] There is a good deal of doubt, however, whether B.
psittacosis is the real eause of the pneumonia transmitted to man
by parrots. Recent investigations seem rather to incriminate a
special variety of streptococeus.s

An organism isolated by Danysz| from an epidemiec among
harvest mice belongs to this group. Under the name of the Danysz
virus it has been widely used in attempts to exterminate mice and

* Shibayama: Miinch. med. Wehnsehr., 1907, 54, p. 979.

t Leichtenstern: Centralbl. f. allg. Gesundh., 15399, 18, p. 241.
I Vickery: Med. News, 1904, 85, p. 780.

§ Bachem, Selter and Finkler: Klin. Jahrb., 1910, 23, p. 539.
| Danysz: Ann. de I'Inst. Past., 1900, 17, p. 193.






CHAPTER XVIII
THE GROUP OF COLON-TYPHOID BACILLI (Continued)

SUBDIVISION 3

THE TYPHOID-DYSENTERY GROUP

THE TYPHOID BACILLUS (B. TYPHOSUS)

The typhoid bacillus was discovered by Eberth in 1880 * in the
mesenteric glands and the spleen of persons dying from typhoid
fever. With the microscope the bacilli are usually seen in stained
sections of the spleen or liver, where they oceur in groups or masses
rather sharply focalized, scattered individuals not being often
found. In 1884 Gaffky { suceeeded in growing Eberth’s bacillus
upon culture-media, and since that time evidence has slowly ac-
cumulated that this organism is the cause of typhoid fever.

At first difficulties stood in the way of the general acceptance
of this view. Eberth’s bacillus proved pathogenic for the lower
animals when injected intraperitoneally or intravenously, but it
was not possible to produce typhoid fever in animals by feeding
them with small numbers of baeilli, the natural mode of infection
in man, nor was it possible by any mode of infection to reproduce
the gross lesions of human typhoid fever. Strong evidence of
causal relationship, on the other hand, was brought out in the dis-
covery of ““Pfeiffer’s phenomenon” (p. 145) and in the ““Gruber-
Widal test' or agglutination reaction. Thoroughly characteristic
typhoidal lesions are said to have been produced in the chimpanzee
by feeding with typhoid bacilli,f and pure cultures of the Eberth-
Gaffky bacillus swallowed with suicidal intent have given rise to
typhoid fever in man (Dufloeq and Voisin §).

Characteristics of the Typhoid Bacillus.—The typhoid

* Eberth: Archiv f. path. Anat., 1881, 83, p. 486.
t Gaffky: Mitt. a. d. k. Gesund., 1884, 2, p. 372
1 Griinbaum: Brit. Med. Jour., 1904, 1, p. 817.

§ Dufloeq and Voisin: Arch. gén. de méd., 1903, 2, p. 2197.
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bacillus is a short, plump rod, its dimensions ranging, as a rule,

Fig. 67. — Bacillus typhosus,
twenty-four-hour  agar  culture;
w650 (Heim),

from 1 ¢ to 3 ¢ in length and
from 0.5 ¢ to 0.8 ¢ in breadth
(Figs. 67 and 68). It is actively
motile and does not retain the
stain when treated by Gram's
method. The cell inclusions at
one time mistaken for spores by
Gaffky and others were probably
either wvacuoles or metachro-
matic granules. As regards
growth upon media, it may be
said that, as a rule, the typhoid
bacillus is able to grow far less
luxuriantly than the eolon ba-
cillus, and the chemical changes

that it is able to effect are much less numerous and profound than
those that are brought about by the latter organism. Consequently,

the cultural character-
istics of the typhoid
bacillus are distinetly
negative as compared
with the positive char-
acter of other members
of the group; in pep-
tone =olution no indol is
produced; in dextrose
broth and agar, acid is
produced but no gas is
formed (Fig. 70); no
acid is produced from
lactose and saccharose;
milk is not curdled, and
although some strains
produce a small amount
of alkali in milk and in

Fig. 68.—Bacillus typhosus. Im ion
preparation from gelatin plate.
* 1000 (Hicks).

Fuehsing

litmus whey, the change in reaction is seldom, if ever, as great as
that produced by most of the members of the B. enteritidis or hog
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cholera group. The col-
onies upon gelatin are
thin, bluish-white ex-
pansions with irrecu-
larly notched margins,
and are, as a rule, not
as large or thick as the
colonies of the colon
bacillus (Fig. 71). Typ-
ical cultures of the ty-
phoid bacillus grow upon
the surface of acid po-
tato, but the growth is
thin, moist and color-
less, and forms the so-
called invisible film,
which is strikingly un-

Fig. 69.—Bacillus typhosus, from an agar

culture six hours old, showing the flagella
stained by Lofller’s method; ¢ 1000 (Frinkel
and Pleiffer).

like the profuse brownish growth of the typieal eolon bacillus. On

Fig. 70.—a, Bacillus coli in
dextrose agar, showing gas
bubbles; b, Bacillus typhosus.

form (p. 262).

pieces of potato with an alkaline reac-
tion, the growth is more like that of
the colon bacillus. No final diagnostic
value at present attaches to the growth
upon potato, owing to the wide varia-
tions both in the reaction of potatoes
and in the behavior of different strains
of baecilli, but nevertheless the growth
on potato is often of determinative
importance, and on acid potato typical
cultures of typhoid baeillus and eolon
bacillus can be readily distinguished.
A similar distinetion appears upon
Heinemann's substitute for potato.*®
The more salient points of differ-
ence between the typhoid baecillus and
the other organisms of the group have
been already presented in tabular

Since the various bacilli belonging to the colon-

* Heinemann : Jour. Infect. Dis., 1907, 4, p. 282,
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typhoid group are in many respects similar, and are frequently
found side by side in infected organs, in polluted water, and
elsewhere, the application of elaborate and extended compara-
tive tests is requisite for a sure diagnosis. Much ingenuity has
been expended in devising new methods for isolation and iden-
tification, but it is now generally admitted that any satisfactory
identification of the typhoid bacillus through a single test is im-
possible, and that only a comprehensive study of a considerable
number of biologic attributes enables an identification to be made
with a reasonable degree of certainty. The advance of bacteri-
ologic investigation in this field has been accompanied by a steady

Fig. 71.—Gelatin colonies two days old of (A) bacillus typhosus, and (B)
bacillus eoli; *¥ 21 (Heim).

increase in the number of tests that must be applied in order to
arrive at a satisfactory identification of the specific organism of
typhoid fever.

Methods for Isolating the Typhoid Bacillus.—A large number
of methods have been proposed to facilitate the speedy isolation
of the typhoid bacillus from polluted water, fecal discharges, and
other suspected sources. One of the chief difficulties that these
methods seek to overcome is the separation of the typhoid bacillus
from the colon baeillus and allied varieties. The problem econ-
sequently resolves itself into the discovery of a medium which
shall both favor the development of the typhoid bacillus, and also
assist in differentiation between B. typhosus and B. eoli. It
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has proved a relatively simple matter to suppress the common
saprophytic bacteria of water, soil, and sewage by the use of high
temperatures, antisepties, and other inhibitive influences to which
the members of the colon-typhoid group are especially resistant,
but the elimination of the always abundant B. eoli cannot be so
readily accomplished. The colon bacillus is in general more re-
sistant than the typhoid baecillus and is far more richly endowed with
the ability to initiate various reduction and fermentation processes.

The active motility of the typhoid
bacillus as compared with the sluggish-
ness of nearly all strains of colon bacilli
is one of the few positive character-
isties of diagnostic value. Several of the
methods recommended for the isolation
of the typhoid bacillus are based upon
this quality. These methods have fre-

hands of the inventor, but have not
always proved equally available in the
hands of other experimenters. One of the
most generally used in this country is the

method of Hiss * (Fig. 72).

Several varieties of colored media, some
of which contain inhibitory agents, have
won favor in recent vears. The medium

Fig. 72.—Deep typhoid
and colon colonies in Hiss'
medium, grown eighteen
hours at 37°C. The typhoid
colony is small, of loose
texture, and has fringing

threads. The colon eolony
is larger and without
threads (iss).

of Drigalski and Conradi{ has been em-
ploved by many investigators. Various
modifications of the original medium have
been introduced. One formula suceessfully used by Harris is the

following:
Dextrose-fres broth....................... 2000 c.c
PRI L e s 10 grams,
N it i e i e et SR 40 grams.

Boil, dissolve, neutralize to phenolphthalein, autoeclave at 120° for
five minutes. Clarify with whites of four eggs and filter. Then
add: lactose, 30 grams; 1 per cent. litmus solution, 260 c.c.; ervstal
* Hiss: Jour. Med. Res., 1902, 8, p. 148,
t Drigalski and Conradi: Ztschr. f. Hyg., 1902, 39, p. 283.
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but allowed B. typhosus to grow readily, have devised an enrichment
method for the isolation of the typhoid bacillus. Nine hundred
cubie centimeters of the suspected water are mixed with 80 c.c. of
nutrose solution (containing 10 grams nutrose) and 20 c.c of freshly
prepared eaffein solution (containing 25 grams caffein). Ten cubie
centimeters of a 0.1 per cent. crystal violet solution are added and
the mixture incubated twelve to thirteen hours (no longer!!) at
37°. Not all observers have obtained equally favorable results
with the caffein method, although by its aid Jaksch and Rau*
isolated the typhoid bacillus from a suspected water.

Klinger, T on comparing the four methods of isolation just de-
scribed, obtained the largest number of positive results from typhoid
stools by the malachite green method. Peabody and Prattl
report excellent results in isolating typhoid bacilli from feces by
use of a malachite green broth. The proper dilution of malachite
ereen and the proper reaction for the broth must be determined
for each preparation of the dye. A full bibliography and useful
eritical review of various methods employed for isolating typhoid
baeilli from stools has been given by Pratt. §

Distribution of the Typhoid Bacillus in Nature.—The
typhoid bacillus is by preference a parasite. Outside the human
body it has been found only in those situations where it could be
more or less direetly traced to an origin in the discharges of a typhoid
patient or convalescent. Many of the earlier reported findings of
this organism in water and soil cannot now be given credence, owing
to the inadequacy of the identification tests to which the cultures
were subjected. Up to the present time relatively few well-authenti-
cated instances have been recorded in which the typhoid bacillus
has been found in water, =oil, and similar situations. Laboratory
experiments have shown that the typhoid bacillus can survive in
sterile water in glass vessels for upward of three months, and for
possibly two or three weeks in unsterilized ground or surface water.
Other evidence indicates that the baeillus is able to travel in water

* Jaksch and Rau: Centralbl. f. Bakt., 1904, 36, p. 584.

t Klinger: Arb. a. d. k. Gesund,, 1906, 24, p. 35.

I Peabody and Pratt: Boston Med. and Surg. Jour., 1908, 158, p. 213.
& Pratt: Boston Med. and Surg. Jour., 1907, 156, pp. 744, 778, 813.
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a distance of at least 140 kms. (Girtner*) and to retain its vi-
tality in natural bodies of water for at least four or five days
(Jordan, Russell, and Zeit T). It is possible that water may con-
tinue to be the vehicle of infection during a much longer period,
but the available data point to a comparatively short duration of
life of the specific germ in the water of flowing streams (Jordan,
Russell, and Zeit). Under ordinary conditions no multiplication
of the typhoid baecillus takes place in water, even when a con-
siderable amount of organiec matter is present, but, on the con-
trary, a steady decline in numbers goes on. The history of typhoid
epidemies tends to show that sewage pollution is to be feared chiefly
when the sewage is fresh, and that the danger of infection dimin-
ishes progressively with the lapse of time.

In soil and in the fecal matter of privy vaults the duration
of life of the typhoid bacillus is mueh longer than in water. Levy
and Kayser I found typhoid bacilli in soil that had been manured
fourteen days previously with the five-months-old contents of a
vault. The evidence that any genuine multiplication can take
place in the soil is not convincing, but it has been proved that the
bacillus may be carried by water-currents to a considerable distance
from the point where it was first introduced. Infection of wells
and small water-courses is thus brought about sometimes by the
washing of bacilli out of soil in which they may have lain dormant
for many months. The persistence of typhoid fever around certain
habitations may be plausibly explained on the supposition of an
extensive soil infection. There is no doubt that the practice of
using human exerement for manuring vegetable gardens entails a
danger no less real because often unrecognized.

The history of typhoid epidemics indicates that air-borne in-
fection is, to say the least, exceedingly rare. Sewer air, so far
as known, is never the vehicle by which the specific germ of typhoid
fever is conveyed from one place to another.

Pathogenicity for the Lower Animals.—It has long been
known that house pets and domestic animals do not become affected
during epidemies of typhoid fever. Attempts to reproduce typical

* Giirtner: Klin. Jahrb., 1902, 9, p. 335.
T Jordan, Russell, and Zeit: Jour. Infect. Dis., 1904, 1, p. 641.
1 Levy and Kayser: Centralbl. f. Bakt., 1903, 33, p. 489.
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typhoid fever in the animals ordinarily used for laboratory experi-
ments have not met with much sueceess. The early experiments
of feeding rabbits, guinea-pigs, and miee with typhoid cultures
or infected food gave entirely negative results.

Later observers have obtained a more positive outcome. Rem-
linger,* for example, succeeded in producing a genuine infection
by feeding vegetables smeared with typhoid bacilli to fasting rabbits
and rats. But even in these experiments it must be admitted
that there is no preeise reproduction of the ordinary clinical picture

of human typhoid fever. Griinbaum,t however, has reported
interesting results from feeding ehimpanzees with typhoid cultures

in milk and broth. On killing the animals twelve days after infection
characteristic typhoid lesions were found in the ileum, and the
typhoid baeillus was recovered from the spleen.

As regards the ordinary domestic animals, the available data
point to a rapid destruction of the specific bacilli when they are
introduced into the alimentary tract. It has been shownl that
- when the bacillus is fed to animals in considerable quantities it
does not reappear in the feces; hence the fear that eattle drinking
polluted water might become a means of spreading the disease
through the multiplication of typhoid bacilli in their intestines, even
though the animals themselves might not suffer from the disease,
does not seem justified.

Intraperitoneal injection of typhoid bacilli has much the same
effect upon animals as injection with ecolon baecilli (Pfeiffer and
Kolle §). When introduced into the peritoneum in considerable
quantity (3% to4'5of a loop of a young, virulent agar culture), many
gtrains of typhoid bacilli evince pathogenic properties. General
symptoms of a non-specific character are set up and result fatally
(six to eight hours) when a susceptible animal is inoculated with
a considerable number of bacilli of sufficiently virulent strain.
Although a genuine but slight multiplication of bacilli takes place
in the peritoneum and attests the oceurrence of a true infection,
neither the symptoms nor lesions of this intraperitoneal typhoid

* Remlinger: Ann. de I'Inst. Past., 1897, 11, p. 829,
1 Griinbaum: Brit. Med. Jour., 1904, 1, p. 817.

1 Stokes: Maryland Med. Jour., Nov., 1900.

§ Pleiffer and Kolle: Ztschr. f. Hyg., 1896, 21, p. 203,
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bear any close resemblance to the typhoidal processes in man. The
substance that is toxic for the organism is contained in the bodies
of the bacilli, and is not a secretion produect, as is shown by ex-
periments with young sterilized eultures.

Pathogenicity for Man.—Typhoid fever (Eng., enteric fever;
Ger., Abdominaltyphus or Typhus; Fr., la fiévre typhoide) is one
of the most widespread and important of all bacterial diseases.
In the United States in the census year, 1900, there were reported
35,379 deaths from this disease, and this number is probably con-
siderably below the true fizures. The number of deaths reported
indicates that there were at least 350,000 cases of typhoid fever
in a single yvear in a population of about 76,000,000, and that in the
course of a decade perhaps one person in every twenty or twenty-five
contracts typhoid fever. These cases are caused by taking into
the mouth germs discharged in human urine or feces, and the con-
ditions that make this possible do not imply that a very advanced
stage of civilization has been reached.

The physiologiec accompaniments of typhoid fever are many
and variable, and a diagnosis by eclinical methods is often diffieult,
especially in the early stages of some cases. The common symptoms
comprise frontal headache, want of appetite, nose-bleed, the develop-
ment of rose spots on the abdomen, muscular weakness and diar-
rhea. There is, as a rule, a general step-like rise of temperature
during the first week or ten days. On autopsy the intestinal walls
are usually found extensively ulcerated, Peyer's patches and the
solitary glands of the intestine being particularly involved and con-
taining the specific bacillus. Perforation of the intestinal wall
as a consequence of ulceration is a serious and not infrequent oc-
currence. The spleen is enlarged and congested, and usually con-
tains large numbers of typhoid baeilli.

In addition to the more or less constant symptom-complex,
recognized as the definite disease of typhoid fever, there are certain
other pathologic conditions of the human body with which the
typhoid baecillus stands in causal relation. Inflammation of the
urinary bladder (eystitis) sometimes oceurs as the result of infection
of the urine. The gall-bladder also is very commonly affected
and severe inflammations of this organ are sometimes noted.

Suppurative and inflammatory processes (metastases) may be
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kindled by the typhoid bacillus in many parts of the body. The
osseous system seems especially open to attack, and affections
of the periosteum, the bone-marrow and the joints have been
traced to infection with B. typhosus. Osteomyelitis may develop
as long as six or seven years after recovery from typhoid fever
has taken place. Particular interest attaches to these cases, since
they show that the typhoid bacillus can remain for years in contact
with the human tissues and presumably be exposed to the action
of the protective substances in the blood without losing its virulence.

Other parts and organs of the body are more rarely invaded
by the typhoid baecillus, but under certain conditions almost any
organ may be attacked. The presence of the bacillus has been
reported in a brain abscess.* The cerebral and meningeal symptoms
occurring in many cases of typhoid fever are directly connected
with the localization of the typhoid baeilli in the meninges, and the
bacilli have been obtained in the fluid drawn by lumbar pune-

~ ture.¥

Secondary or mixed infections, especially with the pyogenic
cocel and the pneumocoecus, are not at all uncommon, and some-
times cause serious complications. Mixed infections with the
tubercle bacillug, the diphtheria baecillus, and B. anthracis (Kar-
linski}) have been known to oceur.

The intestine has long been considered as the main if not the sole
portal of entry of the typhoid bacillus, but other possibilities have
been suggested by recent investigation. The actual evidence in
favor of invasion of the body through the tonsils and gastrie mucosa

"is considered by some investigators to be quite as strong as the
evidence for intestinal penetration. In any case there is no doubt
that typhoid fever is a general and not a localized infection.

Distribution of Bacilli within the Body of the Patient.—
In correspondence with the frequency of intestinal symptoms and
lesions typhoid bacilli might be expected to be commonly present
in the feces and intestinal contents of tyvphoid patients. Great
difficulty, however, is often experienced in isolating them from
feces, owing partly, no doubt, to their assoeiation with a multitude

* MecClintoek: Amer. Jour. Med. Sei., 1902, 123, p. 595.
T Cole: Johns Hopkins Hosp. Rept., 1904, 12, p. 379.
t Karlinski: Berl. klin. Wehnschr., 1888, 25, p. 866.
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of colon baeilli and related organisms. Many speeial methods,
some of which have been already deseribed, have been advocated
for facilitating isolation. The largest number of positive findings
are reported as made between the seventh and twenty-first days
of the disease, so that in the majority of eases a positive result is not
obtained until such a period that the nature of the malady is evident
on clinical grounds. Part of the difficulty in igolation is due to the
real scarcity of typhoid bacilli in feces. The fact that typhoid bacilli
usually occur in small numbers in the stools of typhoid patients
and are not infrequently altogether absent has led some recent
investigators to believe that the bacilli do not multiply in the
intestinal contents except under unusual conditions. It is believed
also that the typhoid bacilli in the intestine come chiefly from the
bile.* '

In the urine typhoid bacilli are found in about 25 per cent.
of all cases, sometimes in conjunction with the colon bacilli, but
often in pure culture. They may oceur in enormous numbers; in
some cases observers have found from 100,000,000 to 500,000,000
in a cubic centimeter of urine. Cystitis is occasionally produced
as a result of urine infection, but is not a necessary sequel. The
urine may remain infectious far into convalescence unless some
method of sterilization of the bladder be resorted to. The adminis-
tration of urotropin by mouth has proved most suitable for this
purpose, and good results have been obtained by washing out the
bladder with a solution of mercuric chlorid (Richardson f). Ty-
phoid bacilli sometimes persist in the urine for weeks and months
after recovery (seven years, Young ). The danger of dissemina- '
tion of typhoid fever by means of the infected urine of convalescents
is especially great, and appropriate methods for the treatment of the
urine as well as the feces of typhoid patients should be uniformly
employed in all cases.

The bile becomes frequently infected during an attack of typhoid
fever, as shown by post-mortem examinations. In experiments
upon rabbits Blachstein § found living typhoid bacilli in the gall-

* For a review of this subject with full bibliography see an article by Pratt,
Peabody, and Long: Jour. Amer. Med. Assoc., 1907, 49, p. 846.

T Richardson: Jour. Exper. Med., 1898, 3, p. 349.
I Young: Johns Hopkins Hosp. Rept., 1900, 8, p. 401.
§ Blachstein: Johns Hopkins Hosp. Bull,, 1891, 2, p. 96.
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bladder, in one case as long as one hundred and twenty-eight
days after intravenous injection and after the other organs had be-
come entirely free. If an inflammatory process is set up in the gall-
bladder or duct, typhoid bacilli may continue to be discharged
into the intestine with the bile for practieally indefinite periods.*
The epidemiologic significance of persistent bile infection has only
recently come to light. The so-called chronie bacillus-carriers are,
in many cases at least, persons with typhoid bacilli in their gall-
bladders. In the German eampaign against typhoid fever in the
Rhine provinees, it has been observed that a large proportion of all
persons who suffer from gall-stones are discharging typhoid bacilli
in their feces.

Typhoid bacilli have been found occasionally in the sputum,
although the majority of cases of pneumonia that oceur during the
course of typhoid fever are apparently caused by the pneumococeus.
There is hence a possibility that typhoid fever may be spread by

-sputum infection, but it seems rather remote.

The rose spots that appear on the abdomen in about 80 per cent.
of cases of typhoid fever are to be considered as a specific erup-
tion due to the presence of typhoid bacilli. The earlier attempts
to izolate the bacilli from the rose spots failed usually because a
large amount of blood was drawn and insufficiently diluted with broth,
thus allowing opportunity for the aetion of the germicidal sub-
stances in the blood. By proper methods the bacilli can be isolated
from the rose spots at an earlier period in the disease than from
the feces, and, indeed, earlier than the agglutination reaction makes
its appearance.t

The examination by suitable methods f of the blood of typhoid
patients during life has shown that in the great majority of cases
bacilli are present in the blood-stream very early in the course of
the disease. Diagnosis is often possible by blood examination
earlier than by other methods. After death the bacteria are found
in practically all the important organs and tissues,

The general distribution of the typhoid organism throughout

* Beven years, Miller: Johns Hopkins Hosp. Bull., 1898, 9, p. 95.

T Neufeld: Ztschr. f. Hyg., 1899, 30, p. 498.

t A considerable quantity of blood must be mixed with a much larger
quantity of broth or fluid agar immediately after it is drawn, to prevent the
action uflghc germicidal substances in the blood.
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the body has caused some modification n our conception of the
pathology of typhoid fever. In the light of all the facts cited
this disease must now be looked upon as a general invasion of the
body, particularly of the lymphatic system, rather than as a purely
localized infection with its seat in the wall of the alimentary tract.*
Coleman and Buxtont have advanced the view that the lymphatie
tissues in the intestinal wall are first invaded, and that thenece the
bacilli spread to the general lymphatic system and the spleen.
After considerable multiplication has occurred (incubation period),
the bacilli overflow into the blood and bacteriolysis takes place;
the endotoxins which are liberated as the result of the destruetion
of the bacilli produce the symptoms of typhoid fever.

Epidemiology.—The predilection shown by typhoid fever
for eertain localities and for certain seasons has given rise to many
speculations concerning the influence of atmospherie and tellurie
conditions, and at one time led to the promulgation by Pettenkofer
of a theory of the “ripening” of typhoid germs in the soil. The
influence of locality in itself, apart from its possible influence upon
the character of the water-supply, does not now seem to be im-
portant, although a city with a badly infected water-supply, as for
many years Pittsburg, Penna., may become the center of a typhoid
ravaged district. This is not because of any peculiarity of soil
or climate, but because new foel of infeetion are continually being
kindled and the disease is kept alive by the great abundance of
infectious material. Sedgwick has proposed the apt term prosodemic
to designate the general diffusion of a disease among the people of a
community. The seasonal incidence of the disease,} in early autumn,
has not been fully explained.

In recent years many of the most obscure and perplexing facts
in the distribution of typhoid fever have had light thrown on them
by the discovery of the intimate relation borne by typhoid patients
and convalescents to the further spread of the infection. In all
the epidemiology of this disease the human being that carries

* The finding of the bacillus in the blood has led some writers to speak
of typhoid fever as a “ modified septicemia.” There is no good evidence,
however, that the baecilli are multiplying in the blood, which is strongly

bactericidal.
T Coleman and Buxton: Jour. Med. Res., 1909, 21, p. 83.

1 In Europe and North America.
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the bacillus is the eentral fizure. Typhoid baeilli leave the body,
as a rule, in either the feces or the urine, pass into the external world,
and find their way more or less circuitously to the alimentary tract
of another individual. There proliferation may again begin, and &
new focus of infection comes into existence. Outside of the human
body, multiplication, if it oceurs at all, is insignificant, and for
practical purposes may be neglected as a factor in the dissemination
of the disease. So far from multiplying freely, typhoid bacilli, when
discharged from the body, undergo progressive diminution in num-
bers, and it is probable that the majority perish under ordinary
conditions within a few days, although in masses of fecal material
some bacilli may remain alive for relatively long periods. The
principal channels by which the typhoid bacillus makes its way to
fresh vietims will be briefly considered.

(@) Water—There is unfortunately too intimate a connection
between sewage-disposal systems and water-supplies. The re-
-markably rich epidemiologic literature of typhoid fever shows a
great preponderance of large epidemics of water-borne infection.
Schuder,® in a compilation of 638 epidemies of typhoid, found
that 71 per cent. were attributed to infected drinking-water. Mani-
fold instances have been reported where typhoid fever has been
definitely traced to the use of water from a polluted well or spring,
only those individuals being affected who used the water from the
contaminated source. Weichselbaum f records the curious case
of a certain house in Stuttgart which was invaded by typhoid fever
during an epidemie eaused by an infeeted town water-supply. Only
those persons living on the second and fourth floors of this house
were affected; the dwellers on the first and third floors were exempt
and were found to use well-water.

A typical outbreak of typhoid fever, traced to a specific pollution

* Schuder : Ztschr. f. Hyg., 1901, 38, p. 343. Schuder's statistics on their
face convey a somewhat exaggerated idea of the frequency of water infec-
tion, since the larger and more explosive outbreaks are mainly due to water
and are the ones ordinarily placed on record, while small epidemics and
isolated eases are less likely to be deemed worthy of report. Although the
water epidemies are most conspicuous, it is noteworthy that the mortality from
typhoid fever in the United States at the present time is greater in rural
communities than in eities. (Fulton: Jour. Amer. Med. Assoc., 1904, 42,
p. 73.)

+ Weichselbaum: Weyl’s Handbuch d. Hyg., 1900, 9, p. 436.
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of the water-supply, is reported by Thresh.* A number of typhoid
cases occurred in the small town of Halsted in the northwestern
part of the county of Essex, England. Investigation showed that
at the time of the outbreak there was on the outskirts of the town
a public drinking-fountain, which was fed by subsoil water, the
surplus water from this fountain being piped to the cottage of a
workman in the town. Above the source of the spring supplying
the fountain, and near the top of a hill, an isolation hospital had
been recently erected. A short time after the first patient ill with
typhoid fever had been placed in the isolation hospital the man resid-
ing at the cottage supplied with water from the fountain was attacked
by typhoid fever. The only likely source of the disease was the drink-
ing-water, since this man had not been in eommunication with the
family in which typhoid fever had developed, and had not been away
from the town for over two months. A little later four children
developed typhoid fever, and all of these acknowledged that they
had drunk more or less frequently at the fountain in passing. About
two weeks later another child was attacked with typhoid fever,
and although four other children in the house in which this child
lived attended the same school, only the one affected had drunk
the fountain water. On further inquiry the pipes conveying the
water to the fountain were found to ecross the roadway and pass
underneath the sewer leading from the isolation hospital; in fact,
they were almost in contact with the sewer-pipe. The water-pipes
were ordinary agricultural drain-pipes, while the sewer-pipes were
earthernware with plugged joints, and the latter were so damaged
that during heavy rains any leakage from the sewer could enter
directly into the water-pipes. DBacterial examination of the water
showed not only the presence of B. coli, but also of an organism
which, by all the tests then applied, resembled very closely the
typical typhoid baeillus. There were no other likely sources of
infection in this neighborhood.

Besides such specific cases it has also happened repeatedly that
a city on changing from a polluted to a pure water-supply has
experienced an immediate reduction in the prevalence of typhoid
fever. The city of Albany, New York, has had its typhoid death-
rate diminished to about one-third as a result of the introduction

* Thresh: Lancet, 1897, 1, p. 687.
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of a system of sand filtration. In Vienna the abandonment of the
polluted Danube River water was followed by a decline in the
annual typhoid death-rate from 100-340 to 6-8. In the city of Paris,
which at times has been obliged to eke out its insufficient supply
of spring-water with the highly polluted water of the River Seine,
it has been observed that a miniature epidemic of typhoid springs
up in that distriet of the city temporarily supplied with the Seine
water and follows from one part of the city to another the course
of the impure water as it is turned now into the pipes of one section,
now into those of another.

The largest explosive outbreaks of typhoid fever in the United
States due to water infection have bheen those at Plymouth,
Penna.* (1885, 1104 cases, 114 deaths), Ithaea, N. Y.{ (1903,
1350 cases, 82 deaths), and Butler, Penna.l (1903, 1346 cases,
111 deaths).

Experiments have shown that when water freezes the great
- majority of typhoid bacteria that it contains are immediately
destroyed. Those that survive die off progressively. According
to Park, not one in a thousand lives in ice longer than one month,
and at the end of six months all are dead. The use of ice is therefore
not so dangerous as the use of the water from which it is formed.
Relatively few epidemies of typhoid fever have been proved to be
due to the use of ice. Convincing evidence, however, that ice
infection does sometimes ocecur is given in a report of Hutchings
and Wheeler,§ who showed that the use of ice in the St. Lawrence
State Hospital near Ogdensburg, N. Y., was followed by an epidemic
of thirty-nine cases. The ice was cut seven months before its use,
from the St. Lawrence River about three miles below the point
where the Ogdensburg sewage entered the river. Living typhoid
baecilli were isolated from samples of the melted ice examined
after the breaking out of the epidemie. ||

* First Ann. Rep. State Bd. of Health and Vital Statistics of Pennsylvania,
1886; see also Sedgwick: “Principles of Sanitary Science and Public Health,"”
pp. 200-206.

+ Jour. Amer. Med. Assoe., 1903, 40, pp. 781, 913; Jour. New Eng. Water-
Works Assoe., 1904, 18, p. 431.

I Jour. Amer. Med. Assoc., 1903, 41, p. 1476; Eng. News, Dec. 21, 1903,
Twentieth Ann. Rep. of Penna. State Bd. of Health, 1904.

§ Hutchings and Wheeler: Amer, Jour, Med, Sei., 1903, 126, p. 650,

| See alse W. H. Park: “ The Importance of Iee in the Production of
Typhoid Fever,” Jour. Amer, Med, Assoc., 1907, 49, p. 731,
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(b) Milk.—Some and perhaps the majority of outbreaks of
typhoid fever due to infected milk owe their origin to the use of
polluted water for rinsing cans, bottles, and other utensils employed
in the eollection and transportation of the milk, a few drops of
water being inadvertently left in the vessel in which the milk is
placed. Other outbreaks are caused by direct infection of the milk
through the agency of persons suffering from mild or ambulant
cases, or of chronie germ-carriers engaged in processes that entail
possible contact. The clue to the origin of milk epidemies is usually
afforded by the development of cases of the disease along the route
of a particular milkman, while at the same time neighboring families
served with milk from other sources remain free from infection.
Since typhoid baeilli, in contrast to their behavior in water, are able
to multiply in milk, the establishment of ereameries in which the
custom prevails of mingling milks from many different farms
increases the peril of diffusion, since milk from a single source may
infect- the entire output of a creamery. Milk epidemics are often
mild in type and affect a proportionally large number of women
and children. Butter made from infeeted eream is a possible vehicle
for typhoid infection; experiments in fact have shown that typhoid
bacilli introduced into butter in large numbers can survive for as
long as twenty-seven days. Epidemiologic evidence of infection
from eating butter is lacking.

(¢) Other Food Substances.—Besides dairy produets, other foods
that are usually consumed in a raw state may be the means of con-
veying the disease. Oysters and other shellfish have come into
particularly bad repute in this respect within recent years, for
the reason that a number of typhoid epidemiecs in Great Britain
and the United States have been found to be due to the eating
of oysters grown near sewer outfalls or placed to ‘““fatten” in the
polluted waters of estuaries or creeks.* Water-cress, lettuce,
radishes, or any vegetables or fruits which are liable to come in con-
tact with contaminated water or are sprayed with exerementitious
matter are also capable of conveying infection. '

(d) Flies—Contamination of wvarious articles of food by the

¥ For a concise summary of the data upon oyster infection, with full
bibliography, see an article by G. W. Fuller: Journal of Franklin Institute,
Aug., 1905, p. 81.



THE GROUP OF COLON-TYPHOID BACILLI 295

wandering house-fly has long been a recognized possibility, but
its importance and relative frequeney have only recently become
known. The severe visitation of typhoid fever in the camps of
American soldiers during the Spanish-American War is in large
part plausibly attributed to infection of this character.* Lime
was used for disinfecting the latrines in these camps, and flies
with whitened feet were subsequently seen walking over the food.
Not only may bacilli stick to the legs and wings of these insects,
but if swallowed they may survive the passage of the alimentary
tract. Typhoid baeilli have been isolated from house-flies cap-
tured in houses in Chicago in the neighborhood of badly kept privy
vaults used by typhoid patients, and it has been shown experi-
mentally that living baeilli may remain in or upon the body of flies
for as long as twenty-three days after infection.f It is possible
that other insects, such as cockroaches, may in a similar way act as
mechanical carriers of typhoid bacilli to food-substances.

() Dust—Typhoid bacilli may conceivably sometimes be in-
haled in infected dust, but according to our present knowledge such
mode of infection must be extremely rare. Cases formerly attributed
to air-carriage may perhaps be more reasonably ascribed to the
agency of flies. Food, however, may be contaminated by means
of sand or dust storms in infected loealities. This seems to have been
an important factor in the causation of typhoid fever among the
British troops in the South African War.

(f) Contact.—Under the head of contact may be included those
eases of infection due to particularly direet and immediate transfer
from the infected to the healthy. The liability of those who nurse
typhoid fever patients to contract the disease is well known. Since
a drop of urine or a small particle of fecal matter may contain many
thousands of typhoid bacilli, it is safest to regard the immediate
surroundings of all typhoid patients as infected, and to institute
appropriate precautions. In some eases contact infection may
occur when the patient is still in the incubation period of the
disease.f Certain individuals have been found to discharge

* Abstract of Report on Origin and Spread of Typhoid Fever in U. 5.
Military Camps during the Spanish War of 1898. Reed, Vaughan, and
Shakespeare, Washington, D. C., 1900. See also Report upon Typhoid Fever
in Winnipeg, E. O. Jordan. 1905,

t Alice Hamilton: Jour. Amer. Med. Assoc., 1903, 40, p. 576.
1 Klinger: Arb. a. d. k. Gesund., 1909, 30, p. 584.
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typhoid bacilli in the stools or urine for as long as eight, eleven, or
even twenty-five days before the malady has become clinically
manifest. Children seem to suffer not infrequently from a mild
ambulant, unrecognized form of typhoid (Briickner). In almost
countless ways typhoid bacilli may find aceess to the alimentary
tract of attendants or associates. Cases of direct infection are
unquestionably more common than is generally recognized.
Many ecases due to secondary or contact infection follow in the
wake of every epidemic of water-borne origin. The existence
of “ typhoid-carriers " accentuates the danger of contact infection.

Typhoid Carriers.—The term ‘“ chronic typhoid-carrier '’ has
been applied by German writers to those persons in whose bowel
or bladder discharges typhoid bacilli can be detected at least ten
weeks after convalescence. In Lentz’s experience about 4 per
cent. of all cases of typhoid patients that are submitted to bacte-
riologic examination fall in this category.®

Bacilli are sometimes discharged, as shown by exact bacterio-
logic control, for at least several years, and probably in some cases
for very long periods. Typhoid germ-carriers are unquestion-
ably responsible not only for occasional infection of water and
milk, but for direct contact infection of the immediate associates
and comrades. Sopert has brought to light a remarkable instance
of a New York cook who was the innocent cause of some 26
cases of typhoid fever in seven different families. In the
majority of these cases, as already pointed out, the bacilli seem to
have established themselves in the gall-bladder. Attempts to
secure an internal disinfection and prevent the continued elimina-
tion of bacilli have so far been unsuccessful.

The importance of the typhoid carrier in spreading the disease
can hardly be overestimated. Intensive study of typhoid fever
prevalence in certain districts in (Germany has shown that an
extraordinarily large proportion of cases can be indubitably traced
to typhoid carriers. In one typhoid-ridden village in Trier it
was found that 26.6 per cent. of all cases originated from contact
with carriers, while in 15.6 per cent. it was doubtful whether the
infection came from carriers or from definite typhoid ecases.

* Lentz: Klin. Jahrb., 1905, 14, p. 475.
t Soper: Jour. Amer. Med. Assoc., 1907, 48, p. 2019.
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Mayer* found that in a certain district in Bavaria carriers were
responsible for 32.3 per cent. of the typhoid cases. This author
gives a remarkable *“ genealogical tree ” of 196 cases traced to a
single case. Thirteen carriers appear among the cases. In the
rural districts of Alsace-Lorraine and the Palatinate measures
directed against the spread of the disease by contact and carriers
were successful in five years in reducing the annual number of
cases from 3487 to 1648. A comprehensive summary of the
typhoid-carrier question has been given by Ledingham.

Control of carriers through bacterial tests is made a difficult
matter by the faet that in some cases the exeretion of typhoid
bacilli is intermittent. Kayser records one case where the primary
attack oceurred in July, 1904. Two examinations made in August,
1904, and one in October, 1905, were negative; but in December,
1905, typhoid bacilli were found in the dejecta. Intermittent
carriers have been reported by a number of other observers,
and the problem of their detection and supervision iz especially
serious. A majority of typhoid carriers, but not all, give the
Widal reaction, and in most cases the opsonic index is abnormally
high.

Immunity.—An unmistakable attack of typhoid fever confers
a certain degree of immunity, although instances of two or even
more attacks in the same individual are not unknown. The cuta-
neous reaction is probably of value in measuring immunity against
typhoid fever.f If a preparation of a killed enlture of the typhoid
bacillus is rubbed on the abraded skin, a specific reaction occurs in
most persons with a definite history of typhoid fever and in those
recently vaccinated against the disease. [t seems likely also that
certain mild forms of intestinal disturbance, which are in reality
light but unrecognized cases of typhoid fever, afford a certain pro-
tection against the severer forms of the disease. The relative
freedom from typhoid shown by the permanent residents of a eity
having an impure water-supply, as compared with the suscepti-

* GG, Mayer: Centralbl. f. Bakt., Orig., 1910, 53, p. 239.

t Ledingham: 39th Annual Report of the Loecal Gov't. Bd London, 1910,
p. 246,

t Gay and Force: Univ. of California Publieation, Pathology, 1913, 2, p.
127.
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bility of the stranger within the gates, may perhaps be explained
in this way. .

Experiments with animals have shown that it is possible to ob-
tain a high degree of immunity in rabbits and guinea-pigs against
intraperitoneal inoculation. This ecan be brought about by gradu-
ally inereasing the amount of intraperitoneal bacterial injection, the
animals after appropriate treatment being able to withstand many
times the original fatal dose. The immunity is associated with the
aequisition by the body-fluids of a specific germicidal power. When
typhoid bacilli are introduced into the peritoneum of an immunized
animal, they are speedily dissolved and disintegrated by the perito-
neal fluid in a manner not observed in a normal animal (Pfeiffer's
phenomenon). Pfeiffer and Kolle * also showed that the simulta-
neous injection of immune serum and typhoid baeilli into a normal
animal led to a similar destruction of the bacilli, while control animals
that were inoculated with bacilli alone died. The development
of this germicidal property in the body-fluids is due to substances
contained in the bacterial cells. The injection of filtered broth
cultures does not impart any bacteriolytic power to the serum.

The nature of the germicidal action and the mechanism con-
cerned in it are deseribed elsewhere. The bactericidal power of im-
mune serum may be observed in test-tube experiments as well as in
animal inoculation. To a mixture of normal serum and typhoid
bacilli graduated quantities of the serum of an immunized animal or
typhoid convalescent are added and allowed to stand for a definite
period. Plates are then made and the dilution noted at which
bactericidal action is manifest. There is no constant relation
between the bactericidal power of a serum in a test-tube and that
of the same serum in the animal body. At the height of the
disease when the serum shows its highest potency in the test-tube
experiment, the same serum mixed with baecilli and introduced
into the animal body often exerts little or no germicidal effect.

Agglutination.—Not only a germicidal substance, but also,
as is well known, an agglutinating substance, makes its appearance
within the body of inoculated animals. In other words, the blood-
serum of animals which have been injected with typhoid bacilli
possesses the property of clumping or agglutinating suspensions

* Pleiffer and Kolle: Ztschr. {. Hyg., 1896, 21, p. 203.
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of typhoid bacilli (Fig. 73). This reaction may be observed either
with the mieroscope or, under suitable conditions, in a small test-
tube with the naked eye, since the clumps of agelutinated bacteria
form visible floceulent partieles which eventually settle to the bottom
of the tube as a fine sediment.

The agglutination phenomenon (Gruber-Widal reaction) has
been utilized extensively for the purpose of diagnosing typhoid
fever in man. The fact that the serum of typhoid patients in rather
high dilutions eauses agglutination in the vast majority of instances
(over 90 per cent. in the fourth week of the disease), while the
serum from normal individuals and from those suffering from other
diseases than typhoid fever does not possess the same power, has been
taken advantage of to facilitate the recognition of clinically obseure
cages of the disease. In making the test the serum should be mixed
with an authentic culture of typhoid bacilli in a dilution of not
less than 1:50, since serum from normal individuals may produce
agglutination in lower dilutions. Although the microscopic re-
action is more delicate, that is to say it ean be observed in lower
dilutions, the macroscopic test is less open to error even for ex-

Fig. 73 —Application of the serum-reaction to typhoid baeilli. A shows
the distribution of the bacilli before the reaction. B shows clumping of the
motionless baeilli after mixture with the serum of a case of typhoid fever,
perienced observers. Beginning agglutination may often be seen
in two hours, and may be confirmed by the twenty-four hour
appearance. As has been already pointed out, some cases clinically
resembling typhoid fever may be caused not by the true typhoid
organism, but by some member of the paratyphoid group, and in

such cases agglutinative power for the typhoid bacillus may be
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lacking. The ability to agglutinate is usually manifested by the
blood-serum as early as the fifth day, but sometimes does not appear
until much later. The agglutinative power of the blood-serum does
not vanish soon after the blood is drawn, as does the germicidal
property, but may persist with slightly diminished intensity for
many months. Dried blood and blood-serum retain the capacity
for agglutination, and the use of dried blood-serum in municipal
laboratory work is very general (Wyatt Johnston). Many diffi-
culties and sources of error beset the application of the agglutina-
tion test in practice. The agglutination reaction probably has
neither more nor less diagnostic value than any of the cardinal
clinical symptoms of typhoid fever. Its presence or absence
does not by itself permit a positive or negative diagnosis. Some
strains of typhoid baecilli are inagglutinable, and, in general,
freshly isolated cultures are less sensitive than those that have
been under cultivation for some time. If broth cultures are
used, an inexperienced observer might be deceived by the spon-
taneous clumping that sometimes oceurs in this medium; a sus-
pension in physiologie salt solution of bacilli from an eighteen-
hour-old agar culture is preferable. A series of mistaken conelusions
is made possible by the occurrence of group-agglutinins (p. 165).
Especially the serum of persons infected with B. paratyphosus B
may agglutinate the typhoid baeillus, and the same is true of
infections with B. proteus (p. 402). For an absolutely sure diag-
nosis, it is desirable to make parallel tests with the typhoid bacillus
and B. paratyphosus B, although at present the treatment of a
case could hardly be affected by the outecome. The instances in
which the serum of an undoubted typhoid patient agglutinates
the paratyphoid bacillus more strongly than the typhoid bacillus
itself are so rare as to have no praectical significance.

The agglutination test is utilized not only for the purpose of
distinguishing typhoid fever from other diseases, but also for
differentiating the true typhoid bacillus from eclosely related organ-
isms of the same group. The blood-serum from a typhoid patient
may be used for this test, and serum may also be used from an ani-
mal (rabbit, goat) which has been inoculated with a typhoid eulture
of undoubted genuineness. To avoid sources of error due to the
generation of a certain degree of agglutinative power for other organ-
isms of the group, dilutions as high as 1: 1000 must be used. The
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use of the agglutination test for identification is open to the practical
limitation that the test may exclude organisms of great biologic
similarity to the typhoid bacillus and possibly of similar pathogenic,
if not agglutinin-producing power. Inagglutinable strains of
genuine typhoid bacilli are met with occasionally.

Serum-therapy and Protective Vaccination.—Although Chan-
temesse,* of Paris, and some others have reported favorable
results from treating typhoid patients with a specific serum, the
majority of observers have found that the use of serum from
animals inoculated with typhoid bacilli or their products has little
or no effect upon the course of the disease. On the other hand,
protective vaceination against typhoid fever has been markedly
successful. The vaccines prepared by different experimenters
are not precisely alike, but all contain bacterial cells or substances
derived from them.

The method of antityphoid vaceination has thus far found its
widest application in the protection of soldiers in the field.
The conditions of camp-life favor the spread of the disease to an
astonishing extent. In the Franco-Prussian War 60 per cent. of
the total German mortality was due to typhoid fever, there being
73,396 cases and 8789 deaths. Inthe Boer War the British Army
had 31,000 cases and 5877 deaths. In the Spanish-American War
the army of the United States, consisting of 107,973 men, had
20,738 cases and 1580 deaths, or nearly 1 case to every 5 men.

Radically different is the history of typhoid fever in a vacei-
nated army corps. In the British Army in India in 1910 the rate
of typhoid attack was about one-sixth as great among the in-
oculated as among the uninoculated. Similar results were ob-
tained in the German troops in South Africa in 1904-1907, al-
though the difference was not quite so great.

Especially brilliant results have been obtained in our own
army by the method of vaccination introduced by Russell and
his co-workers. During the summer maneuvers of 1911 an army
division of about 12,800 men occupied a camp at San Antonio,
Texas, for about four months. All of the men were inoculated,
and only a single caset of typhoid fever developed in the entire

* Chantemesse: Gaz. des Hopitaux, 1898, 71, p. 397,

t An individual who had not completed the necessary inoeulation. The
attack was a mild one. Kean: Jour. Amer. Med. Assoc., 1911, 57, p. 713.
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command during this period. There was no doubt that typhoid
- fever existed in this neighborhood, since at least 19 deaths from
this disease occurred in the city of San Antonio (population
96,614) during the four months covered by this report. In the
first 60,000 inoculated men in the United States Government
service only 12 cases of typhoid—1 fatal—occurred in the space
of about three years. This is about one-fifteenth of the case inci-
dence in a ecity like Boston, where water-supply and general -
sanitary conditions are good, and typhoid fever is not common,
but where the population is unvaccinated.

In 1912 the number of enlisted American troops in the United
States amounted to 58,119, Only 15 cases of typhoid occurred in
this number and the death-rate per 100,000 was but 3.0, while the
average typhoid death-rate in the registration area of the United
States for the year 1908-11 averaged over 20. In the whole army
in 1912 at home and abroad (88,178 men) there were 8 eases and
no deaths.

The method used by Russell* consists in giving three injections
of the vaccine at intervals of ten days. The first injection com-
priges 500,000,000 killed typhoid bacilli suspended in salt solution,
the second and third, 1,000,000,000 bacilli each.

The vaeeine is prepared from an old culture with little or no
virulenee, but which yields an abundant growth on agar. After
eighteen hours’ incubation on a broad agar surface the culture is
washed off with sterile salt solution and is killed by heating at
55° to 56° C. for one hour. The suspension is standardized by
counting the number of cells it contains and then diluted so that
1 c.c. contains 1,000,000,000 baeilli. A preservative (0.25 per
cent. tricresol) is added, and the purity of the suspension thoroughly
tested by cultivation and animal inoculation. As a rule, the re-
action following inoculation is not severe, although oceasionally
fever, chills, nausea, and some nervous symptoms are observed.
No really serious or permanent injuries have been noted.

The use of a protective inoculation is especially desirable
where special danger of typhoid infection exists, as among hospital
nurses and attendants, and especially among soldiers living under
the unhygienic conditions of war-time.

* Russell: Bost. Med. and Surg. Jour,, 1911, 164, p. 1; Jour. Amer. Pub.
Health Assoc., 1911, 1, p. 473.
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THE DYSENTERY BACILLUS (BACILLUS DYSENTERIAE)

The name dysentery is primarily a clinical term, and is applied
to several diseases or pathologic conditions of the alimentary tract
that exhibit similar symptoms, such as intestinal pain and blood
in the stools; as a matter of fact, different kinds of dysentery exist,
due to different causes. One variety of dysentery, the so-ealled
amebie dysentery, is caused by a protozoon, and is considered
elsewhere in this book (p.-467). A bacterial form of dysentery is
also known, caused by certain bacilli of the eolon-typhoid group.

In 1898 the Japanese bacteriologist, Shiga,* while studying a
severe epidemie of dysentery in Japan, could find no amebz in the
stools. He did, however, succeed in isolating a bacterium much

Fig. 74 —Bacillus dysenterizz.  Colony on gelatin, four days; < 20 (Doerr).

like the typhoid bacillus. This micro-organism possessed certain
definite characters, was found in the stools in all cases of epidemic
dysentery, and was agglutinated by the serum of dysenteric patients
in high dilutions. Shiga’s bacillus is today generally regarded as
the specific microbe of the acute epidemic form of dysentery most
eommon in temperate climates.

Characteristics of the Dysentery Bacillus.—Microscopically
and in its staining reactions B. dysenterie is very much like B,
typhosus (Fig. 75). Motility has been rarely observed, and most
observers have failed to find flagella.t The grnwt:h on gelatin and

* Bhiga: Centralbl. . Bakt., 15898, 23, p. 509,

t See, however, Goodwin: Park, “Pathogenic Bacteria and Protozoa,”
N. Y., 1905, p. 254.
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closely related bacteria have been found. Flexner* when in
Manila isolated from dysenteric stools an organism at first
supposed to be of the Shiga type, but later discovered to dif-
fer in agglutinative and other characteristics. Martini and
Lentz,T as the result of an extensive study of bacilli isolated in
epidemics of dysentery in different parts of the world, con-
cluded that two types could be distinguished—one, the true
Shiga bacillus, another of which the Flexner-Strong cultures from
Manila were an example. Many cultures that had been obtained
from dysenteric stools were found to belong to the latter type.
The two varieties differ not only in agglutinating reactions, but
also in fermentive power: the Manila type breaks down mannite,
with acid production, while Shiga’s bacillus is unable to attack this
substance. Later a third type was isolated by Park I in an epidemic
at Mt. Desert. Hiss§ succeeded in differentiating the dysentery
bacilli by means of their fermentive reactions and established four
groups on this basis.

Acip Propuverion Fros:
InpoL
B. pysENTERLE. = = = i Pro-
Mannite, : Maltose. | Saccharose, : Dextrosza.| Sl
Sl‘n% ......... — — — |+ —
II (Park, Hiss)..... | w4 —_ —_ | -+
T}r I]I{Flexner— |
éje Manilal)......... -4 o 4 | + -
Type ]'. (Harris=-Woll- '
T 1 e - AL + 4 g

The distribution, frequency of oceurrence, and characteristics of
these types have been largely studied by American investigators.||
Shiga ¥ has adopted the classification of Hiss as tabulated above
and has added a fifth group, which differs from Type IV, in that
it gives at first an acid reaction in mannite media, but later produces
a permanent alkalinity. Otho ** has even separated dysentery

* Flexner: Centralbl. f. Bakt., 1900, 28, p. 625.

t Martini and Lentz: Ztschr. f. Hyg.,, 1902, 41, pp. 540, 559.

f Park: N. Y. Univ. Bull,, 1902, p. 187.

§ Hiss: Jour. Med. Res., 1904, 13, p. 12,

|l See, for example, Park, Collins, and Goodwin, Jour. Med. Res., 1904,
11, p. 553.

¥ Shiga: Philippine Jour. of Sei., 1906, 1, p. 485.

** Otho: Ibid., p. 951.

20
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bacilli into fifteen groups, which have fermentation characters
distinguishing them from one another. He considers that the
mannite-fermenting type, as a rule, gives rise to severer forms of
disease than the non-fermenting ones. American investigators
are agreed that infections with Types II, III, and IV are, on the
whole, less severe than those with Shiga’s bacillus. Bacilli of Types
III and IV are found more frequently than the Shiga bacillus
in the dysentery or summer diarrhea of young children.

Pathogenesis. —As already stated, the serum of patients
suffering from acute dysentery agglutinates Shiga’s bacillus in high
dilutions. This fact and the constant oceurrence of the bacillus
in the stools afford powerful arguments for a causal connection.
Apart from the inflammatory, sometimes uleerative or diphtheritie
lesions in the intestine (ulcerative colitig), the anatomie picture of
dysentery presents little that is characteristic. The liver abscesses
that are found, as a rule, in amebic dysentery are absent in the
bacterial disease, one series having been reported of 1130 cases of
bacillary dysentery without asingle abscess. B. dysenteri® is some-
times found in immense numbers in the dejecta, often in almost
pure culture. It isfound at autopsy in the mesenteric glands, but,
as a rule, not in the spleen or other internal organs, nor does it
commonly occur in the blood or urine. Bacterial dysentery is
therefore an infection localized in the alimentary tract, in this respect
resembling Asiatie cholera rather than typhoid fever. The spresid of
the disease is probably due to the more or less direct transfer of the
specific baeillus from infeeted intestinal discharges to the alimentary
tract of a fresh individual. Polluted water has been shown to be
responsible for many epidemies. Dysentery, like typhoid fever, is
a terrible scourge of armies. In general, the modes of dissemination
in this disease must be similar to those in typhoid fever, flies and
contact infection doubtless playing a large part. The danger
from mild and unrecognized cases, and perhaps also from convales-
cent germ-carriers, seems especially worthy of consideration.

Duval and Bassett # isolated B. dysenteriee from the feces of
forty-two out of fifty-three cases of summer diarrhea in infants.
Subsequent investigators also found the dysentery bacillus in certain
eases of infantile intestinal disturbances, espeecially those in which
there is mucus in the stools. Those cases with which B. dysenterise

* Duval and Bassett: Amer. Med., 1902, 4, p. 417.
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is associated do not appear to differ clinically from those in which
it i1s not found. It is uncertain just what proportion of cases of
infantile diarrhea are caused by the dysentery bacillus.*

Feeding animals with B. dysenteriz is not generally sueccessful
in reproducing the symptoms or lesions of human dysentery, although
rabbits and guinea-pigs are highly sensitive to intravenous and
intraperitoneal inoculation with living or dead baecilli, and die with
symptoms of acute poisoning. Shiga has observed intestinal
lesions in experiment animals similar to those of human dysentery.

Flexner and Sweet] have shown that the dysentery toxin is
excreted in rabbits, and probably in man, by the large intestine.
The selective action of the toxin upon the tissues rather than any
local action of the bacilli themselves thus appears to be responsible
for the inflammation and other local changes. When the toxin
is introduced directly into the gut, no symptoms are produced
indicating that deeper cells are primarily affected by the toxin
rather than the surface of the mucous membrane.

Toxins, Serum-therapy, etc.—According to various investi-
gators, both extracellular and intracellular poisons are obtainable
from cultures of B. dysenteri. The death of a rabbit has been
produced in twenty-four hours by intravenous injection of 0.02 c.c.
of the filtrate of a seven-day broth culture, and extracts of agar
cultures also possess toxic qualities. Klein} maintains that there
i3 only one poisonous substance, an endotoxin, which oceupies an
intermediate position between the well-known endotoxins (typhoid
bacillus, cholera spirillum) and the toxins of diphtheria and tetanus.
Like the latter substances, the toxin of dysentery is able to give rise
to an antitoxin. Flexner,§ upon injecting rabbits intravenously
with the produets of autolytie digestion of dysentery baeilli, observed
the production of intestinal lesions analogous to those of human
dysentery. In such a case the lesions would seem to be due to the
elimination of the poison from the blood into the intestine and to the
consequent contact of the poison with the intestinal tissues.
Dopter || has shown that the produets of the Shiga bacillus may

* See Studies from the Rockefeller Institute for Medieal Research, 1904, 2,
t Flexner and Sweet: Jour. Exper. Med., 1906, 8, p. 514.

1 Klein: Centralbl. f. Bakt., Orig., 1907, 44, p. 144,

§ Flexner: Jour. Exper. Med., 1906, 8, p. 514.

| Dopter: Ann. de I'Inst. Past., 1905, 19, p. 353.
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cause paralysis in rabbits, the paralysis being referable to acute
lesions in the ponto-bulbar region or gray substance of the spinal
cord, and Herter * has suggested that some cases of infantile spinal
paralysis may be due to dysenteric infection.

Shiga and some other investigators have treated dysentery
patients with the serum of horses injected with dysentery bacilli
and their products, and have obtained favorable results, the mor-
tality being reduced about one-half in the cases reported. A poly-
valent serum, that is, one prepared by the use of several types
of dysentery bacilli, is recommended by Shiga. The anti-dysenteric
serum is said to be both bactericidal and antitoxic. Theoretically
and in its practical application serum-therapy in dysentery needs
further study before it is likely to come into general use.

B. fecalis alkaligenes f closely resembles the typhoid bacillus
morphologically and culturally, even to its growth on the Endo,
Conradi-Drigalski, and malachite-green media. It has been found
in feces and in water. The points of difference between it and
the typhoid bacillus are: possession of one or more polar instead
of many peritrichal flagella, more luxuriant growth on potato with
a brown coloration, and distinet alkali produetion in mannite
media and in milk or litmus whey. It fails to produce acid from
glucose. The view has been advanced that B. fecalis alkaligenes
is merely a form of B. fluorescens non-liquefaciens, which has com-
pletely lost the function of pigmentation; but Klimenko,} who
studied a series of cultures from different sources, found the two
organisms to be distinet both eulturally and in their reaction to the
agglutination test. The cultures of his series were not pathogenie or
only slightly so for guinea-pigs, rats, and mice. Considerable atten-
tion was attracted to this organism by the assertion§ that it and the
typhoid baecillus were interconvertible, but further investigation has
failed to eonfirm this claim, which seems to have been made on the
basis of work with cultures not in a state of purity. Well-defined
and constant differences separate the two baeilli.|

* Herter: “Bacterial Infections of the Digestive Traet,” New York, 1907.
T Petruschky: Centralbl. . Bakt., 1896, 19, p. 187.
§ Klimenko: Centralbl. f. Bakt., 1907, 43, p. 755.

§ Altschiiler: Miinch, med. Wehsehr., 1904, 51, p. 868; Doebert: Arch.
f. Hyg., 1903, 52, p. 70. '

|| Gaehtgens: Arch. f. Hyg., 1907, 62, p. 152.
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CHAPTER XIX

THE BACTERIA OF HEMORRHAGIC SEPTICEMIA ;
BACILLUS PESTIS

The term hemorrhagic septicemia was applied by Hueppe in
1886 * to a group of highly fatal infectious diseases of the lower
animals in which large and small hemorrhagic areas are found in the
subeutaneous tissues, serous membranes, musecles and lymph-
glands, and throughout the internal organs. In this class belong
especially the affections described as swine plague (Ger., Schweine-
seuche), fowl cholera, and rabbit

septicemia; with these is also I —
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a marked tendency to bipolar septicemia (illéi]t:.t!ng:-le Ef)ﬂ *E]i;:gi]f ol
staining (Fig. 76). They are de- Wassermann).

colorized by Gram’s method and

do not form spores. Growth on gelatin is at best scanty, and lique-
faction never occurs. In milk the reaction is usually slightly
acid without coagulation. On acid potato, as a rule, no growth
results. The names of B. avisepticus, B. bovisepticus, and B.
suisepticus have been bestowed upon the cultures obtained re-
spectively from fowls, cattle, and swine. These cultures derived
from different sources are very similar, and in most cases no mate-
rial difference can be detected in morphologic and cultural charac-

* Hueppe: Berl. klin. Wehnsehr., 1556,
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ters. The pathogenicity of the several strains is usually high, and,
although variations in pathogenic power have been observed, most
of the small laboratory animals and the common domestic animals
suceumb to inoculation. Fowls have been immunized against fowl
cholera by cultures of the * bacillus of rabbit septicemia ” (Kitt*),
and Vogesf has produced in fowls a disease resembling fowl cholera
by feeding them with eultures of the swine plague bacillus. There
are many other facts that speak for the very close relationship,
if not the identity, of the organisms found in the various forms
of hemorrhagic septicemia. The name Bacillus pleurisepticus
has been suggested as a unifying designation. So far as known,
this disease or group of diseases is not communicable to man. A
bacterium closely related to the bacteria of hemorrhagic septicemia
is B. pestis, the bacillus causing the plague, or “black death.”

BaAcCILLUS PESTIS

During the middle ages the plague prevailed extensively through-
out Europe. The narrow, dirty streets and rat-infested dwellings
of the walled towns, then becoming densely peopled, seem to have
been highly favorable to the spread of the disease, and in some
districts whole populations were carried off by the scourge. Hecker,
a reliable authority, estimates that 25,000,000 persons, or one-
quarter of all the inhabitants of Europe, perished in ‘“The Great
Mortality” or “Black Death” of the fourteenth century (1348-
49). Few diseases have left so deep a mark on general litera-
ture. The Decameron of Boccaceio purports to be a collection of
stories told by a company of ladies and gentlemen driven by the
plague to take refuge in a eountry house outside the walls of Flor-
ence, and one of the most vivid descriptions of the plague ever
written is from Boecaceio’s pen. Defoe’s famous “Journal of the
Plague Year,” although a fictitious narrative,{ gives a realistic
and essentially true picture of the devastation of London in 1665
by an outbreak of the dreaded “black death,” in which 70,000
persong perished. Commerce and industry were then largely
suspended and thousands of persons fled for safety to the open
fields about London.

# Kitt: Kolle and Wassermann, Handbuch, 3, p. 560.
t Voges: Ztschr, . Hyg., 1896, 23, p. 149.
1 Defoe was only four years old in the year of the Great Plague.
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For reasons that may be only partly conjectured the plague has
had irregular periods of quiescence and reerudescence. Western
Europe has been practically free from the plague since the middle
of the eighteenth century, and the disease began its first great
extension in modern times with its appearance in 1893 in Hongkong
and 1896 in Bombay. During recent years the plague has caused
terrible loss of life in British India. Official statistics show that in
the period of 1896 to 1907 about 6,000,000 deaths were due to this
diseazse. In Oectober, 1899, a case was recorded at Santos, Brazil;

this is thought to be the first occurrence of the plague in the western
hemisphere. Other

cases have since been
reported in and about
San Franeisco, in parts
of Mexico, and in Cen-
tral America.

The specific bacillus
of the plague (B. pestis)
was discovered almost
simultaneously by
Yersin * and by Kita-
sato.f The germs are
present in large num-
bers in the pulp of the
young buboes, which
= dﬁmbﬁd by one Fig. 77.—Bacillus pestis in smear from rat's liver,
writer as a “ purée” of showing bipolar staining; x 720 (Wherry).
baeilli. o

Morphology.—Cover-slip smears made from the organs of a
plague victim show a short, plump bacillus with marked bipolar
staining (Fig. 77). Wright's modification of the Romanowsky
staining method § is well adapted for staining the plague bacillus.
The bacilli in body-fluids may oceur in pairs, but long chains are rare.
In broth cultures chains are the rule. Many morphologic varia-
tions, coccus shapes and large rods, are found. Pale and swollen in-

* Yersin: Ann. de I'Inst. Past., 1894, 5, p. 662.

+ Kitasato: Preliminary Notice of the Bacillus of Bubonic Plague, Hong-
kong, 1894; Lancet, 1804, 2, p. 428,
1 Wright: Jour. Med. Res., 1902, 7, p. 138,
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One of the most characteristic cultural features is observed
in the growth in broth. When the surface of this medium is covered
with a layer of oil * and flasks are left after inoculation undisturbed
for five or six days, long, delicate filaments are formed which hang
down from the surface into the depths of the clear broth, like the
stalactites that depend from the roof of a grotto. Not all eultures
of B. pestis show the stalactite growth in equal degree, and, on
the other hand, a similar formation has been observed in cultures
of other bacteria; the stalactite formation, therefore, while highly
characteristic, especially when broth is seeded directly from fresh
plague buboes, is not specific.

Toward various physiologic influences the plague bacillus does
not exhibit marked resistance. Exposure

to drying, particularly at the higher sum-
mer temperatures, speedily effects its des-
truction. The plague bacillus is also quite
" sensitive to the action of sunlight and
chemical disinfectants. In general the
life of B. pestis outside the animal body
is precarious, and the bacillus seems to
disappear speedily from soil, water, and

Fig. 79.—Colony of

buried cadavers. bacillus pestis. Gelatin,
. p = : forty-eight hours; » 150
Obseurity still prevails regarding the m:{aun}

toxie products of the plague bacillus. The

results of experiments with broth cultures have been taken to
indicate that the toxic element is not go closely associated with the
cell substance as in the cases of cholera and typhoid bacteria, but
is able to diffuse to some extent into the surrounding liquid, like
the diphtheria and tetanus toxins. On the other hand, no anti-
toxic immunity has been obtained.

Modes of Transmission.—Filth and poverty have long been
recognized as factors contributing to the persistence and spread
of the plague. It would appear that what are known as medieval
surroundings, whether in Europe in the fourteenth century or in
China and India in the twentieth, conduce to infection. Relatively
close personal association iz one of the conditions under which
plague bacilli seem to be transmitted from the sick to the well.

* “Ghee,” a kind of clarified butter, is often used by bacteriologists in
India for this purpose.
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The sputum of plague patients suffering from the pneumonic type
of the disease is highly infectious. The “infectious droplets”
(p. 365) discharged in coughing also make the immediate neigh-
borhood of the pneumonic plague patient dangerous to others.

The outbreak of the pneumonie type of plague in Manchuria
in 1911-12 illustrated the rapidity with which this type of the dis-
ease may spread and the difficulty of practieally combating it. The
risk to attendant physicians and nurses is very high.

There is evidence that in some epidemics of the plague, especially
the bubonic type, transmission from one human being to another
is not the way in which dissemination occurs. It was noted long
ago by observers of epidemic plague that many outbreaks were
accompanied by a remarkable mortality among rats. The dis-
covery of the plague bacillus led to the further observation that
the disease of rats was due to the same cause as that of man,
and established the practically invariable association of rat plague
and human plague. It is now known that rats* are highly sus-
ceptible to infection with B. pestis and may suffer spontaneously
from epidemics under natural conditions. In San Francisco
14,184 rats were examined for plague between September 13,
1907, and January 14, 1908, and 192 were found infected. A
chronie form of infection may exist among these animals, a cirecum-
stance that especially facilitates the dissemination of infection. Rats
on shipboard are the means of carrving the disease from port to port,
even when the human passengers remain perfectly healthy., Many
observers have expressed the opinion on epidemiologic grounds
that plague is primarily a disease of rats and that man is only an
incidental vietim. In consequence of these relations the possible
modes of conveyanee of plague bacilli from rat to man have become
a subject of peculiarinterest. Both the feces and the urine of plague-
infected rats sometimes contain plague baeilli, and it might be
thought that contamination of the surroundings could lead either
to eutaneous infection or to infection through the alimentary traet.
Experiments ¥+ have shown, however, that close and continuous

* At least three species, Mus norvegicus, the common brown sewer-rat;
Mus rattus, the black house-rat and the ship-rat; and Mus alezandrinus, the
Egyptian rat, are known to be capable of receiving infection.

t Report on Plague Investigation in India, Jour. of Hyg., 1906, 6, pp.
422-536; 1907, 7, pp. 323-476, and 694-985.
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contact of plague-infected animals with healthy animals does not
give rise to an epizodtic among the latter, provided fleas are rigorously
excluded. The share of fleas in carrying infection from rat to rat
" and from rat to guinea-pig has been established by econvincing
experiments. The blood of plague-infected rats often contains
enormous numbers of plague bacilli, as many as 100,000,000 per
cubie centimeter having been found. Rats freed from fleas do not
become infected by mere contact with plague-infected animals.
Monkeys, guinea-pigs, and healthy rats, on the other hand, may
contract the plague if they are brought into the neighborhood of
flea-infested plague rats. In the reports of the plague investigation
in India the following experiment with monkeys is recorded. Two
monkeys were placed in similar eages, so designed that fleas could
not get in from the top, and the eages put into a flea-infested animal
house where three guinea-pigs had died from plague inoculation a
few days previously. One monkey-cage was surrounded by a layer
~ of sticky fly-paper six inches wide, it having been found that the
leap of which a rat flea is eapableis not greater than about five inches;
the other monkey was not so protected. After two nights in the
animal house the cages were removed. Two fleas were caught
on the unprotected monkey and five were found stuck on the fly-
paper protecting the other monkey. The unprotected monkey
developed a typical case of plague, while the monkey that had been
surrounded by fly-paper remained healthy. Further experience
in the experimental production of plague epidemics among animals
has entirely confirmed these results.

It is possible to infect rats by feeding them with the careasses
of their plague-infected comrades. In rats infected in this way
mesenteric buboes are most frequent. Cervieal buboes, on the
other hand, preponderate in naturally infected rats, in guinea-pigs
infected by being placed in a plague-infected house, and in rats and
guinea-pigs artificially infected with fleas. The examination of one
series of 5000 naturally infected rats showed not a single case of
mesenteric bubo. The conclusion seems justified, therefore, that
rats in nature are not infected by feeding upon plague-infected
material, but are infected, as a rule, through the agency of fleas.

There is much to support the view that the plague may be com-
municated to man also by the bite of the rat flea. The commonest
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rat flea, except in Northern and Central Europe, is Pulex cheopis
(Rothschild), and there is evidence that this speecies will readily
bite man. When abundant, it will bite man in the presence of its
natural host. Rat fleas have been found in large numbers on the legs
of men who entered for a short time the rooms of a plague-infected
house. The particular danger that is known to attach to sleeping in a
plague-infected house is explicable from this standpoint. Ashburton
Thompson,* who has made a eareful study of four outbreaks of the
plague at Svdney, concludes that the epidemiologic data in that
locality harmonize best with the view that the rat flea transmits
the disease from rats to man. Gotschlich ¥ has found that in
Egypt the winter plague epidemics are of the pneumonic type and
are spread through human ageney, while the summer plague cases
are of the bubonie type and are due exclusively to rat infection.
Kitasato has observed a similar seasonal ineidence in Japan.

In California the native ground squirrels have proved highly
susceptible to pest infection and, probably through the agency
of these animals, the disease had in 1909 spread over a considerable
area. Cases of plague in man due to squirrel infection have been
reported.

Pathogenesis for Man.—The belief that the baecillus ecalled
B. pestis stands in direet causal relation to plague received experi-
mental eonfirmation from an aceidental laboratory infection that
took place in Vienna in October, 1898, A commission sent by the
Vienna Academy of Seiences in January, 1897, to study the plague
in Bombay, returned to Vienna some three months later bringing
much material for observation and experiment. After the work
with pure cultures of B. pestis had been in progress for some time,
the man who eared for the animals under experimentation is sup-
posed, when under the influence of drink, to have neglected some
essential precaution. At all events he became infected; no other
case of the plague existed in Vienna at the time. The physician,
himself a member of the commission, and the two nurses who cared

* Thompson, Ashburton: Jour. of Hyg., 1906, 6, p. 537.
T Gotschlich: Festsehrift f. R. Ioch, Jena, 1903.

f See Special Report on Plague on the Pacific Coast, Jour. Amer. Med.
Arsoc., 1907, 49, p. 2000; also MeCoy and Wherry : Jour. Infect. Dis., 1909, 6,
p. 670.
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for this patient, all contracted the infection, and the physician and
one nurse died.

Plague in man appears most commonly in two forms: the bubonie
or glandular plague and plague pneumonia. In the bubonie type
the symptom-complex is characteristic, and diagnosis on eclinical
grounds is relatively simple. From the buboes,* which may be
either primary or secondary, bacilli may pass over into the blood;
in fatal cases the bacteria often multiply in the blood extensively.
A primary plague septicemia can also probably occur. There are
sometimes subeutaneous hemorrhages. During the plague epidemics
in the middle ages such hemorrhages seem to have been more
frequent than at present, and the dark spots to which they give
rise were the origin of the popular name of “the black death.”

Plague pneumonia is usually fatal. In this variety of the
plague the sputum may contain enormous numbers of plague
bacilll. As a direct means of spreading contagion from man to
- man, plague pneumonia is by far the most dangerous type.

A primary infection of the skin with the plague bacillus some-
times oceurs (cutaneous plague), but does not seem to be common.
Cases of mild plague, the so-called pestis minor (compare ‘“walking
typhoid”), are met in some epidemics. The oceurrence of intestinal
plague in man has never been clearly established.

The entrance of the plague bacillus into the body is probably
usually by way of the skin, the buboes originating in the neighbor-
hood of the point of entrance. Infection through the tonsils and
respiratory tract, especially from cases of pneumonic plague, can
also take place. Infection by swallowing, on the other hand, if it
oceurs at all, is extremely rare,

Pathogenesis for the Lower Animals.—Many rodents, such
as rats, mice, and guinea-pigs, are very susceptible to the plague.
In California, however, from 20 to 70 per cent. of the full-grown
rats (Mus norvegicus) are refractory when inoculated with
highly virulent eultures. The California ground squirrels are much
more susceptible than the rats. Certain species of monkeys are
extraordinarily sensitive to subcutaneous inoculation, 1397 to tis
of a loopful of an agar culture being sufficient to produce a fatal
septicemia. Both monkeys and rodents develop buboes and ex-

* [nflamed and swollen lymphatic glands.
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hibit other features common to the plague in man. Rats and
guinea-pigs may be infeeted by feeding, especiallv when large
numbers of bacilli are administered. Catg are susceptible to arti-
ficlal infection. Dogs, swine, cattle, and horses can be infected by
injecting them with large doses, but apparently do not contract
the disease spontaneously under natural conditions.

Owing to the close relation existing between plague in rats and
in man the phenomena of rat infection have been especially studied.
The diagnosis of plague infection in rats is practically important,
and special procedures are in use for this purpose.* Recent ob-
servers maintain that for purposes of diagnosis naked-eye examin-
ation by a competent observer is more satisfactory than microscopic
examination alone.f Ledingham,f in observations upon spon-
taneous cases of rat plague, found that in some animals bacterial
invasion of the spleen and liver is pronounced and is accompanied
by extensive hemorrhages and congestion of the pulp sinuses and
liver capillaries. In others, definite abscess formation in the spleen
is far more frequent, while in the liver focal necroses may be very
numerous. Externally the liver and spleen, especially the former,
frequently present a granular and mottled appearance which is
quite characteristic. Typical buboes are present in the great
majority of cases (85 per cent.). Subeutaneous and internal hemor-
rhages are very common. In the experience of the investigators of
rat plague in India an abundant, elear pleural effusion is an impor-
tant diagnostic sign.

Protective Inoculation and Immunity.—A method of pro-
tective inoculation against the plague devised by Haffkine § has
been extensively practised in India. As usually prepared,* Haffkine's
prophylactic” consists of broth cultures in which repeated ecrops
(five to six) of the stalactite formation have been obtained by
suceessive inoculations, shakings, and reinoculations. After about
six weeks the culture is killed by warming the flask of broth in the
water-bath for one hour at 65°. The usual dose of the prophylactie
is about 2 e.c., but larger quantities may be given, and the dose is

* See Kister, Centralbl. f. Bakt., Orig., 1906, 41, p. 780.

 Wherry, Walker and Howell: Jour. Amer. Med. Assoc., 1908, 50, p. 1165.

1 Ledingham: Jour. of Hyg., 1907, 7, p. 359.
§ Haffkine: Brit. Med. Jour., 1897, 1, p. 424
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generally proportioned to the age and size of the individual. Con-
siderable success has attended its use: the proportion of vaceinated
persons attacked is smaller than that of the unvaccinated in the
same population, and those vaccinated persons who do contract
the disease suffer from it in a comparatively mild form. The
German Plague Commission has recommended an essentially similar
procedure, namely, the injection of a two-day agar culture killed
by heat. Kolle and Otto * have shown that in animal experimen-
tation much better results are obtained with attenuated cultures
than with killed bacteria, and Strong  has found on applying this
method to man that a high degree of immunity to the plague may
be produced by inoculation of an attenuated strain. Hueppe and
Kikuehi § have reported favorable results in the active immunization
of animals, from the use of the peritoneal exudates obtained from
guinea-pigs that had been inoculated intraperitoneally with plague
bacilli.

Yersin and Roux § have produced a serum that possesses some
eurative properties by injecting horses first with killed ecultures,
then with living cultures. The Yersin serum has considerable
bactericidal power, but experiments have shown that its curative
action is not due solely to baecteriolysis. There is evidence that
it facilitates phagoeytosis. No antitoxic effect has been observed.
Many investigators have failed to secure favorable results with
this serum, but, in the epidemie of plague at Oporto, Calmette and
Salimbeni || employed it with sucecess.

* Kolle and Otto: Ztschr. {. Hyg., 1903, 45, p. 512; 1904, 48, p. 399.
+ Strong: Phil. Jour. of Sei., 1906, 1, p. 181.

1 Hueppe and Kikuchi: Centralbl. {. Bakt., 1905, 39, p. 610.

§ See Metchnikoff: Ann. de I'Inst. Past. 1897, 11, p. 737.

|| Calmette and Salimbeni: Ann. de I'Inst. Past., 1899, 13, p. 865.



CHAPTER XX

THE INFLUENZA BACILLUS (BACILLUS INFLUENZZE)

Although attention has been especially drawn to influenza
in modern times by the widespread epidemic of 1889-90, the dis-
ease is one that has long prevailed more or less extensively in various
parts of the world, and is known to have swept over medieval
Europe from time to time in great epidemic waves. The “sweating
sickness” of the fifteenth century was perhaps a form of influenza.*

The discovery of the influenza bacillus was announced in Janu-
ary, 1892, by two independent
observers—Pfeiffer and Kita-
sato. The observations of
Pfeiffer t proved to be particu-
larly complete and aecurate, and
in the main have been confirmed
by subsequent investigation.

Morphologic and Cultural
Characters.—The influenza ba-
cillus is one of the smallest
known pathogenic bacteria,
rarely exceeding 1.5 ¢ in length

Fig. 80 —Bacillus influenzz; x 1000 21d0.3/¢in thickness. Theends
(Krdl). of the cell are rounded, no capsule

is present, and spores have never

been observed: the bacillus is non-motile (Fig. 80). Many strains
show a marked tendency to produce threads and other anomalous
forms in cultures. Staining is best effected with a dilute (1: 10)
solution of carbol-fuchsin for five to ten minutes; Gram’s stain is
not retained. Cultures of this organism were first obtained by
Pfeiffer upon blood-agar, prepared either with human blood or the
blood of other animals, such as the guinea-pig or pigeon; and blood-
agar remains to this day a practically indispensable medium for

* Hamer: Lanecet, 1906, 1, p. 655.
t Pfeiffer: Deut. med. Wehnschr., 1892, 18, p.28; Ztschr. f. Hyg., 1892,
13, p. 357.
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growing the influenza bacillus.  The hemoglobin of the blood is the
essential ingredient, since growth oceurs just as abundantly on agar
smeared with a solution of hemoglobin as on agar prepared with
whole blood. When the surface of blood-agar is smeared with influ-
enzasputum and incubated at 37° C., with free access of oxygen, min-
ute, rounded, discrete, translucent colonies become visible in about
eighteen hours. Transplanted to ordinary agar, no development
usually results, but on blood-agar further colony formation oceurs.
The colonies at the largest may reach the size of a small pinhead.
If the culture be contaminated with other organisms, especially
Staphylococeus aureus, the influenza bacillus colonies are consider-
ably larger, more opaque, and of a grayish-white color. Even under
favorable conditions artificial cultures soon die out, and in order
to preserve vitality subecultures must be made on hemoglobin agar
every four or five days; in this way the stock may be maintained
indefinitely. Toward external influences the influenza bacillus
shows little resistance. Desiccation is quickly fatal: a pure culture
suspended in water and then dried on silk threads loses its vitality
within twenty-four hours; in dried sputum life is maintained some-
what longer, but not, as a rule, beyond forty-eight hours. The
bacilli are readily killed by disinfectants. All the evidence indi-
cates that the influenza organism does not survive long, much less
multiply, outside of the human body. The germ is therefore rarely,
if ever, transmitted for long distances through the air.

Pathogenesis for Man.—The chief reason for believing that
the so-called influenza bacillus bears a causal relation to the disease
is its presence in great abundance in the secretions from the mouth
and nose of influenza patients. In acute uncomplicated cases it may
even be found in pure culture, and a probable diagnosis may be
made by a skilled observer directly from the microscopic examination
of stained sputum (Fig. 81). In many cases, however, the bacillus
ts associated with the pneumococcus or some other micro-organism,
and recourse must be had to cultural methods. While in the
earlier stages of the disease large masses of bacilli are seen lying free,
in the later stages and in chronie cases fewer free bacilli are found,
and a larger number are embedded within leukoeytes.

As a rule, the invasion of the body by the influenza bacillus is
eonfined to the air-passages. The lung tissue is frequently affected,

a form of pr%?umonia, usually of the lobular type, being the result.
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The pneumonice process has been stated by some observers to be
characteristic, but more often it eannot be distinguished elinically
or histologically from the pneumonia produced by the pneumococcus.
Mixed infections in which the influenza bacillus is accompanied
by streptoeocei, pneumococei, and other bacteria are by no means in-
frequent. There is no evidence of the multiplication of influenza
baeilli in the blood, and when found at all, their presence in the blood
is probably due to accidental entrance from infected tissue. ;

The symptoms that accompany influenza—a disease clinically
protean—are sometimes classed
as catarrhal, gastrie, intestinal,
nervous, ete., and are probably
to be referred to the selective
action of the toxin in different
individuals, rather than to loeali-
zation of infection. In inflam-
mation of the middle ear, how-
ever, and of the meninges,
influenza bacilli are sometimes
found in the exudate. The
presence of influenza bacilli, or
i e e o
(Kolle and Wassermann). in the sputum of consumptive

persons has been often observed,
and it has been noted that consumptives seem partieularly liable
to attacks of influenza. Influenza bacilli have also been found
in the sputum and the nasal secretion of patients suffering from
measles and some of the other acute exanthemata. The full signifi-
cance of this is not known. A special variety of ““intestinal in-
fluenza’ has been described by some writers, but it is still uneertain
to what extent local infection is responsible for the symptom-
complex so designated. The swallowing of bronchial secretion
might conceivably give opportunity for intestinal localization.
Influenza sometimes exists in a chronie form, in which the baeilli
appear in the nose and throat secretions for months. During
periods when influenza does not prevail in epidemic form, influenza
bacilli are found in the sputum in certain cases of acute and ehronic
respiratory disturbance. The patients do not often present the
typical symptoms of influenza, and it is uncertain whether the
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influenza bacillus in such cases is to be looked upon as a primary
or secondary invader. The micro-organism is also found in a con-
siderable proportion of healthy persons. In the specific disease
of whooping-cough a bacillus to all appearances identical with the
influenza bacillus occurs in large numbers. These facts conspire
to throw some doubt on the etiologic relation that Pfeiffer’s bacillus
bears to the specific disease of influenza. Possibly the so-called
influenza bacillus merely accompanies or follows in the train of the
true and unknown causal agent. Lord* found that 25 per cent.
of unselected cases with cough and expeectoration, during an inter-
epidemic period, showed this organism present in overwhelming
numbers, while during an epidemie of influenza only 15 per cent.
of cases with the clinical features of influenza showed the bacillus.
In any event the assumption that Pfeiffer’s bacillus is the cause of
influenza must be made to square with the faets of epidemic
prevalence by supposing either that races of B. influenzz of high
virulence sometimes arise, or, what is quite unlikely, that waves
of enhanced susceptibility sweep over large bodies of people, or
that communieation of infection is in some way facilitated. There
is no doubt that further evidence is desirable.

Epidemiology.—Assuming that Bacillus influenze is the cause
of influenza, its sensitiveness to drying renders dust infection highly
problematic. On the other hand, its presence and persistence in
the nasal and bronchial seeretions of convalescents and chronie
cases, in the sputum of consumptives, and even in the mouth and
nose of healthy persons who have been in contact with influenza
patients, affords a ready and plausible explanation of many of
the phenomena of distribution and transmission. The fine droplets
expelled from the respiratory passages in the act of sneezing, cough-
ing, or talking constitute a source of danger as real here as in the
ease of tuberculosis; this is perhaps one of the chief, if not the chief,
means by which the disease 1s spread.f

* Lord: Jour. Med. Res., 1908, 19, p. 295.

t President Eliot (Secience, June 1, 1906, p. 837) has brought to notice
the following observation by Benjamin Franklin: “I have long been satisfied
from observation, that besides the general colds now termed influenzas (which
may possibly spread by contagion, as well as by a particular quality of the air),
people often eateh eold from one another when shut up together in close rooms
and coaches, and when sitting near and conversing so as to breathe in each
other’s transpiration; the disorder being in a certain state.”
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The universality of travel and other intercourse in modern times
would help to aceount both for the oceurrence of apparently sporadie
cases and for widespread or sudden epidemiecs. Of obscure ecauses
that might affeet the virulence of the germ or the suseeptibility
of large groups of individuals nothing is known.

Effect on Animals.—Inoculation of the species of animals
ordinarily used in experimentation has not, for the most part,
given important results. Only monkeys and rabbits exhibit re-
actions that are in any degree significant. In these animals symp-
toms suggestive of those of influenza are evoked by intravenous
injections (rabbits) or intrapleural injections (monkeys) (Pfeiffer).
The effects obtained by the use of living cultures and cultures killed
with chloroform are very similar, indicating that the injury to the
animals in these experiments is not to be attributed to a true in-
fection, but rather to the action of the bacterial products. No
genuine generalized infection has been produced.

A slight increase in the resistance of animals inoculated with
non-fatal doses has been observed by several investigators, and the
serum of such immunized animals possesses some degree of pro-
tective, but no curative power. This stands together with the
fact that no soluble toxins are present in cultures. Agglutinins
are found in the bodies of immunized animals, but the agglutinating
value of the serum is not usually high (1: 500) and is inconstant.
In man there is some evidence that an attack of influenza imparts
a transient immunity.

The Koch-Weeks Bacillus.—A small bacillus, first observed
by Koch # in 1883 in a series of eye-inflammations in Egypt, was
successfully eultivated by Weeks T in New York in 1890, and is now
recognized as the cause of a world-wide and highly contagious form
of conjunctivitis (Fig. 82). One important difference between the
Koch-Weeks bacillus and the influenza bacillus is that the latter
depends for satisfactory growth upon the presence of hemoglobin in
the culture-medium, while the Koch-Weeks bacillus is not restricted
to hemoglobin media. Another distinetion is that animal inocu-
lations with the Koch-Weeks bacillus have thus far given entirely
negative results. Morphologically, the two organisms are very

* Koch: Arb. a. d. k. Gesund., 1887, 3, Anlagen, p. 62.*
t Weeks: N. Y. Med. Rec., 1887, 31, p. 571.
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closely similar, the Koch-Weeks bacillus being on the average
somewhat longer. They are alike also in their staining reaction.
Growth may oceur on ordinary nutrient agar at 37° C., but most
sucecess is obtained with serum-agar, or a mixture of glycerin-agar
and aseitie fluid (2 : 1). The colonies appear as minute, projecting,
transparent dots, which tend to become confluent; thev never
attain a large size and are easily detached from the medium. The
bacilli possess slight powers of resistance, and there is little reason
to suppose that dust is a ecommon means of conveying infection.
Direct contaet with infective material through the medium of hands,
towels, handkerchiefs, ete., must rather be considered the usual
mode of convevance.
Flies may also be con-
cerned in transmission.
A peculiar form of hand
infection due to an or-
ganism probably iden-
tical with the Koch-
Weeks bacillus has been
deseribed by MeDill and
Wherry.*
“‘Pseudo-influenza
Bacilli.”—Several ob-
e e il Fi 525Kk Wonks baclon b e
baeilli met with in path-  mann).
ologic conditions in man
and other animals, which they have recognized as very similar
to the influenza bacillus, but which they are inclined to regard as
in a measure distinet. The main differences that have been re-
corded are slight. The pseudo-influenza bacillps is said to be some-
what larger and to show more of a tendeney to grow out into long
threads. The establishment of a separate group of ““pseudo’ bacilli
on the basis of such characters seems of doubtful expediency.
Influenza-like Bacilli in Whooping-cough.—A number of
observers (Spengler,t Jochmann and Krause,} Davis § and others)

* McDill and Wherry: Jour. Infect. Dis., 1904, 1, p. 58.

T Spengler: Deut. med. Wehnsehr., 1897, 23, p. 830,

I Jochmann and Krause: Ztschr. f. Hyg., 1901, 36, p. 193.
§ Davis: Jour. Infect. Dis., 1906, 3, p. 1.
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have found in the sputum of whooping-eough patients a baeillus
which, morphologically and culturally, is identieal with the influenza
bacillus. This organism is most abundant during the spasmodic
stage, but is also found throughout the course of the disease. It
cannot be differentiated by present methods from the organism
found in influenza or from organisms that oceur in a variety of
throat affections and are ocecasionally present in normal throats.
Davis eoneludes, as a result of a careful comparative and experimen-
tal study, that the evidence at hand will not permit a definite
statement for or against the specificity of this organism for whoop-
ing-cough.

Bacillus Melitensis.—In 1887 Bruce,* while investigating a
disease known as Malta fever, or Mediterranean fever, discovered
a micro-organism in the spleen which has since been proved to
stand in causal relation to the affection. Malta fever.is particu-
larly common on the island of Malta, but oceurs also on other
islands and on the shores of the Mediterranean, and has also been
occasionally reported from India, South Africa, the Philippines,
and the West Indies. Several cases have come under observation
in the United States, for the most part among persons recently
returned from the Philippines. The disease at present exists in
several localities in Texas.

Bacillus melitensis is a very small coecus-like bacillus, about
0.5 1 or less in diameter, usually occurring singly or in pairs,
though in cultures short chains are found (Fig. 83). A true bacil-
lary form occurs in cultures grown at 20° C. It loses the stain
by Gram’s method, does not ferment glucose, and renders milk
slowly alkaline. On the ordinary culture-media it grows slowly
without presenting especially characteristic features. Gelatin is
not liquefied. In broth cultures there is no odor, and indol is
not produced. Agar-plate colonies are small and transparent.
A moist, transparent growth is formed on potato.

Malta fever, as it affects man, is a disease of long duration
and extremely irregular and undulating course, marked by shift-
ing articular rheumatism and frequent and profuse sweatings.
The case mortality is low (2 to 3 per cent.). The surest means of
diagnosis, according to some writers, is the agglutination test.

* Bruce: Practitioner, 1887, 39, p. 161.
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Bassett-Smith is of opinion that a positive agglutination with a
1: 30 dilution may be considered conclusive evidence of Mediter-
ranean fever past or present.* On the other hand the agglutina-
‘tion test is considered unreliable by some observers, and the
complement fixation test recommended in its stead.f In a
large proportion of cases (82 per cent.) B. melitensis has been
found in the puerperal blood. It ecan usually be obtained from
the spleen at death or by spleen puncture during life. Like the
typhoid bacillus, B. melitensis is contained in the urine of many pa-
tients. It is less commonly found in the feces and in milk. There is
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Fig. 83.—Bacillus melitensis. Carbol fuchsin; »x 1200 (Hicks).

no doubt that B. melitensis is the cause of Malta fever, since several
laboratory accidents have led to the infection, through small
wounds, of persons working with pure cultures.f Monkeys, goats,
and probably cows may be infected by injection and by feeding;
the disease oceurs spontaneously in goats and cows, and the urine
and milk of these animals often contain the specific germ.

The mode of infection in Malta fever was for a long time quite
obscure. The discovery that goat's milk often contains the specific
micrococeus in large numbers at length gave the clue. It is stated

* Bassett-Smith: Brit. Med. Jour., 1902, 2, p. 861.

T Mohler and Eichhorn: Jour. Amer. Med. Assoc., 1912, 58, p. 1107.

1 Reports of the Commission on Mediterranean Fever, London, 1906,
Part 4, p. 104.
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CHAPTER XXI
THE PATHOGENIC ANAEROBES

Anaérobic bacilli constitute a class by themselves in the sense
that the methods used at present for the study of these organ-
isms reveal numerous and important points of resemblance, but no
deep-seated differences.

The most thoroughly investizated disease due to an anaérobe
is lockjaw or tetanus. (Ger., Der Starrkrampf, Der Tetanus; Fr.,
Le Télanos.)

BaciLLus TETANI

The tetanus baecillus was first described in 1884 by Nicolaier,*
who observed it in the pus taken from mice and other animals that
had died after subeutaneous inoculation with small quantities of
soll. He did not, however, succeed in inducing the bacillus to
grow except in mixed cultures. Kitasato,¥ by the use of special
anaérobiec methods, first obtained DB. tetani freed from other
microbes (1889), and was able to reproduce the specific disease by
means of pure cultures.

Morphology and Physiology.—The individual tetanus bacil-
lus is a rather long, slender rod with rounded ends; sometimes
long threads oecur, especially in old cultures. Spore formation
begins in about twenty-four to thirty hours at 37° C., and in eight
to ten days at room temperature. The spore is generally spherical,
18 located at one end, and is from two to three times the diameter
of the rod. The drumstick appearance of the tetanus bacillus in
this stage of spore formation is quite characteristic (Fig. 84),
The bacilli stain readily with the ordinary dves and retain the stain
when treated by Gram's method. They possess a large number
of peritrichal flagella, and have the power of slight independent
movement.

It is difficult even for experienced workers to isolate the tetanus

* Nicolaier: Inaug. Diss., Gittingen, 1885,

T Kitasato: Ztschr. f. Hyg., 1889, 7, p. 225.
329
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in the presence of carbohydrates. Tetanus cultures have a dis-
agreeable and characteristic odor. Growth occurs in milk, and
coagulation with acid reaction takes place.

Pathogenesis for Man.—The disease of tetanus or lockjaw
presents some rather singular features. The tetanus bacillus
is one of the most common and widely distributed of all pathogenic
bacilli; it is found in cultivated soil and
in street dust, and is abundant in the
droppings of the horse and some other
animals. This widespread occurrence
of the tetanus baeilius seems at first
glance out of harmony with the rela-
tively infrequent oceurrence of tetanus
infection, but the explanation is found
in the circumstance that mere intro-
duction of the bacillus into the body
is not sufficient to produce a case of
tetanus. The bacilli must find favor-
able conditions for proliferation at the
site of their penetration or lodgment,
otherwise infection will not take place.
In animal experiments bacilli or spores
which have been freed from toxin and
introduced in pure eulture and in mod-
erate numbers into the tissues cannot
germinate, and are hence innocuous.
On the other'hand, simultaneous inocu-
lation with common saprophytes, such —
as B. prodigiosus, ur.with. chemieal sub- gela;fﬁ' Sﬁéaﬁﬁi]]mfﬂfet“;}k
stances, such as lactie acid, enables the days (Frinkel and Pieiffer).
baeilli to proliferate and toxin produe-
tion to oceur. Infeetion of man appears most likely to result when
the tissues suffer considerable injury at the time the tetanus bacillus
is introduced, and much foreign matter is forced far into the wound.
Common experience has taught that tetanus develops most frequently
in connection with punetured or contused wounds. In addition to the
cases of tetanus that follow in the wake of a great battle, and those
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that occur from septic midwifery (tetanus neonatorum¥*), there are
others whose sources are as well known. Such are the infections
that oceur in stablemen and other persons whose occupation brings
them in frequent contact with the dung of animals rich in tetanus
spores, the ““ toy pistol tetanus’ arising from the lacerating wounds
of the blank cartridge, the tetanus following hemostatie injection
of gelatin,} and the rare infections resulting from the use of impure
vaccine lymph and similar biologic products.f All wounds of a
nature likely to provoke tetanus call for radical treatment by
cleansiny and drainage, and for the administration of antitoxie
serum, if necessary, under anesthetics.

A case of tetanus in man is usually the result of the subeutaneous
introduction of tetanus spores simultaneously with a considerable
amount of foreign matter which, as a rule, includes saprophytic
bacteria. Visible changes in the tissues are not marked. Although
there is sometimes suppuration, the loeal reaction is often insignifi-
cant. The specific bacillus, while able to multiply to some extent,
remains localized and does not spread throughout the body. The
symptoms of this disease, among which may be mentioned the

* From infection at the umbilicus. This form of tetanusz is especially
rife among the negroes of the southern States and other races living under
unhygienic conditions. (See Anders and Morgan: Jour. Amer. Med. Assoc.,
1906, 47, p. 2083.) There is one famous case of a small island near Ieeland
with a total population of about 200, in which 185 new-born children perished
from this form of tetanus in the space of twenty-five years.

t Gelatin is generally made from the bones or hides of domestie animals.
The spores of the tetanus bacillus which are abundant in the surroundings of
these animals are in some eazes able to survive the process by which gelatin
is manufactured. (See Bull. 9, Hyg. Lab., Pub. Health and Mar. Hosp.
Service.)

{ McFarland: Jour. Med. Res., 1902, 7, p. 474. An unfortunate outbreak
of tetapus occurred in 1902 at Mulkowal in British India during the course
of a series of inoculations of Haffkine's plague prophylactiec. In a total of
107 persons given the prophylactic, 19 developed symptoms of tetanus and
died. All the affected individuals were inoculated with fluid from the same
bottle. The source of infection is unknown. It is possible that the con-
tents of the bottle were infected, but serious error in technic also seems to
have been committed at the time of the inoeulation. (Jour. Trop. Med.,
and Hyg., 1907, 10, p. 33; The Practitioner, 1907, 78, p. 796.) Theobald
Smith (Jour. Amer. Med. Assoe., 1908, 50, p. 929) has laid special emphasis
on the necessity of avoiding the introduetion of the highly resistant tetanus
spores into materials used in the preparation of antitoxins, vaccines and
other biologic products used for subecutaneous injections.



THE PATHOGENIC ANAEROBES 333

disturbance of the central nervous system, as evineed in the charac-
teristic muscular spasms, depend upon the absorption of the toxic
products of the baeilli rather than upon the presence of the bacilli
themselves. It has been shown by Meyver and Ransom * that the
tetanus toxin is absorbed by the end organs of the motor nerves
and travels to the ganglion cells of the central nervous system,
not by way of the blood or |ymph-channels, but along the axis-
eylinders of the peripheral nerves. The time consumed in this pas-
sage represents the larger part of the long incubation period. The
toxin may circulate for a fime in the blood, but the only path
to the eentral nervous system lies along the axis-eylinders of the
motor nerve tracts. A cut nerve takes up the toxin very slowly
and a degenerate nerve not at all. Section of the spinal cord pre-
vents the toxin from reaching the brain. Meyer and Ransom
believe that the spinal ganglion of the sensory nerve presents a
barrier to the advance of the toxin along this channel, and that
for this reason sensory nerves are unable to conduct the toxin.
The remarkable excitation of the motor cells of the spinal cord
that iz observed in tetanus is unaccompanied by characteristie
lesions.

Pathogenesis for Other Animals.—In the horse tetanus is
not a rare affection, the symptoms and course of the disease being
similar to the disease in man. Cattle and sheep are less commonly
affected. Experimentally, tetanus can be produced in mice and
in guinea-pigs by inoculation of spores especially when borne upon
splinters of wood, and also by injection of toxin. Animals that are
naturally immune to infection with living tetanus bacilli, such as
birds, ean be killed by large doses of toxin. The feeding of animals
with tetanus bacilli or spores is without effect. Tetanus differs
from most infectious diseases in that the diseased animal is not an
appreciable factor in the spread of infection. The normal horse
probably distributes tetanus germs quite as widely and freely as a
horse sick with tetanus. At best the parasitic eapabilities of the
tetanus bacillus are slight; the germ is naturally adapted for a
saprophytic existence.

The Tetanus Toxin.—A broth culture of the tetanus bacillus
grown under strictly anaérobic conditions is usually highly toxie;

* Meyer and Ransom: Archiv. f. exper, Path. u. Pharm., 1903, 39, p. 369.
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0.000005 c.c. or less can be fatal to a mouse weighing 10 grams.
The toxin is highly unstable, being destroved in aqueous solutions
by exposure to light, heat, and chemieal action, and also being in-
clined to lose its strength rapidly when a tetanus eulture is allowed
to stand under ordinary conditions. When it is to be used in ex-
perimental work it is advantageously precipitated and stored in a
dry condition.

Ricketts* thus describes his method of preparing tetanus toxin from
a broth culture. After a growth of nine days the culture was passed through
Fukal filters, placed in large moisture dishes, and an excess of ammonium
sulfate added;t the dishes were then placed in the thermostat overnight.
The brownish seum which had formed by this time was skimmed off, placed
between hardened filter-papers, and the excess of moisture pressed out. Still
more fluid and ammonium sulfate were got rid of by subjecting the precipitate
to very high pressure in a pressure machine. The precipitate, now in the
form of solid cakes, was dried over sulfuriec acid and eventually pulverized.
It is preserved over sulfuric acid in the ice-chest and in the dark. For use a
0.2 per cent. solution of the precipitate was made in 0.85 per cent. sodium
chlorid solution, and the doses used are expressed in cubic centimeters of this
golution. The original fatal dose for white mice of about 15 grams weight was
0.000007 e.c. per gram of mouse; death ocecurred in four to five days.

Toxin preserved in this way undergoes little or no deterioration.
The susceptibility of different animals to the tetanus toxin varies
considerably; it is estimated that the horse is twelve times as
sensitive as the mouse and 360,000 times as sensitive as the fowl,
measured by the fatal dose per gram of body-weight. An inecu-
bation period is always observed, and this cannot be shortened
beyond a certain minimum limit—in the mouse, eight hours—even
with large doses. -

The tetanus toxin possesses a strong affinity for the cells of the
central nervous system, as evidenced by the now classic experi-
ment of Wassermann and Takaki.i These investigators showed
that a mixture of tetanus toxin and brain-substance ean be injected
into an animal without producing any toxic effect, the toxin ap-
parently entering into so firm a combination with some ingredient
of the nervous matter that it is powerless to affect the living organ-

* Ricketts: Jour. Infect. Dis., 1906, 3, p. 116.

T One-half more than the quantity of broth would dissolve at room
temperature, o

1 Wassermann and Takaki: Berl. klin. Wechnschr., 1898, 35, p. 5.
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ism. As pointed out elsewhere (p. 155), this fact is regarded as
strongly supporting the receptor theory of antitoxin production.
Not only the central nerve-cells, but to some extent other tissue
cells, are able to bind tetanus toxin. Subeutaneous inoculation
is less likely to result fatally than direct inoeulation into nerve
tissues, for the reason that in the former case the cells of the
liver, kidney, connective tissues, ete., anchor the tetanus toxin
and prevent it from reaching the highly sensitive nerve-cells. The
exquisite susceptibility of an animal like the guinea-pig to tetanus
toxin is perhaps correlated with the inability of the non-nervous
tissues to bind the poison, thus leaving the toxin free to make its
way to the central nervous system.

That tetanus toxin may sometimes circulate in the blood of
an animal in considerable quantities was shown by the observations
of Bolton and Fisch,* made in the course of an investigation into
a deplorable accident in the city of St. Louis. A quantity of horse-
serum containing diphtheria antitoxin was distributed before suitable
tests were made, and the administration of this serum to diphtheritic
patients was followed by fatal tetanus in a number of cases. The
horse from which the serum was drawn is said at the timeof bleeding
to have shown no symptoms of tetanus, but some days later it
developed tetanus and died. The amount of toxin in the blood
of the horse was so great that 0.1 c.c. of the serum killed a guinea-
pig in a few days, and nearly all the children who received as much
as 10 c.c. of this serum were fatally affected.

The muscular eramps which characterize tetanus are due to a
particular substance, the so-called tetanospasmin. This poison
has a strong affinity for the nervous system of susceptible animals.
The existence of a second toxin, fetanolysin, was first shown by
Ehrlich. Tetanolysin, which is probably of less importance than
tetanospasmin, exhibits special affinity for the red blood-corpuscles,
with which it unites, producing laking. The two toxic bodies are
quite distinet as regards combining relations and other properties,
each giving rise to its specific anfitoxin. It is not yet certain
whether tetanolysin has any significance in connection with the
ordinary symptom-complex.

Immunity.—Artificial immunity to tetanus, as determined by
animal experiment, is associated with the produetion of an antibody

* Bolton and Fisch: Trans. Assoc. Amer. Phys., 1902, 17, p. 462.
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which neutralizes the action of the tetanus toxin. The mode of
action of tetanus antitoxin, so far as it is understood, is precisely
like that of diphtheria antitoxin. The tetanus antitoxin ecireulates
in the blood and is not taken up by either the central nervous
system or the peripheral nerves. It can consequently bind only
the toxin that finds its way into the ecirculation. Its curative
value is much less than that of the diphtheria antitoxin; partly,
perhaps, because the affinity of the tetanus toxin for nervous
tissue is stronger than its affinity for the antitoxin; partly, perhaps,
because of a relatively slight power of recuperation on the part of
the central nervous system; and partly, also, because the toxin,
when onece incorporated in the axis-cylinders, is better protected
from contact with the antitoxin than if it were in the ecirculation.
According to Behring, there is no hope of success from subeutaneous
injection of tetanus antitoxin after symptoms have existed for
more than thirty hours.

To meet these difficulties special procedures have been employed,
such as the infiltration with antitoxin of the large nerves of the
affected part. In desperate cases intraspinal injections of antitoxin
have been given with success. The neighborhood of the wound itself
may also be infiltrated with antitoxin in order to neutralize toxin
yvet unbound. Repeated subcutaneous doses should always be
administered. _

The prophylactic value of tetanus antitoxin is much higher
than its curative value, as might indeed be anticipated from the
above facts. It is the opinion of some observers that tetanus can
be almost altogether prevented by adopting the routine practice
of administering antitoxin (about 10 e.c.) immediately in all cases
of injury of a kind likely to provoke tetanus. In 1903 there were
in the United States 406 deaths from tetanus in a total of 4449
Fourth of July injuries, while in 1907 there were only 62 in a total
of 4413. The improvement is undoubtedly due in part to the in-
creased prophylactic use of antitoxin, as well as to the better and
more general cleansing and drainage of wounds. In veterinary
practice tetanus antitoxin has been used prophylaectically with
great suceess. ™

* Methods for the standardization of tetanus antitoxin are deseribed in
Bull. 43, Hyg. Lab., Pub. Health and Mar. Hosp. Service, Washington, D. C.,
1908,



THE PATHOGENIC ANAEROBES 337

BaciLLus CHAUVEI

An important and widespread disease affecting cattle, and
known commonly as ““blackleg,” “ quarter-evil,” or “symptomatic
anthrax” (Ger., Rauschbrand; Tr., Charbon symptomatique), is
caused by an obligatory anaérobic bacillus, B. chauvei (B. anthra-
cis symptomatict). So far as known, the disease is not communieable
to man.

Morphology and Physiology.—The micro-organism of symp-
tomatic anthrax is a large baeillus, which is variously shaped ac-
cording to the particular stage of spore formation in which it is
observed. The spore is larger than the diameter of the cell and
lies within, in the middle of the
rod or slightly toward one end, so
that a spindle-shaped structure is
produced which has been likened
to a snowshoe or whetstone.
These rods with immature spores
are the so-called clostridium
forms (Fig. 86). In cultures
there appear successively long
rods (12 to 24 p), clostridium
forms, and free spores; involu-
tion forms are frequent. The
spores of B. chauvei are extra-  Fig. 86.—Bacillus chauvei; clos-
ondinarily resistant, and when (IR orma romserum-golatin cul
blackleg virus is once dried, it Wassermann).
1s very diflicult to destroy it
either by heat or antiseptics. Decolorization takes place by Gram’s
method.*  Slight, sometimes active, motility is observed, and
flagella can be demonstrated in young cultures.

Considerable variation oceurs in eultures, perhaps due to slight
differences in temperature, constitution of the culture-media,
and origin of the different strains. Gas production in sugar media
18 vigorous, the agar in a tube culture being often shattered into
fragments by the development of the bubbles. Gelatin is liquefied;
the growth is in the depths of the tube, and is composed of rounded
lobulated colonies with a dark center and a clear outer zone, suggest-

* Behavior toward the Gram stain is not always constant.
22
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ing resemblance to a mass of amphibian eggs. Plate cultures are
not characteristic. Milk is slowly acidified, coagulated, and proteo-
lvzed. In broth, especially with the addition of fresh blood or
blood-serum, luxuriant growth may take place, accompanied with
profuse evolution of gas. Aeccording to Kitt,* one of the most
careful students of this organism, the gas is without odor, the foul
smell noted by some observers being due to contamination of the
culture with anaérobic ‘‘cadaver bacteria.” A soluble toxin is
present in cultures in fluid media, especially in media containing
blood or blood-serum. Intravenous injection of such a toxin is
sufficient to kill a rabbit in a few minutes. This toxic substance
loses its strength on exposure to air, but endures heating to 115°C.
Pathogenesis.—Symptomatic anthrax runs a rapid course,
a case of natural infection usually terminating fatally in from one
to two days. The local swellings are quite characteristic. These
generally appear on the thigh, neck, or shoulder, and may attain
alaree size in a few hours. The affected muscles are of a dark, almost
black, color, whence the name of blackleg. A considerable quantity of
gas collects in the tissues, and the body is greatly swollen after death.
Punecture of the swellings causes the emission of a red, serous,
frothy, and malodorous fluid, which is infectious. Guinea-pigs
are very susceptible to subeutaneous inoculation; rabbits, as a rule,
prove immune. Feeding experiments on cattle and sheep are al-
most invariably negative. The disease appears ordinarily to be
due to wound infection, the bacillus being widely distributed in
soil; certain localities, however, may harbor particularly virulent
straing. Transmission from case to case is rare.
Immunity.—Immunization is still in the empirical stage. Inoe-
ulations with unattenuated virus give uncertain and not very
satisfactory results. Phagocytosis seems to have a share in pre-
venting infeetion, as shown by the experiment of injecting sterile
sand mixed with spores that by themselves are avirulent; under
these circumstances some of the spores seem to be protected by the
agglomerated sand grains, germinate and produce infection. A con-
siderable degree of practical success has attended the use of dried
virus for protective inoculation. In 1901-02 (July 1st to July 1st)
565,628 cattle were vaccinated in the United States; during the
* Kitt: Kolle and Wassermann, Handbuch, 2, p. 607.
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previous season 14,817 deaths had occurred; in a similar period
after vaccination the number of deaths was only 2002,

The vaecine distributed by the Bureau of Animal Industry of the United
States Department of Agriculture is prepared as follows: The muscle tissue
from a fresh blackleg tumor is pulverized in a mortar, extracted with a little
water, and the fluid squeezed through a piece of cloth. This is then dried
at 35°. The dry brown scale which results is suspended in water and injected
in appropriate quantities as determined by tests and specified on each package
distributed. The dried material retains a high degree of virulence for several

years and can at any time be mixed with water (2 parts), heated for six
hours at 95° to 99°, and inoculated (Norgaard’s method).

An acute disease of sheep occurring in parts of northern Europe,
and known as braxy (Bradsot), is associated with the presence
of an anaérobic baeillus very similar to, if not identical with, B.
chauvei. The clinieal pieture of braxy is said to be characteristic,
the portion of the stomach known as the abomasum bheing chiefly
affected. The braxy bacillus and B. chauvel are unlike in patho-
genic power for various animal species, this being their chief
demonstrable difference.

BaciLLus EDEMATIS

In 1877 Pasteur * discovered that inoculation of rabbits and
euinea-pigs with fragments of putrid flesh produced a disease
charaeterized locally by the aceumulation of fluid (edema) in the tis-
sues and also by degenerative changes in various organs. The affec-
tion could be communicated from individual to individual, and a rod-
shaped, spore-bearing anaérobic organism, called by Pasteur the
Vibrion seplique, was found in the affected tissue. Tt was asserted
later (Koeh,f 1881) that the baeillus did not oeccur in any con-
siderable number, in the blood, and that the disease could not
therefore be regarded as a true septicemia. This is true, however,
only of the larger animals; the small laboratory animals show a
septicemic condition. The name malignant edema has been commonly
applied to this affection since Koch's work (Ger., Malignes (Edem;
Fr., Oedéme malin, Septicémie gangreneuse).

Morphology and Physiology.—The size and shape of the
bacillus of malignant edema and its mode of spore formation are

* Pasteur: Bull. Acad. de méd., 1877 and 1881.
i Koch: Mitt. a. d. k. Gesund., 1881, 1, p. 53.
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essentially similar to those of B. chauvei. Staining reactions
are also the same. In fact, some observers have felt impelled
to maintain the absolute identity of these two organisms. On
morphologie grounds it is hardly possible to effect a definite
separation, although B. edematis shows a greater tendeney to grow
in long filaments (Fig. 87). Culturally also the bacillus of malignant
edema resembles the bacillus of symptomatic anthrax. Gelatin and
blood-serum are liquefied, milk is curdled and the casein slowly
digested, and gas is produced in media containing glucose. Cultures
emit a very foul odor. The distribution of B. edematis is thought
to be all but universal;
it is reported as found
with  particular  fre-
quency in manured soil,
in the cadavers of the
larger animals, and in
putrefying animal mat-
ter generally. Owing
to the great similarity
of the pathogenic an-
aérobes, it is possible
that different organisms
have been confounded
and that the wvarious

members of this group
o 57 il cnsigrantsdome, T are noban widely din
broth culture. Smear preparation, stained with  tributed as sometimes
fuchsin. 3 1000 (Friinkel and Pfeiffer). supposed.
Pathogenesis.—
Cases of alleged malignant edema in man have been reported
a number of times, but have not always been authenticated by
bacteriologic identification. This is true, for example, of the two
cases of malignant edema deseribed by Brieger and Ehrlich* as
occurring after subeutaneous injeetion of musk, although these cases
are ordinarily treated in the literature as the first recognized in-
stance of this affection. It is now known that the elinical pic-
ture alone is not sufficient to distinguish cases of emphysematous

* Brieger and Ehrlich: Berl, klin. Wchnsehr., 1882, 19, p. 661.




THE PATHOGENIC ANAEROBES 341

gangrene due to the bacillus of malignant edema from cases due
to B. welchii.* In those cases where the bacillus of malignant
edema has been isolated, the infection appears to start from frae-
tured bones, deep wounds, ete. Intestinal infection, lung infection,
and a case of pyosalpinx have also been traced to this organism.

Horses, and also sheep, cattle, and swine, suffer from oceasional
natural infection; epidemic prevalence is not common, although
a preference is displayed for certain localities. Malignant edema
is one of the ““ accidents of castration” in the horse; it has also been
observed in cattle after parturition. Guinea-pigs, pigeons, rabbits,
and hens are quite suseceptible to inoculation; dogs and cats are
more resistant. IExperimental subeutaneous and intraperitoneal
inoculation are most effective; intravenous injection is negative.
Attempts to produce malignant edema by feeding animals with
B. edematis have all been unsuccessful. Spontaneous infection
in the domestic animals is largely dependent on serious mechan-
ical damage to the tissues and on the presence of other microbes
or chemical substances. In addition to these local predisposing
factors an attack of malignant edema is favored by general influences,
such as an attack of acute disease. It is possible that in some cases
infection may be brought about by invasion of the tissues from the
alimentary tract, in the contents of which B. edematis is usually
present. .

In the larger animals the baeillus is found in enormous quantities
in the edematous fluid; it is generally absent from the internal organs
during life, although spreading rapidly throughout the body after
death. The guinea-pig, and still more markedly the mouse, show
a septicemic condition, the bacilli being found in the blood of the
mouse in great numbers immediately after death.

Baciirus WeLcHII (BAcILLUS AEROGENES CAPSULATUS) T
The organism most frequently found in cases of emphysematous
gangrene in man is B. welehii, the so-called gas bacillus. This
bacillus was discovered by Weleh (1892) and also independently
by E. Frinkel { (1893, B. phlegmones emphysematosz).

* Ghon, A., u. Sachs, M.: Centralbl. . Bakt., 1904, 36, p. 200.
t Johns Hopkins Hosp. Bull., 1900, 11, p. 185.
{ Friinkel, E.: Centralbl. f. Bakt., 1893, 13, p. 13.
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Morphology and Physiology.—Bacillus welchii is a plump,
rather long bacillus (3 to 6 1), occurring both in chains and singly;
it is non-motile, anaérobie, and stains by Gram’s method. Capsules
are usually present in preparations made from the organs or body-
fluids. Spores are formed by some races and are particularly likely
to appear on blood-serum. Gelatin is liquefied slowly when at all.
(Gas is produced in dextrose, lactose, and saccharose media, and by
some races in mannit; a small amount of gas may be formed also
from protein substances.

Hydrogen predominates
in the gas produeed from
sugar media, the ratio of
hydrogen to carbon diox-
id ranging from 2:1 to 3:
1. Milk is coagulated
with abundant gas pro-
duetion and strongly aeid
reaction (“stormy fer-
mentation ") ; the casein
is not digested (Fig. 88).
There is a typical odor
of butyric acid in milk
and glucose-agar cul-
tures. Most varieties
liberate hemoglobin
when grown in broth
to whieh blood has been
added. A simple method
of detecting the presence
Fig. 88.—Typical reactions of Baecillus of B. welchii consists in
Trclchii in_milk, Torty-eight hours old. (V. 5 dding a bitof Eterilenor
mal liver or other animal

tissue to broth in the fermentation tube (T. Smith). When any ma-
terial inoculated into such a tube contains the spores of B. welchii,
gas usually develops abundantly in twenty-four hours at 37° C.
MacNeal has found a slight modificationof this method especiallyser-
viceable in recognizingthe presence of the gasbacillussporesin feces. *

* MaeNeal, Latzer, and Kerr: Jour. Infect. Dis., 1900, 6, p. 571.
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Occurrence and Pathogenicity.—The gas bacillus is widely
distributed; like many other anaérobic bacteria, it occurs com-
monly in the intestinal tract of the higher animals and in soil;
it has been found also in dust, sewage, river-water, and milk. In
man it is associated with a variety of pathologic conditions. “If is as
acause of that most dreaded of wound complications, emphysematous
gangrene, that B. aérogenes capsulatus especially claims the interest
of surgeons” (Welch). The bacillus has also been observed in
closed abseesses in uterine infections, and in infections of the gastro-
intestinal, genito-urinary, and biliary tracts. Several observers
have isolated it from the blood during life. Study of the “foamy
organs’’ sometimes observed at St
autopsy has shown that the f , "
presence of gas in the internal .
organs shortly after death is \
often attributable to an inva- | p
gion by this organism (Fig. 89).
The development of gas in the
liver is a striking phenomenon |
in many of these cases. A B B

Herter # has shown that in h R
certain forms of disease the \ o
human intestinal tract contains 5k
an excessive number of bacilli
belonging to this group. The
characteristic type of “saccharo-butyric putrefaction” induced
by B. welchii may perhaps give rise to produets that bring about
an anemic condition., Many instances of anemia in children and
_adults seem to be accompanied by a chronic infection of the
intestinal tract by B. welchii, and as the general condition of the
patient improves, there is a distinet reduction in the numbers of
this organism found in the feces.

In the lower animals natural infection seems to be rare; local
abscesses have, however, been observed by Harris ¥ in dogs and
rabbits following injury. Rabbits and mice are practically immune
to simple inoculation. Dead rabbits have, however, been often

Fig. 89.—Bacillus welchii, showing
capsule; » 1100 (Hicks).

* Herter: Jour. of Biol. Chem., 1906, 2, p. 1.
t Welch: Johns Hopkins Hosp. Bull,, 1900, 11, p. 204.
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used as a culture-medium for the growth of this organism (Welch
and Nuttall *). If the rabbit is killed a few minutes after intra-
venous injection of B. welchii and the body ineubated at 37° C.,
gas is produced in a few hours throughout the body and a typical
form of putrefaction is engendered. (Gas may be liberated in the
liver within four to six hours after inoculation. Guinea-pigs
injected subcutaneously sometimes die with subcutaneous emphy-
sema accompanied by extensive neerosis and tissue digestion, some-
times develop local abscesses, and sometimes are unaffected. This
variation is aseribed to racial differences in virulence., The gas
bacillus is also highly virulent for pigeons. The toxiec substances
produced by B. welchii are thought by MeCampbellf to act not
directly like true bacterial toxins, but indireetly through the genera-
tion of organic acids (e. g., butyric acid), which are immediately
injurious to the tissues.

The organism described by Klein} under the name of B. enterit-
idis sporogenes is very similar to, if not identical with, B. welchii.
It is, however, declared to be motile and to produce spores rather
readily. To its presence in milk Klein attributes certain epidemics
of diarrhea, but there is no sufficient evidence for this view, especially
sinee Glynn§ has shown that large numbers of the bacilli may be
swallowed by a healthy man without producing any immediate ill
effect. Some writers have proposed that the presence of B. welchii
in water should be taken as evidence of sewage pollution, but the
fact that the organism oceurs abundantly in soil does not eounten-
ance the adoption of such a eriterion. Great confusion has reigned
in the field of identification and nomenclature. The following
names probably refer to the same organism: B. welchii, B. aérogenes
capsulatus, B. phlegmonis emphysematose, B. enteritidis sporo-
renes, and B. perfringens. A bacillus found by Achalme || and
others in cases of acute rheumatism, and regarded by them as
standing in ecausal relation to that a,l’fectu:nrfjr is almost certainly
identical with B. welchii.

* Weleh and Nuttall: Johns Hopkins Hosp. Bull., 1892, 3, p. 81.
i MeCampbell: Jour. Infect. Dis., 1908, 6, p. 537.

1 Klein: Centralbl. f. Bakt., 1895, 18, p. 737.

§ Glynn: Thompson-Yates Lab. Rept., 1901, 3, p. 131.

|| Achalme: Ann. de I'Inst. Past., 1897, 11, p. 845.
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BaciLLus BoTULINUS

The consumption of certain animal foods in a raw eondition
is sometimes followed, after an interval of twenty-four to thirty-
six hours or later, by a fairly characteristic set of symptoms frequently
terminating in death. Raw sausage is the article of diet most
commonly responsible for outbreaks of meat poisoning, and the
name botulism (Lat., botulus, a sausage) is now applied to certain
specific cases. Botulism is an intoxieation caused by the products
of an anaérobic bacillus discovered by Van Ermengem in 1896.*
A very similar if not identical affection, said to be common in Russia,
has been traced to the use of raw salted fish. Mention has been
made elsewhere of a different class of meat-poisoning cases due
to B. enteritidis (Girtner) (p. 271).

Morphology and Physiology.—B. botulinus is a large anaérobic
baeillus with somewhat rounded

ends (4 to 6 ¢ by 0.9 to 1.2 p). \

It may oceur singly or in pairs, oA f . ’\i’
or in short threads. In broth Y ‘. \‘
cultures kept at 37°, which is an / ~— \

unfavorable temperature for this "' // Y4 \ 7

organism, involution forms de- | / r'4 |
velop in the shape of very long ¢ s \ A K \ / !
twisted filaments. The organ- | £ ’
ism is slightly motile, and pos- ’& /

sesses four to eight delicate peri- b, 7
trichal flagella; Gram’s stain is L e
positive. Oval spores are pro- Fig. 90.—Bacillus botulinus,
duced at one end of the cell ¥ihspores. Pure cultur on sugar

(Fig. 90)., The spores of B. (Kolle and Wassermann).

botulinus are endowed with rela-

tively slight resistance toward chemicals and heat, being destroyed
by heating for one hour to 80° C. (van Ermengem).

On glucose gelatin plates the young colonies are rather character-
istic: they are spherical, translucent, of a yellowish-brown color,
and are composed of coarse granules which show a steady streaming
movement. A zone of liquid gelatin surrounds the colony. The

* Van Ermengem: Ztschr. {. Hyg., 1897, 26, p. 1.
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growths in glucose gelatin and agar tubes are not characteristic and
resemble closely those of other anaérobes. Gas is produced from
glucose, but not, according to van Ermengem, from lactose or
saccharose. Milk is not curdled. Abundant growth takes place at
ordinary temperatures (18° to 25°C.), while at 37° to 38.5° C. growth
is seanty and iz accompanied by the appearance of involution
forms. Unlike the majority of pathogenie anaérobes, B. botulinus
is apparently not widely distributed, and has been rarely found in
the usual haunts of these organisms.

Pathogenesis.—Animal experiments have brought to light the
highly remarkable fact that the pathologic changes associated with
the presence of B. botulinus are not accompanied by any noteworthy
multiplication of these germs in the living body. In a word, the
deleterious effects produced by this organism are due, not to any
poison that it forms within the animal, but to the substances gener-
ated by its growth outside the body. Van Ermengem has proposed
the term pathogenic saprophyte for micro-organisms which, like
B. botulinus, are lacking in virulence or power to grow in the animal
body, but, like certain of the higher plants, such as poisonous mush-
rooms, the deadly nightshade, and the fungus of ergot (Claviceps
purpurea), are dangerous by virtue of the poisonous compounds
that are generated in their cells or in the substances in which they
proliferate. Like the higher plants just mentioned, B. botulinus
is not able to lead a parasitic existence in the bodies of warm-
blooded animals. The behavior of this organism is doubtless cor-
related with its inability to grow well in broth at the body-tem-
perature (37.5° C.). Rabbits, guinea-pigs, mice, apes, and cats are
very sensitive to the botulism poison, and die after small doses of
fluid culture. A guinea-pig is killed by a drop or t'wo of broth culture
on a piece of bread. Still smaller quantities result fatally when
given subecutaneously. Rabbits die in thirty-six to forty-eight
hours after injection of 0.0003 to 0.001 c.c. The symptoms seem
to originate largely from a toxic action on the medulla. Great
museular weakness and paralysis, profuse secretion from the mouth
and nose, disorders of the eyes and other sense-organs, and derange-
ment of the cardiac and respiratory centers, are among the usual
accompaniments. At autopsy an intense congestion of the internal
organs is observed, and microscopic examination reveals degener-
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ative changes in the nerve-cells of the bulb and cord and in the
salivary glands. Very small doses of the poison provoke local
paralysis and lead to a cacheectic condition which in some animals
ends fatally after weeks or months.

In man the symptoms of botulism are very similar to those
observed in the lower animals. It seems probable that in natural
botulism, as in animal experiments, there is no true infection, but
a preformed poison is responsible for the whole symptom-complex.
The presence of B. botulinus or its toxin in meat is not necessarily
associated with any of the ordinary signs of protein decomposition;
it has been shown that meat of externally innocent charaeter may
give rise to botulism. At the same time, it must be recognized that
the phenomenon is essentially connected with the processes of
nitrogenous putrefaction, and that botulism is to be avoided by
eschewing the use of raw, improperly eonserved animal foods.

The Toxin.—The toxin produced by B. botulinus has aroused
peculiar interest. It is not only of extraordinary poteney when
injected subeutaneously, 0.0001 c.e. of a fluid culture sufficing to
kill a rabbit, but, in contrast to all other known hacterial toxins,
it is highly poisonous when taken into the alimentary tract. So
small a quantity as 0.01 e.c. of a glucose broth culture can produce
death in twenty-four to thirty-six hours when administered to a
monkey or rabbit through the mouth. The toxin is easily destroyed
or rendered inert by light, heat, and various chemicals. Like the
tetanus toxin, it is bound by an emulsion of the central nervous
gystem, admixture of the toxin with such an emulsion being innocu-
ous when injected into an animal. A botulism antitoxin has been
produced by injection of small, gradually increasing doses of the
toxin. The antitoxic serum thus prepared exerts in animal experi-
ments an undoubted preventive and curative aetion.

DIFFERENTIATION OF THE ANAEROEES
There is comparatively little difficulty in distinguishing B.
tetani from the other anaérobic organisms. Its morphology is
quite characteristic. In stained preparations from a twenty-four-
to forty-eight-hour eulture grown at 37° C. the majority of the baeilli
have the drumstick appearance caused by the large terminal spores.
The feathery or tree-like growth in yvoung glucose-gelatin stab
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cultures is also characteristic. Unlike cultures of B. welehii and
B. edematis, there is little or no gas formation in glucose-gelatin,
slow liquefaetion occeurring after a few days.

B. welchii may be quite readily distinguished, but differentia-
tion between B. edematis, B. chauvei, and B. botulinus is some-
what more difficult, for morphologically these organisms are very
similar. One of the most ready tests for B. welchii is that devised
by Welch and Nuttall,* and consists of injection of the bacilli
into the ear vein of a rabbit, which is then killed after a few
minutes by a blow on the head. The body is incubated, and in .
twenty-four hours the blood and organs are found to be filled
with gas and bacilli. This demonstrates one of the most funda-
mental characteristies of B. welehii, the power of producing a highly
inflammable gas from protein material. The following points have
also been given for distinguishing B. welchii from B. edematis: B.
edematis is somewhat slimmer, has a greater tendency to grow
into filaments, is less readily stained by Gram’s method, produces
spores more regularly, is motile, liquefies gelatin mueh more rap-
1dly, generates less gas in lactose broth, first clots, then peptonizes,
milk, with much less gas and with a putrid instead of a butyrie aecid
odor. As to the effect produced by these two organisms in the
animal body, in general, an absence of emphysema in the lesions
is characteristic of B. edematis, while the presence of gas in the
organs and tissues is a constant peculiarity of B. welchii.

Throughout bacteriologic literature there is uncertainty as to
any distinetion between the organisms causing malignant edema
and blackleg. Morphologically, the bacilli found in these two
diseases are practically indistinguishable, although it is said that
B. edematis has a greater tendency to grow in long filaments, while
B. chauvei more often shows the clostridium structure. B. chauvei
is a very pleomorphiec organism, two varieties having been deseribed:
(1) a sporeless, non-motile form without flagella, and (2) a spored
motile form.T Varieties have also been found to differ as to their
gas-production and their behavior in milk.f In fact, so different
are the varieties that it is doubtful whether immunity produced

* Welch and Nuttall: Johns Hopkins Hosp. Bull.,, 1892, 3, p. 81.

t Grassberger, R., and Schattenfroh, A.: Archiv f. Hyg., 1903, 48, pp. 1, 77.

{ Smith, T., Brown, H. R., and Walker, E. L.: Jour. Med. Res., 1905, 14,
p. 192,
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by one type of organism would be effective against the other type.
Culturally B.edematis and B. chauvei are similar, although, according
to Grassberger and Schattenfroh, the former grows best on slightly
alkaline, the latter on slightly acid, media, and there is some differ-
ence in their biochemical produets. It is in their relation to the ani-
mal body and in their distribution that they show the most constant
differences. B. edematis is of widespread occurrence and may
readily be isolated by inoculating a guinea-pig or rabbit with garden
soil or dung. True symptomatic anthrax is rarely produced ex-
cept by inoculation with material derived from the tissues of a
diseased animal; furthermore, the virulent races are difficult to
cultivate on artificial media without the presence in the culture-
tube of some animal substance, such as a bit of sterile beef muscle.
Rabbits, which are susceptible to B. edematis, are usually immune
to B. chauvei, although intermediary bacteria are found which are
pathogenic for these animals,

While morphologically B. botulinus is very similar to the groups
of anaérobes just discussed, it is readily differentiated from them
by its slight growth and non-sporulation at 37° C., the low resist-
ance of its spores, the non-coagulation of milk eultures, and its non-
production of disease in the animal body.

BaciLLus FusiFOrRMIS

In an affection of the mueous membrane of the mouth and throat
known wvariously as ‘‘uleeromembranous angina and stomatitis,”
“Yineent's angina,” *‘ pseudomembranous angina,” ete., an anaérobic
organism, B. fusiformis, has been described by a number of observers
as being constantly present.* The symptoms and lesions are quite
characteristic, and the affection seems rather prevalent, although,
from its mild character, it generally passes unnoticed. The anaé-
robie baeillus is a long, slender organism with pointed ends, slightly
swollen in the middle. Hence it is referred to as spindle-shaped or
fusiform. It is non-motile according to most observers, and does
not stain by Gram’s method. In fluid media under anaérobie
conditions growth is flocculent and whitish. Neither in fluid nor
solid media, however, are the cultural features especially character-

* Weaver and Tunnicliff: Jour. Amer. Med. Assoc., 1906, 46, p. 482,






CHAPTER XXII
THE TUBERCLE BACILLUS

No disease is so widespread or occasions so much distress and
economic loss as tuberculosis. In 1900 in the United States 111.059
deaths, amounting to about one-ninth of the deaths from all known
causes, were due to this disease. DBaldwin estimates that tuberculosis
costs the United States $150,000,000 to $200,000,000 vearly.*

The fact that tuberculosis
was a specific inoculable disease
was shown by Villemin | as early
as 1865, and the tubercle bacillus
was probably seen in microscopic
sections through tuberculous
areas by Baumgarteni in 1882,
Robert Koch first established
the etiology of tuberculosis on
a solid basis.§ Koch succeeded:
(1) In demonstrating by special
staining methods that the tu- -
berele bacillus was present in a Fig. 91—Bacillus tuberculosis,
great variety of affected organs pot™ B PG IR e K
and tissues; (2) in securing pure mann).
cultures of the bacillus in the
face of great technical difficulties; (3) in performing sueccessful
inoculation experiments with the isolated cultures,

Morphology.—In film preparations, made either from sputum
or from cultures, the human tubercle bacillus ordinarily appears as
a slender rod, often slightly eurved, about 2 to 42 long and 0.3

* Baldwin: Osler's ““Modern Medicine,” 1907, 3, p. 143.
t Villemin: Gaz. hebdom., 1865, 2 8., 5.
1 Baumgarten: Centralbl. f. d. med. Wiss., 1882, 20, p. 257.

§ Koch: Mitt. a. d. k. Gesund., 1884, 2, p. 1.
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to 0.5¢ broad (Fig. 91). The individual rods may oeceur singly,
but often lie in small heaps. A capsular or enveloping substance
is produced by tubercle bacilli. It is more abundant in human
than in bovine cultures, and the amount becomes greater with the
length of artificial cultivation on serum. In cultures a remarkable
filamentous growth has been repeatedly observed, and in sputum
also long branching, hypha-like filaments, sometimes with swollen
ends, have been found. By some observers these clubbed and
branching forms are regarded as abnormal or involution forms,
possessing no signifieance in the normal life of the tuberele bacillus.
Others, and perhaps the majority, consider that the branching
filaments seen in eultures represent normal morphologic characters
of the tubercle micro-organism. In the animal body likewise
a stellate actinomyeces-like (p. 444) growth is sometimes produced
by the tubercle bacillus. Some bacteriologists, on the basis of these
findings, class the tubercle bacillus either with the trichomycetes
(Ch. XXVII) or with the true molds, while others place the tubercle
bacillus and certain elosely allied miero-organisms in a speeial group
holding an intermediate position between the ordinary baeilli and the
trichomyveetes. Whatever be the final outeome of taxonomie discus-
sion, the tubercle bacillus with its near allies must be regarded as
standing rather apart from most other pathogenic baeilli, and possibly
may eventually turn out to be ““ the parasitic growth-form of a higher
mold.”

The minute structure of the tubercle bacillus has likewise been
the object of some discussion. Vaeuoles often occur so abundantly
as to give to the rod the appearance of a chain of cocei, and these
unstaining spaces have been sometimes mistaken for spores, especi-
ally by the earlier students of the organism. More recently several
observers have deseribed small, deeply staining bodies within the
cell, which in some of their morphologic and tinctorial characters
resemble the spores formed by other bacteria. These spore-like
bodies, however, display little or none of the heightened resistance
to the action of heat and chemicals which is so characteristic a
feature of other bacterial spores. The true nature of these structures
is, therefore, still problematic. The tubercle bacillus is non-motile,
and no flagella have been seen.

Staining.—The tubercle bacillus stains very imperfectly or not
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at all with the ordinary aqueous anilin dyes, a fact that doubtless
delayed the discovery of its presence in the tissues. If, however,
the action of the dye is intensified by the aid of a mordant or by
heat, the bacilli take on a deep coloration. Once stained, they
retain the color tenaciously, even when treated with alcohol or
strong mineral acids. This behavior is so characteristic that the
tubercle bacilli, together with certain other related organisms,
are frequently designated as ‘“‘acid-proof baeilh.” BSome nvesti-
gators, however, have described forms or phases of the tubercle
bacillus which are not acid-proof.*

The examination of sputum for the tubercle bacillus is hest
earried out by the use of antiformin. This liquid, which is com-

Fig. 92.—Tuberele bacilli in phthisical sputum (Beck).

posed of a mixture of 7.5 per cent. sodium hydroxid with sodium
hypochlorite in such an amount that 100 grams of antiformin
can liberate 5.3 grams of chlorin, was first utilized by Uhlen-
hutht in bacteriologic studies. The intense oxidizing power
of antiformin enables it to dissolve many kinds of organic
matter and to destroy most forms of micro-organisms. The
organisms of the acid-proof group, however, resist the dissolving
action, probably because they are enveloped in a waxy capsule.
Hence mixing antiformin with sputum leads to a complete dissolu-
tion of the mucus at the same time that it leaves unaltered the

* See v. Behring, “Tuberculosis,” 6, No. 9.
t Uhlenhuth: Ber. klin. Wehnsehr., 1908, 45, p. 1346.
23
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of the tubercle bacillus to decolorization depends not upon any
impermeability of the cell-envelop to aecids, but upon the con-
stitution of the cell body. The constituent of the cell especially
responsible for this behavior is an aleohol, mykol (C,H.07?),
which is perhaps in part present in the bacterial body as an ester
of some higher fatty acid.* It has been shown that other kinds of
bacteria can be made to acquire “acid-proof” qualities by being
grown upon media containing fatty ingredients. Conversely,
mykol in tuberele baecilli may be extracted with alcohol and ether,
and the specific staining reaction simultaneously disappears.

Cultivation.—It is not easy to cultivate the tubercle bacillus
directly from tuberculous lesions. Growth fails to take place on
ordinary nutrient agar or gelatin, and at first is slow and scanty even
on the most favorable media. After cultivation has onee succeeded,
transplantation to another tube of the same medium will result
in a more abundant growth, and in subeultures growth will take
place upon media on which the bacillus fresh from the animal
tissues fails to proliferate.

Koch first succeeded in cultivating the tubercle bacillug by the
use of inspissated blood-serum, and this medium still remains one
of the most satisfactory for isolation. Once cultures are obtained,
they can be grown on a variety of substrata. Glycerin-agar (Nocard
and Roux 1), prepared by adding 2 to 5 per cent. of glycerin to
ordinary nutrient agar, has been widely used. Upon this medium
subcultures ean be made and a more luxuriant growth secured
than by the continued use of serum; glycerin-agar, however, is not
itself suitable for effecting a primary isolation. Glyeerin broth is
a favorable medium for well-established cultures and allows the
development of a heavy growth. Care must be taken that the layer
of broth is shallow and fosters a surface growth, since the tubercle
bacillus requires an abundant supply of oxygen.

Many American workers have found especially useful a method
employed by Theobald Smith { for cultivating the organism from
the tigsues which involves the use of dog-serum. The method a< he

* Tamara: Ztschr. . physiol. Chem., 1913, 87, p. 85.
f Nocard and Roux: Ann. de I'Inst. Past., 1888, 1, p. 19.
I Smith, Theobald: Jour. Exper. Med., 1808, 3, p. 451.
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gives it is as follows, viz.: ““The dog was bled under chloroform and
the blood drawn from a femoral artery, under aseptic conditions,
through sterile tubes into sterile flasks. The serum was drawn
from the clots with sterile pipets and either distributed at once
into tubes or else stored with 0.25 to 0.3 per eent. chloroform added.
Discontinued sterilization was rendered unnecessary. The temper-
ature required to produce a sufficiently firm and yet not too hard
and dry serum is, for the dog, 75° to 76° C.; for horse-serum it is
from 4° to 5° lower. The serum was set in a thermostat into which
a large dish of water was always placed to forestall any abstraction
of moisture from the serum. About three hours suffice for the
coagulation. When serum containing chloroform is to be ecoagu-
lated, I am in the habit of placing the tubes for an hour or longer
in a water-bath at 55° to 60° C., or under the receiver of an air-pump
to drive off the antiseptic. This procedure dispenses with all sterili-
zation exeept that going on during the coagulation of the serum.
It prevents the gradual formation of membranes of salts, which, re-
maining on the surface during eoagulation, form a film unsuited
for bacteria. Tubes of coagulated serum should be kept in a cold
closed space, where the opportunities for evaporation are slight.
They should always be kept inclined. . . . . In inoculating
these tubes, bits of tissue, which include tuberculous foci, especially
the most recent, are torn from the organs and transferred to the
serum. Very little erushing, if any, is desirable or necessary. I
think many failures are due to the often futile attempts to break
up firm tubereles. Nor should the bits of tissue be rubbed into the
surface, as is sometimes recommended. After a stay of several
weeks in the thermostat, I usually remove the tubes and stir about
the bits of tissue. This frequently is the ocecasion for a prompt
appearance of growth within a week, as it seems to put certain still
mieroscopic eolonies in or around the tissue into better condition
for further development. The thermostat should be fairly constant,
as urged by Koch in his elassic monograph, but I look upon moisture
as more important. If possible, a thermostat should be used which
is opened only occasionally. Into this a large dish of water is
placed, which keeps the space saturated. Ventilation should be
restricted to a minimum. As a consequence, molds grow luxuriantly,
and even the gummed labels must be replaced by stiff manila paper
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fastened to the tube with a rubber band. By keeping the tubes
inclined, no undue amount of condensation water can collect in the
bottom, and the upper portion of the serum remains moist. The
only precaution to be applied to prevent infection with molds
is to thoroughly flame the joint between tube and cap, as well
as the plugged end, before opening the tube. When test-tubes .
are employed, it is well to dip the lower end of the plug into sterile
molten paraffin and to cover the tube with a sterilized paper cap.
The white bottle caps of the druggist are very serviceable.”

Dorset’s egg medium * affords a simple and easy method of
isolating the tuberele bacillus from the tissues. Fresh, thoroughly
eleansed eggs are broken into a sterile flask and the yolks and whites
thoroughly mixed without frothing, The medium is placed in
sterile tubes, about 10 c.c. in each, and hardened in the inspissator
in a slanted position by heating on two successive days from four
to five hours at 70° C.

Hesse’s method has also proved very satisfactory for isolating
the tubercle bacillus from sputum. After washing a bit of the
gputum in physiologic salt solution (five to ten changes) it is drawn
over the surface of a plate of Hesse's agar.t Upon incubating the
plate for several days in a moist atmosphere, young colonies of the
tubercle bacillus may be identified with a low power by their re-
semblance to minute wavy streaks.

When cultures are well established upon any medium, transfers
may be made to a variety of other substances. Potato, carrot,
macaroni, and other vegetable substrata have been successfully
employed. The addition of glycerin to these substances facilitates
development. Sander ] obtained cultures direet from tuberculous
lesions upon glycerinated potato.

Varioussynthetically prepared media have been used by Kiihne$

* Dorset: Amer. Med., 1902, 3, p. 555.

T “Nihrstoff Heyden," “somatose,” or “nutrose’. 5 grams

R el s A
LT e e S e e U e 3
Sol. Na,CO, (eryst.) 28.6 percent............ . b ot
e e e R e R T 1000 “

t Sander; Arch. f. Hyg.,, 1893, 16, p. 238,
# Kithne: Ztschr. f. Biol., 1894, 30, p. 221.
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and others. Proskauer and Beck * found growth to oceur in a
golution of the following simple constitution:

Ammonium carbonate....................... 0.35 per cent.
Mono-potassium phosphate................... 0.1 ¢
Magnesium sulfate. . . coivian i wn s wani s e el Sl
Tt | R B e LM i A i Lol g ks
L T N e T e T 078 Tt

Biologic and Chemical Characteristics,—Upon the surface
of blood-serum and glycerin-agar col-
onies of the tubercle bacillus appear in
about ten days as minute, barely visible
grains. They are dull and dry in ap-
pearance and irregular in outline. In
cultures fresh from the tissues the col-
onies usually remain small and separate
without confluence, but in subeultures,
especially upon glycerin-agar, the growth
is more luxuriant and the surface of
culosis, source human. Ma- the: medium be?:ﬁmes covered with a
E‘ﬁ.ﬁflu::ﬂ;ém E;::E:Eﬁ:i wrinkled hln_n (Fig. 94). The: color of
and Newman). the growth is a lusterless white, often

becoming faintly tinged with brown
or yvellow in old cultures. In glycerin broth growth may oceur
in separate patches on the surface, or may form a continuous,
heavily wrinkled pellicle. Sometimes masses of baeilli sink to the
bottom of the fluid as a powdery sediment. A peculiar almond-
like odor is often noticeable.

Whatever the medium employed, the temperature range within
which growth occurs is a narrow one. The best development
oceurs between 37° and 38° C.; growth usually ceases above 42°
and below 28°, although in glycerin-potato broth Sander t found
growth to take place at a temperature as low as 22° or 23°C. Unlike
most bacteria, the tubercle bacillus grows better on media of a
slightly aeid reaction; this is another feature in which it shows
affinity with the molds or hyphomycetes.

The chemistry of the tubercle bacillus has received particular

Fig. 94.—Bacillus tuber-

* Proskauer and Beck: Ztschr. f. Hyg., 1894, 18, p. 128,
t Sander: Arch. f. Hyg., 1803, 16, p. 238.
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attention at the hands of investigators. The waxy substance
in the cell, to which the tubercle baecillus owes its characteristic
staining qualities, is believed to be, in large part, either an alcohol
or a combination of eerfain fatty acids (chiefly palmitie acid) with
the higher aleohols. Analysis of the ash of tubercle baecilli has
given the following proportion of mineral elements:*®

s T T e R R 13.62 per cent.
Oxid of POaRRIOM. (v v vvvn i i 6.35 g
EEed of GRS - - - - - coci i e vires na 12,04 L
PG T e S R s B ., T
Carbon and silicieacid. ... ................... 0.57 1
TR A bR e e N | i (R

The large amounts of phosphoric acid, caleium, and magnesium
are especially noteworthy.

Peculiar nucleoproteins have been extracted from the tubercle
bacillus. Ruppel and Levene T obtained three forms of nucleo-
protein from bacilli grown on synthetic media. A nucleic aeid
of speeial constitution (tuberculinic acid) is formed by the breaking-
down of the nucleoprotein. The nucleoproteins possess poisonous
properties and are probably identical with the so-called “endo-
toxins'' of the tuberele baecillus which have been extracted from the
eell by various methods. Traces of these substances may pass into
solution in a living culture, but there seems to be no secretion or
exeretion of true toxins during active growth.

Powers of Resistance.—Although multiplication of the tubercle
bacillus can take place, as a rule, only within a narrow range of
eonditions, the vitality of the bacillus under adverse cirenmstances
is considerably greater than that of most pathogenic baecteria.
In putrefying sputum it may occasionally remain viable for weeks
or even months. Musehold § has found it in the soil of sewage
fields and in sewers connected with sanitaria for consumptives.

Considerable resistance to desiceation is shown. The bacilli
in masses of dried sputum kept in a eool dark place may retain their
virulence for as long as six to eight months, but not for much longer
periods. Sputum that is completely dried, so that particles are

* DeSchweinitz and Dorset: Centralbl. . Bakt., 1898, 23, p. 993.
t Ruppel and Levene: Ztschr. f. physiol. Chem.. 1898, 26, p. 218; Jour.

Med. Res., 1901, p. 135.
# Musehold: Arb, a. d. k. Gesund., 1900, 17, p. 56.
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capable of floating as dust in the air, may be infective for eight to
ten davs, rarely longer. ]

Toward dry heat the baecilli are highly resistant, being able, if
in dried sputum, to withstand a temperature of 100° C. for an hour.
When they are heated while suspended in a fluid, such as water,
broth, or milk, Theobald Smith has shown that death occurs in
fifteen to twenty minutes at 60° C. If, however, milk is heated
at this temperature in an open vessel, the pellicle that forms in con-
tact with the air may protect the baecilli against a temperature of
60° for as long as an hour. Pasteurization, to be effective, therefore,
must be carried out in a closed vessel at 60° C. for twenty minutes.
Boiling for five minutes completely destroys the vitality of the baeilli.,
As is the case with most bacteria, extreme cold is not germieidal.

Carbolie aecid (5 per cent. solution) added to sputum requires
a long time (twenty-four hours) to kill the baecilli because of its
slow penetration. Lysol, which has a solvent action on muecus as
well as strong germieidal power, is to be preferred. Gastrie juice,
because of its acidity, impedes development, but does not kill all
bacilli introduced into the stomach; an experiment has been re-
corded in which the gastrie juice of a dog did not destroy the vitality
of tuberele bacilli in eight hours.

Exposure to direct sunlight readily effects the destruction of
tubercle baeilli, especially in the presence of abundant oxygen
supply. The conditions of exposure determine the time necessary
to produce death, but, broadly speaking, bacilli from cultures are
killed in a few minutes to two hours, while baeilli in sputum
require twenty to thirty hours, or even longer.

Tuberculous Infection in Man.—Practically every organ and
tissue of the human body may be invaded by the tubercle bacillus.
As is well known, the lungs constitute the seat of the most common
lesions, but the intestines and mesenteric glands, the larynx, the
skin, the lymph-glands of the head and neek, the portal glands
and liver, the bones and joints, and the urogenital system are
frequently attacked. In ordinary cases of tuberculosis there is
no conclusive proof of the frequent and continued presence of
tuberele bacilli in the blood. Statements of positive findings seem
to be due to the presence of acid-proof bacilli in the distilled water
used for making the microscopic examination.* Tuberele bacilli

* Brem: Jour. Amer. Med. Assoc., 1909, 53, p. 909,
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are sometimes present in the gall-bladder and make their way into
the intestine with the bile; they may oceur in feces in considerable
numbers. Lesions caused by the tuberele baecillus, in whatever part
of the body they oceur, usually possess a definite although not
absolutely characteristic appearance and histologic struecture,
Small nodules or tubercles, plainly visible to the naked eye, are so
uniformly observed in all advanced infections with the tuberele
bacillus that their presence has given the name to the disease.
The young tubercle, according to the opinion of most investigators,
originates from the fixed cells surrounding the invading baecilli.
By the proliferation of the fixed cells elongated or ““epithelioid”
cells are developed in more or less definite concentrie layers and come
to form the substance of the tubercle. So-called giant-cells soon
appear in the developing tubercle in the majority of eases. The giant-
eells are huge multinuelear masses of protoplasm, of oval or irregular
shape, and have been held to be especially distinetive of true tuberele
formation, although it is doubtful if this eriterion ean be main-
tained. As arule, a giant-cell appears to arise from the enlargement
of a single epithelioid cell, although it is maintained by Metchnikoff
and some others that the giant-cell is produced by fusion of a number
of epithelioid cells. While the formation of epithelioid and giant-
cells is going on, leukoeytes (at first lymphoeytes, later polymorpho-
nuclear leukocytes also) which have wandered out of the blood-
vessels cluster around the periphery of the tubercle. Degeneration
of the tubercle eventually sets in, the central portion becomes
necrotie, and this is followed by easeation and then by softening
of the caseous mass. Finally, in many cases a deposit of ealeium
salts takes place in the tuberele. converting 't into a hard, dry,
friable body which may become encapsulated and completely
walled off from the surrounding tissue.

The early stages of tubercle formation, which are characterized
by cell proliferation and leukocytic infiltration, are probably to be
referred to a chemical or mechanical stimulus caused by the presence
of the bacilli; the later changes, leading to cell necrosis and caseation,
are reasonably attributed to the toxie action of the baecterial prod-
uets. The hardening, drying and shrinking of a tubercle probably
betoken a healing process. Coalescence or conglomeration of
tubercles commonly takes place, the confluent masses sometimes
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reaching a diameter of 4 or 5 centimeters. In severe cases there
oceurs a general diffusion of small tubercles of the size of millet-
seeds (acute miliary tubereulosis). This form of the disease seems
to depend upon the simultaneous or nearly simultaneous discharge
of large numbers of baeilli into the blood-stream, an event that may
be brought about by erosion of the wvessel wall by a tubereulous
proeess approaching from without, or in other ways.

The work of Prudden and Hodenpyl,* Straus and Gamaléia,f
and others has established the important fact that the injection
into the eirculation of dead tubercle bacilli in considerable numbers
can lead to typical tubercle formation. The substance present
in the dead bacteria that produces this reaction is not destroyed
by high temperatures, as shown by the positive results obtained
after exposure of the bacilli to 115° C. for ten minutes. In these
experiments giant-cell formation takes place in apparently the same
way as under the stimulus of living bacilli, but caseation develops,
when at all, only to a slight degree, and is never extensive.

Tuberculous Infection in the Lower Animals.—(a) Mam-
malian Tuberculosis.—Among the larger domestic animals, cattle
and swine are most commonly found affected. The horse is very
rarely attacked, and sheep also appear to be relatively exempt.
Slaughter-house statistics in Europe show that about 15 to 30 per
cent. of eattle and about 2 to 3 per cent. of swine are tubereulous.
In the United States, as far as the figures are available, the pro-
portion of tuberculous animals slaughtered in abattoirs iz not
nearly so great as in Europe. According to the reports of the
United States Bureau of Animal Industry, 28,000,000 cattle were
subjected to post-mortem examination during the years 1900-1905,
and 0.134 per cent. were found to be affected The large pro-
portion of range cattle that have led an open-air life is probably
responsible for this favorable showing. In countries where the
delicate tuberculin test has been systematically applied a larger
number of animals is found to reaet than is indicated by the results
of slaughter-house inspection.

Animals in menageries and zoblogical gardens frequently die
of tuberculosis. The smaller laboratory animals, as a rule, are

* Prudden and Hodenpyl: N. Y. Med.. Jour., 1891, 53, pp. 637, 697.
1 Straus and Gamaléia: Arch. méd. expér., 1801, 3, p. T05.
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susceptible to artificial inoculation, although not contracting the
disease under natural conditions. In experimental work the
guinea-pig is chiefly used.

The anatomie and clinical features of bovine tuberculosis are
in the main similar to those of human tuberculosis, but show also
some differences, such as the earlier calcification of the tubercles
and the extraordinarily slow progress of the disease. When the
pleure are affected, nodules appear in greater or less abundance
on the visceral or parietal surfaces, a condition that constitutes the
so-called pearl-disease (Ger., Perlsucht) of cattle,

The important question whether the tubercle bacilli found in
bovine, human, and other varieties of mammalian tuberculosis
are identical, whether, in other words, a single type of micro-organ-
ism is responsible for all the various forms of mammalian tuber-
culosis, is in a eertain sense not ripe for solution. The features that
should characterize a “‘ bacterial race or species” have not yet been
established, and until some consensus of opinion on this point has
been reached, discussion of spe