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PREFACE TO THE EIGHTH EDITION

NEw material has been added on the bacteriophage phenom-
enon, tularemia, botulism, scarlet fever, and other subjects in
which recent progress has been made. In the chapter on Ana-
érobes, which has been extensively revised, I am indebted to
Professor [van C. Hall, of Cornell University, Ithaca, N. Y., for
useful suggestions. A number of other friends and correspond-
ents have kindly offered helpful eriticisms or called attention to
errors. I am under special obligation to my colleagues, Profes-
sor J. F. Norton and Professor [. 5. Falk, for help given in cer-
tain portions of the revision,

CrHicaco, TLL,,
November, 1924.






PREFACE

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. Baecteriology 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 scientific student and reader bacteriol-
ogy presents certain aspeets that tend to widen the outlook upon a
variety of human inferests.

It need hardly be said that within the compass of this work
an exhaustive treatment of all sides of bacteriology is impossible.
The needs of the advanced worker can be met only—and that
but in part—by such monumental special treatises 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
subject will find some bibliographical references given as a sort of
first aid to the investigator. These include references to some
articles of classic or historic interest, to some giving valuable sum-
maries or bibliographies of important subjeets and to a few in fields
where investigation is very active or opinions considerably at
variance. No pretension to completeness is made.

The fundamental principles 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 sciences towards the elabora-
tion of special laboratory manuals and guides has mueh in its favor,

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



12 PREFACE

which may be mentioned the excellent manuals of Frost, Gorham,
Heinemann, Moore and Novy, to mention only American authors.
In any case a proper familiarity with laboratory methods can be
eained only with the assistance of a skilled laboratory instruector
possessed of individuality and resource.

I have been greatly assisted by many friends and colleagues in
the preparation of this work, and to all I wish to express my cor-
dial thanks. I am particularly indebted to Professors Ludwig
Hektoen and N. Mecl.. Harris and to Drs. P. G. Heinemann and
Mary Hefferan, who have helped me in a variety of ways. Finally
I would acknowledge my deep obligation to my wife, who has aided
me in the preparation of the book at every point, especially in
the revision of the manuseript and proof-sheets.
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(GENERAL BACTERIOLOGY

CHAPTER 1
INTRODUCTION

The Discovery of Bacteria.—The belief 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 Soeiety of London, dated September 14, 1683, he records
in these words his ohservations upon some tartar seraped 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 (A, Fig. 1) showed the liveliest and

most aetive motion, moving through the water or saliva as a fish
2 17



18 GENERAL BACTERIOLOGY

of prey darts through the sea; they were found everywhere, although
not in large numbers. A second kind was similar to that marked
B (Fig. 1). These sometimes spun around in a circle like a top,
and sometimes described a path like that shown in C-D (Fig. 1);
they were present in larger numbers. A third kind could not be
distinguished so clearly; now they appeared oblong, now quite
round. They were o very small that they did not seem larger than
the bodies marked E, and besides they moved so rapidly that they
were continually running into one another: they looked like a swarm
of gnats or flies dancing about together. I had the impression that
I was looking at several thousands in a given part of the water or
saliva mixed with a particle of the material from the teeth no larger
than a grain of sand, even when only one part of the material was

added to nine parts of water or saliva.

ATy, Further, the greater part of the material
jcg#—---zr"“xﬁ 2  consisted of an extraordinary number of
Fo L rods, of widely different lengths, but of
the same diameter. Some were eurved,

P% some straight, as is shown in F; they
j-::____m___‘ lay irregularly and were interlaced. Since
g e T iyl previously seen living animalcules

tﬂﬁiig'rgi};ﬂﬁf,‘hﬁﬂ PI*:  of this same kind in water, I endeavored

bacteria. ~Leeuwenhoek, {o observe whether there waslife in them,
1683 (Loffer). : .

but in none did I see the smallest move-
ment that might be taken as a sign of life.” Leeuwenhoek supple-
mented his observations with drawings, and there is no doubt that
he was the first to see bacteria and deseribe them accurately.

The Origin of Bacteriology.—Leeuwenhoek’s observations
remained practically isolated and without fruit for nearly a cen-
tury. It was not until 1786 that the work of the Danish zodlogist,
0. F. Miiller, added anything of importance to the knowledge of
baeteria. Miiller recognized clearly the difficulties of studying such
minute organisms. ““‘The difficulties,” he writes, in words that still
appeal to the modern bacteriologist, *“that beset the investigators
of these microscopic animals are countless; the sure and definite
determination [of species] requires so much time, so much acumen
of eve and judgment, so much perseverance and praetice, that there
is hardly anything else so difficult.” Despite the obstacles, how-
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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 aceurately that they can
be identified today as belonging to one or another of the chief
group-forms,

Another unequivoeal advance was made by Ehrenberg (1795-
1876). His principal work upon the “infusion animals,” “ infusoria,”
or * Infusionstierchen,” as the animalcules found in infusions of
hay, meat, and other organic substances were termed, was published
in 1838, and brought together much more definite and detailed
information eoncerning bacteria than had been previously secured.
The chief merit of Ehrenberg’s work lay in the system that it
introduced into the study of micro-organisms. This investigator
was able to establish a number of different groups among the organ-
isms now called bacteria, and recognized eclearly the fundamental
differences between the larger forms, such as the serew-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 réle played
by bacteria in various familiar natural processes, such as putrefac-
tion, decay, and fermentation, had been, perhaps, vaguely suspected,
but had not received conclusive demonstration. The memorable
researches of Pasteur (1822-1895) upon spontaneous generation
and fermentation imparted to the study of bacteria a broad biologie
importance that it had not hitherto possessed. Bacteria and kin-
dred miero-organisms were shown to be responsible for setting in
motion and carrving 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 inorganiec
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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 chemiecal disintegration due to the metabolic activities of
micro-organisms engaged in satisfving their need of food. Fermen-
tation was not due, as Liebig for a time maintained, to the presence
of dead and dying veast-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.

It 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 capabilities 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 enfire 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 forcible 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 ambuseades, and it is only today that
the light of science is being let in upon the murderous dominion of
our foes.”

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 biologie science. In 1876 Koch brought
forward convineing evidence that a specific bacterium (B. anthracis)
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 s0 conclusive that it drew the attention of the scientific world,
and incited many investigators to undertake similar researches
along the line of the “germ theory.” In 1882 Koch further con-
ferred an inestimable benefit upon practical workers in this field
by his invention and application of solid culture-media, a technical
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 isolation 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 eonclusions were hazardous. When,
however, Koch showed how to obtain the descendants of a single
living cell or eluster 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 technieal 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
biologie seience should be dated from about this period (1882).
The Scope of Bacteriology.—As in other growing sciences,
so in baeteriology a noticeable differentiation has oceurred. The
relation of baeteria to disease early took a conspicuous place among
the subjects included within the scope of the new secience, 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 aspeet. There is at
present a tendency for the workers in this field to specialize either
along strictly pathologic or along hygienic lines. In pathologic
baeteriology 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 baeterial 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 aisease
germs are able again to approach and infect healthy individuals.
No sharp line can be drawn between pathologic 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
ndture of the tissues with which the germ comes in contact, and
upon the hygienie 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 clearness in the
chapter upon diphtheria (Ch. XYV).

Although, from a practical point of view, the part plaved 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 o}
bacteria profoundly modify the composition of the soil and the
character of erops, anc are henece of importance to the agrieulturist;
that other kinds of bacteria impart the characteristic flavors or
aromas to butter, cheese, and other dairy produets; and that still
others determine the suecess or failure of various industrial pro-
cesses, such as the retting of flax, the tanning of hides, and, perhaps,
the curing of tobacco. It is believed by many that the applications of
bacteriology to various industries and manufaetures and to agrieul-
ture are likely to become much more numerous in the near future.

Underlying all the applications of bacteriology are eertain fun-
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damental facts and prineiples 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 compre-
hension of the present practical applications of bacteriology,
but also to the further development of the science.

Biologic Significance.—The fact should not be overlooked
that baeteriology owes ifts present important place among the
biologic seiences quite as much to its general scientific significance
as to the success 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 bacteriology 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 hypotheses
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
unseientific imagination rioted in mystery and extravagance.
The penetration of this realm of obscurity by the discoveries of
bacteriology 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 eycle of living and non-living matter.

The new coneeption of the mieroseopic underworld which bac-
teriology brought into biologic science must be reckoned as a
conspicuous landmark, and, 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

Liffler, entitled “Vorlesungen iiber die Geschichtliche Entwickelung der
Lehre von den Bacterien,” Leipzig, 1887.



CHAPTER II

METHODS OF STUDYING BACTERIA

THE ubiquity of baecteria, their minute size, and their oceca-
sional high resistance to external influences gave them a prominent
place in the controversy that raged in the middle of the nine-
teenth century over the question of spontaneous generation. It
was then assumed that when organic fluids and infusions of vari-
ous kinds were heated to the temperature of boiling water all
life was killed. If, therefore, bacteria appeared in infusions which
had first been heated and afterward supposedly been protected
against the ingress of micro-organisms from the air, their advent
was hailed as an instance of spontaneous generation. It was,
perhaps, not unreasonable to suppose that if any kind of life
developed from non-living matter, this might be expected to occur
among organisms so relatively simple in structure as bacteria.
The progress of investigation, however, showed that it was not
altogether an easy matter either to free organie fluids and ex-
tracts from baeteria, or to prevent the entrance of germs from the
air. In the endeavor to overcome these two difficulties a rudi-
mentary bacteriologic technic was developed which laid the
foundation for the later discoveries of Pasteur and Koch. Thus
the discovery that cotton plugs, while they allow the air to cir-
culate freely, are an effectual barrier to the floating particles in
the air (Schroder and v. Dusch, 1854) was the direct outcome
of experiments on spontaneous generation. Modern bacterio-
logic technic still makes extensive use of the cotton plug in pro-
tecting culture-media, ete., against atmospheric contamination.

The need of freeing glassware, instruments, and nutrient
media from all forms of life before beginning bacterial experi-
mentation of any sort is the central point of bacteriologic method.
The principles of sterilization may therefore first be considered.

Sterilization of Glassware and Instruments.—As a prelimi-

nary to sterilization glassware, especially when new, should be
24
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thoroughly cleansed by boiling in soapsuds, or by soaking for an
hour or more in a chromic acid cleaning mixture:

Potassium dichromate. . ................. ..., 60 parts
or

HodinmedToBFOmMALE . e e s e e R e | DA

- T i e 300

Concentrated sulphuricacid. . .................... 460

The sulphuric acid is added slowly, with constant stirring.

After thoroughly rinsing and drying, test-tubes and flasks are
plugged with a good quality of ordinary non-absorbent cotton.

Fig. 2. —Lautenschliiger hot-air sterilizer.

The plug should completely fill the opening, but a tight plug is
not only unnecessary but hinders easy manipulation. A simple
method for test-tubes is to use enough cotton so that the tubes
may be picked up by the plug. The plugged tubes and flasks are
placed without crowding in a hot-air sterilizer. The best hot-air
sterilizers, like the Lautenschliger pattern (Fig. 2), are fitted with
thermometers and give a uniform temperature throughout. When
the test-tubes and flasks are to contain media which is later auto-
claved in them, it is only necessary to heat long enough to set the
plugs. This is accomplished in fifteen to twenty minutes’ exposure
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to a temperature of 170° to 190° C. For the destruction of all
bacteria, even those in the resistant spore stage, forty-five min-
utes to one hour is sufficient. In many ovens and hot-air steril-
izers considerable temperature variation occurs in different parts,
and this source of error must be guarded against. In the absence
of exact temperature control a very slight browning of the cotton
is sometimes taken as evidence that the necessary temperature
has been reached. Too great charring must be avoided.

Pipets and Petri dishes, after thorough washing and drying,
may be wrapped in paper or placed in metal cans before heating,
Instruments may be sterilized di-
rectly in the flame or wrapped in
manila paper and heated in the
hot-air sterilizer at 170° C. for
one hour. BSecissors, foreeps,
knives, hypodermic needles, syr-
inges, ete., should be hboiled 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 aleohol flame until
red hot, and then allowed to cool
so that they will not injure the
O S ey bacteria touched by them. ‘

form. Rubber stoppers and tubing

should be cleansed 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 steriliza-
tion of culture-media steam under pressure, and hence at a tem-
perature higher than 100° C., is often used. The apparatus for
this purpose, known as an autoclave, consists of a steam eylinder
with a covered opening that can either be securely fastened or is
held tight by the pressure within, a pressure-gage, safety valve,

Fig. 3.
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and sometimes a thermometer (Fig. 3). Steam is generated in a
boiler underneath by means of a large gas burner or is suppled
by direet connection with steam heating pipes. A temperature
of 120° C. (15 pounds) for ten minutes is usually sufficient to
sterilize completely all tubed media; media in bulk should be
heated for fifteen to twenty minutes. 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 screwing down the stop-cock, as a mixture of steam
and air does not reach the temperature indicated by the gage.
(3) The pressure should be allowed to drop to zero before the stop-
cock is opened, as a sudden removal of pressure may cause an
explosive evolution of steam which will blow the stoppers and
media out of the flasks and tubes. (4) In using an autoclave
connected directly with a steam pipe ecare should be taken to
see that the pressure ig increased very gradually from zero to
15 pounds, otherwise the media in tubes and particularly that in
flasks will not be heated to the proper temperature for the time
given above. Gas-heated autoclaves work so slowly that there
15 no difficulty of this nature. '

The autoclave is much used for sugar-free broth, agar, milk
and gelatin, and for sterilizing test-tubes, apparatus, and dis-
carded cultures. In many laboratories it 1s used for broths con-
taining the simpler carbohydrates. A difference of opinion exists
as to the desirability of such a procedure. The more complicated
carbohydrates and most body fluids are best sterilized by the dis-
continuous method. In the preparation of Loffler’s blood-serum
it was the practice for many years to sterilize in an inspissator
at 53° to 70° C., but this may be done in the autoclave with good
results and less loss of time provided sufficient care is taken to
raise the medium slowly to the temperature of boiling water.
In this way the air is driven from the medium before coagula-
tion. Immersion of the tubes of blood-serum in warm water for
half an hour before sterilizing, is advised.

Discontinuous Sterilization.—As just stated, certain kinds of
media become fo some degree unfit for bacteriologic work if sub-
jected to the high temperature reached in the autoclave. The
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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 somefimes not killed even when boiled for several
hours. The method of discontinuous sterilization is consequently
adopted in some eases. Any simple apparatus may be used for
this purpose, such as a covered kitchen steamer over a pot of
boiling water. A deviee in common use in the laboratory is the
Arnold steam sterilizer (Fig. 4), which is construeted with a false
bottom, so that a minimum vol-
ume of water i1s heated to pro-
duce 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 min-
utes after the steam has filled the
sterilizer. The steaming process
is repeated on one or two sue-
cessive days, the medium being
kept at 20° C. in the intervals.
This method aims to kill by each

_ 03 steaming all those baecteria that
Fig. 4.—Arnold steam sterilizer ; :

(Fowler). are in the vegetative form,

while the intervals of twenty-four

hours are supposed to allow time for the resistant spores to de-

velop into vegetative forms, which are 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 the shallow layers of broth or milk where the liquid is
well oxygenated, but remain dormant until favorable anaérobie
conditions come about through the introduction and growth
of film-produecing organisms, when they germinate and a mixed

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

Preparation of Culture-media.—The food necessary for most
micro-organisms is not of a highly complicated nature. Many
species find suitable conditions for nourishment and multiplica-
tion if a small amount of simple nitrogen and carbon compounds
and some salts and water are present. A shightly acid reaction to
phenolphthalein (equivalent to a neutral or slightly alkaline
reaction to litmus) and a temperature of about 20° C. afford ex-
cellent opportunity for the growth of micro-organisms in the
presence of almost any ordinary food-stuff. It is largely by
means of variations in the behavior of bacteria toward different
carefully prepared nutrient substances that bacteriologists are
able to differentiate the bacterial species. Many different cul-
ture-media have been devised which are in general laboratory
use. The most common of these have for their basis an extract
or decoction 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
bacteria, has been found to possess special advantages. Milk,
potato, blood-serum, and nutrients to which blood is added com-
plete the list of other media in common use. :

Beef Broth—500 grams (about 1 pound) of chopped lean
beef T are placed in 1 liter of distilled water and kept in the ice-box
overnight. It is then boiled for half an hour and filtered through
paper or cheese-cloth. Ten grams of peptonel and 5 grams of
salt are dissolved in the filtrate with as little heating as possible,

* First used by Frau Hesse,

f Veal has been found preferable for some bacteria, particularly the
species found in the upper respiratory tract.

1 A number of brands of American made peptone are now obtainable.
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the solution made up to a volume of 1 liter, and the reaction ad-
justed while hot by the addition of the required amount of normal
sodium hydroxid. For the cultivation of many bacterial species
meat extract may be used in place of meat infusion. In this ease
dissolve 3.5 grams of meat extract and 10 grams of peptone in
1 liter of water by gentle heating, make sure that the volume is
correct, and then adjust the reaction.

The former practice of titrating media against standard
alkali or acid is open to serious objection on chemical grounds.
As pointed out by Clark* and others the essential feature in the
reaction of eulture-media is the hydrogen ion concentration, and
this is not aceurately shown by the ordinary method of titration.
In a word, the adjustment of different media to a “standard reac-
tion" by the method of titration may give widely different hydro-
gen lon concentrations. f

The hydrogen ion concentration of a medium is expressed
by use of the symbol Py, as suggested by Sorensen. Numerically
this 18 the logarithm of the reciprocal of the hydrogen ion con-
centration. Thus if Cg, the concentration of hydrogen ions, is
10" N (4. e., rooopos N), and taking P, = log pl,{ we have P,

1
= log 1 = log 1,000,000 = 6.0. For the neutral point

1 ORI, RO
P,, = 7.0 and—because of the reciprocal relation between Py and

hydrogen ion concentration—the number decreases with inereas-
ing acidity and increases with inereasing alkalinity. The hydro-
gen ion concentration 1s most aceurately determined by means
of a potentiometer.f This instrument is far more aceurate than
corresponds to the sensitiveness of bacteria toward changes in
the hydrogen ion concentration. Furthermore, it has been shown
that in different flasks or tubes of the same medium, sterilized
at the same time, the final hydrogen ion concentration attained
varies slightly. Therefore, other methods, less time consuming
and requiring less elaborate apparatus, may be used for bac-
teriologic work. Sorensen§ in the course of his studies on en-

* Clark: Jour. Infect. Dis., 1915, 17, p. 109.

t Norton: Amer. Jour. Pub. Health, 1919, 9, 190,

{ For a comprehensive discussion of methods for determining the Py
value see Clark: The Determination of Hydrogen Ions, Williams & Wilkins,

Baltimore, 1920, 1922,
§ Sorensen: Biochem. Zeitsch., 1909, 21, pp. 131, 201; 1909, 22, p. 352.
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zymes developed satisfactory colorimetric methods for deter-
mining hydrogen ions. These have been elaborated by Clark
and Lubs* and applied to bacteriologic media. Otherst have
attempted to simplify the rather complicated standard solu-
tions of these investigators. The following list of indicators, as
suggested by Clark and Lubs, and by Cohen, includes the limits
of the Py; values required for most media.

LIST OF INDICATORS

CoNcEN-
Common Name, TRATION, RaxcE, Pg.

Per CexT.
fH v oo 1 n] 11 A g T L DA 0.04 1.2-2.8
Bromphenol Blue. . ... .................. 0.04 3.0-4.6
Brom eresol green. . . . .. R . 0.04 4.0-5.5
Methrl rad. e aalo s el SR e S 0.02 4.4-6.0
T s [ R O A e 0.02 4. 5-06.4
Brom gresol purple. . ... . ..o i ian. 0.04 5.2-6.8
Brom thymol Blue. ... ..o cu i .04 6.0-7.6
et e e T e 0.02 6.8-5.4
reenl e T e e e T S ) 0.02 7.2-88
b i) (1T SO e SRS | {1 5.0-9.6
Cresol phthalein. .. .. .................... 0402 8.2-9.8

The method is as follows: Place 4 c.e. of neutral distilled
water in a small (4-inch) test-tube, add 1 e.c. of the medium and
5 drops of indicator. Match the color obtained with one of a
series of standards made in the same way from solutions of known
hydrogen ion concentration or with color plates.f Various in-
gredients may be used in the preparation of these solutions.
Those proposed by Clark and Lubs are the most satisfactory,
but are difficult to prepare. Sérensen used 1% molal solutions of
potassium dihydrogenphosphate (KH.PO,) and disodium phos-
phate (Na.HPO,.2H.0)). The table on p. 32 gives the amounts of
each solution in a total volume of 20 c.c., corresponding to Py
values from 5.3 to 8.3.§ Care must be taken to ensure the purity of
the salts, particularly in the preparation of the sodium phosphate.
This salt loses part of its water of crystallization on standing.

* Clark and Lubs: Jour. Bact., 1917, 2, pp. 1, 109, 196.

t Barnett and Chapman: Jour. Amer. Med. Assoc., 1918, 70, p. 506;
Norton: Amer. Jour. Pub. Health, 1919, 9, p. 190; Medalia: Jour. Baet.,
1920, 5, p. 441.

I Clark: Loe. cit.

§ Sorensen: Biochem. Zeitschr., 1908, 22, p. 355.
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Pﬂ- M,-’l.ﬁ KH:PO, I\-Ig"!ﬁ Na:HPO,
5.3 19.5 0.5
5.3 19.2 0.8
5.8 18.4 1.6
6.0 17.5 2.5
6.2 16.1 3.9
6.4 14.5 0.5
6.6 12.3 s
6.8 10,0 10.0
7.0 7.8 12.2
7.2 5.7 14.3
7.4 4.0 16.0
7.6 2.6 17.4
7.8 1.6 18.4
8.0 1.0 19.0
8.3 0.5 19.5

The medium may be adjusted by trial or titrated in the fol-
lowing manner: Place 5 c.c. of the medium in 20 ec.c. of neutral
distilled water and add 10 drops of indicator (determined by the
desired hydrogen ion concentration). From a buret add N,20
sodium hydroxid until the color matches a solution prepared in
the same way from the P, standards. The c.c. of N /20 alkali
used, multiplied by 10, gives the quantity of normal sodium
hydroxid necessary to adjust 1 liter of the medium. The reac-
tion obtained should be checked by a test after adjustment.

It is likely that the precise initial “reaction” of bacterial
culture-media is not of as much importance as sometimes assumed,
at all events, so far as it concerns ability to multiply. The sensi-
tiveness to hydrogen lon concentration supposed to be possessed
by certain bacteria needs investigation by more accurate methods
than those hitherto employved. It must not be forgotten that
when growth has once started bacteria themselves are the pri-
mary factors in determining the reaction of the medium. Little
12 known about the extent to which products of bacterial growth
other than hydrogen ions interfere with continuanee of all mul-
tiplication.

After adjustment the broth is heated in a flask in the auto-
clave at 120° C. for ten minutes, allowed to cool again to bring
down the precipitate, the final reaction determined, the bmth
filtered, placed in flasks or tubes, and sterilized.

Dextrose-free  Broth—DMeat, and also extract of meat, often
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contain a slight amount of muscle sugar or glucose. If sugar-free
broth is required, a simple method of removing the muscle sugar
is employed (Theobald Smith): 10 to 20 c.e. of a pure, young
broth culture of B. eoli i1s added to the infusion of meat, and
incubated eighteen hours at 37° C. The broth is then boiled to
kill the organisms 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. Spe-
cial broth media are prepared by adding 0.5 or 1 per cent. of
dextrose, lactose, saccharose, or other carbohydrate to the
sugar-free broth. Broth containing carbohydrate is preferably
sterilized by the discontinuous method.

(felatin.—Ordinary nutrient gelatin is prepared by adding
from 10 to 12 per cent. of the best grade sheet gelatin to broth
prepared as above. The medium should be heated only long
enough, over a water-bath or an asbestos pad, to dissolve the
gelatin and should be stirred constantly. It is then cooled to 60°
(., the reaction adjusted, and an egg; dissolved in 30 ec.c. of water,
stirred slowly in. The medium is placed in a flask and cau-
tiously heated in an autoelave to 10 pounds pressure for five min-
utes in order to coagulate the albumin. Filtration through a
towel moistened with hot water should give a clear filtrate which
can then be tubed and sterilized. Gelatin may be autoclaved
for five minutes at 120° C. and still solidify if placed at onee in
the ice-box. In warm weather 12 per eent. of gelatin is neces-
sary. Speecial eare should be taken to prepare gelatin each time
in a uniform way, since too great variation in the results of bac-
terial growth upon it will otherwise be obtained.* The usual
method of determining the gelatin-liquefying properties of bac-
teria is to study stab- or plate-cultures in this medium incubated
at 20° C. for one to six weeks. The progressive liquefaction of
the medium is noted at intervals. The form of growth, the ex-
tent or shape of the liquefied zone and the characteristics of the
plate colony sometimes contribute important information con-
cerning the metabolism of the organisms, and may aid materially
in their identification. Rothberg} has suggested that organisms

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

f Rothberg: Absiracts of Baet., 1917, 2, 12.  See alzo Rush and Palmer:

Jour. of Bact., 1921, 6, 571.
3
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which do not grow rapidly or at all at 20° C. may be grown in
gelatin at 25° to 37° (". (according to their temperature rela-
tions) for eighteen to forty-eight hours, and then a portion of the
eulture inoculated on the surface of gelatin in a test-tube and in-
cubated for fifteen days at 20° C. The production of gelatinases
(gelatin-liquefying enzymes) in the original culture will be evi-
denced by liquefaction in the subculture. A more rapid but
somewhat less reliable method is to incubate gelatin cultures at
37° C. for eighteen to seventy-two hours (the gelatin becomes
fluid at this temperature) and then plunge the cultures into ice-
water. If no gelatinases have been produced and there has been
no enzymatic liquefaction of the medium, the gelatin sohidifies; if
liquefying enzyvmes have been produced, the gelatin remains fluid
or semi-solid.*

Agar.—To the standard beef-broth add 1.5 per cent. of pure
shredded agar. Complete solution of the agar requires a boiling
temperature and some little time. This can be more easily ae-
complished if the agar is finely cut and allowed to soak over night
in a small amount of water or is dissolved in a minimum quantity
of boiling water before the hot broth is added. After solution it
is necessary to restore the water evaporated and to adjust the
reaction again. The filtration of agar through paper is unneces-
sary. A medium of sufficient clearness may be obtained if a wet
towel is used for filtration and if the medium is kept near the boil-
ing-point. Sterilize in the autoclave.

Dextrose and Lactose Agar—To agar made with sugar-free
broth 1 per cent. of dextrose or lactose may be added before
sterilization in the Arnold steam-bath at 100° C. Other carbo-
hydrates may be used in the same proportions. It has been cus-
tomary to add sufficient litmus solution to the agar to give a dis-
tinet color, either before sterilization or, preferably, just before
plating or inoeulation. In the latter ease the litmus solution must
be sterile. During the past few years it has been difficult to ob-
tain a supply of satisfactory litmus, with the result that other
indieators have come into use, and these have proved to be better
than litmus. . In the ecarbohydrate media either brom-eresol-

*Levene and Carpenter (Jour. Baet., 1923, 8, 207) have suggested the

use of formol amino acid titrations and measurements of viscosity changes as
indices of liquefaction during the course of baeterial growth in gelatin.
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purple* or Andrade’s indicatorf may be used. Since these indi-
cators are stable they may be added before sterilization.

Milk.—Milk 1s a useful medium for determining the pro-
duction 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 fif-
teen minutes in the Arnold sterilizer, and placed in the ice-box
overnight to allow the ecream to separate. The middle portion
of the milk should then be syphoned off, avoiding both eream and
sediment. The usefulness of milk as a diagnostic culture-me-
dinm is enhanced by the addition of an indicator such as brom-
eresol-purple.* Milk may be sterilized for five minutes at 120° C.
in the autoclave. Many prefer the Arnold steamer for three or
four successive days. Skim milk powder may be used in place
of fresh milk for routine laboratory work; 150 grams should be
rubbed in a mortar with sufficient cold water to make a smooth
paste and the whole made up to 1 liter. It is necessary to ster-
ilize the milk powder suspension for fifteen minutes at 10 pounds
pressure.

Blood-agar.—This medium is especially useful for eultivating
the organisms found in the respiratory tract, such as the pneu-
mococei, streptococei, ete.  Veal infusion broth-agar (Py 7.4 to
7.6) iz used as a base. The agar iz melted, cooled to 50° to 55° C.,
and 5 per cent. of defibrinated blood added under aseptic con-
ditions. Either horse, sheep, rabbit, or human blood may be
used, depending on the partienlar organisms to be grown.

Blood-serum.—This medium 1s used mainly for cultivating the
diphtheria bacillus. Usually beef blood is obtained, allowed to
clot, and the straw-colored serum pipeted off either directly or
after centrifuging. Liffler’s blood-serum mixture consists of 3
parts of beef-serum mixed with 1 part of neutral broth containing
1 per cent. of dextrose. This may be sterilized in the autoclave
provided that great eare is taken to raise the temperature of the
medium slowly in order to prevent the formation of bubbles.
Hiss serum-water 18 made by adding 1 part of beef-serum to 3
of water and sterilizing in the Arnold for three successive days.

*5 c.e. of a 0.25 per cent. aleoholie solution per liter of medium.

+ 0.5 per cent. acid fuchsin in distilled water, decolorized to a yellow by
N/1 NaOH. 10 e.c. of this solution per liter of medium.
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Potato—Many non-pathogenic organisms grow readily and
characteristically on potato. Of the several methods of prepar-
ing potato, the simplest 18 as follows: Cut a eylindrie piece of
potato 5 em. long by means of an apple-corer. Halve this by a
diagonal cut lengthwise. The pieces should be placed in cold
running water for a few hours and then slipped into potato tubes
so that they present a slant surface uppermost for inoculation.
Special potato tubes are made with a constriction in the glass,
which holds the potato about 1 inch from the bottom. It is well
to fill the tube below with distilled water or broth to provide
moisture. Sterilize in the autoeclave. Heinemann® has devised
a medium which has been found advantageous as a substitute for
potato. The following medium has been also found to be useful,
since yveasts and molds as well as the chromogenic bacteria develop
readily on it. Cut 250 grams of potato into pieces about the size
of a walnut, place in 500 c.c. of distilled water, and steam for one
hour. Pour the liquid through a wet towel, add 1 per cent. dex-
trose and 1.5 per cent. agar, heat until dissolved, make up to
500 e.e. with distilled water, tube, and sterilize.

Synthetic Media.—Media whose exact chemical composition i3
known offer certain advantages for the eareful studyv 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 Mg>S0; added.
Others refuse to multiply in more eomplex solutions. One of the
simplest synthetic or “non-protein” media is as follows:

Redistilled water ... .. ... .................... 1000 c.c.
MABARRGII - e ST 2 gm.
e e L e | g8
5 5 15 e R B e e R e 1 B

Uschinsky’s medium (Frinkel’s modification):$

L7 T s S LA R O (R NN, e 1000 e.e.
BRDREAPE - e e o e ot o S R T e R 4 gm.
AT IR CERbe st s e e R
e e e i
i 0] B e e e S R e e S R Y (7 (e

* Heinemann: Jour. Infect. Dis., 1907, 4, p. 283.

1 Jordan: Bot. Gaz., 1809, 27, p. 19; Jour. Expt. Med., 1899, 4, p. 627.

f Friinkel: Hyg. Rundsch. 1894, 4, p. 769. For other formulas see
Erwin Smith, “Bacteria in Relation to Plant Diseases,” Washington, 1905,
p. 197.
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For cultivation of organisms of the colon-aérogenes group
Ayers and Rupp* have suggested the following medium contain-
ing inorganic nitrogen and lactose as the only available carbo-
hydrate.

Per CenT.

Sodium ammonium phosphate. . .................... 0.4
Acid potassium phosphate. . ... ... .. ............... 0.2

At the time of plating there is added to every 100 c.c. of the
above medium while hot 0.5 c.c. of a 1 per cent. aleoholic hasic
fuchsin solution and 0.5 c.c. of a freshly prepared 5 per cent.
sodium sulfite solution. On this medium members of the colon-
aérogenes group give medium-sized red colonies, usually sur-
rounded by a deep red ring. Other organisms that develop give
pink or uncolored colonies.

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
tuberele bacillus, Certain organisms, of which the influenza baeil-
lus is the type, are favored by the presence of hemoglobin in the
culture-medium, and are often designated on that account as the
hemophilic bacilli.T A few media have a decisive differential
value; the typhoid bacillus does not produce either gas or acid
in lactose broth, whereas a elosely allied bacillug, B. coli, found in

the normal human intestine, actively ferments lactose. In gen-
eral, the ability to ferment carbohydrates or substances like man-
nite and glycerin which are added to the ordinary sugar-free
culture-media, constitutes one of the most important differential
characters of bacteria,

The reducing power of bacteria may be measured by the loss of

* 8. H. Ayers and P. Rupp: Jour. of Bact., 1918, 3, p. 433.
T Bee Davis: Jour. Infect. Dis., 1907, 4. p. 73.
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color of litmus (e. g., in litmus milk) or of methylene-blue, or by the
reduction of nitrates to nitrites. The reduction of nitrates may be
determined in the following way: After four days’ incubation at
37° C. in nitrate broth (0.1 per eent. peptone, 0.02 per cent. nitrite-
free potassium nitrate) add to 3 e.e. of the culture in a clean test-
tube 2 c.c. each of the following solutions: (1) Sulphanilie acid
solution made by dissolving 8 grams of the purest sulphamlic
aecid in 1000 e.c. of 5N acetie acid (sp. gr. 1.041); (2) a-amidonaph-
thalene acetate solution prepared by dissolving 5.0 gram solid
a-naphthylamine in 1000 c.c. of 5N acetic acid and filtering the
solution through absorbent cotton. The development of a rose
color indicates the presence of nitrites. An uninoculated tube of
the medium should always be treated in the same way for a control.
Nitrate solution may also be inoculated in the fermentation tube,
where the evolution of gas indicates a still further reduction to free
nitrogen gas.

The production of indol may be determined in Dunham’s
peptone solution (1 per cent. peptone and 0.5 per cent. NaCl in
water). More satisfactory are the trypsinized media of Rivas*
and Cannon.f After four days’ incubation the presence of indol
may be detected by cautiously adding 1 c.c. of Ehrlich’s reagent
so that it forms a layer on the surface of the medium. A red
color (due to the formation of a compound soluble in amyl alco-
hol) indicates a positive result. The test may be made quanti-
tative. Ehrlich’s reagent is prepared as follows:

Paradimethylamidobenzaldehyde. .. ............ 4 gm.
Alechol, 96 percent....................0...... 380 c.C.
Concentrated C. P, HCL. .........covnvrnnnn. 80 *

The vanillin test] is a satisfactory substitute.

The Fermentation Tube.—As already pointed out, various
forms of bacteria differ greatly in their ability to ferment earbo-
hydrate substances. The use of special tubes for studying fer-
mentation and gas production was first recommended by Theo-

* Rivas: Cent. [. Bakt., i, Abt., 1912, 63, p. 547.

T Cannon: Jour. Bacteriology, 1916, 1, p. 535.
f Nelson, V. E.: Jour. Biol. Chem., 1916, 29,
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bald Smith.* When the mere presence or absence of gas forma-
tion 18 all that is desired the Dunham inverted vial is now gen-
erally used. Culture-tubes are one-third filled with broth from
which the musele-sugar has been removed and to which a definite
amount, usually 0.5 to 1 per cent., of some carbohydrate has been
added. An inverted vial is then slipped into each tube. After
sterilization it will be found that the air in the vial has been re-
placed by the broth. If the Smith tube (Fig. 5) 18 used it is com-
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Fig. 5—Frost’s chart for measuring gas in the fermentation tests
(Heinemann's “Laboratory Guide™).

pletely filled with the carbohydrate broth. The growth of a gas-
forming organism leads to the collection of gas in the closed arm,
the displaced broth being forced 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. 5).

* Smith, Theobald: “The Fermentation Tube,” Wilder Quarter Century
Book, Ithaea, 1893, p. 187.
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At the end of forty-eight hours the gas may be roughly analyzed in
the following way: After the total quantity of gas is measured, the
bulb is filled with a 2 per cent. NaOH solution and the mouth of
the tube closed tightly with the thumb. The gas is tilted back and

Figs. 6 and 7.—Fermentation bulb (after Rogers, Clark, and Davis). The
side arm serves for introduction of the medium and inoculation; it is then sealed
off. The other tube is used for exhaustion of the air (by the Boltwood mer-
cury pump) and is then sealed as shown.

forth between the bulb and the closed arm several times and finally
allowed to collect in the closed arm. When the thumb is released
the fluid rises in the arm, due to the fact that the sodium hydrate
has absorbed the carbon dioxid; the residual gas, which is usually
chiefly hydrogen, can then be measured. The ratio of hydrogen
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to carbon dioxid or the gas formula of an organism may be stated,
for example, as follows:

Hy (00 -:80:15::2:1.

It is evident that results obtained in this manner can never
be precise. The solubility of earbon dioxid leads to the retention
in the medium of a varying percentage of this gas dependent on
the acidity of the medium, the opportunities for loss into the
atmosphere, and other factors. It has been shown, especially by
Keyes,* that more uniform and comparable results can be ob-
tained by using bulbs sealed after the exhaustion of the air. A
modified form (Figs. 6 and 7) has been successfully used by Rogerst
and his collaborators in a study of gas production in the colon
group of bacteria.

Thermal Death-point.—The importance of knowing the con-
dition and the time necessary for the destruction of bacteria has
caused the introduction of certain exact methods for testing the
death-point of various organisms subjected to the influence of
heat and to the action of disinfectants. The heating test is best
made by use of a small glass bulb devised by Sternberg (Fig, 8).
To fill the tube, warm the bulb slightly to drive out the air and
then insert the stem at once into the bacterial suspension, which
i1s drawn by suection into the bulb as 1t cools. The neck is
then sealed in the flame. An ordinary thin glass test-tube may
be used if drawn out in the glass flame to form a narrow 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, re-
peating 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 dish and melted
agar added, to determine by the development of colonies the
number of live organisms present. Eijkmanf has called atten-
fion to an important error in such experiments. Many cells are

* Keyves: Jour. Med. Research, 1908, 21, p. 69.

f Rogers, Clark, and Davis: Jour. Infeet. Dis., 1914, 14, p. 426.
1 Eijkman: Centralbl. . Bakt., ii, 1909, 22, p. 508.
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so damaged by exposure to heat (and probably the same is true
of other disinfecting agents) that they develop exceedingly slowly,
although their vitality is not de-
stroved. In one experiment with
Bacillus coli no colonies were visi-
ble 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 been killed the contents of the bulb should be emptied,
preferably into a fluid medium composed of equal parts of litmus
milk and broth {(Harris).

Methods for Testing and Standardizing Disinfectants.—The
earlier attempts to determine the efficiency of disinfectants were
carried out in a very simple fashion. Koch tested the action of
disinfectants 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* devised a simpler and more
exact method of preparing test objects. Sterihzed glass rods
are dipped to a depth of 1 inch into forty-eight-hour-old broth
cultures of the organism to be used in the test. The rods are
then placed in test-tubes fitted with cotton plugs, carefully dried
in the thermostat, and immersed in the disinfectant solution for
accurately timed periods, varied as desired. Each rod, on removal,
is gently but thoroughly washed with sterile physiologic salt solu-
tion, then placed in a tube of sterile broth, and incubated at
37° C,

There are so many factors concerned in such tests, however,
that the results of different workers show great variation. The
temperature at which the experiments are made, the number
of bacteria, the nature of the culture-medium from which the
bacteria are derived, and the solvent in which the disinfectant
15 employed all influence the results. Differences between bac-
terial species and between different strains of the same species
are further complicating factors. Beeause of such modifying

—

Fig. 8. —Sternberg’s bulb for test-
ing thermal death-point.

* Hill: ]{f'}r. anid |'.'|F||'I'h. Amer. Pub. Health Aszore., 1898, 24, p. 264.
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influences much of the earlier work on the efficiency of disinfect-
ants contains inconsistencies and discrepancies.

The Rideal-Walker method first led to a more accurate standard
of comparison,* and a modifieation of this method proposed in
the Lancet,f and known as the Lancet method, constituted a
further step in advance. The method consists essentially in de-
termining what is known as the carbolic acid coefficient, or, better,
the phenol coefficient, since the earbolic acid of commerce may
vary in the amount of phenol present. By this method the phenol
coefficient of a disinfectant is obtained by dividing the figure
indicating the degree of dilution of the disinfectant that kills an
organism in a given time by that expressing the degree of dilution
of the phenol that kills the same organism in the same time under
exactly the same conditions.

A useful modification of the Rideal-Walker method is that
devised by Anderson and McClintie.f The phenol coefficient de-
termined according to their method is known as the “Hygienic
Laboratory phenol coefficient.” This method is now regarded as
the standard in this country.

Sterilization by Filtration.—It is often found desirable to
sterilize water and other fluids, such as culture-media in which

Fig. 9.—Apparatus for the rapid filtration of toxins, ete.: a, Filter flask;
b, Woulfe bottle to guard against regurgitation of water from the pump;
¢, reservoir for the filtrate; d, water vacuum pump (MeFarland).

bacteria have been growing, without subjecting them to heat or to
the action of disinfectants. The method of sterilization by filtra-
tion 1s especially used in obtaining soluble bacterial produets, such
* Rideal and Walker: Jour. Roy. San. Inst., 1903, 24, p. 424
i Lancet, 1909, 177, pp. 1454 and 1516.

t Anderson and MecClintie: Jour. Infect. Dis., 1911, 8§, p. 1; Bull. 82,
Hyg. Lab., U. 8. Public Health Service, April, 1912,
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as toxins and enzymes, which might be injured by chemicals or
heat. The bacterial products are separated from the bacteria by
filtration of the culture through unglazed porcelain eylinders,

Fig. 10.—Pressure filter
(Heinemann).

which, together with the glass and rub-
ber connections forming part of the fil-
tration apparatus, have been previously
sterilized by autoclaving. The porece-
lain evlinders in use for this purpose
vary in form and in the size of their
pores, one of the most commonly used
being the “Chamberland B. pattern.”
The passage of flmds 15 usually very
slow through the most compact eylin-
ders, and may be hastened by a water
suction-pump.  An overflow bottle
should be interposed between the filter
and the tap to prevent any back-flow
of water from entering the filter flask
(Fig. 9). A very useful form of appa-
ratus for filtering such fluids as blood-
serum under pressure i1s shown in Fig.
10. The small Berkefeld filter with cyl-
inders made of infusorial earth 1s most
convenient for obtaining elear solutions,
but the coarser grades of Berkefeld fil-
ters permit the passage of very small
bacteria. Minute defeets in the eylin-
ders sometimes oceur, and the filtrate
should be tested for sterility by inocu-
lation of a small amount into culture-
media. Bacterial fluids after infiltra-
tion should be protected from hght and
kept in the ice-box.

Methods of Obtaining Pure Cul-

tures.—When fiuid culture-media are inoculated with such sub-

stances as soil or water, many kinds of organisms develop simul-

taneously side by side, and a heterogeneous mixture of bacteria

results, Koeh® was the first to devise a method of using solid
* Koch: Mitth. a. d. kais. Gesundh., 1881, 1, p. 1.
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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 solidified and
kept under favorable temperature conditions, many of the liv-
ing bacteria that have been introduced are able to multiply.
Since the bacteria eannot 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 erowded,
a pure culture, that is to say, the descendants of a single
germ, may be obtained by touching a colony with the tip
of a sterile platinum needle (a process technieally known as
“fishing’") and inoculating tubes of fresh culture-media. In order
to secure a large surface upon which the colonies shall be spread
out and made easily accessible, the gelatin or agar, after inocula-
tion, 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 solidifving point of 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, inserted under the edge of the lifted Petri dish
cover, and the agar quickly poured out. The covered Petri dish
may then be tipped eautiously back and forth to distribute the
apar evenly before it solidifies. Agar plates placed in the incu-
bator after solidification should be inverted in order to avoid
“spreading” of the growth through condensation of the moisture.
If there are a great many bacteria 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,
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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 solidifving.

Dilution.—It is sometimes of advantage before plating to make
accurate 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 bacteria i1s more than
200 per c.c., 1 c.c. of the sample 13 mixed with 9 c.c. of sterile
water. If a higher dilution is required, proceed in a similar
manner.

(A) To dilute 1 : 10 uge 1 c.c. of sample to 9 c.e. of sterile water.
I:B} i 1 lm} L 1 15 i 9_9 1 i i
{C} £ 1 ljﬂm} L] 1 I::.'\.} in 9_9 i ik i
[D} i 1 . 1ﬂ1{lm i e {B} i E{} 1 ik it
@ ¢ 1 100000 ' o () «p9 u g
(F) " 1:1,000,000 * L 1 LS [ i t

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
of spore-forming organisms must then be effected by plating or
animal inoculation.

Separation by Animal Inoculation.—Certain pathogenic bac-
teria 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 baecteria by inoculating
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 char-
acteristic lesions; in such ecases the specific bacillus will often be
found in pure culture in the tissues.

Method of Growing Ana€robes.—A number of devices have
been used for the cultivation of certain organisms known as anaé-
robes (p. 83), which will not grow in the presence of free oxygen.
Pasteur spread a layer of oil over the surface of media in order to
shut off the air. Koch grew anaérobes on agar or gelatin plates
under a piece of sterile mica. Liborius employed the method of
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inoculation deep into solid media, a simple method still in use.
A “shake culture” in glucose agar may be made by previously
hoiling 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 solidified at once in cold water and incubated;
under these conditions anaérobic organisms often develop well in
the depths of the agar.

Huydrogen Method.—Success 1= still more certain if the tubes
are placed in a Novy anaérobie jar (Fig. 11). The air in the jar
15 replaced with hydrogen by allowing a full stream of washed
hydrogen from a Kipp generator to pass through for ten to fifteen
minutes before closing the stop-cock. The Novy jar is especially
useful for making anaérobic plates.

Absorption of Oxygen.—Any vessel with a tight cover, such as a
Novy jar, an ordinary chemical desiccator, or a Mason fruit-jar,
may be used for Buchner’s pyrogallic acid method. The prineiple
of this method is the absorption of oxygen. Dry pyrogallic acid
(10 grams per liter of air-space) is placed in the bottom of the jar,

150 c.c. of a 1 per cent. solution
of NaOH poured on the pyrogallic

t acid, the cultures put in place,
pee # ﬂ r‘;::‘ and the jar closed at once. This

o B

e e |

Fig. 11.—A, Novy’s jar for plate cultivations; I3, Novy's jar for tube culti-
vations (Eyre).

method may also be used directly in eulture-tubes, a stopper of
absorbent cotton being pushed down to leave an inch space at the
top of the tube, pyvrogallic acid and NaOH solution placed in this
space, saturating the cotton, and the tube closed at once with a
tight-fitting rubber stopper.*

* Wright, Jour. Bost. SBoe. Med. Sei., 1900, 5, p. 114.
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Vacuum Method.—An unpublished method first used by Gwyn
in combination with the pyrogallic acid method has been found
practicable by itself. The cultures are placed in a desiceator jar
which has a cover with a single stop-cock. A piece of filter-paper
saturated with aleohol is put into the jar, a lighted match applied,
and the vaselined cover, with stop-cock closed, placed quickly
in position. A good vacuum is formed, and if care be taken that
the paper is well saturated with aleohol, no deleterious gaseous
products of combustion are formed. It is necessary to open the
cock before the cover can be removed. This is a simple and ready
method if eultures are being made and examined often.

Wright* and Smith{ have suggested good and simple methods
of anaérobie culture in fluid media. Important points to observe
in working with anaérobes are: (1) The culture-media should be
freshly prepared. (2) The medium employed, whether gelatin,
agar, or broth, should contain 1 per cent. glucose and should be
freshly boiled and cooled before using. (3) The reaction of the
medium should be nearly neutral to phenolphthalein.

At the present time the methods most in favor involve deep
implantation in culture media, the use of fresh tissue media and,
particularly for plate cultures, the anaérobic jar as deseribed by
Laidlaw,i MeclIntosh and Fildes, § and Richardson and Dozler.||
In this jar the oxygen is removed by reacting with hydrogen in
the presence of heated palladinized asbestos. The catalyzer is
surrounded by a coil of nickel chrome wire through which an
electric current is passed to provide the necessary heat.

A more detailed account of anaérobic methods will be found
in the chapter on Pathogenie Anaérobes, as well as in a recent
paper by Hall¥|

Animal Inoculation.—Animal inoculations may be made for
various reasons: (1) To obtain pure cultures of an orgamsm from
infected material. (2) To determine the virulence of an organism
which is under study or to observe the changes that it evokes in

* Wright: Jour. Bost. Soe. Med. Sei., 1900, Ibid., 4, p. 119.

t Smith: Ibid., 1899, 3, p. 315.

{ Laidlaw, P. P.: Brit. Med. Jour., 1915, 1, p. 497,

§ McIntosh, J., and Fildes, P.: Lancet, 1916, 1, p. 7G8.

Il Richardson and Dozler: Jour. Infeect. Dis., 1922, 31, p. 617.
f Hall: Jour. Infect. Dis., 1920, 27, p. 576.
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the animal body. The animals most used 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. Subeutaneous 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 physiologic
salt solution. The animal is conveniently held by an assistant,
who turns its abdomen 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.
alcohol.  Make the puncture behind and to one side of the um-
bilicus, and if a large quantity of fluid is to be injected, run the
needle carefully forward its full length through the subeutaneous
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 eollodion to close the wound. “Pocket”
inoculations are carried out by making a small incision in the skin,
and separating the skin from the muscles by pushing in sterile
seissors, which are then slightly expanded, closed again, and re-
moved; 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 moeulated 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. Where 20 to 30 c.c. are needed it may
be obtained from the heart.

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

Microscopic Methods.— Examination of Living Bacteria—In

order to determine form, motility, spore formation, and reaction
4



a0 GENERAL BACTERIOLOGY

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 cover-slip which has been steril-
1zed 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 physiologic salt solution and a drop of the suspension
placed on the cover-slip. The hollow chamber is sealed by cedar
oil or vaselin smeared on the edge, so that the drop is not dis-
turbed 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 microscope should be adjusted to a small aperture in order
to take advantage of the lights and shadows caused by the dif-
ference in light transmission of the bacterial bodies. The edge
of the hanging drop should first be found with a low-power lens
and exactly centered, and then the high power turned in place
and cautiously brought into focus.

Barber* has devised a method of making cultures from isolated
single cells which has been used in the study of bacterial varia-
bility. The special technic is deseribed in the articles cited.

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.

* M. A. Barber: See Bull. Kansas Univ., 1907, 4, p. 3; Jour. Infect. Dis.,
1908, 5, p. 380; 1909, 6, p. 634; Phil. Jour. Sei., 1913, 8, p. 539,

+ R. Chambers: Jour. Bact., 1923, 8, p. 1; H. W. Johnson: Ibid., 1923,
8, p. 573.

1 Hill: Jour. Med. Res., 1902, 7, p. 202.
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Young, vigorous cultures not more than twenty-four hours old
should be used for studying cell division and also for determining
motility in the hanging drop.

Examination of Stained Bacteria.—Film Preparation: Cover=-
slips and slides for making stained preparations should be thor-
oughly clean and sterile. If new, they should be washed in soap-
suds or NaOH solution, boiled in potassium dichromate cleaning
fluid, or placed in nitrie acid (1 part concentrated HNO; to 1 part
water) for one hour, rinsed well in distilled water, and stored in
95 per cent. alcohol or in alecohol and ammonia. They are then
ready for use, and need only be dried with a clean soft linen eloth
and freed from grease by passing them two or three times through
the Bunsen flame. The cover-slip may be conveniently manip-
ulated by means of special cover-slip forceps (Fig. 12).

Fig. 12.—Novy's cover-glass foreeps.

Fresh young cultures twenty-four to forty-eight hours old
grown on agar are usually the best for ordimary stained prepara-
tions. A loop of filtered water is placed on a cover-glass or slide,
and a small amount of bacterial growth 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. Fixing may be accomplished
also by means of absolute aleohol or glacial acetie 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.
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Saturated solutions of these stains in 95 per eent. aleohol should
be kept in stock, so that for immediate use it is only necessary to
filter a little of the aleoholie solution into ten times its bulk of dis-
tilled water. Execept in speeial cases (tubercle baeillus, spores,
ete.), bacterial films stain very quickly with fuchsin or with gentian-
violet. The action of methylene-blue may be hastened by gentle
heating; some organisms, like the bacilli of glanders and of typhoid
fever, take up a stain slowly and are best eolored by the more in-
tense stains. Methylene-blue is especially satisfactory for ex-
amining fuids from the body (blood, pus, ete.). The staining
power of solutions may be increased by heating, by the use of
substances which act as mordants, by prolonging the staining
process, and by the addition of alkalis. Some of these special
methods and stains are as follows:

Liffler’s methylene-blue:*

Sat. sol. methylene-blue in aleohol . . ............ 30e¢.c.
Sol. KOH in distilled water (1 : 10,0000, ...... ... 100 *

Anilin gentian-violet:

(a) Anilin oil water is made by adding 2 c.e. anilin to 98 ec.c.
distilled water; shake violently. Filter several times through
filter-paper.

(B AT L TRREET 5 s oo oo e e o e 79 parts
Sat. sol. gentian-violet in aleohol. . ... ... ... .. 2n

Carbolic gentian-violet (Nicolle) is prepared as follows:

Gentian-violet (sat. aleoholic=ol.). . ... ... . .... 10c.c.
RO R e e e e 1 gram
LY L e e e e e s s T

Gram’s Method:T Certain organisms, when stained and after-
ward treated with a solution of iodin and washed in 95 per cent.
alcohol, give up the stain; others retain the color when subjected
to this proeess. These latter organisms, examples of which are
the anthrax baecillus and the pneumococcus, are said to be “Gram-
positive,” or to “stain by Gram’s method.” Those losing the
stain are ~‘Gram-negative.” This method affords a means of

* Loffler: Mitt. a. d. kais. Gesundh., 1884, 2, p. 421.
t Gram: Fortschr. d. Med., 18584, 2, p. 185.
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measuring the relative permeability of micro-organisms to soluble
substances. The Gram-positive bacteria are those in which the
iodin gentian-violet combination penetrates more or less deeply
into the interior of the cell; the Gram-negative varieties are only
superficially affected.® Benianst interprets the phenomenon of
(GGram staining as due to the possession of a definite cell-envelope
which by the action of iodin is rendered impermeable to aleohol.
This observer’s experiments show that so long as the Gram-stained
cell is intact the aleohol i1s unable to remove the stain, but that as
soon as the cell is erushed 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 iodid,
2 parts; water, 300 parts) until purplish black, one and one-half
minutes.

4. Decolorize with 95 per cent. aleohol for not more than two
minutes, wash, dry, and mount.

A contrast stain with dilute fuchsin or 0.5 per cent. solution of
safranin or Bismarck brown may be made if desired (for example,
in examining gonorrheal pus); twentv-four-hour agar cultures
should be used. For sections, prolong the process. Modifica-
tions, Weigert,{ Nicolle,§ Atkins.||

Sterling’s  Gentian-violet.—Five grams of gentian-violet are
ground in a mortar with 10 c.c. of 95 per cent. aleohol. After
practical solution, 2 e.c. of anilin oil are added and then 88 c.c. of
distilled water. The grinding is continued a short time and after
the mixture 1s permitted to rest a day or two, it 1s filtered through
paper. It has the merit of staining quickly and intensely and of
keeping many months.

The film, air-dried and passed through the flame, or pref-
erably fixed in methyl aleohol, is stained as follows: The gentian-
violet is applied for five seconds and washed off. The Gram's

* Brudny: Centralbl. f. Bakt., II, 1908, 21, p. 62.
t Benians: Jour. Pathol. and Baeteriol., 1912, 17, p. 199,
f Weigert: Fortzchr. d. Med., 1887, 5, p. 228,

§ Nicolle: Ann. de I'Inst. Past., 1895, 9, p. 666.
| Atking: Jour. Baet., 1920, 5, p. 321.
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solution is applied for half a minute, and after washing or blotting
away the excess, the preparation is decolorized and counterstained
as above.
Pappenheim's Stain: A good general stain for pus preparations:
Sat. agqueous sol. of methyl-green. .. . ... ... ... 3—4 parts

Sat. aqueous sol. of pyronin. . . . ............. 1=-13 “
Apply cold for thirty seconds.

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

Stain for Tubercle Baecilli and Other ““Acid-proof” Bacilli:
Tubercle bacilli require a powerful stain containing a mordant,
and with this aid stain only with difficulty; when once stained,
however, they resist decolorizing with equal tenacity. The fol-
lowing method is most commonly used:

Ziehl- Neelsen Carbol-fuchsin Stain:*

VI IR TH T ) e e i M S St I L s 1 part
Absolute aleohol. .. ..................0ccvveo 10 parts
5 per cent. zol. carbolicacid. .. .............. 100 *

1. Flood the cover-glass with earbol-fuchsin and heat gently
over the flame until the film seems deeply stained.

2. Wash and decolorize with a 2 per cent. solution of hydro-
chlorie acid in 80 to 95 per cent. aleohol. It is well to decolorize
until the thinner portions of the film show no red color.

3. Wash in water.

4. For a contrast stain use methylene-blue.

5. Wash and examine.

Miller's Spore Stain:t Like the tubercle bacillus, baecterial
spores are resistant to staining and to decolorizing. The method of
treating them is as follows:

1. Prepare films from a twenty-four-hour agar eulture.

2. Place in chloroform for two minutes.

3. After drying in the air, cover with a 5 per cent. solution of
chromic aecid for two minutes.

4. Wash thoroughly in water.

5. Cover with carbol-fuchsin, and heat for five minutes over the
water-bath at 100°, or over a small flame, simmering gently,

* Ziehl: Deut. med. Wochensehr., 1882, 8 p. 451.
f Mdller: Centralbl. f. Bakt., 1801, 10, p. 273.
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6. Decolorize with 1 per cent. sulfuric acid for twenty-five to
thirty seconds.

7. Wash thoroughly in water.

8. Mount in water and examine under the microscope to see
if the spores are cherry-red and the protoplasm colorless or faintly
pink.

9. Counterstain with methylene-blue for ten to fifteen seconds
without heat.

10. Wash, examine in water, and mount in balsam.

The body of the cell should appear blue; the spore, red.

Capsule Stain: Weleh’s method*® i1s used for staining encap-
sulated organisms.

1. Cover the film with glacial acetie acid.

2. Draw off acetic acid and treat the film several times with
anilin gentian-violet.

3. Wash in 0.85 per cent. NaCl solution and examine in the
same solution. Avoid the use of water at any stage. The capsule
appears as a pale violet halo around the deeply stained bacterium.

Hiss's Capsule Stain: Preparations are best made by direct
films from pneumococcic exudates. Dry in air and fix by heat.
Stain for a few seconds with saturated aleoholie solution of fuchsin
or gentian-violet, 5 c.c., in distilled water, 95 c.c. Flood the slide
with the dye and hold the preparation for a second over a free
flame until 1t steams. Wash off the dye with 20 per cent. agueous
copper sulphate solution. Blot (do not wash in water).

By this method the capsule appears as a faint blue halo around
a dark purple cell body. Better results may frequently be ob-
tained by omitting heat fixation and by washing off the dye with
the copper sulphate solution as =oon as it begins to steam. Water
should not be applied at any stage of the procedure.

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, since under some conditions
the flagella are easily broken off. A tube containing 5 c.c. of
sterile water is 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

* Weleh: Bull. Johns Hopkins Hosp., 1892, 3, p. 128.
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development. Two or three loopfuls of this suspension are then

placed upon a cover-slip without spreading, dried at 37°, and fixed.
Léffler’s stain,* in which a mordant is used, gives good results.
1. Cover the film with the mordant:

Tannie acid (25 per cent. agueous solution). ... .. 10 parts
Ferrous sulfate (saturated aqueous solution) . .... 5 *
Fuchsin (saturated aleoholic golution) ... ... ... .. 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—
Oamie acid, 2 percent. sol. . ........ .. ..o 1 part
Tamnin, 10to 25 pereent. 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 AgN(, in distilled water.

Allow films to be in this a few seconds; then, without washing,
transfer to
Solution C—

(T (e S o L 5 gm.
AEBNTURNR S = oo v o s e vl iimtie s o e et o P a
Fused potassium acetate. . . ................... 10 ¢
Eabbillad-wabar- o s cln s D e 150 e.c

Keep in this for a few seconds. Then treat again with solution B
till the film begins to turn black. Wash and examine,

* Loffler: Centralbl. f. Bakt., 1889, 6, p. 209; 1890, 7, p. 625,
1 Van Ermengen: Ibid.. 1894, 15, p. 969
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For other methods see Zettnow,* Pitfield, Williams. 1

Romanowsky Stain: This stain, depending upon a combina-
tion of eosin with altered methylene-blue, is extensively used in
studying protozoan parasites.

Solution A§—

Methylene-blue (medicinally pure)} . .. ... .. . 2 gm.
Sodium bicarbonate. . . .................... g
BT T T G S St - SR 25-30 c.c.

Mix the dry ingredients and gradually add the water. Cover and
steam in the Arnold sterilizer one and one-quarter hours. Wash the
residue with water, to remove the sodium bicarbonate, add 10 e.c.
of 4 per cent. solution of NaOH, and shake. Extract with ehloro-
form and evaporate over a water-bath. Finally, place the dry mass
in a bottle and add gradually about 150 e.c. methyl aleohol. This
eonstitutes the stoek solution of erude methylene-violet and azure.
Solution B—

Saturated solution of Griibler's watery yellow eosin in methyl al-
cohol.

To make the dye:

T e e e e e 66 e.c.
Biabbyl loobiod . oo i s s 33 ¢
OO It b s e e e R 1-1.5 *©
Methylene-blue. ....................... 0.056-0.15 gm.

Place the dye on the cover-slip and allow it to stand one minute.
Add, drop by drop, a quantity of water equal to the bulk of the dye,
and allow this to stand five minutes. Wash one-half minute in run-
ning water.

Epstein's stain is very useful in showing the granules in diph-
theria baeilli.

(@) Prepare a film in the usual manner.

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

* Zettnow: Ztschr. f. Hyg., 1809, 30, p. 95.

+ Pitfield: Med. News, 1805, 67, p. 268.

§ Mallory and Wright: “Pathological Technique,” Phila., 1904, p. 105

§ After Harris, Johns Hopkins Hosp. Bull., 1907, 18, p. 281. For fuller
details see MacNeal: Jour. Infeet. Dis., 1906, 3, p. 412.
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() Wash in water.

(d) Warm over a flame with Gr&m s 1odin solution.
(e) Wash in water.

(f) Dry and mount.

Neisser's Granule Stain:

Neisser's Stain for Diphtheria Bacilli
Solution No. 1

Methylene-blue...................cccvvnvvn.. 0.1 gm.
Aleohol . iR e s ST B i e e e
(_ulucmlum,tlcumd e S e e e et Sl EY SRy B
Distilled water. e et ﬂ"'J -

Dissolve the methj,rlme-hlue in the alcuhnl m:d udd it to the acetic
acid water mixture. Filter.

Solution No. 2
Bismarck brown. S e R R R o B ) -

Water (boiling) . . : it o w e R A
Dizsolve the ‘at-‘un in I.h-F' hmimh “utcr ﬂnd filter.

To Stain: Fix the preparation. Pour on the dilute acetic acid
methylene-blue solution and allow to act from thirty to sixty
seconds. Wash. Then pour on the Bismarck brown solution and
after thirty seconds wash off with water. Dry and mount. The
bodies of the bacilli are brown with dark blue dots at either end.

FPonder's Stain for Diphtheria Bacilli

Toluidin blue (Grabler)...................... 0.02 gm.
G acial ArETe M) e e T st e e 1e.c.
Absohite mleoBi . e s s A e 3
Bistilled water 1o .o e e <R

This stain may be used in place of Solution No. 1 in Neisser's
method.
Wright's Stain

Methylene-blue. .................. 1 g
Sodium carbonate................. 05 *
Eosin, vellow, water soluble. .. . .. .. 0.1 per cent. solution

The sodium carbonate is dissolved in 100 e.c. of distilled water,
the methylene-blue added, and the solution placed in a steam steril-
izer for one hour. When cold, 500 c.e. of the eosin solution is
added and stirred constantly until the solution becomes deep
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purple and a finely divided precipitate has formed. This is col-
lected on a filter paper, dried, and dissolved in methyl alcohol to
form a saturated solution. After filtering, 40 c.c. of the solution
are diluted to 50 e.c. with methyl aleohol. In using, cover the pre-
pared film with the stain for one minute, then add water slowly
until a green iridescence appears. Allow the stain to remain for
two minutes, then wash and examine.

Jenner's Stain, Leishman’s Modification.—This stain contains
the same ingredients as Wright's stain, but is prepared in a dif-
ferent manner. The methylene-blue is dissolved in 100 c.c. of
distilled water, the sodium carbonate added, the solution heated
at 65° for twelve hours, and then allowed to stand ten days at
room temperature. Equal amounts of this solution and the eosin
solution are mixed and allowed to stand for six to ten hours with
frequent stirring.

The precipitate is collected on a filter, dried, and the staining
solution made by dissolving 0.15 gm. in 100 ¢.c. of methyl alcohol.

{riemnan Shain

AZUr TT—0080I. . . . . . o icmeeinm e wie s e 0.3 gm.
o 1 e e s S S oo R
LB bt ) T e e S R T
Methylaleohol: = vaican i sanvivesie v o L

Heat both the alcohol and glyeerin to 60° C. Dissolve the
dyes in the aleohol and add the glyeerin slowly. Allow to stand
over night and filter. In staining use 1: 1000 potassium hy-
droxid solution in place of water, and dilute the stain as pre-
pared, with ten times its volume of water. The best preparations
are made by allowing the stain to remain on the film for one to
three hours.

The above three stains are useful in connection with the ex-
amination of blood smears either for making blood counts or for
detecting parasites.

Selective Bactericidal Action of Gentian-vielel.—Churchman®
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,

* Churchman: Jour. Exper. Med., 1912, 16, p. 221,
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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 hardened agar (with a fluid culture or emulsion)
striking differences in behavior are observed, which are of signifi-
cance in differential diagnosis. Certain bacteria (e. g., Bacillus
anthracis, B. diphtheriz) are inhibited by the dye and refuse to
cross the border-line, while others (e. g., B. typhosus, V. choler®)
grow freely in the gentian-violet medium. In general, the Gram-
positive organisms are inhibited by the gentian-violet and vice
versa, but there are some exceptions to this rule. Behavior
toward gentian-violet is much more definite and constant than
the Gram-staining reaction. Besides its diagnostic value, the
method has important practical applications in detecting mix-
tures of species, air contamination, 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 blood-agar should also be inoc-
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 carefully ex-
amined, and pure cultures on agar or blood-serum made from any
that present characteristic appearances, or that differ materially
from one another. If the inoeulated animal succumbs, cultures
should be made from the site of inoculation, from the heart, spleen,
liver, and peritoneal eavity. When no apparent effect follows
inoculation, the animal should be killed after five or six weeks, the
organs carefully serutinized for possible tuberculous 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 1s 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 effeet upon animals.
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1. Morphologic Appearance.—Y oung twenty-four-hour-old agar
cultures should he examined in a hanging drop for motility, form,
and size. The hanging block may be used for further observations
on size, eell division, grouping, and spore formation. Preparations
of both young and old cultures should be stained first by the ordi-
nary 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.

2. Cultural Characteristics—Cultures freshly isolated from
water, soll, or air, or those which have been kept for long periods
upon artificial media, are sometimes put through a process of “‘re-
juvenation” before study in order that they may regain lost qual-
ities. This process consists in suceessive transplantations upon a
series of media, 7. e., from agar to broth for three days’ incubation
at 20° C., then to a gelatin plate for the same interval, and finally
back to agar, from which the conventional media are inoculated.®
Observations of eultural features should eover a period of at least
ten days. The colonies on gelatin, and less often on agar plates,
sometimes show important differences in form, rapidity of devel-
opment, 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 con-
sistency of growth, elevation, character of surface, edge, and pig-
mentation or discoloration 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 eultures
often give a characteristic development along the line of punecture;
observations should also be made on the character of the surface
growth and the progress of liquefaction if present. The produc-
tion of a surface pellicle, of turbidity and sediment in broth, and
the oceurrence 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 saecharose, and in
case of gas production, the amount of gas produced, and the ratio
of H to CO..  Growth in the closed arm of the fermentation tube
gives an indication of facultative or obligatory anaérobiosis. 1t is

* Fuller and Johnson: Jour. Exper. Med., 1899, 4, p. 609,
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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 products of growth (in the
form of eulture-filirates) for ordinary laboratory animals com-
pletes the usual list of data necessary for classification.

It 1= of the utmost importance that deseriptions be com-
parative; therefore, in order to prevent confusion of methods and
of terms, a committee® of the Society of American Bacteriologists
on Bacteriological Technie has suggested certain standard meth-
dos and deseriptive terms, together with a numerical system
of recording salient characters of an organism. The chart devised
by this committee is herewith appended.

* Committee Reports, Soc. Amer. Bact.; Jour. Bact., 1918, 3, 115; 1919,
4, 107; 1920, 5, 127.









CHAPTER III

THE STRUCTURE AND MODE OF DEVELOPMENT OF
BACTERIA—THE COMFOSITION 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 differ in size,
ghape, method of eell-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 certain food-
substances often present definite peeuliarities of form, eolor,
consistency, and luster, which are apparent upon examination
with simple lenses or with the naked eye. 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 umnlike a grove
of pine trees. It is henee sometimes thought desirable to consider
the morphology of bacteria 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

= ii}t}ﬁ mm. = about 2.-,_tmm inch). One large spherical bacterium

that has been deseribed measures about 2 in diameter ; the most
common mierobe found in suppurative processes is a spherical
bacterium about 0.8g¢ in diameter. Considerable variation ecan
occur within a single species. The bacillus of typhoid fever is
found to range from 1p¢ 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
3
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spirally-twisted or screw-shaped forms;* one of thesef 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 40 in length.

OUne of the smallest of the well-known pathogenie forms is the
influenza baeillus (about 0.5 > 0.2¢).  Other micro-organisms, not
surely known to be bacteria, are even smaller. The germs causing
pleuropneumonia in cattle 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
inoeulation into susceptible animals. It is possible that other

diseases, the causes of which are at present

microscopic organisms. It has been shown,
i for example, by Reed and Carroll] that the
ra{;:’féld;;;‘“rﬂ; virus of yellow fever will pass through the
;;:T;l:a::ﬂ héﬂ!?ﬁ‘_ pores of a compact poreelain filter. Special
3"’11."“3,5;1 Us}:;'-nﬂ;luﬁl' me‘thmils, sux:_h a8 1111fj'ruphut-ugraphy‘ by 'the
S Hlieries  bh o ultra-violet light-rays§ and strong illumina-
0.5p X 0.2, ~ tion of a dark field, the “ultramicroscope”
of Siedentopf and Szigmondy,| have been
employed in the hope of rendering visible ultramiecroscopie forms
of life. Up to the present, however, these methods have not been
suceessful in revealing the existence of hitherto unknown patho-
FENLe INICro-organismes.

The mitochondria of living cells have been regarded by some
investigators as symbiotic bacteria, but microchemical and phys-
ical differences exist which render such a supposition unlikely. |

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

O unknown, will be found to be due to ultra-
IR

* A bacillus (B. biitsehlii), however, studied by Schaudinn (Arch. f.
Protistenk., 1902, 1, p. 306) measures from 50 to 607 in length and from
4 to 5z in width.

T Spirillum eolossum (Centralbl. f. Bakt., 1902, Abt. II, 9, p. 608).

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

§ Kiihler: Ztschr. {. wiss. Mikrose., 1904, 21, p. 129.

| Berl. klin. Wochenseh., 1004, 41, p. 862.

9 Cowdry and Olitsky: Jour. Exp. Med., 1922, 36, p. 521.
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cated struetures are found among certain other groups of unicellular
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 con-
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 spherieal baeterium 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 affeet 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

® &8
in being somewhat % % U / !{Dﬂ

larger, and especially

in exhibiting well- mﬁ:@a
marked filamentous
and branching charac- Fig. 14 —Forms of bacteria.

ters. These higher

forms of baecteria are known as trichomycetes (sometimes, but

erroneously called streptothrices). Transition forms exist between
these several groups; certain micro-organisms are difficult to
classify exactly. The tubercle baeillus, for example, under ordi-
nary conditions, is a typieal rod, but sometimes produces branching
filaments, and has been placed by some writers with the fricho-
myceles.

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

Involution and Degeneration Forms.—Under constant and
favorable conditions 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.
T Matzuschita: * Bakteriologische Diagnostik,” Jena, 1902

i)



66 GENERAL BACTERIOLOGY

ficial culture-media, however, appears to have an injurious effect
upon certain varieties of bacteria. In old cultures or in cultures
kept under relatively unsuitable conditions many bacteria pass
into unusual forms which are plainly the result of degeneration, and
indicate that the cell has received some damage from untoward
physical and chemical influences. These degenerative or involu-
tion forms often depart very widely from the typical form, and

Fig. 15 —Involution forms of bacteria (enlarged about 1000): 1, Ba-
cillus proteus mirabilis (Hauser); 2, Bac. aceticus (Hauser); 3, spirilla form
of Bacillus anthracis (Petruschky); 4, involution forms of Bae, halophilus
(Russell); 5, Spirillum choler® (van Ermengem).

sometimes give to a pure culture the appearance of being eontams-
inated by a foreign organism. Certain bacteria are especially prone
to produce involution forms, and in at least one case, that of the
plague bacillug, the oceurrence of involution forms upon a particular
culture-medium (nutrient agar, containing 2.5 to 3.5 per cent. NaCl)
has been thought to be characteristic and to serve as a valuable
aid to the differential diagnosis of the organism.
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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 tuberele 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 production of branching in the
typhoid and tuberele 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 is rela~
tively undifferentiated. Some definite structural features ecan,
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 eapsular sub-
stance is believed by many investigators to be an attribute of all
kinds of bacteria, 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 cultures, such as those of B. mucosus
capsulatus (p. 311), characterize the capsulated forms. The
capsule is generally demonstrated most easily in preparations
made directly from animal tissues, as is notably the case with the
micrococeus of pneumonia, but it ean also be seen in specimens
from ordinary cultures, if appropriate methods are used.f Cap-
sular 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.
T Boni: Centralbl. f. Bakt., 1900, 28, p. 705.
1 Buerger: Jour. Infect. Dis., 1907, 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 chemieal character indieates its elose 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
& W existence of nuclear material (chromatin) given
> ' ‘:EJ 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
A that a bacterium is composed of eytoplasmic
material without anv nueleus, and, on the other

|
|"r : hand, to the opposite opinion, that it 18 com-
| r"} posed altogether or almost entirely of nuclear
o "'j‘. matter (chromatin), with possibly a thin outer
B ¢ envelop of evtoplasm. The latter view is sup-
, ' ported by the great affinity shown by the
'xg bacterial cell-substance for the ordinary nu-
. clear stains as well as by the capacity of the

Fig. 16.—Chro-  ¢ell for very rapid cell-division. Considerable
matin granules in  hiplogie significance attaches to the structure
Bacillus megathe- : T
rium (after Zett- of eells so simple and presumably so primitive
L 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 aveiding 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 varying amounts of
eyvtoplasm, a view not unlike that first advanced by Biitschli.}

* Zettnow: Zeitschr. f. Hyg., 1889, 30, p. 11.
T Biitschli: “ Ueber den Bau der Bakterien,” Leipzig, 1890.
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In most cases the ehromatin, instead of being gathered together
in a fairly compact 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 cells, and oceurs most
frequently in a finely divided condition.

When certain kinds of bacteria are treated with methylene-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 wmetachromalic 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 bacillus, and
other baeteria. In ecertain 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
physiologie significance have been elassed as metachromatie gran-
ules. In some instances such granules are simple degeneration
produets; in others they doubtless bear some important relation to
the physiologic activities of the eell. They have even been compared,
although on insufficient grounds, to the ecentrosomes of more highly
specialized cells. It is more likely that they are in large part
reserve food-substance. A. Mever® has shown mierochemically
that some of the granules are fat, some glyeogen, others a lecithin-
like substance, and still others a peculiar protein-like eompound.
It is an interesting fact that metachromatic granules are usually
found in greatest abundance in the cells of the most vigorous eultures.
The view advanced by a few writers, that some relation exists
between the virulence of a culture and the richness of the cell in
eranules, has not been established.

Motility and the Organs of Locomeotion. —Manyv kinds of
baeteria are observed to be motile under the eonditions in which
bacteria are usually studied. Some of those forms in which motion

* Meyer, A.: Centralbl. f. Bakt., Abt. 11, 1900, 6, p. 339.
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has never been observed may perhaps possess the power of locomo-
tion under certain unusual conditions. Independent bacterial mo-
tion 1s a true movement of translation, and is to be distinguished
from the oscillating or quivering movement exhibited by all very
minute particles suspended in water or other suitable fluids. The
latter movement is the so-called “Brownian movement.”” This is
a purely physical phenomenon due to so-called molecular bombard-
ment, not to the activities of the living cell. Both dead baeilli and
living non-motile bacilli show the Brownian movement, just as do
other small particles freely suspended in a fluid. In particular cases
where motility is sluggish it is often difficult to determine whether
the changes in position that are observed are independent or are

Figs. 17 and 18.—Flagella; Proteus vulgaris and large spirillum belonging ¢o
the group of sulfur bacteria (Zeitinow).

simply manifestations of the Brownian movement. Many bacteria
are found to be motile when they are examined after removal from
certain eulture-media, but are non-motile if they have been grown
on other substances. One of the familiar instances of this sort
is the case of the colon baecillus, which is motile when examined
from young colonies on gelatin or agar, but is frequently non-
motile when taken from broth. Conflicting statements concern-
ing the motility of an organism often depend upon the fact that
observations have not been made under comparable circumstances.

The rate at which a bacterium moves has been approximately
measured. The typhoid bacillus may travel a distance of 4 mm.,
or about 2000 times its own length, in one hour; the cholera spiril-
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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. IFlagella 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. 55). 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 (amphilricha, 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 eell, 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 (africha, anthrax bacillus).
The number of flagella on the body of peritrichous bacteria varies
considerably. Even closely 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 micrococei are motile under ordinary eonditions,* and no
motile trichomycetes have been deseribed.

Growth and Cell-division.—A bacterium 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, eell-divizion oecurs by simple partition
or fission, dividing the cell into approximately equal halves.
Possibly division of the nuclear substance precedes that of the cell-
body (Nakanishit). Among bacilli and spirilla cell-division always
takes place at right angles to the long axis of the cell; among the
cocel division may oceur only in one plane, resulting in the formation

* According to the investigations of Ellis (Centralbl. f. Bakt., Abt. II,
9, 1902, p. 546), all forms of microcoeel possess flagella and are motile under
favorable conditions. This assertion has not been confirmed.

T Nakanishi: Centralbl. f. Bakt., 1901, 30, pp. 97, 145, 193, 225.
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of chains (streptococe); or in two planes, giving rise to flat sheets
of cells or irregular masses (staphylococei); or in three planes, pro-
ducing cubical bales or packets (sarcine).* After cell-division the
cells may remain connected (streptobacilli or streptococci) or they
may become speedily disunited. Bacilli and spirilla show some
elongation before division; cocei, as a rule, do not, although some
cocel 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 wvibrio, 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 baecterial 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
young cell to maturity. A young bacterial eell attains full size and
acquires 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. Calkinst
has shown that Paramaecium divides about onece or twice in twenty-
four hours. It has been estimated that if bacterial multiplication
went on unchecked, and the division of each cell took place as often
as once an hour, the descendants 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
inerease in exact geometric progression, for various checks and
hindrances are always placed upon its multiplication by natural

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

1 Calkins: Archiv {. Entwickelungsmech., 1902, 15, p. 130.
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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 bae-
teria during the disintegration of their food-substances, and aceumu-
late in the immediate surroundings of the organisms, where they
often inhibit all further multiplication. This is undoubtedly one
of the ways in which bacterial 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 diffieulty, these characteristies being
probably due to their extraordinarily dense and compact structure.
The highly refractive character of the unstained spore is also con-
nected with the concentrated character of the spore substance.

An assembling or concentration of the nuclear material seems
to precede spore-formation in some eases and constitutes the spore
primordium. As a rule, a single cell forms only one spore; excep-
tions to this are very rare. Spore-formation among bacteria, there-
fore, is not a reproductive deviee 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 baeillus); in
others it may cause a bulging out of the wall of the cell at the
point where it lies (Fig. 19). If a swollen spore is formed at one
pole, a ““drumstick” appearance (tetanus bacillus) may result, or
if 1t lies eentrally the cell will become “spindle-shaped,” a form to
which the name clostridium has been given.
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The spore of the anthrax bacillus, when brought under favorable
conditions, shows first a change in the refractive property of the
spore-substance; this is followed by a slight elongation of the spore,
with a final bursting through of the spore-membrane and the out-
growth of a short rod, which then divides in the usual manner.
The new outgrowth of the anthrax bacillus takes place at the pole
of the spore; in the closely related hay bacillus it is at the equator.
Other forms of baecteria exhibit intermediate methods of germination,
and irregularities sometimes oceur in the development of spores
of the same species.

Spore-formation is not very common among bacteria. It is

most frequently observed in

- 1\"‘; 7. e bacilli, less commonly In
/‘_,f:._lr ik ; " ey I'_\ ey ; St + Lo
“*" & -?; 7 R .‘51“;-"1]1;1I m-ul very rarely in
gily v i ‘ i : AN micrococel. A noteworthy cor-
" L] -
il f NN \ " relation of characters is shown
e Ay % " 1 5 P
i ff \ I’ . In the almost unfailing oceur-
ﬂ / / y L —~! rence of spore-formation in
( i

/ strict anaérobes (p. 83). Spore-
~ forming aérobic bacteria are

Lo e ;
s J : | 4 relatively less abundant. Sav-
\ 14 an ing certain anaérobie bacilli
~ =i (bacillus of tetanus, of malig-

Fig. 19.—Spores, bacillus of symp- - . . r o
s nant edema, and a few others),

stain (Kolle and Wassermann), only one spore-forming bac-

terium, the anthrax baeillus,

is known to be pathogenic for man, a fortunate circumstance that

materially facilitates and simplifies the disinfection and treat-
ment of infeetious diseases.

The conditions under which bacteria form spores vary with the
nature of the organism. The bacillus of anthrax, as a rule, forms
gpores only when in contact with free oxygen, a fact that has a
direct practical bearing upon the mode of disposal of the carcasses
of cattle dying from this disease. The tetanus baeillus, on the other
hand. and the anaérobes in general, form spores in the entire absence
of oxygen. A suitable temperature is essential to the formation
of spores: the anthrax bacillus forms spores most abundantly at
about 30° to 32° C., and will not produce spores below a temper-
ature of about 12° its optimum of vegetative mulfiplication being
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about 37°. Lack of food is apparently not an adequate stimulus
to spore-formation. In all ecases 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 acecumulation
of metabolic 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 eomplete 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 femperature, 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 ease 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 occurs upon certain culture-media,
possess salient peculiarities which are highly characteristic of the
species. In others the differences between colonies of closely allied
species are exceedingly subtle, and ean be detected at times only
by a trained eye. Growths upon the nutrient gelatin commonly
used as a culture-medium are especially characteristic; on this

* Migula: “System der Bakierien,” Jena, 1897, 1, 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 eolonies
of closely related organisms are often, however, as in the case of
some members of the eolon-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 (Dunhamf);
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, =till less characteristic.

Besides the shape, size, and general struecture of bacterial
colonies, color is sometimes of serviee in differential diagnosis.
Certain species produce variously eolored 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-vellow pigment. The bacillus of green
pus is also eonspicuous for its pigment. It must be remembered,
however, that among bacterial colonies, as among living organisms
generally, there i1s no quality so variable as eolor, and that, as a
rule, implicit dependence eannot be placed upon the pigmentation
of a bacterial colony even as a mark of varietal or racial dif-
ference. :

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

* Whipple: Technology Quarterly, 1902, 15, p. 127,
T Dunham: Seience, 1903, 17, p. 372,

i Ward, Marshall: Proe. Roy. Soc., 1897, 61, p. 41J.
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met if we tried to differentiate 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
bacteria 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,O, content often reaching as high as half
the total ash weight (tubercle bacillus, 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, silica, ete. Some forms of filamentous baecteria,
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
abundance. 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 ehemical composition.

Characteristic nitrogenous compounds, namely, nuelein, hypo-
xanthin, guanin, and the nuclein bases, such as adenin, occur 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 constituents of the bacterial cell, and these
substances are referred to in another place. The diffusible produects
of bacteria are also considered elsewhere (p. 103).

* de Schweinitz and Dorset: Centralbl. f. Bakt., 1897, 22, p. 209.



CHAPTER IV

THE EFFECT OF PHYSICAL AND CHEMICAL AGENTS UPON
BACTERIA

It is a well-known biologie fact that various physical and chemi-
eal agencies affect profoundly the vital phenomena of all living
cells; physical and chemiecal factors determine inexorably whether
a miero-organism shall thrive and multiply, whether it shall lead
a merely dormant existence or shall altogether perish. Among
the most important of the natural environmental influences
are temperature, light, moisture, oxygen-supply, and food-
supply.

Temperature Relations.—Many bacteria show great adapta-
bility to temperature conditions. The hay bacillus (B. subtilis)
is able to multiply at 6° C. and also at 50° C. Three temperature
limits may be distinguished: a minimum, or the lowest point at
which growth occurs; an optimum, or the temperature of most
luxuriant growth; and a maximum, or the highest temperature
at which growth can take place. The position of these three points
differs greatly for different species. The minimum for some bac-
teria may lie above the maximum for others: B. thermophilus, a
gpecies found in soil and fermenting manure, will not grow under
certain conditions below 42°; * B. tubereulosis will not grow above
42°, while B. phosphorescens will not grow above 37°. The opti-
mum for B. phosphoreseens is 20°, for the hay baeillus 30°, for B.
tuberculosis 38°, and for B. thermophilus 63° to 70°. Some bac-

* It has been shown by Rabinowitsch (Zeit. f. Hyg., 1895, 20, p. 154) that
while many of the thermophilic bacteria are able to grow only at temperatures
above 50° when in contact with air, they are able nnder anaérobic conditions
to grow at the ordinary incubator temperature (37.5°), or even as low as 34°
Such species appear adapted both to an anaérobie life in the animal body at
about 37° and also to aérobie life at the high temperatures found in ferment-

ing manure.
s
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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. DBacteria
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 expeeted, 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:

BACTERIUM, Mirraroas, OPTIMUM. MaxiMuUM,

—_— |

B. Ehnsphorescens ..................... 0.0 20.0 37.0
B. fluorescens, var. liquefaciens......... 5.0 24.0 38.0
L a7 e S MRS Nl 6.0 20.0 50.0
S. cholere. ........... e 8.0 37.0 40.0
B AR e S e 14.0 37.0 45.0
B. tuberculosis, ...... .. 0.0 35.0 42.0
TR U e R e R 40.0 45.0
B thermophilug, ..ol 42.0 63-70 72.0

The wide range here shown in respect 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. Miiller: Arch. f. Hyg.,
1903, 47, p. 127.

T Setchell: Science, 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 miero-organisms. The usual method
consists in exposing, for ten minutes, a suspension of the organisms
in broth or salt solution to the aection 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 baeillus, 58° to 60° C., and for the tubercle bacil-
lus, 60° C. Under certain circumstances the thermal death-
point may be raised. It has been shown that while tubercle baeilli
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 since 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 mierobes of water and soil, and also typical pathogenic
baeteria like the typhoid and diphtheria bacilli, have been exposed
for some days to the temperature of liquid air (about —190° C.)
without destroving their vitality or sensibly impairing their biclogic
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

Ll

* Th. Smith: Jour. Exp. Med., 1899, 4, p. 217.

+ This temperature is far below that at which any chemical 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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e possess an important practical interest, and will be discussed
elsewhere (p. 335),

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 effect upon bacterial growth and
metabolic activity. Direet 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 intercepts
the heat rays, but allows the germicidal rays to pass through.

Since light has no effect upon bacteria in a vaeuum, 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
rays. In properly handled plates colonies of baeteria will develop
in the shaded portions, but no eolonies will appear in the exposed
portions (Fig. 21).

The bactericidal action of light is confined to the ultra-violet
region of the spectrum, beginning at 350y, and extending with
increasing intensity to the shortest wave-lengths measurable with
a quartz spectograph: 185.6u.® These limits coincide with the
absorption of ultra-violet light by a bacterial emulsion. Ultra-
violet rays have been utilized in special forms of apparatus for
water sterilization.

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

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

* Bayne-Jones and Van der Lingen: Johns Hopkins Hosp. Bull., 1923,
34, p. 11.



Fig. 20,—An agar plate of anthrax spores exposed behind a stencil plate Y
from 12,15 to3.15p. m. on March 27, and l:ltmn incubated at 20°-22°(, and photo-
graphed at intervals. The photograph was taken asa transparency, against a N«
window. The twocrescenticareasare due to the agar-film not completely cover-
ing the plate in this case. Seventy-two hours’ incubation (H. Marshall Ward),

L
ke TR

Fig. 21.—Bacterio-photograph of the spectrum (H. Marshall Ward). Agar
plate of spores of Bacillus anthracis, exposed to the aetion of the solar spec-
trum for five hours on August 16th (11 a. m. to 4 }’?l m.). The .-s]’:c::truzn
was very bright, and nearly, though not quite, pure, The photograph shows
the condition of the plate after twenty-four hours’ ineubation at 25° C. This
figure shows the limits of the various regions of the visible spectrum marked
on it (R, red; (7, green; B, blue; V, violet). The base line a—¥b shows the
l=ngth of the slot through which the spectrum 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-
yvellow 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 .

52
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If, however, the actual body substance is not, like the rotifer,
protected by a gelatinous ecapsule, the complete removal of moisture
speedily destroys life. Ewven 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 baeteria are rather quickly
killed by ordinary air drying, although there are great differences
among the different forms. The tubercle baeillus 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 pathogenie microbes, so that in-
fection through the air, except where floating bacteria are protected
by their position within epithelial scales 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 baeillus 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 oxyvgen: the obligatory aérobes,
or those that require free oxygen for the maintenance of their life
activities; the ebligatory anaérobes, or those that do not grow exeept
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 Beijerinek,* 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.  Wherry and Oliver f have made interest-
ing observations tending to show that many endoparasites become
adapted to a tension of oxygen below the atmospherie,

* Beijerinck: Centralbl. f. Bakt., Abt. 1, 1893, 14, p. 837.

t Wherry and Oliver: Jour. Infect. Dis., 1916, 19, p. 288; ibid., 1917,
20, p. 28. ~
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The discovery of an obligatory anaérobe by Pasteur in 1861 was
the cause of one of the most important changes wrought by baecteri-
ology in the biologic conceptions then current. All of the organ-
isms known up to that time required free oxygen to support life, and
Pasteur’s discovery was at first received with considerableineredulity.
It has since been shown, however, by experiments of great preeision,
that bacteria 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 practical
absence of oxygen is further demonstrated by the fact that strictly
aerobic bacteria 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 anaérobes
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 anaérobic bacteria as a class
thrive best in the presence of substances eapable of undergoing
reduction or fermentation.f The peculiar phenomenon of anaéro-
biosis may perhaps be explained by supposing that anaérobes are
bacteria speecially qualified to obtain their needed energy from the
simple splitting up of organic compounds without oxidation. Al
though it is true that, in its original form, Pasteur’s eonception of
fermentation as “‘life without air" is no longer tenable, it cannot be
questioned that in many cases anaérobie 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 biologie significance of
anaérobiosis. In other words, if a microbe is able to obtain the

* Chudiakow: Centralbl. f. Bakt., 1898, Abt. TI, 4, p. 389.

+ It is a common observation that many bacteria will not grow up into
the closed arm of the fermentation tube except when the culture-medium
contains certain sugars or other fermentable substances. The presence of
certain aérobic bacteria or their produets, or the products of anaérobie bac-
teria, also permits growth in the closed arm, :
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energy necessary for its life activities by reducing processes without
resorting to processes of oxidation it can live an anaérobic life; if
it is so addicted to an anaérobic mode of life that the presence of
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
oxldation 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 awvailable potential
energy, are attacked eagerly by many species, as witnessed in the
familiar phenomena of decay and decomposition. Less complex
molecules can also serve as a souree of enerzy. Many bacteria,
including pathogenic 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 (succinie,
lactie, eitric). Particular interest attaches to the ability of certain
miero-organisms to construet their living substance wholly out of
inorganie compounds. It has long been known that organisms con-
taining chlorophyl 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 organic matter of
any kind, has completely overthrown this distinetion (Ch, XXXIV).
By these organisms the energy necessary for development is obtained
from the oxidation of very slightly energized compounds like the
mineral ammonium salts and even nitrites. Since organie earbon
ecompounds are also formed by the nitrifying bacteria, it follows that
a complete synthesis of organic matler is eff eclted 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
analnguﬁs to that presented by the obligatory anaérobes. Beijerinck
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and Van Delden* have reported the discovery of a remarkable
organism, B. oligocarbophilus, which is capable of growing in
water containing merely nitrates and other fully mineralized salts,
and is able to utilize in its development a volatile carbon compound
of unknown nature which is present as an impurity in ordinary
atmospheric air. In association with eertain other bacteria it can
oxidize hydrogen, perhaps according to the equation:

CO, + H,0 + H, = CO + 2H,0,

Pure cultures of B. oligocarbophilus are eapable of oxidizing and
assimilating carbon monoxid!

According to Kaserer,t B. pantotrophus, by a somewhat similar
process, generates formaldehyd, which it can then use as a
nutritive substance.

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

This organism is able to endure the presence of formaldehyd in
a strength of 1 : 15,000.

Baeteria are frequently distinguished as saprophytes and para-
sites, on the basis of their source of food-supply. Saprophytes are
those forms able to obtain the requisite energy for growth from
dead or lifeless matter; parasites are able to thrive within or upon
the living substance of various animal or plant hosts. Many
parasitic organisms are able to lead also a saprophytic existence,
as shown by the ability of the tubercle bacillug, the plague bacillus,
and many others, to grow not only in the human body, but also upon
the ordinary culture-media emploved in bacteriologic laboratories.
A few parasitic forms, however, are so highly specialized for a life
in contact with living tissues, and even the tissues of a particular
host, that they are unable to grow under any other ecircumstances.
This appears, for instanee, to be the ease with the bacillus of leprosy,
which is able to grow in the body of man and in apes, but resists
attempts to cultivate it on lifeless food-substances or in the bodies of
other animals. On the other hand, most of the ordinary water and
so1l bacteria are powerless to grow when introduced into the ani-
mal body, and seem entirely unadapted to a parasitic mode of life.

* Beijerinck and Van Delden: Centralbl. f. Bakt., Abt. 11, 1903, 10, p. 33,
t Kaserer: Ibid., 1906, 16, p. 681.
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The econcentration and reaclion 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 re-
quired 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 shightly acid to phenolphthalein. Different
species, however, behave differently. The cholera spirillum is
quite sensitive to the presence of a very small amount of acid,
while the tvphoid bacillus is not checked by a distinet acid reac-
tion. Many bacteria found in water grow best in a medium that
is 1.0 to 1.5 per cent. acid to phenolphthalein.

Vitamins or other accessory substances have been found to
exercise a favorable influence on bacterial growth.* Davis and
Ferryf have, in fact, deseribed a remarkably stimulating effect
upon the growth and toxin production of the diphtheria baeillus
produced by the addition of a small amount of broth, presumably
containing vitamins, to a synthetie medium.

Other Environmental Influences.—Among other factors
which have been studied with reference to their effect upon bacteria
are atmospherie 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 miecro-organisms are not
affected by exposure for twenty-four hours to a pressure of 600
atmospheres. According to Roger, § a pressure of 2000 atmospheres
lessens the virulence of the anthrax bacillus. Higher pressures de-
stroy bacteria. Non-spore-forming bacteria are killed in fourteen
hours by a direct pressure of 6000 atmospheres, and spores by
about 12,000 atmospheres. Non-spore-bearing bacteria are killed

*1. J. Kligler: Jour. Exp. Med., 1919, 30, p. 31.
t L. Davis and N. 8. Ferry: Jour. Bact., 1919, 4, p. 217.
I When nutrient broth and gelatin are titrated the litmus neutral point is

about 1.1 per cent. acid to phenolphthalein.
§ Roger: Arch. de Physiol., 1895, 5s., 7, p. 12.



88 GENERAL BACTERIOLOGY

by COy of 50 atmospheres pressure in about-one and one-half
hours, while nitrogen of 120 atmospheres has no effect.®

The evidence in respect to the influence of mechanical aji-
tation upon the life of bacteria is somewhat conflicting, but, on the
whole, indicates that prolonged shaking, whether moderate or
violent, of a fluid containing 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 bacterial colonies,
When glass pearls or similar objects are shaken up together with
bacteria, the organisms are mechanically injured by the successive
shocks and destroyed.

Experiments made to determine the effect of the eleciric 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 baeteria; in other cases death
is due to the action of strongly germicidal substances, like chlorin
and ozone, which are liberated by the passage of the electric eurrent.
When the effects due to heat and to the eleetrolytic production of
germicides are eliminated, it is very doubtful whether any direct
germicidal action can be properly attributed to the electrie current.
Under suitable conditions it ean be shown that when bacteria are
subjected to an electrical potential they move toward the anode.
This is interpreted to imply that the bacteria are electronegatively
charged with respect to water. The charge can be increased or
decreased and even reversed. These observations are being de-
veloped to account for the stability of bacterial suspensions and
to explain certain phases of agglutination phenomena.{

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 con-
ditions of life. Thus, Dieudonne} has shown that by cultivating

* Larson, Hartzell, and Diehl: Jour. Infect. Dis., 1918, 22, p. 271.
t See, for example, Winslow, Falk, and Caulfield: Jour. Gen. Physiol.,

1923, 6, p. 177.
{ Dieudonné: Arb. a. d. kaiserl. Ges., 1804, 9, p. 492,
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the anthrax bacillus at gradually decreasing temperatures a degree
of acclimatization to cold is finally attained by this organism which
enables it to grow at a temperature as low as 10° C. The adapt-
ability to changed conditions shown by the tubercle bacillus, which
when first isolated from the mammalian body grows reluetantly on
artificial media, but with continued cultivation becomes more sapro-
phytic, is another case of the same order. It is 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 or-
ganisms, containing many individual cells, are exposed to a
changed environment. That is to say, on raising the temperature
of a eulture certain cells, the least resistant, will be destroyed first,
while the more resistant will survive and their descendants will
inherit the resistant qualities 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 proto-
plasm of the individual cell may oecur also, as indicated by analo-
gous experiments with other organisms, for example, by Dallinger’s
results with flagellates,® which he suceeeded, in the course of
several vears, proceeding by slow stages, in rearing up to a tem-
perature of 70° C., when the experiment was ended by accident.
At the beginning of the experiment the flagellates were killed at
23° (. Probably bacterial protoplasm likewise can become
directly adjusted to changed conditions.

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
certain chemical substanees 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 algze 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
* Dallinger: Jour. Roy. Mie. Soe., 1887, i, p. 185,

t Jenmings, H. S.: “Behavier of the Lower Organisms,” New York
1906, p. 39.
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as caused simply by the tendeney 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 diffierent parts of
the solar spectrum. The greatest aggregation of bacteria occurs
at the red end of the spectrum (Fig. 22), indicating that the maxi-
mum assimilative activity of the algal protoplasm is proceeding
at this point.

Many bacteria in the course of their growth give rise to sub-
stances, such as acids, which are more or less injurious to ecell life,

g & r

Fig. 22.—Bacteria gathered around alga evolving oxygen (from Engel-
mann). Piece of cladophora with swarming bacteria in the microspeetrum
(gaslight). The chlorophyll grains which fill the eells very uniformly are
omitted, and, instead, the absorption band between B and ¢ aru{ the
tolerably pronounced band at the violet end between F and F, are indicated
by shading.

The cessation of growth which takes place after a time in cultures
of bacteria upon artificial culture-media is thought by some to be
due not to the exhaustion of the available food-supply, but to the
accumulation of metabolic products which interfere with baecterial
development. Such substances, however, are probably not, as they
are sometimes assumed to be, complex cellular products peculiar to
the cell producing them, but are simple acids or other substances
due to molecular disintegration. It is, to say the least, questionable
whether specific inhibitory “ autotoxins™ are produced in bacterial
cultures, although the matter needs further investigation.



EFFECT OF PHYSICAL AND CHEMICAL AGENTS 91

In a state of nature single species or “pure cultures” of bacteria
rarely have the field to themselves, the natural processes of decom-
position and disintegration being earried on by a host of different
microbes. Under open competition the growth of one species
may be sometimes hindered, sometimes assisted, by produets of
associated or competingspecies. The favoring influence that aérobic
bacteria and their products have upon the life of anaérobic bacteria
has already been mentioned. The so-called “ antagonism” between
certain bacterial species is undoubtedly due to the nature of their
chemical products. The presence of those microbes that produce
acid by fermenting carbohydrates is, of course, peculiarly unfavorable
to microbes sensitive to acid. The chemical products of bac-
terial activity will be considered more at length in the following
chapter.

Disinfectants and Antiseptics.—Chemical substances have
been extenszively employved for antisepsis and disinfection. An
enormous number of such substances have been advocated for
various purposes, but in many cases 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 distinction is commonly made between antisepties and germu-
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 antizeptic action, but pathogenie bacteria 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 (SO,) that

# The extensive use of heat for sterilizing or disinfecting instruments and

surgical apparatus and for rendering bandages and dressings aseptic has been
elsewhere considered.
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is formed when sulfur is burned is a germicide only in the presence
of abundant moisture, sulfurous acid (H,30,) 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-
bustion 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 miero-organisms are destroved, and this is
one of the advantages of sulfur fumigation. The use of sulfur has
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 presenee of moisture. According to MeClintic*
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 aleohol be passed over a highly heated
surface,—as, for example, over asbestos discs coated with finely
divided platinum,—the partial oxidation that oceurs gives rise to
formaldehyd:

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

On this prineiple 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 boiled, 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

* MeClintie: Bull. 27, Hyg. Lab. and Mar Hosp. Service, 1906
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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,
calcium 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
effective, but are heavy and expensive. Simple heating of formalin
in almost any kind of vessel will give good results if 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 glycerin, 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 neeessarily poor.

5. Good results have been reported from the simple method of
pouring formalin over erystals 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
guantities of formalin are necessary if the temperature is below
162 43,

The value of terminal disinfeetion after such diseases as diph-
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theria and scarlet fever is questioned by many health authorities.
The terminal disinfection of rooms has been abandoned or greatly
modified in several cities (Providence, New York, and Boston), and
there has been no consequent increase in the prevalence of infec-
tious disease. As a practical measure for the prevention of disease
terminal disinfection is on trial.

"The disinfection of dejecta, sputum, and similar substances
suspected of harboring dizease germs may be effectively carried
out by eremation or by boiling; but in practice a great variety of
chemiecal 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 electrolytie dis-
sociation, many solutions are chemiecally and biologically potent in
proportion to the number of free ions or dissociated fragments of
molecules that thev contain. A comparison of the disinfecting
power of the various metallie 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
or equimolecular solution must be emploved in order to obtain
comparable results. Unless dissociation takes place, solutions of
metallie salts are practically without germicidal effeet. A solution
of mercurie chlorid in absolute alcohol has substantially no
disinfecting power, but if water be added, the germicidal power of
the solution inereases proportionately to the amount of water added.
Among the important points discovered by Krinig and Paul* in
a now classic study of the action of disinfeetants, it was shown
that the disinfecting properties of the salt of a metal are due in
large part to the specific action of the metallic ion, but alsoin
some degree to the anion and to the undissociated part of the salt.
The disinfeeting power of an acid is approximately proportional
to the hydrogen-ion concentration.t

The number of chemical compounds used or recommended for
purposes of disinfection is legion. Many compounds which are
used depend for their effect upon the action of freshly liberated
or nascent oxvgen. One of them is potassium permanganate,
which forms the basis of many of the patent disinfectants, but is

* Krimig and Paul: Zeitschr, f. Hyg., 1897, 25, p. 1.
T Norton and Hsu: Jour. Infeet. Dis., 1916, 18, p. 180.
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expensive in proportion to its efficiency. Ozone is a powerful
germicide and has been used with success in sterilizing water on
a large seale, but eannot be advantageously generated and applied
for ordinary purposes. :

Among the metallic salts used for disinfection, corrosive sub-
limate (mercuric chlorid, bichlorid of mercury, HgCl,) is one of
the best known and most effective. In the presence of considerable
quantities of organie matter, however, its use is totally inadmis-
sible, for the reason that inert ecombinations between the Hg-ions
and certain albuminous substances are formed, and a large part
of the mereury thus rendered unavailable for action upon bacteria.
In alkaline fluids such as many of the body fluids and pathologic
exudates, oxids or hydroxids of mercury 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
washing woodwork, floors, and furniture. It must be kept in mind
that eorrosive sublimate attacks metal, and is henee 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 algs
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 baecilli in twenty-four hours,
in water relatively free from organic matfer, but other investi-
gators doubt iis praetical awvailability for water disinfection on
a large scale.

Some of the best-known and most efficient germicides are coal-
tar products. 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 eent.) it will destroy
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all vegetative bacteria and most spores, even in the presence of
considerable organic matter. Another merit of carbolie acid iz the

comparative permanence of its solutions. Cresol [C,H,(CH,)OH]
is somewhat like carbolie acid In composition, and is present
in large amount in ‘“‘erude ecarbolie acid”; it is almost insoluble
in water. Tricresol i1s a mixture of orthoecresol, metacresol, and
paracresol; it dissolves in water in a 2.5 per cent. solution, which
is about three times as powerful as carbolic acid. Creolin and lysol
contain large amounts of the cresols, and some phenol, mixed with
soap, which greatly facilitates the solution of cresol. Many of the
widely used coal-tar disinfectants are quite poisonous, and care
should be taken to guard against accidental or suicidal poisoning.
An effective liquid disinfectant, cheap and easily prepared, is
recommended by the U. S. Public Health Service.* This so-
called pine oil disinfectant is a by-product from the manufacture
of wood turpentine. Its phenol coefficient is between 4 and 6,
and the cost of preparation does not exceed 50 cents per gallon.
It may be used wherever the ordinary coal-tar compounds may
be used and possesses decided advantages over these substances.

The sterilization of feces 1s advantageously carried out by the
use of caleium hydroxid (Ca(OH).). In laboratory experiments
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 feces and urine
of a typhoid patient will bring about complete disinfection within
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 antiseptie 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 carbolic 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

* Reprint 304, Public Health Reports, October 8, 1915.
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remembered that simple eleanliness is an indispensable adjunct, and
that the use of hot water and soapsuds or soda solution iz 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 case
of a patient suffering from infeetious 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. Slaked lime is prepared from quick-
lime by adding approximately one part of water to two parts of
quicklime. The volume of the carbolic 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
feees 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 consump-
tive and pneumonie patients should be received in cups which 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
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 carbolie 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,
ete., 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 clothes, but all other articles coming into more or less
direct contact with a patient or convalescent, and hence liable to be
L-rmtm[irlirmt,ed with epithelial scales or discharges from the mouth,
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nose, bladder, or bowels, must be carefully disinfected. Dishes
and table implements should be provided for the exclusive 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 destroved. Tovs and books
used by the patient and not of great value should be burned. Valu-
able books may be disinfected in a special formaldehyd ehamber,
Unopened books in book-cases whose surfaces only have been ex-
posed will be satisiactorily disinfected in the course of the ordinary
formaldehyd room disinfection. Woodwork and wooden furniture
may be thoroughly washed with corrosive sublimate, 1:1000.
Upholstered furniture, rugs, and carpets, if allowed to remain in
the room at all, are diffieult to disinfect, and, especially if soiled
with discharges, need to be treated in a special formaldehyd ehamber,
The hands of the patient and of nurses and attendants need
particular attention. After a thorough cleansing with 2 per cent.
solution of carbolie acid or a 1:1000 solution of mercurie chlorid
they should be washed with soap and water. This should always
be done before eating. Parts of the body that become soiled with
discharges should be immediately eleansed in the same way.

Room disinfection may be carried 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.

For surgical operations thoroughly cleansed instruments may
be sterilized by boiling for one minute in a 1 per cent. soda
solution. Rubber gloves for the hands of the operator and
assistants are now generally used in surgical operations and may
be sterilized in the same way. The skin of the patient may be
first washed scrupulously with aleohol and then with a 1 :1000
solution of mercurie chlorid. Painting the skin with tincture of
iodin is still simpler and is highly effective. Bandages, towels,
gauze, surgeons’ gowns and caps are usually sterilized by heat.
Syringes may be sterilized by boiling for fifteen to twenty minutes,
preferably in water to which 2 per cent. of soda is added.



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 vietims
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 chemiecal changes
in bacterial surroundings may give rise to a remarkable and pro-
found disturbanee of the surroundings themselves. The rapid in-
vasion of the animal body by bacteria 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 fowl is lowered only
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 bacteria 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
“gpontaneous combustion” should be attributed to the agency of
the thermogenic bacteria, and that although the train of events
leading te the actual bursting into flame 1s not fully understood,
bacteria play a part in the initial stages of the process. Boekhous
and de Vries* maintain that the seli-heating of the hay 1s of a

* Boekhout ana de Vries: Centralbl. f. Bakt., I, 1904, 12, p. 675; 1908, 21,

p. 398,
09
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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 reaetion
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 photogenie bacteria are found
most commonly, though by no means exelusively, 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.t It is sup-
posed that a substance in the living cell—photogen—is responsible
for the light phenomena.,  Photogen, like zymase, is closely bound
to the cell protoplasm; unlike the former, photogen has not vet
been freed by pressure and filtration from the living cell.

The dependence of bio-luminesecence upon oxvgen is beauti-
fully illustrated by the experiment of Beijerinck.I He added a
ground, chlorophyl-bearing leaf to a suspension of luminous bae-
teria in sea-water. After the dissolved oxyvegen had been used up
and the luminescence had disappeared, the solution again became
luminous if a burning mateh or other source of light was brought
near the tube. The chloroplasts decomposed the dissolved CO. and
liberated the oxvgen. Recently Harvey and Morrison§ have
measured the eoncentration of oxvgen which is but just sufficient
for the development of perceptible luminescence by baecteria iso-
lated from fish. The value proves to be exceedingly low, being
but 0.005 mm. Hg. partial pressure of oxyvegen, equivalent to one
part of oxvgen (by weight) dissolved in 3,700,000,000 c.c. sea-
water.

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

 See especially Molisch, H.: “Leuchtende Pflanzen,” Jena, 1904, pp.
121-151.

i Beijerinck: Kon. akad. van wetensch. te Amst., 1902, 4, 45.

§ Harvey and Morrison: Jour. Gen. Physiol., 1923, 6, 13.
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Chemical Products.—From a physiologic standpoint the sub-
stances produced by bacterial life and activity may be divided
conveniently into four elasses: (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 exeretions, or those substances that
are ejected because useless to the organism: the ashes of cell-
metabolism. (3) The disintegralion products, or those bodies that
are produced by the breaking-down of food substances; their nature
is determined partly by the chemical structure of the nutrient,
partly by the specific bacteria coneerned in the disintegration;
some of the most conspicuous, if not the most important, of bacter-
ial produets 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
early stages of assimilation that are on the way to beecome 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 eclassification it is not always easy
to assign to any given bacterial produet its proper significance.
Enzymes can readily be placed in the class of secretions, but the
physiologie meaning of bacterial pigments, for instance, is obscure,
It is variously held that the pigments are disintegration produects,
that they are excretions, or even that they are secretions.

The Production of Pigment.—Most bacterial eells do not con-
tain pigment, and a mass of bacteria—an agar culture of B. typhosus,
for example—has to the naked eve 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 speetrum are
represented: violet, indigo, blue (B. violaceus, B. janthinus, B.
cyanogenes, B. pyocvaneus); green (B. fluorescens); vellow
(Staphylococeus aureus, Sarcina lutea); orange (Sarcina aurantiaca),
and red (B. prodigiosus). Great variation may oeccur in the amount
and character of the pigment produced by one and the same species;
cultivation on the ordinary media often oeccasions the temporary
or permanent loss of chromogenic power (B. violaceus), and growth
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at an unusual temperature may have a similar effect (B, prodigiosus
at 37°). Some species that are not usually regarded as chromogenie
may give rise to colored sports (e.¢., B. diphtherie, Hill). As a rule,
oxygen is indispensable to pigment produetion, and most chromo-
genic species yield no trace of pigment when grown under anaérobie
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 production 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 ehromogenesis. Antiseptics may cheek or altogether
inhibit pigment production. The bacterial pigments are chem-
ically of diverse nature. Many of the red and yellow pigments are
insoluble in water, but soluble in aleohol, ether, and chloroform.
Others, like the fluorescent pigment, are soluble in water, but not
in ether or strong alecohol. Some, and possibly the majority, are
chemieally related to the lipochromes, a group of fatty pigments
widely distributed throughout the plant and animal kingdom.
The reactions of others suggest an affinity to certain anilin dyes,
guch as fuchsin.

The relation of the bacterial piements 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 inci-
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-
ozous 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. I is well estab-

* See Fuhrmann: “Vorlesungen iiber Bakterienenzyme,” Jena, 1907.
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lished that many of the chemical effects 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
bacteria 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 produets
pass out. The zymase or alcohol-producing enzyme of the yeast-
cell apparently does not diffuse out, but aets upon sugar within the
cell, the resulting aleohol and earbon dioxid being ejected. The
difference between enzyme action within and without the cell would
not seem to be a fundamental one.

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 i2 a long one. A compre-
hensive review of the enzyvmes produced by micro-organisms, with
full bibliography, has been given by Waksman.* Probably all
classes of enzymes are represented among bacterial products, al-
though in some cases where there is reason to suspect enzyme ac-
tion no enzyme has vet 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 easein, 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
& bacterial species to produce a hydrolytic enzvme, 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

* Waksman: Abstr. Bact., 1922, 6, 0.265,
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action is no longer tenable, since many of the effects onee 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 earbohydrate decompositions in which
gas is produced, a virtual reversion to the old etymologic signifi-
cation (fervere, to boil). In ordinary descriptions it is customary
to state that B, typhosus, for example, does not ferment lactose,
that Staphylococeus 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 substaneces by bacterial
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 mierobes, 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 trichomyeetes (p. 519)
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 is no evi-
dence that such organisms are directly harmful.
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Winogradsky, explaining the presence of iron in the sheath by
the oxidation of iron in the cell protoplasm of erenothrix, 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 baecteria in eausing the deposit
of iron from solution, and the consequent formation of great
beds of mineral iron in the earth’s crust. Molisch,* however,
concluded from his investigations of bog-iron ore from various
sources that these miecro-organisms were by no means universally
concerned in the deposition of iron ore on a large seale, 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
Chlamydothrix ochracea that iron is simply deposited by external
chemical action on the sheath, and no vital process is at all con-
cerned therein, and further, that this organism can live in an iron-
free medium, and is capable of storing up manganese as well as
iron. Lieske, T on the other hand, has found that in the case of
Spirophyllum ferrugineum the iron is built up chemosynthetically
by the protoplasm of the plant from ferrous carbonate, which
constitutes a real and necessary source of energy. He was unable
to grow the organism in an iron-free medium or induee it to utilize
the salts of other metals.

A valuable eritical study of iron-depositing bacteria and their
geologic relations has been made by Harder,I who concludes that
there are three prineipal groups of iron-depositing bacteria: (1)
Those, of which Spirophyllum ferrugineum is a tvpe, that preecipi-
tate ferric hydroxid from solutions of ferrous bicarbonate and use
the earbon dioxid liberated and the energy produced during oxida-
tion for their life processes; (2) those, represented by Leptothrix
ochracea, that do not require ferrous bicarbonate for their life
processes, but that eause the deposition of ferric hydroxid when
either inorganic or organie iron salts are present; (3) those, prob-
ably including a number of the lower or ordinary water and soil

* Molisch: “Die Eisenbakter'en,” Jena, 1910,

t Lieske: Jahrb. f. wiss. Bot., 1911, 49, p. 91.

i E. C. Harder: U. 5. Geological Survey, Professional Paper 113, Wash-
ington, 19149,



106 GENERAL BACTERIOLOGY

bacteria, that attack organic iron salts, using the organie acid
radicle as food and precipitating ferric hydroxid or basic ferrie
salts, which are gradually changed to ferric hydroxid. These or-
ganisms cannot utilize inorganic iron salts.

There seems little doubt that iron-depositing bacteria have
played an important part in the formation of iron-ore deposits,
but the relative share of chemical and biologie processes in an
individual ease ean be determined only by a thorough study of
conditions at the time of deposition, especially as regards sedi-
mentation, climate, depth of water, nature of material in solu-
tion, and other factors.

The ‘‘Sulfur Bacteria.”—Sulfur, like nitrogen, is an essen-
tial constituent of living matter. When organic matter is decom-
posed by baeteria, sulfuretted hydrogen (H.S) is one of the usual
disintegration products. If anaérobic eonditions prevail or if the
medium is rich in sulfur compounds, as, for instance, is the case
with the yolk of eggs, the odor of HsS 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 HyS groups already present in the molecule or
from the reduecing action of the bacteria upon the protein sub-
stance. Sulfuretted hydrogen may also be formed by the redue-
tion of inorganic sulfur compounds, such as sulfates, sulfites,
and thiosulfates. It has been shown by Myers* that oxidized
sulfur (taurin) is not readily attacked by bacteria, while par-
tially reduced sulfur (eystin) is completely reduced to hydrogen
sulfid. Many different kinds of baeteria, including most of the
common laboratory organisms, are able to generate sulfuretted
hydrogen from protein bodies. The power of reducing sulfates,
however, seems to be a quality less widely shared and is 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

*J. T. Myers: Jour. Bact., 1920, 5, p. 231.
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found in the water of sulfur springs, in sewage-laden streams,
in swamps where masses of vegetable matter are slowly decom-
posing, and, in fact, wherever an abundance of sulfuretted hydro-
gen 18 being liberated. Two genera are especially recognized:
Beggiatoa and Thiothriz. The former is a long cylindrie filament
possessed of the power of active movement and showing a close
morphologic resemblance to the blue-green alga Oscillaria, Thio-
thrix is differentiated from Beggiatoa by ifs 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 vears have been studied especially by Winogradsky,
who has placed them in a family by themselves, called the Rhodo-
bacteriacese. They are found especially in places where a vigor-
ous reduction of sulfates is taking place and where, consequently,
sulfuretted hydrogen is present in great abundance. The
pigment which imparts the characteristic color to these organ-
isms 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 c¢hlorophyl 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 organism, and they deserve to be set apart, as
Winogradsky has proposed, as an independent physiologic 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 organizms are found abundantly only
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 sulfuric acid, which is, of course. at once neutralized
by the carbonates present, the sulfur bacteria obtain the energy



108 GENERAL BACTERIOLOGY

necessary for their development, Sulfuretted hydrogen, in a word,
is their prineipal food. According to Winogradsky, the single Beg-
giatoa threads use in a day two to four times their own weight of
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 + 0, =2H0 + 8.

2) 8,  + 30, + 2H,0 = 2H,80,.
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 accessible 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. 640) they can subsist on a purely mineral diet,
For these organisms, therefore, sulfur in its combination with
bydrogen 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 produection of acid
and alkali by bacteria is one manifestation of enzyme action.
The oceurrence of acid produetion is so commonly used as a means
of special differentiation that it is convenient to consider this topic
separatelyv. In general it may be said that an acid reaction is caused
by the fermentation of some sugar, glycerin, or similar body present
in the nutrient medium. The musele-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 culture
media, are usually responsible for the occurrence of an acid reaction
in the medium as a sequence to bacterial 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 baeillus produces acid in twenty hours at 37°,
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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
bacteria, and has been used advantageously to distinguish closely
allied organisms, notably in the groups of paratyphoid and dysen-
tery bacilli. _

The acid reaction produced by a given organism in a medium
containing a utilizable carbohydrate eventually reaches a point
where further growth of the organism is inhibited. This final re-
action is termed the limiting hydrogen-ion concentration for that
organism. Ayers,f Avery and Cullen,f and others have shown
that virulent hemolytic streptococei of human origin may be dif-
ferentiated from hemolytic streptococei of bovine type by differ-
ences in their final hydrogen-ion concentrations.

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.

Alkali produection is sometimes declared to be more intimately
bound up with the constructive (anabolic) side of bacterial metabo-
lism than with its destructive aspeet, 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 baeterial
species produce an alkaline reaction due to the formation of ammonia.
This is more marked with some kinds than with others. B. pyoey-
aneus, B. suipestifer, and B. diphtherize 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 yield 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. Under suitable conditions bacteria may produce acid
and alkaline fermentations simultaneously,§ as by forming acids

* Capaldi and Proskauer: Ztschr. f. Hyg., 1806, 23, p. 452

1 8. H. Avers: Jour. Infect. Dis., 1918, 23, p. 290.

1 0. T. Avery and G. E. Cullen: Jour. Exp. Med., 1919, 29, p. 215.
§ Avers and Rupp: Jour. Infect. Dis., 1918, 23, p. 188,
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from carbohydrates and alkaline carbonates from the organic
acids.

Putrefactive Products.—The decomposition of nitrogenous
compounds constitutes a striking feature of bacterial activity, and
one that has always claimed attention. One reason for the con-
spicuous character of protein decomposition, apart from the pro-
found modifications that are observed to cecur in the dead animal
or plant body, is the frequent production of malodorous eompounds
like mereaptan 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
aromatiec bodies, are also formed in the course of the complicated
processes of putrefaction. The substances generated under anaér-
obie conditions differ materially from those formed in the presence
of oxygen, it being well known, for example, that anaérobic decom-
positions are peculiarly apt to be accompanied by the evolution of
offensive 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 digestion, and results first in the formation of albumoses
and peptones, which are then broken up into amino-acids. The
amino-acids themselves are excellent nutrients for bacteria, as
shown by Czapek,t and are split both by the elimination of am-
monia and by the splitting off of carbon dioxid. Free fatty acids,
aromatic acids, and certain ptomains, cadaverin and putrescin, are
among the further products of decomposition.

Indol is a substanee which has assumed importance as an aid
to the differentiation of bacterial species. It is one of the final
produets 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 sulfuric acid
and a 0.01 per cent, solution of sodium nitrite are added drop by

* See Rettger: Jour. Biol. Chem., 1908, 4, p, 45.
t Czapek: Hofmeister’s Beitr., 1902, 1, p. 538.
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drop to a solution containing it, as, for instanee, a peptone culture
of an indol-producing organism. It also produces a cherry-red
color when an acid sclution of dimethylamidobenzaldehyd is
added to an indol solution; this is a more delicate and accurate
test than the former.* (See p. 38.)

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, succeeded in raising asepticallv guinea-pigs that had
been removed by Cesarean section from the body of the mother.
The young 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
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. Schotteliust 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 cor-
rosive sublimate, which was then completely removed by chemical
neutralization; this procedure is not injurious, since control eggs
yield 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 alwavs 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 equaliv good results were obtained. A
mixture of air-cocei with the food was not so favorable. From

* Bshme: Centralbl. f. Bakt., 1905, Abt. I, Orig., 40, p. 129,
t Sehottelius: Arch. f. Hyg., 1902, 42, p. 48, and 1908, 67, p. 177.
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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.
Schotteliug further maintains that the increase 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, * 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 voung
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 diserepancies hetween 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
be anticipated, these products differ in respect to their origin and
physiologie significance.

It may happen during the course of the decomposition of organie
substances that toxie bodies are produeed simply as a consequence
of the mode of disintegration of the protein molecule. Such poison-
pus produets of decomposition, for example, are a few substances
belonging to the group of alkaloid-like bodies known as ptomains,
basie eompounds charaeterized by a more or less definite chemical
composition. Investigators have supposed that in the decoms-
position of meat, fish, cheese, and the like, poisonous ptomains
are formed in such quantities that the ingestion of partly decayed
food ean eause 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 oceur, 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 specifie miero-organisms, rather than to the action
of a formed poison. In the case of botulism (p. 411), which is
eaused by a bacterial poison formed outside the body, the poison is

* Cohendy: Ann. de I'Inst. Past., 1912, 26, p. 106,
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a true bacterial toxin very different in character from the ptomains.
It still remains to be proved that the ptomains play any really
important part either in isolated cases or in outbreaks 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 cleavage products, but are closely related to the life of
the bacterial cell. At one time the specific bacterial poisons were
helieved to belong to the elass of ptomains just referred to, but
this view was abandoned when it was shown that the ptomains
apparently generated by certain pathogenic baecteria were not
able to reproduce the appropriate symptom-complex of any dis-
ease, 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 decomposing sub-
stances and from bacterial cultures as secondary products due to
too drastic methods of chemical manipulation, and not as the
primary products of baeterial activity.

" The opinion that the specific bacterial toxing belong to the class
of proteins or albuminous substances has found strong support.
It has, at all events, not been found possible by extensive chemical
study to obtain a protein-free substance which has the char-
acteristic properties of diphtheria or tetanus toxin. Since the
proteing are the only chemical substances capable of giving rise
to antibody production, and since the bacterial toxins produce
specific antibodies, this has been regarded as important evidence
in favor of their protein nature.

The true bacterial toxins, in the modern acceptation of the
term, are specific poisonous metabolie produets of bacteria. They
are of completely unknown chemieal structure, are probably
colloidal, are extraordinarily labile, and display great sensitiveness
toward slight heating. They are soluble and pass out from the
bacterial cell into the culture-medium, hence they are termed soluble
toxins or exotoxins. 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 a specific anti-

body, an antitoxin, when injected into the body of a suitable
8
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animal species. The potency of the bacterial toxins is extraordi-
nary, and far surpasses that of any other known poison.

Minimal fatal dose of atropinforadult man....................... 130 mg.
i “ & 4 ghyyehnin for adult man.................30 to 40 mg.
i “ ¢ 4 eobravenom foradultman. ............... 4.375 mg.
s “ % tetanus toxin for adult man. . . .. .. .less than 0.23 mg.

Some bacteria, as the tetanus bacillus, are able to produce their
gpecific toxin in the animal body; others, as B. botulinus (p. 411),
form their toxin, so far as known, only in organie substances outside
of the living body. A characteristic feature of the action of toxins,
although one not fully understood, is the period of incubation that
elapses after the toxin is introduced into the body before the
symptoms become manifest. Tetanus toxin injected into a horse
may not cause symptoms for as long as four or five days.

The constitution of the toxin molecule has been the subject of
much study, especially by Ehrlich and his coadjutors. Elaborate
experiments have shown that the toxin i1s a complex substance.
To take a specifie illustration, it iz found that broth in which the
diphtheria bacillus 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 i1s
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
the toxin-complex, but leaves the eombining portion intact. Hence
a toxin is supposed to consist of two portions; a eombining or
haptophore atom-group, which is able to unite with the correspond-
ing antitoxin, and a specific foxophore atom-group, to which the
poizonous action ig due. Those modifieations 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
baeterial growth possessing the same haptophore group as the toxin,
but of far less avidity. The toxophore group of the diphthera
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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 respon-
sible for the characteristic late diphtheria paralysis. Analysis of
the phenomena attending the neutralization of toxins and anti-
toxins of various strengths led Ehrlich to a belief in the existence
in toxic broth of a variety of toxie bodies possessing varying de-
grees of avidity and toxicity. These are the so-called prototoxins,
deuterotoxins, prototoxoids, ete. It has been urged against this
view by Arrhenius and Madsen,* on physicochemical grounds,
that the behavior of mixtures of toxin and antitoxin ean be ex-
plained by reference to the law of mass-action enunciated by
Guldberg and Waage. The law of mass action declares that
chemiecal reaction goes on at a veloeity proportionate to the con-
centration of the reacting molecules. On the latter hypothesis it
would be superfluous to assume the existence of different com-
ponents, and sufficient to regard the toxin as a single uniform
substance possessed of a weak affinity for its antitoxin. IFurther
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 com-
plicated than would be expected if they were simple erystalloidal
substances. On the other hand, certain striking analogies have
been shown to exist between the behavior of toxins and the be-
havior of ecolloidal substances, and it seems possible that the
phenomena seen in mixtures of toxin and antitoxin may be due to
a reaction between two colloids. Grassberger and Schattenfroh f
have found that the poison of the bacillus of symptomatic anthrax
is free from toxoids and toxons, but that, nevertheless, toxin and
antitoxin mixtures unite in variable proportions.

All of the foregoing statements relate to the so-called exotoxins
or 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.

Relatively few pathogenie bacteria have been shown to pro-

* Arrhenius and Madsen: Zeit. f. physik. Chemie, 1903, 44, p. 7.
f Grassherger and Schattenfroh: “Ueber de Bezichungen von Toxin und
Antitoxin, Leipzig u. Wien, 1904.
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duce exotoxins. The best known in addition to those produced
by the diphtheria bacillus and the tetanus bacillus are the toxins
of Bacillus botulinus and of the bacillus of symptomatie anthrax.
Under certain conditions soluble toxins have been found by some
observers in cultures of the cholera vibrio, the dvsentery bacillus,
the typhoid and paratyvphoid baecill, B. pvoevaneus, and a few
other organisms. But in none of these latter cases have the nature
and pathogeniec importance of these soluble toxins been demon-
strated as they have for the four exotoxins first named.

The existence of another group of bacterial toxins, the so-
called endotorins, was indicated by the work of Pfeiffer (1892),
who observed that guinea-pigs that had been immunized to the
cholera vibrio nevertheless soon died if a too large dose of cholera
vibrios was injected. Cultures from the organs were sterile, show-
ing that the infection was overcome. The death of such animals,
in spite of the failure of the cholera vibrios to multiply in the
body, was attributed to a poison present in the bacterial cells
and liberated only by disintegration after cellular death. FEndo-
toxins may be obtained by certain methods of extraction or by
autolysis, but they differ strikingly from the exotoxing in not
possessing speeificity, and hence in being unable to give rise to
antitoxins. It seems probable that the endotoxins are not defi-
nite preformed constituents of the bacterial eell, but that they are
simply the poisonous products of disintegration of baeterial
protein. Vaughan* has shown that a great variety of proteins,
bacterial and otherwise, vield upon ecleavage with alkalinized
alecohol toxie split bodies which possess many of the properties of
endotoxins. When these protein split products of non-bacterial
origin are injected into animals they produce fever and other
symptoms which usually accompany bacterial infection. The sig-
nificanee of endotoxins in the eausation of diseases is quite obseure.
It seems possible that pathogenie bacteria in which thus far only
endotoxins have been demonstrated may produce true toxins un-
der the conditions in which they grow in the animal body.

Substances possessing the closest resemblance to the true bac-
terial toxins oeccur in the seeds of some of the higher plants and in
the secretions of certain animals. Among the best known of the

* V. C. Vaughan: Protein Split Produets, Philadelphia, 1913.
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vegetable toxins (phytotoxins) are riein (from the castor-oil bean,
Ricinus communis), abrin (from the jequirity bean, Abrus pre-
catortus), and the similar substances, erotin and robin. These
poisons, like the bacterial toxins, are exceedingly potent. It is
estimated that 1 gram of ricin, 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 canses agglutination of the erythrocytes. After injection
an incubation period is observed, as in case of the bacterial toxins.
By use of the same methods as with the bacterial toxins, antiricin
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 toxie bodies are found in
the blood and seeretions of a number of animals (zodtoxins). Snake
venom and the poisons of scorpions and spiders, as well as an ac-
tively poisonous substance present in eel-blood, are more or less
familiar examples. The chemical behavior and physiologic action
of these poisons are strikingly similar to those of the true bacterial
toxins. 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. Anti-
bodies have been successfully produced against these several toxie
bodies. The action of the venins and antivenins is more com-
plicated than that of the bacterial toxins.

The Bacteriophage Phenomenon.— It was observed by Twort
in 1915 that transparent areas where there was no growth oceurred
in certain staphylococeus culfures, and that if one of these trans-
parent areas was touched with a platinum loop and the loop then
drawn across the surface of a yvoung staphylococcus culture, the
track of the loop would become clear and transparent within a
few hours. This singular dissolving or lyvtic effect was manifested
also when the material from the transparent areas was passed
through a Berkefeld filter and added to an agar culture. d’Herelle
a little later noted a similar effect with filtered cultures of the dys-
entery bacillus and filtered stools from dysentery patients. The
latter observer continued intensively his study of the phenomenon
(often known as the d'Herelle phenomenon), and has published a
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comprehensive summary and discussion of his own experiments
and those of others in this field. *

It was at first believed that the bacteriophages were specific,
that each lytic filtrate would dissolve only the bacterial species
from which it was derived, but this was disproved by later obser-
vations. The bacteriophages possess relatively high heat resist-
ance, in some instances manifesting resistance to one-half hour's
heating at 70° (Kuttnerf). The effect of chemicals seems to need
further study. The distinctive action of bacteriophage upon
certain pathogenic bacteria, e. g., the dysentery bacillus, has
suggested its use as therapeutic agent, but while some observers
have claimed success, others have failed to notice the slightest
benefit from the administration of antidysentery bacteriophages
(Davisoni).

Much discussion has centered around the nature of the bac-
teriophage, the two leading views being (1) that it is a living or-
ganism, an ultra-microscopic, filter-passing microbe, and (2) that
it is an enzyme or enzyme-like body produced by the bacteria.
The conclusion that the bacteriophage is a peculiar kind of micro-
organism, a parasite on bacteria, has been upheld with great in-
genuity and persistence by d’Herelle and his supporters, but the
recent trend of opinion has been against this view. The relations
of the bacteriophage phenomena to such bacteriolysis as is in-
duced by alkali§ and by certain other reagents (i. e., bile acting
on pneumococel, pyocyaneus cultures on anthrax, ete.) have not
been studied extensively. They may be worthy of more attention
than has been accorded them. Most of the experiments designed
to identify the enzyvme of bacteriolysis with the common digestive
enzymes have been essentially unsuccessful.

* d'Herelle: The Baeteriophage, English Translation, G. H. Smith,
Baltimore, 1922, pp. 287.

t Kuttner: Jour. Bact., 1923, 8, p. 49.

I Davison: Abstr. Bact., 1922, 6, p. 159.
§ Kruse: Miinch. Med. Wehnsehr., 1909, 56, 897,



CHAPTER VI
THE CLASSIFICATION OF BACTERIA

Baecteria are minute unicellular organisms generally classed as
plants rather than as animals. It is well known that any striet
dividing-line between animals and plants is an entirely arbitrary
one, and that there is no general agreement among naturalists re-
specting what shall constitute a determinative plant or animal
characteristic. As regards the simplest forms of life, the power of
independent movement has been perhaps most widely advocated as
a mark, admittedly arbitrary, of animal nature. Such a distinetion
would eause diatoms to be ranked as animals and some sporozoa as
plants. Many bacteria, as is well known, are actively motile.
It has already been pointed out that the cell-wall of bacteria, un-
like that of plant cells in general, is not composed of cellulose. On
the other hand, transition forms connect the typical bacteria with
eertain lower alge and fungi universally recognized as true plants.
Some of the filamentous blue-green alge, of which the genus Os-
cillaria is an example, are closely related to undoubted bacteria, and
this faet among others has disposed naturalists to place bacteria
with the plants. As a matter of fact, little importance is now at-
tached to such questions, since there is every reason to suppose that
all living organisms are fundamentally alike and originated from a
common state. It is among the lowest forms of life that diver-
gences between animals and plants melt away, and organisms
possessed of characteristies of both groups are found.

Baecteria, therefore, occupy an intermediate position between the
vegetable and animal kingdom, and it is largely considerations of
convention and convenience that place them among the plants.
Since they possess no chlorophyl, they must be regarded as fungi.
From their method of vegetable multiplication by simple fission
they are known as fission-fungi or Schizomycetes (Ger., Spaltpilzen).

Within the group of baeteria themselves classification is, for
practical purposes, especially important.

In general, the classification of living organisms is based on
morphologic characters which are, broadly speaking, less liable to
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sudden change and more apt to eoinecide 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 inseets. 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. Micro-
organisms that resemble one another very closely in appearance may
differ radically in respeet to the chemical changes to which they give
rise, or to the pathologie processes that they evoke. Since these
pathologic processes and chemical changes are of great practical
importance, baecteriologists have come to lay considerable stress
upon physiologic qualities. There can be no valid objection to
such a practice. The modes of nutrition of baeteria and the
products of their growth must give a more correct insight info
fundamental internal structure than ean simple external form,
especially for organisms that lie on the limit of invisibility,

An interesting attempt at classifving bacteria on a physiologie
basis was made by Jensen.®* On the basis of source of nutrition
the following chief groups were distinguished:

(1) Baeteria which, like the green plants, need neither organic
rarbon nor organie nitrogen. These so-called autotrophic baeteria
can build up both earbohydrates and proteins out of carbon dioxid
and inorganic salts.

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

(3) Baeteria which, like the higher animals, require both
organic carbon and organic nitrogen compounds. These bacteria
annot accomplish either carbohydrate or protein synthesis out of
inorganic substances. Upon such prineiples Jensen constructed an
outline of a system of classification which has many merits, al-
though it has not been generally adopted.

* Jensen: Centralbl. f. Bakt., 11, 1909, 22, p. 305.
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One of the earlier morphologic classifications of bacteria was
drawn up by Migula.* Migula’s classification served a useful
purpose for some years, and had an important influence on bac-
terial nomenclature and grouping. It proved, however, open to
objection in many details, and the morphologic classification of
bacteria has long been in an admittedly confused and unsatis-
factory condition.

Along such lines a committee of the Society of American Bae-
teriologists{ has spent several years in studying the characteriza-
tion and elassification of bacterial tvpes, and has drawn up a
working eclassification which possesses many advantages. On
this system the Schizomyeetes are divided into five orders: (1)
Myxobacteriales, (2) Thiobacteriales, (3) Chlamydobacteriales,
(4) Actinomycetales, (5) Eubacteriales. The first three are the
so-called “higher bacteria” and include (1) the myxobacteria,
organisms showing a pseudoplasmodial stage which passes over
into a highly developed cyst-producing resting stage;§ (2) the
sulfur bacteria, organisms typically found in water containing
hydrogen sulfid or other sulfur compounds and whose cells
contain either granules of pure sulfur or the pigment bacterio-
purpurin;| (3) the iron bacteria, tvpically water forms, usually
with a sheath containing a deposit of iron oxid.¥|

The two remaining orders, (4) Actinomycetales and (5) Eubae-
teriales, are those with which the bacteriologist is primarily con-
cerned. The committee’s deseription and the artificial key pro-
posed by them follow:

Order Actinomyecetales, Buchanan, 1917a, p. 160.

Clells usually elongated, frequently filamentous and with a
decided tendency fo the development of branches, in some genera
giving rise to the formation of a definite branched mycelium. Cells
frequently show swellings, clubbed or irregular shapes. No pseudo-
plasmodium. No deposits of free sulphur or iron. No bacterio-

* Migula: “System der Bacteren,” Jena, 1897.

fC. E. A. Winslow, Jean Broadhurst, H. . Buchanan, Charles Krum-
wiede, Jr., L. A. Rogers, H. GG, Smith.

t Journal of Bacteriology, 1920, (May), 5.

§ Cf. R. Thaxter: Bot. Gaz., 1892, 17, 394. =

| Cf. 8. Winodgradsky: Zur Morphologie und Physiologie der Schwefel-
bakterien, Leipzig, 1855,

9 Cf. H. Molisch: Die Eisenbacterien, Jena, 1910.
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purpurin. Endospores not produced, but conidia developed in
some genera. Usually Gram-positive. Non-motile. Some species
are parasitic in animals or plants. Not water forms. Complex
proteins frequently required. As a rule strongly aérobic (except
for some species of Actinomyces and the genera Fusiformis and
Leptotrichia) and oxidative. Growth on eculture-media often
slow: some genera show mold-like colonies.

Order Eubacteriales, Buchanan, 1917b, p. 160.

The order Eubacteriales includes the forms usually termed the
true bacteria, that is, those forms which are considered least dif-
ferentiated and least specialized. The cell metabolism is not pri-
marily bound up with hydrogen sulphid or other sulphur com-
pounds, the cells in consequence containing neither sulphur gran-
ules nor bacterio-purpurin. The ecells apparently do not possess
a well-organized or well-differentiated nucleus. These organisms
are usually minute and spherical, rod-shaped or spiral, in most
genera not producing true filaments; and rarely branching. The
cells may oceur gingly, in chains or other groupings. They may be
motile by means of flagella, or non-motile, but are never notably
flexuous. Cell multiplication occurs always by transverse, never
by longitudinal, fission. Some genera produce endospores, par-
ticularly the rod-shaped types. Conidia not observed. Chloro-
phyll is absent, though the cells may be pigmented. The cells
may be united into gelatinous masses, but never form motile
pseudoplasmodia or develop a highly speecialized evst-producing
fruiting stage, such as is characteristic of the Myxobacteriales,

Artificial Key to the Families and Genera of the Actinomyeetales and Eubacteriales

A. Typically flamentous forms. .........ccoviiieunaaa.d Actinomycetaces.
B. Mycelium and conidia formed................... Actinomyces.
BR. No true myecelium.

C. Cells show branching.

D, Gram-negative ... ........co00eeesseessessq. Actinobacillus.
BYEX CIeRm-Doslties. - o e s e Eryvsipelothrix.
CC. Cells never branch. Gram-positive threads later
fragmenting into rods. . ....... ..o 0iuinn Leptotrichia.

AA. Typically unicellular forms (although chains of cells
Imay l](\'lfl.]l'}.
B. Spherical cells. Coceacem.
C. Parasitic forms. Cells in pairs, chains or irregular
groups, never in packets, Generally active
fermenters.
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D. Cells in flattened coffee-bean-like pairs. Gram-
RNl s o o e e e Neisseria.
DD. Cells not as above. Gram-positive.
E. Cells in lanceolate pairs or chains. Growth
on media not abundant.
F. Cells in lanceclate pairs. Inulin generally

Termmnbad st s e v Diplococeus.
FF. Cells in chains. Inulin generally not fer-
menked s e S e e e Streptocoeeus.

ELE. Cells in irregular groups., Growth on media
fairly vigorous. White or orange pigment. Staphylocoecus,
CC. Saprophytic forms. Chains oceurring in zodgleal
masses in sugar solutions. . . ............... Leuconostoe,
CCC. Saprophytic forms. Cells in irregular groups
or packets, not in chains. Fermentative
powers l{}“".

D). Paclets formed....... coo00n0ins v siae e b BATCINAL
DD. No packets.
s Collowe pignmenit. oo i e ol sl s e Miecrocoeceus.
1L T T T ) e e s e Rhodococens.
BB. Rods.

C. Curved rods. Spirillaces.
D. Short comma-like rods. One-three short flagella. Vibrio.
DD. Long spirals, five-twenty flagella. ... ....... Spirillum.
CC. Btraight rods.
D). No endospores,
E. Rods of irregular shape or showing branched
or filamentous involution forms.
F. Animal parasites. Cells of irregular shape.
Staining unevenly.
PR T e i R e R e Myecobacterium.
GG. Not aeid fast.
H. Cells elongate, fusiform............. Fusiformis.
HH. Cells not fusiform, sometimes branch-
ing.
1. Gram-positive. Slender, sometimes
clubbed rods. .................. Corynebacterium.
11. Gram-negative. Rods sometimes
form threads.
Characteristic honey-like growth
onpotato. ... ............... Pleifferella.
FF. Not animal parasites. Cells staining un-
evenly and with branched or filamentous
forms at certain stages. Never acid fast.
(. Metabolism simple, growth processes in-
volving oxidation of aleohol or fixation
of atmospherie nitrogen (latter in sym-
biogis with green plants).
H. Cells minute, symbiotes in roots of
leguminous plants. ... ... ... ... . Rhizobium.
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HH. Oxidizing alcohol, branching forms
01111 | P T e e Acetobacter.
GG. Not as above. Proteus-like colonies,
H. Not attacking carbohydrates. Gram + Zopfius.
HH. Fermenting glucose and sucrose.
T = ST o B s e b Proteus.
EE. Regularly formed rods.
F. Metabolism simple, growth processes in-
volving oxidation of earbon, hydrogen,
or their simple compounds or the fixa-

tion of atmospheric nitrogen.......... Nitrobaecteriaces.
G. Fixing nitrogen or oxidizing its com-
pounds,
H. Fixing nitrogen.
Cells large; insoil .. ............. Azotobacter.
HH. Oxidizing nitrogen eompounds.
I. Oxidizing ammonia............... Nitrosomonas.
IT. Oxidizing nitrites. ............... Nitrobacter.
GG. Not as above.
H. Oxidizing hydrogen........ S Hydrogenomonas.
HH. Not as above, using simpler carbon
compounds.
EoDsidiming 0 ... .o simme dmmen b Carboxydomonas.
II. Oxidizing CHy................... Methanomonas.

FF. Not as above.
G. Flagella usually present, polar pseudo-
monadace®...............0.00000 ... Peeudomonas.
GG. Flagella when present peritrichic Bac-
teriacesm.
H. Parasitic forms showing bipolar stain-
T e s B b T
HH. Not as above.
1. Strict parasites growing only in pres-
ence of hemoglobin or aseitie fluid. Hemophilus,
II. Not as above.
J. Water forms produeing red or violet

pigment.
E. Piomenk Ted). . v enin me i e Ervthrobacillus.
KIK. Pigment violet. . ........... Chromobacterium.
JJ. Not as above.
K. Plant pathogens.............. Erwinia.

KK. Not as above.
L. Gram-positive, forming large
amount of acid from carbo-
hydrates and sometimes
COy, but noHs. .......... Lactobacillus.
LL. Gram-negative, forming H.
as well as COy if gas is pro-
LT I R Bacterium,.
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DD. Endospores present, Bacillaces.
E. Afrobes: . ......ccocncnnnans. 7 R Bacillus.
EE. Anafrobes . ..........cuueeaeinnneas .. Clostridium.

Such a classification crystallizes much of the current practice
in the grouping of bacteria, and while the introduction of new
generic names presents some real difficulties, it is believed that in
the long run the use of terms like Neisseria for the gonococeus-
meningococeus group and Hemophilug for the hemophilic baeilli
will make for clearness and simplicity.

Among the spherical bacteria, differences in the mode of group-
ing of the cells have given origin to certain names—as streptococcus,
staphylococcus or microcoeccus, and sareina—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 the bacteria included under
the name Bacillus are very different morphologically and physio-
logically.* Recognizing the limitations of even the more satis-
factory morphologie elassifications, it has been a common eustom
for bacteriologists to class together for purposes of study those
bacteria having in common certain well-defined and salient char-
acteristics. Such a large and well-defined group of bacilli as the
colon-typhoid group might be conveniently treated as an inde-
pendent genus, and the same can be said of other groups of bacteria.

Nomenclature.—The present nomenclature of bacteriology may
be eriticized 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 emploved only with reference to subspecies or varieties;
and designations like B. coli communis, Granulobacillug saccharo-
butyricus mobilis non-liquefaciens, and Microcoecus acidi para-
lactici liquefaciens Halensi, are both eumbersome and unseientifie.
The use of a single genus name for a multitude of organisms is, in
fact, responsible for the tendeney toward trinomial nomenelature,
and the remedy for both eonditions would seem to lie in the aban-
donment of such a term as Bacillus for the name of a genus and the

* Bacillus subtilis, B. typhosus, B. tetani, B. prodigiosus, B. diphtherize.
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frank establishment of new genera on the basis of physiologie
characters: such, for ﬂ}{ﬂmiﬂl}‘, as distinguish the colon-typhoid
group or the diphtheria group of bacilli. Until some such reform
in nomenclature is brought about the names used to designate dif-
ferent kinds of bacteria will fail to make clear the group relation-
ships which undoubtedly exist, and will continue to be a stumbling-
block to all students of the subject. Buchanan® has subjected the
nomenclature of the group of cocei to a thorough revision on the
basis of the International Rules for Botanical Nomenclature, and
similar studies on a broad scale are desirable. The work of the
Committee of the Society of American Bacteriologists, already
referred to, is a promising beginning in the direction of nomen-
clatory change and is utilized as far as practicable in this book.
A still more elaborate and far-reaching change is introduced in
Bergey's Manual of Determinative Bacteriology (Baltimore, 1923).

Variations.—Like other living organisms, bacteria 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 circumstances with one or more organisms of similar
deseent. Unlike the modifications due to environmental influence,
variations are essentially dependent on elements intrinsic, not
extrinsic, to the organism.t To illustrate: the ability of actino-
myces (Ch. XXVIII) to produce club forms is manifested only in
the presence of animal fluids, but the production of the clubs is not
an instance of true variation; a culture of actinomyces that did not
produee 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

* Buchanan: Jour. Infect. Dis., 1915, 17, p. 528.

T Thas, however, is not to be taken to imply that the property of variation
itself may not be affected by a ehange in environment.
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indicates, fluctuating wvariability 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 fluctuations 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
tendency to return to the mean of the parent form.

In general, bacteriologists will not hesitate to classify the varia-
tions with which they are most familiar as those of the fluctuating
type. The number of them is practically infinite, and, espeecially
in some groups, there is little doubt that they have been given too
great classificatory value, as compared 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
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 occurrences in the bacterio-
logie 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, so far
as many of the more commonly obgerved retrogressions in baecteria
are concerned, there can be no question that they arise from the
accumulation of fluctuating 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

* De Vries: “Mutationtheorie,” 2 v., Leipzig, 1901-1903.
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is often styled, degeneration, is no rare oceurrence; it takes place
with great uniformity, and follows definite and similar lines in a
number of widely different organisms. In cultures, many totally
unrelated organisms lose, by degrees, virulence, gelatinolytic power,
or capacity for chromogenesis. Such a change goes on steachly and
occurs 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 fact, often
they cannot 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 straing 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
pathogenie races.

There is now no doubt that true mutations oceur among bac-
teria as among the higher forms of life. Barber,* for example,
has deseribed an instance in a strain of the dyvsentery bacillus in
which the variation occurred suddenly and fully formed; it ap-
peared in a relatively small number of individuals, was not adapt-
ive, and the new characteristics were transmissible to offspring
through many generations. A similar instance has been observed
in B. coli,T in which cells with the power of fermenting saccharose
and raffinose suddenly appeared in a culture (from a single cell)
that had not previously possessed this power. The parent strains
and the mutating strains have each maintained their separate
characteristics for over four vears and during some hundreds of
test-tube transfers.

Several writers have also reported the occurrence of secondary
colonies or papille (Ger. Knipfe) on colonies of varieties of B, coli
grown on certain carbohydrate media. These papille are com-
posed of cells having the power of fermenting the carbohydrate
with which they are in contact while the main colony has not.

* M. A. Barber: Phil. Jour. of Science, 1913, 8, p. 530,
ft Jordan: Proe. Nat. Acad. of Sei., 1915, 1, p. 160.
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The appearance of these secondary colonies is interpreted by
some writers as mutation, by others as adaptation.*

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 become adapted to very high temperature,
to growth in the presence of antiseptics, and even to multiplication
in strongly bactericidal sera. Such modifications, as a rule, are
gradually aequired and gradually lost. Pathogenie bacteria, like
other parasites, may become =o gtrictly adapted to life in the tissues
of a given animal species that they neither grow readily in artificial
culture-media nor in the bodies of animals closely related to the
particular host. This seems, for example, to be the case with the
leprosy baecillus, which, so far as known, is not able to grow any-
where except in the body of man and possibly the anthropoid apes.
Theobald Smitht has made the important suggestion that bacteria of
great pathogenic power should be looked upon as incompletely
adapted parasites that have not yet succeeded in establishing an
equilibrium between themselves and their host. The less complete
the adaptation, the more virulent the disease produced. This would
explain the tendeney of long-established diseases to decrease in
severity at the same time that they are becoming more frequent.

An interesting example of bacterial specialization is the =so-
called elective localization of streptocoeel and other organisms
described especially by Rosenow.} Certain strains of bacteria
show a preference or “affinity” for certain tissues, so that, for
example, certain epidemics of throat infection, due to strep-
tocoeel, are frequently complicated by sinusitis, while others due
to very similar streptococci lack this complication. Rosenow
found that 14 strains of streptococei from appendicitis pro-
duced lesions in the appendix in 68 per cent. of the rabbits in-

* M. Neisser: Centralbl. f. Bakt., I, Ref., 1906, 38, Beiheft, p. 9% Massini:
Arch. f. Hyg., 1907, 61, p. 250; Bencke: Ztsch. f. ind. Abstammungs-u. Verch-
ungslehre, 1909, 2, 215; Burri: Centralbl. f. Bakt., II, 1910, 28, p. 321;
Baerthlein: Arb. a. d. k. Ges., 1912, 40, p. 433.

t Smith, Theobald: Proeeedings of Congress of Arts and Science, St.
Louis, 1904, 5, pp. 219-230.

f Rosenow: Jour. Amer. Med. Assoc., 1915, 65, p. 1687.

9



130 GENERAL BACTERIOLOGY

jected, whereas an average of only 5 per eent. of lesions in the
appendix were produced by streptococci from other sources. Irons*
has observed a similar elective affinity of streptococei in iritis.

The question whether adaptation to a particular tissue or
culture-medium or to a high or low temperature, is due to the
selection of fluctuating variations or of mutations is one to which
the existing evidence does not give a conclusive answer. On the
whole, the available data indicate that change takes place by
gradual progression rather than by sudden leaps. How far modi-
fication of individual cells and transmission of such modifieations
to the daughter cells is responsible for the observed conditions
has not been determined.t

A singular development in the study of bacterial varieties has
been the discovery of the existence of so-called “‘immunological
varieties,” that is to say, strains apparently possessing identical
cultural characters, but differing in agglutinative or other im-
munity reactions. Streptococei, gonocoeei, tetanus bacilli, and
other organisms, especially pneumococei, have been divided into
various serological types, based on the reactions shown by various
strains to the sera of immunized animals. Thus the serum of an
animal immunized to Type I pneumococeus will agglutinate strains
obtained from certain cases of pneumonia in widely separated
localities, but will not agglutinate other strains derived from other
cases and belonging to Types 11, IIT and IV. The origin and the
significance of these immunological varieties have not yet been
determined.

* Irons: Jour. Infect. Dis., 1916, 18, p. 315.
t A good summary of the work on variation in bacteria has been given by
Pringsheim, “Die Variabilitit niederer Organismen,” Berlin, 1910.



CHAPTER VII
BACTERIA AND DISEASE IN ANIMAL ORGANISMS

Theories of Disease.—In order to understand in some degree
the influence of bacteriology 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 ills.
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 eulture, 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 ereature were tearing or twisting him within, . . . .
rationally finds a personal spiritual ecause 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 demoniacal possession, which has been for ages, and still re-
mains, the dominant theorv of disease and inspiration among the
lower races. It is obviously based on an animistie interpretation,
most genuine and rational in its proper place in man’s intellectual
history, of the actual symptoms of the cases.”* This animistie
or demonistiec coneeption 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-
eceding 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 foreibly evieted by powerful charms, by the
beating of tom-toms, or by pummelling the body of the patient.
Examples of the methods of treatment used by these two schools
of medical practice may be readily found among travellers’ de-
scriptions of customs which prevail today among many primitive
and half-civilized peoples. As regards one large class of diseased

* Tylor: “Anthropology,” New York, 1904.
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persons, the insane, the theory of demoniacal possession has
remained current 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-
seientific theory of disease sprang into being and attained world-
wide influence. The Hippoeratic theory of disease, as it was called
after its founder, Hippocrates, * the Father of Medicine,” was, in
fact, the dominant theory all through the middle ages, and still
colors muech medieal thought and praetice. According to this
celebrated theory, the body econtains 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 Hippocratie 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 crude, then passing through coction, or digestion, and
finally being expelled by resolution or erisis through one of the
natural echannels 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 became 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 fact,
many of the substitutes proposed for the Hippocratic 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
“tone,” a deficieney of stimulusg, and so on. The theory of this
class that lasted longest and had the greatest effect upon medical
practice was the so-called theory of homeopathy. The definition of
disease given by Hahnemann, the founder of thisschool, is an index
of the greater part of his teachings. * Disease,” said this writer,
““is a spiritual dynamic derangement of a spiritual vital principle.”
His theory of potentiality or dyvnamization maintained that medi-
cines gained in strength by diluting, if the dilution was accompanied
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by shaking; the potency of some drugs was also supposed to be in-
creased by pounding. Acting 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 ““ potentiality.” An interesting outcome of this
procedure 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 suecessful or more suceessful 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 sueh half mystical 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 infectious 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
Asiatic cholera, this belief is no longer a hypothesis, but is based on
indisputable fact. In respect to some other diseases, like yellow
fever, hvdrophobia, and searlatina, while no specific micro-organism
has been established as the cause, there ean be little doubt that the
germ theory of ecausation furnishes the most reasonable, consistent,
and probable explanation of the nature of these infections.

Pathogenesis.—The conception of a pathogenic micro-organism
is a relative, not an absolute, one; that is to say, no mierobe 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 baecteria that can infeet
mammals are also pathogenie for eold-blooded animals; some are
even restricted to the tissues of a single species.
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The power of a microbe to produce morbid effects or changes
depends, therefore, primarily, upon the nature of the host. A
baeterium that is pathogenic 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 effeet. As a consequence, no sharp line can be drawn
between pathogenic and non-pathogenic miero-organisms. One of
the common, typically saprophytie baecteria, the ubiquitous hay
baeillus (B. subtilis), which is found almost universally in air, water,
and soil, is eapable 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 infeetion or endow
them with resistance. The conditions that determine whether a
microbe ean bring about infection or not are numerous and varied.
A few illustrations will suffice. The age of an individual i= often of
great importance. Experiments have shown that while the adults
of certain animal species are resistant to inoculation with a particu-
lar germ, the voung of the same species will suceumb. The exist-
ence 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
predispose to infection.  If pigeons are kept on a low diet before, or
just after, inoculation with anthrax baeilli, they die, although under
normal conditions these birds are naturally immune to anthrax.
Animals deprived of water also lose their natural resistance to
anthrax inoculation. An unsuitable diet, as the substitution of
bread and milk for meat, has the same effect. IExcessive jaligue
will predispose to infection. The normal white rat is highly in-
suseeptible to anthrax, but when exhausted by work in a treadmill,
becomes very susceptible. FErposure to extremes of heal and cold is
well known to depress resistance to infection. Thisis shown by
wvne of Pasteur’s elassic experiments, in which he rendered the

* 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 158.2 among those under five years of age and 2.8 among those from twenty
to twenty-five years,



BACTERIA AND DISEASE IN ANIMAL ORGANISMS 135

naturally resistant hen suseeptible to anthrax by chillingit with cold
water. The prevalence of pneumonia in man in those months of the
year 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 miero-organisms, especially those belonging
to the group of pyogenic bacteria. In diseases such as scarlet fever
and smallpox the weakening of resistance due to the primary
specific 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 increased by defective blood-supply,
by rapid growth, by mechanical injury or trauma, and other factors.
When streptococeil are injected into the cireulation of a perfectly
healthy rabbit, they rarely settle on the valves of the heart, but if
the aortic cusps of the heart have heen injured prior to infeetion, the
cocei gain a foothold there and set up an uleerative endocarditis,
The special liability of the bones and joints of young children to
tuberculosis and suppurative affections is a well-known instance of
local 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 eavity, typifies the peculiar peril that arises
when there is a coneurrence of a severe loeal injury and a generally
weakened condition.

Not only do the nature and state of the individual play an impor-
tant part in determining the oceurrence of infection, but the eon-
ditions influencing the infecting agent itself are also of great im-
portance. The virulence of a micro-organism, that is, its power of
growing in the body and produecing 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
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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 bacilli
1solated from diphtheritic throats. The virulence of a microbe for
a particular species may usually be increased by sucecessive animal
inoculations, the mierobe recovered from one animal being inoculated
into another, and so on. The increased 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 antisepties. A strain that
has been weakened in virulence is said to be aftenuated. An at-
tenuated culture may be vigorous in other respects. Tubercle
baeilli 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 bacteria introduced into the body. An organism will often cope
suceessfully 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 effeet, although it is said that inoculation with a
single virulent anthrax baeillus 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
culture and upon the racial and individual suseeptibility 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 produetion of infection.
Injection directly into the cireulation (intravenously) will many
times bring about infection when subeutaneous 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
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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 resistance 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-particles in themselves not
infectious is well known to inerease the lability 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 strictly localized. In the latter case general or
constitutional symptoms may be produeced through the action of
soluble poisons which are absorbed at the point of their production
and earried to distant organs. Diphtheria and tetanus are pri-
marily toxemie diseases. In tetanus the baeilli are not found in the
blood or internal organs; the loeal reaction eaused by their presence
is itself slight and often insignificant, and lesions have not been
detected at the site of inoeulation, but the toxin makes its way
slowly along the nerves to the central nervous system, where it
produces profound disturbance.

At the opposite pole from this eondition 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 capillaries in various organs. This condition of
hacteremia is fairly common; in man baeteria 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, sueh as anthrax, the multiplication of bacteria
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 deteeted in
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artificial cultures outside of the body, and hence that in effect
no strict dividing-line separates bacteremia from toxemia. Both
multiplication and poison-production accompany infection as a
rule, sometimes one factor being more prominent, sometimes the
other.

The distribution of miero-organisms throughout the body varies
greatly. In the toxemic diseases like diphtheria and tetanus the
bacteria remain, as a rule, strictly localized. 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
foeus, 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 metastatic 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 ig no general agreement in respect to the latter
restriction. The term sepficemia is also used in surgery more
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 infections. Diphtheria and searlet 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 infeetions 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
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or less direct outcome of the first. Infection with certain miero-
organisms predisposes to secondary infection with the pneumo-
coceus; acute tuberculosis may develop during an attack of measles;
streptococeus invasion of the lung tissues is common in pulmonary
tuberculosis. Certain miero-organisms that can cause primary
infection are also frequently found as secondary invaders. Pneu-
mococel and streptocoeci are preéminent in this respect, and show
a remarkable capacity for invading the body in the wake of other
INiCro-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 infeetious process. The aérobie bacilli which usually
enter a wound along with tetanus bacilli probably facilitate the
growth of the latter and thus aid in produeing infection. In other
cases two or more pathogenic organisms may aid one another in
weakening or breaking down the natural defenses. Diphtheria
baecilli in the throat are often accompanied by streptococei, and
there is reason to believe that such a mixed infection is more severe
than an infeetion with diphtheria baeilli alone.

The External Defenses of the Organism.—The Skin.—As a
rule, the unbroken skin presents an impassable barrier to miero-
organisms. Virulent bacteria, especially staphylocoeei and strepto-
coeci, are found normally on the skin or between the superficial
horny cells, but are not able ordinarily to penetrate deep into the
tissues unless favored by some eutaneous injury, such as a wound or
burn. The ducts 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. Ewven 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 phagoeytes.

The Mucous Membranes.—While the moist condition of mueous
surfaces is favorable to bacterial multiplication, the constant re-
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moval of the layer of mucus tends to prevent bacteria from gaining
permanent lodgment. The mucus itself has only a slight bae-
tericidal power. The conjunetiva iz protected both by irrigation
with the mildly germicidal lacrimal secretion and by the action of
the eyelashes and eyelids, although these mechanical defenses are
frequently overcome by various pathogenie bacteria. The mucous
membranes of the nasal cavities are protected to some extent
against baeteria 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, streptocoeei 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 deseribed as oceurring in this loecality. Pneu-
mocoeel and streptococel are probably constantly present, and in-
fluenza and diphtheria baecilli are also often found in the mouth
of persons apparently in perfect 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 contaet, and in this way air

becomes largely freed from bacteria in the upper respiratory pas-
sages. Those baecteria that pass the larynx are caught in the
bronehi, and few reach the ultimate ramifieations of the bronchioles.
Both the fixed alveolar epithelial cells and the wandering leukocytes
that enter the bronchioles and sacs have been observed to take up
bacteria. Under some conditions, not clearly understood, the
natural defenses of the lungs are broken down and infection of
these organs seems to oceur rather readily.

The Stomach.—The normal gastrie juice is decidedly unfavorable
1o the growth of bacteria, a property due to the hyvdrochlorie acid it
contains, and this 15 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 bacterieidal
action of the stomach fluid, perhaps because the gastrie juice re-
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strains development but does not kill. Tetanus and diphtheria
toxins are rendered harmless by gastrie juice, but a toxin sometimes

found in tainted meat (produced by B. botulinus, p. 411) is not
affeeted.
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 baecteria in the intestinal contents in-
ereases from the duodenum onward to the colon. Baeteria of more
or less pathogenic power, such as streptococci and B. eoli, 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-
turbanees 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 dizease.

The Transmission of Infection.—Some infectious diseases are
caused by microbes which are naturally saprophytic and which
enfer the animal body accidentally, as it were, rather than from
choice of it as a culture-medium. Buch, for example, seems to be
the case with tetanus, the bazillus of which is not a parasite by con-
vietion, but lives habitually as a saprophyte in soil and in the in-
testinal contents of the horse and some other animals. The other
pathogenic anaérobes of the soil are also essentially saprophytie.
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 conditions, to survive only
for a very limited period apart from the human body. Hence the
transmission of infection iz in most eases dependent upon contact,
either directly with an infeeted individual, or with material recently
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cast off from the body of such a person. Important differences
exist in the resistance of pathogenic miero-organisms to the influ-
ences of external nature. The influenza bacillus and the gonococeus,
for example, die off very quickly; the pneumocoeecus and the cholera
gpirillum are somewhat more resistant; while the tubercle bacillus
and the typhoid bacillus are fairly hardy. Multiplication of patho-
genie germs outside of the animal body, barring the soil anaérobes,
oceurs only in a few ecases, and under rather exceptional eireums-
stances, as possibly when diphtheria or tvphoid bacilli find their
way into milk.

From the point of view of preventive medicine it is especially
important to note that pathogenie 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 vears. Similarly, conval-
escents from diphtheria may harbor virulent diphtheria baeilli in
their throats for long periods. It is also true that persons who have
been in eontact with infeeted 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-
ease germs as a principal or an intermediary is a highly potent
factor in disseminating disease.

The path by which a disease germ leaves the body is influential
in defermining 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 eaused by
germs thrown off from the mouth, from the intestines, from cuta-
neous sores, and in the genito-urinary secretions. In certain infee-
tions, not yet elucidated, such as the “acute exanthemata” (scarlet
fever, measles, ete.), the infectious agent 1s possibly contained in
scaled-off epithelial cells as well as in discharges from the throat
and nose.



CHAPTER VIII

IMMUNITY AND BODY RESISTANCE TO DISEASE

Immunity, like pathogenicity, is a relative term; all living
organisms, at least all the higher forms, are susceptible under
some conditions to some kind of parasitic invasion,

On the other hand, some degree of resistance against parasitic
attack seems to be manifested by all animals and plants. In cer-
tain cases the defense is so effective that bacteria and other para-
sitic micro-organisms rarely invade the body under natural con-
ditions. The wild carnivora, for example, are probably practically
exempt from bacterial infections. The eat and the dog, as is well
known in bacteriologic laboratories, show, as a rule, a high degree
of resistance to inoculation with bacteria that are highly patho-
genic for other animals. In other animals, such as the guinea-pig,
infection occurs more readily. Man is suseeptible to infeetion
with a great variety of micro-organisms, certdin of which possess
little or no pathogenic power for any other animals.

Resistance to bacterial infection is often a natural inborn quality
of a race or an individual. Such resistance is termed natural
immunity, and is the converse of natural susceptibility. A state of
natural susceptibility may be transformed by various causes into a
condition of greater or less resistance, commonly designated as
acquired immunity. Mozt civilized men are born naturally suscep-
tible to smallpox, but acquire immunity during their individual
lifetime either by vaccination or by an attack of the disease.

There is reason to believe that the nature of the defense set up
by the organism is not the same in all cases, and that natural im-
munity, in particular, 18 often due to an entirely different set of
factors from acquired immunity.

Antigens and Antibodies—When bacteria and other parasites
invade the tissues they evoke certain remarkable reactions in the
body of their host. These reactions are now known to belong to
a group of fundamentally similar biological phenomena, the phe-
nomena of antibody formation. The introduction into the animal
body of foreign protoplasm, whether bactenial cells, red blood-
cells, spermatozoa, or enzymes such as pepsin and panecreatin, gives

143
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rise to substances which have a specific action and may respec-
tively neutralize the enzyme, cause disintegration of the sper-
matozoa, hemolyze the red blood-cells, and kill the specific bae-
terium. The bodies having this antagonistic power are called
antibodies and, conversely, those substances capable of giving rise
to antibody produets in the animal body are called antigens.
Only one class of chemiecal substances—the proteins—have been
certainly proved to be antigenic. The evidence presented to show
that certain lipoids and glucosides possess antigenic properties
is not conclusive. On the other hand, the recent work of Hun-
toon* who has produced protein-free solutions of pneumococcus
antibody appears to indicate that antibody may be of different
chemical nature.
NATURAL IMMUNITY

Natural immunity sometimes depends upon the simple fact that
a micro-organism which finds favorable conditions for multipli-
eation in one species of animal meets with unsuitable conditiona
in another species. Profound metabolie differences, such as those
between warm-blooded and eold-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-
genie for birds and mammals. This is quite in keeping with the
well-known physiologic and toxicologic differences between the
rarious 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 effeet upon the human organ-
ism. The influence of body temperature upon infection is shown
in the case of tetanus: many cold-blooded animals not normally
susceptible to tetanus suceumb 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 susceptible
strains through the action of natural selection, more probably
beeause of the differenee in metabolism accompanying the difference

in food.
* Huntoon: Jour. Immunology, 1921, 6, 117.
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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 thar some other poreine breeds. In man
the immunity against particular diseases once thought to be pos-
sessed by certain races 13 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 licht 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
in degree of resistance to the suppurative infection of slight
wounds and scratches are especially common. and well known. 1t
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 suseceptibility. In an epidemic of typhoid fever, due
to an infected public water-supply, where it is fair to suppose that
the specific microbe is distributed with some degree of uniformity
through considerable 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 factors, 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 occur, 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-
10
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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
mdividual.

Instances of the close adaptation of particular parasites to
particular hosts are common throughout the whole animal and
plant kingdoms, and should not be eonfounded 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 declare that Indian corn and the tobacco plant are
“1immune " to Tilletia tritici, the parasite of wheat smut. The rela-
tively few instanees among bacteria of abject dependence of a single
species of parasite upon a single species of host is a faet doubtless
connected with the wide range of bacterial conditions of life. It is
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 antibody pro-
duction. Such immunity is gained at the expense and often at the
risk of the organism acquiring it. Immunity to 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 nostrils, according to the common practice of variolation in
England in the eighteenth century, introduced from the Orient
by Lady Mary Wortley Montague, or by the now common method
of vacecination with cowpox virus. In each and every case 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
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generation of proteetive substances by the immunized animal.
The latter is simply the recipient of antibody 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 increasing doses of diph-
theria toxin, and the blood of the horse comes to contain a pro-
tective substance, the so-called diphtheria antitoxin., When a
child has been exposed to diphtheria, it is sometimes the eustom
to inject about 1000 units of diphtheria antitoxin (p. 285) into the
body of the child for protective purposes. The child is then meas-
urably 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 perma-
nent than active immunity, and tends quickly to disappear.

Active immunity may be brought about in a number of ways:
(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 bacteria;

(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;

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

These may be briefly illustrated.

(2) Immunity produeed by the introduction of living and viru-
lent bacteria is practically identieal with the immunity that results
from an attack of disease after natural exposure. In experimental
work the varying facility with which this mode of immunization can
be effected is in part dependent upon the suseeptibility of the orean-
ism to the particular parasite. A very susceptible 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 u long, can

* Barber: Jour. Infect. Dis., 1909, 6, p. 634.
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initiate a fatal infection in a white mouse. The suceessiul use of
living cultures involves the administration first of small non-fatal
doses which are inereased 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 vaceination of man
against Asiatic cholera. In this disease natural infection occurs
by way of the alimentary tract, and the subcutaneous 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 cul-
tures have been used in the immunization of man, unless, indeed,
the old practice of variolation advoeated by Lady Montague is to
be reckoned here. This is thought to be the prineiple of the empirie
immunization of animals against cattle-plague*® (Rinderpest).

(b) Bacteria may be attenuated, that is, have their virulence
diminighed, in a variety of ways: (1) by growth at temperatures
above the optimum, this being the usual manner of preparation of
anthrax vaccines (p. 270); (2) by growth in the presence of weak
antiseptics (e. g., the anthrax bacillus in a medium containing
carbolie 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 cultivation
in the presence of oxvgen (bacillus of chicken cholera), by desie-
cation (virus ef hyvdrophobia), and in other ways.

The injection of attenuated eultures may be sometimes followed,
as in vacecination against anthrax, by injeetion 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 vacecination against smallpox. Although the specifie
parasite has not vet been isolated, there is no doubt that the cowpox
virus, the vaccine, containg an attentuated form of the smallpox

* Rile taken from animals dying of eattle plague is used for immunization;
the parasite concerned is unknown.,
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parasite, 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 baecterial
cell and its activities. In experimental work upon animals the
method has found wide applieation. Vaceination of man against
three important diseases—Asiatie cholera, typhoid fever, and
plague—has likewise been earried out with dead cultures. The
narticular methods used and results obtained are deseribed else-
where (pp. 342, 48G), The use of dead bacterial eells for immuni-
sation has been most advantageous in such infections as those
named above, in which no powerful soluble toxin is seereted by the
cell in cultures, since the toxie elements seem to be 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.

(d) The preparation of diphtheria antitoxin furnishes the best
stuched instance of immunization by bacterial produects. Briefly
speaking, the method consists in injecting a horse subeutaneously
with small quantities of broth in which a toxin-produeing strain
of B. diphtheriz has been growing, gradually inereasing the doses.
The horse becomes immunized by this treatment, and 1s 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 aceumu-
lation of the speecific antibody, the diphtheria antitoxin, in the blood
of the horse. It is evident that the broth in which the diphtheria
bacillus has been cultivated, usually for about one week, must con-
tain a variety of substances secreted or excreted by the living
bacterial eell, 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 aned 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 baeterial
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toxing or with dead eultures, 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 advocated 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.

Suceessful 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
the tvphoid 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 specifie infeetions may be
developed by the use of certain kinds of bacteria or baeterial prod-
uets entirely foreign to the infection in question. In this cate-
gory, for example, i the undoubted protection conferred against
anthrax by the injection of B. prodigiosus or B. pyoeyaneus or
their products. Similar instances are the use of yeast in certain
pvogenic affections, and, perhaps, the retarding effect of strepto-
coceus infection upon certain kinds of tumors. The inereased
resistance of the organism so treated is sometimes ascribed to the
“antagonism’ of the bacteria or their produets, but the phenomenon
may be ascribed with greater plausibility to the increased leukocyto-
sis resulting from the injection of protein substances. (See p. 170.)

It is not always possible in practice to separate sharply the
modes of immunization previously outlined. The injection of an

* Macfadyen: Centralbl. f. Bact., 1901, 30, p. 753; 1903, Abt. 1. Orie..
34, pp. 618, 765.
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animal with a bacterial culture entails simultaneous injection with
living bacterial cells, dead cells, secretion products, and produets of
disintegration, 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
predominance of one or another constituent.

A combination of passive and aective immunization has been
found advantageous in certain eases, a potent protective serum
being used to pave the way for the introduetion of living viruient
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 suecess in swine erysipelas, 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
with the ability of the eell-free blood to render harmless the toxie
substances produced by the tetanus bacillus. The same investiga-
tors bestowed the name antitoxin upon that substance in the serum
which thus nullified the toxin. The action of the antitoxin is
manifested in the following direct way: If a fatal or many times
fatal dose of toxin be mixed with an appropriate quantity of anti-
toxie 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 foxin
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

* Behring and kitasato: Deut. med. Woehenschr., 1890, 16, p. 1113.

t The method of destroying the antitoxin by heat is applicable only in
certain cases, e, §., pyocyaneus antitoxin; in many cases the antitoxin resists
heat better than the toxin,
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properties of the toxin being held in abeyance as long as the union
exists. The rate of reaction between toxin and antitoxin, like
other chemical reactions, is dependent upon temperature, con-
centration, charaeter 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 character of the toxin-antitoxin reaction has been
the theme of much discussion. According to Ehrlich’s conception
the reaction is purely chemical and is essentially similar to the
neutralization of an acid by a base. The hypothesis has made
necessary the further assumption that in a toxic filtrate there
exist several substances of different toxic and combining powers,
toxons, toxoids, epitoxoids, ete. This assumption of modification
of the structure of the toxic molecule has led to further hypotheses
of great complexity.. Ehrlich’s explanation is based on the view
that toxin and antitoxin behave in mixture like a strong acid
and a strong base, chemical change ceasing only when there has
been a complete neutralization of one by the other. If now,
on the contrary, it be assumed that conditions are those that arise
when a weak acid is added to a weak base (Arrhenius and Madsen)
chemical reaction does not proeeed until the reagents are completely
used up, but stops when an equilibrium is reached at which there
are still present definite amounts of the original substance as well
as of the reaction products.

A third view (Bordet, Landsteiner) looks upon toxin-antitoxin
combinations of varying degrees of toxicity as due to differences in
completion of saturation of the individual toxie units. The proe-
ess may be compared to certain staining reactions, such as the
action of iodin upon starch, a dilute iodin solution producing a
light blue tinge, a stronger solution a deep blue. The coloring
matter in this and other staining reactions does not stain some of
the material strongly, and others not at all, but distributes itself
with considerable uniformity over the whole mass of stainable
substance. This absorption theory would view the action of anti-
toxin upon toxin as a sort of progressive attenuation proportional
to the amount of antitoxin added. Broadly speaking, the theory
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of Ehrlich considers the toxin-antitoxin reactions to be similar
to that between a strong acid and a strong base, that of Arrhenius
and Madsen to that between a weak acid and a weak base,
and that of Bordet as an absorption phenomenon between two
colloids of opposite electric charge.

Little is clearly known about the chemical character of the
antitoxins. In general, they are, like the toxins, unstable, complex
bodies, readily destroved by relatively low temperatures (65° to
75° C.), and losing strength steadily under exposure to light and air.
They are very sensifive 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
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.

Standardization of Antitorins.—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 neu-
tralize 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. Sinee, however, the combining power itself re-
mains constant within narrow limits, it 1s possible to establish an

* In some animals the antitoxins are found in the euglobulin fraction, in
others in the pseudoglobulin.
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arbitrary standard unit upon which the relative strength of all
antitoxic sera can be based. Such a standard antitoxin was first
prepared by Ehrlich, and was preserved by him with all precaution
against possible deterioration. A standard antitoxin serum based
on Ehrlich’s arbitrary standard unit is also prepared in this
country by the Hygienic Laboratory of the Public Health Ser-
viee, 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 L, dose; (2) the amount
of toxin which, when mixed with one unit of standard antitoxin,
is just sufficient to kill in four dayvs a guinea-pig of approximately
250 grams weight: this is designated as the 1, 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
weight 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,T and, further, that the total antitoxin con-
tent of the body may continue to inerease for some time after
toxin injections have ceased. The difference between the perma-
nence of active immunity and the evanescent character of passive

* 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. Serv., Wash., 1905,
pp. 1-92.

+ According to Knorr (Miinch. med. Wehnsehr., 1898, 45, p. 321), in the
horse one diphtheria toxin unit may produce 100,000 antitoxin units.
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immunity is also evidence against the modification theory, sinee, if
the antitoxin arose by transformation, there would be no apparent
reason why it should persist in the body longer in one ecase than
in the other. Such facts indicate that the antitoxin is probably
generated in the tissues.

Since the active share of the animal body in the production of
antitoxin is thus made highly probable, it remains to ask whether
the antitoxin is a new substanece hitherto unknown to the organism
producing it, or whether it is present in small quantities in the normal
organism and is simply inereased in amount under the stimulation
of foxin injection. Observation has shown that diphtheria anti-
toxin is found in about 30 per cent. 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 toxie injection has been made or
any attack of the specific disease has occurred 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 identieal 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 physiologie consideration points
to the body-cells as the place of origin of the antitoxins. Kraus
and Lipsechiitz | have, in faect, shown that the extract of normal
organs is richer in antitoxin against certain baeteriolysins than
is the serum of the same animal. The precise tissues or groups of
cells concerned in antifoxin 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-

* Bolton, Meade: Jour. Exper, Med., 1806, 1, p. 543.

i Cobbett: Lancet, 1809, 2, p. 332.

t Wassermann: Ztschr. f. Hyg., 1895, 19, p. 408,

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

|| Kraus and Lipschiitz: Ztschr. f. Hyg., 1904, 46, p. 49.
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siderable portion of the antibodies. Asplenic dogs do not produce
hemolysins, hemagglutining, or hemopsonins as rapidly or in as
high concentration as normal dogs.* There is evidence that the
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 anu-
toxins are once forined they do not reside in the body perma-
nently, but are continually leaving it in the various exeretions and
secretions. This fact explains the difference in the permanence of
active and passive immunity; in the latter the antitoxin is exereted
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. It 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 i= 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) i1s uged : the antitoxin introdueced 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. Varyving results are
obtained with different antitoxing and different speciez of animals,
and the reasons for the disappearance of the antitoxin from the
blood cannot be said to be understood in all eases.

Tmmunity and Anlilorin.—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 ecirculation of an

* Luckhardt and Becht: Amer. Jour. of Physiol., 1911, 28, p. 257.
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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
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 inereasing doses of toxin some-
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 henee not
always parallel with antitoxin immunity, and the presence of anti-
toxin in the circulating blood cannot be the whole explanation of
the resistance shown by animals immunized against toxin, although
it is the most evident and often the determining factor. Among
the most important antitoxing that have been produced may
be mentioned the diphtheria, tetanus, pyocyvaneus, symptomatic
anthrax, and botulism antitoxins, the antitoxins for various bacterial
hemolysins, for snake, spider, and seorpion venoms, for the toxins
in the blood or secretions of the eel, salamander, and toad, and for
the vegetable toxins, riein, abrin, robin, and crotin.

The antitoxin found in the blood of some naturally immune
animals may possibly be responsible in some degree for the re-
sistance 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 contains no
tetanus antitoxin in its blood, the toxin ecirculating unchanged for
days after injection. The same is true of the alligator and some

* Kraus and Lipschiitz: Ztschr. {. Hyg., 1904, 46, p. 49,
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other cold-blooded animals (Metchnikoff). Immunity in these
eases can be in no wise referable to antitoxie influence.

(b) The Bactericidal Substances—Lysins.—Animal blood can
not only neutralize bacterial toxins, but can 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 bac-
teria, 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 (Buchmner).f The germicidal power of the blood in witro is
often considerable, a single drop of rabbit blood being able to
destroy 53,700 anthrax baecteria (Lubarsch).i

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 substanee that presumably exercised the pro-
tective influence.

It cannot be doubted that in certain cases the alexin content
of the blood of an animal corresponds to the degree of immunity
toward a particular infeetion. 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 V. metehnikovii
1s strongly germicidal for this organism, while that of unimmunized
guinea-pigs is devoid of specific bactericidal quality. In other
eases, however, there is no relation between the resistance of an
animal and the bactericidal power of its serum. An animal may
be vaccinated against streptococcus infection, and indeed acquire
a high degree of immunity toward streptococei, without coming

* Nuttall: Ztschr. f. Hyg., 1888, 4, p. 353.

t Buchner: Arch. f. Hyg., 1881, 10, p. 84.
1 Lubarsch: Centralbl. {f. Bakt., 1889, 6, p. 481.
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to possess any specific germicidal quality in its blood when tested
under extravascular conditions. Normal human serum is strongly
bactericidal for the typhoid bacillus, and yet this does not pre-
vent 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
eholera gpirillum and the typhoid bacillus. It is elsewhere pointed
out (p. 485) that a specific choleraic poison or soluble toxin is not
readily demonstrable in cultures of the cholera spirillum in ordinary
culture-media. In correspondence with thisit is found that animals
immunized against the cholera spirillum contain no antitoxin in their
blood. Immunity in such cases 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 specific bactericidal
power of the serum of the protected animal. Thus, normal goat
gerum has only slight germicidal power for the cholera vibrio, 0.02
to 0.05 c.c. being needed to proteet a guinea-pig against 2 mg,
of a virulent culture, while 0.0001 c.c. of the serum of an immunized
goat will protect against the same dose.

The fate of cholera spirilla introduced into the peritoneal cavity
of an immunized animal was first followed microscopically by
Pieiffer, who gave a detailed description of the process (Pfeiffer’s
phenomenon).* The vibrios first lose their motility, then swell
up and erumble into small fragments. These fragments finally
melt away and disappear, the process being likened to the dissolving
of wax eandles in hot water. This lytiec (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 a test-tube,

Many experiments have since been made with bacterieidal serum

* Pleiffer and Issaeff: Ztschr. f. Hyg., 1894, 17, p. 355.



160 GENERAL BACTERIOLOGY

tn vitro, and the course of events is found to be essentially identical
with that in the body. As inthe case 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 specific,
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, action upon the corpuseles of other animals,
although sometimes slightly affecting the blood of closely allied
species. Thus the serum of a guinea-pig inoculated with rabbits’
blood becomes hemolytic for the red corpuseles of the rabbit.
Not only red blood-corpuscles, but other cells are capable of giving
rise to antagonistic substances, or antibodies, when introduced
into the animal body. A great variety of cell-dissolving (evtolytic)
sera have been produced in this way. Injection of spermatozoa
leads to the appearance, in the serum of the inoculated animal, of a
spermatoxic substance that first renders the corresponding sperma-
tozoa motionless and then kills them. It has been shown that
such a serum resembles a hemolytic serum in all essential features.
The claim has been made that such sera are histogenetically specific;
that the cells of the kidney, for example, produce a ‘' nephrotoxie”
serum, those of the liver *‘hepatotoxie” serum, and so on, but
specificity of this kind has not been demonstrated. It is more
probable that a single type of cell ecan provoke the formation of
several antibodies which affect cells of different morphology, but
of somewhat similar echemieal eonstitution.

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

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

t Ehrlich, Paul: “Gesammelte Arbeiten zur Immunititsforschung,”
Berlin, 1904.



IMMUNITY 161

The bactericidal sera possess the following important character-
istice. When heated to 55° C. for one-half hour, the baetericidal
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 given in tabular form as follows:

GeErMIcipaL Powen

Normal seram......coocvueus e L +
T 6 BEEIEY . 5 a5 St e me 1o mchion el a i o b s 4 + 4+ +
Heatied Srnanineg BOTVIIEL & v siaie s sl o s eae e —
Normal serum + heated immune serum. . .......... +44

Heated normal serum + heated immune seram. . .. _

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 is identical with Buchner’s alexin; 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. This second substance is the so-called sen-
sitizing substance of Bordet or the amboceptor of Ihrlich.

An important factor in the produetion of antibacterial sera is
the virulence of the culture employved. 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 cultures whose virulence has
been exalted by animal passage. As a preliminary to the use of
such hypervirulent eultures attenuated cultures may be employed.

The important question whether the bactericidal factor in normal
serum (alexin) is identieal 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
imrnune sera behave alike toward temperature and other influences,
ean be reactivated by unheated normal serum, and possess the same
complex constitution. The lytie power of normal serum, like that
of immune serum, is due to the combined activity of two substances.

Difjerences between Antiloxic and Antibacterial Sera.—The funda-

mental distinetion between the antitoxie and the bacteriolytie
11
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sera has been set forth in the preceding pages. The antitoxic
sera act direetly upon the poison secreted by the living baeterial
cell and neutralize its toxie property while the bacteriolytic sera
affect the bacteria themselves and destroy them or paralyze their
action. BSince the antibacterial sera are without effeet upon the
formed toxin, they are mainly useful in practice as a means of
protecting agzainst bacterial invasion, while the antitoxic sera (e.g.,
diphtheria) may be employed to combat an infection already in
progress. Broadly speaking, the latter are curative, the former
protective. It must not be inferred that a given serum cannot
be both antitoxie 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 bacteriolytie.

The bacteriolytic sera have not yet been applied very suecess-
fully to the treatment of disease in man. This has been a stum-
hling-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 therapeutics 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 success attained by vaccina
tion with protective sera in several diseases is mentioned in connec-
tion with special topics. (See especially Asiatic Cholera, p. 476,
and Typhoid Fever, p. 486.)

(¢) The Phagocytes.— L'he brilliant researches of Metchnikoff *
have definitely established the active share in eombating bacterial
invasion taken by ecertain white blood-corpuseles, denominated
phagoeytes, or “ devouring cells.” Metchnikofi’s views have been
sometimes referred to as the phagoeyte *“ theory,” but certain facts
regarding the protection afforded by phagocytes are indubitably
demonstrated.

A significant distinetion exists between a local reaction and a gen-
eral septicemic infection. The bacilli of chicken cholera injected
subcutaneously into a rabbit produce no local 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-
duetion, 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 affected 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 jelly-fish, intra-
cellular digestion by ameboid eells alzo plays an important réle, 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 phagoeytes is elosely 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 catgut used in surgical operations
12 a familiar instance of the digestion of foreign substances in the
human body, and, like the disappearance of larval organs, is at-
tributed to phagoeytie activity. In specific cases of atrophy and
absorption much discussion has arisen coneerning the relative share
of the phagoeytes and the body-fluids in bringing about the changes
obsgerved, 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 Metchnikoff and others have conclusively establizhed
that the phagoeytes can and do intervene in some of the typieal
processes of absorption and larval metamorphosis.

According to Metchnikoff, the phagocvtes, besides acting as
digesting cellz and as seavengers, are also the chief defenders of the
vertebrate organism against invading baeteria., *° The diapedesis of
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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 corpuscles pro-
ceeds toward the menaced spot, there entering into a struggle
with the micro-organisms " * (Fig. 23).

Dog serum, for example, is without baectericidal power upon
anthrax baeilli. 1If, however, anthrax bacilli are injected into a
dog, they are quickly taken up by the leukoeytes. 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-
gtruction of the hacilli by phagoeytosis. In other instances where
a normal animal is susceptible to infection with a partieular mierobe
No phagoeytosis is observed, but after the animal has been im-

Fig. 23.—Phagoeytosis of gonocoeei by leukoeytes (Hicks).

munized by the injection of living or dead bacteria or their prod-
ucts, the phagoeytes of the immune animal actively destroy the
specific bacteria, no corresponding inerease in the bactericidal
power of the serum being observed.

It was recognized by Metchnikoff that in addition to the free
phagoeytes (microphages) or polymorphonuclear leukocytes which
comprise 72 to 75 per cent. of the white blood-cells there are also

* Metchnikoff: “Immunity,” Cambridge, 1905, p. 548.
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certain larger cells (maerophages), many of them fixed, which
possess phagoeytic properties. The endothelial cells of the peri-
toneum and the giant cells of the bone-marrow as well as the
mononuclear leukoeytes belong to the class of maerophages. The
microphages appear to be specially concerned with the acute
infections, the macrophages with those of more chronie types such
as tuberculosis.

Phagoeytosis may be considered as consisting of three stages:
first, the bringing together of bacteria and leukoeytes; second, the
taking up or engulfing of the bacteria by the leukoeytes, and finally,
the digestion of the baecteria within the leukoeytes. Apparently
the main if not the only resistance offered by bacteria to this
process is connected with the first stage. Certain bacteria appear
to produce chemical substances which have the power of repelling
phagoeytic approach (negative chemotaxis). Bordet showed that
virulent streptococei eause phagoeytes to move away from their
neighborhood, while avirulent streptococci attract them. The
amount of the substances (opsoning, tropins) whose presence
renders bacteria attractive to leukoeytes may be increased in
various ways. (See below.)

In a number of instances natural immunity appears to be due
to activity of the phagocytes.

Opsonins.—Phagoeytosis may be intensified or diminished
in various ways. Several early observers noticed that the power
of leukoeytes to destroy micro-organisms is greatly increased by
the addition of serum from immunized animals, and more recently,
chiefly through the investigations of Wright* in England, Hektoenf
in the United States, Neufeldf in Germany, and their associates,
an explanation of this interesting phenomenon has been obtained.
These investigators have demonstrated that the activity of the
phagoevtes is eonditioned 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 phagocytes.

* Wright: Proe. Roy. Soe., 1903, 72, p. 357; 1904, 73, p. 128 ef seq.

t Hektoen: Jour. Amer. Med, Assoc., 1906, 46, p. 1407.

t Neufeld: Deut. med. Wochensehr., 1904, 30, p. 1458; Zischr. f. Hyg.,
1905, 51, p. 283; Centralbl. {. Bakt., 1906, 1, Ref.. 37, p. 763,



166 GENERAL BACTERIOLOGY

These bacteriotropic substances have been termed opsoninsg (Gr.
ogwvéw, T cater for, prepare food for). Opsoning are present
to some extent in the blood of normal animals, but they can be
materially increased in amount by immunization.

It is a simple matter to demonstrate the existence of opsonins
in a given serum by mixing the serum with bacteria suspended
in physiologic salt solution. Leukoeyvtes washed free from serum
will take up some, but not a great many, of the bacteria. If,
however, the bacteria are first treated with opsonic 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 baecteria,
as shown by the fact that opsonized bacteria can be washed in salt
gsolution and still remain sensitive to phagoeyvtosis. 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.*—In determining the amount of opsonin in
a given serum the following technic is employed:

It iz 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 ecentrifuge 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-corpuscles.  The solution is then drawn
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 sernm is to be obtained is gathered into
little U-shaped tubes maae 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

* The deseription of technie follows the method employed in the Memorial
Institute for Infeetious Diseases, and has been kindly furnished me by Pro-
fessor Hektoen.,
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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 ; clumps should
be broken up either by blowing into the suspension through a pipet
or by centrifugation.

In one of two watch glasses is placed the leukoeytic cream 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 capil-
lary end and the tube is dipped into the leukocytic cream—
previously carefully mixed—and the leukoeytes drawn up to the
same height as the serum; 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 the patient’s serum as
well as with normal serum obtained either from one person or from
a mixture of the sera from several persons. The elements in the
tubes are earefully 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
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
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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 spontancous phagoeytosis. The dilution
of serum which gives the same amount of phagoeytosis 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 baeteria taken up
by a leukoeyte under the influence of a given serum by the average
numeer taken up by a leukocyte under the influence of standard
normal serum and under otherwise perfectly comparable conditions.

Thus:
AVERAGE NUMRER OF
Bacreria ren LevkocyTe
(3 CoURTED)

Serum of tuberculous patient + washed leukoeytes + sus-
pension of tobercle bacilli. . . ... ... i, 3
Serum of normal individual + washed leukoeytes 4 sus-
pension of tuberele baeilli. .. .. ... ... .0 4
Salt solution + washed leukoeytes + suspension of tubercle
| 0| TR el i ] 1] B ot ke O S e o ol 1

The opsonie index of the tuberculous patient in this illustration
would be 3 -+ 4, or (.75.

The technic of opsonie work seems peculiarly liable to lead to
different results in the hands of different observers,® and there ean

* Bee, for example, Bull. Johns Hopkins Hospital, 1907, 18, pp. 232-255;
Jour. Amer. Med. Assoe., 1907, 49, p. 1249; R. E. Walker, Jour. Med. Res.,
1908, 19, p. 237.
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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 bacteria
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 pneumococco-opsonic 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 cases
leading to recovery. A similar course has been noticed in the
streptocoeco-opsonic index in scarlet fever, the diphthero-opsonie
index in diphtheria, ete.

Opsonins are largely destroyed by heating to from 54°-60° C.
for thirty minutes; this seems to be due to the destruction of a sub-
stance which favors the opsonic action of a heat-resistant element ;
it is the latter which is specifically inereased in immunization. In
this respeet and some others opsonins resemble other complex
antibodies. They are, however, probably distinet from lyvtie
amboeeptors and agglutinins, as shown by the facts that a
normal serum may be lytic but not opsonie, and, vice versd, that
immunization may give rise to one of these antibodies and not to
others, and that the opsonie, agglutinating and lyvtie 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 vears, especially by Wright and his associates.
The aim of the method is to maintain the opsonie index, and con-
sequently the phagoeytic power of the blood, by the use of * prop-
erly adjusted and interspaced doses’ at a high level. Frequent
determinations of the opsonic index are considered by some to be
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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 content as an index
to the administration of killed bacteria, and more importance to
the clinical conditions and symptoms. The inoculation of dead
bacteria and bacterial produets 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-
culosis localized 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 leukoeytes is subject to considerable variation inde-
pendently of variation in the opsonic content of the blood. This
inherent phagocytic power of the leukocytes varies with respect
to certain bacteria at least, even in persons in apparently perfect
health. At birth the leukocytes 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 leukocytes has been
found to be greater than normal for certain bacteria in pneumonia,
scarlet fever, and other conditions in which there is acute leuko-
eytosig, 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 ean be no doubt that a loeal in-
flammatory reaction or a general inerease in the number of leuko-
evtes (leukoeytosis) is a process of distinet advantage to the organ-
ism. The injection of certain substances which increase the general
leukoeytosis (collargol, nueleinic 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 produection
of leukocytosis, however, is in itself of little value unless at the same
time the amount of opsonin in the blood, the specific opsonie index,
is high enough to favor phagoeytosis. The simultaneousstimulation
of leukoeytosis and production of opsonins would, therefore, seem

* Hektoen: Jour. Amer. Med. Assoc., 1911, 57, p. 1579,
T Mikuliez: Archiv. f. klin. Chirurg., 1904, 73, p. 347.
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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 baectericidal substances in the body fluid of im-
munized 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 antitoxic and
bactericidal sera was made by Paul Ehrlichf in his widely known
side-chain or receptor theory. It is well to bear in mind that the
much-used standard diagrams are pictures of the seientific imag-
ination and not representations of established fact. Whatever be
the ultimate fate of the speeulations that have been built up around
the central hypothesis, there can be no doubt that knowledge of
immunity and the immunizing processes has been greatly increased
by the stimulus given to research through the doetrine 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 substaneces neces-
sary to their life and well-being. This power of food appropriation
is definitely localized in certain 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 composition hold to the
central molecular nueleus. The receptors may be of simple con-
stitution, 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 eell may contain a large
number of receptors of different affinities and degrees of complexity.

It iz a plausible conception that when bacteria or other alien cells
or their products 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 history of research on opsonins is given by
Hektoen in the Middleton-Goldsmith lecture, Jour. Amer. Med. Assoc.,
1906, 46, p. 1407,

f Ehrlich: “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. Following
a prineiple enunciated by Weigert respecting regeneration of
tissue cells, there is a 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 receplors are the antibodies,
the antitoxins, agglutining, antibacterial substances, antien-
zymes, and the like. The diphtheria antitoxin in the blood, then,
is the same substance which, when in the cells, mav be a peril to
the ecell by virtue of its affinity for the diphtheria toxin. If the
toxin did not find in the body any substance with which it could
combine,—for which, in other words, its haptophore group (p. 114)
possessed an affinity,—it would be wholly inert and impotent as far
as that organism was 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 cell-receptors and perhaps damaging
the cell irreparably.

There is evidence that the various bacterial toxing become bound
in each case to particular cells of the organism. The tetanus toxin
when mixed in vitre with emulsions of fresh organs manifests an
afhnity 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 clinieal and
histologic eharacteristies 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 fresh cell-
substance (eell-receptors). The toxin is firmly bound in both cases
and is quite unable to exert its toxic 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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entirely toxin-free. Insome other animals, for example, the rabbu,
other organs besides the central nervous system are capable
of binding the tetanus toxin.

Metchnikoff has shown that the alligator injected with tetanus
toxin does not sicken, and that this is beeause of the lack of sensi-
tiveness of its central nerve-cells to the toxophore group; experi-
ments in vifro prove that certain organs of the alligator are able to
bind the tetanus toxin, and, furthermore, in accord with this, tetanus
antitoxin is produced by injection of tetanus toxin into the living
alligator. It follows that an-
titoxin production does not pFo T
necessarily depend upon the | |
susceptibility of a given ani-
mal to a given toxin. It is
gufficient that the animal pos-
sesses receptors able to bind |
the haptophore group of the
toxin. So far as antitoxin
formation iz econcerned, it
would seem to be a matter of
indifference whether or not
the toxophore portion of the
toxin molecule is present to L !

injure the cell. : < ;
Jr = uhig e N Fig. 24.—Graphic representation of
I'he constitution of bae- receptors of the first order and of toxin

s s . uniting with the cell-receptor: a, Cell-
tericidal sera is more complex receptor; b, toxin mulecule; ¢, hapto-

than that of antitoxie sera, as phore of toxin molecule; d, toxephore
- of toxin molecule: e, haptophore of the

already pointed out, and the eell-receptor (Ehrlich).

mode of aection of the former

18 correspondingly less simple. Ehrlich has postulated the exist-

ence in the living cell of three kinds of receptors, designated respec-

tively as of the first, second, and third order (Figs. 24, 25, 26).

The receptors of the first order are the simplest, being those
which unite with the toxin, and, if regenerated in excess, appear in
the blood-stream as antitoxin (Fig. 24, a). The receptors of the
second order are supposed to be more complex and adapted to the
assimilation of relatively complex protein molecules (Fig. 25, ¢).
The agglutinins are considered to be receptors of this nature. The
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agglutining are quite resistant to heat, 70 to 80 degrees, as a rule,
being needed to effect their disappearance, and, once removed from
the serum, no reactivation can be effected by the addition of fresh
normal serum. In this respect the purely agglutinative serum
differs from the unheated sera containing receptors of the third
order.
In the case of the bactericidal sera the specific antibody
(receptor of the third order) possesses two affinities, one for the
specific bacterial cell, one
* for the labile, activating
. substance present in nor-
mal serum (Fig. 26). The
peculiar funetion of the
antibody lies in bringing
together in close relation
thig ingredient of normal
serum and the bacterial
cell; hence 1t has been
called the intermediary
body (Zwischenkorper),
but in more recent no-
s A P A menclature it is known, in
Fig. 25.—Graphie representation of re- agreement with Ehrlich’s
ceptors of the second order and of some sub- conception of its nature,

stanee uniting with one of them: ¢, Cell- :
receptor of the second order; d, toxophore a8 the amboceplor. The

or zymophorous group of the receptor; e, :
haptophore of the receptor; f, food-sub- constituent of normal se-

stance or product of bacterial disintegration rum 18 designated by Ehr-
uniting with the haptophore of the cell- .. : :
receptor (Ehrlich). lich and his followers as
the complement. Every
amboceptor is consequently possessed of two different combining
groups: the complementophile, having an affinity for the com-
plement, and the eytophile, 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 bacterieidal
for a variety of different mierobes, and the specific amboceptor
for one kind may be removed by appropriate methods without
affecting those of other affinities. There i1s also experimental evi-
dence for believing in a plurality of complements, and perhaps
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one reason why the bactericidal sera have not been very success-
fully applied in human therapeutics is because there is a lack of
complements in human serum adapted to amboceptors produced
in the bodies of the lower animals.

The ecomplement being assumed to be the active agent in the
varioug evtolytic 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 physieal characteristics already stated.
At one time the complements were supposed to be of an enzyme
nature, but there is little to support this view.

Fig. 26.—Graphie representation of receptors of the third order, and of
some substance uniting with one of them: ¢, Cell-receptor of the third order,
amboceptor; e, one of the haptophores of the amboceptor with which some
food suLst-a,nce or produet of bacterial disintegration, f, may unite; g, the
other haptophore of the amboceptor with which complement may unite;
k, mm?ement: h, the haptophore, and z, the zymotoxie group of the comple-
ment (Ehrlich).

Along the line of Ehrlich’s receptor theory, Welch * has intro-
duced the conception of the throwing-off of antibodies by patho-
genic micro-organisms within the body of their host. Just as the
eells of the host generate substances antagonistic to the cells of in-
vading parasites and their products, so it is supposed that the para-
sites, by a similar mechanism, may produce amboceptors with
affinities for certain tissue-cells. Linked with a suitable complement,

* Weleh: Johns Hopkins Hosp. Bull,, 1902, 13, p. 285.
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such amboceptors may exert a poisonous action upon the cells of
the host.

A singular phenomenon, studied especially by Neisser and Wechs-
berg,* is the reaection obtained when varying amounts of immune
serum are added to constant volumes of normal serum and bacterial
emulsion. When very small amounts of immune serum (ambo-
ceptor) are added, no bacteriolysis takes place; on increasing the
amount of immune serum complete baeteriolysis finally oceurs;
but on adding still greater quantities of immune serum, baeteriolysis
once more fails to appear. From these and similar experiments
it was concluded that a “deviation of complement” occurs under
conditions where the amboceptors are in great excess, that is to say,
the complement unites with the unbound amboceptors rather than
with the amboceptors that have become attached to the bacterial
cells. Hence with a limited amount of complement some of it is
deviated away from the amboceptor-antigen complex to the free
amboceptor and is eonsequently unable to cause bactericidal action.
There is considerable doubt whether this is a correct interpretation
of the Neisser-Wechsberg phenomenon. It is more simply ex-
plained as due to the presence in excess of one of the reagents in a
colloidal mixture.

Complement fizxation or the Bordet-Gengou phenomenon is a
reaction of great practical and theoretical interest. The nature of
the reaction may be illustrated as follows:

(A) Complement (fresh guinea-pig serum) -+ typhoid baeilli 4+ in-
activated normal rabbit serum.

(B) Complement (fresh guinea-pig serum) + inactivated normal rabbit
serum.

(C) Typhoid bacilli + inactivated normal rabbit serum.

(D) Complement (fresh guinea-pig serum) -+ typhoid baeilli 4+ in-
activated antityphoid rabbit serum.

(E) Complement (fresh guinea-pig serum) - inaectivated antityphoid
rabbit serum.

(F) Typhoid bacilli 4 mactivated antityphoid rabbit serum.

If these mixtures are incubated for a few hours and then rabbit
corpuscles that have been “sensitized” with inactivated serum
*Neisser and Wechsberg: Miinch. med. Wehnsehr., 1901, 48, p. 697.
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specifically hemolytie for rabbit corpuscles added to each mixture
hemolysis will oceur in all except (C) and (F), which contain no
complement, and (D) in which the specifically sensitized bacilli
have absorbed the complement and so prevented its subsequent
action on the sensitized erythrocytes added. That is, the mixture
of complement, antigen (typhoid bacilli), and specific antibody
(alexin in the immune typhoid serum) is no longer capable of
producing hemolysis. This is interpreted as meaning that the
bacilli when specifically sensitized absorb or fix the complement
and thus prevent its action on the sensitized ervthrocytes sub-
sequently added.

The complement fixation reaction is used extensively in the
diagnosis of several infectious diseases, notably of syphilis, in
the “Wassermann reaction.” It is also used to some extent for the
identification of baecterial species. In such mixtures as those
described if the specific antibody is present, the complement is
fixed and no hemolysis occurs when sensifized red eorpuscles are
added; if the specific antibody is absent, the eomplement is of
course free to complete the hemolytic system, and hemolysis will
result.

OTHER REACTIONS PRODUCED BY BACTERIA

When bacterial cells and their products are injected into an
animal, the cells of the animal react in such a way as to give nse
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 clumping usually oceurs if, instead
of the blood of an injected animal, the blood of a typhoid fever
patient be employed. The reaction is specifie, although not abso-
lutely so. That is, the serum of either a typhoid patient or an
animal injected with typhoid bacilli will agglutinate typhoid bae
cilli in high dilutions, while other bacilli, as a rule, are unaffected,

although it is true that those more closely related to the typhoid
12
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bacillus, such as B. coliand B. paratyphosus, may beslightly 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 agelutination 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 bacilli; and,
second, in identifying bacteria, for which purpose a serum of known
agelutinating 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 agelutinative re-
action is, on the other hand, less satisfactory, and there are many
objections to its unqualified acceptance,

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. From this a faintly
turbid suspension i 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 agglu-
tinable than others; some may be inagglutinable even by a potent
seruim.

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 causes the
agglutination of the bacteria is known as agglutinin. It is fairly
permanent and may persist in dried blood or serum for a long time
in unchanged strength. In publie health work a few drops of blood
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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
serum or blood with physiologic
salt solution are mixed with meas-
ured quantities of the bacterial
suspension, and the process of ag-
glutination followed either with the  mo 97 _ Pyphoid bacilli, un-
naked eye or with the microscope, agglutinated.

The microseopic examination, made
with high powers, shows a gradual cessation of motility In such
organisms as the typhoid baecillus, accompanied by the sticking
together first of a few cells, then of larger numbers, until in typical
and decisive reactions large masses
of agglutinated cells are found
which are plainly visible with a low
power. The maximum clumping is
generally reached in about six to
eight hours (Figs. 27, 2§, 29),
Sometimes “spontaneous agglu-
tination” oceurs, so that a sus-
pension to which no serum has
been added should always be ob-
served along with the others, in
Fig. 28.—Typhoid bacilli partially order to avoild this source of error.
agglutinated. The naked-eve test gives, as a
rule, more trustworthy results than
the microscopic. Varying dilutions of serum are mixed with a
definite gquantity of bacterial suspension in small thin-walled glass
tubes, and placed in the incubator. The tube containing only the

[

* Bee Wesbrook: Jour. Infeet. Dis., Suppl. No. 1, 1905, p. 315.



150 GENERAL BACTERIOLOGY

bacterial suspension remains cloudy, while those tubes to which
agglutinating serum is added show a general clearing-up of the fluid,
ranging from the appearance of a flaky deposit on the walls of the
tube, with high dilutions of serum, to a complete sedimentation
of the bacteria and clear supernatant fluid.

A convenient procedure is as follows: Small quantities of the
serum are diluted with sterile salt solution (0.85 per cent. NaCl)
g0 as to effect the desired dilutions (for example, 1 : 50, 1 : 100,
1:500, 1:1000). Filtered suspensions in salt solution of a
twenty-four-hour agar culture of the organism tested should be
used. To obtain the dilution desired, mixtures of the serum
dilution and the suspension may then be made. The tubes are
incubated at 37° C., usually for
two hours, and then placed in
the refrigerator for sedimentation.
When complete agglutination takes
place bacteria collect in elumps at
the bottom, forming a floceulent
sediment and leaving the superna-
tant fluid clear. Control tubes of
the bacterial suspension without
T serum and with normal serum

T should be ecarried in each series.

Fiz. 29—Typhoid hadil, Temperatures above 60° C.
showing typical clumping by diminish the agglutinability of bac-
t-:.rphmt,i Seruin., : i Wi

teria; agglutinin also is weakened
by heating to from 60°-70°, and is destroyed at 75°. Serum
dried and protected from light retains its power indefinitely.

Properties and Mode of Action of Agglutinins.—Ageglutination
is brought about by the chemical interaction of two substances, one
a constituent of the agglutinating serum, the agglutinin, the other
a bacterial substance, the agglutinogen. The latter substance re-
ceives its name from the fact that when introduced into the animal
body it stimulates the formaticn of agglutinin. Intermsof Ehrlich’s
receptor theory the agglutinogen contains a haptophore or combin-
ing group, which enables it to unite with certain receptors of the tis-
sue cells. These are said to be “receptors of the second order”
(Fig. 25), and to contain a haptophore group which binds them to

—— ——
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the agglutinogens, and a zymophore group of enzyme-like activity
which brings about the change in bacterial cells that leads to their
agglutination. The phenomena of agglutination, however, are so
complex that no relatively simple structural hypothesis fits the
facts. The most plausible explanation is a colloidal reaction, due
to a process of molecular adhesion.

It is essential that some mineral salt be present in order that
agglutination shall oceur. 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
agglutinate bacteria and to precipitate colloids depends on the
degree of dissociation and on the valency, speed of migration, and
decomposition tension of the kation. In a word, agglutinin is
supposed to reduce the amount of negative electricity with which
bacteria are charged and so render the bacteria more susceptible
to the precipitating action of the salts.*®

Not bacteria only, but other free cells, are clumped both by
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 “hemagglu-
tinins,” so far as they have been studied, resemble the bacterial
agglutining in all essential features. Some bacterial cultures have
been found to contain hemagglutining, and it is possible that the
thrombi observed in the blood-vessels after death from certain
infectious diseases may be due to hemagglutinins of bacterial
origin.

Substances that agglutinate bacteria and erythroeytes are found
in the blood of many normal animals. The serum of a young un-
inoculated horse, for example, has been observed to agglutinate
para~dysentery bacilli in a dilution of 1 : 1000 (Park).t The re-
lation between normal and immune agglutinins is not known.

Group Agglutination.—The serum of an animal inoculated with

* An excellent summary of the physico-chemical conception of agglutina-
tion has been miven by Buchanan (R. E. Buchanan: Jour. of Bacteriol., 1919,
4, p. 73).

T Park: Jour. Infect. Dis., Suppl. No. 2, 1906, p. 1.
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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-called “homologous” organ-
ism, is the most marked, that is, it will occur 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 baecilli 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 distinctly 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 agglutining may be even more abundant than specifie 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.

The absorption or saturation fest of Castellani (1902) based on
the discovery of absorption of agglutinins by Bordet (1899) has
proved of practical value in eliminating the source of error due to
group agglutination. It was shown by Castellani that the serum
of an animal immunized against a certain micro-organism when
saturated with that micro-organism loses both its agglutinating
power for that organism and alzo for all the other varieties if acted
upon. Thus immune serum A which agglutinates the homologous
organism A and the related organisms B and C (group agglutina-
tion) will lose its agglutinating power for all these organisms when
absorbed by a suspension of orgamism A. If, however, it be
absorbed by organism B it will lose all its agglutinating power for
B, but it will agglutinate A as strongly as before. The absorp-
tion test has been widely used in studies on the typhoid-para-
typhoid group and on meningococei. Its value in differentiation
within eertain other groups is still in question. The technie of the
absorption test is important. The size of the minimum absorbing
dose necessary to remove all the agglutinins must be carefully
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determined. In the final test the dose of the homologous organism
should be somewhat but not greatly in excess of the minimum.
In all absorption tests little weight should be attached to slight
differences in agglutination.

The application of this fest may be shown by an example.
The undifferentiated organism X is agglutinated by the serum of
animals immunized to A and B.

ORGANISM. Invone IuvuNE IMMUNE
SERUM A Servm B SEroM X
TrreER. TiTER. TITER.
A 5000 SO0 SO
B 3000 H000 5000
X 3000 3000 S000
ORGANISM. IMMouNE SERUM A Immune SErum A
ABSORBED BY A Apsoreep BY B
A 0 ]
B 0 (i
X 0 0
ORGANISM. IMymune SErum X Imvmune Serom X
ABSORBED BY A ABSORBED BY B
A 0 3000
B S000 0
X

5000 0

It is evident that so far as agglutination reactions are a eriterion
of ‘relationship organism X belongs with B rather than with A,
although the ordinary agglutination tests with unabsorbed serum
did not make this apparent.

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 baetericidal 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 increases in the
bactericidal and agglutinating power do not run a parallel course
or indeed show any eonnection. (¢) The agelutinin may be ab-
sorbed from a serum, leaving the baetericidal power of the serum
unimpaired.
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(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 occurs. *
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,

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

A particularly important development in the study of the pre-
cipitins has been the utilization of the specific character of the re-
action for the purpose of medicolegal investigation.| 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-
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 increasing
doses—e. ¢., 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. Ac-

* Iiraus: Wiener klin. Wehnsehr., 1897, 10, p. 736.
T Hektoen: Jour. Amer. Med. Assoc., 1918, 70, p. 1273.
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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.e. of the serum to 2 e.c. of the cor-
responding blood solutions diluted 1: 1000, 1: 10,000, and 1:
200,000, 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
iﬁ. 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 wvery 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, aceused of robbing and murdering three persons, stated
that certain blood-stains found on his shirt sleeves were referable to his hav-
ing slanghtered 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 so convineing 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-staing found on his
meat-chopping board were not due to deer’s blood, but to that of wild ducks.
By the biological method, however, we determined the presence of deer's
blood, besides that of ducks, thus proving the guilt of the accused.”

One of Uhlenhuth’s interesting discoveries is the observation
that antiserum obtained from closely allied species affords the best
means for determining the differentiation of certain organisms.
The serum of monkeys inoeculated 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.

* Uhlenhuth: Praktische Anleitung zur Ausfithrung des biologischen
Eiweissdifferenzierungsverfabrens  mit  besondere  Beriichsichtigung  der
forensichen Blut- und Fleischuntersuchung, Jena, Gustav Fischer, 1909.
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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 (* precipitino-
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 precipiting are highly specific, 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. By its aid horse meat, for example,
may be distinguished from beef.

The phenomena of precipitation and agglutination are es-
sentially the same. Recently some significant advances have
been made toward an elucidation of the mechanisms involved.
It appears that the antigen in either case is or is very similar to a
particle in the colloidal state and bears an electro-negative charge
(i. e., is electro-negative by comparison to the fluid in which it is
suspended). The normal stability of the antigen solution or sus-
pension probably depends upon the balance of three types of
forees: those associated with the Brownian movement and which
serve to overcome gravitational sedimentation; surface tension of
the fluid on the surface of the particles which tends to bring the
individual particles together; and the mutual repulsion of the
particles, because of their common electro-negative charge, which
functions to counterbalance the cohesive force of surface tension.f
Upon the introduction of any substance which inereases the co-
hesive forces or sufficiently reduces the electrical charges there
follows agglomeration, floceulation and precipitation of the anti-

* The subject of precipitation is treated with great clearness and fulness
in & monograph by Nuttall, “Blood Immunity and Blood Relationship,”
Cambridge, England, 1904.

f It is not entirely eertain, although recent studies have rendered it
probable, that these are only surface tension forces.
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gen. Reduction of the electrical charge is probably of greater
significance than increase of the cohesive forces. On proteins*
and on bacteria,f the electrical charges are commonly greatest
in distilled water near neutrality. The addition of salts, acids, or
alkalies reduces the charge, and if sufficient is added precipitation
and agglutination oceur. The charges appear to have their origin
in condifions (the Donnan equilibrium) which are dependent
upon the semi-permeability of the colloidal or bacterial surface,
and in the case of bacteria appear to be independent of the wi-
ability of the organisms. This is in harmony with the well-
known observation that a suspension of dead bacteria will serve
as well as live ones in an agglutination test. When an immune
serum 1s added to a suspension of bacteria the negative charge on
the cells 1s reduced, and if the serum is added in appropriate di-
lution the charge is brought within the agglutination zone. If
too little serum is added the charge is insufficiently reduced, and
if too much is added the charge is inverted (the bacteria become
electro-positive) and no agglutination oceurs in either case. The
stabilizing effect of an excess of serum (normal or immune) which
inverts the charge probably accounts for the so-called pro-ag-
glutinoid zone. Electrolytes (acids, alkalies, and neutral salts),
like sera, modify the charges on colloids or bacteria, and their
effects in a precipitation or agglutination reaction are probably
directly cumulative with those of the immune body. The role
of NaCl in agglutination tests is probably of such an order. The
discovery that the precipitation reaction—Ilike the agglutination
reaction—is dependent upon the hydrogen ion concentration}
and is delimited by P, values which approximate the points at
which the antigen begins to lose its charge makes it seem highly
probable that precipitin, like agglutinin, either is or simulates an
electro-positive substance. It is significant to note that entirely
similar substances are present in normal sera.§ The more specific

* Loeb, J.: “Proteins and the Theory of Colloidal Behavior,” New
York, 1922.

f Northrop and DeKruif: Jour. of Gen. Physiol.,, 1921-22, 4, 639;
Winslow, Falk and Caulfield: Ihid., 1923, 6, 177.

I Mason: Johns Hopkins Hosp. Bull., 1922, 33, 116; Hirsh: Jour. Inf.
Dis., 1923, 32, 439; Falk and Caunlfield: Jour. Immunology, 1923, 8, 2349,

§ Northrop and Deliruif: Loe. cit.
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identity of these bodies and, indeed, the identity of agelutinin and
precipitin are still entirely uncertain.

(¢) Anaphylaxis or Hypersensitiveness—Allergy— Protein Sen-
sitization. *—Animals injected with certain substances become sen-
sitized or rendered hypersensitive to a subsequent injection with
the same substance. The name anaphylaris (Gr. against pro-
tection) has been used (Richet) for this phenomenon to explain
its apparently opposite character to the protective effect of im-
munization. The nature of the reaction is illustrated by the
“Theobald Smith phenomenon” (1904). Smith observed that
guinea-pigs which had been injected with horse-serum in the course
of work on the standardization of diphtheria antitoxin developed
striking symptoms, frequently fatal, if they were given a second
injection of horse-serum some days later. The hypersensitiveness
of rabbits caused by repeated injections of horse-serum was also
clearly shown by the work of Arthusi (1903). The study of this
reaction was taken up by Ottof in Germany and by Rosenau and
Anderson§ in the United States. Zinsser| has given a clear de-
scription of the anaphylactic reaction in the guinea-pig. “If a
properly sensitized guinea-pig receives a second injection of an
antigen after a suitable incubation time a very characteristic
train of symptoms ensues. There is usually a short preliminary
period—lasting either a fraction of a minute or several minutes
according to the violence of the reaction and the mode of ad-
ministration—during which the pig appears normal. At the end
of this time the animal will grow restless and uneasy, and will
usually rub its nose with its forepaws. It may sneeze and occa-
sionally emit short coughing sounds. At the same time an inereased
rapidity of respiration is noticeable and the fur will appear ruffled.
In light cases the animals may remain in this condition, with

* See summaries by H. Zinsser: Arch. Int. Med., 1915, 16, p. 223; A, I
Coca: Tice's Practice of Medicine, Prior and Co., New York, 1920; T. H.
Boughton, Jour. Lab. Clin. Med., 1920, 5, p. 597; H. G. Wells: Chemiecal
Pathology, 4th ed., Philadelphia, 1920, p. 191; Ibid.: Physiol. Reviews, 1921,
1, p. 44.

T C. R. de la Soc. Biol., 1903, 55, p. 817.

i R. Otto:
~ § M. J. Rosenau and J. F. Anderson: Bull. 29. Hyg. Lab. Mar. Hosp.
Serviee, 19006,

| H. Zinsser: Infection and Resistance, New York, 1914, p. 363
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further irregularity and difficulty of respiration, possible discharges
of urine and feces; then gradual slow recovery may set in, with
complete return to normal in from thirty minutes to several hours.
In more severe cases these preliminary stages are rapidly followed
by great apparent weakness. The animals fall to the side, the legs
and trunk muscles twitch irregularly, and the respiration becomes
slow and shallow; the thorax never entirely contracts, but remains
in a more or less expanded condition. The very evident dyspnea
is of an inspiratory character. The excursions of the lung itself
seem to grow shallower and shallower in spite of apparent strong
inspiratory efforts, the volume of the thorax and lung remaining
in the expanded condition. At this stage evidences of motor
irritation may appear, in that the animal may arise and attempt
to run. More often, however, in this phase general convulsions
set in, often several times repeated, and in these the animals
usually die.

“On the other hand, after cessation of convulsions they may
lie perfectly still on the side, as though paralyzed, the breathing
becoming gradually slower and more shallow, finally ceasing en-
tirely. The heart may continue to beat for a considerable time
after the breathing has stopped.”

A definite period must always elapse between the first and
second injection in order that the toxie 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 toxic action of the
horse-serum upon the guinea-pig has been studied with especial
fulness.* Sensitization may be effected by very small quantities;
Rosenau and Anderson have reported that in one instance 0.000,-
000,1 e.c. of horse-serum was sufficient to render a guinea-pig sus-
ceptible. Wells, T using pure protein, has shown that the minimum
sensitizing dose of erystallized egg albumen is 0.000,000,05 gm. and
the fatal sensitizing dose 0.000,001 gm., the fatal reacting dose being
intravenously 0.000,05 gm. and intraperitoneally 0.000,5 gm.

The liability to react hypersensitively is transmitted from
mother to offspring, the young of actively sensitized female
guinea-pigs being themselves hypersensitive. The male does not

* Rosenau and Anderson: Bulls. 29, 30, 36, Hyg. Lab. Mar. Hosp. Ser-
vice; Jour. Infect. Dis., 1908, 5, p. 85.

T Wells and Osborne: Jour. Infect. Dis., 1911, 8, p. G6.
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transmit this quality. Passive hypersensitiveness may be induced
by transfer of serum from a sensitized animal to a normal one.
Animals that survive the second dose of protein are desensitized,
that is, rendered very insensitive to the specific protein. Isolated
strips of muscle are likewise capable of desensitization. The con-
dition of desensitization is, however, temporary. Highly im-
munized animals will not give reactions, probably because of free
antibody in the blood preventing the antigen from reaching the
sensitized cells. This condition, which is plainly different from
desensitization, is called anti-anaphylaxis.

The anaphylactic reaction has also been adequately studied in
the dog and the rabbit, with the striking result that in each
animal species the phenomena are different, but are always con-
stant for the same species irrespective of the particular antigen
used.

Among the most significant observations on anaphylactic
shock is the aiﬁ{!ﬂvery that some of the principal features of the
anaphylactie condition can be demonstrated upon a strip of non-
striated muscle removed from the body (Schultz, Dale), These
experiments have strengthened the belief “that stimulation of
non-striated musele is an essential, and probably the essential
factor of acute anaphylaetic shoek™ (Wells), and it is tempting to
suppose that differences in the distribution of non-striated muscle
in the various organs account for the difference in the behavior of
various animal species in which a condition of hypersensitiveness
hag been induced.

There seems little doubt that anaphylaxis is to be regarded as
an antigen-antibody reaction and that the substances capable of
behaving as antigens in this particular reaction (anaphylactogens)
are all protein substances. Gelatin, however, and some other
incomplete proteing appear to be absolutely devoid of antigenic
power. It seems probable that lack of antigenice property is due to
a deficiency in aromatic amino-acids in the protein molecule
(Wells).

The specificity features of the anaphylactie reaction are highly
interesting and correspond elosely to those exhibited by preeipitin
and complement fixation reactions. Wells and others have shown
that the antigenic specificity of a protein is not determined by its
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biological origin, but by its chemical composition. Casein from
goat milk evokes precisely the same anaphylactic response as
casein from sheep milk, but chemically dissimilar proteins from
the same animal body fail to show any common immunological
relation.

Partieular groups within the protein molecule—the amino-
acids—are probably responsible for the specificity of anaphylaxis
and other antigen-antibody reactions. Both chemical composi-
tion and isomeric arrangement doubtless play a part in the close
correspondence that exists between antigen and antibody.

Theories of :naphylaxis are essentially of two types, the
proteolytic and the physical or colloidal explanation. The former
is based on the demonstration by Vaughan and others that the
protein molecule can be split by various chemical methods into
a toxic and a non-toxic portion. The toxie portion when injected
produces in animals a condition very similar to that of anaphylactic
shock. Such obgervations were thought to indicate that the second
injection of antigen was sensitized by the specific antibody pro-
duced by the first injection, and that then the serum comple-
ment proteolvzed the antigen liberating the toxie fraction (ana-
phylatoxin) with its typical poisonous effects. It was found, how-
ever, that isolated musele tissue shows an immediate response to
the specific antigen, and it is difficult to reconcile this fact—the ab-
sence of an incubation period—with the hypothesis of liberation of
a poison through proteolytic action. Serum complement has never
been shown to be a proteolytic ferment, and attempts to demon-
strate the presence of a poisonous substanee in the blood of animals
in anaphylactic shock have not been suceessful. Unformed sub-
stances, such as kaolin, added to normal serum render the serum
toxie, as also does the mere clotting of plasma. For these and
other reasons the theory that anaphylaxis is due to the products
of protein cleavage, supported though it is by a mass of ingenious
experiments, has lost ground in the course of recent investigation.
The physical or colloidal explanations, on the other hand, are
still somewhat vague and indefinite, but it is certainly tempting
to suppose that alterations in colloidal equilibrium within the liv-
ing cell are in some way responsible for the anaphyvlactic phe-
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nomena. At all events there seem to be no facts directly contra-
dicting this supposition.

The relation of anaphylaxis to serum disease, to hay-fever, and
to drug hypersensitiveness is far from clear. While acute, un-
doubtedly anaphylactic reactions to serum injections are some-
times observed in man, the ordinary serum sickness with its skin
manifestations is not believed by some investigators to be a
true anaphylactic reaction; the evidence is conflicting. Hay-
fever is commonly regarded as an instance of sensitization with
the pollen of various plants, and strikingly successful therapeutie
results have been reported as due to apparent desensitization.
Here also there is no unanimity of opinion. The numerous cases
of food idiosynerasy to egg albumin, milk, and other protein foods
are well established instances of true anaphylactic reactions:; a
condition of antisensitization may be produced by careful feeding.

The relation of anaphyvlaetic reactions to baecterial infection is
evident in many ways. Certain features of infectious diseases,
such as the period of incubation and various skin reactions, re-
semble anaphylactic processes. Bacterial proteins, like other
proteing, have been shown to give anaphylactic reactions. The
relation of anaphylaxis to immunity appears in such phenomena
as immediate reaction to vaceines occurring in some protected in-
dividuals, and the effects observed by Koch when tubereulous
guinea-pigs are reinjected with tubercle baeilli; in the latter case
the tubercle baecilli introduced are at once disintegrated.



CHAPTER IX
THE STAPHYLOCOCCI

Genus: Staphyloeoecus. DParasites. Cells in groups and short chains,
very rarely in packets. Generally stain by Gram. On agar streak good growth,
of white or orange color. Glueose, maltose, sucrose, and often lactose fer-
mented with formation of moderate amount of acid. Gelatin often liquefied
very actively.

Type species is Staphylococeus aureus, Rosenbach.

The bacteria most commonly found in boils, abscesses, carbun-
eles, and similar suppurative processes in man belong to the group
of staphylococei. The presence of staphylocoeei in pus was first
shown by Pasteur * (1880) and later by Ogston t (1881). Micro-
cocel were obtained in pure culture by Becker I in 1883, but their
causal 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 staphylococel have been differen-
tiated in the course of later
investigation. One of these,
Staphylocoecus (pyvogenes)
aureus, is found frequently
in connection with pathologie
processes in man; the other
varieties, although very similar,
differ in slight particulars from
this type. Staphylococeus
(pyogenes) albus, for example,
is distinguished from Staphy-
loeoceus (pyogenes) aureus by
its failure to produce a golden-

- Fig. 30. — Staphylocoecus  avyeua,
vellow pigment. Fuchsin; x 1000 (Ginther).

Morphology and Staining. :
—The cells of Staphylococeus 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 (Fig. 30). The

* Pasteur: Bull. de I'Acad. de Méd., 1880, 9, p. 447.
f Ogston: Brit. Med. Jour., 1881, 1, p. 369.
1 Becker: Deut. med. Wehnsehr., 1883, 9, p. 665. :
§ Rosenbach: “Mikroorganismen bei d. Wundinfektionskrankheiten,”
Wiesbaden, 1884.
13 193
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dimensions of the individual cocei vary within rather narrow limits,
the diameter of the cells ranging between 0.7 and 0.9 . The
ordinary anilin dyes stain the cells readily; no decolorization oceurs
with Gram’s method. In a preparation made directly from pus or

from a pure culture, not only
irregular clusters of cells can
be observed, but also tetrads,
diplococeus forms, and short
chains. It is hence often dif-
ficult to determine from stained
preparations whether only true
staphylococei are present or
whether there is an admixture
of streptococei or other forms.

Physiologic Require-
ments.—The optimum tem-
perature is about 28° (., but
growth can also take place at
temperatures as high as 42° C,,
and as low as 8° to 9° C. The

Fig. 31.—Staphylococeus aureus:
coleny two days old, seen upon an
agar-agar plate; X 40 (Heim).

cocei thrive best in the presence of oxvgen, but grow to some
extent under anaérobie conditions. As regards choice of eulture-

Fig. 32.—Staphy-
lococeuzs  pyogenes
aureus, gelatin stab-
culture; four days.

medium, this organism is not so fastidious as
many other pathogenic bacteria. It grows
upon the ordinary laboratory media (Fig. 31),
and also, although less luxuriantly, upon pro-
tein-free media containing creatin or aspara-
gin as the source of nitrogen. The golden-
yvellow pigment which distinguishes the aureus
variety from other staphylococel 1s formed n
especial abundance upon blood-serum or upon
a starchy medium, such as potato or rice.
The thermal death-point is not constant, dif-
ferent strains appearing to vary greatly in their
resistance, some suceumbing only after thirty
minutes’ exposure to a temperature of 80° C.,
while others are destroyed within the same

time at a much lower temperature. Considerable resistance is dis-
played toward drying, experiments showing a retention of vitality
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tor many days and even months, in cultures dried upon silk threads
and desiceated over caleium chlorid, Toward the chemical sub-
stances ordinarily used as disinfectants Staphylococcus aureus also
exhibits more than the average resistance. It is, indeed, one of
the hardiest of the non-spore-forming bacteria.

Staphylocoecus aureus is awell-nigh constant inhabitant 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 carbohydrate media and in the
presence of free oxygen. A specific gelatin-liquefying enzyme or
gelatinase is formed in gelatin and broth eultures and has been
geparated from the cultures by filtration (Fig. 32). Other enzymes,
such as rennin and maltase, are produced under suitable conditions.
Dextrose, maltose, sucrose, and glycerol are usually fermented
under suitable conditions with acid, but no gas production. Milk
inoculated with staphvloeoerel iz coagulated by the acid resulting
from the fermentation of the milk-sugar; the precipitated casein,
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-
Iytic substance is formed both upon agar plates and in broth eultures.
The hemolytic qualities of filtrates of Staphylocoecus 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 iz other evidence that staphylolysin possesses a structure
analogous to that ot 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 discover any such connection.

*Neisser and Wechsberg: Zeitschr. f. Hyg., 1901, 36, p. 229.
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A substance that kills leukoeytes is also present in staphylococeus
filtrates; this has been termed leukocidin, and, like staphylolysin,
18 a true toxin. The presence of leukocidin may be determined
by an ingenious method devised by Neisser and Weehsberg, which
consists in using the reduection of methylene-blue that is effected
by live leukocytes as a measure of the integrity of the latter., The
extent of retardation or disappearance of the reducing action
measures the degree of injury wrought upon the leukoeytes by the
leukocidin.

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

Pathogenicity for Man.—Experiments, as well as the faets
of comparative pathology, show that man is more susceptible than
the ordinary laboratory animals to staphylococeus infection.  Garré
(1885) * inoculated himself by rubbing a pure culture upon the
uninjured skin of the forearm, with the result that a series of car-
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,{ Kaufman ). The
penetration of the cocel into the deeper layers of the intact skin,
probably through the sweat-duets or at the base of the hair-follicles,
is & 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 employved or to other experimental diserep-
ancies.

The demonstration that staphyloeocei have power under certain
circumstances to penetrate the skin, taken together with their
practically constant presence upon the skin itself, serves to explain
the multiplicity of human affections with which these miero-organ-
isms are found associated. A momentary weakness on the part of

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

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

1 Kaufmann: Baumgarten's Jahresb., 1900, 16, p. 110.
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the tissues in almost any loecality may lead to a rapid loeal invasion,

followed by the production of a simple boil or by a more or less
extensive carbuncular condition. Septicemia and pyvemia some-

times result through the introduction of staphylocoeei into the
lymphaties or the blood-stream from a loeal abscess. The localiza-
tion of the secondary foci varies in different cases. In the series
of cases studied by Otten * 25 per cent. developed endoecarditis.
Sometimes general sepsis (‘“staphylomyeosis’) results from the
most trivial local foeus, such azs a small boil or slight skin wound.

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

value.
A eonsiderable ma- Fig. 33.—Staphylococcus aureus in  pus

o from human abscess. Fuchsin stain; > 1000

jority of all attacks of (Frinkel and Pleiffer).

acute osteomyelitis and

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

predilection for the tissues of the osseous system.

Suppurative inflammation, in whatever part of the body it

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

T Suppurative inflammation is characterized particularly by the greatly
increased immigration of the polymorphonuclear leukoeytes into the affected
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.
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may occur, is usually attended with the presence of staphylococei
either in pure or mixed cultures (Fig. 33). Sometimes when found
in a mixed infection they are doubtless the original exciting cause;
in other cases they may have arrived at the seat of trouble only
after a primary invasion by some other microbe. In a given
instance it may be impossible to determine the precise sequence of
events.

Staphylococeus infection of the lung sometimes occurs, and
the resulting bronchopneumonia is highly fatal. Out of about
800 eases of pneumonia treated at the hospital of the Rockefeller
Institute in New York City from 1913-18, 13 were cases of
staphylococeus infection, and 10 of these died. Under certain
conditions, as during the influenza epidemic at Camp Jackson,
Staphylococeus aureus has apparently played an important part
in the pneumonia complicating primary infections. Chickering
and Park* found that in 49 per cent. of 312 postmortem lung
cultures at Camp Jackson this organism was present either alone
(92 cases) or in association with other bacteria. Its presence in
the lungs is usually interpreted as a secondary invasion in the
train of some primary exciting agent.

Pathogenicity for Other Animals.—The rabbit has proved
one of the more favorable animals for experimentation, intrave-
nous injection of broth cultures being the most suceessful mode of
infection. A moderately virulent strain kills an average-sized
rabbit in four to eight days after injection of !5 e.c. of a one-day
broth culture (Neisser and Lipstein{). On autopsy minute abscesses
are found in various internal organs, most commonly in the kidney
(especially in the cortex of this organ) and in the walls of the heart.
Under ordinary conditions of experiment with healthy adult rabbits
the bone-marrow and periosteum are rarely seriously affected. In
young animals, however, several experimenters elaim to have
evoked typical osteomyelitis by intravenous injection of staphylo-
eoccus cultures. It is perhaps questionable whether in these cases
the processes in the affected tissues are strietly comparable with
natural osteomyelitis in man. The injection of cultures into a

*H. T. Chickering and J. H. Park: Jour. Amer. Med. Assoc., 1919, 72,
p. 617.
t Kolle and Wassermann, Handbuch, 3, p. 126.
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rabbit suffering from a fractured bone or an injured periosteum
produces a more characteristic train of events, and one that re-
sembles closely the course of human osteomvelitis. Rabbits are
relatively insusceptible to peritoneal inoculation with staphyloecocei.
Artificial inoculation of the eye, on the other hand, succeeds readily,
although natural eye infection is never observed. Feeding ex-
periments with staphvlocoeei give negative results. White mice
are sometimes used for inoculation experiments, but are less uni-
formly responsive than rabbits; guinea-pigs are relatively resistant,
rats and pigeons highly so.

(Cases of spontaneous staphylococeus infeetion among domestic
animals, while not so common as in man, are not unknown. In
horses and eattle Staphylocoecus aureus has been found associated
with pathologie processes and conditions similar to those that it
produces in human beings. Some observers believe that they have
disecovered special species of staphylococei in certain animal affee-
tions, e. g., “Staphyvlococeus (pyogenes) bovis” (in eattle) and
“Staphylococeus hamorrhagius”™ (in sheep). Typiecal strains of
Staphylococeus aureus and albus have been isolated from spon-
taneous abscesses in birds.

Attempts have been made to distinguish varieties of staphylo-
cocel on the hasis of certain cultural reactions. The differences in
pigment formation on which emphasis was laid for a time by some
writers are probably of little significance, and the group of staphy-
locoeei must be regarded as a relatively homogeneous one.

The white pigment-producing strains (St. albus) are, as a rule,
less active in gelatin liquefaction and fermentative power, and
have hence been sometimes regarded as weakened relatives of the
biochemically more vigorous orange pigmented types (5t. aureus).
Glycerol, however, seems to be fermented more rapidly by the
St. albus strains. Lactose and mannitol are fermented by the
majority of orange strains and by a smaller proportion (especially
mannitol) of the white. In general, the types most commonly
isolated from air, dust, and other sources outside of the human
body are white staphylocoeel, while those found associated with
pathologic conditions are orange strains.

The use of agglutination and other serologic reactions for
differentiating varieties of staphylococel has not as yet led to any
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very satisfactory conclusions. The agglutinative power of a serum
is usually so much more powerful for the strain used for im-
munizing than for other strains, whether these possess the same
cultural characters or not, that immunologic relationships are
not easy to trace. Some experimenters believe that “pathogenic”
and “saprophytic” races ean be distinguished on the basis of ag-
glutination reactions, but such a elassification has never been fully
worked out.

An interesting race of the albus variety (Staphylococeus epi-
dermidis albus, Welch) is found in the deeper layers of the human
skin, where it is not reached by ordinary methods of disinfection.
It is of relatively slight virulenee, and is the cause of the “stitch
abscesses” following certain surgiecal proceedings. 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. Staphylococeus (pyogenes) citreus is a rarer
form of doubtful pathogenicity, producing a lemon-yellow pig-
ment, but in other respects standing close to Staphylococeus
aureus. Two “pigment varieties” of staphylococel still more in-
frequently met with in human pathology are Staphylococcus
cereus albus and Staphylococeus 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 iinmune 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 suceumb,
and it is evident that the incorporation of staphylocoecus cells into
the 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 cer-
tainly 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 cells and their
produets cause any appreeciable inerease in the amount of bacterio-
Iytic substance.

The production of active immunity to staphvlococeus is, however,
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accompanied by a striking development of phagoeytic action.
Phagoeytosis unquestionably plays the chief réle in immunization
to this organism. Staphylocoeei injected into an immunized
animal are much more rapidly taken up by the phagocytes than is
the case in a normal animal. Such increased phagocytosis, again,
has been shown by Wright and others to be connected with the
formation of bacteriotropie 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 inoeculation
with a “ vaceine "' consisting of three-weeks-old broth cultures, 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 ecarbuncles and for eases of chronie furunculosis.
These authors state that the vacecine treatment can be sucecessfully
carried on without estimation of the opsonie index, but others main-
tain that it should not be used without accurate opsonie control.
There is good evidence that the autogenous staphylococeus vae-
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 inerease in the
amount of opsonin.

Staphylococcus (Micrococcus) Tetragenus.— This organism was
discovered by Gaffky7 in the pulmonary ecavities in phthisis.
It has also been found in pure culture in absecesses in animals
. and man.f It often oceurs in the healthy mouth. Morphologically
St. tetragenus is distinguished by its occurrence in tetrads or
groups consisting of four small oval cocei; it is Gram-positive (Fig.
34). In cultures the tabular arrangement is not always seen, but
the flat tablets oceur uniformly in the animal organism, where a
rather heavy eapsule surrounds the tetrad. On agar a confluent,
rough, elevated white growth is produced. On potato a thick,

* Hartwell and Lee: Bost. Med. and Surg. Jour., 1907, 157, p. 523.
T Gaffky: Mitt. a. d. k. Gesund., Ber., 1881, 1, p. 1.
i Miiller: Wien. klin. Wehnschr., 1904, 17, p. 815.
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white, slimy growth occurs. Gelatin is not liquefied; milk is
coagulated.

Growth is slow and oecurs both at 20° and at 37° C., though
better at the higher temperature.

White mice inoculated with St. tetragenus succumb to a
rapidly progressing septicemia. Guinea-pigs and rabbits usually
show only a local affection. House-mice and rats are rather im-
mune. Fornaca* has reported a case of septicemia in man in

N _. - *“”

Fig. 34 —Staphylocoeeus tetragenus from peritoneal pus (Bythell).

which St. tetragenus was present in pure eculture in the blood.
It is not uncommonly found in suppurations of the mouth and
neck. It ig also found in the empyema following pneumonia and
in the pus of war wounds.

This organism is probably of a low-grade virulence, and un-
able, as a rule, to invade the human tissues except when the
resistance is lowered by some depressing influence, especially of the
kind caused by the invasion of some other micro-organism.

* Fornaca: Rif. Med., 1903, 19, p. 309.



CHAPTER X
THE STREPTOCOCCI

Genus: Streptococeus.  Chiefly parasites.  Cells normally in short or
long chains (under unfavorable conditions, sometimes in pairs and small
groups, never in large packets). Generally stain by Gram. Capsules rarely
present, no zobgleal masses., On agar streak, effused translucent growth,
often with isolated colonies. In stab-culture, little surface growth. Many
sugars fermented, with formation of large amount of acid, but inulin is rarely
attacked. Generally fail to liquefy gelatin or reduce nitrates.

Type species 1z Streptocoecus pyogenes, Rosenbach.

Streptococel, 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),* Fehlei-
sen (1883),t and Rosenbach l
(1884).1 Owing to the great
variety of pathologic conditions ‘7
with which streptococel were
found associated, it was not at
first known whether the various
conditions were due to one or to
several species. . Cultures of 2
streptococei  from  erysipelas \

(“Streptococcus  erysipelatis,”

Fehleisen), for example, were Fig. 35.—Streptococeus pyogenes.
long kept separated in bacte- Eﬂfﬁ;“ﬂt“{'&ﬁ“uﬂ?ﬁﬂi”'ﬂa nten
riologic laboratories from cul- mann).

tures obtained from various sup-

purative processes (Streptococcus pyogenes). While in this
particular case further investigation has fended to obliterate any

* Ogston: Brit. Med. Jour., 1881, 1, p. 369.

t Fehleisen: Aetiol. d. Erysipels, Berlin, 1883,

f Rosenbach: Mikroorganismen bei d. Wundinfektionskrankheiten, Wies-
baden, 15584,

203



204 GENERAL BACTERIOLOGY

sharp distinctions between erysipelas streptocoeei and suppurative
streptocoeci, the question of the existence of different pathogenie
races cannot be regarded even yet as definitely settled.

Morphologic and Cultural Characters.—The cells of strep-
tococeus, like those of staphylococcus, are spherieal, but differ
from those of the latter organism in being usually united in longer
or shorter chains (Figs. 35 and 36). Under certain conditions, how-
ever, they are aggregated in irregular heaps or masses. The diameter
of the individual eocei 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 typiecal chain results.
Transition forms between this and the staphylococeus have, how-
ever, been observed. Streptococei are not motile under the ordinary
conditions of observation,; do not possess flagella, and do not form
gpores. The strepto-
cocel isolated from
pathologic processes in
man retain the stain
by Gram’s method,
but some streptococel
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

(Streptococeus longus)

Fig. 36.—Streptocoecus, pure culture (Moser and =1,
v. Pirquet). and short-chain (Strep-

tocoecus brevis) strep-
tococei. 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.
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Other morphologic and biologic qualities are believed to corre-

spond.

It has been found possible, how-

P e, ever, to transform the long-chain into the

short-chain variety by alteration of the cul-
ture-medium, and, furthermore, short-chain
streptococci which are virulent are some-
Y, ' times isolated from pathologic cases.

As an

- ‘% Tie absolute distinetion, therefore, any funda-

Fig. 37.—Strepto-
COCCUE PYOECNDES.
Colony on glycern-
agar, one day; > 100
(Heim).

value.

mental separation into Streptococeus longus
and Streptococcus brevis breaks down, but
as calling attention to a generally valid cor-
relation-character, the names have some

Upon ordinary nutrient agar and gelatin streptococei, as a

rule, vield but a scanty growth of fine, trans-
parent, separate colonies (Figs. 37 and 38).
Development is much facilitated, however, by
the addition of dextrose (0.5 to 1.0 per cent.)
to the medium. The common pathogenie
strains do not liquefy gelatin, but some of the
saprophytic streptococei, isolated from the
alimentary tract and from polluted water,
possess liquefying power. The growth in broth
varies in different specimens; it 1s sometimes
fine and powdery, sometimes coarse and floceu-
lent.
leets at the bottom of a broth culture has been
supposed to give some indication of the essen-
tial nature of the organism producing it.
Differentiation on this basis has not. however,
It is true that the
long-chain forms usually give rise to distinet
granules (Streptocoecus conglomeratus), but it
has not yet been shown that an invariable
diagnostic value can be attached 1o the char-
acters of broth eultures.

1t ¢cnaracier o e =50 ill](‘l'l - LRV O0Ol=
The ¢l t f tl | t that col

been generally accepted.

Blood-agar plates are
useful for the differentiation of streptocoecei.
(See paragraph on Classifieation, p. 206).

IFig. 38.—Strep-
LOCOCEUS PVOEEnes,
Agar culture, two
days, showing colo-
mes (Frankel and
Pleiffer).

Streptococei that pro-
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duece a green coloration on blood-agar plates are very similar to
pneumocoeci, but, as a rule, do not ferment inulin, whereas most
pneumococel attack this earbohydrate. A further distinction of
great importance is that streptococei are insoluble, pneumocoeci
soluble, in bile and solutions of bile salts. Blood-serum (horse,
man) diluted with broth, or undiluted (rabbit), is a favorable
medium for the maintenance of vitality and virulenee. Growth
oceurs in milk, and is usually followed by curdling due to fer-
mentation 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
saprophytie forms, but the pathogenic varieties develop sparingly,
and many refuse to grow at all. The preservation of streptococ-
cus cultures, often a matter of some difficulty, is best effected by
maintaining either serum-broth mixtures or gelatin stab-cultures
at a low temperature (8° to 10° C.).

Classification of Streptococci.—The early attempts to dif-
ferentiate streptococei by means of cultural reactions were ac-
companied with much confusion. This was largely due to a lack
of uniformity in the methods employed by different observers and
to the use of an insufficient number of differential tests. One of
the most important aids in the study of streptocoeei has been the
blood-agar plate method introduced by Schottmiiller in 1903.*
(Cf. p. 35.) This method has been subjected to elaborate study
by J. H. Brownt and others.i The blood-agar plate has led to a
division of streptococei into green-producing (“Streptococeus
viridans”) and hemolytic (“Streptocoeccus hemolyticus™) strains,
a distinetion which is regarded as of primary significance.

The fermentation of certain carbohydrates has also been con-
sidered to give information of differential value and has been
widely used since the method was first introduced by Gordon§ in
1903.  Unfortunately, some of the earlier work on earbohydrate

* H. Schottmiiller: Miinch. med. Wehnschr., 1903, 50, 849,

fJ. H. Brown: The Use of Blood Agar for the Study of Streptoecocei,
Monograph No. 9, The Rockefeller Institute for Medical Research, 1919.

TH. W. Lyall: Jour. Med. Res., 1914, 30, 487; W. L. Holman: Jour.
Med. Res., 1916, 34, 377; F. G. Blake: Jour. Med. Res., 1917, 36, 99.

3 M. H. Gordon: Suppl. Annual Report Local Government Board,
1902-03, 421.
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fermentation was carried out with unsuitable media and without
reference to the primary distinetion between green-producing and
hemolytic strains.

(@) Hemolytic Streplocoeci (Type Beta—Smith and Brown).—
On suitably prepared blood-agar plates the hemolytie strains are
characterized by a sharply defined clear zone around the colonies.
It seems doubtful whether this group is sufficiently homogeneous
to justify the use of the specific name Streptococcus hemolyticus
for all its members. Until definite data are available a more gen-
eral designation seems preferable. The great majority of the
streptococei found in pathologic processes are of the hemolytic
type. Nearly all hemolytic strains ferment lactose and salicin;
very few ferment mannit.

There is evidence that biologically different strains of hemo-
Iytie streptococei exist. According to Avery and Cullen bovine
hemolytic streptococei cease to grow at a higher hydrogen ion
concentration (4.5-4.3) than do human strains (5.2-5). Dochez,
Avery and Lancefield* in a study of 125 human hemolytic strains
showed that four and perhaps six biological types could be distin-
guished by means of the reactions of agglutination and protection.
Ruth Tunnicliff f found that the serum of a sheep immunized with
a hemolytic streptococeus from the throat of a patient in the
acute stage of scarlet fever contained opsonins and agglutining
for hemolytie streptococel obtained from other scarlet fever cases,
but not for hemolytie streptocoeei from other sources, such as
erysipelas, measles, influenza, and diphtheria. Similar results
were obtained by Bliss.I It has also been shown by Miss Tunni-
cliff§ that the serum of a sheep immunized with hemolytic strep-
tococel from searlet fever protected mice against straing of hemo-
Ivtic streptococei isolated from searlet fever patients, but not
against strains from other sources. The results of tests by the same
investigator| suggest that the hemolytic streptococeil from ery-
sipelas likewise form a distinet immunologic group.

*A. R. Dochez, 0. T. Avery and R. C. Lancefield: Jour. Exp. Med,,
1919, 30, p. 179.

t Ruth Tunnicliff: Jour. Amer. Med. Assoc., 1920, 74, 1386.

 W. P. Bliss: Johns Hopkins Hosp. Bull., 1920, 31, p. 173.

§ Ruth Tunniclhiff: Jour. Amer. Med. Assoe., 1920, 75, 1339.
|| Loe. eit.
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(b) Green-producing Streptococct (Type Alpha——Smith and
Brown).—These organisms produce a greenish zone about the
colony on blood-agar plates, the green coloration being due prob-
ably to a reduction process which converts the oxyhemoglobin
into methemoglobin.* The name Streptococcus viridans has been
proposed for the green-producing streptocoeci, but there is per-
haps even more reason than in the case of the hemolytic strep-
tococel for regarding the green streptococel as composed of sev-
eral groups. Definite fermentation reactions, as a rule, charae-
terize strains from certain sources, and specific names have been
given to such strains by a number of investigators. The classifi-
cation by Blaket iz an example of such a division according to
fermentative properties.

GREEN-PRODUCING STREPTOCOCCI

NAME. Lacrose. MANNITE. Hanrrar.
Str. bueecalis + —_ The most common type in the hu-
man mouth and throat.
Str. feealis + + The most common tyvpe in human
feces,
Str. equinis — — The most common type in horse
feces,

The green-producing streptococei are for the most part of
much lower pathogenic power than the hemolytie strains, al-
though at times highly virulent green strains have been isolated.
The 1918 influenza epidemic was marked by the appearance of
such strains in certain localities.i It may be fairly concluded
that the group of green streptococei contains a number of organ-
isms of potential pathogenic power as well as numerous sapro-
phytic types, and that it deserves further intensive study.

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

* The so-called indifferent strains have been shown by Claws=on (B. .J.
Claws=on: Jour. Infeet, Dis., 1920, 26, 93) to be in most if not all cases methe-
moglobin producers when grown on suitable media.

T Loe. cit.

1 Ruth Tunnicliff; Jour. Amer. Med. Assoc., 1918, 71, 1753; E. O. Jordan:
Jour. Infect. Dis,, 1919, 25, 28; E. C. Rosenow: Jour. Amer. Med. Assoc.,
1919, 72, 1608.
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for one species may be greatly exalted by animal passage; at the same
time the virulence of the same strain for another species mayv 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 mueous 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 ecase of the bacteria of
blood-poisoning (streptococei and staphvloeoeei).

The cell-substance of streptococei possesses only slight toxieity,
and virulent strains do not differ from avirulent in this respeet.

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

A specific hemolysin, streptolysin, has been demonstrated by
Besredka,* Ruediger, and others.t According to Ruediger,i
streptolysin is a true toxin, containing a haptophore and a toxo-
phore group, and giving rise, on injection, to a specific antibody.
There iz no good evidence that this hemolytic substance bears any
constant relation to the virulenece of the micro-organism producing
it, or that it plays any part in producing the pathologic conditions
caused by streptococcus infection.

A toxic substance that destrovs leukocyvtes—leukocidin—is
also produced by some strains of streptocoeci.§ It is thought that
there is a definite relation between the amount of leukocidin pro-
duced and the virulence of the strain.

Pathogenicity for Man.—Few, if any, pathogenic organisms
can lay claim fo wider or more multifarious activities than the
streptococcus.  The list of human diseases and affections with
which streptococel are associated as the main and primary cause
is already a long one, and is perhaps not yet complete. In addi-
tion to their conspicuous réle as initiators of very diverse path-
ologic conditions, streptococei are present in  “mixed infee-

* Besredka: Ann. de I'Inst. Past., 1901, 15, p. 880.
t P. H. de Kruif and P. M. Ireland: Jour. Infect. Dis., 1920, 26, p. 285.
! Ruediger: Jour. Amer. Med. Assce., 1903, 41, p. 962.
§ Y. Nakayvama: Jour. Infect. Dis., 1920, 27, p. 86.
14
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tions” and ‘‘secondary infeetions” 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 streptococei 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 streptocoeci. The coeci are not
present in the central portion of the inflamed area, but are found on
its periphery, and ean be igolated most readily by execision 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 ecarcinomatous

patientst have demonstrated not only that pure cultures of erysipe-
las-streptocoeel can provoke the erysipelatous process, but also
that streptococel isolated from non-erysipelatous conditions may
give rise to erysipelas in certain persons. Petruschkyl in this
way produced erysipelas by inoculation with a streptococeus cul-
ture isolated from the pus obtained from a case of puerperal infee-
tion. The natural cecurrence of erysipelas in the human subject ap-
pears to depend upon two factors: first, upon an individual disposi-
tion to contract erysipelas, a characteristic which is often marked in
certain families; and, second, upon a probably not wvery high
degree of virulence on the part of the infeeting micro-organism.

* Simmonds: Virchow's Archiv, 1904, 175, p. 418.

t Clinical observers have often noted that patients suffering from malig-
nant tumor were distinctly benefited by an attack of erysipelas, that the
growth was checked, and the tumor even diminished in size. Aeting on this
observation, Fehleisen ventured to inoculate streptococel into persons suffering
from inoperable tumors, and the experiment was apparently rewarded with
some degree of therapeutic suecess. Coley (Amer. Jour. Med. Sei., 1806,
112, p. 251) has modified the treatment by employing a mixture of killed
cultures of streptocoecei and B. prodigiosus, or the soluble produets of these
organisms. In all cases where an injection of dead or living streptococci has
seemed to exercise a favorable influence, the sarcomatous tumors are most
affected, the ecarcinomatous tumors being only slightly and temporarily
inhibited. Many observers have been unable to note any favorable results
following upon the use of “Coley’s mixture.”

1 Petruschky: Ztschr. . Hyg., 1896, 23, p. 142.
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The epidemiologic 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  streptococel  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
that Streptococcus ery-
sipelatus and Streptocoe- Fig. 89 —8treptococcus pyogenes in pus

s from a human abseess; gentian-viulet
cus pyogenes are distinet (prinkel and Peiffer),
species.

Besides causing typical erysipelas, streptococei sometimes give
rise to other affections of the skin and lymph-vessels (e. g., impet-
igo contagiosa™).

Many suppurative inflammatory conditions in different organs
of the body are caused by streptococei (Fig. 39). Osseous tissues
and tissues surrounding the bones are attacked less frequently by
streptococel than by staphyloeocel, but the joints and serous mem-
branes are often invaded.

Focal infection is often due to streptococei. This name is given
to a systemic or local disease due to bacteria carried in the blood-
or lymph-stream from a focus of infection.f The usual sites of
primary foei of infection are about the head, as in the nasal
passages, the tonsils, the middle ear, and the teeth. Irom these
primary foci the streptococei or other organisms may find lodg-
ment in a distant organ. The connection between an attack of
tonsillitis and a coinecident or subsequent attack of rheumatism

* Kurth: Arb. a. d. k. Ges., 1893, 8, p. 204.
T Frank Billings: Focal Infection, New York, 1916.
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has long been known. Appendicitis, iritis, and a variety of other
diseases have been shown fo be caused by strains of streptococei
carried in the blood-stream from foei of infection in the tonsils,
teeth, or sinuses.* The eradication of the primary foei of infec-
tion, such as removal of the teeth or tonsils, has often been fol-
lowed by rapid disappearance of long-standing joint infections and
other pathologic conditions.

Ulcerative endocarditis, an affection of the valves of the heart.
which oceasionally occurs simultaneously with inflammatory con-
ditions in other parts of the body, is produced most frequently
by streptococei, although it may also be eaused by staphylocoeei,
and less ecommonly by other miero-organisms. Experimentally
the injection of broth cultures of streptococel (or staphvlococei)
into the eirculation rarely produces uleerative endoecarditis unless
the eardiac tissues have been damaged by mechanical or chemical
agencies.

SiipfleT has found streptococei much 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 tizsues from
either local or general causes gives the signal for a speedy invasion.
In throat affections of all sorts streptococci are usually present,
and in some eases, notably in diphtheria and in the anginas of
scarlatina 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 miecro-
organisms were regarded as the cause of diphtheria. While there
is no longer any support for this extreme view,it is true that, in
addition to the local injury that may be done to the throat by the
streptococei, especially in the produetion of the false membrane,
the virulence of the diphtheria bacillus itself seems in some degree
to be exalted by the presence of streptococel.

The majority of non-diphtheritic anginas, in the opinion of

*E. C. Rosenow: Jour. Infeet. Dis., 1915, 16, p. 240; Ihid., 1915, 17,
p. 408,
f Siipfle: Centralbl. f. Bakt , I, Orig., 18906, 42, p. 304.



THE STREPTOCOCCI 213

many observers, are due directly to streptococcus infection. It
cannot be said, however, that this position is entirely justified,
since the facts are open to the interpretation that the streptocoeei
found in simple anginas are merely secondary invaders which,
as i 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 streptococei. The once common
hospital epidemics 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, especlally when the seeretions 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 occasionally in adults
have been attributed to streptococei (Escherich et al.). There is
little doubt that streptococei, if not the primary cause of intestinal
disturbance, are at least actively concerned in the pathologic
processes. Several varieties of intestinal streptococei have been
described, separable, it is s=aid, from one another and from the
ordinary Streptococeus 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 long ago as 1543 Oliver Wendell Holmes published (New Eng. Quar.
Jour. of Med and Surg., April, 1843) an essay on the contagiousness of puer-
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 eould be greatly reduced by attention to
sleanliness, 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 eame into use in lying-in hospitals
infection was conveyed from one ease to another, and in some years nearly zll
the patients that entered a given hospital would die zoon after being delivered
of child.
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as clear as could be desired. Intestinal infection of infants might
conceivably occur through the medium of the milk-supply, since
streptococeie inflammation of the mammeae (mastitis) of the cow
18 not uncommon. Streptocoeei 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 streptococel in milk are probably descended from
saprophytie, not from pathogenic, ancestors. (See p. 606).

As secondary invaders streptococel have a baneful influence
upon a number of maladies, notably upon the last stages of pulmo-
nary tuberculosis, in which they produce frequent complications,
involve healthy tissues adjacent to the tuberculous area, and predis-
pose to hemorrhages. Streptocoecei are often present also in pneu-
monia as a mixed infection, and in some cases act as the primary
cause. In smallpox and in scarlatina many of the most serious
svmptoms and most frequent complications are the result of strep-
tococeus infection. In these diseases streptococei 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
searlatina, but this view is not generally accepted.

Rheumatie fever or acute articular rheumatism has been attri-
buted by different observers to wvarious kinds of bacteria. An
anaérobie bacillus found by Achalme* was at one time regarded by
some writers as the cause of this affection, but Achalme’s bacillus
is probably identical with B. welehii (p. 392) and has no causal
relation to rheumatism. Streptocoeci have been found in the
binod in a number of cases of rheumatie fever, and characteristie
arthritie lesions have been produeed in rabbits by inoeulation with
cultures derived from such cases. By some observers the strepto-
cocel (or diplocoeei) from acute rheumatism have been considered
different from the ordinary Streptococcus pyogenes. Several
investigators, however, have produced experimental arthritis in
rabbits with streptococei from non-rheumatic sources (Cole ).
At the same time the work of Poynton and Paine,} Beattie,§ and

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

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

1 Poynton and Paine: Centralbl. f. Bakt., 1, Orig., 1902, 31, p. 502.
& Beattic: Jour. Med. Res., 190506, 14, p. 399,
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others deserves attention, and it is possible that Streptococcus
(or Diplococeus) rheumaticus will eventually come to be regarded
as an independent species, According to some investigators, dis-
tinctive and constant cultural charaeters, such as the production
of acid and precipitation of bile salts in MacConkey's bile-salt-
lactose-broth, and abundant production of formie acid (Walker
and Ryffel*), characterize the mierococcus found in rheumatism.
For the present the question of the specificity of the streptococcus
found in rheumatism may be regarded as unsettled.

In certain cases of chromic arthritis or arthritis deformans,
hemolytic streptocoecl not readily distinguishable from the ordi-
nary Streptococeus pvogenes have been isolated from the tonsil,
often in pure culture.t These cultures invariably produce arthritis
in animals. Extirpation of the diseased tonsil leads sometimes to
marked improvement or to complete recovery. Injection of killed
cultures of the streptococcus strain isolated from the patient
(autogenous vaccine) was for a time widely used in the treatment
of such cases, but observers with a wide experience in the employ-
ment of autogenous vaccines (Billings) are of the opinion that
the therapeutic results do not warrant the use of these agencies.

Streptococcic septicemia may develop in connection with a
great variety of affections, both those in which streptocoeci them-
selves are the initial exciting cause and those that are set in motion
by other factors. The coup de grace in many prolonged consti-
tutional maladies, such as diabetes, is often given through a gen-
eral streptococcus invasion.

Among the American troops in the Great War hemolytie
streptococei were frequently found as the primary or secondary
invaders in cases of bronchopneumonia. The numerous fatal
cases of pneumonia following measles in the army camps seem to
have been almost always due to infection with hemolytic strep-
tococei. A considerable proportion of these cases were accom-
panied by empyema in which hemolytic streptococei were like-
wise found. It appeared in certain localities that the hemolytic
streptococci, at first secondary invaders in the wake of the measles
virus, acquired a higher degree of virulence and became able to
initiate primary respiratory infection.

* Walker and Ryffel: Brit. Med. Jour., 1903, 2, p. 659.
1 D. J. Davis: Jour. Amer. Med. Assoc., 1913, 61, p. 724.



216 GENERAL BACTERIOLOGY

Streptococcus Sore Throat (Septic Sore Throat).—In the first
decade of the twentieth century epidemics of sore throat of a
severe and unusual type appeared in a number of localities in
England and elsewhere.®* In Colchester, England, 600 persons
were affected; in Christiania, Norway, about 550. Still more
extensive outbreaks have oceurred in this country: in Bostonf
(1911), 1400 cases; in Baltimore] (1912), 1000 cases; in Chicago§
(1911-12), 10,000 cases Iii:;*ﬂ:tmnu.a,i,vzzd}r and in Concord,| N, H.
(1912), 1000 cases.

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 cervieal 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 complication
was peritonitis, which was responsible for a great number of
deaths” (Capps).

The disease may be spread both by milk and by direct contact.
In several epidemics occurring in the United States the infeetion
was traced definitely to particular milk supplies. Although some
secondary cases developed by contact, over 70 per cent. of the vie-
tims in certain outhreaks were users of milk from a single dairy.
Attempts to connect the outbreaks with a definite diseased con-
dition of the cattle furnishing the milk have not been sucecessful
in all cases, but in the Cortland (N. Y.) epidemie** acute udder
inflammation was found in cattle in the implicated herd. It is
possible that milk may become infected after collection through
the agency of human carriers, but the massive and continuous

*See Savage: “Milk and the Public Health,” The Macmillan Co.,
1912.

t Winslow: Jour. Infeet. Dis., 1912, 10, p. 111.

I 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.

% An extensive contact outbreak of septie sore throat in the State of New
York was reported by Winslow and Hubbard (Monthly Bull. N. Y. State
Dept. of Health, Sept., 1915).

** North, White, and Avery: Jour. Infect. Dis., 1914, 14, p. 124.
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infection occurring in some of the outbreaks indicates that the
udders of the cows were infected.

Streptococei of a peculiar type have been isolated from milk,
from characteristic sore throats, and from the peritoneal exudate
in fatal cases, and have been subjected to thorough study by D. J.
Davis* and Rosenow,f of Chieago. These streptococei are cap-
sulated, but the development of mucoid substance seems less
abundant than with the ordinarv Streptococeus mucosus. On
blood-agar plates the colonies are larger and more moist than those
of the ordinary type. When first isolated the streptococei from
epidemics 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.

It seems probable that the streptococei of this infection are
primarily of a human rather than a bovine type, and that the udder
of the cow is infected directly through a human source, as, for in-
stance, from the hands of a milker. Davis has made the important
observation that the udder of a healthy cow may be infected with
streptococci of human origin which produce a mastitis unaceoms-
panied by “eaking’’ of the bag. 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 staphylococcus
infections, but are said to comprize from one-third to one-fourth
of all cases. Horses seem particularly subject to streptococcus
infeetion. The streptocoecel 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.

* Davis: Jour. Amer. Med. Assoc., 1912, 58, p. 1852,
f Rosenow: Ibid., p. 773.
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Experimentally, rabbits and mice have proved most susceptible
to inoculation. There is an entire absence of correlation in the
pathogenicity of streptococei for different animals. A eculture
isolated from a severe septic infeetion in man may be utterly devoid
of pathogenie power for the mouse, while a culture obtained from
a small loealized abscess may be highly mouse-virulent. Virulence
for a given species of animal, such as the mouse, may be exalted
by suecessive passages through individuals of that species, but the
greatly 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 domestie 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 consider-
able qualitative difference in the receptor endowment of the different
animal species. Rabbits and mice usually develop a generalized
infeetion when inoculated with virulent strains. One-millionth
of a cubie 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 {5 c.c. kills a rabbit within
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 culture of the proper degree of virulence.

Immunity.—In man the immunity conferred by a natural
streptococcus infection is probably never very high, and is relatively
transient. There appears to be considerable individual variation.
Fehleisen could not always produce a second attack of erysipelas
in persons who had been once successfully inoculated, but Koch
and Petruschky { were able to cause ten suceessive attacks in one
individual in the same area of skin, a fresh inoculation being made
each time immediately after an attack had subsided.

Animals ean be immunized by the injection of filtrates of viru-
lent cultures, or by the injection of dead, then attenuated, and

* knorr: Zischr. f. Hyg., 1803, 13, p. 427.
T Petruschky: Ztachr. {. Hyg., 15896, 23, p. 477.
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finally virulent cultures. A high degree of immunity has been ob-
tained by some observers (Marmorek,* Aronsont) by inoculation
with cultures rendered very virulent by passage through rabbits.
Agglutinins are present in the blood of immunized animals (Fig. 40).

Neither antitoxic nor bactericidal substances are present
in any noteworthy degree in the blood of immunized animals.
The phagocytes, however, display increased activity. DBordet]
showed that pronounced phagoeytosis of streptococei takes
place in the peritoneal cavity of immune animals, while it is very

Fig. 40.—Streptococeus agglutinated by immune horse-serum (Moser and
v. Pirquet ).
slight in normal animals. The addition of immune serum to normal
leukocytes in test-tube experiments causes the leukocytes to advance
upon, engulf, and digest the streptococei. The marked inecrease
of phagocytosis is probably due, as in other cases, to the develop-
ment of a bacteriofropic 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. Ae-
cording to Ruediger,§ the amount of opsonin is sometimes in-
creased during an attack of erysipelas.
* Marmorek: Ann. de I'Inst. Past., 1895, 9, p. 593.
T Aronson: Berl. klin. Wehnschr., 1896, 33, p. 717.

{ Bordet: Ann. de I'Inst. Past., 1897, 11, p. 177.
§ Ruediger: Jour. Infect. Dis., 1906, 3, p. 156.
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The Use of the Serum of Immunized Animals for Protective
and Curative Purposes.—Many attempts have been made to
obtain an antistreptococcus serum which shall cure or prevent
streptococeus infection in man. Marmorek,* 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
therapeutics. 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 infections 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 proteet against that
strain, but not against streptococci derived from other sources.
A similar serum prepared by Aronson, when given to a mouse in
doses of 0.0004 to 0.0005 e.c., will protect the animal against ten
fatal doses of streptococci, inoculated twenty-four hours after the
serum. According to some observers, Aronson’s serum has been
suceessfully used in the treatment of scarlet fever and has reduced
the mortality from this disease.

The failure or wvery 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,f and others have immunized animals by using a
number of different strains of streptocoeci, and have especially aimed
to employ strains recently isolated from pathologic conditions in
man, and not altered by animal passage. The “polyvalent” sera
obtained from such animals are alleged to give more satisfactory

¥ Marmorek: Ann. de 'Inst. Past., 1895, 9, p. 5494.
t Moser: Klin-therap. Wehnsehr,, 1902, No. 28; Abs. Centralbl, f. Bakt.,
1903, 32, p. 690.
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results than those prepared by the earlier methods. Moser,* who
assumes that searlet fever is a streptococeus disease, uses the serum
of horses injected with about twenty different strains of streptococei
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 T respecting the
treatment of rheumatism with sera produced 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 antistreptococcie sera is very far from conelusive.
The maode of action of such sera, as has been shown, is still undeter-
mined, and there are consequently lacking adequate methods of stand-
ardization and eontrol. Hektoen and Ruedigeri found that the
commercial streptocoecic sera at one time in use in this country all
possessed a lower opsonie index for various streptococel than normal
horse serum. Sinee in animal experimentation the opsonin content
of an antistreptocoecus 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.

Scarlet Fever.—Streptococel are almost always, perhaps invari-
ably, present in the throats of scarlet fever patients, and are often
present in the blood of severe cases, and this has led some observers
to adopt the conclusion that a speeial variety of streptococeus is
the cause of the disease. The majority of investigators, however,
long inclined to the opinion that in scarlet fever, as in smallpox,
streptococei are present as secondary invaders, and are not the
primary exciting cause. No constant cultural and morphologic
characters distinguish the streptococci isolated from scarlet fever
from those from other sources. On the other hand, the hemolytic
streptococel from early cases of scarlet fever appear to belong to
a distinet biologic group.§ The serological behavior (opsonin and
agelutination tests) of the strains from scarlet fever is different
from that of streptococei from other pathologic sources. Moody

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

f Menzer: Die Aetiologie des akuten Gelenkrheumatismus, Berlin, 1902,

i Hektoen: Jour. Amer. Med. Assoe., 1906, 46, p. 1407,

§ Ruth Tunnicliff: Jour. Amer. Med. Assoec., 1920, 74, p. 1386; Ibid.,
1920, 75, p. 1339; Bliss, W. P.: Jour. Exper. Med., 1922, 36, p. 575.
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and Irons* have found the peculiar scarlet fever streptococei in
the stools of scarlet fever cases, and Tunniecliff has shown that
patients with scarlet fever generally rid themselves of specifie
hemolytic streptococei in from three to four weeks, but that pa-
tients with discharges may retain them much longer.t A dis-
ease resembling searlet fever has been produced in human velun-
teers by the inoculation of hemolytic streptococel from secarlet
fever cases.

The same investigators (G. F. Dick and G. H. Dick) have
made the significant observation that the filtrates from cultures
of “scarlet fever streptococel’” produced a positive skin reaction,
similar to the Schick reaction in diphtheria, in persons that had
not had scarlet fever, but gave negative or only slightly positive
reactions in convaleseent scarlet fever patients.§ Susceptible per-
sons Inoculated with suitable quantities of the filfrate develop
some of the typical symptoms of scarlet fever. The toxicity of
these filtrates is neutralized by the addition of convalescent
scarlet fever serum. ||

(Cases of severe scarlet fever have been treated with blood and
serum from scarlet fever convalescents with encouraging results.Y

* Jour. Infect. Dis., 1920, 27, p. 363.

t Jour. Infect. Dis., 1921, 29, p. 91.

1 G. F. Dick and G. H. Dick: Jour. Amer. Med. Assoc., 1923, 81, p.
Hﬁf‘.ﬁ (. F. Dick and GG. H. Dick: Jour. Amer. Med. Assoc., 1924, 82, p. 265.

|| G. F. Dick and G. H. Dick: Jour. Amer. Med. Assoe., 1924, 82, p. 544.

€ Zingher: Jour. Amer. Med. Assoe.,, 1915, 65, p. 875; Weaver: Jour.
Infect. Dis., 1918, 22, p. 211.



CHAPTER XI

THE PNEUMOCOCCI

Genus: Diplococcus, Parasites growing poorly, or not at all, on artifieial
media.  Cells usually in pairs of somewhat elongated cells, often eapsulated,
sometimes in chains.  Gram positive. Fermentative powers high, most
strains forming acid in glucose, lactose, suerose, and inulin.

Twype species, Diplococeus pneumonige, Weichselbaum.

The micro-organism most commonly met with in acute inflam-
mations of the lungs in man is a small micrococeus upon which a
great variety of names have been bestowed; those in most gen-
eral use are Diplococcus pneumonie, Micrococcus lanceolatus, or,
more briefly, the pneuwmococcus. It is also known, after its dis-
coverer, as Frankel's pneumococcus.

In considering the relations of this organism to the production
of pneumonia, it must be borne in mind that the name pneumonia
1s not restricted to absolutely uniform changes in one set of tissues,
but that writers group under this name a variety of affections
svmptomatically and histologically distinet. Among the most
generally recognized of these are: lobar (acute croupous) pneu-
monia, bronchopneumonia or lobular pneumonia, and capillary
bronchitis (bronchiolitis). If one of the anatomic types—for
example, lobar pneumonia, the common form in adults—be con-
gidered from the etiologic standpoint, it is found that at the pres-
ent time in temperate elimates acute lobar pneumonia in the
vast majority of cases is caused by a lanceolate microcoecus,
occurring in pairs or chains—the pneumococeus of Frinkel.
A bacterial study of lobar pneumonia at the Rockefeller Institute
extending over several years gave the following findings:

Micro-ORGANIEME ASSOCTATED WITH LoBAR PNEUMONIA
NuvMmper orF CASES.

Ed WL IR et - b st et sl S e S e e Tod
SHrePtOCOREUR PYOREIBE . . . oo icuiinian s 7
H:inifhienmge. 5 e s e s s e e G
o7 o B 1 T e U i
Staphylococcus aureus. . . ..................... 3
Friedlinder bacillusg. ... .o cvviwninorissnassnsas B
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For the most part the pneumonias produced by the species
other than the pneumocoecus are of the lobular type. Pneumonia,

Fig. 41.—Diplococeus pneumonise
in pure culture one day old. Gram

stain.  Weichselbaum prep. (Kolle

and Wassermann.)

then, is not a disease either of
constant anatomic character or
of uniform etiology. One and
the same organism can incite
affections histologically dissimi-
lar, such as the lobar, lobular,
and bronchiolitic forms, and, on
the other hand, apparently iden-
tical lesions may be produced by
the action of different microbes,

Morphology.— The pneumo-
is typically a small,
slightly elongated coccus, one
end of which is pointed or lance
shaped. It commonly oceurs in
pairs (diplococei). Variations

COCCUS

hoth in grouping and in the size and form of the individual eells

are frequently observed.
in artificial media, although the
chains are usually shorter than
those of Streptococeus pyogenes
(Fig. 41). Owal and elongated
bacillary forms sometfimes oe-
eur. A well-defined capsule en-
velops the pneumococei in ani-
mal exudates (Fig. 42), but
except in certain strains or in
certain media is less readily de-
monstrable in cultures grown
outside of the animal body.
Capsular substance may often
be well demonstrated in milk
- cultures and in media contain-

ing blood or serum. Sinee the

Chain formation is common, especially

Fig. 42.—Diplococeus pneumonise
in exudate from human lung: anilin-
water-fuchsin; Weichselbaum prep.
(Kolle and Wassermann.)

capsular substance is most abundantly developed in recently iso-
lated virulent strains and when the organism is growing in contact
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with animal tissue and fluids, it has been suggested that the cap-
sule has a protective significance and in some way screens the
pneumococeus against the injurious influences of the body fluids
of its host. Infection with Pneumococcus mucosus or Type III
pneumococeus (p. 227), in which eapsular substance is especially
richly developed, is attended by a particularly high mortality.
The pneumococeus is readily stained with the anilin dyes, is
Gram-positive, asporogenous, and non-motile.

Cultural and Biological Characters.—Some pneumococel grow
upon the ordinary culture-media, such as nufrient agar, although
never luxuriantly. Fresh meat infusion should be used in pref-
erence to beef extract; the reaction should be from 0.3 to 0.5 aeid
to phenolphthalein, and the Arnold method used for sterilization.
The addition of sterile defibrinated rabbit blood (3 to 4 drops
to 5 c.e. of agar or broth) provides a favorable medium for
the growth of the pneumococcus. On this meat-infusion blood-
agar the colony i3 small, moist, translucent and granular, with
well-defined edges. A zone of greenish discoloration appears around
the colony.

Litmus milk is promptly acidified and often, but not invariably,
coagulated.

Inulin fermentation is of special value In differentiating
pnenmococel from streptococei.  As a rule, pneumococel ferment
inulin, while streptococel do not. The Hiss serum-water medium is
used for this determination.* Like most other fermentation reac-
tions produced by bacteria, inulin fermentation by pneumococci
is liable to irregularities and variations, and although of high dif-
ferential value is not to be relied upon alone for absolute identifica-
tion. Another distinetive character of the pneumococeus serving
to distinguish it from Streptococcus pyogenes and other closely

* “(Clear beef serum is added to 2 or 3 volumes of distilled water. Heat
the mixture for fifteen minutes in an Arnold sterilizer at 100° C. to destroy
ferments present in the serum.  Add 5 per cent. agqueous litmus solution in a
concentration of 1 per cent. or an amount sufficient to give a deep blue color.
Add inulin to the serum water in a concentration of 1 per cent. The inulin
may be best sterilized by autoelaving at 15 pounds’ pressure for fifteen minutes.
Sterilize the inulin serum water by the fractional method, 100° C.” (Avery,
Chickering, Cole, and Dochez: Monograph No. 7, Rockefeller Institute for
Medieal Research, October 16, 1917, p. 20).

15
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allied organisms is its solubility in bile,* the active solvent agent
in the bile being cholic acid. Fresh ox bile is added in the pro-
portion of about 10 to 20 per cent. to a young, plain broth cul-
ture. Insolubility of certain pneumococecus strains has been re-
ported, but is believed to be comparatively rare. The workers
in the Hospital of the Roekefeller Institute report that “among
several hundred strains of pneumococcus isolated by us from lobar
pneumonia none has failed to be dissolved by bile.”t Pneumo-
cocel killed by heat are not bile soluble.,

Pneumococci may, therefore, be distinguished from streptocoeci
by their bile solubility, ability to ferment inulin, greater patho-
genicity for mice, and by the characteristics of the colonies on
blood-agar.

The temperature range of the pneumocoeceus is narrow, growth
taking place, as a rule, only between 25° and 42°C. Cultures of
pneumococci in blood broth remain viable for several weeks in the
refrigerator. Both the vitality and the virulence of the organism
may be conserved for months in the dried spleens of infected mice
when these organs, after desiceation in vacuum, are kept sealed in
the cold.

Varieties.—As with many other pathogenie bacteria, so with
the pneumocoeci, we are not dealing with a single, uniform, sharply
delineated kind of miero-organism, but with a fairly large biologieal
group comprising several types and varieties more or less readily
distinguishable one from another. Cultural differences have thus
far not given a satisfactory basis for differentiation. Inulin fer-
mentation shows considerable variation and irregularity, and no
consistent varietal grouping seems possible on this test alone,
although it is probable that in some instances the reported failure
of pneumococei to ferment inulin i due to deviation in culture-
media and not to the characteristics of the micro-organism.

The most satisfactory means of differentiating varieties of
pneumocoeei is by the use of immunity reactions. This method of
differentiation has been applied extensively in the study of pneu-
monia at the Hospital of the Rockefeller Institute.

* Neufeld: Zeit. f. Hyg., 1900, 34, p. 454.
f Avery, Chickering, Cole, and Dochez: Monograph No. 7, Rockefeller
Institute for Medical Research, October 16, 1917, p. 14.
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Observations by Dochez and Gillespie* indicate that the pneu-
mococel found in eases of lobar pneumonia can be divided into
four distinet groups (“Types I, II, III, and IV"”) on the basis of
specific agglutination with the serum of immunized animals and
protection of animals against infection. In New York City during
a period of two years Dochez and Averyt found that every strain
studied fell into one or another of these four groups. In addition
to the constant differences found in Immunity experiments with
animals, the groups appear to have significant differences in human
pathogenicity. The most severe types of pneumonia in man are
produced by organisms belonging to the so-called fixed Types I,
II, and ITI. The organisms of these three groups differ from those
of Type IV in that their immunity reactions are fairly constant.
These groups are never found except in lobar pneumonia; to-
gether they are responsible for about 80 per cent. of the cases of
this disease. Type IV is composed of a number of strains differing
from one another in serologic reactions and rarely found in cases
of pneumonia terminating fatally. This group of organisms of low
pathogenic power resembles those oceurring in the normal human
mouth.

Type ITI produces a heavy mucoid growth connected with its
luxuriant capsule formation and is morphologically similar to
Streptococeus mucosus, from which organism, however, it may be
distinguished by its bile solubility, ability to split inulin, and greater
virulence for mice.

The following table shows the proportionate oceurrence of the
four types in 454 cases:

TABLE 1]

OccvRRENCE oF Various Tyees or PNEuMococcus IN LoBar PNEUMONIA
(454 Casgs)

Prermococcus TYPE. INcIDENCE. Pen Cexr.
| e e s . 151 33.3
EEOAR B seR e e oy 29.3
IT (atypical}§............. 19 4.2
T o o e ] af 15.0
BN i e e O e e | R 20.3

=y

* Dochez and Gillespie: Jour. Amer. Med. Assoc., 1913, 61, p. 727.

t Dochez and Avery: Jour. Exper. Med., 1915, 21, p. 114.

t Avery, Chickering, Cole, and Dochez: Monograph 7, Rockefeller In-
stitute for Medical Research, October 16, 1917, p. 18,

§ The ineidence of atypieal Type I1 pneumococei has been determined
only during the last two years.
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It i1s probable that the types here enumerated as oceuring in
the United States do not include all the differentiable organisms of
this group. Lister, in fact, has reported finding at least one addi-
tional type in South Afriea.

Rosenow, in studying transmutations within the streptococeus-
pneumococcus group,® has come to far-reaching conclusions re-
garding the possibilities of conversion of one type into another.
According to his observations, hemolytie streptococei have been
converted into typical pneumocoeei and vice versid.  Morphology,
capsule formation, fermentative power, specific immunity response
(opsonin production, agglutination) have all been found by Rose-
now to vary within wide limits. The practical significance of these
observations is uncertain.

Distribution.—The pneumococeus is a common inhabitant of
the human mouth and throat. Pasteur in 1880 recovered from a
rabbit inoculated with human saliva a coccus that is considered to
have been a true pneumococeus. At about the same time Stern-
berg in this country independently discovered a similar coccus in
“a fatal form of septicemia in the rabbit produced by the sub-
cutaneous injection of human saliva.” More recent studies have
shown that from one-third to one-half of healthy individuals not
known to have been in contact with a pneumonia patient habitually
carry a pneumococcus in their mouths.

The results of the examination by workers from the Rockefeller
Hospital of 297 normal persons showed a great preponderance of
pneumococel of Type IV, the most ill-defined and least pathogenic
of the four main types recognized in this country. On the other
hand, Types I and 11, which together cause about two-thirds of all
cases of lobar pneumonia, are rarvely if ever found in the mouth
secretions of normal individuals.

The pneumococeus may survive in external nature for a con-
siderable period. Netterf found it in the dust from the walls of a
sick-room, and similar observations have been made by other
workers. Stillman has reported the interesting observation that
pneumococei are more commonly present in the dust of rooms in

* Rosenow: Jour. Infect. Ihs., 1914, 14, p. 1.

t Netter: Compt. Rend. de la Soe. Biol., 1897, 49, p. 535,
1 Stillman: Jour. Exper. Med., 1917, 26, p. 513.
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which eases of lobar pneumonia (Type I and Type 11) had oceurred
than in the dust of rooms in which no lobar pneumonia had oe-
curred, and also that in the latter instance pneumococei of Type IV
preponderate, as they do in the secretions from the normal mouth.

Epidemiology.—It was long a belief that the occeurrence of
pneumonia was largely, if not altogether, dependent on predispos-
ing influences, such as fatigue and exposure to cold, since observa-
tions showed pneumococel usually present in normal mouths., On
this view the communication of pneumococeal infection by trans-
fer of the specific germ from one person to another was thought to
be of comparatively minor significance and the possibility of con-
tact infection practically disregarded. The differentiation of pneu-
mococcus types and the suggestive facts discovered about the dis-
tribution of these types have led many workers to a different inter-
pretation.

The types of pneumocoeel that appear to cause most of the
cases of lobar pneumonia (Types I and II) are rarely, if ever, found
in normal unexposed individuals. The distribution of the various
types in the dust of sick-rooms corresponds very closely with the
presence of cases of lobar pneumonia. A considerable proportion
of healthy individuals who have been in contact with cases of
lobar pneumonia carry pneumococei in their throats which cor-
respond with the tyvpes of infection with which they have been
associated. The following figures illustrate the experience of the
Rockefeller Institute in this respect:

CoNTACTS. NON-CONTACTS.
PyEU- Number Pereentage Number Percentage
MOCOOCTS, Examined. Positive. Fxamined. Positive.
b v et [ e 1600 15 207 0.3
B L ] [ 144 12 207 0.

This last observation indicates the existence of pneumococeus
carriers comparable to the well-recognized carners of diphtheria
and other respiratory tract diseases. Since a considerable propor-
tion of persong in contact with cases of lobar pneumonia due to
Types 1 and I1 become earriers of these pneumocoeei and sinee
convalescents may carry pneumococei for an average of three to
four weeks the desirability of the use of a mouth-wash by carriers
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and by exposed persons has been urged. Kolmer and Steinfield*
have recommended the following solution for washing the mouth
and gargling: ethylhydrocuprein hydrochlorid or quinin bisul-
phate 0.005 c.c., liquor thymolin 5.0 c.c., distilled water 45 c.c.

Pneumonia sometimes oceurs to a very unusual extent in par-
ticular localities and among special groups of people. At one time
the pneumonia death-rate among the negro laborers brought to
work on the Panama Canal was as high as 18.74 per thousand, and
a similarly high incidence of the disease was observed in 1912
among the native laborers in the Rand mines in Africa. Barrack
life seems especially to favor the oceurrence of pneumonia, and
troops in army encampments have often suffered out of all propor-
tion to the same age groups in civil life.

These facts have been variously interpreted—by some as in-
dicating the importance of predisposing factors, such as bad ventila-
tion or fatigue; by others as evidencing the inereased opportunities
for the dissemination of mouth germs afforded by close personal
contact. Since overcrowding in living and sleeping quarters en-
tails both unhygienie conditions of life and better opportunities
for the transfer of disease germs, it is not easy to secure evidence
that establishes either view to the exelusion of the other. There
seems no reason why both factors should not be operative to vary-
ing degrees under varying conditions. All the information avail-
able at present points to the desirability of segregating pneumonia
patients in order to prevent the spread of pneumonia by droplet
infeetion during coughing.

Pathogenicity for Man.—The well-nigh universal oceurrence
of the pneumococeus in the tissue of inflamed lungs in cases of lobar
pneumonia, especially in those parts where the pathologie changes
are most active, and also 1ts 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
1s true of many cases of lobular prieumonia. In many cases the
pneumococeus is present in the circulating blood. Observations
differ as to the frequency of pneumococcus septicemia, the reported
positive cultures from blood ianging from about 20 per cent. to
over 90 per cent.; the difference 15 attributed by some workers to

*J. A. Kolmer and E. Steinfield: Jour. Amer. Med. Assoe., 1018, 70, 14.
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the technic employed. Opinions also differ as to the significance
to be attached to the presence of pneumococeus in the blood-stream.
The majority of investigators believe that there is a definite con-
nection between positive blood-cultures and the severity of the
disease, and that the presence of pneumococeus in the blood in-
creases the probability of a fatal termination.

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®*). 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 bronehitis into the alveoli. The type of pneumonia produced
by such organisms as H. influenze 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 mierobes is found associated with lobular pneumonia
than with lobar, both as the primary exciting agents and as partici-
pants in mixed infections. Probably over 95 per cent. of all eases of
pronounced lobar pneumonia are due to the pneumocoecus. The so-
called atypical easesof lobar pneumonia are also due, in the great ma-
jority of cases at any rate, to the pneumococeus, and there is no
reason for assuming that a case presenting anomalous symptoms is
caused by an unusual bacterial species. The differences observed in
pneumoeoeccus infections are related to the susceptibility of the
affected individual, and perhaps in some degree to the virulence
of the infeeting micro-organism. In lobular pneumonia, and more
rarely in lobar pneumonia, mixed infections may oceur, the pyogenie
micrococci being the accessory organisms most commonly found. As
already pointed out, both streptococei and staphylococei are capable
by themselves of provoking pneumonic processes of the lobular type,
and when they are found with the pneumococeus 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
outeome of a ecase is still uncertain. The question as to how far
the anatomie and eclinical character of a pneumonia iz affected by
the nature of the microbe or microbes concerned is also unsettled,

* Weichselbaum: Kolle and Wassermann, Handbueh, 3, p. 240.
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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 oceur 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 eonneection between inflammation
of the middle ear and meningeal infection has been often noted.
There can be no doubt that the pneumococeus on its road to the
eerebrospinal membranes travels occasionally by way of the nasal
passages, but the pneumococcus is frequently found in the blood,
and other modes of access are also possible.

To these inflammatory conditions of pneumococeal origin might
be added a long list of others provoked by the same organism.
I'here appear to be few, if any, organs or tissues that are not under
some cireumstances subject to attack. Enteritis, conjunetivitis,
and a great variety of other affections are oecasionally due to the
activity of the pneumoecoccus. In general, pneumocoecus infections
tend to a more favorable outcome than similar infections with
streptococei or staphylococei, but the statement admits of excep-
tions.

In the produetion of pneumonia an important part is played
by eauses 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. Disturbance of the circu-
lation due to severe or sudden exposure to cold is another familiar
factor of causation. The influence of alcoholism as a predisposing
factor 1s 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 resistanece, so that pneumocoeel which are
taken in with the inspired air, or are perhaps 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 influence of predisposing factors is important; in
pneumonia it is of almost supreme significance.
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At the same time the probability of the transmission of infection
must always be kept in mind. It has already been pointed out
that pneumococel 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 bac-
terial diseases, so also in pneumonia, convalescents and persons
coming in contact with patients or convaleseents may carry virulent
germs in their respiratory tract for weeks or months., Sometimes
an apparently simple “‘cold in the head” may be due to the pneu-
mococeus. Many cases are on record of apparently rather direct
communication of pneumonia from one person to another, but few
such eases have been studied with adequate bacteriologic methods.
It is plain, however, that disinfection of pneumonic sputum
should be rigorously practised, and that the proximity of a pneu-
monie patient should be avoided, especially by the aged or those
in a condition inviting infection. The old assumption that pneu-
monia is commonly an autogenic infection finds little support in
recent investigations.

Pathogenicity for the Lower Animals.—Animal inoculation
has thrown a flood of light upon the nature and course of pneumao-
eoceus infection in man. The injection of human saliva into rab-
bits by Pasteur and by Sternberg gave rise to a rapidly fatal gen-
eralized infection. The “sputum septicemia’ caused by this pro-
cedure is now known to be due to the pneumococcus; precisely
similar results today follow the injection of pure eultures of this
organism. Mice, like rabbits, exhibit a high susceptibility to
pneumococcus infection; guinea-pigs are less sensitive. It is a
noteworthy fact that in these animals lung lesions, when they
oceur at all, are slight and usually limited to the bronchopneu-
monic type. The experiments with the pneumococcus present an
example of the general law that suseeptibility is characterized 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 pneumococeus infection ob-
served 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 employving attenuated cultures of the pneumocoecus (in-
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jected intratracheally, 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 pneumococeus
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,

The experimental production of lobar pneumonia in monkeys
has been successfully carried out by Blake and Cecilf at the
Army Medical School, Washington. Pneumococei were intro-
duced into the lumen of the trachea by means of a needle inserted
between the cartilages below the larynx. In this way lobar pneu-
monia showing close parallelism to the disease in man was pro-
duced in monkeyvs with the three fixed tyvpes of pneumococei and
also with Type IV. Intravenous and subcutaneous injection of
pneumocoeei failed to produce pneumonia.

Pneumococei were found in the blood within six hours after
the introduction of the organisms into the trachea and before the
signs of pneumonia appeared. These facts favor the view of the
bronchogenice rather than the hematogenous origin of the disease.
The lesions produced in monkeys were identical in character with
those seen in lobar pneumonia in man. Empyema, pericarditis,
and other complications occurred in some of the monkeys just as
they do in some cases of human pneumonia.

Virulence and Toxin Production; Agglutination; Precipitins.—
The oceurrence of cases of pneumonia differing widely in severity
has been supposed to indicate the existence of strains of pneumo-
cocel of varying degrees of virulence, although in any given in-
stance it is plainly impossible to apportion the relative influences of
individual susceptibility and of bacterial virulence. The oceasional
appearance of epidemics of pneumonia of a highly virulent char-

* Wadsworth: Amer. Jour. Med. Sei., 1904, 127, p. 851.
1 F. GG. Blake and R. L. Cecil: Jour. Expt. Med., 1920, 31, p. 403,
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‘acter 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
considerable fluctuations in virulence occur in cultures. The
virulence of a given strain may be greatly exalted by animal pass-
age. This fact has been adduced to explain the virulence of the
epidemic type of pneumonia, it being supposed that pathogenicity
is heightened by frequent transfer from person to person. At-
tenuation of pneumococei may also be effected experimentally in
various 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 viru-
lence takes place.

Exact experimental determination of the virulence of a strain
of pneumococcus is limited by the fact that virulence for one animal
species does not necessarily correspond with virulence for another
species. While it is true in general that the virulence for mice of
pneumococei isolated from the blood of pneumonia patients is high
and bears some relation to the severity of the symptoms, this is by
no means always the case. Perhaps the most definite evidence for
the existence of strains of different degrees of virulence 1s that
afforded by the characteristics of the various types already de-
seribed.

These four types, which are separable by their antibody produe-
tion, are apparently associated with cases of pneumonia of varying
degrees of severity. In Type I infection the mortality is approxi-
mately 25 per cent.; in Type 1I, 32 per cent.; in Type III, 45 per
cent., and in Type IV, 16 per cent. It may not be desirable to stress
these differences too much until a more extensive series of data is
available, but it i1s not an extreme position to hold that such dif-
ferences in mortality as that between Type III and Type IV in-
fections marks a real and important difference in virulence between
pneumocoeei also distinguishable in other ways.

Toxin produetion by the pneumococceus has been the subject of
much inconclusive investigation. No soluble toxin secreted by the
cell during life has yet been demonstrated. Disintegration of the
cell body, however, by freezing and grinding, by the action of bile
salts, or by autolysis yields a solution possessing hemolytic and
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acutely toxic properties. Little is known of the nature of the toxie
substances. They may have existed preformed, as is known to
be true of the hemolytic substances, as intracellular toxins within
the body of the cell, or they may be products split off in the disin-
tegration of the bacterial proteins. It is uncertain to what extent
the results of pneumococcus infection may be attributed to the
action of such substances. Neutralization by antipneumococeus
serum is not strictly specific.

Agglutination of pneumocoeei by the blood-serum of pneumonia
patients has been demonstrated by a number of observers.®* The
clumping 1s accompanied by noticeable changes in the capsular
and cell substance, which have impressed some observers as indica-
tions of a lytic or degenerative process. It has been shown, how-
ever, that although the cocei are profoundly affected morphologic-
ally by the agglutinating serum, they retain their vitality for a long
time (twenty-five days, Rosenow) and even their virulence. The
degree of agglutination produced by the serum of pneumonia
patients is at best feeble. The highest dilutions at which aggluti-
nation iz obtained are not, as a rule, over 1:40 or 1 :50. The
agglutinative property of the blood iz most marked about the time
of the crisis, and then gradually diminishes.

The agglutinative reaction has been of practical value primarily
in identifying the types of pneumococei. The serum of animals
immunized with the several types is used preferably in the following
dilutions: Type I, 1 :40 (i. e., 0.5 c.c. of 1 : 20 serum to 0.5 ec.c.
bacterial suspension); Type II, 1 : 40 and 1 : 2 (0.5 c.c. undiluted
serum to 0.5 c.c. bacterial suspension)—the latter for the purpose
of identifying the atypieal members of Type I1; Type 111, 1 : 10.
Specific agglutination of the types oceurs in about an hour’s time
at 37° C. and is observed macroscopically. A bile-soluble coccus
not agglutinating with any of the sera enumerated is classed as
Type IV pneumococcus.

A specific substance is produced in pneumococeus broth eul-
tures which gives the precipitin reaction (p. 184) when mixed with

* Besancon and Griffon: Ann. de 1'Inst. Pasteur, 1900, 14, p. 449; Neu-
feld: Ztschr. f. Hyg., 1902, 40, p. 54; Wadsworth: Jour. Med. Res., 1903,
10, p.228; Rosenow: Jour. Infect. Dis., 1904, 1, p. 280.
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the homologous antipneumocoecus serum. Thus Type I serum
gives a specific precipitation with the glucose-blood-broth culture—
cleared by centrifugalization—of Type I pneumocoeccus, but not
with that of other types. This fact has been taken advantage of
by Avery* in devising a rapid cultural method for the determina-
tion of pneumococeus types. This method is especially applicable
when white mice are not available for the inoculation test. It
has given excellent results in the hands of a number of investi-
gators.

Immunity and Serum-therapy.—An attack of pneumonia in
man is probably followed by some increase in resisting power, but
such acquired immunity is far from permanent. One attack may
succeed another after a short interval; in some cases predisposition
to a fresh attack seems to be increased. Susceptible animals
(rabbits) may be rendered immune by inoculation with dead or
attenuated pneumococei, followed by inocculation with virulent
eultures, The degree of resistance obtained is often considerable.

It is not certainly known upon what this resistance depends.
On the basis of animal experiments some observers (e. g., Wasser-
mann }) eoncluded that immunity was due to the production of a
bactericidal substance. Later experiments, however, have shown
that pneumococel develop in normal and in pneumocoeeie human
serum with equal rapidity. In faet, neither a bactericidal nor an
antitoxic property has been shown to exist in immune serum.
Rosenow § has found that non-virulent pneumococei are suscep-
tible to phagoeytosis, while virulent strains are not. The extent
to which phagocytosis is important in bringing about the erisis
and healing of pneumonia is still undetermined. Clough || has
observed that in a considerable proportion of cases a definite
phagoeytic aetivity develops in the serum of the patient at the
erisis (or lysis), This increased activity of the serum is such as
to bring about active phagoeytosis of a virnlent pneumococcus
not phagoeytable in normal human serum. This phagocytie ae-

* Jour. Amer. Med. Assoe., 1918, 70, p. 17.

t Vaughan, W. T.: Jour. Amer. Med. Assoe., 1918, 70, p. 431.
1 Wassermann: Deut. med. Wehnschr., 1899, 25, p. 141,

§ Rosenow: Jour. Infect. Dis,, 1906, 3, p. (83,

|| Clough: Johns Hopking Hosp. Bull,, 1913, 24, p. 295.
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tivity seems in practically all cases to be strictly limited to the
homologous strain, derived from the patient whose serum iz being
tested. It is thought probable that the phagoeytie factor plays
an important part in bringing about recovery in man.

Important results have been reported in serum therapy in
connection with the work of Dochez and others (see p. 227) at the
Hospital of the Rockefeller Institute. The antiserum developed
with pneumococeus cultures of Type III has so low a poteney in
animal experiments that it has not been used in treating human
cases. The antiserum of Type II has given promising results in
animal experimentation, but has been disappointing in its effect
upon cases of pneumonia in man.  The antiserum of Type I, on the
other hand, has yielded very encouraging results. This type
causes about 35 per cent. of all eases of pneumonia, and the aver-
age mortality in cases not treated with serum iz 25 to 29 per cent.
The use of the specific sernm has reduced the case mortality to
less than 5 per cent.

Prophylactic vaccination with killed cultures has been ad-
vocated for use under conditions of special exposure, as in army
camps.  Animal experiments have yielded results that encourage
this procedure.



CHAPTER XII

THE MENINGOCOCCUS; NEISSERIA (MICROCOCCUS)
CATARRHALIS

Genus: Neisseria. Strict parasites, failing to grow or growing very poorly
on artificial media. Cells normally in pairs. Gram-negative. Growth fairly
abundant on serum media.

This group of closely related organisms has been placed to-
gether as a single genus (Neisseria) in recent classifieations. The
two chief representatives, the meningococeus and the gonococcus,
are, as a rule, found in such different lesions and parts of the body
that they are not likely to be confounded. Rare cases of menin-
gitis due to the gonococcus have, however, been reported. The
serum reactions of immunized animals, while indicating a eclose
relationship of the two organisms, usually permit satisfactory
differentiation. The fermentation reactions of the group give
further differential data:

Dextrose. Maltose. Saccharose. Levulose.

Meningocoeeus. .. ... ...vcvnus + -+ —_— —_—
B0 TV | Ot g -+ — = —
Mocabarrhalls ., oo onne —_— — —_ -
N. pharyngis-sieei. ... ........ 4+ -+ -+ +

Certain Gram-negative cocei found frequently in the naso-
pharynx (Miecrococeus flavus I, 1T and III) are characterized by
pigment production and are probably not closely related to the
genus Nelsseria.

The Meningococcus.— Inflammation of the meninges or in-
vesting membranes (pia-arachnoid) of the brain and spinal cord
may be provoked by a variety of organisms, and may oceur either
as a primary affection or secondarily in the train of an infection
originally begun elsewhere. One form of meningitis, characterized
especially by epidemic spread and usually designated as epidemic
meningitis, spotted fever, or cerebrospinal fever, is accompanied
by the presence of a specific micro-organism, commonly known as
the meningococeus.

This organism, to which the name Neisseria (Microcoecus)

239
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meningitidis or N. intracellularis has been given, appears to have
been seen by Leichtenstern in the meningeal exudate as early as
1885. The first important work upon 1t, however, was that of
Weichselbaum,*® who in 1887 desecribed it in detail as the char-
acteristic micrococeus found in 6 cases of acute cerebrospinal
meningitis.  Weichselbaum also carried out successful animal
experiments.  Some vears later the conclusions arrived at by
Jigert in connection with an outbreak of epidemic meningitis in
the military garrison at Stuttgart, although based to some extent
on faulty observations, corroborated Weichselbaum’s results in
their essential features, and were the cause of renewed interest in
this subjeet. The etiologic rdle of the meningococcus has since
been securely established by a number of investigations, among
which may be mentioned especially the extended researches of
Councilman, Mallory, and Wright.} An admirable recent study
of the disease has been made by Foster and Gaskell: Cerebrospinal
Fever (Cambridge, England, 1916).

Morphology.—In cover-slip preparations of the meningeal
exudate the meningococeus appears in diplococeus or in tetrad
form (Figs. 43 and 44). The miecro-organism oceurs character-
istically in the interior of the polymorphonuclear leukocytes, these
cells being sometimes so packed with diplococel that the nucleus
15 obscured.  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 meningococcus is about 1 u in diameter, and ap-
pears, 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. Involution forms are eommon.

Cultural Characters.— The most useful medium for growing the
meningococcus is blood-agar, prepared by adding 1 ec.c. of fresh
defibrinated or laked blood to 10 c.c. of ordinary nutrient agar (re-
action 0.3 to 0.5 acid to phenolphthalein). The blood of the sheep,
goat, rabbit, horse, or man can be used. On this medium the

* Weichselbaum: Fortschr. d. Med., 1887, 5, p. 573.
t Jiger: Ztschr. . Hyg., 1805, 19, p. 351.
1 Special Report of the State Board of Health of Massachusetts, 1898,
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meningococcus eolonies are moist, elevated, smooth, and with a
bluish-gray tinge. They do not produce green coloration or he-
molysin, and can be readily differentiated by their relatively large
size and appearance from the hemolytic streptococcus and the
ereen streptocoecus (Streptoeoceus viridans) and from the pneu-
mococcus, but resemble closely the colonies of Micrococcus
catarrhalis (p. 251). They are not so whitish or opaque as the
colonies of staphylococeus. In
F..

isolating the meningococeus
from the throat of a carrier it
is essential that the culture-
medium be warm when inocu-
lated and be kept warm until
finally placed in the incubator. =~ |
On blood-agar the meningoecoe-
cus commonly dies out within a
few days, but vitality may be
preserved for several weeks in

stab eultures in starch-agar (1
per cent. cornstarch added to
ordinary nutrient agar).

F

Fig. 43 —Meningococeus in pus
cells (Councilman): Pus eells con-
taining diplococei from the meninges.

The fermentation reactions
of the meningoecoceus give val-
uable aid in differentiating it
from eclosely allied organisms.
[ts ability to ferment maltose
distinguishes it from the gonocoecus as already pointed out (p. 239).

Other related cocei, such as N. pharyngis-sicei and several va-
rieties of M. flavus, ferment various earbohydrates, such as man-
nose, saccharose, and levulose, not attacked by the meningocoeccus.

Antigenie  Varielies—The meningococei, while culturally
alike, are not a simple homogeneous group in their immunological
In 1909 Dopter* reported the discovery of a “para-
meningococeus’ which, although isolated from typical cases of
cerebrospinal fever and possessing the usual eultural characters of
the “regular” or “normal” meningococeus, failed to agglutinate
with antimeningococcal serum. Furthermore, while these cases

* C. Dopter: C. R. Soc. Biol., 1909, 67, p. 74.

A few diplocoeel are in the exudate
outside of the pus cells. Between
the ‘ms-: cells there are delicate fibrille
of fibrin. The illustration is an accu-
rate representation of a group of cells
in the field of the microscope.

relations.
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were not helped by the administration of antimeningococeal
serum, they were successfully treated by injection of serum pre-
pared with the parameningococcus.

Gordon* has further separated the meningococei into four
serological groups. His findings have been confirmed by Tulloch,
who reports that practically all of the meningococei isolated from
354 cases of cerebrospinal fever fall into one or another of Gordon's
four groups.t

The existence and relative frequency of different antigenie
strains of meningococel is a matter of practical importance. It has
happened more than once that sera prepared by using certain
strains has proved ineffective when administered to meningitis
cases that chanced to be caused by other strains. The present
custom of preparing a polyvalent serum, obtained by injecting
horses with a number of different meningocoecus strains, has there-
fore a sound experimental basis.

Epidemiology.—As in most of the respiratory tract infections,
mouth spray from persons infected with meningococel is an im-
portant agent in spreading the disease. The relative infrequency
of infection among doctors, nurses, and others in direct contact
with meningococeus patients shows, however, that individual sus-
ceptibility of adults to this infection is not very common. Cases
of direct contagion have been described, but they are not very
numerous. The comparative rareness of meningitis throughout
the adult eivilian population is another indiecation that human
susceptibility is low. The influence of predisposing causes in in-
creasing susceptibility is thought to be especially marked under
conditions of military life where meningitis often prevails ex-
eessively among troops in barracks and tents. Insufficient cloth-
ing, inadequate ventilation, exposure to inclement weather, and
perhaps fatigue are believed to play a part in reducing the normal
resistance of the new recruit. Along with such influences it is
necessary to consider the greater opportunities for the spread of
the disease by meningococeus carriers in camp life. The eclose
contact in sleeping quarters necessarily favors the spread of all
mouth spray infections. Observation has shown that at times

* Gordon: Jour. Hye., 1918, 17, 290.
T Tulloch: Jour. Hyg., 19185, 17, 316.
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when meningitis is prevalent among troops healthy meningocoecus
carriers are especially numerous. It seems to be true, therefore,
that under the conditions of military life in recruiting camps a
good many individuals acquire meningococei from their associates;
a certain proportion of these, owing to individual peculiarities or to
the action of predizposing causes, develop into “eases” of meningitis,
while the majority become free in a short time from the meningo-
cocel that have found temporary lodgment in their nasopharynx.
The share of the meningococcus carriers in the transmission of
infection is generally considered of great importance. Meningitis
patients and convalescents and healthy persons who have simply
picked up the germs from others may be the means of conveying
infection. As in other infections, meningococeus carriers are often
divided into permanent carriers and temporary carriers according
to the length of time that they harbor the germs; the distinction

is naturally more or less arbitrary.
It is believed that next to the removal or avoidance of pre-

thsposing factors, the discovery and control of permanent meningo-
coccus carriers offers the most promising method for diminishing
the spread of meningitis in military organizations.

The following excerpts from a memorandum agreed upon by
representatives of medical departments of the United States Army,
Navy, and Public Health Service give a basis for a standardized
technic for the deteetion of meningococcus earriers.

STANDARD TECHNIC OF MENINGOCOCCUS CARRIER
DETECTION
I. CULTURING.

a. Wherever possible the cultures should be taken in a small room in the
regimental infirmary. The floor of this room should be washed with
an abundance of soap and water one hour before the men enter for
culture, and should be wet during the process of culturing.

b. Only a few men at a time should be admitted to the culture room.

¢. Windows and doors should be elosed all the time.

1. Cultures should not be made within an hour after meals.
e. No men should be examined on the same day on which they are sprayed.

1I. METHOD OF SWABBING.
a. The swab used should be:

1. A naked wire 25 em. long, with a small absorbent cotion pledget
on one end, well covering the end of the wire, and a ring handle
on the other. The wire should be flexible, sueh as stove pipe
wire or hay baling wire, of about 18 gauge. The swabs may be
sterilized in glass or paper containers in groups of 5=20. The last

-
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one to two centimeters of the pledget end of the swab is bent to
an angle of about 30-40 degrees.  This swab is simple and has
proved most satisfactory, and ean be at onece disearded.

2. West Tube. This gives satisfactory eultures, but is cumbersome,
and not strictly necessary.

3. Straight unprotected nasal swab. This is useful in the case of
individuals with highly irritable throats, but is not recom-
mended as a routine.

b. The subject should be seated facing the light. Tongue depressors are
to be used when necessary. The swab should be passed behind the
soft palate while the subject is phonating. The swab, having passed
up behind the palate, is introduced successively into each posterior
naris, and then is drawn across the posterior wall of the nazopharynx.,
The swab is then withdrawn, taking care not to touch the throat
surfaces or the tongue; this is best accomplished during phonation.

The suceess of carrier search depends largely on the care with which
the swabbing is done, hence the man taking the cultures should be
able to execute these directions skilfully. He should be either a nose
and throat specialist, the bacteriologist himself, or directly under the
latter's supervision.

II1. METHOD OF INOCULATING PLATES.

a. The mucus-charged swab should be applied over a limited area at the
periphery of the plate. From this the spread is made by a wire loop
passed by a series of radial strokes, each starting from the infected
point. If there is very little mueus it is often possible to zmear
directly from the end of the swab.

b. A zingle person per 10 em. plate is preferable. More than two cultures
on one plate should never be made.

¢. The plate must be inoeulated while warm and kept warm until replaced
in the incubator. To accomplish this sterile plates already warmed
by storage in the incubator should be packed in a device insulated
against the loss of heat, such as a fireless cooker, for transportation.

Care should be taken to keep the plates warm during the inoculation
process. It is advisable to carry a plate seeded with known culture
of meningococeus to act as control.

V. EXAMINATION OF INOCULATED PLATES.

a. Plates should be inverted when placed in the incubator.

b. Plates will be ready for examination after twelve to eighteen hours'
incubation at 37.5° C.

¢. Discard all plates that are erowded and do not show discrete, well
geparated colonies.

d. The meningoeoceus colony on the whole blood medium does not
produce green coloration or hemolysis. It tends to be somewhat
larger than the streptococeus and pneumococcus. The colonies are
moist, elevated, outlines are ill defined, and on moderately opaque
blood-agar have a faintly bluish tint. The eolonies are not usually
opaque, a charaeteristic which distinguishes them from the staph-

ylococecus.
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On transparent blood medium and with transmitted light under lens
magnification the colony may be nearly clear, but often shows a very
faint smoky, gray-blue quality. This characteristie is intensified by
passing the finger between the light and the colony to shade it.
Further lens effect may be seen by moving the plate so that the colony
passes across some distant obstruction to the light as a string stretched
across the window. The colony is never granular in young eultures,

The colony should be confirmed by smear and Gram stain.

VI. TRANSPLANTATION,

The suspected (ringed) colonies are transferred to warmed moist blood-
agar slants. They must have been incubated to insure sterility. It
15 best to keep the tubes continuously in a warm water-bath until
finally placed in the incubator. If transfers are made under these
conditions there will be enough growth for identification in about

eight hours.
Twe essentials to success in growing meningococei are moist media,
kept consiantly from the time of inoculation at body temperature,

VII. IDENTIFICATION.

a. Mieroscopic. Smear preparations are made in the usual way stained
by Gram. The presence of a few Gram-positive or other contaminat-
ing organisms does not make the culture unsuitable for agglutination.

b. Agglutination. All Gram-negative micrococel are subjected to ag-
glutination in the following way:

The serum dilutions are first =et up, and the bacterial emulsion is made
directly in them. 7To make this emulsion a loopful of the suspected
culture is seraped off, and the loaded wire is passed well down the tube
almost to the level of the fluid. The bacterial mass is then rubbed off
against the wall of the tube and mixed with the fluid. In the case of
the meningocoecus a smooth emulsion is usually rapidly produced.
Many of the other organisms are much less readily emulsified.

An emulsion must be free of clumps for proper agglutination tests.

With the polyvalent agglutinating serum supplied by the Army Medical
School, Washington, D. C., or the U. 8. A. Laboratory No. 1, France,
The Naval Medical School, Washington, ID. C., or The Hygienic
Laboratory, Washington, D. C., agglutinations should be made in a
1 : 100 dilution.

The quantity in each tube should be 1 c.e. The tubes are then in-
cubated at 55 degrees for twelve to eighteen hours, with necessary
precautions against evaporation.

Controls. Each culture should be run in parallel with a normal horse-
serum control at 1-50. A known meningococcus culture should be
run as a positive control with each set.

VIII. READING OF AGGLUTINATIONS.
The tubes which have been clarified are then shaken gently, when the
clumps can be clearly detected by the naked eye or hand lens,
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The organisms which are agglutinated by the polyvalent serum dilutions
at 1 : 100 are to be regarded as meningococei.

Organisms which agglutinate in both polyvalent and normal horse-sera are
to be thrown out.

A slight opalescence in the supernatant fluid due to contaminating organ-
12ms, if there iz otherwise distinet evidence of agglutination, need not
lead to the diseard of the culture as negative.

IX. TYPING.

The meningococeus isolated by agglutination with polyvalent serum should
be typed as soon as possible.  If this procedure cannot be carried out
on the spot, the eultures, or heated suspensions of the eultures in
saline with 0.5 per eent. phenol, should be sent to the nearest Depart-
ment laboratory.

Diagnostic type sera should be obtained from the Army Medieal School,
Washington, 1. C., or from U. 8. A. Laboratory No. 1, France,
Naval Medieal School, Washington, D. C., or the Hygienic Lubora-
tory, Washington, D. C.

X. CULTURES.
From Spinal Fluid:

Fresh spinal fluid is to be divided into two portions. One part is
centrifuged and the sediment smeared, examined microscopically,
and planted on blood-agar slants or plates and also in serum-
dextrose-broth. The other uncentrifuged portion of the fluid is
added directly to serum-dextrose-broth.

The examination of cultures is made at twenty-four-hour intervals
for five days. It should be noted that often in the abzence of
colonies on the surface of the slant there may be a luxuriant
growth in the water of condensation.

From Blood:

Meningitis suspects, like all other febrile cases, should be eultured as
promptly as possible. About 5 to 10 e.c. of blood, drawn from a
vein by a syringe, should be planted in 100 ¢.e. of warm dextrose
broth. The cultures should be examined at twenty-four-hour
intervals over a period of not less than six to eight days. To
get the culture going it is necessary to transplant each day for
the first five days.

XI. TYPING OF ORGANISMS.
Organisms recovered from spinal fluid or bloed should be typed and
compared with the organism isolated from the patient’s nasopharynx.
Inagglutinable strains are sometimes encountered. To establish further
the nature of these organisms they should be grown on dextrose,
maltose, and saccharose serum-litmus-agar.

XII. INDICATIONS FOR CULTURING.
On the appearance of a case of cerebrospinal fever all contacts should
be eultured for the detection of carriers as soon as possible. By
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“contacts” is meant those intimately associated with the patient—
that is, all thoge in the same tent or squad room with him, as well as
his close associates at mess or elsewhere.

Hxperience has shown the inadvisability of attempting to culture larger
groups than this.

In military service those who give positive cultures should be held in the
detention camp until they have had three successive negative culttires
at five-day intervals. 1f a second ease appears in the same company
within a week of the first case, the whole organization should be
swabbed.

XTII1. DISPOSAL OF CARRIERS.

The ordinary earrier usually clears up in a week or two.
Those who ecarry longer than this eonstitute the chronie carriers, and

Fig. 44.—Meningococei in pus from brain abscess (Flexner),

usually give large numbers of colonies or even pure eultures; these are
probably the important cases from a publhie health point of view.

Such earriers should not be recommended for furlough to their homes, nor
discharged from the Serviee without authority from the Surgeon
General.

Pathogenicity for Man.—Many cases of meningitis due to the
meningococcus are characterized by special features which distin-
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guish them from cases of meningitis produced by other organisms,
as, for example, from pneumococcal meningitis. The most marked
lesions occur at the base of the brain, extending from the optic com-
missure backward over the erura, pons, and medulla. The meninges
of Ehe 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-
minating cases oceur. 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 city 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 is the detection of the specific micro-organism in
spinal fluids obtained by means of lumbar puncture. Elser and
Huntoon* were able in this way to demonstrate the meningococeus
by microscopic examination in 141 out of 171 cases. When cul-
tural methods are also used the proportion of positive findings is
increased. Especially prominent among the symptoms are the in-
volvement of the eye and ear, the infection showing a definite tend-
ency to extend a'l{mg., the optie, auditory, and fifth nerves. The
meningococeus is sometimes found in the circulating blood. Ae-
cording to some observers the blood infection is primary and the
invasion of the meninges secondary. Under some circumstances
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 commonly
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 rhinitig, or whether the rhinitis is second-
ary to a blood infection. In the first days of the disease the
meningococeus can be demonstrated in the nasal seeretions in a
large proportion of cases.

* Elser and Huntoon: Jour. Med. Res., 1909, 15, p. 377.
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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 cultures 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 cocel
in a dilution of 1:50 or higher. Kolle and Wassermanni have
shown that when large quantities of meningococci are injected into
the body of a horse, agglutinins, opsonins, and also specific immune
bodies (amboceptors) 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 canal in human cases
has a marked influence upon the course of the disease. The effect
seems to be due partly to an antitoxic action, partly to the stimulus
that the serum gives to inereased phagoeytic digestion, and partly
to its direct injurious action upon the cocei. Large doses of the

* 8pecial Report Mass. State Board of Health, 1808, p. 77.

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

t Kolle and Wassermann: Deut. med. Wehnschr., 1906, 32, p. 609,
§ Flexner: Loc. cit., p. 165.

| Flexner and Jobling: Ibid., 1908, 10, p. 141.
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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. Obser-
rations of the cerebrospinal fluid after injection show a remark-
able destruction of the meningocoeei. The serum is entirely with-
out effect when introduced directly or indirectly 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

T : : _ — \H
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Fig. 45.—N. catarrhaliz in smear from sputum (F. T. Lord).

mortality in the pandemie 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.; 199 cases injected with serum between the first and
third day of the disease showed a mortality of 18 per cent. Com-
plications and sequel@ of the infection are reduced in number in
the serum-treated cases.

The use of a polyvalent serum, produced by injection of a
number of different strains of meningococel, regular, para and

* Flexner: Jour. Exper. Med., 1913, 17, p. 553.



THE MENINGOCOCCUS 251

intermediate, seems highly important. Good results have been
obtained with the Rockefeller Institute serum prepared with more
than 50 strains. Experience does not favor the general use of a
serum made with a single strain or with only three or four strains.

N. Catarrhalis.—This Gram-negative coccus is found quite
commonly in the nasopharynx of healthy individuals as well as
persons suffering from eolds and other respiratory infections (Fig.
45). The ecells as a rule are somewhat smaller than those of the
meningococeus,  Growth oceurs on ordinary nutrient agar much
more readily than does that of the meningococcus. Dextrose is not
fermented. Different strains vary in their degree of pathogenicity
for animals, but many strains are fully as pathogenie as menin-
gococel for white mice and guinea-pigs. In man they appear at
times to excite catarrhal inflammation and sometimes pneu-
monia. They seem to have been conspieuous secondary invaders
in the 1918 influenza epidemic in some localities.

N. Pharyngis-sicci.—This small Gram-negative coceus found
on the mucous membrane of the respiratory tract grows at room
temperature as well as at 37° C., forms white, firm, dry, adherent
colonies, and ferments saccharose, lactose, and mannitose. Al-
though not ordinarily regarded as pathogenie, it has been found
as apparently the causal agent in a case of kidney infection.*

* Kretschmer and Hufnagel: Jour. Amer. Med. Assoe., 1924, 82, p. 1850.



CHAPTER XIII
THE GONOCOCCUS (NEISSERIA* GONORRH(EZE)

Few diseases are so widely disseminated through all classes of
society as gonorrhea. The conservative statisties of Erb, 1 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,}
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 coccus in gonorrheal pus. In cases 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 conjunetivitis due to
gonorrheal infection. Pure cul-
tures of this organism were first
obtained by Bumm || (1885), who
also suecceeded by inoculation

experiments in demonstrating
beyond doubt its causal relation
Fir, 46.—Smear fmm ronorrheal d
I{mmmmnkx X 1100 { HI{*LH to gonorrhea.
Morphologic and Cultural
Characters.—Morphologically the gonococeus (Neisseria gonor-
rheee) is very similar to the meningococeus.  In preparations made

* Neisseria is probably the proper generic name for the gonococeus, ac-
cording to the law of priority in nomenclature.

t Erb: Miinch. med. Wehnschr., 1906, 53, p. 2329,

i R. C. Cabot: Boston Med. and Surg. Jour., 1911, 165, p. 155.

‘*"\{*1-"-:- Centralbl. . d. med. Wissensch., lHT‘] 17, p- 497.

| Bumm: “Der Mikroorganismus der gonorrhoischen Schleimhauter-
krankungen,” Wiesbaden, 1885.
252
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from gonorrheal pus the eells 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. 54) is well adapted
for determining the presence of the gonoeoceus in suspected pus.
In pure cultures the cocel are often ageregated in irregular masses,
but, especially in young cultures, also show the characteristic dip-
lococeus arrangement.  Like the meningococeus, it is found within
the pus cells, sometimes in enormous numbers (Fig. 46). In the
earliest stages of infection, however, gonocoeel are found free in the

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

confined to the eytoplasm of the cell. There is satisfactory evidence
that the gonocoeci are picked up by the phagoeytes and do not
actively penetrate the latter; they are, indeed, entirely non-motile,
The gonoecoeei found inside the leukoeytes are but slightly altered
in appearance, and in many ecases are still alive; no multiplication,
however, has been demonstrated, although it is possible that this
oceurs. Whether the extensive phagoeytosis that takes place
has any influence upon the course of gonorrhea is unknown. When
treated by Gram's method, the gonococcus completely loses the slain*®
Its behavior toward the Gram stain, together with its coffee-bean
form and intracellular situation, usually serves to distinguish the
gonococeus from related organisms, such as the common pyogenie
cocel found in the urethral or vulvovaginal traets. From the
meningocoeceus, however, the gonococeus is differentiated principally
by the faet that it does not usually grow on the ordinary culture-
media. Some strains, however, are said to grow on glucose or
glyeerin-agar from the start, but, as a rule, less luxuriantly than
the meningoeoccus. In practice little econfusion is caused by the
elose resemblance of these two organisms, since they are not liable
to occur in the same fissues. Meningitis is, however, in rare in-
stances, caused by the gonococcus. Organisms other than the
gonocoeeus, staining like it and contained in the polymorphonueclear
leukocytes, are oecasionally, although rarely, found in the urethral
and vaginal secretions.

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

1#m 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
modifieations, in general use. The most suceessful results in
every way are obtained when blood or blood-serum is added to
the usual nutrient media. Fresh material is much more likely to
vield positive cultures than material that has been kept for a time.

Wertheim’s serum-agar is prepared by adding from two to
three parts of nutrient agar to one part of human serum (or other
serous fluid, such as ascitic or hydrocele fluid). 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 oceur on ordinary agar unmixed with serum.
Nutrient agar smeared with sterile human blood is also an excellent
medium for the gonocoecus. 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 consistency. In ascitic broth (three parts meat broth
to one of aseitic fluid) a finely granular growth occurs on the walls
and bottom of the test-tube. Toward external influences the gono-
coccus displays a high degree of sensitiveness. According to most
experimenters, cultures are injuriously affected by a temperature
of 40° to 41° C. The gonococcus is sensitive to drying, and under
ordinary eonditions can 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 baeteria, will live longer
if kept in a refrigerator.

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

* Wertheim: Deut. med. Wehnschr., 1891, 17, p. 1351,
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organisms similar to the gonocoeeus, especially in the vulvovaginal
tract, makes it advisable in doubtful cases to fall back on eultural
methods. If mieroscopie 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
gonococel in the sediment either mieroscopically or culturally.
Inoculation Experiments.—The lower animals [inclﬁding
apes) are not susceptible to inoculation either with pure eultures
of the gonococcus or with gonorrheal pus. Whether introduced
into the peritoneum or the urethra or applied to the conjunetiva
of these animals, the gonococel have shown themselves impotent
to effect an invasion of the tissues. The poisonous produects con-
tained in cultures have, however, some effect upon animals, and
will eause 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 eell-body.
On the death of the cell they may appear as dizintegration produets
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 eo-workers have
reported suecessful immunization experiments with these toxie
substances, but their results have not been corroborated by other
experimenters. Inoculation of the human subjeet (both sexes)
with pure eultures of the gonococeus gives rise to a typical infection
(Bumm, 1885). The mucous 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 sinee the produets of other mierobes, as, for example, staphy-
loecoeei and eolon bacilli, produee the same result, the effect can-
not be regarded as speeifie. Little if any immunity is conferred
by an infection, reinoculation being suceessful at short intervals;
elinically it is observed that an acute attack may be superimposed
upon a chronic gonorrhea. An antibody (amboeeptor) has, how-
* De Christmas: Ann. de I'Inst. Past., 1900, 14, p. 331.
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ever, been found in the blood of gonorrheal patients.* Torrey t
and others have observed that agglutinins and precipitins are
produced in rabbits and other laboratory animals inoculated with
cultures of gonococei. The close relationship of the gonococcus
to the meningococeus is shown with especial clearness in the ob-
servation of Martha Wollstein that the agglutinins, the pro-
tective power, and the amboceptors developed in the serum of
immunized animals seem to be largely common to both micro-
organisms.

Results of Gonococcus Infection.—As a rule, the gonococcus
attacks primarily the human urethra, and then gives rise to an
inflammation which may be followed by chronie urethritis and
stricture. The dangerous extragenital complications and sequel=
of this affection are not so generally known as they should be. So
far from being a loecalized inflammation confined to the immediate
neighborhood of the original point of infection, the gonorrheal
process may be far-reaching in its effects. In the female partieu-
larly, the entire genito-urinary tract may be involved, the Fallopian
tubes, the ovaries and the peritoneum being invaded not at all un-
commonly. Spread of the infection along contiguous mucous
surfaces may likewise oceur in the male, causing epididymitis and
other inflammatory conditions. The gonorrheal ophthalmia of the
new-born due to infection at birth is a well-known econsequence
of maternal infection. Although exact information is not ob-
tainable, it is estimated that 10 per cent. of all eases of blindness
are traceable to this souree, and that in the United States there are
at least 12,000 children blind from this cause.

The gonococcus may also invade the blood from loeal lesions
and be carried by the lymph and blood-streams to distant parts
of the body. In this way it can incite a variety of extragenital
lesions, some of which result fatally. Especial predilection is
shown for the synovial membranes of the joints, where it causes
the so-called gonorrheal rheumatism, and for the heart-valves,
where it produces endoearditis. It is possible to obtain the gono-
eoceus in pure culture from the affected region in a considerable

* Bruck: Deut. med. Wehnsehr., 1906, 70, p. 1368.
T Torrey: Jeur. Med. Res., 1907, 16, p. 329.

I Wollstein, Martha: Jour. Exper. Med., 1907, 9, p. 588,
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proportion of cases. According to the statistics of Neisser,* gonor-
rheal metastases occur inabout 0.7 per cent. of all cases of gonorrhea
coming to the knowledge of physicians. Local or general compli-
cations, however, occur in about 30 per cent. of all cases. Meta-
statie conjunctivitis without direct inoculation of the conjunctiva
has been reported. It is uncertain whether this is always due to
the presence of gonocoeci carried to the conjunetival sac in the body-
fluids or whether circulating toxic substances act on the cellular
elements of the conjunctiva.

A peeuliarly dangerous feature of gonocoecus infection is the
long period during which an infected man or woman may be capable
of infecting others. Gonococel 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
infeeted husbands.

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

Gonococcus Vaccine.—Cole and Meakins §f have employed
Wright’s method of subeutaneous vaccination in the treatment
of gonorrheal arthritis. An emulsion of gonocoeei in 0.85 per cent.
galt solution heated for one hour at 65° is first injected, the initial
dose containing usually about 300 million dead gonococei. The
succeeding vaccinations are gradually inereased in amount until
1000 to 1200 million gonococei are administered in a single dose.
The results obtained by Cole and Meakins were often favorable,
and were more marked in the chronie cases than in the acute ones.
While the authors express skepticism as to the value of the opsonie
index as a guide to the administration of vacecine, and ‘“do not
feel that the danger of cumulative negative phases is a real one,”
they conclude as follows: ““In no case have we seen the adminis-
tration of gonococcus vaceine do harm, and we feel that these

* Neisser: Kolle and Wassermann, Handbuch, 3, p. 182,

f Cole and Meakins: Johns Hopkins Hosp. Bull,, 1907, 18, p. 223.
17
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cases offer sufficient justification for the treatment of gonorrheal
arthritis by means of vaceines 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 ean be hastened by the in-
jeetion of dead gonococel.

Ironst has further found that the cutaneous inoculation of
glyeerin extracts of autolyzed gonococci in patients infected by
the gonococeus produces a well-defined reaction. This cutaneous

reaction is not usually obtained in normal persons nor in those
suffering from other infectious diseases.

* Irons: Jour. Infeet. Ihns., 1908, 5, p. 279.
t Ibid., 1912, 11, p. 77.



CHAPTER XIV
THE ANTHRAX BACILLUS

Historical.—Anthrax,* or splenie 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 baecillus marks the beginning of
modern bacteriology.f Prior to Koch's investigations, and as
early as 1850, microseopic 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 suceessfully performed by Brauell.y 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 eonceded 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 etiologie connection with the disease had, in the judegment

* The disease of eattle known as “symptomatie anthrax” has nothing
to do with true anthrax. (See p. 405.)

T Koch: Cohn's Beitriige, 1877, 2, p. 277.

I A fair example of the views upon the causation 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 exeess of blood
circulating in the vessels.” Concluding that this was eaused by a rieh 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. soc. 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 medical opinion generally was impelled
to the conviction that the anthrax bacillus 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-
forring it from tube to tube, a growth was finally obtained which
not only was not mixed with any of the blood-corpuscles 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 eulture showed
that a well-characterized attack of splenic fever, with the appro-
priate symptoms and lesions, could be produced by the introduetion
of a pure culture of bacilli into the body of a susceptible animal.
Koeh'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 occasionally specimens of blood which appeared
not to contain any bacteria were nevertheless ecapable, on inocu-
lation, of producing anthrax. This was satisfactorily explained
by the discovery 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 certain loealities and its reappearance in once-
infected pastures after the lapse of many years.

Characteristics of the Anthrax Bacillus; Morphology.—The
anthrax baecillus is one of the largest of the pathogenie bacteria and
ranges from 4.5 g to 10 g 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 infeeted
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 1) 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 com-
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 _ T
composed. After a varying
period of growth, dependingupon
the temperature, nature of the
nutrient medium, abundance -8
of oxygon, and other factors, :

: | & y
i ! 1 ;_ = -
highly refractive bodies known | g J |
as spores make their appearance 0 /
'...\ .' I-'

in the interior of the rods.

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

gpleen pulp. Fuchsinstain; X 20003
i : C. Frinkel prep. (lolle and Was-
of pathogeniec bacteria, they have  sermann).

long been favorite test objects for
determining the efficieney of germicides and other destructive
agencies, and much attention has in eonsequence been directed to

among the most resistant forms

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 ean 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. Milchhyg., 1901, 11, p. 68.
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Spores are produced only in the presence of free oxygen, and hence
do not oeceur in the cireulating blood of infected animals, but
develop when blood is drawn, either during the course of the infec-
tion or after death, and allowed to stand in contact with the air.
Spores may be formed between 14° and 40° C., but are developed
most abundantly at 32° to 35° C. Germination is usually polar,
that ig, parallel with the long axis of the spore, but may be rarely
equatorial. Like all spores, those of the anthrax bacilli resist
drying for a prolonged period (at least ten to twelve years). They
are not so resistant to heat as the spores of the closely allied
B. subtilis and some other
saprophyticforms, and, as
a rule, are killed by dry
heat in three hours at
140° C., and by steam or
boiling water in five to
ten minutes, although
some resist for much
longer periods. Anthrax
spores are able to with-
stand the acticn of the
ordinary germicides much
better than the baeilli;
thus, a 10 per cent. golu-
tion of ereolin kills an-
thrax bacilli in ten to

Fig. 48.—Bacillus anthracis with spores,
Carbol-fuchsin  and methylene-blue stain;

¥ 1000 (Frinkel and Pfeiffer). twenty minutes, but is
not able to effect the

death of anthrax spores, the latter being able to maintain their
vitality even in a 60 per cent. solution.

It is eclaimed that permanent asporogenous varieties of the
anthrax baecillus have been obtained by various methods, sueh as
growth in the presence of antiseptics (carbol-broth 1 : 1000, Roux*),
at high temperatures (42° C., Phisalix 1), and under other disad-
vantageous conditions, and that such non-spore-forming races are
in other respeets entirely normal, even to exhibiting a full measure

* Roux: Ann. de I'Inst. Past., 1890, 4, p. 25.
1 Phisalix: Archiv. d. Physiol., 1893, 5, p. 217.
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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 bacillus grows freely under aérobic conditions and at
ordinary temperatures. In broth, as a rule, no pellicle is produced

Fig. 49.—Deep (z) and surface (b) colony of anthrax on gelatin plate; x 80
(Fligge).
on the surface, but a heavy floceulent sediment is formed, the inter-
vening layer of fluid in undisturbed eultures 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 thiekly ecoiled
masses have been likened to the snaky tresses of Medusa (Figs.
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 oceurrence (Iig. 51). Gelatin is slowly
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liquefied. Milk is feebly acidified and is curdled by a rennet-like
ferment, and the casein slowly peptonized. On potato a gray, furry
growth is produced; spores are often formed in partieular abundanece
on this medium.

Pathogenicity for the Lower Animals.—In nature anthrax
18 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 ecasez of anthrax
were reported: 3678 cattle, 307 sheep,
282 horses, 61 swine, 6 goats. Wild
deer and other gregarious herbivora are
liable to oececasional outbreaks. The
smaller rodents are very sensitive to

Fig. 50.—Bacillus anthracis, impression Fig. 51. — Bacillus anthracis,
preparation, edge of colony; Zettnow prep.  gelatinstab-culture (Hicks).
(Iolle and Wassermann).

inoculation. Rabbits, guinea-pigs, and white mice are susceptible
in the order named, and are fatally affected by the subcutaneous
introduction of a very small number of virulent bacilli. The white
mouse is said to suceumb to inoculation with a single germ of viru-
lent strain. Carnivorous animals, although pessessing greater re-
sistance than the herbivora, are nevertheless susceptible, as several
epidemiecs in zodlogical gardens have shown, leopards, lions, pumas,
bears, and others perishing from the disease (Jensen,* Lange 7).
* Jensen: Baumgarten, Jahresb., 1891, 7, p. 167 (cited ).

+ 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 suseeptible. Birds, especially pigeons, ean be in-
fected, but not easily. Irogs are immune, but toads are very
susceptible.

The route by which the germs enter the body exerts an im-
portant influence in both experimental and natural infection.
Subeutaneous inoeulation 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-
tiﬂl’lﬁ are even monre con-
stantly and surely fatal
than subcutaneous, but
late  researches cast
doubt upon this view,
and indicate that if great
pains be taken to pre-
vent subecutaneous 1n-
fection during the course
of the operation, ani-

mals can withstand th .Fig, 52. —Baeillus :II]tIIIl‘Ei{.‘i.'LI] in peritoneal
3 4l - stand the fluid of a mouse; gentian-violet; X 1000
introduction of a con- (Friinkel and Pfeiffer).

siderable number of an-

thrax bacilli directly into the ecirculation or into the peritoneum.
I'eeding experiments show that administration of spore-free cul-
tures even to highly suseceptible 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, aithough 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 aceord.

In the very susceptible animals the disease runs a rapid course
and presents all the characteristies of a typical septicemia (Fig. 52).
Local manifestations may be almost entirely absent. Enormous mul-
tiplication of the baeteriatakes placeintheblood and internal organs,
and sections through the liver or spleen show that the capillaries
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 infee-
tion, but the bacteria remain
localized in an abscess or car-
buncle and fail to spread ex-
tensively through the body.
This is the ease 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-

Fig. 53. — Bacillus anthraecis. s ;
S-Etztiuf of :pleen of u::}u.m:' W :'r[]?} }']'i]lf':h’[]ﬂn of the bacteria oceurs

(Giinther). throughout the body, while the

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

Under natural conditions eattle 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 eattle after the lapse
of many vears (thirty vears). Hides imported from China and
other countries where the disease prevails are not uneommonly
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
iand by streams receiving the drainage of tanneries.®

Cattle may also occasionally be infected by direct contact through
wounds, abrasions, and other injuries to the skin, but alimentary
tract infeetion is by far the more usual. Anthrax has been ex-
perimentally conveved to susceptible animals by biting flies of
various species that had previously fed on animals dying from
anthrax. T

Pathogenicity for Man.—Three modes of infection of human
beings are known to oceur—(a) through the skin, (b) through the
respiratory tract, and (¢) through the alimentary tract. The bacillus
is almost always transmitted to man through the ageney of the lower
animals rather than through other human beings. Persons having
to do with eattle 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.

In the United States 222 human deaths from anthrax were re-
corded in the eight years, 1910-17. The majority of these occurred
in the three years, 1915-17, when the interference with the usual
channels of import caused by the Great War combined with seareity
of labor led to a less efficient preliminary disinfection, and so per-
mitted the introduction of anthrax-contaminated hides and bristles
from parts of Asia and South Ameriea. A particularly striking in-
crease in anthrax oceurred from the use of shaving brushes, and in
a number of instances anthrax baeilli were found in brushes pur-
chased on the open market. The United States Public Health
Service recommends soaking new brushes for four hours in a 10 per
cent. solution of formalin (the trade name for a 40 per cent. solution
of formaldehyd). The solution should be kept at a temperature of
110° F. and the brush so agitated as to bring the solution into con-
tact with all hair or bristles.

The case fatality of anthrax is not exactly known, but is prob-
ably not far from 20 per cent.

* Ravenel: Rept. Amer. Pub. Health Assoc., 1895, 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.

1 Mitzmain: Bull. 94, Hyg. Lab., U. 3. Pub. Health Service, June, 1914.
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(@) Malignant Pustule—The most common form of anthrax
in the human subject is due to skin infection, and usually takes
the form of a localized boil or abseess, which often heals spon-
taneously, but may progress into a septicemic condition unless
checked by ineision or other surgical procedure. The handling
of infected hides or carcasses constitutes the ordinary means of
infection. Porters on the London docks, who earry on their naked
backs hides imported from South American or Asiatie ports, some-
times develop malignant carbunecles as a result of anthrax infection
through dorsal abrasions or scratches. Twenty-five cases of anthrax,
due to handling hides imported from China, oceurred in Massachu-
setts in March to June, 1916.* Owing to the relatively high resist-
ance of man, septicemia does not often oceur, especially if the ear-
bunele be incised and thoroughly eleansed. Lesions of all sizes may
be produced, from a minute pustule to a large and angry abscess.

(b) Pulmonary Anthraz.—The pulmonary form of anthrax due
to inhalation is the most dangerous, although not the most com-
mon, variety of the disease in man. The name currently applied to
this variety of anthrax in England is “woolsorters’ disease,”” and, as
the name implies, the affection is usually eaused by inhalation of
the spores set floating in the air during the handling and sorting of
wools and fleeces. Tt is characterized by many of the symptoms of
pneumonia and often passes over into a fatal septicemia.

(¢) Intestinal Anthrar—Although the usual path of infection
in cattle, the alimentary tract is very rarely so in man. A few
instances are on record of the causation of intestinal anthrax
through the medium of spore-infected food. BSuch ecases have
usually oceurred among workers with animal produets, and have
probably been due to lack of eaution in handling food with un-
cleansed hands. Insufficiently cooked meat from anthrax-infected
animals may also be a source of intestinal anthrax.

Mode by which the Anthrax Bacillus Causes Injury to
the Animal Organism.—In the typical form of anthrax septicemia
bacilli are found in immense numbers clogging the capillaries,
and apparently by their acecumulation hindering the cireulation
of the blood. This fact caused the theory to be advanced very
carly that death in such cases was due to a kind of internal suffo-

¥ Brown and Simpson: Jour, Amer. Med. Assoc., 1917, 68, p. 605,
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eation. This view, however, finds no support in the character
of the symptoms of anthrax. Death, moreover, frequently occurs
in some animals in the absence of any noteworthy number of
bacteria within the blood-vessels. This is particularly true in
fatal eases of anthrax in man. It might seem from analogy that we
should find that the anthrax bacillus secretes a soluble toxin such
s is formed by the diphtheria bacillus and some other pathogenic
microbes, and many of the phenomena of anthrax infection seem
to point to the action of such a substance. All attempts, however,
to demonstrate the existence of either an extracellular or an intra-
cellular anthrax toxin have been unsuccessful, and, although all the
probabilities are in favor of the existence of some such substance,
the exact manner in which the anthrax baeillus damages the animal
organism remains at present a mystery.

Immunity.—Some natural suseeptibility to anthrax is possessed
by many animals; the degree of such susceptibility may be heightened
or diminished bv a great variety of faetors. Normal suscepti-
hility, for example, may be lessened by the injection of thymus
extraet and other organie substaneces, and also by certain operative
procedures, such as seetion of the sciatic nerve. Suseeptibility
may be inereased by a number of physiologic influences, such as
alteration of the normal body-temperature, as in Pasteur's classie
experiment with refrigerated fowls, which under normal conditions
are immune to inoculation, but succumb when chilled ; the frog, con-
versely, which is normally without susceptibility, 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 exeessive fatigue, and other factors
all increase 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 bacterieidal powers toward the anthrax bacillus, but there
15 no concurrence between the degree of immunity and the anthra-
cidal power of the blood-serum. The blood-serum of the highly
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susceptible rabbit, outside the body, is strongly bacterieidal, but
anthrax bacilli injected into the cireulation seem to multiply freely
in the blood-stream. Blood taken from the very resistant dog and
fowl is practically devoid of bactericidal properties. Bail and
Petterson * have attempted to explain the absenee of bactericidal
power in the drawn blood of the latter animals by supposing that the
constituent known as the complement, whieh, within the dog,
is supplied by the leukoeytes, is lacking in the drawn blood. As
evideneing this, they show that addition of a suitable complement
to dog's serum, either in the guise of rabbit serum or of canine
leukocytes, imparts to the dog’s serum a strongly germicidal power.
On the other hand, the bactericidal 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 bacilli. 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 phagocytosis. The
destruetion of virlent anthrax baeilli that takes place in mixtures
of normal serum and washed blood-corpuseles is accompanied by
marked phagoeytosis. Neither normal serum alone nor suspensions
of washed corpuscles can prevent the multiplication of the bacteria,
and it seems reasonable to conclude that the normal serum con-
tains an opsonin or gensifizing substance which prepares the baeilli
for the onslaught of the phagoeytes. Other experimental evidence
for this view is contained in the article just cited.

Vaccination Against 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 cattle and sheep against anthrax
which is dependent on the subeutaneous inoculation of attenuated
cultures. Two wvaccines 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-

* Bail and Petterson: Centralbl. {. Bakt., 1903, 1, Orig., 33, p. 756.
i Hektoen: Jour. Amer. Med. Assoc., 1906, 46, p. 1407,
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lation was made with the “second vaceine,” which was of such a
strength that it would kill guinea-pigs but not rabbits. Following
inoculation with these two vaceines, a fully virulent culture eould
be injected with impunity. In spite of some accidents due to the
use of imperfectly standardized vaecines, this method of protective
inoeulation has proved, on the whole, of great practical value.
In Franece 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 eultures, but with much greater difficulty.

The serum of actively immunized animals contains specific
protective substances. Inoculation with the blood-serum of gon
actively immunized animal confers some degree of protection
against anthrax infection, and in the hands of Sobernheim, * Selavo,}
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
eireulation. Very favorable reports of the use of Sclavo’s serum
in cases of anthrax in man have come from Italy and from South
Ameriea.

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 phagoeytiec immunity and the funetion of the immune
Serum as sensitizing or opsonie.

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 ecattle, and is said to possess the advantage of
effecting the desired result in a few days and with a single treat-
ment.

Krausi has obtained excellent results in the treatment of
human anthrax with normal beef serum. The serum is heated
twice for half an hour at 56° C. and injected subeutaneously in rela-

* Sobernheim: Ztschr. f. Hyg., 1897, 25, p. 301; Centralbl. f. Bakt., I,
1899, 25, p. 840.

T Selavo: Centralbl. f. Bakt., 1809, 26, p. 425.

1 Kraus: Prensa Med. Argentina, August 20, 1917, p. 91.
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tively large doses, 10 to 30 e.c. or even up to 50 e.c. in severe cases.
In the first 140 cases treated with the normal beef serum only one
death occurred. FEichhorn’s serum® has been used with success in
a number of eases in the United States.

Bacillus Subtilis.—The common bacillus” of hay infusion, B.
subtilis, i1s culturally and morphologically very similar to B.
anthracis. The spores, however, germinate equatorially instead
of at the pole. A heavy tenacious pellicle is formed in broth cul-
tures; gelatin and casein are liquefied more rapidly than by B.
anthracis. B. subtilis is widely distributed in earth, air, and
water, and was formerly regarded as one of the most typical of

“non-pathogenic” organisms.

e The first report of any patho-

Ko, genie power on the part of this
o B ey germ was made by Charrin
and de Nittis, T who cultivated
B. subtilis upon blood-media
and passed it through animals
until it had acquired consid-
erable virulence. The hay
bacillus is also capable of pro-
ducing spontaneous infection
in man, as shown by Baenziger
and Silberschmidt, I who found
pml“jﬁ;t;:jm—“ 1'::‘-*;12:;:{;}::::‘5!:‘; E“&Tﬁ .thc: organism in pure ceultfu:e
(Axenfeld). in a case of panophthalmitis
' following penetration of the

cornea by a piece of steel. They reproduced the disease in rab-
bits and regained the organism. More recently Silberschmidt§
and others!| have deseribed several such eases. The toxie result
of infection is believed to be due to some substance in the bodies
of the bacilli, since the filtrates of cultures have little or no effect.

* Jour. Agr. Res., 1917, 8, p. 37.

f Charrin and de Nittis: Compt. rend. Soe. de biol., 1897, 49, p. 711.

1 Baenziger and Silberschmidt: Bericht der ophthal. Gesellschaft, Heidel-
berg, 1902,

§ Silberschmidt: Ann. de |'Inst. Past., 1903, 17, p. 268.

|| Kayser: Centralbl. f. Bakt., 1903, I, Orig., 33, p. 241; Kneass and Sailer:
Univ. Penn. Med. Bull., 1902, 16, p. 131.
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Before methods of studying bacteria had become as elaborate
and well tested as they now are, the close resemblanee of B. subtilis
and B. anthracis led to a belief that these organisms were simply
closely related varieties and could be transformed one info the other.
Buehner in 1880 maintained that he had succeeded in changing the
virulent anthrax bacillus into the common hay bacillus and vice
versd. His assertions seem to have been based largely upon the
fact that the anthrax bacillus may be attenuated or made less
virulent by a variety of methods, and also upon an insufficient
knowledge of the biologie differences between the two species.

The so-called potato bacillus (B. mesentericus) and a number
of other aérobie spore-bearing bacilli found in water and soil may

be ranked in the B. subtilis group.
15



CHAPTER XV

THE DIPHTHERIA BACILLUS

The discovery of the bacillus of diphtheria and the study of this
preganism and its produects 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-
euish with ﬂc'rt-aint},’ the highly dangerous class of throat affections
caused by the diphtheria bacillus from elinically similar but less
dangerous anginas that are due to a different cause. In a word,
the finding of B. diphtheriz enables a correct 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 unqguestioned value. (3) By systematie
bacteriologic examination of the throats of convalescents it is possible
for health officials to fix the term of neeessary quarantine with
much more precision than formerly. The power to do this is an
invaluable aid in limiting the spread of the disease. (4) Inocula-
tion of a minute amount of toxin infto the skin (Schick test, p. 298)
makes it possible to distinguish susceptible children from resis:-
ant:; the former can then be protected against diphtheria by a
toxin-antitoxin mixture.

The earliest description 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.t Loff er 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 diselaimed the assumption that this was actually the case,
largely on the ground that the bacillus was not found in all cases
of elinieal diphtheria, while, on the other hand, it had been found
by him in the throat of a perfeetly healthy child. The significance
of such findings is now more clearly understood. A similarity of
clinical symptoms does not always betoken causal identity. So

* Klebs: Verhandlungen des Congresses f. innere Med., 1883,
t Loffler: Mitt. a. d. k. Gesund., 1884, 2, p. 421.
274
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far as the local manifestations are concerned, streptococel can pro-
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 occasionally 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

formed a tfoxin which was cap- e —

able of reproducing with singular i "jf, “‘-’ff,',

fidelity the characteristic symptoms ety 'q,““ .

and lesions. f "'#“ v \
Morphology.—The diphtheria / -r .ﬁ_, = f

bacillus is a slender rod ranging {.- 'k‘ f-' 7% ""'

from 1 u to about 6 u in length, ? 0 LW j

When stained with Loffler’s meth- r\ } )

ylene-blue, it usually presents a ‘l "ﬁf....""‘

beaded, striated, or granular ap- \‘}\ '-*"'“""

pearance, which is so characteristic _ Fig. lm.—H:M.li]uH diphtherize,
that by simple microscopic ex- jievchours, serum culiure
amination a trained observer can (Penny, in Journal of Medical
: .. Research).

recognize the Klebs-Liffler bacil-

lus in cultures from a suspicious throat (Fig. 55). In cover-
slip preparations made directly from the false membrane the uneven
staining of the cell protoplasm is less noticeable thanin prepara-
tions from ecultures. 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). Bacilli
containing metachromatic granules are commonly observed in
cultures derived directly from clinical cases. Many recent observers
recognize different morphologic types of B. diphtherize. In the
nose and throat of both healthy and diphtheritic persons diphtheria
bacilli, known as the “barred” and “solid” types, are found
(Wesbrook ) (Fig. 57). The distinction is based upon a dif-

* Roux and Yersin: Ann. de I'Inst. Past., 1888, 2, p. 629,

t Wesbrook, Wilson, and MeDaniel : Tr"rh 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 diphtherie; blood-serum culture showing ciubbed ends
and irregular staining; methylene-blue; x 1100 (Park).

be frequently present on the conjunetiva, and when isolated
from a form of conjunectivitis known as xerosis, is usually denoted
as the zerosis bacillus. The term xerosis bacillus has, however,
been loosely used, and a number of different kinds of organisms

c e ]

7 b
M

Fig. 57. —Wesbrook’s types of Baecillus diphtherize: a, e, d, Granular types;
al, ¢, o, barred types; at, e o solid types; X 15000,

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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egroup.* It is stated that barred forms are sometimes found in
elinical 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-

¢ 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 elinically
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.t

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 § 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 strietly characteristic of the organisms
of this group.

The diphtheria bacillus exhibits a marked tendency to the pro-
duction of involution forms. These oceur especially 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 diphthera
baecilli 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.

t An excelient discussion of morphologic types of B. diphtheriz 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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Gins has modified Neisser’s granule stain for diphtheria bacilli.
The formula for this modification is given on page 58. Scheller*
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 distinction to be made between diphtheria and pseudo-
diphtheria bacilli that was originally claimed for it. Many other
special methods of staining this organism have been employed
with more or less suecess, but few of them are so satisfactory as
the long-used Lofller methylene-blue (see p. 52).

Cultural Characteristics.—The diphtheria bacillus grows fairly
rapidly upon appropriate nutrient media, provided a suitable
temperature—not less than 19° C.—be maintained. The optimum is
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 Loffler 1s ordinarily emploved
for isolation. Liffler’s serum congists of a mixture of three parts
of calf or sheep serum with one part of 1 per eent. glucose broth,
On this medium the diphtheria bacilli grow rapidly at 37° C., often
forming minute but visible colonies 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
eover-slip films made from these colonies diagnosis is almost in-
variably possible. Other organisms that may have been present
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 bacillus is also able
to develop, but less luxuriantly; gelatin is not liquefied by the growth.
The surface colonies on agar, when viewed with a low magnification,
are coarsely granular and somewhat irregular in outline, with
rageed or fringed edges (Fig. 59). In milk abundant growth oceurs
with feeble acid reaction, but the lactose is not fermented and no

* Scheller: Kolle and Wassermann, Handbuch, Erginzungsband 2, p.
107.
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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 distinction, however, does
not seem to be an absolute one. Nitrate is reduced to nitrite by
most strains of B. diphtheriz; indol is not produced.
Resistance.—In growths upon the ordinary eculture-media

i b c

Fig. 58. —Diphtheria bacilli (from photographs taken by Prof. E. K.
Dunham, Carnegie Laboratory, New York): a, Pseudobacillus; &, true
bacillus: ¢, pseudobacillus.

the bacillus may retain its vitality for a long time. On agar it may
live for =ix 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. Léffler has recorded one instance where virulence
was maintained during seventy-seven transfers, covering a period

* Beck: Kolle and Wassermann, Handbuch, 2, p. 777.
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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,* 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 baeillus.
The pharynx is the locality most commonly affected, but diph-
theria of the larynx or membranous croup, and nasal diphtheria
or membranous rhinitis, are by no means infrequent. The nosa
probably often serves as the portal of entry. Diphtheria of the
conjunctiva scmetimes 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. Infection of the muecous 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
the characteristic diphtheritic membrane, containing fibrin,
dead tissue-cells, leukocytes, and bacteria, is formed on the
affected surface. The diphtheria toxin doubtless has a share
in the formation of the membrane, but the most ser.ous in-
juries that it causes are the systemic lesions due to its absorption.
Diphtheria is a typical toxemna. The most severe lesions are
produced in the heart, nerves, and kidnevs. A variety of lesions
may be found in the kidneys, acute interstitial nephritis being the

* Brieger and Friinkel: Berl. klin. Wehnschr., 1800, 27, p. 241.
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most common. It is an old observation that albumin is found
gquite often in the urine of diphtheria patients; there 1s therefore
no reason for attributing this symptom to the administration of
diphtheria antitoxin; as a matter of fact, tests have shown that
the amount of albumin in the urine is sometimes diminished after
antitoxin is given. The lesions in the heart consist commonly of
a fatty degeneration of the mus-
cle-fibers, which may be very G
extensive. Fatty degeneration ' e
also occurs both in the myelin
sheath of the peripheral nerves
and in the white matter of the
brain and cord. These changes
in musele and nerve seem to
explain the nature of the grave
eardiac weakness often observed
in diphtheria, and also the
frequent oceurrence of the more
or less extensive paralysis which Fig. 59. — Bacillus diphtherie
r ; colonies on glyeerin-agar, twenty-
so commonly follows a diph- two hours old: x 39 (Heim).
theritic attack. Here too lies
the explanation of the sudden fatal termination of many cases
of diphtheria regarded as ““mild” or even not recognized as true
diphtheria. A small amount of toxin ean probably cause extensive
damage to vital tissues. ‘‘ A patch of membrane the size of a thumb-
nail on the tonsil may generate sufficient toxin to cause death”
(MeCollom®).,

Animal Inocuiations.—Both the general and local symptoms
of diphtheria can be reproduced by animal inoeculation. Guinea-
pigs are readily killed by subeutaneous injection of a young broth
culture, death usually oceurring within two or three days after
they are inoculated with afew drops of a twenty-four-hour broth
culture of a virulent strain. Nephritic gymptoms, 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. Paralytic manifestations
* MeCollom: Osler's “* Modern Medicine,” Phila., 1907, 2, p. 411.
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appear more frequently in dogs and in pigeons than in guinea-pigs
or rabbits. As a rule, the baeilli remain localized and are not found
in large numbers in the internal organs of the infected animals.
Inoculations upon the healthy mucous membrane of most adult
animals lead to no changes, but if young animals be injected intra-
tracheally or if the mueous surface be injured before inoculation
a characteristie false membrane is produced. The membrane pro-
duced experimentally is histologically identical with that found
in ecases of human diphtheria. Animals vary econsiderably in
their suseeptibility to infection. Rats and miee are relatively
refractory; rabbits are less susceptible than guinea-pigs; -cats,
dogs, and pigeons are highly susceptible. When the bacilli are
introdueed into the alimentary tract, the result is negative, owing
doubtless to the inability of the baeilli to effect a lodgment on un-
injured epithelial surfaces. The bacilli are never found in any
considerable abundance 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 animal test for virulence, which must always be made for
the final identification of an organism suspected of being the diph-
theria bacillus, is commonly made by injecting 1 c.c. of a forty-
eight-hour broth culture into each of two guinea-pigs. One of the
animals is injected at the same time with 50 to 100 units of diph-
theria antitoxin. If the bacillus is a true toxin-producing diph-
theria bacillus the unprotected animal will die within two to three
days, and typically congested adrenals will be found at autopsy;
the protected guinea-pig will live.

The use of the original diagnostic culture (whole-culture
method) injected intracutaneously saves time and appears to be
fully as accurate.® The growth of the diagnostic culture is sus-
pended in 1 c.c. salt solution and diluted further according to the
number of diphtheria-like organisms present, the final volume of
the suspension being from 1 to 4 c.c. One-tenth of a cubic centi-
meter of the suspension is injected into the skin of the abdominal
region of a guinea-pig. The animal is observed for three days or

* Haven and Powell: Amer. Jour. Hyg.,, 1922, 2, p. 237; Bull and
McKee: Amer. Jour. Hyvg., 1923, 3, p. 103,
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until characteristic lesions—necrosis of the superficial layer of the
skin—develop. Four to six eultures may be tested on one animal.

The Diphtheria Toxin.—When B. diphtherie 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. A persistent acid reaction inter-
feres with the formation of toxin, and hence, if sugar is present
in the broth in considerable quantity, the acid produced by its
fermentation hinders materially the accumulation of toxin. In
order to obtain maximum toxin production, the earlier experimental
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 produets of growth. The use of broth freed from mus-
cle-sugar (p. 833) renders this device less essential, although the
free aeccess of air to the cultures is still recognized as important.
The broth for toxin production 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 musele-sugar favors toxin produetion.
Other eonditions, 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 toxieity, 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 cubie 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 eomplete loss of toxieity within a few hours.
When the toxin is kept in the dark and in cold storage, it may

* Smith, Theobald: Jour. Exper. Med., 1899, 4, p. 373.
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retain its activity for a long period—aceording to Abba* as long as
two vears. Roux and Yersin t showed that the addition of a small
amount of aecid to a toxin filtrate caused the toxie 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
toxiec body is precipitated by alcohol and by ealeium chlorid,
caleium phosphate, ammonium sulfate, and other protein preeipi-
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 §
found that toxin is produced in a protein-free medium containing
only ammonium lactate, sodium asparaginate, glycerin, 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 toxic 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 hvpotheses that have thrown light upon its probable
composition and mode of action, are detailed elsewhere (pp. 114,
171).

The effects produced in animals by inoeulation with a sterile
toxin are wonderfully similar to those produced by infection with
living baeilli, 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

* Abba: Centralbl. f. Bakt., 1898, 23, p. 934.

t Roux and Yersin: Ann. de 1'Inst. Past., 1889, 3. p. 273.

f Guinochet: Archiv. de med. exp., 1892, 4 p. 487,

§ Uschinsky: Loe. cit.

| Hadley (Jour. Infect. Dis., Supplm. No. 3, p. 95) obtained abundant
toxin production in sixteen days on the following medium: sodium chlorid,
0.6 per cent.; calcium chlorid, 0.08 per cent.; magnesium sulfate, 0.32 per
cent.; dipotassium phosphate, 0.23 per cent.; ammonium actate, 0.75 per

cent.; glyeerin, 3.4 per cent.; glycoeol, 0.1 per cent., in distilled water.
9 Behring: “Geschichte der Diphtherie,” Leipzig, 1893.
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which oceur in the heart and other organs, and are found both in
cases of human diphtheria and in animals inoculated with diph-
theria bacilli, are reproduced by the germ-free toxin. There is no
eseape, therefore, from the eonclusion that in diphtheria the chief
injury to the animal organism is brought about by the action of
potent poison which iz secreted during the life of the bacillus and
diffuses from the bacterial cell into the surrounding medium.

Under certain eonditions the human throat affords a lodging-place
where the diphtheria bacillus is abundantly supplied with food,

where it finds a highly suitable temperature for its growth and
toxin-production, 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, ecausing 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, eultures,
contained a substance capable of neutralizing the effects of infeetion
or intoxication in other animals. The action was found to be
specific. The praetical importance of this discovery in the case of
diphtheria was soon made evident by the further researches of
Behring, Wernicke, Knorr, Roux and Martin, and others.t The
active principle in the blood and blood-serum is still chemieally
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 produecing antitoxin as inoculation with the baeilli
themselves, and that for antitoxin production on a large secale the
horse could be used advantageously instead of the sheep. The
amount of antitoxin that appears in the blood increases up to a cer-
tain peint in proportion to inereasing doses of the toxin, but the physi-
ologic capacities of each individual animal limit the total amount
of antitoxin produced. The antitoxie substance persists in the

* Bﬁhring‘and Kitasato: Deut. med. Wehnsche., 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.,
1594, 8, p. 609,
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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
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. 151).

In the preparation of diphtheria antitoxin on a large scale cer-
tain procedures are generally followed. Horses have been found
especially suited for antitoxin produetion, both on account of
their size and their relative endurance to the treatment with toxin,
As a rule, gradually inereasing 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 yield a satisfactory
quantity of antitoxin, and a continued selection of the particularly
well adapted animals goes on inevery large establishment. When
the antitoxin in the blood reaches a desirable poteney, for example,
if the blood contains over 300 units per eubie ecentimeter, 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
a month. The serum that separates from the clot is drawn off aseptie-
ally. It is then usually filtered through a Berkefeld filter, protected
against eontamination by the addition of carbolie acid, chloroform,
or tricresol, tested and standardized, and is bottled or placed in
syringes as the diphtheria antitoxin of commerce. If diphtheria
antitoxin is kept in the dark and at a low temperature, it loses
strength very gradually. Some sera show hardly any decrease 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-potency sera. A powdery
deposit often forms in antitoxic sera affer a time, but does not
impair their wvalue. Diphtheria antitoxin may be concentrated
to some degree by precipitating, redissolving, and dialyzing.

The Concentration of Diphtheria Antitoxin.—Two chief
methods of conecentrating diphtheria antitoxin are in use in various
laboratories. The first method is based on precipitation by means
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of ammonium sulfate, the second on precipitation by moderate
heat and ammonium sulfate precipitation. The former method
for precipitation of diphtheria antitoxin was worked out by
Gibson.* The serum is precipitated by adding the same vol-
ume of a saturated solution of chemically pure ammonium sul-

fate. 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 redissolved in a
sufficient quantity of water to make up the volume of the orig-
inal serum. After solution of the precipitate a quantity of
gaturated ammonium sulfate solution equal to the amount of
water used for solution is added, and the precipitate 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
solution of sodium chlorid. The solution is filtered, and the
filtrate, which contains the antitoxin, is precipitated by adding
2.5 c.c. acetic acid (99.5 per cent.) to each liter, and the precipitate
eoliected 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 selution 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 pseudoglobuling 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 =olu-
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 acid in small amounts precipitates the pseudo-
zlobulins in saturated sodium chlorid solutions.

This method was improved by Banzhaf and Gibson. who em-
ployed a fractional methed of precipitation. The serum is first
diluted with the same volume of water, and to this diluted serum

* Gibzon: Jour. Biol. Chem., 1905, 1, p. 161.
i Banzhaf and Gibson: Jour. Biol. Chem., 1907, 3, p. 253.
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is added half its volume of saturated ammonium sulfate solu-
tion. The precipitate which is formed is eolleeted on hard folded
filters, pressed nearly dry, and dissolved in saturated sodium
chlorid solution, the solution being treated with acetic 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 iz 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 is diluted with one-half its volume of water,
and to each 7 c.c. of diluted serum are added 3 c.c. of saturated
ammonium sulfate solution. For two hours this mixture is heated
in a water-bath until it gradually reaches a temperature of 60° C.,
where it is held for fifteen minutes, and then filtered while hot. To
the filtrate is added enough saturated ammonium sulfate solution to
bring the saturation to 50 per cent. The precipitate is gathered on
hard filters, pressed and dialyzed. By heating with 30 per cent. am-
monium sulfate solution some of the globulins are altered =o as to
render the pseudoglobulin fraction smaller, while retaining all
the antitoxin. It is claimed that by this method a concentration
of ten times the original potency can occasionally be obtained,
while by the original Gibson method the concentration is two and
one-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-
fluous constituents of blood-serum are eliminated, constituents
which may aid in the production of rashes or urticaria. One ad-
vantage is the greater yield made possible by the concentration,

* Banzhafl: Bull. of the New York City Antitoxin Laboratory, 1909,
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since with this method it is feasible to draw the blood from the
horses into a solution of sodium citrate or, better, into a solution of
potassium oxalate. Coagulation is prevented by the use of these
chemicals, and a high yield of plasma can be obtained. The fibrino-
gen which remains dissolved in the oxalate plasma is precipitated
with the first precipitate by the fractional method and by the heat
in the last-mentioned method of concentration.

The globulin solutions after dialysis are filtered by suection
through paper pulp in a Buchner funnel until perfectly clear, and
then, after addition of 0.3 per cent. trikresol, are passed by suc-
tion or positive pressure (Fig. 10) through Berkefeld filters into
sterile bottles.

The Curative Value of Diphtheria Antitoxin.—In order to
cure a case of diphtheria in man, the horse-serum containing diph-
theria antitoxin is injected with a sterilized syringe into the
loose subcutaneous tissue, the best locality being in the loose
tissue of the loin (just below the short ribs). Injection may be
made in the back near the angle of the scapula, but is more painful.

Recent studies indicate that the entire dose deemed necessary
should be injected at the first treatment.* Park advises in
mild ecases 3000 to 5000 units, in moderate cases 10,000 units, and
in severe toxic cases 20,000 units in adults, and 10,000 to 20,000
units in children. In the very serious cases intravenous injection
is to be preferred to subcutaneous. Administration of anti-
toxin by the mouth is valueless. There is no 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 cubice centimeter, and improve-
ments in methods of immunization and concentration have resulted
in lowering considerably the dose of horse-serum. Serum con-
taining 500 to 700 units per cubic centimeter is now commonly
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 cubic centimeter, are, unit

- * Park: Trans. Assoc. Amer. Phys., 1912, 27, p. 434.
1
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for unit, just as efficacious, and ean be produced much more eco-
nomically, than the high-potency 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 contains, as a
rule, less of these rash-producing substances than the original
serum.

A few cases of sudden death have been reported following the
administration of antitoxin serum.* The cause isunknown. Iiis
possible that sensitization of the organism to horse-serum (see p. 188)
is responsible, or that some obscure individual peculiarity lies at the
bottom of the trouble. In comparison 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 before and after antitoxin eame into use (1894-95) illustrates
the saving of life that has been effected.

AVERAGE ANNUAL DEATH-RATE FROM DIPHTHERIA PER 10,000
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