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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. Bacteriology is chiefly of professional interest
to the medieal 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 aspects that tend to widen the outlook upon a
variety of human interests.

It need hardly be said that within the eompass of this work
an exhaustive treatment of all sides of 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-
duction 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 classie or historie interest, to some giving valuable sum-
maries or bibliographies of important subjects and to a few in fields
where investigation is very active or opinions considerably at
variance. No pretension to completeness is made.

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

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



110 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
gained only with the assistance of a skilled laboratory instructor
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 Ludvig
Hektoen and N. McL. 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 faet is that prior to the work of the Dutch microscopist,
Anton van Leeuwenhoek, in the latter part of the seventeenth
century, definite ocular evidence for such a belief did not exist.
Leeuwenhoek (1632-1723), who was a skilled lens-maker of Delft,
Holland, spent many years in examining through his microscope
a great variety of natural objects, with unremitting industry if
without system, and in the course of his observations chanced to
come across the organisms now known as bacteria. In a letter to
the Royal Society of London, dated September 14, 1683, he records
in these words his observations upon some tartar 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 (A4, Fig. 1) showed the liveliest and
most active motion, moving through the water or saliva as a fish
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,
17
2



18 INTRODUCTION

and sometimes deseribed a path like that shown in C-D (Fig. 1);
they were present in larger numbers, A third kind eould not be
distinguished so elearly; now they appeared oblong, now quite
round. They were so very small that they did not seem larger than
the bodies marked F, 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. Further, the greater part of
the material consisted of an extraordinary number of rods, of widely

different lengths, but of the same diameter.
e e Some were curved, some straight, as is

LRSS shown in F; they lay irregularly and were
& = . % . -

& interlaced. Since I had previously seen liv-

— ing animaleules of this same kind in water, I

Fe endeavored to observe whether there was

. life in them, but in none did I see the

Fig. 1.—The first pic- SMallest movement that might be taken as a
torial representation of sign of life.”” Leeuwenhoek supplemented
bacteria. Leeuwenhoek, . | : ; ; ;
1683 (Liffer). his observations with drawings, and there is

no doubt that he was the first to see bacteria
and deseribe them aceurately.

The Origin of Bacteriology.—Lecuwenhoek’s observations
remained practically isolated and without fruit for nearly a century.
It was not until 1786 that the work of the Danish zodlogist, O. F.
Miiller, added anything of importance to the knowledge of bac-
teria. 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 deter-
mination [of species] requires so much time, so much acumen of eye
and judgment, so mueh perseverance and practice, that there is
hardly anything else so difficult.” Despite the obstacles, however,
Miiller suceeeded in disecovering many structural details of which
his predecessors had been ignorant. Indeed , he sueeeeded in
depicting several kinds of bacteria so accurately that they ecan
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be identified today as belonging to one or another of the chief
divisions.

Another unequivoeal advance was made by Ehrenberg (1795-
1876). His prineipal work upon the “infusion animals,” “infu-
soria,” or ““ Infusionstierchen,” as the animaleules found in infusions
of hay, meat, and other organic substances were termed, was pub-
lished in 1838, and brought together much more definite and detailed
information concerning bacteria than had been previously secured.
The chief merit of Ehrenberg’s work lay in the system that it intro-
duced into the study of micro-organisms. This investigator was
able to establish a number of different groups among the organ-
isms now called baeteria, and recognized clearly 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 bacte-
rium and spirillum, are still current in bacteriologic nomenclature,
although with changed signification.

In the two or three decades suceeeding IEhrenberg’s work consid-
erable knowledge was amassed concerning the mode of development
and physiology of baeteria, as well as their position in biologic
classification, but the labors of Dujardin, Perty, Cohn, Nigeli, and
others, although important, are quite overshadowed by the work of
Pasteur.

Up to the period of Pasteur’s investigations the role played
by bacteria in various familiar natural processes, such as putrefac-
tion, decay, and fermentation, had been, perhaps, vaguely sus-
pected, 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 biologic importance that it had not hitherto possessed.
Baeteria and kindred micro-organisms were shown to be responsible
for setting in motion and carrying out many every-day processes,
the nature of which had not before been understood or which had
been incorrectly assigned to ““the oxygen of the air" or to other
inorganiec agencies. Putrefaction and decay were shown by Pasteur
to be, not fields for the “spontaneous generation” of life, but mani-
festations of chemical disintegration due to the metabolic activities
of micro-organisms engaged in satisfying their need of food. Fer-
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mentation was not due, as Liebig for a time maintained, to the pres-
ence of dead and dying yeast-cells which in the course of their own
molecular disintegration toppled over and dragged down certain
complex organic molecules with which they were in contact, but,
on the contrary, was caused by the effort of living and growing
yeast-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 ean 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 uni-
versally recognized. Lord Lister, whose own name is inseparably
connected with the triumphs of antiseptic surgery, thus addressed
Pasteur in 1892 at the latter’s jubilee celebration: “Truly, there
does not exist in the entire world any individual to whom the
medical sciences owe more than they do to you. Your researches
on fermentation have thrown a powerful beam, which has light-
ened the baleful darkness of surgery, and has transformed the treat-
ment of wounds from a matter of uncertain and too often disastrous
empiricism into a scientific art of sure beneficence. Thanks to you,
surgery has undergone a complete revolution, which has deprived
it of its terrors and has extended almost without limit its efficacious
power.”

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

If the researches of Pasteur mark the beginning of bacteriology,
those of Robert IKoch must be regarded as establishing bacteriology
on the basis of an independent biologie secience. In 1876 Koch
brought forward convinecing evidence that a specifiec 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 so eonclusive that it drew the attention of the scientifie
world, and incited many investigators to undertake similar
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researches along the line of the “germ theory.” In 1882 Koch fur-
ther conferred an inestimable benefit upon practical workers in this
field by his invention and application of solid eulture media, a tech-
nieal device by which it becomes possible to isolate single species of
baeteria and obtain them in pure culture. Prior to the introduction
of solid media the izolation of a single species of mierobe involved
much diffieulty and almost always a considerable measure of doubt.
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 conelusions were hazardous.  When, how-
ever, Koch showed how to obtain the descendants of a single living
cell or cluster of eells free from extraneous matter and without
admixture with other organisms, immediate advance became possi-
ble. It eannot be a mere coincidence that the great discoveries in
bacteriology followed fast on the heels of this important technical
improvement, and it is perhaps not too much to claim that the rise
of bacteriology from a congeries of incomplete although important
observations into the position of a modern biologie science should be
dated from about this period (1882).

The Scope of Bacteriology.—As in other growing sciences, so in
bacteriology a noticeable differentiation has occurred. The rela-
tion of bacteria to disease early took a eonspicuous place among the
subjects included within the scope of the new science, and it is
highly probable that the side of bacteriology bearing upon the
science of pathology and the art of medicine will always remain,
what it is today, its most broadly important aspect. There is at
present a tendeney for the workers in this field to specialize either
along strictly pathologic or along hygienic lines. In pathologic
bacteriology consideration is given chiefly to the effects produced
upon the animal body by the presence of bacteria and their toxins,
to the distribution of the germs within the body, and to the
reactions, defensive and otherwise, evoked by baecterial invasion.
Hygienic or sanitary bacteriology deals more particularly with the
channels by which bacteria leave the human body and pass into the
outer world, with the mode and duration of life of disease germs
in water, soil, and air, and with the avenues by which these disease
germs are able again to approach and infeet healthy individuals.
No sharp line can be drawn between pathologic and sanitary bacte-
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riology. A common meeting-ground of great importance is found
in the researches upon immunity, where it is shown that the resist-
ance of the animal organism to infection depends both upon the
nature of the tissues with which the germ comes in contact, and
upon the 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 pathologie and sanitary baeteriology, of preventive and
curative medicine, is illustrated with especial clearness in the chapter
on diphtheria (Ch. 14).

Although, from a praetical point of view, the part played by
bacteria 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
direetions.

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

It has been discovered, for example, that certain kinds of bacteria
profoundly modify the eomposition of the soil and the character of
crops, and are hence of importance to the agriculturist; that other
kinds of bacteria impart the characteristic flavors or aromas to but-
ter, cheese, and other dairy produets; and that still others determine
the success or failure of various industrial processes, 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 bac-
teriology to various industries and manufactures and to agriculture
are likely to become mueh more numerous in the near future.

Underlying all the applications of bacteriology are certain fun-
damental facts and principles concerning the structure, mode of
development, and general physiologic requirements and capabil-
ities of bacteria themselves. This subject-matter constitutes the
ground-work of baeteriology, and is essential not only to a proper
comprehension 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
bacteriology owes its present important place among the biologie
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sciences quite as much to its general seientific signifieance as to the
success of its practical applications. It has been often pointed out
that bacteriology has produeed a change in man’s eonceptions of the
world around him so sweeping as almost to deserve the term revolu-
tionary. Up to the middle of the nineteenth eentury the charaecter
of many of the most familiar of natural processes, such as decay,
fermentation, and the like, was entirely misunderstood; eontem-
porary spontaneous generation of at least the lower forms of life
was the generally accepted belief of most seientific men; infectious
diseases were not sharply differentiated 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
whieh the unscientific imagination rioted in mystery and extrava-
gance. The penetration of this realm of obseurity by the discoveries
of baeteriology gave the human race for the first time in its history a
rational theory of disease, dispelled the myths of spontaneous gen-
eration, and set the process of decay and kindred phenomena in
their true relation to the great eyele of living and nonliving matter.

The new conception of the microscopic underworld which bae-
teriology brought into biologic science must be reckoned as a con-
apicuous 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 seience.

Some of the aspects of the historical development of bacteriology are
admirably treated in two essays by Huxley: “ Discourses, Biological and
Geological,” New York, 1894 (Yeast, p. 110; Biogenesis and Abiogenesis,
p. 229). A fairly detailed history of bacteriology to 1887 has been written by
Loffler, entitled ““Vorlesungen itber die geschichtliche Entwickelung der Lehre
von den Bacterien,” Leipzig, 1887.



CHAPTER 2

METHODS OF STUDYING BACTERIA

Tue ubiquity of bacteria, their minute size, and their ocea-
sional high resistance to external influences gave them a prominent
place in the controversy that raged in the middle of the nineteenth
century over the question of spontaneous generation. It was then
assumed that when organic fluids and infusions of various kinds
were heated to the temperature of boiling water all life was killed.
If, therefore, bacteria appeared in infusions which had been first
heated and afterward supposedly protected against the ingress
of micro-organisms from the air, their advent was hailed as an
instance of spontaneous generation. It was, perhaps, not unreason-
able to suppose that if any kind of life developed from nonliving
matter, this might be expected to oceur among organisms so rela-
tively simple in structure as bacteria. The progress of investiga-
tion, however, showed that it was not altogether an easy matter
either to free organie fluids and extraets from bacteria, or to prevent
the entrance of germs from the air. In the endeavor to overcome
these two difficulties a rudimentary bacteriologic technic was devel-
oped which laid the foundation for the latter discoveries of Pasteur
and Koch. Thus the discovery that cotton plugs, while they allow
the air to eirculate freely, are an effectual barrier to the floating
particles in the air (Schréoder and v. Duseh, 1854) was the direct
outeome of experiments on spontaneous generation. Modern bae-
teriologic technie still makes extensive use of the eotton 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 experimentation
of any sort is the central point of bacteriologic method. The princi-
ples of sterilization may therefore first be considered.

Sterilization of Glassware and Instruments.—As a preliminary
to sterilization glassware, especially when new, should be thoroughly
cleansed by boiling in soapsuds, or by soaking for an hour or more in
a chromic acid eleaning mixture:

24
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The sulphurie acid is added slowly, with constant stirring.

After being thoroughly rinsed and dried, test-tubes and flasks
are plugged with a good quality of ordinary nonabsorbent cotton.
The plug should eompletely fill the opening, but a tight plug is
unnecessary and hinders easy manipulation. A simple method
for test-tubes is to use enough cotton so that the empty tubes
may be picked up by the plug. The plugged tubes and flasks are

Fig. 2.—Lautenschliiger hot-air sterilizer.

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
to a temperature of 170 to 190 C. For the destruection of all
baecteria, even those in the resistant spore stage, forty-five minutes
to one hour iz sufficient. In many ovens and hot-air sterilizers
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considerable temperature variation oceurs 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 directly in the flame or wrapped in
manila paper and heated in the hot-air sterilizer at 170 C. for one
hour. Seissors, foreeps, knives, hypodermic needles, syringes, ete.,
should be boiled in water or in a 1 per cent soda solution for three
to five minutes before they are used, and after use boiled again
thoroughly for disinfection. Wires and loops of platinum or chrome
nickel for transferring baeteria from
cultures are heated directly in a
gas or alechol flame until red hot,
and then allowed to cool so that
they will not injure the bacteria
touched by them.

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

Autoclave Sterilization.—In or-
der to effeet immediate steriliza-
tion of culture media, steam under
pressure, and hence at a tempera-
ture higher than 100 C., is often
used. The apparatus for this pur-
pose, known as an autoelave, con-
sists of a steam ecylinder with a
covered opening that ean either be securely fastened or is held tight
by the pressure within, a pressure-gage, safety valve, and sometimes
a thermometer (Fig. 3). Steam is generated in a boiler underneath
by means of a large gas burner or is supplied by direet conneetion
with steam heating pipes. A temperature of 120 C. (15 pounds)
for ten minutes is usually sufficient to sterilize eompletely all tubed

Fig. 3.—Autoclave. Horizontal
form.
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media ; media in bulk should be heated for fifteen to twenty minutes.
(C'are 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 care should be taken to see that the
pressure is inereased very gradually from zero to 15 pounds, other-
wise the media in tubes and particularly that in flasks will not be
maintained long enough at the temperature necessary to insure
bacterial destruction. Gas-heated autoclaves work so slowly that
there is no difficulty of this nature.

The autoeclave is much used for sugar-free broth, agar, milk
and gelatin, and for sterilizing test-tubes, apparatus, and discarded
cultures. In many laboratories it is used for broths containing
the simpler carbohydrates. A difference of opinion exists as to the
desirability of such a procedure. The more complicated earbohy-
drates and most body fluids are best sterilized by the discontinuous
method. In the preparation of LofHler’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 in a
shorter time, provided sufficient eare is taken to raise the medium
slowly to the temperature of boiling water. In this way the air is
driven from the medium before coagulation. Immersion of the
tubes of blood-serum in warm water for half an hour before steriliz-
ing, is advised.

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

Byv the discontinuous method the medium is heated the first
day for fifteen to twenty minutes after the steam has filled the steri-
lizer. The steaming process is repeated on one or two suceessive
days, the medium being kept at 20 C. in the intervals. This
method aims to kill by each steaming all those bacteria that are in
the vegetative form, while the intervals of twenty-four hours are
supposed to allow time for the
resistant spores to develop into
vegetative forms, which are
destroyed at the next steaming.
The method is not always success-
ful. Smith' has pointed out that
the spores of anaérobes may some-
times fail to germinate during the
twenty-four hour intervals in liquid
media, such as the shallow layers
of broth or milk where the ligquid
is well oxygenated, but remain dor-
mant until faveorable anaérobic
conditions come about through the
introduetion and growth of film-
producing organisms, when they
germinate and a mixed culture

Fig. 4.— -"'Ll'!'r:flﬁfil ;‘Jﬂﬂm sterilizer results. Most flasks of media will
fowier).,

remain sterile after four steamings
if the intervals between are lengthened to forty-eight hours, but
the autoelave may have to be brought into play in very obstinate
Cases.,

Preparation of Culture Media.—The food necessary for most
miero-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 earbon ecompounds

L Bmith, Theobald: Jour. Exper. Med., 1898, 3, p. 647.
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and some salts and water are present. A neutral or slightly alkaline
reaction and a temperature of about 20 C. afford excellent oppor-
tunity for the growth of miero-organisms in the presence of almost
any ordinary food-stuff. A hydrogen ion concentration of 6.8 to
8.4 will permit the growth of most pathogenic species. It is largely
by means of variations in the behavior of baecteria toward different
carefully prepared nutrient substances that baeteriologists are able
to differentiate the bacterial species. Many kinds of culture 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, trans-
parent 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 pathogenie
forms grow best, and, moreover, certain forms react upon the gelatin
g0 as to produce liquefaction. To meet these conditions another
gelatinous substance, of vegetable origin, agar,! which remains solid
up to 100 C. and is not liquefied by baeteria, has been found to
possess special advantages.  Nutrient agar, also called simply agar,
and its numerous modifications—dextrose agar, blood agar, ete.—
are now the most widely used culture media. A variety of dehy-
drated media can now be purchased from dealers in biologieal
supplies and are very useful for many reasons such as uniformity
of composition.

Beef Broth—Five hundred grams (about 1 pound) of chopped
lean beef® 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 peptone® and 5
grams of salt are dissolved in the filirate with as little heating as
possible, the solution made up to a volume of 1 liter, and the reaction
adjusted while hot by the addition of the required amount of normal
sodium hydroxide. For the cultivation of many bacterial species
meat extract may be used in place of meat infusion. In this case
dissolve 3.5 grams of meat extraet and 10 grams of peptone in 1

1 First used by Frau Hesse.

2 Veal has been found preferable for some bacteria, particularly those species
that oceur in the upper respiratory tract.

3 A number of brands of American-made peptone are now obtainable,
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liter of water by gentle heating, make sure that the volume is correet,
and then adjust the reaction.

The essential feature in the reaction of culture media is the
hydrogen ion concentration. The hydrogen ion concentration of a
medium is expressed by use of the symbol Py, as suggested by Siren-
sen. Numerically this is the logarithm of the reciprocal of the
hydrogen ion concentration. Thus if Cy, the concentration of
hydrogen ions, is 10® N (i. e., '1.uul:n.0m N), and taking Py = log
EIH we have Py = log --j-}___ = log 1,000,000 = 6.0. For the

1,000,000

neutral point Py = 7.0; because of the reciproeal relation between
P, and hydrogen ion concentration, the number decreases with
increasing acidity and inereases with increasing alkalinity. The
hydrogen ion conecentration is most accurately determined by means
of a potentiometer.® It has been shown, however, that in different
flasks or tubes of the same medium, sterilized at the same time, the
final hydrogen ion concentration attained varies slightly. There-
fore, other methods, less time consuming and requiring less elaborate
apparatus, may be used for bacteriologic work. Sorensen® in the
course of his studies on enzymes developed satisfactory colorimetrie
methods for determining hydrogen ions. These have been elabo-
rated by Clark and Lubs® and applied to bacteriologic media.
Others* have attempted to simplify the rather complicated standard
solutions of these investigators. The list of indicators on page 31,
as suggested by Clark and Lubs, and by Cohen, includes the limits
of the Py values required for most media.

The method is as follows: Place 4 ce. of neutral distilled water
in a small (4-inch) test-tube, add 1 ce. of the medium and 5 drops
of indicator. Mateh the color obtained with one of a series of
standards made in the same way from solutions of known hydrogen
ion concentration or with eolor plates.® Various ingredients may be
used in the preparation of these solutions. Those proposed by

1 For a comprehensive discussion of methods for determining the Py value
see Clark: “The Determination of Hydrogen lons,” Williams & Wilkins, Balti-
more, 1922,

? Siirensen: Biochem. Zeitsch., 1909, 21, pp. 131, 201; 1909, 22, p. 352.

¥ Clark and Lubs: Jour. Baet., 1917, 2, pp. 1, 109, 196.

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

5 Clark: “The Determination of Hydrogen lons,” Baltimore, 1922,
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LIST OF INDICATORS

Coneen- |
Common  Name l:lr*:tli?:‘l:;t | Range, Py

= e}

1
L 51111 1 01 TR P ML l 0.04 | 1.2-9.8
Brom phenoliblue. . ... -ciocaeiaaaal G ) 3.0-4.6
Brom cresol green. .. ... .......0.000..| 0004 | 4.0-5.5
L P B e e SRR R A T e M i 4.4-6.0
PronyEmed ot L | 0.02 4.8-6.4
Bromeresol purple......................| 0.04 5.2-6.8
Erom thymel blue: .- o oo 0.04 6.0-7.6
hemalired o S ] L OD 6.8-8 4
Ty B e et e PR ety | L TEL 7.2-8.8
Sy B o T R ety e e (1 IR 8.0-9.6
Cresol phthalein........................| 0.02 8.2-9.8

Clark and Lubs are the most satisfactory, but are difficult to prepare.
Sorensen used ' molal solutions of potassium dihydrogen phosphate
(KH.PO,) and disodium phosphate (Na.HPO,2H.0). The table
below gives the amounts of each solution in a total volume of 20
ce., corresponding to Py values from 5.3 to 8.3.! Care must be
taken to ensure the purity of the salts, particularly in the prepara-
tion of the sodium phosphate. This salt loses part of its water of
erystallization on standing.

AMOUNTS OF SOLUTIONS ACCORDING TO Py VALUE

Pu M,/ 15 KH:PO, M/15 Na HPOu
5.3 19.5 0.5
0.0 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 5.5
6.6 12.3 o
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 2.8 17.4
7.8 1.6 15.4
8.0 1.0 19.0
8.3 0.5 o 19.5

! Sorensen: Biochem. Zeitschr., 1909, 22, p. 355.
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The medium may be adjusted by trial or titrated in the fol-
lowing manner: Place 5 ce. of the medium in 20 ce. of neutral dis-
tilled water and add 10 drops of indicator (determined by the
desired hydrogen ion coneentration). From a buret add N/20
sodium hydroxide until the color matehes a solution prepared in
the same way from the Py standards. The number of cubic eenti-
meters of N/20 alkali used, multiplied by 10, gives the quantity of
normal sodium hydroxide necessary to adjust 1 liter of the medium.
The reaction obtained should be checked by a test after adjustment.

After adjustment the broth is heated in a flask in the autoelave
at 120 C. for ten minutes, allowed to cool again to bring down the
precipitate, and its final reaction determined, then it is filtered,
placed in flasks or tubes, and sterilized.

It is probable that the precise initial “reaction” of bacterial
culture media is not of so much importance as is sometimes assumed,
at all events, so far as ability to multiply is concerned. The sensi-
tiveness to hydrogen ion coneentration supposed to be possessed
by certain bacteria needs investigation by more accurate methods
than those hitherto employed. It must not be forgotten that when
growth has once started, bacteria themselves are the primary faetors
in determining the reaction of the medium. Little is known about
the exient to which products of bacterial growth other than hydro-
gen ions interfere with continuance of multiplication.

Dextrose-free Broth—Meat, and also extraet of meat, often
contain a slight amount of muscle sugar or dextrose. If sugar-free
broth is required, a simple method of removing the musele sugar
is employed (Theobald Smith): 10 to 20 ce. of a pure, young broth
culture of Bact. coli is added to the infusion of meat, and ineubated
eighteen hours at 37 C. The broth is then boiled to kill the organ-
isms and the preparation earried on as above. Control tests should
always be made, since prolonged activity of Baect. coli ma y cause the
development of indol or other products. Special broth media
are prepared by adding 0.5 or 1 per cent of dexirose, lactose, sac-
charose, or other carbohydrate to the sugar-free broth. Broth
containing carbohydrate is preferably sterilized by the diseontinuous
method.

Gelatin—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 over a water-bath or an
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asbestos pad only long enough to dissolve the gelatin; it should
be stirred constantly. It is then cooled to 60 C., the reaction
adjusted, and an egg, dissolved in 30 ce. of water, stirred slowly
in. The medium is placed in a flask and eautiously heated in an
autoelave to 10 pounds’ pressure for five minutes in order to coagu-
late 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 once in the ice-box. In warm weather
12 per cent of gelatin is neces-
sary. Special care should be
taken to prepare gelatin each
time in a uniform way, since
otherwise the baeterial growth
will vary considerably due to
the differences in the media.!
The wusual method of deter-
mining the gelatin-liquefying
properties of baecteria is to
study stab- or plate-cultures
in this medium incubated at
20 C. for one fo six weeks.

The appearance of stab cul-

Fig. 5.—Gelatin plate showing lique-
tures is sometimes quite dis- fying and nonliquefying colonies (From
: ; o + C'The Nature of the World and of Man,™
tinetive (see Fig. 102, p. 406). (1926) Courtesy of the University of

The progressive liquefaction of Chicago Press).

the medium should be noted at
intervals. In the form of growth and the extent or shape of the
liquefied zone, plate colonies sometimes contribute important infor-
mation conecerning the metabolism of the organisms, and may aid
materially in their identification (Fig. 5). Rothberg® has suggested
that organisms which do not grow rapidly or at all at 20 C. may be
grown in gelatin at 25 to 37 C. (according to their temperature
relations) for eighteen to forty-eight hours, and then a portion of
the culture inoculated on the surface of gelatin in a test-tube and
incubated for fifteen days at 20 C. The produetion of gelatinases
1 Whipple: Tech, Quart, 1902, 15, p. 127.
* Rothberg: Abstracts of Baet., 1917, 2, p. 12, See also Rush and Palmer:

Jour. of Bact., 1921, 6, p. 571
3
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(gelatin-liquefying enzymes) in the original culture will be evidenced
by liquefaetion in the subculture. A more rapid but somewhat less
reliable method is to incubate gelatin eultures 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 solidifies; if liquefyving enzymes have been
produced, the gelatin remains fluid or semi-solid.?

Agar.—To the standard beef broth add 1.5 per eent of pure
shredded agar. Complete solution of the agar requires a boiling
temperature and some little time. This can be more easily accom-
plished if the agar is finely cut and allowed to soak over night in
a small amount of water or if it is dissolved in a minimum quantity
of boiling water before the hot broth is added. After solution it
is necessary to replace the evaporated water 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 steriliza-
tion in the Arnold steam-bath at 100 C. Other earbohydrates
may be used in the same proportions. It has been customary to
add sufficient litmus solution to the agar to give a distinet color,
either before sterilization or, preferably, just before plating or
inoculation, In the latter case the litmus solution must be sterile.
In recent years it has been difficult to obtain a supply of satisfactory
litmus, with the result that other indicators have come into use
which have proved to be better than litmus. In the earbohydrate
media either brom-eresol-purple®* or Andrade’s indieator® may be
used. Since these indicators are stable they may be added before
sterilization.

Miil:—DMilk is a useful medium for determining the production
by bacteria of acids or enzymes which precipitate or digest the

! Levene and Carpenter (Jour. Baet., 1923, 8 p. 297) have suggested the
use of formol amino acid titrations and measurements of viscosity changes as
indices of hquefaction during the course of bacterial growth in gelatin.

* Five cubie centimeters of a 0.25 per cent aleoholic solution per liter of
medium.

 Five-tenths per cent acid fuchsin in distilled water, decolorized to a yellow
by N/1 NaOH. Ten cubic centimeters of this solution per liter of medium,
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easein, or act upon the lactose. Fresh milk, or in large ecities ' certi-
fied”” milk, should be obtained, steamed for fifteen minutes in the
Arnold sterilizer, and placed in the ice-box overnight to allow the
eream to separate. The middle portion of the milk should then be
siphoned off, avoiding both eream and sediment. The usefulness of
milk as a diagnostie eulture medium is enhanced by the addition of
an indicator such as brom-cresol-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 sterilize the milk powder suspension for fifteen min-
utes at 10 pounds pressure.

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

Blood-serum.—This medium is used mainly for cultivating the
diphtheria bacillus. Usually beef blood is allowed to clot, and the
straw-colored serum pipeted off either directly or after eentrifuging.
Liffler's blood-serwm 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 care is
taken to raise the temperature of the medium slowly in order to
prevent the formation of bubbles. Hiss serum-water is made by
adding 1 part of beef-serum to 3 of water and sterilizing in the
Arnold for three suceessive days.

Potato.—Many nonpathogenic organisms grow readily and
characteristically on potato. Of the several methods of prepar-
ing potato, the simplest is as follows: Cut a eylindric 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 run-
ning water for a few hours and then slipped into potato tubes so
that they present a slant surface uppermost for inoculation. Spe-

I Bee footnote (2) on page 34.
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cial 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 autoclave. Heinemann' has devised a medium
which has been found advantageous as a substitute for potato.
The following medium also has been found to be useful, sinee yeasts
and molds as well as the chromogenie bacteria develop readily on
it: Cut 250 grams of potato into pieces about the size of a walnut,
place in 500 ce. of distilled water, and steam for one hour. Pour
the liquid through a wet towel, add 1 per eent dextrose and 1.5
per cent agar, heat until dissolved, make up to 500 ce. with distilled
water, tube, and sterilize.

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

Redistilled wafer. ... 0o i e, 1DO0 00
TN g R S e e e A e s S RS 2 Gm.
) L TR
e I e e g e e L e
Uschinsky’s medium (Friinkel's modification) :*
T e L T T e SO, SOOI || [ i,
E Ty e e et L 4 Gm.
AmmAT eI NRChate:. . . R [ 5t
Na.HPO;. . ... 2 =
G e e 1

For cultivation of organisms of the colon-aérogenes group Ayers
and Rupp' have used the following medium containing inorganic
nitrogen and lactose as the only available earbohydrate:

Per Cent

SBodium ammonium phesphate. .......................... 0.4
Aeid potasainm phoaphate. ... . i i i e i 0.2
B e e e A e e 1.0
BT e e s e e e L L SR e M e 1.6

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

*Jordan: Bot. Gaz., 1899, 27, p. 19; Jour. Exper. Med., 1899, 4, p. 627.

* Frinkel: Hyg. Rundsch., 1894, 4, p. 769. For other formulas see Erwin
Smith: ** Bacteria in Relation to Plant Diseases,” Washington, 19005, p. 197.

* Ayers, 8. H., and Rupp, P.: Jour. Bact., 1918, 3, p. 433.
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At the time of plating there is added to every 100 ce. of the
above medium while hot 0.5 ee. of a 1 per cent aleoholie basic fuchsin
solution and 0.5 ce. 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 surrounded by a deep
red ring. Other organisms that develop give pink or uncolored
colonies.

Special Media and Biochemical Tests.—A greal variety of
special media are used in connection with the study of different
organisms, either because such media are particularly favorable to
the growth of those organisms or because they reveal certain char-
acteristie features and biochemieal reactions. The addition of
glyeerol to nutrient agar, for example, favors the development of the
iubercle baeillus.  Certain organisms, of which the so-called “influ-
enza bacillug ' is the type, are favored by the presence of hemoglobin
in the culture medium, and are often designated on that account as
the hemophilic baecilli.' A few media have a decisive differential
value: the typhoid bacillus does not produce either gas or acid in
lactose broth, whereas a closely allied baeillus, Baet. coli, found in the
normal human intestine, actively ferments lactose. In general, the
ability to ferment earbohydrates or substances like mannitol and
glyeerol 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
color of litmus (as in litmus milk) or of methylene-blue, or by the
reduetion 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 cent peptone, 0.02 per cent nitrite-
free potassium nitrate) add to 3 cc. of the culture in a clean test-
tube 2 cc. each of the following solutions: (1) Sulphanilic aeid
solution made by dissolving 8 grams of the purest sulphanilic acid
in 1000 ce. of 53N acetic acid (sp. gr. 1.041); (2) ae-amidonaph-
thalene acetate solution prepared by dissolving 5.0 grams solid
a-naphthylamine in 1000 ee. of 5N acetic acid and filtering the solu-
tion through absorbent eotton. 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.

! Davis: Jour. Infect. Dis., 1907, 4, p. 73.
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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 pep-
tone solution (1 per cent peptone and 0.5 per cent NaCl in water).
More satisfactory are the trypsinized media of Rivas! and Cannon.2
After four days’ incubation the presence of indol may be detected
by eautiously adding 1 ce. of Ehrlich’s reagent so that it forms a
layer on the surface of the medium. A red color (due to the forma-
tion of a compound soluble in amyl aleohol) indicates a positive
result. The test may be made quantitative. Ehrlich’s reagent is
prepared as follows:

Paradimethylamidobenzaldehyde. . ................ .. 4 Gm.
Aleohol, B8 DEEBRNE. (. i st e e i A B
Concentrated, 0. P, BICL ... .. ..comivnnnsnsomninmen B

The vanillin test? is a satisfactory substitute.

The Fermentation Tube.—As already pointed out, wvarious
forms of bacteria differ greatly in their ability to ferment carbo-
hydrate substances. The use of special tubes for studying fermen-
tation and gas production was first recommended by Theobald
Smith. To determine the mere presence or absence of gas forma-
tion, the Dunham inverted vial is now generally used. Culture-
tubes are one-third filled with broth from which the muscle-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 replaced by the broth. If
the Smith tube (Fig. 6) is used it is completely filled with the car-
bohydrate 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 eard (Fig. 6). 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

! Rivas: Centralbl. f. Bakt., I, Orig., 1912, 63, p. 547,

* Cannon: Jour. Bact., 1916, 1, p. 535.

* Nelson, V. E.: Jour. Biol. Chem., 1916, 24, p. 527.

4 8Smith, Theobald: “The Fermentation Tube,” Wilder Quarter Century
Book, Ithaca, 1893, p. 187.
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NaOH solution and the mouth of the tube closed tightly with the
thumb. The gas is tilted back and forth between the bulb and
the elosed 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 faet that the sodium hydrate has absorbed the earbon
dioxide; the residual gas, which is usually chiefly hydrogen, can then

—
LH"""“--.. H"“"‘-.._‘
5 [ —— P
a ¥ "“"--.._____‘h
507 | e P
Pe— | [ — T —
""-—-.._______‘ | ?aa
Box| | T e iy i
— 304
BO% 50}
T — ?ﬂ:%’
Qo Jok
i
ool

Fig. 6.—Frost's chart for measuring gas in the fermentation tests (Hene-
mann’s ' Laboratory Guide").

be measured. The ratio of hydrogen to carbon dioxide or the gas for-
mula of an organism may be stated, for example, as follows:

Hy :COs::30:15::2:1.

It is evident that results obtained in this manner can never
be precise. The solubility of carbon dioxide 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 atmos-
phere, and other factors. It has been shown, especially by Keyes,'
that more uniform and comparable results can be obtained by using
bulbs sealed after the exhaustion of the air. A modified form (Figs.

! Keves: Jour. Med. Research, 1909, 21, p. 69.
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7 and 8) has been suceessfully used by Rogers! and his eollaborators
in a study of gas production in the eolon group of baecteria.
Thermal Death-point.—The importance of knowing the condi-
tion and the time neeessary for the destruetion of bacteria has
caused the introduction of certain exaet methods for testing the
death-point of various organisms subjected to the influence of heat

. Figs. 7 and 8—Fermentation bulb (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.
and to the action of disinfectants. The heating test is best made
by use of a small glass bulb devised by Sternberg (Fig. 9). 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 is drawn by
suction into the bulb as it eools. 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

! Rogers, Clark, and Davizs: Jour, Infect. Dis., 1914, 14, p. 426.
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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 by exposing to a temperature of 50
(', for five minutes and then for ten minutes, repeating for every two
degrees up to 70,  Spores require still higher temperatures for their
destruction. After being cooled quickly the bulb contents are
emptied into a Petri dish and melted agar added, to determine by
the development of colonies the number of live organisms present.
Eijkman! has called attention to an important error in such experi-
ments. Many cells are so damaged by exposure to heat (and prob-
ably the same is true of other disinfecting agents) that they develop
exceedingly slowly, although their vitality is not destroyed. In one
experiment with Baeterium eoli no ——
colonies were visible on a gelatin plate
within three days after incubation of
the heated eulture, but on the same
plate after fifteen days 670,000 colo- Fig. 9-—Sternberg’s bulb for
e aodll e o et P TR onden testing thermal death-point.
to discover whether all the organisms have been killed the con-
tents 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 solu-
tion silk threads which had been dipped in an emulsion of the spores
and dried. The threads were then washed and laid upon the sur-
face of agar. Hill* devised a simpler and more exaet method of
preparing test objects. Sterilized glass rods are dipped to a depth
of 1 inch into forty-eight-hour-old broth eultures of the organism
to be used in the test. The rods are then placed in test-tubes fitted
with eotton plugs, earefully dried in the thermostat, and immersed

in the disinfectant solution for aceurately timed periods, varied as
desired. Eaeh rod, on removal, is gently but thoroughly washed

I Bijkman: Centralbl. f. Bakt., 11, 1909, 22, p. 508.
: Hill: Rep. and Papers, Amer. Pub, Health Assoc., 1808, 24, p. 264,
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with sterile physiologie salt solution, 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 tempera-
ture at which the experiments are made, the number of bacteria,
the nature of the culture medium from which the baeteria are
derived, and the solvent in which the disinfectant is employed all
influence the results. Differences between bacterial species and
between different strains of the same species are further complicating
factors. Beeause of such modifying influences much of the earlier
work on the efficiencey of disinfeetants contains inconsistencies and
diserepancies.

The Rideal-Walker method first led to a more aceurate standard
of comparison.! The method consists essentially in determining
what is known as the carbolic acid coefficient or, better, the phenol
coefficient, sinee the carbolic acid of ecommerce may vary in the
amount of phenol present. The phenol coefficient of a disinfeetant
is obtained by dividing the dilution of the disinfectant that kills an
organism in a given time by the dilution of phenol that kills the same
organism in the same time under exaetly the same conditions.

A modification of the Rideal-Walker method was devised by
Anderson and MeClintie.® The phenol coefficient determined
according to their method is known as the “Hygienie Laboratory
phenol coefficient. ™

A still later method of standardization has been prepared by
Reddish and is thought to combine the best features of the Rideal-
Walker and Hygienic Laboratory tests while eliminating the objec-
tionable features.®

Sterilization by Filtration.—It is often found desirable to sterilize
water and other fluids, such as eulture media in which bacteria
have been growing, without subjecting them to heat or to the action
of disinfeetants. The method of sterilization by filtration is espe-
cially useful in obtaining soluble bacterial produets, such as toxins
and enzymes, which might be injured by chemiecals or heat. The

! Rideal and Walker: Jour. Roy. San, Inst., 1903, 24, p. 424,

* Anderson and MeClintic: Jour, Infect, Dis., 1911, 8, p. 1; Bull. 82, Hyg.
Lab., U. 8. Public Health Service, April, 1912,

* Reddish: Am. Jour. Pub. Health, 1927, 17, p. 320. This is the report of

the referee on Standardization of Disinfectants presented to the Committee
on Standard Methods of the Am. Pub. Health Assoc.
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baeterial produets are separated from the bacteria by filiration of
the culture through unglazed porcelain eylinders, which, together
with the glass and rubber connections forming part of the filtration
apparatus, have been previously sterilized by autoeclaving. The
poreelain eylinders in use for this purpose vary in form and in the
size of their pores, one of the most commonly used being the *“ Cham-
berland B" pattern. The passage of fluids is usually very slow
through the most eompact cylinders, and may be hastened by a
water suection-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. 10). A wvery useful form of
apparatus for filtering such fluids as blood-serum under pressure
is shown in Fig. 11. The small Berkefeld filter with eylinders made
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Fig. 10.—Apparatus for the rapid filtration of toxins, ete.: a, Filter flask;
b, Woulff bottle to guard against regurgitation of water from the pump; e,
reservoir for the filtrate; d, water vacuum pump (MeFarland).

of infusorial earth is most convenient for obtaining eclear solutions,
but the coarser grades of Berkefeld filters permit the passage of
very small bacteria. Minute defects in the cylinders sometimes
oceur, and the filtrate should be tested for sterility by inoculation
of a small amount into eculture media. Bacterial fluids after filtra-
tion should be protected from light and kept in the ice-box.
Methods of Obtaining Pure Cultures.— When fluid culture media
are inoculated with sueh substances as soil or water, many kinds
of organisms develop simultaneously side by side, and a heterogene-
ous mixture of baeteria results. Koeh' was the first to devise a
method of using solid media which permitted the separation of one
kind of baeterium 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

! Koch: Mitth. a. d. kais. Gesundh_, 1881, 1, p. 1.
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the living bacteria that have been introduced are able to multiply.
Since the bacteria cannot move about freely, but are fixed in the
stiffened medium, the progeny of each germ forms distinet masses
or colonies. If the colonies are not closely crowded, a pure culture,
e that is to say, the desecendants of a single
germ, may be obtained by touching a colony
with the tip of a sterile needle (a process
technically known as “fishing a colony )
and inoeulating tubes of fresh culture media.
In order to seeure a large surface upon
which the colonies shall be spread out and
made easily accessible, the gelatin or agar,
after inoculation, is poured while still Auid
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
C., a temperature that is just above the
solidifying point of agar and is not injurious
to bacteria.! Tube 1 is inoculated with a
loopful of the material to be plated. The
cotton plug is then replaced and the con-
tents 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 mix-
ing, two more loopfuls carried from tube 2
to tube 3. The contents of the several tubes
are then poured into Petri dishes. As soon
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as the cotton plug is removed, the mouth of
each tube should be passed through the flame,

Fig. 11.—Pressure filter : . _. .. - e 2 Jifted Petri dis
s ihan ). 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 agar evenly before it solidifies. Agar plates placed in
the incubator after solidification should be inverted in order to avoid

‘It is often desirable to make first a suspension in salt solution, as, for
example, in dealing with material like pus.
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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, plate 1 will
probably present more satisfactory conditions. Gelatin plates are
made in the same manner as agar except that gelatin may be cooled
as low as 25 C. without solidifying.

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

(A) To dilute 1 : 10 use 1 ce. of sample to 9 cc. of sterile water.
{El} i 1 : lm i ie ki wi “,E, i i ai
{:C::l 13 ‘l : ]l{m (11 (13 {h':l i {}g (Y B ‘i
{D} 1 _l. : 1“,[}{}{} £ il {B] i E]g ik 1 ai
(E) it 1: 100,000 b (R Foag " =
EFJ (L1 1 : 1'{m,mﬂ s ik {D:I i EI!‘} (11 iE i

Separation of Bacterial Species by Heat.-—Spore-forming organ-
isms 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 bacteria
that often oceur in the animal body mixed with other species, as is
the case, for example, with Myco. tubereulosis or Cl. tetani, are some-
times obtained free from other bacteria by inoculating an animal
with the material containing the mixture of organisms.  After allow-
ing time for the bacteria to develop, the animal is killed, and tubes
of suitable media are inoculated from the characteristie lesions; in
such cases the specifie bacillus will often be found in pure culture in
the tissues.

Methods of Growing Anagrobes.—A number of devices have
been used for the eultivation of certain organisms known as anaé-
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robes (p. 402), which will not grow in the presence of free oxygen.
*asteur spread a layer of oil over the surface of media in order to
shut off the air. IKoch grew anaérobes on agar or gelatin plates
under a piece of sterile miea. Liboriug employed the method of
inoculation deep into solid media, a simple method still in use. A
“shake culture” in dextrose agar may be made by previously boiling
the agar for fifteen to twenty minutes to drive off the absorbed 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 anaérobie organisms often develop well in the depths of
the agar.

Hydrogen Method.—Suecess is still more certain if the tubes are
placed in a Novy anaérobic jar (Fig. 12). The air in the jar is
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.

Fig. 12.—4, Novy's jar for plate eultivations; B, Novy's jar for tube culti-
vations (Eyre).

The Novy jar is especially useful for making anaérobie plates.
Absorption of Oxygen.—Any vessel with a tight cover, such as a
Novy jar, an ordinary chemical desiceator, or a Mason fruit-jar,
may be used for Buchner's pyrogallic acid method. The prineciple
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 ce. of a 1 per cent solution of NaOH poured on the pyrogallic
acid, the cultures put in place, and the jar closed at once. This
method may also be used directly in culture-tubes, a stopper of
absorbent cotton being pushed down to leave an inch space at the
top of the tube, pyrogallic acid and NaOH solution placed in this
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space, the cotton saturated, and the tube closed at once with a
tight-fitting rubber stopper.!

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 vaeuum 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 ean 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 eulture 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 dextrose 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 described by
Laidlaw,* 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 sur-
rounded by a coil of chrome nickel 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 Pathogenic Anaérobes, as well as in a paper by
Hall.”

Animal Inoculation.—Animal inoculations may be made for vari-
ous purposes: (1) To obtain pure cultures of a pathogenic organism

1 Wright: Jour. Bost. Soe. Med, Sci., 1900, 5, p. 114.

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

3 8mith: Jour. Bost. Soc. Med. Sei., 1899, 3, p. 315.

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

t MelIntosh, J., and Fildes, P.: Lancet, 1916, 1, p. 763,

§ Richardson and Dozler: Jour. Infect. Dis., 1922, 31, p. 617.
7 Hall, Ivan: Jour. Infect. Dis., 1920, 27, p. 576.
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from contaminated material. (2) To determine the virulenee of an
organism which is under study or to observe the changes that it
evokes in the animal body. (3) For continuing the life of an organ-
ism that does not grow except in the animal body (for example, the
virus of hydrophobia or of smallpox).

The animals most used for laboratory purposes are guinea-pigs,
rabbits, white mice, and white rats. Guinea-pigs and rabbits
are usually inoculated subcutaneously or intraperitoneally., Sub-
cutaneous inoculation is generally made under the skin of the
abdomen by means of a hypodermie needle. Pus or similar material
may be suspended in sterile physiologie saltsolution. Theanimal
is conveniently held by an assistant, who turns its abdomen upward.
The hair about the proposed site of inoculation should be elipped
close. The site of inoeulation is then rubbed with cotton soaked
in iodine solution, in 1:1000 HgCl or in 95 per cent alecohol. Make
the puncture behind and to one side of the umbilieus, 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 collodion to close the wound. *“‘Pocket” inocula-
tions are carried out by making a small incision in the skin, and
separating the skin from the museles by pushing in sterile seissors,
which are then slightly expanded, closed again, and removed; a
piece of tissue may then be inserted and the wound eclosed with
collodion or with one or two sutures.

Intraperitoneal inoeulation is made in essentially the same
manner as subcutaneous, 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 eare not to penetrate the
intestines. Rabbits may be inoculated intravenously in the
marginal vein of the ear; they are convenient animals to use in
experiments where the blood iz to be tested after inoculation,
because of the readiness with which blood may be obtained from
the large veins of the ears. Blood may be obtained from the heart
if relatively large amounts (20 to 30 ce.) are needed.

Mice are usually inoculated subcutaneously on the back at
the root of the tail. A small wire eylinder mouse-holder aids in
manipulation.
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Microscopic Examination of Living Bacteria.—In order to
determine form, motility, spore formation, and reaction with
specific serum, it is often necessary to study bacteria alive., The
hanging-drop method is commonly used for this purpose.

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

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

Barber' has devised a method of making cultures from isoiated
single cells which has been used in the study of bacterial varia-
bility. The special technie is deseribed in the articles cited.!®

The so-called “hanging bloek " for studying the development of
bacteria was invented by Hill.? It eonsists 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 advantageously followed.

! Barber, M. A.: See Bull. Kansas Univ,, 1907, 4, p. 3; Jour. Infeet. Dis.,
1908, 5, p. 380; 1909, 6, p. 634; Philippine, Jour. Sci., 1913, 8, p. 530.
* Chambers, R.: Jour. Baect., 1923, 8, p. 1; Johnson, H. W.: Jour. Bact., 1923,
8, p. 573.
# Hill: Jour. Med. Res., 1902, 7, p. 202,
4
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Young, vigorous ecultures 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.—Slides for
making stained preparations should be thoroughly clean and sterile.
If new, they should be washed in soapsuds or NaOH solution,
boiled in potassium dichromate cleaning fluid, or placed in nitric
aecid (1 part concentrated HNO; to 1 part water) for one hour,
rinsed well in distilled water, and stored in 95 per cent aleohol or in
aleohol 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.

Fresh young eultures twenty-four to forty-eight hours old grown
on agar are usually the best for ordinary stained preparations. A
loop of filtered water is placed on a slide, and a small amount of
baecterial growth mixed with this and spread evenly over the surface.
If the glass is not elean, 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 acetic aecid, 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 examination; if desired, it can be dried later and
mounted permanently in balsam.

Stains.—The basic aniline dyes most commonly used for staining
bacteria are, in order of merit, gentian-violet, methylene-blue, and
fuchsin. Saturated solutions of these stains in 95 per cent 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. Except in special eases (tuberele bacillus, 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 colored by the more
intense stains.  Methylene-blue is especially satisfactory for exam-
ining fluids from the body (blood, pus, ete.). The staining power of
solutions may be increased by heating, by the use of substances
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which aet as mordants, by prolonging the staining process, and by
the addition of alkalis. Some of these special methods and stains
are as follows:
Lifller's Methylene-blue.
Sat. sol. methylene-blue in alechol.............c.ccvinn. 30 ce.
Bol. EOH in distilled water (1:10,000)................ 100 “
Aniline Gentian-violet.
() Aniline oil water is made by adding 2 cec. aniline to 98 ce.
distilled water; shake wviolently. Filter several times through
filter-paper.

ig)- Amlime- ol waber o= o vl s s e 75 parts
Sat. sol. gentian-violet in aleohol. .. .. .............. 25

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

Gentian-violet (sat. alecholic sol.).................... 10 ce.
A e A e e B S S e e e 1 Gm.
WRIEET R B e e 00 e,

Gram's Method.*—Certain organisms, when stained and after-
ward treated with a solution of iodine and washed in 95 per cent
aleohol, give up the stain; others retain the color when subjected
to this process. These latter organisms, examples of which are
the anthrax bacillus and the pneumococeus, are said to be * gram-
positive,” or to “stain by Gram’s method.” Those losing the
stain are “‘gram-negative.”

Apparently the mechanism of the gram stain is a matier of
permeability. Gram-positive organisms are those that permit the
entrance of the water-soluble dye but do not permit the egress of the
aleohol-soluble iodine-dye eompound; gram-negative organisms are
not readily penetrable by the water-soluble dye, but are easily per-
meable by the aleohol-soluble, iodine-dye compound.

Many modifications of the gram stain have been devised. One
of the best is that of Burke.?

1. Air-dry thinly spread film and fix with least amount of heat necessary to
kill the organisms and fix them to the shide (A).

2. Flood smear with a 1 per cent aqueous solution of the dye to be used.

Mix with the dye on the slide 3 to 8 drops of a 5 per cent solution of sodium
bicarbonate, allow to stand two to three minutes (B).

i Lisffler: Mitt. a. d. kais. Gesundh., 1884, 2, p. 421,

2Gram: Fortsehr. d. Med., 1884, 2, p. 185,
! Burke, V.: Jour. Bact., 1922, 7, p. 159.
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3. Flush off the excess stain with the iodine solution (1 Gm. iodine,
2 Gm. potassium iodide, 100 ce. distilled water) and cover with fresh iodine
solution and let stand one minute or longer (C).

4. Wash in water as long as described and blot off all free water until
surface of film is practically free of water, but do not allow the film to become
dry (D).

5. Decolorize with acetone or acetone and ether (1 part ether to 1 to 3
pacis acetone) until decolorizer flows from slide practically uncolored. ‘This
usually requires less than ten seconds ().

6. Blot dry. The slide quickly dries without blotting (F).

7. Counter stain for five to ten seconds or longer if desired with a 2 per cent
aqueous solution of Safranin 0 (7).

8. Wash off excess stain by short exposure to water, blot and dry (H).

Immerse in xylol or turpentine for several minutes or until elear. Examine.

If the first attempt at staining a smear does not give satisfactory results it is
advisable to wash off the oil with xylol, wash off the xylol with acetone and
restain,

Sterling’s Gentian-violet—Five grams of gentian-violet are
ground in a mortar with 10 ce. of 95 per cent aleohol. After
practical solution, 2 ce. of aniline oil are added and then 88 ce. of
distilled water. The grinding is continued a short time and after
the mixture is permitted to rest a day or two, it is 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
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. aqueous sol. of methyl-green...... ... .. ... . 34 parts
Sat. aqueous sol. of pyronine. ... ................ S 1=1F
Apply cold for thirty seconds.
Bacteria are stained bright red and the nuclei of cells blue or
purple.

Stain for Tubercle Bacilli and Other *“Acid-fast” Bacilli.—
Tubercle baeilli 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:



EXAMINATION OF STAINED BACTERIA 53

Ziehl-Neelsen Carbol-fuchsin Stain.!

Y BN e s e S s Al 1 part
ABROIEE BEEGHOL. | s s st e 5 s fxmiws s s e o m i o o 10 parts
S percentsol. carbolicaeid.. ... ..o oo 10D

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

2. Wash and deeolorize with a 2 per cent solution of hydro-
chloric acid in 80 to 95 per cent aleohol. It is well to decolorize
until the thinner portions of the film show ne red eolor.

3. Wash in water.

4. For a eontrast stain use methylene-blue.

5. Wash and examine.

Mller's Spore Stain.*—Like the tubercle baeillus, bacterial
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 culture.

2. Place in chloroform for two minutes.

3. After drying in the air, cover with a 5 per cent solution of
chromic acid 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.

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 mieroscope to see
if the spores are cherry-red and the protoplasm ecolorless 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® is used for staining eneapsu-
i

lated organisms.
1. Cover the film with glacial acetic acid.
1 Ziehl: Deut. med. Wochenschr., 1882, 8, p. 451.

¢ Méller: Centralbl. f. Bakt., 1891, 10, p. 273.
3 Weleh: Bull, Johns Hopkins Hosp., 1892, 3, p. 128,
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2. Draw off acetic aeid and treat the film several times with
aniline 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 pneumococecic exudates. Dry in air and fix by heat.
Stain for a few seconds with saturated aleoholie solution of fuchsin
or gentian-violet (5 ce.), in distilled water (95 ce.). IFlood the
slide with the dye and hold the preparation for a second over a free
flame until it steams. Wash off the dye with 20 per cent aqueous
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 obtained
by omitting heat fixation and by washing off the dye with the copper
sulphate solution as soon as it begins to steam. Water should not
be applied at any stage of the procedure.

Flagella Staining.—For staining the flagella of bacteria, young
agar cultures (eighteen-hour growth) should be used. A highly
successful, but elaborate, method is deseribed by Craige.! A sim-
pler method (Loffler’s stain modified) which gives consistently good
results is the following.®

1. Clean the slides by dropping them one at a time into potas-
sium dichromate-sulfuric acid solution and leaving over night.
Rinse with running tap water and wash in distilled water. Cover
for a few minutes with twenty parts of 95 per cent aleohol to 1 part
of NH,OH, concentrated. Pick out one by one, wash in distilled
water and keep in distilled water until used; or dry in oven at 275-
300 F. for an hour.

2. Make a suspension of the organism in 2 ce. sterile tap water
which has been incubated for thirty minutes. Let the suspension
stand in the incubator for thirty minutes. With a very small loop,
place several drops on the clean slide; do not spread; dry in the air.

3. Flood with fixing solution (1 part of 40 per cent formaldehyde
to 1 part of distilled water) for two minutes; then wash.

4. Mordant.—Solution A: One part ferric chloride (5 per cent
aqueous solution) to 3 parts of tannie acid (saturated aqueous sol-

1 Craige, J.: Jour. Roy. Mic. Soc., 1929, 49 (Series 3), pp. 9-13.
2 Shunk, I. V.: Jour. Bact., 1920, 5, p. 181.
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ution). This solution improves with age, and should be kept for at
least a week before it is to be used. It should be filtered before
use. Solution B: 1 part of aniline oil to 4 parts of 95 per cent
aleohol. Place 8 drops of solution A on the slide, then 1 drop of B.
After two minutes wash and drain (do not blot).

5. Stain for two to three minutes with either (a) a fresh mixture
of Liffler's methylene-blue (10 parts) and solution B of the mordant
(1 part), or (b) earbol fuchsin. The latter is desirable when the
flagella are to be photographed.

In this method of staining, the flagella themselves are not
stained, but, when solution B is added to solution A, a precipitate
is formed, which adheres to the flagella and makes them visible.

In Van Ermengem’s method! for flagella staining three solu-
tions are necessary, as follows:

Solution A—

Oamic acld, 2 pereant 8ol . ..cvivunivavisssiss i, 1 parck
Tonnin, 10t 2hper cemt86]. ..o v s s ven - PARS

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

Solution B—

0.5 per cent sol. of AgNO; in distilled water.

Allow films to be in this a few seconds; then, without washing,

transfer to
Solution C—

(P LT e e e e e e R e e e S P 5 Gm.
T L TR = e e e il s e e RS R et Zh
Fused potassium acetate. .. ....... ... ... .....o.00on. 10
Tk |t 00 71 o R Pl - 11 =

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

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

! Van Ermengem: Centralbl. f. Bakt., 18094, 15, p. 969,
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Solution Al—

Methylene-blue (medicinally pure). . .............. 2 Gm.
B iamy i ear O . . e e e s A
Distallad Waer. . . ... nes o e e oo 2B B0,

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 ce.
of 4 per cent solution of NaOH, and shake. Extraet with chloro-
form and evaporate over a water-bath. Finally, place the dry mass
in a bottle and add gradually about 150 ee. methyl aleohol. This
constitutes the stock solution of erude methylene-violet and azure.
Solution B—

Saturated solution of Griitbler's watery vellow eosin in methv] aleohol.

To make the dye:

et ey L S e S L R U e e 66 ce.
ety adiolinl. e s e e 3
T e e e 1-1.5 *
Methylene-blue. .. ..o oo 0.05-0.15 Gm;

Place the dye on the slide 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:

(z) Prepare a film in the usual manner.

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

() Wash in water.

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

(e) Wash in water.

(f) Dry and mount.

Neisser's Granule Stain for Diphtheria Baeilli.

S0LUTION NO. 1

o BTl T o) o (T T PR S VO Rl S S S 0.1 Gm
i H e (71 [t ELICH SIS S e R e L 2 e,
e E R T o DO e i o e M E o i fi
LB L B P o e e s e ST T

Dissolve the methylene-blue in the aleohol and add it to the acetic acid
water mixture, Iilter.

! After Harris: Bull. Johns Hopking Hosp., 1907, 18, p. 281. For fuller
details see MacNeal: Jour, Infect. Dis,, 1906, 3, p. 412,
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SOLUTION NO. 2

R TR e s e e e 0.2 Gm.
e e ) e e e o e v e e 100 ¢ee.
Dissolve the stain in the boiling water and filter,

To Stain.—Fix the preparation. Pour on the dilute acetie-acid
methyelene-blue solution and allow to aet 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 baeilli are brown with dark blue dots at either end.

Ponder’s Stain for Diphtheria Bacilli.

Taluidin blua (Grilbler). .. ..ot v D.02.3m.
lacial seetie meid. i o e e e e e 1 ce.
Ahmabuitealepbol oo e e : o e
Dagralted: srakaribom:l oo s wieani s e s PN

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

Wright's Stain.

Methylene-blue........ : 1 Gm.
Soditm CATBONMALR: - e e e
Eosin, yvellow, water soluble. ............ 0.1 per cent solution

The sodium carbonate is dissolved in 100 ce. of distilled water,
the methylene-blue added, and the solution placed in a steam steril-
izer for one hour. When cold, 500 ee. of the eosin solution is added
and stirred constantly until the solution becomes deep purple
and a finely divided precipitate has formed. This is collected on a
filter paper, dried, and dissolved in methyl aleohol to form a satu-
rated solution. After filtering, 40 ce. of the solution are diluted to
50 ee. with methyl aleohol. In using, cover the prepared film with
the stain for one minute, then add water slowly until a green irides-
cence 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 different
manner. The methylene-blue is dissolved in 100 ce. of distilled
water, the sodium carbonate added, the solution heated at 65 C. for
twelve hours, and then allowed to stand ten days at room tempera-
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ture. Iqual 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 gram in 100 ec. of methyl aleohol.

Giemsa Stain.

A N S e e e S N e e e 0.3 Gm,
5. 11T o H e g el v e e e e e e S 0.08
B4V | i R P e TR et s R . 1
Methyl alooholl i iimhei s S raniasin e 20 o

Heat both the ateohol and glycerol at 60 C. Dissolve the dyes
in the aleohol and add the glycerol slowly. Allow to stand over
night and filter. In staining use 1:1000 potassium hydroxide solu-
tion in place of water, and dilute the stain as prepared, 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 exami-
nation of blood smears either for making blood counts or for detect-
ing parasites,

Selective Bactericidal Action of Gentian-violel.—Churchman'® has
used the method of divided plates for determining the difference in
the behavior of bacteria to gentian-violet. An ordinary Petri dish
iz divided into two compartments by a strip of metal, and, after
sterilization, plain nutrient agar is poured into one, gentian-violet
agar (1:100,000) into the other. On streaking the surface of the
hardened agar (with a fluid eulture or emulsion) striking differences
in behavior are observed, which are of significance in differential
diagnosis. Certain bacteria (for example, the anthrax or diph-
theria bacilli) are inhibited by the dye and refuse to cross the border-
line, while others (such as the typhoid and cholera organisms) grow
freely in the gentian-violet medium. In general, the gram-positive
organisms are inhibited by the gentian-violet and viee versa, but
there are some exceptions to this rule. Behavior toward gentian-
violet is much more definite and constant than the gram-staining
reaction. The behavior of bacteria toward acid fuchsin is in many
respects the exaet opposite of their behavior toward the basie dyes.
Besides its diagnostie value, the baeteriostatic method has impor-

1 Churchman: Jour. Exper. Med., 1912, 16, p. 221.
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tant practical applications in detecting mixtures of species, air
contamination, and the like. The selective action of the aniline
dyes has been utilized therapeutically.!

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 sus-
pect that baeteria may be present that eannot develop on the ordi-
nary media, blood-serum or blood-agar should also beinoculated.
(2) Several film 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 inoeulated with a small amount of the material.

The colonies that appear on the plates should be carefully exam-
ined, and pure cultures on agar or blood-serum made from any that
present characteristic appearances, or that differ materially from
one another. If the inoculated animal sueeumbs, eultures should
be made from the site of inoculation, from the heart, spleen, liver,
and peritoneal cavity. When no apparent effect follows inocula-
tion, 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 systematie position of a baeterium it is necessary
to observe in pure eculture the morphology, staining reactions,
mode of growth on various media, the biochemiecal reaetions pro-
duced by its development, and in some cases the effect upon
animals.

1. Morphologic Appearance.—Young twenty-four-hour-old agar
cultures should be examined in a hanging drop for motility, form,
and size. The hanging block may be used for further observations
on size, cell division, grouping, and spore formation. Preparations
of both young and old eultures 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 preseace of capsules.

! Churchman: Jour. Amer. Med. Assoe., 1922, 79, p. 1657; also chapter by
Churchmau in Jordan and Falk: The Newer Knowledge of Bacteriology and
Immunology, 1928, pp. 19-37.
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2. Cultural Characteristics—Cultures freshly isolated from
water, soil, or air, or those which have been kept for long periods
upon artificial media, are sometimes put through a process of
“rejuvenation” before study in order that they may regain lost gual-
ities. This process consists in suecessive transplantations upon a
series of media, ¢. 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 usual media may be inoculated.’
Observations of cultural 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 develop-
ment, elevation, character of periphery, and internal structure as
seen under a low-power lens. Agar and potato streak cultures
should be examined with reference to form, amount and consistency
of growth, elevation, character of surface, edge, and pigmentation
or discoloration of the medium. In growth upon blood-serum the
same features are to be noted, and also the oceurrence of liquefac-
tion or digestion. Gelatin stab-cultures often give a characteristic
development along the line of puncture; observations should aiso
be made on the character of the surface growth and the progress of
liquefaction if present. The production of a surface pellicle, of
turbidity and sediment in broth, and the oceurrence of coagulation,
digestion, and nature of reaction in milk are features of growth
in liquid media that differ with different species. An important
biochemiecal property is the ability to ferment earbohydrates such
as dextrose, lactose, and saccharose, and in ease 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. It is sometimes useful to
determine also whether a miero-organism possesses the ability to
reduce nitrates in nitrate broth, and to form indol in peptone solu-
tion. The virulence of the organism itself and the toxicity of its
products of growth (in the form of culture-filirates) for ordinary
laboratory animals complete the usual list of data necessary for
classification.

It is of the utmost importance that deseriptions be comparative;
therefore, in order to prevent confusion of methods and of terms, a

L Fuller and Johnson: Jour. Exper. Med., 1899, 4, p. 60%9.
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committee' on Bacteriological Technie, of the Society of American
Bacteriologists, hassuggested certain standard methods and deserip-
tive terms, together with a numerical system of recording salient
characters of an organism. The 1929 edition of the chart devised
by this committee is herewith appended.

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



CHAPTER 3

THE STRUCTURE AND MODE OF DEVELOPMENT OF BACTERIA
—THE COMPOSITION 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 eells differ in size, shape,
method of eell-division, spore-formation, and the like; these features
can be determined only by the use of high magnifieation. “Colo-
nies” or masses of cells that develop upon eertain food-substances
often present definite peculiarities of form, eolor, consisteney, and
luster, which are apparent upon examination with simple lenses or
with the naked eye. Similar differences may be observed among
masses of large objects: a grove of oak trees viewed from a dis-
tance too great to permit identification of the individual trees will
still appear unlike a grove of pine trees. It is hence 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 baeterium of rod shape measures about 2u in
length and 0.5¢ in diameter (lp@ = 1 mieron or micromillimeter
= Tt:ii mm. = about -1.35_;,,,:-,,:-, inch). One large spherical baecterium
that has been deseribed measures about 2p in diameter; the most
common microbe found in suppurative proeesses is a spheriecal
bacterium about 0.8¢ in diamter. Considerable variation ean
oceur within a single species.  The baeillus of typhoid fever is found
to range from 1g to 3u in length, even when the deseendants of a
single cell living under substantially identiecal conditions are exam-
ined. The largest bacteria belong, as a rule, to the group of spirally
twisted or serew-shaped forms:' one of these® has been found to

1 A bacillug (B. biitsehlii), however, studied by Schaudinn (Arch. . Protis-
tenk., 1902, 1, p. 306) measures from 50 to 60x in length and from 4 to 5u in
width.

2 Bpirillum colossum (Centralbl. f. Bakt., 1902, Abt. II, 9, p. 608).
62
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measure as much as 3.5¢ in diameter. Perhaps the largest patho-
genie baeterium is the spirillum or spirochete of relapsing fever,
which may measure up to 40u in length.

One of the smallest of the well-known pathogenic forms is the
so-called “influenza bacillus” (about 0.5u X 0.2x). Other micro-
organisms, not surely known to be bacteria, are even smaller. The
germs causing pleuropneurnonia in eattle are so minute as to appear
like mere points when viewed with a magnifieation of 2000 to 3000
diameters. The germ of foot-and-mouth discase will pass through
the pores of the finest Berkefeld filter, and is so small as to be
invisible under the highest lenses; but it can be cultivated by the
usual laboratory procedures and its presence can be demonstrated
by inoculation into suseeptible animals. It is possible that other
diseases, the causes of which are at present unknown, will be found
to be due to ultramicroscopic organisms. It
has been shown, for example, by Reed and Carroll* 0 0 O
that the virus of yellow fever will pass through
the pores of a compact porcelain filter. Special Fig. 13.—Com-

; mrative  size  of
methods, such as microphotography by the ultra- human red blood-
violet light-rays* and illumination of dark field, {08 ;:lh'ha:}uli?q'
the “ultramicroscope” (page 619) of Siedentopf 2.4u X 0.5u; and

: : : influenza baecillus,
and Szigmondy,* have been employed in the hope 5, % 0.2,
of rendering visible ultramicroscopie forms of life,
Up to the present, however, these methods have not been success-
ful in revealing the existence of hitherto unknown pathogenie micro-
organisms.

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

Bacterial Forms and Their Interpretation.—For a long time the
forms of bacteria were regarded as very simple and as comprising
only three principal types, the sphere, the rod and the spiral (Fig. 14).
Three chief divisions of baeteria, the coecus, bacillus and spirillum,
were indeed based on this simple distinetion. It is now known that
a much wider range of variation oceurs than was recognized by the

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

: Kohler: Ztsehr. f. wiss. Mikrose., 1904, 21, p. 129,

3 Siedentopf and Szigmondy: Berl, klin. Wochensch., 1904, 41, p. 862,
¢ Cowdry and Olitsky: Jour. Exper. Med., 1922, 36, p. 521,



64 STRUCTURE AND DEVELOPMENT OF BACTERIA

early baecteriologists who were so influenced by the importance
justly attached to working with pure eultures that they were inelined
to regard unusual forms as econtaminants. Much evidence has
accumulated in favor of considerable variability in form.! One and

the same mierobe may show

(fa widely varying forms under
different conditions of
m growth, as illustrated in the

A e e ease of so well-known an

Fig. 14—Forms of bacteria. organism as the cholera vib-

rio (Fig. 15). The diphthe-

rin bacillus is another organism often developing unusual or
“aberrant” forms. While a considerable degree of pleomorphism is
thus well established there is difference of opinion as to its interpre-
tation. Some of the most careful studies that have been made
indicate a certain sequence in form development, the predominating
forms in young cultures, twenty-four to forty-eight hours old, being
different from those in older eultures. The irregular, bizarre forms
found in old cultures were long characterized as invelution or dzgen-
eration forms (Fig. 16) and were looked upon as abnormal. At the
present day they are regarded by many baeteriologists as repre-
senting stages in an orderly progressive development toward “old
age.”?  Some observers would go further and consider that baecterial
growth phases give evidence of ecomplicated life cyeles, into which
enter budding, cell conjugation, production of minuie filterable
forms and other phenomena. Difficulties conneected with the
smallness of baeteria, and the almost impossible task of following for
any considerable period the descendants of a single cell have thus far
prevented the general acceptance of this view. Evidence in favor
of the oceurrence of life cyeles, especially in eertain groups, is, how-
ever, strong, and it seems probable that future investigations will
emphasize the complexity of baeteria rather than their simplicity.
The Finer Structure of Bacteria.—In spite of great technieal
difficulties some definite struetural features can be made out.
Many bacteria, perhaps all, are provided with a capsule, which
originates from the outer layer of the eell-membrane; in stained

1 Hee Lohnis: Mem, Nat. Acad. Sei,, 1921, 16; Mellon: Jour. Bact., 1919,
4, p. 505; Henrici: Jour. Infect. Ihs., 1925, 37, p. 75.
2 Clark and Ruehl: Jour, Bact., 1919, 4, p. 615.
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Fig. 15.—Cholera vibrio under various conditions of growth, as shown by six
investigators (Henriei).
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preparations it ean sometimes be seen surrounding the cell like a
halo. The possession of capsular substance 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 eapsulated baeteria. Slimy cultures, such
as those of Bact. friedlinderi (p. 322), characterize the capsulated

Fie. 16.—Involution forms of bacteria (enlarged about 1000):1, Proteus
mirabilis (Hauser); 2, Baet. aceticus (Hauser); 3, spirilla form of Bacillus
anthracis (Petruschky): 4, Bact. halophilus (Russell); 5, Spirillum cholerae
(van Ermengem ).

forms. The capsule is generally demonstrated most easily in pre-
parations made directly from animal tissues, as is notably the case
with the micrococeus of pneumonia, but it can also be seen in
specimens from ordinary cultures, if appropriate methods are used.
There is reason to believe that the eapsular substance is chiefly
carbohydrate in nature (polysaccharide) and that it varies signi-
ficantly in its chemieal ecomposition in different kinds of bacteria.
Its presence and abundance are in someway conneeted with the
virulence or invasive power of micro-organisms (see pp. 194, 237).
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The cell-membrane is chiefly remarkable for its chemical com-
position, sinee it differs from the cell-membrane of the higher plants
in not eontaining 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
eell-membrane,

The nature of the cell-substance or entoplasm of bacteria has heen
the subject of much controversy. Especially have questions as to
the character, disposition, and even the existence of nuclear material
(chromatin) given oceasion for many differences
of opinion. The faet that the cell stains uni-
formly by ordinary methods has led, on the one é? %
hand, to the view that a baeterium is com-
posed of eytoplasmic material without any

nucleus, and, on the other hand, to the opposite

opinion, that it is composed altogether or almost ﬂ P

entirely of nueclear matter (chromatin), with |" -||

possibly a thin outer envelop of eytoplasm. The | .- '/

latter view is supported by the great affinity e &
shown by the bacterial cell-substance for the ! = j
ordinary nuelear stains as well as by the capacity v )

of the eell for very rapid cell-division. Consider- ';:’ «")
able biologic significance attaches to the strue- \%

ture of cells so simple and presumably so primi- 2 i
Fig. 17.—Chro-

tive as bacteria, and the questions concerned matin® granules in
Bacillus  megathe-
rium (Zettnow).

have aroused widespread interest. Perhaps the
most satisfactory wview is that advanced by
Zettnow,! which is based largely upon his own researches, especially
upon some remarkable observations on large spirilla which he sue-
ceeded in staining in a living and even motile condition, thusavoeiding
the produetion of artificial changes. Zettnow regards the cell-body
of bacteria as composed largely, and in the ease of certain vibrios
almost wholly, of chromatin mingled with varying amounts of
eytoplasm, a view not unlike that first advanced by Biitschli.®
In many eases the chromatin, instead of being gathered together in
a fairly compaet mass or definite nucleus, is fragmented and distrib-
uted irregularly through the body of the cell (Fig. 17). In others

1 Fettnow : Zeitschr, . Hvg., 1899, 30, p. 11.
* Biitzchli: “Ueber den Bau der Bakterien,” Leipzig, 1890.
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a formed nuecleus has been demonstrated, particularly in stages just
preceding cell division. On the whole, the researches of Zetinow,
A. Meyer, and others make it fairly certain that bacteria contain
both chromatin and eytoplasm, and that the chromatin is present in
great abundanee, but varies in amount and position in different cells.

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 ‘‘metachromatic granules,”
about the nature of which opinion is still at variance. These
granules are sometimes seattered 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 bacteria. In certain species the metachromatice granules are
particularly easy to demonstrate, and their abundance may even
constitute a character of some differential value (diphtheria baeil-
lus). It seems probable that substances of radically diverse physio-
logie significance have been classed as metachromatic granules. In
some instances such granules are simple degeneration produets; in
others they doubtless bear some important relation to the physio-
logic activities of the ecell. They have even been compared,
although on insufficient grounds, to the eentrosomes of more highly
specialized cells. It is more likely that they are in large part reserve
food-substance. A. Meyer! has shown microchemically that some
of the granules are fat, some glycogen, others a lecithin-like sub-
stance, and still others a peculiar protein-like compound. Some
observers have noted that the metachromatie granules deerease in
numbers during the period of active cell division and inerease in the
resting stage. The view advanced by a few writers, that some
relation exists between the virulence of a culture and the richness
of the cell in granules, has not been established.

Motility and the Organs of Locomotion.—Many kinds of bac-
teria are observed to be motile under the econditions in which
bacteria are usually studied. Some of those forms in which motion
has never been observed may perhaps possess the power of locomotion
under certain unusual eonditions. Independent bacterial motion
is a true movement of translation, and is to be distinguished from
the oscillating or quivering movement exhibited by all very minute

! Mever, A.: Centralbl. f. Bakt., Abt. I1, 1900, 6, p. 339.
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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 bombardment,”
not to the activities of the living cell. Both dead baeilli and living
nonmotile baecilli show the Brownian movement. 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 simply manifestations of the Brownian movement. Many
bacteria are found to be motile when they are examined after
removal from eertain eulture media, but nonmotile if they have been
grown on other substances. One of the familiar instances of this

A .\_.' i o i !
i ﬁ biusse, :
Figs. 18 and 19.—Flagella: Proteus vulgaris and large gpirillum belonging to
the group of sulfur bacteria (Zettnow).

sort is the case of the colon bacillus, which is motile when picked
from young colonies on gelatin or agar, but is frequently nonmotile
when taken from broth. Conflicting statements concerning the
motility of an organism often depend upon the fact that observations
have not been made under comparable cireumstances.

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-
lum may attain for short distances a speed of 18 em. per hour.

The power of locomotion in baeteria depends upon the possession
of flagella, long, fragile, filamentous appendages which originate
from the capsule, and by virtue of their power of contractility
drive the bacterium through the water. Flagella have been seen
in the living, unstained cell (large spirilla) by some observers, but
ordinarily special methods must be applied to reveal their presence
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(p. 54). Abnormal bacterial flagella may be mistaken for spiro-
chetes even by experienced observers.! 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 possess a flagellum at each pole (@mphitricha, many spirilla);
others possess a tuft of flagella at one pole (lophotricha, certain large
spirilla); and others have flagella projecting from the whole body
of the cell, from the sides as well as the poles (peritricha, typhoid
baecillus and many others) (Figs. 18, 19). In some nonmotile
baeteria no flagella have ever been observed (africha, anthrax
bacillus). The number of flagella on the body of peritrichous
bacteria varies considerably. Even closely allied baeterial speeies
may differ in respect to the number of flagella they possess. The
typhoid baecillug, for instance, possesses, as a rule, more flagella
(ten to twelve) than the eolon 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 conditions,® and no
motile trichomyecetes have been deseribed.

Growth and Cell-division.—A bacterium ecan increase in size
up to a certain point; the maximum size attainable, as among the
higher forms of life, is singularly constant for each species. When
the maximum is reached, cell-division may oceur by simple partition
or fission, dividing the cell into approximately equal halves. Divi-
sion of the nuclear substance precedes that of the eell-body (Naka-
nishi®). Among bacilli and spirilla eell-division usually takes place
at right angles to the long axis of the cell. Among the coeei division
may occur in three ways: in one plane only, resulting in the for-
mation of chains (streptococei); or in two planes, giving rise to flat
sheets of cells or irregular masses (staphylocoeei) ; or in three planes,
producing cubical bales or packets (sarcinae).! After cell-division
the eells may remain conneeted (streptobacilli or streptococei) or they

1 Noguchi: Jour. Am. Med. Assn., 1926, 86, p. 1327,

2 According to the investigations of Ellis (Centralbl. f. Bakt., Abt. 11, 1902,
9, p. 546), all forms of micrococei possess flagella and are motile under favorable
conditions. This assertion has not been confirmed.

# Nakanishi: Centralbl. f. Bakt., I, 1901, 30, pp. 97, 145, 193, 225.

4 It may be noted that when the cells become 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 elassed as staphylococei are said

to be able to divide in three planes. (Fischer: “Structure and Funetion of
Bacteria,” tr. Oxford, 1900, p. 19.)
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may become speedily disunited. Bacilli and spirilla show some
elongation before division; coeei, as a rule, do not, although some
cocei exhibit an increase in the diameter of the cell without any
alteration of its spherical form.

While bacterial multiplication is commonly observed to take
place by simple transverse fission, other modes of cell division may
oceur such as budding or Y-like splitting. It is possible that this
unusual form of multiplieation betokens the existence of more
complicated life histories among bacteria than ordinarily assumed,

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

The remarkable thing about bacterial cell-division is not so
much the rapidity with which one cell-division succeeds another,
as the fact that a very short time suffices for the growth of the young
cell to maturity, A young bacterial cell attains full size and aequires
the capacity to produce in its turn an independent organism much
sooner than most other forms of life. This rapid reproduction of
distinet individuals is plainly different from the multiplication of
embryonie cells among higher organisms. The rate of multiplica-
tion among the more complicated protozoa, which are also one-celled
organisms, is considerably less rapid. Calkins' has shown that
Paramoecium divides about once or twice in twenty-four hours,
It has been estimated that if baeterial multiplication went on
uncheeked, 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
causes. In the case of bacteria a potent influence that tends to
prevent unlimited multiplication is found in the interference with
growth eaused by the substances produced by bacteria themselves.
Acids and other injurious produets are commonly formed by bae-
teria during the disintegration of their food-substances, and accumu-

1(Calkins: Archiv. f. Entwickelungsmech., 1902, 15, p. 139.
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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 characteristics being
probably due to their extraordinarily dense and compaet structure.
The highly refractive character of the unstained spore also is con-
nected with the coneentrated character of the spore substance.

An assembling or concentration of the nuclear material seems
to precede spore-formation in some cases 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 assump-
tion of a resistant stage for the purpose of meeting the advent of
unfavorable econditions of life.

The spore may be formed in any part of the eell, its position
being generally constant in the same species. In some cases it does
not exeeed the diameter of the parent ecell (anthrax baeillus); in
others it may cause a bulging out of the wall of the cell at the
point where it lies (Fig. 20). If a swollen spore is formed at one
pole, a “drumstick” appearance (tetanus bacillus) may result, or
if it lies eentrally the cell will beecome * spindle-shaped,” a form to
which the name clostridium has been given.

The spore of the anthrax bacillus, when brought under favorable
conditions, first shows 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 baeillus takes place at the pole
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of the spore; in the closely related hay bacillus it is at the equator.
Other forms of bacteria exhibit intermediate methods of germina-
tion, and irregularities sometimes oecur in the development of
spores of the same species,

Spore-formation is not very common among bacteria. It has
been definitely observed only in the rod forms ; cocei are not known
to sporulate, and sporulating

spirilla, if they exist, are rare, i o,

A noteworthy correlation of ' e Bty 3

characters is shown in the almost ? 4

unfailing oeccurrence of spore- 4 7 A \ %

formationinstriet anaérobes (pp. l F | A . _*'\

84, 385). Spore-forming aérobic |} ’.' I / Lty

bacteria are relatively less abun- | ' / /0 Ia"

dant. The spore-forming bae- ‘»-;;; ¥ f V7

teria of known pathogenicity for . / !

man—certain anaérobie baeilli ' 2, Iy "f .__,;/f

(bacillus of tetanus, of malignant el

edema, and a few others) and Fig. 20.—5pores, bacillus of symp-
tomatic anthrax. Methylene-blue

the anthrax bacilius—are few, a  gtain (Kolle and Wassermann).
fortunate  eireumstance that

materially facilitates and simplifies disinfection and the treatment
of infectious diseases.

The conditions under which baecteria form spores vary with the
nature of the organism. The bacillus of anthrax, as a rule, forms
spores only when in contact with free oxygen, a fact that has a
direct practical bearing upon the mode of disposal of the carcasses
of eattle dying from this disease, The tetanus bacillus, 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 tempera-
ture of about 12° its optimum of vegetative multiplication being
about 37°. Lack of food is apparently not an adequate stimulus
to spore-formation. In all cases a period of uninterrupted vege-
tative multiplication precedes the appearance of spores, and the
conditions necessary for the production of spores seem to arrive
simultaneously for most of the eells in a eulture. In some ecases
the cause of spore-formation is thought to be an accumulation of
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metabolic products in the culture; these may perhaps be acids,
perhaps other injurious compounds.' According to Daranyi®
diminution in the water content of the bacterial cell, leading to a
shrinking of the colloids, is the main factor in bringing about spore
formation. It must be kept in mind that, although some bacteria
do not form spores under the conditions in which they are observed,
it does not follow that they may not form spores under other and
more suitable conditions. It is not possible to imitate with precision
the “natural” conditions of life for all micro-organisms, and there
is no complete justification for the assumption that because an
organism has never been observed to form spores it never does so.

Physiologically the spore is usually considered as a resting-stage,
serving to tide the species over a period of dryness, famine, or
unsuitable temperature, and to preserve alive in a hostile environ-
ment a sufficient number of individuals until such time as favorable
conditions recur. In this view the spore stage is physiologically
analogous to the periods of hibernation or estivation among higher
forms of life, and the living matter of the spore may remain dormant
for years or even for decades. Some recent observations, however,
on enzyme activity indicate that spores may not be so metabolically
sluggish as usually supposed.

(B) THE MORPHOLOGY OF MASSES OF CELLS

A single bacterial cell or group of cells, when planted in a favor-
able medium and allowed to develop under suitable conditions of
moisture, temperature, and air-supply, will in a few hours or days
develop a “colony” so large that it can be plainly seen by the
naked eye. In some instances such masses of cells, especially when
the growth oceurs upon certain culture media, possess salient
peculiarities which are highly characteristic of the species. In
others the differences between colonies of closely allied species are
exceedingly subtle, and can be detected at times only by a trained
eye. Growths upon nutrient gelatin are especially characteristie;
on this medium the morphologic appearance of a mass of typhoid
bacilli, for example, is quite distinet from that of a mass of anthrax
or of diphtheria bacilli. The differences between the gelatin or
agar colonies of closely related organisms are often, however, as in

1 Migula: “Svstem der Bakterien,” Jena, 1897, 1, p. 177.
 Daranvi: Centralbl. f. Bakt., II, 1927, 71, p. 353.
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the case of some members of the colon-typhoid group, almoest or
quite inappreciable.

The character of colonies is profoundly affected by the den-
sity and viscosity of the culture medium (Whipple!) and by the
physieal conditions under which the colonies develop (Dunham?).
Upon nutrient agar the morphology of baeterial colonies is less
distinetive than upon gelatin; the colonies upon potato and other
solid food-substances are, as a rule, still less characteristie,

The movements of the eells after division affeet the appearance
of the resulting growth. The cells may separate completely after
division so that they are seen to lie, as in the typhoid-coli-dysentery
group, in parallel lines (slipping group); or the cells may adhere at
one corner so that many pairs lie at angles, as do the diphtheria
baeilli (snapping group); or they may remain attached in chains
and either present a zigzag appearance (folding group) or appear
in long even coils of filaments (loop-forming group), as in the colonies
of the anthrax bacillus.

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

It must be admitted that great stress cannot be laid in all cases
upon the morphology of masses of bacteria as an aid in distinguish-
ing different species. The mass-morphology, like the individual
morphology, is subject to wide variation under varying conditions
of life, and can be regarded as only one item in the sum-total of
characters that go to make up the concept of a bacterial species,
As has been pointed out by Marshall Ward,? “the attempt to

! Whipple: Technology Quarterly, 1902, 15, p. 127,

! Dunham: Science, 1903, 17, p. 372.
* Ward: Proe. Roy. Soe., 1897, 61, p. 415.
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determine species of bacteria by ordinary maeroscopiec methods
leads to difficulties of the same kind as would be 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, elimate, and so on, and the
treatment it had received previous to planting.”

One difference between colony types which has recently been
discovered appears to be of considerable signifieance. In a number
of bacterial groups it has been found that rough () and smooth (S)
colonies will develop from a single apparently pure culture (Fig. 25
on p. 133). Under ordinary conditions transfers from the S and R
colonies respectively breed true. The rough and smooth strains
differ significantly in the stability of suspensions in salt solution,
in virulence and in the other important characteristies. This
marked and fairly persistent association of colony characteristics
with deep-seated physiologic and biochemieal qualities shows
the value of eclose observation of colony type. (For further dis-
cussion of rough and smooth strains, see page 132.)

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, largely on the culture medium.
The ash is largely phosphorie acid, the P:O; content often reaching
as high as half the total ash weight (tuberele bacillus, 55.23 per cent,
de Schweinitz and Dorset).! Sulfur, potassium, chlorine, and
caleium are also present in notable amounts, together with usually
smaller quantities of magnesium, iron, silica, ete. Some forms of
filamentous bacteria, found especially in sewage-polluted water,
contain in their protoplasm granules of sulfur (Beggiatoa). Others
have notable deposits of iron in the sheath that surrounds the rather
large filaments (Crenothrix).

Among the bacteria, as in the lower fungi generally, cellulose
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 iodine, are
also observed. Tt is a peculiarly interesting fact that a substance

1de Schweinitz and Dorset: Centralbl. f. Bakt., 1897, 22, p. 209.
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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
baecteria resemble the lower animals in their chemical composition.

Charaeteristic nitrogenous eompounds—namely, nuelein, hypo-
xanthine, guanine, and the nuclein bases, such as adenine—occur
practically constantly in bacteria. Regarding the nature of the true
protein substances in bacteria little is known. Much attention has
been paid to the toxie constituents of the bacterial cell, and these
substances are referred to in another place. The diffusible produects
of baeteria are also considered elsewhere (p. 107).



CHAPTER 4
THE EFFECT OF PHYSICAL AND CHEMICAL AGENTS UPON BACTERIA

It is a well-known biological fact that various physical and chemi-
cal agencies affect profoundly the vital phenomena of all living
cells; physical and chemical 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 baecteria show great adapta-
bility to temperature conditions. The hay bacillus (B. subtilis)
ig able to multiply both at 6 C. and also at 50 C. Three temperature
limits may be distinguished: a minimum, or the lowest point af
which growth oceurs; 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 bae-
teria may lie above the maximum for others: B. thermophilus, a
species found in soil and fermenting manure, will not grow in
certain conditions below 42°:! Myeco. tuberculosis will not grow
above 42°, while B. phosphoresecens will not grow above 37°. The
optimum for B. phosphorescens is 20°, for the hay bacillus 30°, for
Myco. tuberculosis 38°, and for B. thermophilus 63° to 70°.
Some bacteria 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 baecteria living in the water of hot springs at a temper-

1 Tt 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 under anaérobie conditions
to grow at the ordinary ineubator temperature (37.5°), or even as low as 34°.
Such species appear adapted both to an anaérobie life in the animal hody at
about 37° and also to aérobie life at the high temperatures found in fermenting
INANUTE,

* Forater: Centralbl. f. Bakt., 1887, 2, p. 337; M. Miller: Arch. f. Hyg,
1903, 47, p. 127.

# Setehell: Science, 1903, 17, p. 934,
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ature of 89 C.! The range of temperature within which growth
can take place also varies greatly in different speeies. Bacteria
that have become habituated to living in the mammalian body (for
example, Myco. tuberculosis) have a much narrower range than
those whose habitat is the outer world (B. subtilis). The optimum
temperature for most of the baeteria pathogenic for man lies, as
might be expected, in the neighborhood of the normal temperature
of the human body (37 C.). The following table gives the approxi-
mate temperature relations for several species:

Bacterium Minimpm O Maximum
B. phosphorescens................... 0.0 20.0 37.0
B. fluoreseens, var. liquefaciens. .. .. .. .. 5.0 24.0 38.0
LU 1 T e e e R oy 6.0 30.0 0.0
] T O e R AN e R 8.0 37.0 40.0
Fel el v T R e e gk S 14.0 37.0 45.0
Myco. tuberculosis. . .. .. .. ... .......... 20.0 38.0 42.0
TLiy o 01511 o N et Sl e P 40.0 450
B thermophilus............conueoimmnis 42.0 63-70 72.0

The wide range here shown in respeet to the maximum and
minimum temperatures that permit growth is paralleled by the
diversity in baeterial resistance to extreme temperatures. Spores
are always much more resistant to heat than vegetative forms, and
some species when in the spore-stage cean withstand the temperature
of boiling water for upward of sixteen hours. The vegetative forms
of most baeteria, 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 germiecide 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 tem-
perature of 125 C. is sufficient to destroy all known microbes.
The difference between moist and dry heat doubtless depends upon
the fact that the chemical or physical changes that eause the coagu-
lation of protein and consequent death of protoplasm take place,
like such aetions generally, more readily in the presence of water.

It must be remembered that the death of an organism from
heat is determined by time of exposure as well as by temperature.
The tubercle bacillus is killed by thirty minutes’ exposure at 58 C.
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(136 F.), twenty minutes’ exposure at 59 C. and two minutes’ at 65
C. Employing a eonstant for time exposure the “thermal death-
point”’ has been determined with considerable precision for the
common micro-organisms. The usual method consists in exposing,
for ten minutes, a suspension of the organisms in broth or salt solu-
tion to the action of a given temperature. That temperature at
which all the organisms are destroyed is said to be the thermal
death-point for the species. These fatal temperatures are lower
than is popularly supposed. The thermal death-point (ten min-
utes’ exposure) for the cholera spirillum is 58 to 60 C.; for the
anthrax bacillus, vegetative form, 60 C., spore, 100 C.; for the
typhoid bacillus, 58 to 60 C.  Under certain circumstances a bacillus
may be protected by a deposit of protein so that the thermal death-
point is apparently raised. It has been shown that while tubercle
baeilli in suspension in milk are destroyed at 60° in ten minutes, the
pellicle that forms on the surface of milk during exposure at 60° may
contain living bacilli after sixty minutes.! It may be noted that
the thermal death-point of those baeteria that are at all likely to be
present in polluted water is low (57 to 60 C.), and since these miero-
organisms do not form spores, the practice of simply bringing water
to the boiling-point suffices to insure its safety for drinking purposes.

The effect of heat seems to be injurious even when baeteria are
not killed, since the cells that have been heated require a longer
period for germination. This is especially true of certain anaérobic
forms which may lie dormant for over a year after they have been
boiled.

Bacteria are much less sensitive to low than to high tempera-
tures. The ecommon microbes of water and soil, and also typieal
pathogenie bacteria like the typhoid and diphtheria bacilli, have been
exposed for some days to the temperature of liquid air (about —190
C.) without destroying their vitality or sensibly impairing their
biologic qualities. Cultures of bacteria have even been exposed to
the temperature of liquid hydrogen (about —250 C.)* 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.

1 Smith, Theobald: Jour. Exper. Med., 1809, 4, p. 217.

! This temperature is far below that at which any chemical reaction 1s known
o 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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The questions relating to the duration of life of bacteria in natural
ice possess an important praectical interest, and will be diseussed
elsewhere (p. 348).

Light.—That light affects the metabolism of the living cell is well
known, and the various reaetions to light that are exhibited by the
higher organisms have been the subjeet of much investigation. In
conneetion with the study of baeteria the germiecidal influence of
light has received most attention, though some workers have
reported an apparent stimulation of the growth of micro-organisms,
brought about by irradiation with the longer ultra-violet rays
(above 3650 A.U.), the so-called “biologic” rays, and also by the
shorter ““abiotic” wave-lengths when applied with an intensity
considerably below that necessary for complete killing.

Diffuse daylight has been found to exercise a hindering effect
upon baeterial growth and metabolie aetivity. Direct sunlight is
highly injurious to certain forms of baecterial life, many miero-
organisms being rapidly killed when exposed to the full action of
the sun’s rays,

The bactericidal action of light has been picturesquely shown
by protecting eertain portions of a plate seeded with baecteria, and
exposing the rest of the plate to intense sunlight. In properly
handled plates, colonies of bacteria will develop in the shaded por-
tions, but no colonies will appear in the exposed portions (Fig. 21).
That the unfavorable influence of sunlight is only in very small
degree, if at all, due to the heat rays may be readily proven by
interposing a water sereen, which intercepts the heat rays, but
allows the shorter germicidal rays to pass through.

The bactericidal action of light is confined to the ultra-violet
region of the speetrum, beginning at 3650 .Ekngstrmn units' (lpg =
10,000 .E‘Lngstmm units) and extending with increasing intensity to
the shortest wave-lengths measurable with a quartz spectograph:
1850 A.U.? These limits coincide with the absorption of ultra-
violet light by a bacterial emulsion. Recently these limits have
been found to apply to the destructive action of light on several
species of molds.? Eleetric light exerts a germicidal influence

1 Coblentz and Fulton: U, 8. Bureau of Standards, Sei. Papers, 1924, 19,
b ﬁ;}Il!.ayne-.]’umﬂm and Van der Lingen: Bull. Johns Hopkins Hosp., 1923, 34,
p. 11.

* Fulton and Coblentz: Jour. Agric. Res., 1929, 38, p. 159,
6
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similar to that of the sun’s rays. The Schumann rays (1700 A.U.-
1250 A.U.) are strongly abiotie,! the destruective effect again increas-
ing with decreasing wave-length. Réntgen rays have not yet been
definitely proven germicidal. Figure 22 shows the close correlation
hetween destruetion of baecteria and absorption of the effective
rays by a bacterial suspension. The abrupt termination of the
abiotie region at 2960 A.U. may be attributed to very low intensity
in the tungsten are of the less active lines between 2960 A.U. and
3650 A.U.

Fig. 21.—An agar plate of anthrax spores exposed behind a steneil plate Y
from 12.15 to 3.15 . . on March 27, and then incubated at 20-22 C., and
photographed at intervals, The photograph was taken as a transparency,
against a N-window., The two erescentic areas are due to the agar-film not
completely eovering the plate in this ease. Seventy-two hours’ incubation
(H. Marshall Ward).

Ultra-violet rays have been utilized in water sterilization, and
to some extent in the preparation and sterilization of foodstuffs and
biological produets.

Moisture.—Many of the higher forms of life display considerable
resistance to drying. The small aquatie worms known as rotifers
will revive after months or even years of prolonged desiceation.
If, however, the actual body substance is not, as with the rotifer,
protected by a gelatinous capsule, the complete removal of moisture

! Bovie: Botanical Gazette, 1916, 61, p. 1.
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speedily destroys life. Even the seeds of the higher plants which
are specially adapted for resistance to drying rarely outlast ten to
twenty years.

Most of the vegetative forms of baeteria are rather quickly killed
by ordinary air-drying, although there are great differences among
the different forms. The tuberele bacillus is one of the more resist-
ant, the cholera spirillum one of the more sensitive, to drying.
Fixposure to desiceation for a few hours, or at most a few days,
destroys the majority of known pathogenie microbes, so that infec-
tion through the air, except where floating bacteria are protected

¢ VisiBLE- ULtTra-VioLetr Recion oF SPEcTrRUM

GreEEN

3800

Fig. 22—A, Speetrum of tungsten are photographed with Hilger quartz
spectrometer. )

B, Impression of bacterial film (Staph. aureus) on plate ecovered with thin
layer of nutrient agar; exposed for three one-half hours to tungsten spectrum
from Hilger quartz spectrometer, then ineubated at 37 C. for fortyv-eight hours.
Black area represents region of abiotie action.

C, Absorption spectrum of haecterial suspension, Exposure: two minutes
(Browning and Russ, Proceedings of the Royal Society of London, 1919),
by their position within epithelial seales or mucoid droplets, is not
g0 common as popularly supposed.

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

Oxygen Supply.—Bacteria may be divided into three eclasses
with reference to their behavior at different oxygen tensions: The
obligate aérobes, or those that require a relatively high oxygen ten-
sion for the maintenance of their life activities; the obligate anaérobes,
or those that do not grow exeept in the complete or almost complete
absence of free oxygen; and the faculiotive anaérobes, or those
that can thrive in either the presence or the absence of oxygen.

The obligale aérobes comprise many of the ordinary air and water
bacteria, especially those of the pigment-forming varieties. Among



=4 EFFECT OF PHYSICAL AND CHEMICAL AGENTS

pathogenie bacteria the diphtheria bacillus and the cholera spirillum
are forms that require a supply of free oxygen. The different kinds
of aérobie bacteria vary in respect to their optimal oxygen tension.
This is beautifully illustrated by the “respiration figures’ pictured
by Beijerinck,! which show that different kinds of bacteria grow
best at different levels in fluid media, the thickest swarm of each
species being at that level at which the oxygen tension is most suit-
able. Wherry and Oliver® have made interesting observations
tending to show that many endoparasites become adapted to a
tension of oxygen below the atmospherie.

The discovery of an obligate anaérobe by Pasteur in 1861 was the
cause of one of the most important ehanges wrought by bacteriology
in the biologic conceptions then current. All of the organisms
known up to that time required free oxygen to support life, and
Pasteur's discovery was at first received with considerable incredu-
lity. It has since been shown, however, by experiments of great
precision, that bacteria actually exist which are able to live and
multiply in the complete absenee 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
airobie bacteria are not able to grow at all under these conditions.
It has been found, however, that some growth even of obligate
anaérobes like the tetanus bacillus will oceur in the presence of very
minute quantities of oxygen. Certain anaérobes, furthermore, can
become acclimated to growth in gradually rising amounts of oxygen
until the original oxygen limit is greatly exceeded. The vegetative
forms of most anaérobes die quickly when exposed to the air and
even the spores are injuriously affected.

It is found experimentally that anaérobic baecteria as a class
thrive best in the presence of substances eapable of undergoing
reduction or fermentation.® The peculiar phenomenon of anaéro-

1 Beijerinck: Centralbl, £, Bakt., Abt. I, 1893, 14, p. 837.

2 Wherry and Oliver: Jour. Infect. Dis., 1916, 19, p. 288; 1917, 20, p. 28.

3 It is a common observation that many bacteria will not grow up into the
cloged arm of the fermentation tube except when the culture medium contains
certain sugars or other fermentable substances. The presence of certain
aérobie bacteria or their produets, or the products of anaérobic bacteria, also
permits growth in the closed arm.
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biosis may perhaps be explained by supposing that anaérobes are
bacteria specially qualified to obtain their needed energy from the
simple splitting up of organic compounds without oxidation.
Although it is true that, in its original form, Pasteur's eonception
of fermentation as “life without air” is no longer tenable, it cannot
be gquestioned that in many cases anaérobie life is conditioned by
the ability of an organism to ferment certain organie compounds.
In a modified sense, Pasteur’s explanation of fermentation as due
to the adjustment of certain micro-organisms to an anaérobie mode
of life affords a satisfactory view of the biologic significance of
anaérobiosis. In other words, if a microbe is able to obtain the
energy necessary for its life activities by reducing processes without
resorting to processes of oxidation it ean live an anaérobie life; if it
is so addicted to an anaérobic mode of life that the presence of
oxygen, except in minimal quantities, interferes with its habitual
methods of attacking food-substances, it is an obligate anaérobe; if,
on the other hand, it can obtain energy only through the direct
oxidation of organie substances, it is an obligate aérobe.

The fundamental question of the gaseous exchange of microbes
has been studied most fruitfully by Novy and his associates.!
Oxygen is consumed and carbon dioxide given off during growth, as
with higher forms of life. For the tubercle bacillus Novy and Soule
found the optional concentration of O, to be about 40-50 per cent;
a fair growth of the tubercle bacillus was obtained in 90 per cent
COs, but these authors do not believe that CO; is utilized by the
tubercle bacillus or other bacteria. Rockwell and Highberger,*
however, consider that carbon dioxide is a vital factor in growth,
and there is considerable evidence that its presence favors in some
way the growth of certain organisms.

The respiratory behavior of bacteria seems to follow very closely
that of other living cells,* even when we consider the anaérobes with
their peculiar sensitiveness to the presence of oxygen. The dis-
covery' that certain bacteria produece hydrogen peroxide which may
inhibit growth has thrown light on the problem of anaérobiosis.
One attractive hypothesis is that the degree of sensitiveness of a

1 Novy et al.: Jour. Infect. Dis., 1925, 36, pp. 109, 168, 245, 343.

* Rockwell and Highberger: Jour. Infect. Dis., 1926, 38, p. 92.

* McLeod, J. W.: Bacterial Respiration. Chapter VIIin Vol. 1 of A System
of Bacteriology (Med. Res. Couneil, London), 1930.

i McLeod, J. W., and Govenlock, P.: Lancet, 1921, 1, p. 900.
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baeterium to hydrogen peroxide, its ability to produce the peroxide
under varving conditions of oxygen tension and the presence or
absence of the enzyme catalase which protects the cell against
injury from the peroxide are the main factors that affect aérobic and
anaérobie life. Thus the obligatory anaérobes such as the baeilli
found in tetanus and in botulism are very sensitive to hydrogen
peroxide and do not produee eatalase. The pneumococeus, which
can also produce peroxide and in the presence of oxygen forms no
catalase is, however, only slightly susceptible to the action of the
peroxide. The bacilli of the coli-typhoid group are mostly catalase
producers, and a few bacteria appear to form neither catalase nor
peroxide.

Food-supply.—DBacteria are able to satisfy their food require-
ments upon the most diverse substances. Organic compounds in
great variety can serve as food. Complex nitrogenous bodies,
especially, which contain a large amount of available potential
energy, are attacked eagerly by many species, as witnessed in the
familiar phenomena of decay and decomposition. Less eomplex
molecules can also serve as a source of energy. Many baeteria,
including pathogenie forms, such as the cholera spirillum and others,
will grow upon nonprotein 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 (suceinic,
lactie, citric). Particular interest attaches to the ability of eertain
micro-organisms to construct their living substance wholly out of
inorganic compounds. It has long been known that organisms con-
taining chlorophyl or allied pigments are 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
nonchlorophylaceous 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 (p. 688). 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
carbon compounds are also formed by the nitrifying bacteria, it
follows that a complete synthesis of organic matier is effected by these
organisms tndependently of the presence of pigment and the action of
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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 20 wedded to their particular modes of metabolie activity that
they are quite unable to thrive in the presence of organie substances,
a condition analogous to that presented by the obligate anaérobes.
Beijerinck and Van Delden' have reported the discovery of a
remarkable organism, B. oligocarbophilus, which is eapable of grow-
ing 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 iz present as an impurity in
ordinary atmospherie air. In association with certain other bac-
teria it can oxidize hydrogen, perhaps according to the equation:
CO: + H:0 + H: = CO 4 2H.0.

Pure cultures of B. oligocarbophilus are eapable of oxidizing and
assimilating earbon monoxide !

According to Kaserer,” B, pantotrophus, by a somewhat similar
process, generates formaldehyde, which it ean then use as a nutritive
substance.

CO: 4+ H.O + 2H: = HCHO + 2H,0.
This organism is able to endure the presence of formaldehyde in a
strength of 1:15,000.

Bacteria 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 para-
sitic organisms are able to lead also a saprophytic existence, as shown
by the ability of the tuberele bacillus, the plague baeillus, and many
others, to grow not only in the human body, but also upon the ordi-
nary culture media employed in baeteriologic laboratories. A few
parasitic forms, however, are so highly specialized for a life in con-
tact with living tissues, and even the tissues of a particular host,
that they are unable to grow under any other circumstances. This
appears, for instance, to be the case with the bacillus of leprosy,
which is able to grow in the body of man and in apes, but resists
attempts to eultivate it on lifeless food-substanees or in the bodies of
other animals. On the other hand, most of the ordinary water and

1 Beijerinck and Van Delden: Centralbl. f. Bakt., Abt, I, 1903, 10, p. 33.
! Kaszerer: Centralbl, f. Bakt., 1906, 16, p. 681,
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soil bacteria are powerless to grow when introdueed into the animal
body, and seem entirely unadapted to a parasitic mode of life.

The concentration and reaction of a nutrient substance are factors
of some importance. In general, organie substances in solution
are available as sources of food-supply for bacteria only when in
certain degrees of dilution. A familiar instance is the speedy
souring of a dilute sugar solution as contrasted with the keeping
qualities of a thick syrup. The osmotic adjustment required of a
bacterial eell suddenly introduced into a concentrated fluid is too
great to be readily compassed.

Most pathogenic bacteria thrive best in a food-medium that
reacts neutral or slightly acid to phenolphthalein. Different
species, however, behave differently. The cholera spirillum is
quite sensitive to the presence of a very small amount of acid, while
the typheid bacillus is not checked by a distinet acid reaction.
Most bacteria found in water grow best in a medium with a hydro-
gen ion concentration between Py 6.2 and Py 7.0,

The importance of minute quantities of certain substances
of unknown nature (vitamins) in the nutrition of the higher
animals has led to inquiry whether similar accessory substances
are of significance in bacterial growth. Many bacteria are able to
multiply and give rise to their characteristic products in simple
nonprotein media so that the presence of organic substances does
not seem essential. On the other hand, the presence of organic
extraets of various kindsfavors the growth of many micro-organisms.
The growth of Pfeiffer’s influenza bacillus has been definitely shown
to be dependent upon the presence of a heat-resistant “ X" factor
and a heat-sensitive “ V" factor, both present in blood and also in
eertain plant tissues. The same organism is favorably influenced
by the products of growth of other mierobes.

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

Pressures of 600 to 700 atmospheres are said by some observers
to have an inhibitory effect upon putrefactive processes, but, on the
other hand, others state that living micro-organisms are not affected
by exposure for twenty-four hours to a pressure of 600 atmospheres.
According to Roger! a pressure of 2000 atmospheres lessens the

1 Roger: Arch. de Physiol., 1895, 5s., 7, p. 12
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virulence of the anthrax bacillus, Higher pressures destroy bac-
teria. Nonspore-forming bacteria are killed in fourteen hours by
a direet pressure of 6000 atmospheres, and spores by about 12,000
atmospheres. Nonspore-bearing baeteria are killed by CO; of 50
atmospheres’ pressure in about one and one-half hours, while nitro-
gen of 120 atmospheres has no effect.!

The evidence in respect to the influence of mechanical agilation
upon the life of bacteria is somewhat conflicting, but, on the whole,
indieates 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 multiplication, if depend-
ence be placed on a count of bacterial colonies. When glass pearls
or similar objects are shaken up together with baeteria, the organ-
isms are mechanically injured by the successive shocks and
destroyved.

Experiments made to determine the effeet of the electric current
upon bacteria have been in too many cases condueted loosely, and
inferences have been drawn that have not been warranted by the
conditions of the experiment. In some instances when a small
amount of fluid is used, a rise in temperature is produced which is
sufficient to account for the death of bacteria; in other cases death
is due to the action of strongly germicidal substances, like chlorine
and ozone, which are liberated by the passage of the eleetric current.
When the effects due to heat and to the electrolytic production of
germicides are eliminated, it is very doubtful whether any direct
germicidal action can be properly attributed to the eleetrie eurrent.
Under suitable conditions it ean be shown that when bacteria are
subjected to an eleetrical potential they move toward the anode.
This is interpreted to imply that the bacteria are electro-negatively
charged with respect to water. The charge ecan be inereased or
deereased and even reversed. These observations are being
developed 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 baeteria vary
greatly in their response to different physical and chemical agencies.

! Larson, Hartzell, and Diehl: Jour, Infect. Ihs., 1918, 22, p. 271
! Winslow, Falk, and Caulfeild : Jour. Gen. Physiol., 1923, 6, p. 177.
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It is also a noteworthy fact that one and the same kind of miero-
organism is able to adapt itself to widely different conditions of life.
Thus, Dieudonné! has shown that by cultivating the anthrax bacil-
lus at gradually decreasing temperatures a degree of acclimatiza-
tion to cold is finally attained by this organism which enables it to
grow at a temperature as low as 10 C.  The adaptability to changed
conditions shown by the tuberele bacillus, which when first isolated
from the mammalian body grows reluctantly on artificial media,
but with continued eultivation becomes more saprophytie, 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 ecultures of organisms, containing
many individual cells, are exposed to a changed environment—that
is, when the temperature of a eulture is raised, certain cells, the least
resistant, will be destroyed first, while the more resistant will survive
and their deseendants 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 tem-
peratures. In addition to this factor, however, individual adapta-
tion on the part of the protoplasm of the individual cell may oceur
also, as indicated by analogous experiments with other organisms,
for example, by Dallinger’s results with flagellates,* which he sue-
ceeded, in the course of several years, in rearing by slow stages up
to a temperature of 70 C., when the experiment was ended by acci-
dent. At the beginning of the experiment the flagellates were
killed at 23 C. Probably baeterial protoplasm likewise ean become
directly adjusted to changed econditions.

Effect of Chemical Substances upon Bacteria.—The phenomena
of positive and negative chemotaxis are fully exemplified in bacterial
life. It has been frequently demonstrated that bacteria, like other
free-moving organisms, are apparently attracted by certain chemical
substances in solution (positive chemotaxis) and repelled by others
(negative chemotaxis). These movements are ordinarily regarded
as the direet result of a chemieal stimulus.  According to the view
held by Jennings,® the swarming of baeteria around algae that are
evolving oxygen, or around any other points where favorable nutri-

1 Dieudonné: Arb. a. d. kaiserl. Ges., 1804, 9, p. 492,

* Dallinger: Jour. Roy. Mie. Soc., 18587, 1, p. 185.

¢ Jennings, H. S.: “Behavior of the Lower Organisms,” New York, 1906,
p. 39.
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ent conditions exist, is not to be looked upon as due to a definite
attraction exerted upon the bacterial cell, but as caused simply by
the tendeney to remain at those points where the eonditions are
favorable. In the course of their aimless wanderings bacteria
eventually arrive at those spots where conditions—as the oxygen
tension—are highly suitable; there they remain.

The tendeney of aérobic baecteria to colleet near that portion of
an algal filament where oxygen is being most abundantly evolved
has been utilized by Engelmann in a beautiful experiment for show-
ing the effect exerted upon assimilation by the different parts of
the solar spectrum. The greatest aggregation of bacteria occurs
at the red end of the spectrum (Fig. 23), indicating that the maxi-
mum assimilative aetivity of the algal protoplasm is proceeding at
this point.

Fig. 23.—Bacteria gathered around alga evolving oxygen (Engelmann).
Piece of cladophora with swarming bacteria in the microspectrum (gashght).
The chlorophvll grains which fill the eells very uniformly are omitted, and,
instead, the absorption band between B and € and the tolerably prmmuncu{[
band at the violet end between E and F, are indieated by shading.

Many baecteria in the course of their growth give rise to sub-
stances, such as acids, which are more or less injurious to eell life.
Hydrogen peroxide, which is formed in cultures of anaérobes to
which oxygen is admitted, exerts a marked detrimental effeet on
these organisms. The cessation of growth which takes place after
a time in cultures of bacteria upon artificial eulture media is thought
in general to be due not to the exhaustion of the available food-
supply, but to the accumulation of metabolic products which inter-
fere direetly or indirectly with baecterial development. Such
substances, however, are probably not, as they are sometimes
assumed to be, complex cellular produets peeuliar to the cell produeing
them, but are simple aeids or other substances due to molecular
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disintegration. It is, to say the least, questionable whether specific
inhibitory ““autotoxins'’ are produced in baeterial eultures, although
the matter needs further investigation.

In a state of nature single species or  pure cultures’ of bacteria
rarely have the field to themselves, the natural proeesses of decom-
position and disintegration being carried 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 competing species. The favoring influence that
aérobic bacteria and their produets have upon the life of anaérobie
baeteria has already been mentioned. The so-called ““ anfagonism™
between certain bacterial species is undoubtedly due to the nature of
their chemical products. The presence of those mierobes that pro-
duce acid by fermenting carbohydrates is, of eourse, peculiarly
unfavorable to microbes sensitive to acid. The chemieal products
of bacterial activity will be considered more at length in the follow-
ing chapter.

Disinfectants and Antiseptics.—Chemiecal substances have
been extensively employed 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 distinetion is ecommonly made between antisepties and disin-
feetants. A disinfectant or germicide kills the microbes with which
it ecomes in contact. An antiseptic substance is one that restrains
or checks the development of bacteria, but does not destroy them.
A substance may be only antiseptie in high dilution, but germiecidal
if more concentrated. For example, a 1:300,000 solution of cor-
rosive sublimate will prevent the development of anthrax spores,
but a 1:1000 solution is necessary to kill them. The brine that is
used in pickling meat has a strongly antiseptic action, but patho-
genie baeteria have been known to retain their vitality in salt meat
for long periods. Different methods and substances have been
found adapted for different purposes.!

! 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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For the purpose of disinfecting rooms or apartments a gaseous
substance is particularly useful. The custom of burning sulfur
in infected rooms has the sanetion of antiquity, and under certain
conditions is reasonably effective, The sulfur dioxide (SO.) that
is formed when sulfur is burned is a germicide only in the presence
of abundant moisture, sulfurous acid (H.S0;) being the active agent.
Roughly speaking, about } 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 nonspore-bearing
pathogenic bacteria. This requires the combustion of about 4 to 5
pounds of sulfur for every 1000 cubic feet. Not only bacteria, but
mosquitoes, fleas, and other possible insect carriers of pathogenic
micro-organisms are destroyed, and this is one of the advantages
of sulfur fumigation. The use of sulfur has the 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 superseded by formaldehyde
(HCHO),

Formaldehyde, 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 dioxide and has the great advantage
that it does not damage books, paintings, and delicate fabries,
attack ordinary dyes, or act upon most metals. Like sulfur, it is
efficacious only in the presence of moisture. Aeccording to MeClin-
tic' the humidity should not be lower than 60 per cent and the tem-
perature not less than 16 C. in order to obtain the best results.
For practieal 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 dises coated with finely
divided platinum—the partial oxidation that oceurs gives rise to
formaldehyde:

CHOH + 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
introduetion of this type of generator.
! MeClintie: Bull. 27, Hyg. Lab. and Mar. Hosp. Service, 1906,
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2, If formalin is simply boiled, two moleecules of formaldehyde
unite, and a polymer, paraformaldehyde, is formed. The first effect
of heating formalin, therefore, is to drive off water with a relatively
small admixture of formaldehyde gas. If evaporation is econtinued,
the boiling-point of the solution is raised and a temperature reached
at which the polymer is broken up and formaldehyde is disengaged.
The same end is reached more expeditiously if the formalin is
superheated either in an autoelave under pressure, or in other
special forms of apparatus. When steam under pressure is used,
ealeium chloride (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 formaldehyde and dry heat
in a partial vaeuum, Many of the pieces of apparatus designed
for liberating formaldehyde 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 cubiec feet—
if some substance, as for example 10 per eent of glyeerol, which
raises the boiling-point, be added, and if evaporation be not too
rapid.

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

4. Some formaldehyde is given off from the watery solution af
ordinary room temperature. Use hag 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 uneertain quantity, dependent upon many variables, such as
temperature, amount of exposed surface, and other factors. Diffu-
gion iz necessarily 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 nonconduetive material in such
a way as to retain the heat. Sixteen ounces of formalin and six and
three-fourths ounees of permanganate are recommended as a suitable
proportion at temperatures of 16 C. and over; larger quantities of
formalin are necessary if the temperature is below 16 C.
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The value of terminal disinfection after such diseases as diph-
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 inerease in the prevalence of infee-
tious disease. As a practieal measure for the prevention of disease
terminal disinfeetion is on trial.

The disinfection of dejeeta, sputum, and similar substances
suspected of harboring disease germs may be effeetively carried
out by cremation or by boiling; but in practice a great variety of
chemical substances, the ordinary ‘disinfectants” of commerce,
are employed for this purpose. It should be remembered that,
in accord with the theory of electrolytic dissoeiation, solutions are
chemieally and biclogically potent in proportion to the number of
free ions or dissociated fragments of molecules that they contain.
A comparison of the disinfecting power of the various metallic
salts, for example, on the basis of percentage solutions would
be misleading, since the degree of dissociation would differ in the
several eases, A gram-molecule or equimoleeular solution must be
employed in order to obtain comparable results. Unless dissocia-
tion takes place, solutions of metallic salts are practically without
germicidal effect. A solution of mercuric chloride inabsolute aleohol
has substantially no disinfeeting 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
Kronig and Paul! in a now classic study of the action of disinfeet-
ants, it was shown that the disinfecting properties of the salt of a
metal are due in large part to the specific action of the metallie ion,
but also in some degree to the anion and to the undissociated part
of the salt. The disinfecting power of an acid is approximately
proportional to the hydrogen-ion concentration.®

Theory of Disinfection.—The destruection of bacteria by chemi-
cals depends on many factors such as time, temperature and the
concentration of the disinfecting agent. When the number of sur-
vivors after varying periods of time is determined, while other
factors are held constant, a curve such as that shown in Fig. 24 has
been obtained in some eases. This figure represents the survivor-

1 Kronig and Paul: Zeitschr. f. Hyg., 1807, 25, p. 1.
? Norton and Hsu: Jour. Infect. Dis., 1916, 18, p. 180,
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time curve of anthrax spores exposed to the action of a disinfectant
(phenol). The straight line shown by the logarithmic plot is
characteristic of the Mass Law and corresponds to what is observed
in the “‘unimolecular reaction” of chemistry. Not all the survivor-
time eurves of bacteria treated with disinfectants, however, fall in
with this arrangement, in some the death rate being more rapid at
the beginning, in others at the end, and often quite irregular. This
may be due largely to the lack of uniformity of the bacterial popu-
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Fig. 24 —Death rate of anthrax spores treated with 5 per cent phenol.
Dotted line shows number of spores surviving different periods of exposure.
Full line is logarithmic expression of the same thing,

lation in the several cases. In brief, disinfection may be considered
essentially a chemieal process depending on the reaction of the
chemical used upon the bacterial protoplasm. Whether the loga-
rithmie survivor-curve is to be interpreted as simply the manifesta-
tion of a chemieal reaction or as expressing graded biological
resistance is a question. Knaysi' coneludes that the sigmoid type
of curve obtained in his careful series of experiments indicates that

! Knaysi, G.: Jour. Infect, Dis,, 1930, 47, pp. 293-333.
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the difference in individual resistance is the determining factor.
In any case the point of practical importanece is that in disinfection
by chemieals as well as by heat there is a resistant minority of cells
that survive long after the majority have perished and that must
be destroyed in order to obtain complete sterilization.

Practical Disinfection.—The number of chemical compounds
used or recommended for purposes of disinfection is legion. Many
compounds which are used depend for their effeet upon the action
of freshly liberated or nascent oxygen. One of them is potassium
permanganate, which forms the basis of many of the patent disin-
fectants, but is expensive in proportion to its efficiency. Ozone is
a powerful germicide and has been used with suecess in sterilizing
water on a large scale, but cannot be advantageously generated
and applied for ordinary purposes.

Corrosive sublimate (mereurie chloride, bichloride of mereury,
HgCl,) is one of the best known and most effective germicides. In
the presence of considerable quantities of organie matter, however,
its use is totally inadmissible, for the reagon that inert combinations
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, oxides or hydroxides of mereury
may be precipitated out, but the addition of a small quantity of
common salt (NaCl) will prevent this. Corrosive sublimate is
particularly serviceable in a standard solution, 1:1000, for the dis-
infection of the hands and for washing woodwork, floors, and fur-
niture. It must be kept in mind that corrosive sublimate attacks
metal, and is hence inapplicable for the disinfeetion of instruments
and for use in plumbing fixtures.

Among the other metallic salts that have been rather extensively
used for disinfection are ferrous sulfate (copperas), zine chloride,
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 won a deserved reputation for destroying the
mieroscopie algae that sometimes impart offensive odors and tastes
to public water-supplies. The death of the algae in large bodies
of water may be effected by as great a dilution as 1:1,000,000.
Copper sulfate possesses bactericidal as well as algacidal power;

according to a number of observers a dilution of 1:400,000 will kill
7
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typhoid bacilli in twenty-four hours in water relatively free from
organic matter, but most investigators doubt its practical appli-
cability 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 substanees.
When used in strong enough solution (5 per cent) it will destroy
all vegetative bacteria and most spores, even in the presence of
considerable organic matter. Another merit of carbolic acid is the
comparative permanence of its solutions. Cresol [C:H,(CH;)OH]
is somewhat like carbolic acid in composition, and is present in
large amount in “erude earbolie acid”; it is almost insoluble in
water. Trieresol is a mixture of orthoeresol, metacresol, and para-
eresol: it dissolves in water in a 2.5 per cent solution, which is about
three times as powerful as earbolic acid. Many of the widely used
coal-tar disinfectants are quite poisonous, and eare should be taken
to guard against accidental or suicidal poisoning. An effective
liquid disinfectant, cheap and easily prepared, is recommended by
the U, 8. Publie Health Service.! This so-called * pine oil disinfeet-
ant” is a by-produet from the manufacture of wood turpentine.
Its phenol coefficient is between 4 and 6, and the cost of preparation
does not exeeed 50 cents per gallon. It may be used wherever the
ordinary coal-tar compounds are employed and possesses decided
advantages over these substances,

The sterilization of feces is advantageously earried out by the
use of ealeium hydroxide [Ca(OH):]. In laboratory experiments
a 1 per cent solution of freshly slaked lime in water has been found
to kill nearly all pathogenic 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 vaulis, and manure piles. Air-
slaked lime, caleium carbonate, has no antiseptic value. A mix-
ture of ehloride and hypochlorite of lime, the ““bleaching powder™
of ecommerce, is when fresh also very efficacious through its oxi-
dizing action. The use of substances, like earbolic acid and chloride

! Stevenson: Public Health Reports, 1915, 302, p. 3004,
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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 applieation.

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

Standardization of Disinfectants.—The relative efficiency of
different chemical disinfeetants is a matter of considerable practieal
importanee, The first well-controlled attempt at a standard
method of test was the Rideal-Walker method,! which was soundly
based on the maintenance of a rigorous uniformity of time, tempera-
ture, eulture medium, nature and condition of test organisms and
other factors. The typhoid bacillus was used for the test and
the standard germicide used for control was phenol. Later methods
of standardization have grown out of this proeedure. In the
method proposed by Reddish® the “ phenol coefficient” of a disin-
fectant used against the typhoid bacillus is caleulated as follows:

Divide the greatest dilution of the disinfectant eapable of killing B. typhosus
in ten minutes but not in five minutes by the phenol dilution which should do
this and divide these figures one into another. In arder not to convey a false
idea of the aceuracy of the method the coefficient is ealeulated to the nearest
0.1 point if under 1.0, to the nearest 0.2 point if between 1 and 5.0, to the
nearest 0.5 point if between 5 and 10, and to the nearest 1.0 point if between
10 and 20, For example, if results are read as follows:

DISINFECTANT

Dilution Five Minutes Ten Minutes Fifteen Minutes
|
1-300 0 0 0
1-350 | + ; 0 0
1—401) -+ | e 4+
1-450 B | + +

! Rideal, 3., and Walker, J. T. A.: Jour. Roy. San. Inst., 1903, 24, p. 424.
* Reddish, G. F.: See Jordan and Falk: The Newer Knowledge of Bac-
teriology and Immunology, 1928, p. 301.
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PHENOL
| | I
Dhilution Five Minutes | Ten Minutes | Fifteen Minutes
|
1-90 ' + | 0 0
1-100 4+ ' + +

350 = o) = 3.80
Cocflicient is 3.8

If the reading is as follows:

DISINFECTANT
THiluaticere Five Minutes Ten AMinutes Fifteen Minutes
|
1-30 0 0 0
1-35 0 ] i
1-40 + | + ' +
1-45 - - -
| |
PHEXNOL
Diilution Five Minutea ; Ten Minutes | Fifteen Minutes
1-90 0 0 i
1-100 <+ st 0

then estimate the dilution of the disinfectant killing in ten but not in five
minutes as 1-37.5 and the phenol as 1-95 (37.5 + 95 = 0.395 or 0.4) giving a
coeflicient of 0.4,

It is important to recognize that bacteria differ considerably in
their resistance to phenol, staphylococei, for example being much
more resistant than Eb. typhi, so that in strict accuraey it is
necessary to specify ‘“typhoid phenol ecoeflicient,” * pneumo-
coccus phenol eoefficient,” ete.  The whole question of standardizing
disinfectants is beset with many difficulties, and many prineiples
and details still need to be worked out (see also page 41).

Recommended Procedures for Disinfection.—In the ecase
of a patient suffering from infectious disease, different methods of
disinfection are necessary aecording 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-
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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
feces should be broken up. The mixture should stand for one hour
before being thrown into the water-closet. The same treatment
should be used for vomited material. The sputum from eonsump-
tive and 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 infeetious, eare must be taken to prevent the dissemination
of germs by sneezing or coughing, and patients should be instructed
on this point. Soiled handkerchiefs and cloths may be boiled after
immersion in the earbolic 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 formaldehyde 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
contaminated with epithelial seales or discharges from the mouth,
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. Artieles of food—milk, for example—brought into the sick-
room and remaining unused should be destroyed. Toys and books
used by the patient and not of great value should be burned. Valu-
able books may be disinfected in a special formaldehyde chamber.
Books in book-cases whose surfaces only have been exposed will
be satisfactorily disinfected in the course of the ordinary formalde-
hyde room disinfection. Woodwork and wooden furniture may
be thoroughly washed with corrosive sublimate, 1:1000. Uphol-
stered furniture, rugs, and carpets, if allowed to remain in the room
at all, are difficult to disinfect, and, especially if soiled with dis-
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charges, need to be treated in a special formaldehyde chamber.
The hands of the patient and of nurses and attendants need partic-
ular attention. After a thorough ecleansing with 2 per cent solution
of carbolic acid or a 1:1000 solution of mercuric chloride 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 cleansed in the same way.

Room disinfeetion, when necessary (see page 95), may be
carried out with formaldehyde 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 disinfected 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 serupu-
lously with alecohol and then with a 1:1000 solution of mercurie
chloride. Painting the skin with tincture of iodine is still simpler
and is highly effective. DBandages, 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 5
THE EFFECTS PRODUCED BY BACTERIAL GROWTH

IN THE preceding chapter it has been shown that bacteria may
be greatly modified in all their functional aetivities 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 ean reaet upon their environment in a direet and some-
times surprising fashion. Relatively slight physical and chemieal
changes in baecterial surroundings may give rise to a remarkable
and profound disturbanee of the surroundings themselves. The
rapid invasion 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 bird, but gains a
foothold and effects injury when the temperature of the fowl is
lowered only a few degrees below the normal, affords another exam-
ple. The variations in the nature of the baecterial products due
to slight changes in nutrient media offer innumerable illustrations
of the reactions of baeteria upon their surroundings in response to
relatively insignificant environmental changes.

Physical Effects.—Both heat and light may be generated by
bacterial growth. As would be expeeted from chemical considera-
tions, 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 eases of
“*spontaneous combustion” should be attributed to the ageney of
the thermogenic bacteria, and that although the train of events
leading to the actual bursting into flame is not fully understood,
bacteria play a part in the initial stages of the process. Boekhout
and de Vries' maintain that the self-heating of the hay is of a

! Boekhout and de Vries: Centralbl, f, Bakt., 11, 1904, 12, p. G675; 1908, 21,

p. 398,
103



104 THE EFFECTS PRODUCED BY BACTERIAL GROWTH

purely chemical nature. Miche,' in an exhaustive monograph on
the subject, adduces strong evidence of the thermogenie power of
certain miero-organisms. The latest observations support the
view that the earlier part of the heating process, which raises the
temperature to 70-75 C., is due to baecterial activity.

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

The dependence of bio-luminescence upon oxygen is beautifully
illustrated by the experiment of Beijerinck.” He added a ground,
chlorophyl-bearing leaf to a suspension of luminous bacteria in
sea-water. After the dissolved oxygen had been used up and the
luminescence had disappeared, the solution again beecame luminous
if a burning match or other source of light was brought near the
tube. The chloroplasts decomposed the dissolved CO. and liber-
ated the oxygen. Harvey and Morrison* have measured the con-
eentration of oxygen which is but just sufficient for the development
of perceptible luminescence by bacteria isolated from fish. The
value proves to be exceedingly low, being but 0.005 mm. Hg. partial
pressure of oxygen, equivalent to one part of oxygen (by weight)
dissolved in 3,700,000,000 ce. sea-water. The luminous efficiency
of baecteria—that is, the amount of light given off in proportion to

1 Miche: “Die Selbsterhitzung des Heues,” Jena, 1907, p. 127.

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

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

4 Harvey and Morrison: Jour. Gen. Physiol., 1923, 6, p. 13.
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the energy used—is very high and has been estimated at about
twice that of the best electric bulb.

Chemical Products.—Irom a physiologic standpoint the sub-
stances produced by bacterial life and activity may be divided
conveniently into four classes: (1) The secretions, or those substances
which subserve some purposeful end in the cell-economy; these
may be retained inside the cell or they may pass out into the sur-
rounding medium. (2) The excrefions, 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 chemieal strueture of the nutrient,
partly by the specific bacteria concerned in the disintegration.
Some of the most conspicious, if not the most important, of
bacterial 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, sub-
stances in the early stages of assimilation that are on the way to
become protoplasm, and substances that are being broken down
but have not reached the stage where they are ecast out of
the cell.

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

The Production of Pigment.—Most bacterial cells do not con-
tain pigment, and a mass of bacteria—an agar culture of Eb. typhi,
for example—has to the naked eye a muddy gray tint. Some
kinds of bacteria, however, in the course of their growth, give rise
to colored substances, often of brilliant hue. Some pigments oceur
in solution; others in the form of granules outside of the cell in the
nutrient substratum. Praetically all colors of the spectrum are
represented: violet, indigo, blue (B. wviolaceus, B. janthinus, B,
cyanogenes, Ps, pyocyanea); green (B. fluorescens); yellow (Sta-
phylococeus aureus, Sarcina lutea); orange (Sarcina aurantiaca),
and red (B. prodigiosus). The last-named, the socalled “miracle”
micro-organism, is sometimes the cause of the sudden appearance
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of blood-red spots on polenta, rice, fish and other food substaneces.’
(Great variation in the amount and character of the pigment pro-
dueed by one and the same species may oceur; cultivation on the
ordinary media often oceasions the temporary or permanent loss
of chromogenie power (B. violaceus), and growth at an unusual
temperature may have a similar effeet (B. prodigiosus at 37°).
Some species that are not usually regarded as echromogenie may give
rise to colored sports (e. g., C. diphtheriae, Hill). As a rule, oxygen
is indispensable to pigment produetion, and most ehromogeniec
species yield no trace of pigment when grown under anaérobic
conditions. Spirillum rubrum, however, which grows well in the
presence of oxygen, is said to form its red pigment only in oxygen-
free media. In the case of some chromogens the presence of certain
chemical compounds or elements in the nutrient media is essential
to, or greatly favors, pigment production. Thus phosphates and
sulfates have been found necessary for the production of pyo-
eyanine by Ps. pyocyanea, and sodium tartrate has been shown to
favor the produetion of pigment by B. prodigiosus. Carbohydrate
media (potato, rice, and wheat starch) often lead to a particularly
brilliant chromogenesis. Antiseptics may check or altogether
inhibit pigment production.

The baeterial pigments are chemically of diverse nature. Many
of the red and yellow pigments are insoluble in water, but soluble
in aleohol, ether, and chloroform. Others, like the fluoreseent
pigment, are soluble in water, but not in ether or strong aleohol.
Some, and possibly the majority, are chemically related to the
lipochromes, a group of fatty pigments widely distributed through-
out the plant and animal kingdoms. The reactions of others sug-
gest an affinity to certain aniline dyes, such as fuchsin.

The relation of the bacterial pigments to the physiology of the
individual eell is a debated point. It is held by some that the pig-
ments are mere by-produets that have no particular meaning for
the organisms forming them, and that their formation is an inei-
dental, and not an essential, feature of the cell-metabolism. As
regards the majority of bacterial pigments, there is much to support

! The name Serratia was given to this organism by Bizio in 1823 and has
been revived in some recent systems of classification. Harrison (Trans. Roy.
Soc. Canada, 1924, 18) has collected an interesting record of epidemies of
“bloody bread,” ete.
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this position. It is maintained by others, however, that at least
some pigments enter into a loose combination with oxygen, anal-
ogous to the union effeeted by hemoglobin, and that under eertain
circumstances oxygen may be liberated. It has been suggested,
further, that the pigments serve to proteet the bacteria producing
them from the aetion of light, but experimental evidence is against
this view,

Enzymes' and Fermentation Products.—It is well established
that many of the chemical effects wrought by baecteria, as by other
living eells, are due, not to the direct action of the protoplasm, but
to the intervention of soluble ferments or enzymes. Probably the
majority of the disintegrative processes in which baecteria are
concerned are carried on by means of these powerful protoplasmic
auxiliaries. In many cases the enzymes diffuse out from the eell
and exert their effect upon the ambient substances, as do, for
example, the gelatinases or gelatin-liquefying enzymes; in others
the enzyme action oceurs within the eell and the produects pass out.
The zymase or aleohol-producing enzyme of the yeast-eell apparently
does not diffuse out, but acts upon sugar within the cell, the resulting
aleohol and earbon dioxide being ejected. The difference between
enzyme action within and without the cell would not seem to be :
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 seereted by different species is a long one. A compre-
hensive review of the enzymes produced by miero-organisms, with
full bibliography, has been given by Waksman.® Probably all
classes of enzymes are represented among bacterial produers,
although in some cases where there is reason to suspect enzyme
action no enzyme has yet been demonstrated. Some of the changes
in nutrient media that are most relied upon as differentiation marks
are effects produced by enzymes, such as the liquefaction of gelatin,
the precipitation of easein, 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

' Fuhrmann: * Vorlesungen iiber Bakterienenzyme,” Jena, 1907; Waksman
and Davidson: *Enzvmes,” Baltimore, 1926,
*Waksman: Abstr. Baect., 1922, 6, p. 265.
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influence of different conditions of life, the nature of the nutrient
substratum being especially determinative. The presence of a
particular earbohydrate, for example, may stimulate a bacterial
species to produce a hydrolytie enzyme, which under other cireum-
stances is not found among the produets of that species.

The term fermentation has been used, and to some extent is still
used, to express various conceptions. A sharp distinetion between
changes produced by the living cell and changes produced by enzyme
action is no longer tenable, sinee many of the effeets onee aseribed
to “living ferments” have been shown to be directly attributable
to cell-secreted enzymes. The discovery of the alcohol-producing
enzyme, zymase, has removed almost the last exeuse for limiting
the term fermentation to direet protoplasmiec 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 substanees,
and there are some who would go so far as to consider as true
fermentations only those ecarbohydrate decompositions in which
gas is produced, a virtual reversion to the old etymologic significa-
tion (fervere, to boil). In ordinary desecriptions it is customary
to state that Eb. typhi, for example, does not ferment lactose,
that Staphylocoecus aureus ferments lactose with production of
acid, and that Bact. eoli ferments lactose with produetion of acid
and gas. Proteolytic action is not usually denoted as fermentation,
though logically the putrefaction of protein substances by baeterial
agency falls in the same category with the decomposition of sugar
by the action of the yeast-cell.

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

The “Iron Bacteria.”—Among the actinomyces (p. 545) or
filamentous baecteria are found some varieties especially character-
ized by deposits of iron oxide in the sheath or sometimes in the
protoplasm. The best known of these organisms are the widely
spread Crenothrix polyspora, Leptothrix ochracea, and Spirophyl-
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lum ferrugineum, which sometimes grow in the conduits of certain
public water supplies, where they form unpleasant-looking, brown-
ish, floceulent masses, often leading to complete stoppage of the
pipes. The frequent appearance of detached portions of the growth
in tap-water may give rise to consternation among the water con-
sumers, as in the famous * water ealamities’’ in Berlin, Lille, Rotter-
dam, and other places. There iz no evidence that such organisms
are directly harmful.

Winogradsky, explaining the presence of iron in the sheath by
the oxidation of iron in the cell protoplasm of Crenothrix, asserted
that the presence of some iron salt was indispensable to the growth
of the micro-organism, and attached great significance to the
physiologic aetivity of the iron baeteria in causing the deposit of
iron from solution, and the consequent formation of great beds of
mineral iron in the earth’s erust. Molisch,! however, concluded
from his investigations of bog-iron ore from wvarious sources that
these micro-organisms were by no means universally concerned in
the deposition of iron ore on a large scale, but that under certain
natural conditions well-known physicochemieal agencies might
play an important part in the process. The latter author has also
asserted from experimental observations on Chlamydothrix ochra-
eea that iron is simply deposited by external chemiecal action on the
sheath, and no vital process is at all concerned 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,® 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 induce 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,® who concludes that
there are three principal groups of iron-depositing bacteria: (1)
those, of which Spirophyllum ferrugineum is a type, that preeipi-
tate ferric hydroxide from solutions of ferrous bicarbonate and use

1 Molisch: “ Die Eisenhakterien,” Jena, 1910.

2 Lieske: Jahrb. {. wiss, Bot., 1911, 49, p. 91.

* Harder: U. 8. Geological Survey, Professional Paper 113, Washington,
1919.
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the earbon dioxide 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 pro-
cesses, but that eause the deposition of ferric hydroxide when either
inorganic or organic iron salts are present; (3) those, probably
including a number of the lower or ordinary water and soil bacteria,
that attack organie iron salts, using the organic acid radicle as
food and preecipitating ferric hydroxide or basic ferric salts, which
are gradually changed to ferric hydroxide. These organisms cannot
utilize inorganie 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 ehemical and biological processes in an
individual case can be determined only by a thorough study of
conditions at the time of deposition, especially as regards sedi-
mentation, elimate, depth of water, nature of material in solution,
and other factors,

The “Sulfur Bacteria.”—Sulfur, like nitrogen, is an essential
constituent of living matter. When organic matter is decomposed
by bacteria, sulfuretted hydrogen (H.S) is one of the usual disinte-
gration produets. If anaérobic conditions prevail or if the medium
is rich in sulfur compounds, as, for instance, is the case with the
yolk of eggs, the odor of H,S is usually plainly perceptible, and has
come to be recognized as one of the most familiar signs of decompo-
sition. The sulfuretted hydrogen may arise either from the split-
ting off of H.S groups already present in the molecule or from the
reducing action of the baeteria upon the protein substance. Sul-
furetted hydrogen may also be formed by the reduetion of inorganic
sulfur compounds, such as sulfates, sulfites, and thiosulfates. It
has been shown by Myers! that oxidized sulfur (taurine) is not
readily attacked by baeteria, while partially reduced sulfur (eystine)
is completely reduced to hydrogen sulfide. Many different kinds
of bacteria, 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 Baet. coli, which reduees nitrates vigorously. Beijerinek was
the first to isolate a speeial micro-organism, Spirillum desulfuricans,

1 Myers, J. T.: Jour. Bact., 1920, 5, p. 231.
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which he regarded as the peculiar organism of sulfur reduction.
At least two other forms have since been deseribed.  Sulfate-reduc-
ing anaérobie bacteria have been found in water from producing oil
wells over 3000 feet in depth in Illinois and California.! It has been
recognized for some time that waters associated with petroleum in
oil pools are so low in sulfates as to indicate that a natural reduction
of sulfates has been in progress, but until recently this was attributed
by geologists to the petroleum,.

The direet physiologic opposite of these reducing bacteria are
the sulfur bacteria proper, which are able to exert a strongly oxidiz-
ing action upon sulfuretted hydrogen. These organisms are found
in the water of sulfur springs, in sewage-laden streams, in
swamps where masses of vegetable matter are slowly decomposing,
and, in faet, wherever an abundance of sulfuretted hydrogen is
being liberated. Two genera are especially recognized: Beggiatoa
and Thiothriz. The former is a long eylindrie filament possessed
of the power of active movement and showing a close morphologic
resemblance to the blue-green alga Oscillaria. Thiothrix is differ-
entiated from Beggiatoa by its lack of motility, by the possession
of a sheath, and by the formation of so-called *conidia or spores.”
A group of nonfilamentous, colorless sulfur bacteria also exists
(Thiophysa, ete.), but has thus far been little investigated. The
so-called “red or purple sulfur baecteria” are peculiarly interesting.
These organisms were observed in 1826 by Ehrenberg, and in
recent years have been studied especially by Winogradsky, who has
placed them in a family by themselves, called the Rhodobaecteria-
ceae. They are found especially in places where a vigorous reduc-
tion of sulfates is taking place and where, consequently, sulfuretted
hydrogen is present in great abundance. The pigment that
imparts the characteristic color fo these organisms gives some of
the reactions of the lipochromes, but little is definitely known about
its composition. Unlike the unpigmented sulfur baecteria, which
are completely indifferent to light, the purple bacteria gather by
preference on the light side of an aquarium. The view of Engel-
mann, however, that the pigment is similar to chlorophyl and that
the purple baeteria, like the green plants, give off oxygen in the
sunshine has not been confirmed.

! Bastin, Greer ef al.; Bull. Amer. Assn. Petroleum Geologists, 1926, 10,
p. 1270.
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The physiology of the group of sulfur bacteria is unlike that of
any other living organisms, and they deserve to be set apart, as
Winogradsky has proposed, as an independent physiologic group.
The true sulfur bacteria all contain in their protoplasm highly
refractive inelugions which have been found to be amorphous sulfur,
The presence of sulfur in the cells is undoubtedly connected with the
fact that the organisms are found abundantly only in waters con-
taining sulfuretted hydrogen. The discovery of the full physiologie
significance of these findings has been largely the work of Wino-
gradsky. By the oxidation of sulfuretted hydrogen to sulfurie acid,
which is, of course, at once neutralized by the carbonates present,
the sulfur bacteria obtain the energy necessary for their develop-
ment. Sulfuretted hydrogen, in a word, is their principal food.
According to Winogradsky, the single Beggiatoa 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) 2H.8 + 0, = 2H,0 + S..

(2) 8: 4+ 30: 4+ 2H.0 = 2H.50..
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 baecteria apparently then die from starva-
tion. It seems probable that the sulfur baeteria require no organie
substances for their development, but that, like the nitrite bacteria
(p. 688), they ean subsist on a purely mineral diet. For these
organisms, therefore, sulfur in its combination with hydrogen seems
to have the same physiologie value that carbon in its hydrogen com-
pounds has for most other bacteria.

The Production of Acid and Alkali.—The production of acid
and alkali by bacteria is one manifestation of enzyme action. The
oceurrence of acid production is so commonly used as a means of
special differentiation that it is convenient to consider this topie
separately. In general it may be said that aecidity is caused
by the fermentation of some sugar, aleohol, or similar body present
in the nutrient medium. The muscle-sugar in nutrient broth made
from fresh meat, the lactose in milk and whey, and other sugars
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naturally present in, or artificially introduced into, various culture
media, are usually responsible for the oceurrence 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 substances in such a way that hydrogen ions are
liberated. Thus the eolon bacillus ferments lactose and saccharose,
and in consequence provokes an acid fermentation in media contain-
ing these carbohydrates, while the typhoid baeillus is unable to effect
this change. The power of acid production, or, more narrowly,
the ability to ferment eertain sugars, is one of the more constant
physiologic characteristics of bacteria, and has been used advan-
tageously to distinguish closely allied organisms, notably in the
groups of paratyphoid and dysentery 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
reaction is termed the limiting hydrogen-ion coneentration for that
organism. Ayers,! Avery and Cullen,” and others have shown that
virulent hemolytic streptococei of human origin may be differen-
tiated from hemolytic streptocoeei of bovine type by differences in
their final hydrogen-ion coneentrations.

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 produetion is sometimes declared to be more intimately
bound up with the constructive (anabolie) side of baecterial metabo-
lism than with its destructive aspect, but the real difference between
alkali and acid production lies in the nature of the substances
attacked. In sugar-free nutrient "broth the majority of bacterial
species produce an alkaline reaction due to the formation of
ammonia. This is more marked with some kinds than with others.
Ps. pyocyanea, 8. cholerae-suis, and C. diphtheriae are among the
especially vigorous producers of alkaline substances. The alkalinity
of a eulture undoubtedly depends in most eases upon the faet that
the food-substanees are disintegrated by the baeterial eells or their
enzymes in such a way as to yield bodies that give rise to {ree

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

*Avery, 0. T., and Cullen, G. E.: Jour. Exper. Med., 1919, 29, p. 215.
8
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hydroxyl ions. Protein substances, as a rule, break up in this
way, while earbohydrates, when they are attacked at all, give rise
to acids. Under suitable conditions bacteria may produece acid
and alkaline fermentations simultaneously,! as by forming acids
from carbohydrates and alkaline earbonates from the organie acids.

Putrefactive Products.—The decomposition of nitrogenous
compounds constitutes a striking feature of baecterial 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 oceur in the dead animal
or plant body, is the frequent production of malodorous compounds
like mereaptan and skatol, which obtrusively betray the neighbor-
hood of deecaying nitrogenous substances. The gases arising from
the disintegration of proteids are numerous and varied. Ammonia,
carbon dioxide, hydrogen, marsh-gas, sulfuretted hvdrogen, and
nitrogen are among the more common gases generated by bacterial
action. A variety of volatile compounds, amides, peptones, and
aromatic bodies, are also formed in the course of the complicated
processes of ﬁutrﬁfﬂctinn. 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 obligate
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 baeteria 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 exeellent nutrients for baecteria, as shown by
Czapek,” and are split both by the elimination of ammonia and by
the splitting off of earbon dioxide. Free fatty acids, aromatic acids,
and certain ptomaines, cadaverine and putrescine, are among the
further products of decomposition.

Indol is a substance which has assumed importance as an aid
to the differentiation of bacterial species. It is one of the final
produets of the deecomposition of albuminous bodies, belongs to the

! Avers and Rupp: Jour. Infect. Dis., 1918, 23, p. 188.
* Rettger: Jour. Biol. Chem., 1908, 4, p. 45.
* Czapek: Hofmeister's Beitr., 1902, 1, p. 538.
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aromatic series (CgH;N), and is characterized by a peculiar odor,
It gives a red color reaction when strong nitric or sulfurie acid
and a 0.01 per eent solution of sodium nitrite are added drop by
drop to a solution containing it, as, for instance, a peptone culture
of an indol-producing organism. It also produces a cherry-red
color when an acid solution of dimethylamidobenzaldehyde is added
to an indol solution; this is a more delicate and aceurate 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 traet of man and the higher animals play
a useful or a harmful part has been the theme of considerable specu-
lation and some experimentation. Nuttall and Thierfelder, who
were among the first experimenters in this field, succeeded in raising
aseptically 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 concluded 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. Schottelius® vigorously combats this view on the
basis of his own experience in raising sterile chicks. In the eonduet
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 eges
yield perfectly normal chicks. Throughout Schottelius’ experi-
ments complete baeterial tests of the food, air, water, and dejections
were made at the beginning and the close of each series. The bac-
teria-free chicks were apparently hungrier than the others and ate
more greedily, but in spite of this fact always lost weight and usually
died before reaching the thirtieth day. When some of the sterile
chicks were separated from the others and given food contaminated
with fresh fowl droppings, they always throve better than the con-
trol chicks and usually gained weight and grew to maturity. When
a pure culture of a variety of Bact. coli was used to inoculate the
food equally good results were obtained. A mixture of air-cocei

' Bohme: Centralbl. f. Bakt., Abt. I, Orig., 1905, 40, p. 129,
* Schottelius: Arch. [. Hyg., 1902, 42, p. 48, and 1908, 67, p. 177.
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with the food was not so favorable. From these results Schottelius
concludes that the bacteria normally present in the digestive traet
have a marked beneficial influence and are in reality necessary to the
life of the higher animals. Schottelius further maintains that the
inerease in weight of the guinea-pigs in Nuttall and Thierfelder’s
experiments was due not to a genuine fissue 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 elaborate
and, it is thought, more suitable methods of raising young chicks in
the laboratory, Cohendy succeeded in bringing about “life without
microbes.”” This was achieved in a vertebrate animal provided
ordinarily with a rich intestinal microbic flora. The chicks raised
aseptically were at least as robust as those raised under ordinary
conditions. The diserepancies between Cohendy's observations and
the work of Schottelius still need elucidation.

Ptomaines and Toxins.—For evident reasons a high degree of
interest attaches to the poisonous produets of bacteria. As might
be anticipated, these produets differ in respect to their origin and
physiologic significance.

It may happen during the course of the decomposition of organie
substances that toxie bodies are produced simply as a consequence
of the mode of disintegration of the protein molecule. Among such
poisonous products of decomposition, for example, are a few sub-
stances belonging to the group of alkaloid-like bodies known as
ptomaines, basic compounds characterized by a more or less definite
chemical composition. Investigators once supposed that in the
decomposition of meat, fish, cheese, and the like, poisonous pto-
maines are formed in such quantities that the ingestion of partly
decayed food ean eause acute poisoning. It is possible that cases of
“ptomaine poisoning” in man due to ingestion of ptomaines or to
their formation within the intestine sometimes oceur, but there is no
doubt that such cases, if they oceur at all, are very rare. Many
of the epidemies of “‘meat poisoning,” ete., are now known to be due
to infection with specific micro-organisms, rather than to the action
of a formed poison. In the case of botulism (p. 437), which is
caused by a baeterial poison formed outside the body, the poison is a

! Cohendy: Ann. de I'Inst. Past., 1912, 26, p. 106.
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true baecterial toxin very different in character from the ptomaines.
It still remains to be proved that the ptomaines 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
believed to belong to the class of ptomaines just referred to, but this
view was abandoned when it was shown that the ptomaines appar-
ently generated by certain pathogenic bacteria were not able fo
reproduce the appropriate symptom-complex of any disease, and did
not correspond in other respects with the toxicologic requirements.
There is, furthermore, some reason to look upon at least a portion
of the ptomaines isolated from decomposing substances and from
baeterial eultures as seeondary products due to too drastic methods
of chemical manipulation, and not as the primary products of bae-
terial activity.

The opinion that the specific bacterial toxins belong to the elass
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 character-
istic properties of diphtheria or tetanus toxin. Since proteins are
the only chemical substances proved to be capable of giving rise
to antibody production, and since the baeterial toxins produce
specific antibodies, this has been regarded as important evidence in
favor of their protein nature.

The true bacterial foxins, in the modern acceptation of the term,
are specific poisonous metabolic produets. They are of almost
completely unknown chemical structure, are probably colloidal,
are extraordinarily labile, and display great sensitiveness toward
heat. They are soluble and pass out from the bacterial eell into the
culture-medium, hence they are termed soluble toxins or exotoxins.
In many respects they are elosely analogous to the enzymes. One
of the most characteristic qualities of the true toxin is its ability to
evoke the formation of a specific antibody, an antitoxin, when
injected into the body of a suitable animal species. The potency of
the baeterial toxins is extraordinary, and far surpasses that of any
other known poison:
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Minimal fatal dose of atropine for adult man................. ......130 mg.
i i * % stryehnine for adult man.................30 to 40 mg.
“ 1t # ¢ cobra venom for adult man............ .. ..4.375mg
" i ¥ ¥ fetanus toxin for adult man......... less than 0.23 mg.

Some baeteria, as the tetanus bacillus, are able to produce their
specific toxin in the animal body; others, as Cl. botulinum (p. 441),
form their toxin, so far as known, only in organie substances outside
of the living body. A characteristic feature of the aetion of toxins,
although one not fully understood, is the period of incubation that
elapses after the toxin is introduced into the body before the symp-
toms 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 eoadjutors. Elaborate
experiments have shown that the toxin is a complex substance.
To take a specifie illustration, it is found that broth in which the
diphtheria baecillus has grown loses, on standing, a certain part of
its toxicity, but retains undiminished its affinity fﬂrj diphtheria
antitoxin. In other words, there is no constant relation between
the toxic strength of the broth and the amount of the broth that
is neutralized by a given quantity of diphtheria antitoxin, This is
held to indicate that the toxin is not a simple chemical unit, but is
composed of two portions, distinguished by their different stability.
Exposure to light and air destroys the toxie portion of the toxin-
complex, but leaves the combining portion intact. Hence a toxin
has been supposed to consist of two portions: A combining or hapto-
phore atom-group, which is able to unite with the corresponding anti-
toxin, and a specific foxophore atom-group, to which the poisonous
action is due. Those modifications of the toxin-complex from which
the toxophore portion has more or less completely disappeared,
while the haptophore group persists, have been designated as foxoids
or analorins (see page 155).

The name toxon has been given to a poisonous produet of bacterial
growth possessing the same haptophore group as the toxin, but of
far less avidity. The toxophore group of the diphtheria toxon is
conceived as different from the toxophore group of the diphtheria
toxin, in that it is incapable of producing aeute effects, cutaneous
necrosis, and death; but, on the other hand, it is responsible for the
characteristic late diphtheria paralysis. Analysis of the phenomena
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attending the neutralization of toxins and antitoxins of various
strengths led Ehrlich to a belief in the existence in toxic broth of a
variety of toxic bodies possessing varying degrees of avidity and
toxicity. Theseare the so-called “ prototoxins, deuterotoxins, proto-
toxoids,” ete. It has been urged against this view by Arrhenius
and Madsen,! on physicochemical grounds, that the behavior of
mixtures of toxin and antitoxin can be explained by reference to
the law of mass-action enunciated by Guldberg and Waage. The
law of mass-action declares that chemiecal reaction goes on at a
velocity proportionate to the coneentration of the reacting mole-
cules. On the latter hypothesis it would be superfluous to assume
the existence of different components, and sufficient to regard the
toxin as a single uniform substance possessed of a weak affinity for
its antitoxin. Further researches have shown that it is not possible
to bring the reaction of toxin and antitoxin within the law of mass-
action, and that the relations of these two bodies to one another are
much more complieated than would be expected if they were simple
erystalloidal substances. On the other hand, certain striking analo-
gies have been shown to exist between the behavior of toxins and
the behavior of colloidal 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®
have found that the poison of the baecillus 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 tetanus
toxin and diphtheria toxin are the types, which diffuse through the
bacterial cell wall during life and are found in the fluid culture
media in which the baeteria are grown.

Relatively few pathogenic bacteria have been shown to produce
exotoxing. The best known in addition to those produced by the
diphtheria bacillus and the tetanus bacillus are the toxin of Clostri-
dium botulinum and that of the bacillus of symptomatic anthrax.
Under certain conditions soluble toxins have been found by some
observers in cultures of the cholera vibrio, the dysentery bacillus,

1 Arrhenius and Madsen: Zeit. f. physik. Chemie, 1903, 44, p. 7.
* Girassherger and Schattenfroh: “ Ueber die Beziehungen von Toxin und
Antitoxin,”" Leipzig u. Wien, 1904.



120 THE EFFECTS PRODUCED BY BACTERIAL GROWTH

the typhoid and paratyphoid baecilli, Ps. pyoeyanea, and a few
other organisms. But in none of these latter cases have the nature
and pathogenic importance of these soluble toxins been demon-
strated as they have for the four exotoxins first named.

The existence of another group of baeterial toxins, the so-called
“endotoxins,” 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, showing that the
infeetion 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 dis-
integration after cellular death. Endotoxins may be obtained by
certain methods of extraction or by autolysis, but they differ
strikingly from the exotoxins in not possessing specificity, and
henece in being unable to give rise to antitoxins. It seems probable
that the endotoxins are not definite preformed constituents of the
bacterial cell, but that they are simply the poisonous products of
disintegration of baecterial protein. Vaughan' has shown that a
great variety of proteins, bacterial and otherwise, yield, upon cleav-
age with alkalinized aleohol, toxie split bodies which possess many
of the properties of endotoxins. When these protein split products
of nonbacterial origin are injected into animals they produce fever
and other symptoms which usually accompany bacterial infection.
The significance of endotoxins in the causation of diseases is quite
obscure. It seems possible that pathogenie bacteria in which thus
far only endotoxins have been demonstrated may produce true
toxins under the conditions in which they grow in the animal body.

Substances possessing the closest resemblance to the true bae-
terial toxins oceur in the seeds of some of the higher plants and in
the seeretions of certain animals. Among the best known of the
vegetable toxins (phytotoxins) are riein (from the eastor-oil bean,
Ricinus communis), abrin (from the jequirity bean, Abrus preca-
torius), and the similar substances, crotin 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

1 Vaughan, V. C.: * Protein Split Products,” Philadelphia, 1913.
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causes agglutination of the erythroeytes. 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. BSpecific toxic bodies are found in
the blood and secretions of a number of animals (zodtoxins). Snake
venom and the poisons of scorpions and spiders, as well as an actively
poisonous substance present in eel-blood, are more or less familiar
examples. The chemical behavior and physiologic action of these
poisons are strikingly similar to those of the true bacterial toxins,
The snake venoms owe their power to a variety of active principles:
(1) hemagglutinin, (2) hemorrhagin (present especially in rattle-
snake venom), (3) hemolysin, and (4) neurotoxin. Antibodies have
been successfully produced against these several toxic bodies. The
action of the venoms and antivenins is more complicated than that
of the baecterial toxins.



CHAPTER 6
THE CLASSIFICATION OF BACTERIA

BacTERIA are minute unicellular organisms generally elassed 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
respecting 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 advoeated 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 aectively motile,
It has already been pointed out that the cell-wall of bacteria,
unlike that of plant cells in general, is not composed of cellulose. On
the other hand, transition forms connect the typieal bacteria with
certain lower algae and fungi universally recognized as true plants.
Some of the filamentous blue-green algae, of which the genus
Oscillaria is an example, are closely related to undoubted bacteria,
and this fact among others has disposed naturalists to place baecteria
with the plants. As a matter of fact, little importance is now
attached to such questions, since there is every reason to suppose
that all living organisms are fundamentally alike and originated
from a common state. [t is among the lowest forms of life that
divergences between animals and plants melt away, and organisms
possessed of characteristies of both groups are found.

The chemistry of the tubercle bacillus has been studied more
elaborately than that of any other baecterium and Long' coneludes
that from a chemical point of view the animal or plant nature of
this organism is an open question. It is of great interest that the
tuberele bacillus contains a typieal nueleie acid of the animal type
found in thymus, pancreas, sperm and spleen. It does not contain
nueleie acid of the so-called “ plant type’ found in yeast and wheat.
On the other hand its ability to synthesize such complex substances

! Long: Am. Rev. Tubere., 1923, 8, p. 195.
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as amino acids and purine bases with no other source of nitrogen
than ammonia is distinetly a plant charaeteristic,

Bacteria, therefore, oceupy an intermediate position between the
vegetable and animal kingdoms, and it is largely considerations of
convention and convenience that place them among the plants.
Sinee 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 Sechizomycetes (Ger., Spaltpilzen).

In general, the classification of living organisms is based on
morphologie characters which are, broadly speaking, less liable to
sudden change and more apt to coincide with relationship by
deseent than are physiologic characters. Walking mammals
(horses), flying mammals (bats), and swimming mammals (whales)
are more fundamentally alike than flying mammals and flying
insects. Both the wing of a butterfly and the wing of a bird serve
the purpose of flight, but structurally the two kinds of wings are
far apart, and the animals themselves belong to widely separated
branches of the animal kingdom.

Within the group of bacteria classification is, for praetical pur-
poses, especially important., Bacteria are of such minute size and
the observable differences in structure are so slight that any eclassi-
fication grounded on morphologic characters meets with many
difficulties. DMiecro-organisms that resemble one another very
closely in appearance may differ radically in respect to the chemieal
changes to which they give rise, or to the pathologic processes that
they evoke. Since these pathologic processes and chemicar changes
are of great practical importance, baeteriologists have come to lay
considerable stress upon physiologic qualities. There can be no
valid objection to such a praectice. The modes of nutrition of
bacteria and the products of their growth must give a more cor-
rect insight into fundamental internal structure than ean simple
external form, especially for organisms that lie on the limit of
invisibility.

An interesting attempt at classifying baeteria on a physiologie
basis was made by Jensen.! On the basis of source of nutrition the
following chief groups were distinguished:

(1)} Bacteria which, like the green plants, need neither organie
carbon nor organie nitrogen. These so-called “autotrophie bac-

"Jensen: Centralbl. f. Bakt., 11, 1909, 22, p. 305.
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teria’’ ean build up both earbohydrates and proteins out of earbon
dioxide and inorganic salts.

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

(3) Bacteria which, like the higher animals, require both
organic carbon and organic nitrogen compounds. These bacteria
cannot accomplish either earbohydrate or protein synthesis out of
inorganic substances.

Upon such principles Jensen construeted an outline of a system
of classification which has many merits, although it has not been
generally adopted.

One of the earlier morphologie classifications of bacteria was
drawn up by Migula.! Migula's classifieation served a useful pur-
pose for some years, and had an important influence on baecterial
nomeneclature and grouping. It proved, however, open to objec-
tion in many details, and the morphologic classification of bae-
teria has long been in an admittedly confused and unsatisfactory
condition.

Along such lities a committee of the Society of American Bac-
teriologists® spent several years in studying the characterization
and classification of bacterial types, and has drawn up a working
classification 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 bae-
teria”’ and include (1) the myxobacteria, organisms showing a
psendoplasmodial stage which passes over into a highly developed
cyst-producing resting stage;* (2) the sulfur bacteria (p. 110),
typically found in water containing hydrogen sulfide or other sulfur
compounds and whose cells contain either granules of pure sulfur
or the pigment bacterio-purpurin;® (3) the iron bacteria, typically

1 Migula: “System der Bacterien,” Jena, 1897,

:C-E. A. Winslow, Jean Broadhurst, R. E. Buchanan, Charles hrum-
wiede, Jr., L. A. Rogers, H. GG. Smith.

* Jour. of Bact., 1920, 5, p. 191.

i Thaxter, R.: Bot. Gaz., 1892, 17, p. 394.

s Winogradsky, 8.: “Zur Morphologie und Physiologie der Schwefel-
bakterien,” Leipzig, 1888,
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water forms, usually with a sheath containing a deposit of iron
oxide (p. 108).!

The two remaining orders, (4) Actinomyeetales and (5) EKubae-
teriales, are those with which the bacteriologist is primarily
concerned. The committee’s deseription and the -elassification
proposed by them follow:

“Order Actinomyeetales, Buchanan, 1917a, p. 162.*

“Cells usually elongated, frequently filamentous and with a
decided tendency to the development of branches, in some genera
giving rise to the formation of a definite branched myeelium. Cells
frequently show swellings, elubbed or irregular shapes. No pseudo-
plasmodium. No deposits of free sulfur or iron No bacterio-
purpurin. Endospores not produced, but conidia developed in
some genera. Usually gram-positive. Nonmotile. 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 culture media often
slow; some genera show mold-like colonies . .

“Order FEubacteriales, Buchanan, 1917b, p. 162.*

“The order Eubacteriales includes the forms usually termed the
true bacteria, that is, those forms which are considered least
differentiated and least specialized. The cell metabolism is not
primarily bound up with hydrogen sulfide or other sulfur com-
pounds, the cells in consequence containing neither sulfur gran-
ules nor bacterio-purpurin. The cells apparently do not possess
a well-organized or well-differentiated nuecleus. 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 singly, in chains or other groupings. They may be
motile by means of flagella, or nonmotile, but are never nofably
flexuous. Cell multiplication oeccurs always by transverse, never
by longitudinal, fission. BSome 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 pseudoplas-

I Molisch, H.: “ Die Eisenbacterien,” Jena, 1910,
: Jour. Bacteriol., 1917, 2, pp. 155-164,
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modia or develop a highly speecialized cyst-producing fruiting stage,
such as is charaeteristic of the myxobacteriales . . . "
BUGGESTED COMMITTEE CLASSIFICATION OF THE CLASS
SCHIZOMYCETES (1917)t

Order.
Order.

Myrobacteriales.
Thiobacteriales.
Order. Chlamydobacteriales.
. Order. Eubaclerinles.

I. Family. Nitrobacteriaceae.
Genus. Hydrogenomonas.
Genus.,  Methanomornas,
Genus.  Carboxydomonas.
Genus,  Mycoderma.
Genus.  Nilrosomonas,
Cxenus.  Nifrobacier.
Genus.  Azotobacter.

. Genus. Rhizobium.
I, Family. Mycobacleriaceae.
1. Genus. Aclinomyces.
2. Genus. Nocardia.
3. Genus. Mycobacterium.
4. Genus, Corynebaclerium.
5. Genus.  Fusiformis.
6. Genus. Leptofrichia.
II1. Family. Psewdomonadaceae.

oaFEe

0O =Y oh n i 03 el

1. Genus.
IV. Family.
1. Genus.
2. (enus.
V. Family.

V1. Family.
1. Genus.

Pzendomonas,

S pivillaceae.

Vibrio.
S pirillum.

Coccaceae.
{a) Tribe.
1. Genus.

2. Genus.

3. Genus,

4. Genus.

(b) Tribe.
1. Genus.
2. Genus.
3. Genus.
Bacileriaceae.

Streplococeeae.
Neisseria.
Streplococcus.
Staphylococcus.
Alloecacens.
Micrococceae.
Micrococcus,

S arcini.
Rhodocoveus.

Bacterium.

2. Genus.  Frwinida,
3. Genus. Pasteurella.
4. Genus. Hemophilus.

1 Preliminary Report of the Committee of the Society of American Bae-
teriologists on Characterization and Classifieation of Bacterial Types. As
given in Buchanan, R. E.: General Systematic Bacteriology, 1, pp. 88, 89
(Baltimore, Williams and Wilkins, 1925).
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VII. Family. Lactobacillaceae.
1. Genus. Laclobacillis.
VIII. Family. Bacillaceae.
1. Genus. Bacillus.
2. Genus. Clostridium.
E. Organisms intermediate between bacteria and protozoa.
. Genus, Spirochaela,
. Genus. Crislispira.
. Genus. Saprospira.
. Genus,  Treponenia.

[S SN T

Such a classification erystallizes 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 gonococecus-
meningococceus group and Hemophilus for the hemophilic baeilli
will make for elearness and simplicity.

Among the spheriecal baeteria, differences in the mode of group-
ing of the cells have given origin to certain names—as streplococcus,
staphylococcus or micrococcus, and sarcina—that have been used as
the names of genera, but no such generally useful distinetions have
been found among the rod or the spiral bacteria. Consequently a
term like Bacillus long served as the generic name for an enor-
mous number of bacteria. Some of the bacteria included under
the name Bacillus are very different morphologically and
physiologically.!

Nomenclature.—The current nomenclature of baeteriology may
be eriticized on two grounds: first, as already pointed out, for the
unwieldy size that eertain “genera’ have been allowed to assume;
and, second, for the haphazard way in which trinomial and even
quadrinomial names have been bestowed. Buch names can be
properly employed only with reference to subspecies or varieties;
and designations like B. coli ecommunis, Granulobacillus saccharo-
butyricus mobilis nonliquefaciens, and Micrococcus acidi para-
lactici liquefaciens Halensi, are both cumbersome and unscientific.
The use of a single generie name for a multitude of organisms is, in
fact, responsible for the tendency toward trinomial nomenclature,
and the remedy for both eonditions would seem to lie in the aban-
donment of such a term as Baecillus for the name of a genus and the
frank establishment of new genera on the basis of physiologie

L E. g., Bacillus subtilis, Eb. typhi, Cl. tetani, B. prodigiosus, C. diphtheriae.
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characters, such, for example, as distinguish the typhoid group
or the diphtheria group of baecilli. Until some such reform in
nomenclature is brought about the names used to designate differ-
ent 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. Buehanan' has subjected the
nomenclature of the bacteria to a thorough study and revision on the
basis of the International Rules for Botanical Nomenclature. The
work of the Committee of the Society of American Baecteriologists,
already referred to, is a promising beginning® in the direction of
nomenclatory change and is utilized as far as praecticable in this
book.

Variations.—Like other living organisms, bacteria of the same
species are not all preeisely similar. Raeces, 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 ecompared
under the same circumstances with one or more organisms of similar
descent. Unlike the modifications due to environmental influence,
variations are essentially dependent on elements intrinsie, not
extrinsic, to the organism.* To illustrate, the ability of actino-
myces to produce club forms is manifested only in the presence of
animal fluids, but the produetion of the clubs is not an instance of
true variation; a culture of actinomyeces 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
indicates, fluetuating wvariability swings to and fro, oscillating
around an average type. The familiar deviations in human height

! Buchanan: General Systematic Bacteriology, Baltimore, 1925, pp. 597.

* A still more elaborate and far-reaching change is introduced in Bergey's
Manual of Determinative Bacteriology (3rd Edition, Baltimore, 1930, pp. 589).

* This, however, is not to be taken to imply that the property of variation
itself may not be affected by a change in environment.
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exemplify this kind of variation. It is supposed by de Vries'
that fluctuations remain fixed within certain limits, and that the
aceumulation 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, baeteriologists will not hesitate to elassify the varia-
tions with which they are most familiar as those of the fluctuating
type. The number of them is practically infinite, and, especially
in some groups, there is little doubt that they have been given too
great classificatory value, as compared with preeisely similar devia-
tions in higher forms of life. At the same time these biologically
trivial differences are often of practical importance, as in the study
of pathogenieity 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 pathogenie forms, are every-day occurrences in the bacteri-
ologic laboratory. The term “retrograde variety” would seem
appropriate for these forms if it had not already been applied by
de Vries to mutations of a retrogressive character. In his terminol-
ogy, 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 observed retrogressions
in baeteria are concerned, there ean 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 eulture grow more and more pronounced in each succeeding
cultural transfer, and finally the once conspicuous and taxonomically
important character may disappear altogether. Such retrogres-
sion, or, as it 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

L De Vries: “ Mutationtheorie,” 2 v., Leipzig, 1901-03.
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totally unrelated organisms lose, by degrees, virulence, gelatinolytic
power, or capacity for chromogenesis. Such a change goes on
steadily and oecurs in nearly all straing ecoming under observation.
The varieties so formed grow luxuriantly and are perfectly stable
under the conditions in which they are ordinarily kept; in fact, often
they eannot be made to regain their lost property, even by suecces-
sive transfers upon media considered to be especially favorable for
the manifestation of the quality in question; they are spoken of
as hopelessly degenerate. This is the case, for instance, with many
strains of B. fluorescens as regards pigment produetion. Qualities
once lost, however, may under certain conditions be regained, as
shown not only in the reacquisition of chromogenie power, but also
in the reassumption of virulenee by attenuated pathogenie races,

There is now no doubt that true mutations oceur among bacteria
as among the higher forms of life. Barber,! for example, has
deseribed an instance in a strain of the dysentery bacillus in which
the variation oeeurred suddenly and fully formed; it appeared in a
relatively small number of individuals, was not adaptive, and the
new characteristies were transmissible to offspring through many
generations. A similar instanee has been observed in Bact. coli,” in
which cells with the power of fermenting saccharose and raffinose
suddenly appeared in a eulture (from a single cell) that had not
previously possessed this power. The parent strains and the
mutating strains each maintained their separate charaecteristics for
over four years and during some hundreds of test-tube transfers,

Several writers have also reported the occurrence of secondary
colonies or papillae (Ger. Knépfe) on colonies of varieties of Baet. coli
grown on certain earbohydrate media. These papillae are com-
posed of cells having the power of fermenting the carbohydrate
with which they are in contact, a power which the main colony
lacks. The appearance of these secondary colonies is interpreted
by some writers as mutation, by others as adaptation.?

Connected with the variability of baeteria is their remarkable
plasticity or adaptability to diverse conditions of life. By a series

1 Barber, M. A.: Philippine Jour. of Science, 1913, 8, p. 539.

? Jordan: Proc. Nat. Acad. of Sci., 1915, 1, p. 160.

? Neisser, M.: Centralbl. f. Bakt., I, Ref., 1906, 38, Beiheft, p. 98; Massini:
Arch. f. Hyg., 1907, 61, p. 250; Bencke: Ztsch. {. ind. Abstammungs- u. Vereb-

ungslehre, 1909, 2, p. 215; Burri: Centralbl. f. Bakt,, II, 1910, 28, p. 321;
Baerthlein: Arb. a. d. k. Ges., 1912, 40, p. 433.
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of inoculations or transfers it is possible so to alter bacteria that
qualities originally present are sometimes accentuated, sometimes
abolished. Baecteria may become adapted to very high tempera-
ture, to growth in the presence of antisepties, and even to multipli-
eation in strongly bactericidal sera. Such modifications, as a rule,
are gradually acquired and gradually lost. Pathogenic bacteria,
like other parasites, may become so strietly adapted to life in the
tissues of a given animal species that they neither grow readily in
artifieial 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 bacillus, which, so far as known, is not able to grow
anywhere except in the body of man and possibly the anthropoid
apes. Theobald Smith! has made the important suggestion that
bacteria of great pathogenie power should be looked upon as incom-
pletely adapted parasites that have not yet succeeded in establish-
ing an equilibrium between themselves and their host. The less
complete the adaptation, the more virulent the disease produced.
This would explain the tendency of long-established diseases to
decrease in severity at the same time that they are becoming more
frequent.

According to Rosenow® an interesting example of bacterial spe-
cialization occurs in the so-called ““elective localization™ of strepto-
cocel and other organisms. Certain strains of baeteria have been
thought to show a preference or “affinity” for ecertain tissues, so
that, for example, certain epidemies of throat infection due to strep-
tococei are frequently complicated by sinusitis, while others due
to very similar streptococei lack this complication. Rosenow
found that 14 strains of streptococei from appendicitis produced
lesions in the appendix in 68 per cent of the rabbits injected,
whereas an average of only 5 per cent of lesions in the appendix
were produced by streptococei from other sources. Irons® has
observed a similar elective affinity of streptococei iniritis. Although
seemingly supported by a large amount of experimental work the
theory of elective localization has not been generally accepted.

1 Smith, Theobald: Proceedings of Congress of Arts and Science, St.
Louis, 1904, 5, pp. 219-239.

* Rosenow: Jour. Amer. Med. Assoc., 1915, 63, p. 1687.

* Irons: Jour. Infect. Dis., 1916, 18, p. 315.
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The question whether adaptation o a particular tissue or culture
medium or to a high or low temperature, is due to the selection of
fluetuating variations or of mutations is one to which the existing
evidenee does not give a conclusive answer. On the whole, the
available data indicate that change takes place by gradual progres-
sion rather than by sudden leaps. How far modification of indi-
vidual eells and transmission of such modifications to the daughter
cells is responsible for the observed conditions has not been
determined.’

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 eharacters, but differing in agglutinative or other immunity
reactions. Streptococei, gonococei, tetanus bacilli, and other
organisms, especially pneumococei, have been divided into various
serological types, based on the reactiops 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 ecertain cases of pneumonia in widely separated
localities, but will not agglutinate other strains derived from other
ecases and belonging to Types II, III and IV. The origin and the
significance of these immunological varieties have not yet been
determined.

Gireat interest has been aroused in the kind of variation char-
acterized by the formation of rough (R) and smooth (S) colonies
(Fig. 25). This has been already mentioned on page 76.  Attention
was especially directed to it by the work of Arkwright.” In general,
the rough and smooth colony types breed true, but change from one
to the other oceurs spontaneously and may be induced. Starting
with a single colony of the typhoid bacillus, for example, which is
usually smooth, subsequent platings of subcultures from this colony
may show the occasional appearance of rough colonies; these rough
colonies are particularly likely to appear in platings from old
cultures: as a rule the 8 — R variation oceurs in cultures kept under
unfavorable conditions (Fig. 25). The remarkable feature about

1 A good summary of the early work on variation in bacteria has been given
by Pringsheim: “Die Variabilitit niederer Organismen,” Berlin, 1910; for a
more modern discussion see Hadley: Jour. Infect. Dis,, 1927, 40, p. 1.

* Arkwright: Jour. Path. and Baet., 1921, 24, p. 36.
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this type of variation is that the roughness and smoothness of the
colonies is generally correlated with the presence or absence of
certain  deep-seated biological qualities. In the typhoid-para-
typhoid group the rough variant usually agglutinates spontaneously
in broth or physiological salt solution, gives rise to a serum that
agglutinates R strains but not S strains, and is less virulent than
the S wvariant. In most bacterial species the usual or “normal”
form is the smooth, but in a few species, the anthrax baecillus for
example, the I type is both more common and more virulent.

The rough variants are as a rule more stable than the smooth,

and for a time it was thought that the S — R “dissociation” was

b S 1 - & 1
I'IL;. 25, iough and smooth colony types. Baecterium dysenterine, Sonne
tyvpe, twenty-four-hour colonies on agar plate; X 3 (5. A. Koser).

irreversible. It was shown, however, that by the repeated and
irequent transfer of broth cultures a rough strain of Salmonella
schottmiilleri eould be econverted into a smooth strain.! Griffith?
later accomplished a similar B — S reversion of pneumococei and
Soule® that of B. subtilis. Both the S — R transformation and
the apparently more difficult and unusual £ — S reversion are more
or less gradual and accompanied by the appearance of intermediate
colony types.
Jordan, E. O.: Jour. Amer. Med. Assoc., 1926, 86, p. 177.

® Grnfhith: Jour. Hyg., 1928, 27, p. 113
¥ Soule: Jour. Infect. Dis., 1928, 42, p. 93.
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The full significance of the type of variation characterized by
rough and smooth colony formation is not known. Some bacteri-
ologists believe that the changes, which on the whole are quite
uniform in different groups of bacteria, are manifestations of phases
in a complex bacterial life cyele. Hadley's important monograph
on Microbie Dissociation! reviews fully the evidence for this point
of view.

In many lines of practical baecteriological work it is necessary to
know whether one is working with the R or S type. Sinee S and R
strains of the same species do not agglutinate uniformly, and since
a serum produced by R strains may not agglutinate the corre-
sponding S strain, the observer may be misled unless he knows
the nature or “phase” of his cultures. Typhoid vaccines in which
rough strains of the organism are employed seem to be useless
for prophylaxis.®

The existence of this type of variation offers a possible explana-
tion of several problems. It explains, at least in part, the appear-
ance of the troublesome “spontaneous agglutination™ in laboratory
cultures; it throws light on some of the problems of bacterial
diagnosis and identification; finally it may afford an explanation of
rise and fall of epidemics as depending on fluctuations in microbic
virulence.

Another type of variation is connected with the presence or
absence of flagella. The motile form of a strain of Proteus (see
page 496), for example, produces on an agar plate a colony char-
acterized by a spreading film, which is lacking in colonies of the
nonmotile variant. Weil and Felix,® to whom we owe the early
observations on the subjeet, used the letter H (German Hauch =
film) for the motile type and O (German ohne Hauch = without film)
for the nonmotile. These letters have come into general use for
the H-0 type of variation. Similar motile and nonmotile strains
have been observed in many bacterial species.

Particular interest attaches to the II-O varieties on account of
the differences between the kinds of agglutining produced by the
motile forms (I), which possess flagellar agglutinogen, and the
nonmotile forms (0), which possess only the agglutinogenic sub-

! Hadley: Jour. Infect. Dis., 1927, 40, pp. 1-312.
2 Grinnell, F. B.: Jour. Immunol., 1930, 19, p. 457.
3 Weil and Felix: Wien. klin. Wehnsehr., 1917, 30, p. 1009.
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stance of the cell body (somatie agglutinogen). It is obviously of
practical importance to know whether the partieular eulture we
are using in diagnostic or experimental work contains both flagellar
and cell-body agglutinogens, or only those of the somatic type.
The environment and the conditions that affect bacterial motility,
however, are not so well known as might be desired.



CHAPTER 7
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 disease
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 culture, and
one through which the ancestors of modern civilized man probably
passed. ‘‘The possessed man, tossed and shaken in fever, pained
and wrenched as though some live creature were tearing or twisting
him within . . . rationally finds a personal spiritual cause for
his sufferings. In hideous dreams he may even see the very ghost
or nightmare fiend that plagues him . . . This is the savage
theory of demoniacal possession, which has been for ages, and still
remains, the dominant theory of disease and inspiration among the
lower races. It is obviously based on an animistic interpretation,
most genuine and rational in its proper place in man’s intellectual
history, of the actual symptoms of the cases.””* This animistic or
demonistic conception of disease still finds expression in the prac-
tices of the medicine-men or wizards of many savage peoples.
Granting that a spirit is the eause of a disease, the logical proceed-
ing 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 coneiliatory 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’ descriptions of
customs which prevail today among many primitive and half-

L Tylor: “ Anthropology,” New York, 1904.
136
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civilized peoples. As regards one large class of diseased persons,
the insane, the theory of demoniacal possession has remained eurrent
up to comparatively recent times.

When the advanece of natural knowledge brought a larger meas-
ure of understanding of the strueture and funetions of the human
body, a new and semi-scientific theory of disease sprang into being
and attained world-wide influence. The Hippocratie theory of
disease, as it was ealled after its founder, Hippoerates, ““the Father
of Medicine,”" was, in fact, the dominant theory all through the
middle ages, and still eolors much medical thought and practice
According to this celebrated theory, the body contains four humors:
blood, phlegm, yellow 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 Hippoeratie 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 humeors went
through a regular process, being first of all crude, then passing
through coction, or digestion, and finally being expelled by resolution
or crisis through one of the natural channels of the body. The efforts
of physicians were to be directed toward keeping the humors in their
proper relations one to another, for if the normal delicate balance
became disturbed, the most serious results might follow. This
ingenious conception of disease held almost undisputed sway foralong
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 medieal
progress: In faet, many of the substitutes proposed for the Hippo-
cratic theory were more complex and more mystical than the belief
they were intended to supplant. Disease was “an intestine move-
ment of particles,” it was an attempt of nature to eliminate morbifie
matter, a want of “tone,” a deficiency of stimulus, and so on. The
theory of this class that lasted longest and had the greatest effeet
upon medieal practice was the so-called ““theory of homeopathy.”
The definition of disease given by Hahnemann, the founder of this
school, is an index of the greater part of his teachings. * Disease,”
said this writer, ““is a spiritual dynamic derangement of a spiritual
vital principle.” His theory of potentiality or dynamization
maintained that medicines gained in strength by diluting, if the
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dilution was accompanied by shaking; the potency of some drugs
was also supposed to be increased by pounding. Acting on this
doctrine, 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 aseribed the highest *potentiality.”
An interesting outcome of this procedure was the fact 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
suceessful or more sueccessful than the ordinary procedure. In a
word, homeopathy, although theoretically ridieulous, did much to
reform the custom of indiseriminate giving of drugs in large doses.

Amid the vagueness and confusion of such half mystieal hypoth-
eses as homeopathy, emerged the more tangible and definite germ
theory of disease. As already pointed out, the germ theory of
disease is the legitimate offspring of the germ theory of fermenta-
tion, and owes 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 iz based on
indisputable fact. In respect to some other diseases, like small-
pox, hydrophobia, and influenza, while no speeifiec miero-organism
has been established as the cause, there ean be little doubt that the
germ theory of eausation furnishes the most reasonable, consistent,
and probable explanation of the nature of these infections.

PATHOGENICITY

The coneeption 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 animals.
As a rule, a pathogenic bacterium is limited in its activities to a small
number of hosts; bacteria pathogenic for animals are not ordinarily
pathogenie for plants; very few of the baeteria that ean infeet mam-
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mals are also pathogenie for cold-blooded animals; some are even
restricted to the tissues of a single species.

The power of a mierobe to produce morbid effects or changes
depends, therefore, as mueh upon the nature of the host as upon its
own characteristies. A baeterium that is pathogenie for one animal
species may be harmless for another: The typhoid bacillus, when
swallowed by man, can produce a serious, often mortal, illness;
when fed to eattle, it produces no effect. As a consequence, no
sharp line can be drawn between pathogenie and nonpathogenie
micro-organisms. One of the common, typically saprophytic
bacteria, the ubiquitous hay bacillus (B. subtilis), which is found
almost universally in air, water, and soil, is capable under eertain
conditions of giving rise to a serious affection of the human eye.

Factors Affecting the Host.—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 or not a mierobe ean bring about infection are
numerous and varied. A few illustrations will suffice. The age of
an individual is often of great importance. Experiments have
shown that, while the adults of certain animal species are resistant
to inoculation with a particular germ, the young of the same species
may succumb. The existence In the human race of a number of
“children’s diseases,” which are not only more common, but more
fatal, among children than among adults, is evidence to the same
effect.! Hunger and thirst predispose to infection. If pigeons are
kept on a low diet before, or just after, inoculation with anthrax
bacilli, they die, although under normal conditions these birds are
naturally immune to anthrax. Animals deprived of water also lose
their natural resistance to anthrax inoculation. An unsuitable diet '
as the substitution of bread and milk for meat, has the same effect.
Excessive fatigue will predispose to infection. The normal white
rat is highly insuseceptible to anthrax, but when exhausted by work
in a treadmill, becomes very susceptible. Erposure to extremes of
heat and cold is well known to depress resistance to infeetion. This

* In a series of nearly 70,000 cases of scarlet fever admitted to the Hospitals
of the Metropolitan Asylum Board in London the case mortality per cent
was 18.2 among those under five years of age and 2.8 among those from twenty
to twenty-five yvears.
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iz shown by one of Pasteur's classic experiments, in which he rend-
ered the naturally resistant hen susceptible to anthrax by chilling
it 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 faet.
Frogs, which are immune to anthrax at ordinary room temperature,
quickly die after anthrax inoeulation if placed at a temperature of
25 to 35 C. Wasting diseases, like diabetes and typhoid fever,
favor a secondary invasion of the tissues by micro-organisms, espe-
cially those belonging to the group of pyogenic bacteria. In diseases
such as measles and smallpox the weakening of resistance due
to the primary specific infectious agent is followed by the invasion
of the tissues by streptocoeci, 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 body, there are causes which
influence the resistance of particular organs or groups of tissues.
Loeal suseeptibility may be inereased by defective blood-supply,
by rapid growth, by mechanical injury or trauma, and other factors.
When streptococei are injected into the eirculation of a perfectly
healthy rabbit, they rarely settle on the valves of the heart, but if
the aortie cusps of the heart have been injured prior to infection, the
eocei gain a foothold there and set up an uleerative endoecarditis.
The speeial liability of the bones and joints of young children to
tuberculosis and suppurative affections is a well-known instance of
loeal suseeptibility. The organ or tissue that offers temporarily or
constantly the point of least resistance is in each ease the one to be
attacked. The great danger of infection of the human mother at
childbirth, unless every eare be taken to prevent the access of bae-
teria to the uterine cavity, typifies the peculiar peril that arizes
when there is a coneurrence of a severe local injury and generally
weakened condition.

Factors Affecting the Microbe.— Not only do the nature and
state of the host play an important part in determining the oceur-
renee of infection, but the conditions influencing the infecting agent
itself are also of great importance. The virulence of a miero-organ-
ism, that is, its power of growing in the body and produecing injury,
varies Just as does the suseeptibility of the host. Certain races or
strains of bacteria oecur that are characterized by a high or low
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degree of virulence, and there is no doubt that the varying severity
of eases of infectious dizease iz due in part to differences in the viru-
lence of the attacking germ as well as to differences in the resistance
of individual hosts. Experimentally, for example, there is a great
difference in pathogenicity for guinea-pigs between various strains
of pneumococei isolated from cases of lobar pneumonia. The
virulence of a microbe for a particular species may usually be
increased by successive inoculations into animals of that species, the
microbe recovered from one animal being inoculated into another,
and so on. This occurs, for example, when pneumococei that are
avirulent for guinea pigs are successively passed through a series
of these animals. The inereased virulence acquired as a result of
this method of animal passage does not necessarily obtain in the
case of other host species. The virulence of certain streptococei
for mice is increased by passage through the bodies of these animals,
but at the same time the virulence for rabbits is diminished. Viru-
lence may be decreased in a variety of ways, as, for example, by
growth at high temperature or in the presence eitherof antiseptics
or of the serum from an animal which is immune to the microbe.
A strain that has been weakened in virulenee is said to be atfenuated.
An attenuated culture may be vigorous in other respects. Tubercle
bacilli when first isolated from the mammalian body are usually
quite virulent, but grow feebly on artificial culture media; after
some months' cultivation they grow more luxuriantly, but have
lost in virulence.

The produection of infection depends likewise upon the number
of baecteria introduced into the body. The animal organism will
often cope sucecessfully with a small number of bacteria when the
ingress of a larger number will cause a fatal disease. Ordinarily
the injection into an animal like a rabbit of a few dozen or a few
hundred bacteria has little effect. In every case the precise number
of baeteria necessary to produce infection will depend both upon the
virulence of the culture and upon the racial and individual suscepti-
bility of the host.

Routes of Infection.—The particular tissues with which a germ
first comes in contact in its path of entranee into the body, often
exercise a decisive influence upon the production of infection.
Injection direetly into the cireulation (intravenously) will many
times bring about infeetion, when subcutaneous injection of the
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same number and kind of germs fails to produce any effect. Some
pathogenie baeteria may be taken into the alimentary tract with
impunity, while a fatal infection will ensue if inoculation be made
into the peritoneum; typhoid baeilli, 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 infec-
tion. On the other hand, there is evidence that the spirillum of
Asiatic cholera is much more pathogenie for man when swallowed
than when introduced under the skin. Organs or tissues of weak
vitality may constitute a break in the line of resistance through
which wvarious bacteria may find their way. Vulnerability to
a particular channel of infection may be ineurred by mechaniecal
injury or deranged metabolism: Gastrie disorders which alter the
normal acidity of the stomach juices seem to predispose to infection
with Asiatic cholera; inhalation of dust-particles in themselves not
infectious is well known to inerease the liability to pulmonary
tuberculosis.

Bacteremia and Toxemia.—A distinetion, in some respects
important, is made between those infections in which bacteria
become widely disseminated throughout the body and those in
which they remain quite strietly loecalized. In the latter case
general or constitutional symptoms may be caused through the
action of soluble poisons which are produced by the bacteria,
absorbed at the point of their production and carried to distant
organs. Diphtheria and tetanus are primarily toxemic diseases.
In tetanus the baeilli are not found in the blood or internal organs;
the local reaction eaused by their presence is itself slight and often
insignifieant, and lesions have not been detected at the site of
inoculation; but the toxin makes its way slowly along the nerves to
the central nervous system, where it produees profound disturbanee.

At the opposite pole from this condition are those general
invasions of the host in which baeteria multiply abundantly in the
blood or tissues and are sometimes found on autopsy in large num-
bers in the eapillaries in various organs. This condition of bactere-
mia is fairly eommon; 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, such as anthrax, the multiplication of baeteria in the body
is the most prominent feature of the disease. It is possible, how-
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ever, that miero-organisms multiplying in the body may produce
poisons even though no poisons can be detected in artificial cultures
outside of the body, and hence that in effect no striet dividing-line
separates bacteremia from toxemia. Both multiplication and
poison-production accompany infection as a rule, sometimes one
factor being more prominent, sometimes the other.

The distribution of micro-organisms throughout the body varies
greatly. In the toxemic diseases like diphtheria and tetanus the
bacteria remain, as a rule, strietly localized. In others they are at
first loealized, 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 foeus, or secondary foei, sometimes in
remote organs., This is the so-called “spread by metastasis.”
Certain micro-organisms for unknown reasons settle in partieular
organs much more frequently than in others.

The term pyemia, or metastatic infection, is commonly applied
to a condition in which secondary foei of suppuration appear, and
multiple abscesses are formed in the internal organs and generally
throughout the body. Seplicemia, in the bacteriologic use of the
term, refers to the presence or multiplication of miero-organisms
within the blood; in this state the bacteria are found abundantly in
the capillaries. 1t is here used in the same sense as bacteremia.
The terms baecteremia and septicemia are applied by some writers
golely to the presence of bacteria in the blood; as used by others
they are limited to eonditions showing multiplication of bacteria
in the blood. There is no general agreement in respect to the latter
restriction. The term septicemia is also used in surgery more nar-
rowly as applying to a eondition in which the bacteria of suppuration
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 simultancously,
but such an oceurrence is probably not common. Usually one infee-
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tion precedes another, and the second is very frequently a more
or less direet outcome of the first. Infection with certain micro-
organisms predisposes to secondary infection with the pneumococcus;
acute tuberculosis may develop during an attack of measles; strepto-
coceus invasion of the lung tissues is common in pulmonary tuber-
eulosis.  The secondary invader is commonly present in the host,
but seems inecapable of initiating an infection until the host defenses
are weakened by the primary disease. Certain micro-organisms
that ean eause primary infeetion are also frequently found as second-
ary invaders. Pneumococei and streptococei are preéminent in
this respect, and show a remarkable eapacity for invading the body
in the wake of other micro-organisms.

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

The External Defenses of the Organism.—The Skin.—As a rule,
the unbroken skin presents a more or less impassable barrier to micro-
organisms. Virulent bacteria, especially staphylococei and strepto-
cocci, are found normally on the skin 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. Even if the outer defenses
are passed, the subeutaneous conneetive tissues present obstacles to
further invasion, partly perhaps by mechanical means through rapid
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formation of new eonneetive tissue, partly through the baetericidal
properties of the lymph and the action of phagoeytes,

The Mucous Membranes.—While the moist condition of mucous
surfaces is favorable to bacterial multiplication, the constant
removal of the layer of mucus tends to prevent baeteria from gaining
permanent lodgment. The muecus itself has only a slight bacteri-
cidal power. The conjunctiva is 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 pathegenic bacteria. The mucous
membranes of the nasal eavities are protected to some extent
against bacteria by the tortuous nature of the nasal passages, by
the mechanical barriers interposed by the hairs, and also by the
action of the ciliated epithelium, which sweeps mueus and dust
particles outward. Nevertheless, streptococei 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 upwards of fifty kinds of
bacteria have been described as oceurring in this locality. Pneu-
moecocel and streptoeocei are probably constantly present, and
meningococei and diphtheria baeilli 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 secreted 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; in this way air
becomes largely freed from baeteria in the upper respiratory pas-
sages. Those bacteria that pass the larynx are caught in the
bronehi, and few reach the ultimate ramifications of the bronchioles.
Both the fixed alveolar epithelial eells and the wandering leukocytes
that enter the bronchioles and sacs have been observed to take up
bacteria. Under some conditions, not elearly understood, the
natural defenses of the lungs are broken down and infection of
these organs seems to oceur rather readily.

The Stomach.—The normal gastric juice is decidedly unfavorable
to the growth of bacteria, a property due fo the hydrochlorie acid it
contains; this is doubtless the reason that the stomach is so free

from infeetion. The action of the gastrie juice does not, however,
10
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prevent the frequent passage of swallowed pathogenic germs into
the intestines, perhaps because such germs are frequently embedded
in solid particles of food which protect them from the bacterieidal
action of the stomaeh fluid, perhaps because the gastrie juice
restrains development but does not kill. Tetanus and diphtheria
toxins are rendered harmless by gastric juice, but one rare toxin some-
times found in food stuffs (produced by Cl. botulinum, p. 442) is
not affected.

The Intestines—The intestinal secretions have, on the whole,
little restraining power over bacterial multiplieation, although the
bile has feeble germieidal properties. The peristaltic movements of
the stomach and intestines may afford, it is thought, some degree of
protection against invasion. The number of bacteria in the intesti-
nal contents inereases from the duodenum onward to the colon.
Baecteria of more or less pathogenic power, such as streptococei and
Baet. coli, oceur in the healthy intestinal traet, often in large
numbers. As long as the tissues are perfeetly normal these organ-
isms are quite harmless, but, like the pathogenic 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 disturbanees in children under the influence
of continued hot weather may be in large part due to the normal bac-
terial inhabitants of the intestines, rather than to any specifie
infection. On the other hand, well-known pathogenic bacteria like
the typhoid bacillus and the cholera spirillum may exist in the human
intestine, possibly multiply there to a limited degree, and be ejected
in the feces, without having induced disease.

The Transmission of Infection.—Some infectious diseases are
caused by microbes that are naturally saprophytic and that
enter the animal body accidentally, as it were, rather than from
choice of it as a culture medium. Such, for example, seems to be
the case with tetanus, the bacillus of which is not a parasite by eon-
vietion, but lives habitually as a saprophyte in soil and in the intes-
tinal contents of the horse and some other animals. The other
pathogenic anaérobes of the soil are also essentially saprophytic.
As a rule, however, those bacteria that produce disease are more or
less closely adapted to a parasitic existence, and pass from one
animal body to another with only a relatively brief sojourn in the
external world. The large majority of the bacteria causing infec-
tion in man are able, under ordinary conditions, to survive only



THE TRANSMISSION OF INFECTION 147

for a very limited period apart from the human body. Henee the
transmission of infection is in most cases dependent upon contaet,
either directly with an infeeted individual, or with material recently
cast off from the body of such a person. Important differences
exist in the resistance of pathogenic micro-organisms to the influ-
ences of external nature. The gonococeus, for example, dies off
very quickly; the pneumococeus and the cholera spirillum are some-
what more resistant; while the tubercle bacillus and the typhoid
bacillus are fairly hardy. Multiplication of pathogenic germs out-
side of the animal body, barring the soil anaerobes, oceurs only in a
few cases, and under rather exceptional eircumstances, as when
diphtheria or typhoid baeilli find their way into milk.

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

The path by which a disease germ leaves the body is influential
in determining the route of infection. The typhoid germ frequently
passes into sewers, makes its more or less devious way into a river,
lake or spring, and is perhaps eventually swallowed at a distant
point. Diphtheria bacilli may be left by a child’s lips on the edge
of the school drinking-cup and so cause the infection of a play-
mate. Tuberele 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 caused by
germs thrown off from the mouth, from the intestines, from cuta-
neous sores, and in the genito-urinary seeretions. In ecertain
infections, not yet elucidated, such as the “acute exanthemata’
(smallpox, chickenpox, ete.), the infectious agent is possibly
contained in scaled-off epithelial cells as well as in discharges from
the throat and nose.
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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 parasitie invasion.

On the other hand, some degree of resistance against parasitic
attack seems to bhe manifested by all animals and plants. In
certain cases the defense is so effective that bacteria and other para-

gitic miero-organisms rarely invade the body under natural con-
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ditions. The wild earnivora, for example, are probably practically
exempt from bacterial infections. The cat and the dog, as is well
known in bacteriologic laboratories, show, as a rule, a high degree
of resistance to inoculation with baecteria that are highly patho-
genic for other animals. In some animals, such as the guinea-pig,
infection occurs more readily. Man is susceptible to infection
with a great variety of micro-organisms, eertain of whieh possess
little or no pathogenic power for any other animals, and is immune
to many mierobes that are highly pathogenie for certain lower forms.

Resistance to bacterial infeetion is often an 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 suseeptibility may be transformed by various causes into a
condition of greater or less resistance, commonly designated as
acquired immunity. Most eivilized men are born naturally suscep-
tible to smallpox, but aequire immunity during their individual
lifetime either by vaeeination 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 immu-
nity, in particular, is often due to an entirely different set of factors
from acquired immunity.

ANTIGENS AND ANTIEODIES

When baeteria 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 phenomena of antibody forma-
tion. The introduetion into the animal body of foreign protoplasm,
whether bacterial cells, red blood-cells, spermatozoa, or snake venom,
gives rise to substances in the blood or tissue of the host, which have
a specific action and may respectively neutralize the venom, cause
disintegration of the sperraatozoa, hemolyze the red blood-cells,
and kill the specific bacterium. The blood or tissue having this
antagonistic power is said to contain antibodies and, conversely,
those substanees capable of giving rise to anfibodies in the animal
body are ealled antigens. Only one class of chemical 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.



150 IMMUNITY AND BODY RESISTANCE TO DISEASE

NATURAL IMMUNITY

Natural immunity sometimes depends upon the simple fact that
a micro-organism which finds favorable conditions for multipli-
cation in one species of animal meets with unsuitable conditions
in another species. Profound metabolie differences, such as those
between warm-blooded and eold-blooded animals, are in themselves
sufficient to aecount 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
various animal groups. Strychnine, which is so powerful a poison
for vertebrate animals, has little effect upon protozoa, and quinine
may be fatal to the malarial parasite at the same time that it
exerts a relatively slight and temporary effect upon the human
organism. The influence of body temperature upon infection is
shown in the ecase of tetanus. Many cold-blooded animals not
normally susceptible to tetanus succumb to infection with the
tetanus baecillus or to intoxieation with its toxin 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 difference in
metabolism accompanying the difference in food.

Closely related races and species of animals sometimes display,
one a natural immunity, another a natural susceptibility, to the
same infecting agent. Field-mice are highly susceptible to glanders,
house-mice almost completely immune.  Jersey cows are more liable
to tuberculosis than Holsteins, and Yorkshire swine are more resist-
ant to swine erysipelas than some other porcine breeds. In man
the immunity against particular diseases once thought to be pos-
sessed by certain races is not so marked as formerly supposed.
No raee of mankind seems to possess absolute immunity toward
any human disease; in faet, 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. Yet there is some
evidence that certain races are more, and others less, susceptible
to tuberculosis, influenza and other infections.

Individual differences in the natural power of resistance in
man come to light in the experience of every physician. Members
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of the same family exposed at the same time to the same possibility
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. It is impos-
sible to eliminate in every ease 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 susceptibility. In an epidemic of typhoid fever, due
to an infeeted 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 or family, contract
the disease. Such differences in the degree of individual sus-
ceptibility can hardly be referred to any deep-seated metabolie
unlikeness. There are, in fact, noteworthy fluctuations in predis-
position in one and the same individual. The influence of appar-
ently 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 oceur,
but are not so well marked as in man, and apparently oscillate
within narrower limits.

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

Instances of the close adaptation of particular parasites to
particular hosts are common throughout the whole animal and
plant kingdoms, and should not be confounded with the phenomena
of natural individual immuuity. A close mutual relation, for exam-
ple, seems to subsist between the leprosy bacillus and the human
organism, and it is as little enlightening to refer the noninfecti-
bility of the dog or the rabbit with the leprosy bacillus to “immu-
nity” as it would be to declare that Indian corn and the tobacco
plant are “immune” to Tilletia tritici, the parasite of wheat smut.
The relatively few instances among bacteria of abjeet dependence of
a single species of parasite upon a single species of host are doubt-
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less connected with the wide range of bacterial conditions of life.
[t 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 aequired immunity.

ACQUIRED IMMUNITY

Aequired immunity may be either aetive or passive,

Active immunity is due to the direct participation of the host
concerned, and depends upon inereased antibody production.
Such immunity is gained at the expense and often at the risk of the
organism acquiring it. Immunity to smallpox may be obtained
cither by an attack of the disease due to natural exposure, or by
deliberate inoeulation of dried material from smallpox pustules into
the nostrils, according to the common practice of variolation in
England in the eighteenth ecentury, or by the now common method
of vacecination with cowpox virus. In each and every ecase this
immunity depends upon a specifiec reaction on the part of the cells
and tissue of the individual host.

Passive immunity, on the other hand, involves no active genera-
tion of protective 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 injeetion of increasing doses of diph-
theria toxin, and the blood of the horse comes to contain a pro-
teetive substance, the so-called “diphtheria antitoxin.”” When a
child has been exposed to diphtheria, it is sometimes the practice
to inject about 1000 units of diphtheria antitoxin (p. 296) 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, sinee 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 mayv be brought about in a number of wavs:
! i g



ACQUIRED IMMUNITY 153

(@) By the incorporation into the animal body of living, fully
virulent bacteria;

() By the incorporation of living baecteria of diminished
virulence;

(¢) By the incorporation of dead bacteria;

(d) By the incorporation of baeterial produects seereted or
excreted during the life of the mierobes;

(¢) By the incorporation of baeterial products arising from the
disintegration of the eells after death;

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

These may be briefly illustrated.

(a) Immunity produced by the introduection of living and viru-
lent bacteria is practically identical with the immunity that results
from an attack of disease after natural exposure. In experimental
work the varying faeility with which this mode of immunization can
be effected is in part dependent upon the suseeptibility of the organ-
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 can initiate a fatal
infection in a white mouse. The successful use of living cultures
involves the administration first of small nonfatal doses which are
increased as rapidly as possible, as indicated by the intensity of
the reaction produced. The relative insuseeptibility to infeetion 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 infeetion occurs
by way of the alimentary tract, while the subeutaneous injection of
living virulent cholera spirilla is followed by a loeal reaction and
some fever, but by no general infection or serious eonsequeneces.
Up to the present this is the only instance in which virulent cultures
have been used in the immunization of man, unless, indeed, the
old praetice of variolation is to be reckoned here. This is thought
to be the principle of the empirie immunization of animals against
cattle-plague® (Rinderpest).

1 Barber: Jour. Infect. Dis., 1909, 6, p. 634.
* Bile taken from animals dying of cattle plague 15 used for immunization;
the parasite concerned is unknown.
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(h) Bacteria may be attenuated, that is, have their virulence
diminished, in a variety of ways: (1) By growth at temperatures
above the optimum, this being the usual manner of preparation of
anthrax vaccines (p. 281); (2) by growth in the presence of highly
diluted antisepties (as the anthrax bacillus in a medium containing
earbolie acid 1:600); (3) by passage through the body of an animal
of a different species, it being shown, for example, by Pasteur that
the organism of swine plague, when passed through the bodies of
rabbits, gained in virulence for rabbits but lost in virulence for
swine. Pathogenie organisms may also be attenuated by growth
on ordinary culture media (pneumococeus), by continued cultiva-
tion in the presence of oxygen (bacillus of chicken cholera), by
desiceation (virus of hydrophobia), and in other ways.

The injection of attenuated cultures may be sometimes followed
by injection of fully virulent cultures, as in vaeccination against
anthrax, a higher degree of proteetion being secured in this way than
by the use of attenuated cultures alone. The elassic example of
immunization by attenuated cultures iz afforded by the ordinary
procedure of vaccination against smallpox. Although the specifie
parasite has not yet been isolated, there is no doubt that the cowpox
virus, the vaccine, contains an attenuated form of the smallpox
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 conneeted with the bacterial
cell and its activities, In experimental work upon animals this
method has found wide application. Vaccination of man against
three important diseases—Asiatic cholera, typhoid fever, and
plague—has likewise been carried out sucecessfully with dead eul-
tures. The partieular methods used and results obtained are
deseribed elsewhere (pp. 356, 383, 509). The use of dead bacterial
cells for immunization has been most advantageous in such infec-
tions as those named above, in which no powerful soluble toxin is
secreted by the eell in cultures, since the toxic 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 baeteria may be followed by that of living
attenuated cultures, and finally by that of fully virulent ones.
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(d) The preparation of diphtheria antitoxin furnishes the best
studied instance of immunization by bacterial produects. Briefly
speaking, the method eonsists in injecting a horse subeutaneously
with small quantities of broth in which a toxin-producing strain
of C. diphtheriae has been growing, gradually inereasing the doses.
The horse becomes immunized by this freatment, and is able, in a
few weeks, to withstand many times the dose that would have been
fatal if given in the first place. This immunity is due to, or at least
usually accompanied by, the aceumulation of the specific 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 contain a variety of substances
secreted or excreted by the living bacterial cell, but the substance
to which the immunization is usually attributed is the specifie
diphtheria toxin. It has been found that it is not essential that
the toxin used for immunization be in a toxie condition. Toxin
which has been properly detoxicated by moderate heating (toxoid)
or by treatment with formaldehyde (anatoxin) or other suitable
reagents will incite antitoxin production.

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

(¢) The use of disintegrated products of the baecterial cell in
immunization eannot be readily separated in praetice 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 eells, and the use of broth in which baeteria have grown
also involves the introduction of substances originating from dead
as well as from living bacteria. At the same time some investi-
gators 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 physiologi-
cally active substanees, more satisfactory results were secured by
this method.
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Suececessful results have also been reported by Maecfadyen,’
who, following the work of Buchner on the extraction of enzymes
from yeast-cells by pressure, triturated washed agar cultures of
the typhoid bacillus at the temperature of liquid air, —180 to
—190 C. At this temperature the cells are brittle and disintegrate
readily without admixture with sand or other triturating substances.
The resulting eell-juices were found to be highly toxie and to pos-
sess strong immunizing properties.

(f) Some degree of immunity toward specific infections may be
developed by the use of certain kinds of baecteria or bacterial prod-
uets entirely foreign to the infection in question. In this cate-
gorv, for example, is the undoubted protection conferred against
anthrax by the injection of B. prodigiosus or Ps. pyoeyanea or
their produets. Similar instances are the use of yeast in certain
pyvogenic affections, and, perhaps, the retarding effect of strepto-
coceus infection upon eertain kinds of tumors., The inereased
resistance of the organism so treated is sometimes aseribed to the
“antagonism’ of the bacteria or their produects, but the phenom-
enon may be aseribed with greater plausibility to the increased
leukoeytosis resulting from the injection of protein substances.
(See p. 176.)

It is not always possible in practice to separate sharply the
modes of immunization previously outlined. The injection of an
animal with a baecterial eulture entails simultaneous injection with
living bacterial cells, dead eells, seeretion produets, and produets of
disintegration, and it is evident that the results obtained may be
due to the coneurrent action of several factors.  As already pointed
out, however, the methods in ordinary use involve the predomi-
nanee of one or another constituent.

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

! Macfadven: Centralbl. f. Bact., 1901, 30, p. 753; 1903, Abt. 1, Orig., 34,
pp. 618, 765.
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THE 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 toxic substances
produced by the tetanus bacillus. The same investigators bestowed
the name antitoxin upon that substanece in the serum which thus
nullified the toxin. The aetion of the antitoxin is manifested in
the following direet way: If a fatal or many times fatal dose of toxin
be mixed with an appropriate quantity of antitoxic serum in a
flask, the injection of the mixture into a susceptible animal is wholly
without injurious effect; the action of the toxin is nullified because
of its mixture with the serum taken from an immunized animal.
This phenomenon does not depend upon the total destruction of the
toxin by the antitoxin, as is shown by heating the mixture to a
point sufficient to destroy the antitoxin, when it is found that the
toxin remains after the heating and is able to exert its toxie power.?
In other words, a more or less loose chemical combination of anti-
toxin and toxin seems to take place in the mixture, the poisonous
properties of the toxin being held in abeyanece as long as the union
exists. The rate of reaction between toxin and antitoxin, like
other chemical reactions, is dependent upon temperature, concen-
tration, character of the medium in which the reaction oceurs, and
similar factors. The avidity of an antitoxin for its corresponding
toxin differs in different eases; 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 a strong wcid by a strong base. But precise
study of the rate of toxin-antitoxin neutralization necessitated the
further assumption that in a toxie filtrate there exist several sub-
stances of different toxic and combining powers—toxons, toxoids,
epitoxoids, ete. This assumption of modification of the structure

! Behring and Kitasato: Deut. med. Wochenschr., 1890, 16, p. 1113.

*The method of destroying the antitoxin by heat is applicable only in
certain cases, e. g., pyoeyaneus antitoxing in many cases the antitoxin resists
heat better than the toxin.
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of the toxie molecule led to further hypotheses of great com-
plexity. 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 practically
complete neutralization of one by the other. If now, on the econ-
trary, it be assumed that conditions are those that arise when a weak
acid is added to a weak base (Arrhenius and Madsen), chemieal
reaction does not continue 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 substances as well as of the
reaction produects.

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 process
may be compared to certain staining reactions, such as the aetion
of iodine upon starch, a dilute iodine 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
adsorption theory would view the action of antitoxin upon toxin
as a sort of progressive attenuation, proportional to the amount of
antitoxin added. Broadly speaking, the theory of Ehrlich considers
the toxin-antitoxin reaction to be similar to the reaction between
a strong acid and a strong base; that of Arrhenius and Madsen to the
reaction between the weak acid and a weak base; and that of Bordet
as an adsorption phenomenon between two colloids of opposite
eleetric charge.

Little is clearly known about the chemical character of the
antitoxins. In general, they are, like the toxins, unstable, complex
bodies, readily destroyved by relatively low temperatures (65 to
75 C.), and losing strength steadily under exposure to light and air.
They are very sensitive to the action of acids. They are best
preserved for standards (Ehrlich) by evaporation of the sera to
dryness in a vacuum at low temperature, and subsequent storage
in a vacuum in the dark at a low temperature and with protection
from dampness. Attempts to obtain antitoxin in purer or more
concentrated form have been numerous. Treatment of immune
sera with ammonium sulfate, magnesium sulfate, and other salts
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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 antitoxie
serum, that is, its value as a neutralizing agent for the corresponding
toxin, is a matter of considerable praetical importance. It might
be supposed that it would be a relatively simple procedure to deter-
mine the fatal dose of diphtheria toxin for a guinea-pig, for example,
and then the amount of serum necessary to neutralize this, thus
arriving at the antitoxin content of the serum. Unfortunately, the
conditions are more complex. Ehrlich found when different diph-
theria toxins were used, or when the same toxin was fested 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 antitoxie 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 accurate measure of its toxic qualities.
Sinee, however, the combining power itself remains constant within
narrow limits, it is possible to establish an arbitrary standard unit
upon which the relative strength of all antitoxie sera can be based.
Such a standard antitoxin was first prepared by Ehrlich, and was
preserved by him with all precaution against possible deterioration.
A standard antitoxie serum based on Ehrlich’s arbitrary standard
unit is also prepared in this country by the Hygienic Laboratory®
of the United States Public Health Service, and is distributed
every two months to the licensed producers of commereial serum.
By the use of this standard antitoxin it is possible to standardize
a given toxin for use in testing later the strength of antitoxic sera.
Briefly, the procedure consists in determining by animal reaction
two limits (Lat., [limes): (1) the amount of diphtheria toxin
necessary to neutralize exaectly the standard unit of antitoxin
—this is ecalled the Ly dose of toxin; (2) the amount of toxin
which, when mixed with 1 unit of standard antitoxin, is just sufficient
to kill in four days a guinea-pig approximately 250 grams in weight—
this is designated as the L; dose of toxin. When these limits are

1 In some animals the antitoxins are found in the euglobulin fraction, in

others in the pseudoglobulin,
* Now the National Institute of Health.
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established, it is then necessary to determine the smallest amount of
the serum under test which, when mixed with the Ly 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 1 unit
of diphtheria antitoxin.’

Origin of the Antitoxins.—The appearance of a toxin-neutralizing
substance in the blood of an animal injected with toxin raises a
number of guestions 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
developed in an animal is often much greater than the physiologic
equivalent of the toxin injected,® and, further, that the total anti-
toxin content of the body may continue to increase for some time
after toxin injections have ceased. The difference between the
permanence of active immunity and the evaneseent character of
passive immunity is also sometimes accepted as evidence against
the modifieation theory, since, if the antitoxin arose by transforma-
tion, there would be no apparent reason why it should persist in the
body longer in one case than in the other. Such faects indicate that
the antitoxin is probably generated in the tissues. But it is impor-
tant to remember that neither toxin nor antitoxin has been izolated
in pure form and current views on the nature of antitoxin—Dbased
of necessity upon speeulations—must be accepted ecautiously.
Thus, the difference in the persistence of aetively and passively
acquired antitoxiec immunity may be determined by the nature of
the blood protein with which the antitoxic property is associated.

Since the active share of the animal body in the production of
antitoxin is unquestionable, it remains to ask whether the antitoxin
is a new substance hitherto unknown to the organism produeing it,
or whether it is present in small quantities in the normal organism
and is simply inereased in amount under the stimulation of toxin
injection. Observation has shown that diphtheria antitoxin is

1 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 Aszsociation, Jour. Infeet. 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. Wehnschr,, 1898, 45, p. 321), in the
horse 1 diphtheria toxin unit may produce 100,000 antitoxin units,
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found in about 30 per cent of normal horses (Bolton,! Cobbett?)
and in about 50 per eent of children, and 83 per eent of adults,
examined (Wassermann®). There is other evidence to the same
effect, that before any toxic injection has been made or any recog-
nizable attack of the specific disease has occurred, antitoxin and
other antibodies may exist preformed in eertain normal individuals.
So far as has been discovered, the antitoxic substances present in
normal animals are identical with those found in actively immunized
animals.

As already stated, antitoxins are found in the serum of immun-
ized animals. They may also occur, 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. Ewvery physiologic consideration points
to the body ecells as the place of origin of the antitoxins. Kraus
and Lipschiitz® have, in fact, shown that the extract of normal
organs is richer in antitoxin against certain bacteria than is the
serum of the same animal. The precise tissues or groups of cells
concerned in antitoxin production have not been certainly identified,
and it is not likely that they are the same in all cases. There is
some evidenee, however, that in dogs the spleen is able to fix a part of
the antigen, and is probably the source of a considerable portion of
the antibodies. Asplenie dogs do not produece hemolysins, hemag-
glutinins, or hemopsonins as rapidly or in as high eoncentration as
normal dogs.® There is evidence that the liver is the seat of forma-
tion of eertain antibodies (hemolysins, precipitins). The blood
itself seems at first to take no part in the fixation of antigens, and
the antibodies it eontains are contributed to it by the tissues, espe-
cially the blood-forming organs such as the spleen, lymph-glands,
and bone-marrow. From the foregoing statements it follows that
when the antitoxing are onece formed they do not reside in the body
permanently, but are continually leaving it in the various excretions
and secretions. This fact explains the difference in the permanence
of active and passive immunity; in the latter the anfitoxin is
excreted from the body like other foreign substances, whereas in

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

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

I Wassermann: Ftschr. £ Hye., 1805, 19, p. 408,

i Kraus and Lipschivtz: Ztschr, . Hyg., 1904, 46, p. 49,

' Luckhardt and Becht: Amer, Jour. Physiol., 1911, 28, p. 257.
11
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active immunity the supply of antitoxin is maintained above the
normal level, probably through its eontinued manufacture by the
body eells, It has been shown that when a measured quantity of
tetanug 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 dizsappearance of antitoxin from the body is to
be referred in part to the loss in exeretions, there is evidence also
that some of the antitoxin is destroyed within the body itself. This
seems to be especially the ease when heterologous serum (from a dif-
ferent species of animal) is used. The antitoxin introduced in serum
obtained from an individual of the same species (homologous serum)
remains longer in evidence. Thus the ordinary diphtheria antitoxin
in horse serum when injected into the body of a child is eliminated
more quickly than if injected into another horse. Varying results
are obtained with different antitoxins and different species of
animals, and the reason for the disappearance of the antitoxin
from the blood is not understood in all cases.

I'mmunity and Anlitoxrin.—It is a perfinent question at this
point how far the oceurrence of antitoxin in the blood is sufficient
to explain the resistance either of artificially immunized animals or
of those naturally immune. The neutralization of toxin by anti-
toxin as demonstrated in test-tube experiments would lead to the
supposition that a similar reaction takes place in the living body,
and that when toxin is injected into the circulation of an immunized
animal, it is rendered inert by the antitoxin in the blood in the same
way as if mixed with antitoxin outside the body. In the main this
is doubtless true, as shown especially by the facts of passive immu-
nity, 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 chemiecal 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 substance 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 different conditions, notably

1 Kraus and Lipschittz: Ztschr. f. Hyg., 1904, 46, p. 49.
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in the upper limits of active immunization. The tissues of an
animal treated with increasing doses of toxin sometimes become
hypersensitive to the action of the toxin and, in spite of the faet that
large quantities of antitoxin are circulating in the blood, the toxin
combines by preference with the tissue-substance and eauses the
death of the animal. Tissue immunity is hence not always parallel
with antitoxin immunity, and the presence of antitoxin in the eir-
culating 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 impor-
tant antitoxins that have been produced may be mentioned the
diphtheria, tetanus, scarlet fever, pyocyaneus, symptomatic
anthrax, and botulism antitoxins; the antitoxins for various bacterial
hemolysins; for snake, spider, and scorpion venoms; for the toxins
in the blood or secretions of the eel, salamander, and toad; and for
the vegetable toxins, ricin, abrin, robin, and erotin.

The antitoxin found in the blood of some naturally immune
animals may possibly be responsible in some degree for the resistance
of such animals, but such an explanation is eertainly not valid for
many 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 circulating unchanged for days
after injection. The same is true of the alligator, the frog and some
other cold-blooded animals (Metchnikoff). Immunity in these
eases ean 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 bae-
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
itsell (Buchner).® The germicidal power of the blood in wvitro is

! Nuttall: Ztschr. f. Hyg., 1888, 4, p. 353.
* Buchner: Arch. f. Hyg., 1891, 10, p. 84.
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often considerable, a single drop of rabbit blood being able to
destroy 53,700 anthrax bacteria (Lubarsch).!

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

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

The serum of guinea-pigs immunized against V. metchnikovii
is strongly germicidal for this organism, while that of unimmunized
guinea-pigs is devoid of specific bactericidal quality. In other
cases, 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 aequire
a high degree of immunity toward streptococei, without coming
to possess any specifiec germieidal quality in its blood when tested
under extravaseular conditions. Normal human serum, when
tested én vilro, is strongly baetericidal for the typhoid baeillus, and
vet this does not prevent the multiplication of this organism in the
blood during an attack of the disease.

Bacteriolysis—The relations between induced immunity and the
appearance of bactericidal substances in the blood are best shown
in certain experimental infections of animals, notably those caused
by the cholera spirillum and the typhoid bacillus. It is elsewhere
pointed out (p. 509) that a speeifie choleraic poison or soluble toxin
is not readily demonstrable in cultures of the cholera spirillum in
ordinary eculture media. In correspondence with this it 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 spiril-
lum rather than with any toxin-neutralizing power, as shown by a
series of convineing experiments by Pfeiffer, Wassermann, and

! Lubarsch: Centralbl. {. Bakt., 1889, 6, p. 481.
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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 resistanee to infee-
tion with the living microbe is correlated with an inerease in the
specific bactericidal power of the serum of the proteeted animal.
Thus, normal goat serum has only slight germicidal power for
the eholera vibrio, 0.02 to 0.05 ¢e. being needed to proteet a guinea-
pig against 2 mg. of a virulent eulture, while 0.0001 ce. of the serum
of an immunized goat will proteet against the same dose.

The Pfeiffer Phenomenon~—The fate of cholera spirilla intro-
duced into the peritoneal eavity of an immunized animal was first
followed microscopically by Pfeiffer, who gave a detailed deserip-
tion of the process (Pfeiffer’'s phenomenon).! The vibrios first
lose their motility, then swell up and erumble into small fragments.
These fragments {inally melt away and disappear, the process being
likened to the dissolving of wax candles in hot water. This lytic
(Gr., to loose, dissolve) action of the immune serum is manifested
not only within the peritoneal eavity of an immunized animal, but
also when the peritoneal fluid or blood-gserum is removed from the
body and brought immediately in contaet with the baecteria in a
test-tube.

Many experiments have since been made with baetericidal serum
in vitro, and the course of events is found to be essentially identieal
with that in the body. Asin the ease of the antitoxic 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.

Hemolysis—An important extension of our knowledge concern-
ing 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 property in the blood of the latter (Bordet).? This
property is specifie, that is, it causes the dissolution or exosmosis
of the hemoglobin out of the red corpuscles of the species from
which the injeeted blood was derived and is without, or nearly
without, aetion upon the corpuscles of other animals, although
gometimes slightly affecting the blood of closely allied species.

! Pieifier and Issaefi: Ztschr. f. Hyg., 1804, 17, p. 355.
* Bordet: Ann. de I'Inst. Past., 1898, 12, p. 688.
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Thus the serum of a guinea-pig inoculated with rabbit blood
beecomes hemolytic for the red corpuscles of the rabbit.

Not only red blood-corpuscles, but other ecells are capable of
giving rise to antagonistic substances, or antibodies, when intro-
duced into the animal body. A great variety of cell-dissolving
(eytolytie) sera have been produced in this way. Injection of
spermatozoa leads to the appearance, in the serum of the inoculated
animal, of a spermafoxic substance that first renders the corre-
sponding spermatozoa motionless and then kills them. It has
been shown that such a serum resembles a hemolytie serum in all
essential features. The claim has been made that such sera are
histogenetically specifie, that the cells of the kidney, for example,
produce a ““nephrotoxic’ serum, those of the liver ‘““hepatotoxic™
serum, and so on; but specificity of this kind has not been demon-
strated. It is probable that a single type of cell can provoke
the formation of several antibodies which affect cells of different
morphology but of somewhat similar chemieal constitution.

The bacteriolytic and the hemolytic sera, therefore, fall under
the same general head, and the common cytolytic phenomena
exhibited by the two kinds of sera are strikingly alike. It must
be emphasized at this point that the lytic antibodies produced
against bacteria, red blood corpuseles or other antigens are merely
special eases of a general biological phenomenon. Whenever
protein-containing substances (antigens) gain entrance to the blood
stream, antibodies are engendered. If the antigen is a formed
body capable of dissolution, the lytic nature of the antibody is
demonstrable. If the antigen is a pure substance (like egg albu-
min) in true or eolloidal solution, lytie properties of the antibody
are not demonstrable, and only agglutinating or precipitating
properties (see p. 189) may be evidenced. A large part of our
knowledge of the eytolytic sera and antibodies in general is due to
the genius of Paul Ehrlich!' and of Jules Bordet.®

The bactericidal sera possess the following important character-
istics. When heated to 55 C. for one-half hour, the bactericidal
power is lost; such sera are said to be inactivated. The addition

1 Ehrlich, Paul: “ Gesammelte Arbeiten zur Immunititsforschung,” Berlin,
1904,  [English edition: “Studies in Immunity,” transl. by Charles Bolduan,
New York, 2nd ed., 1910.]

* Bordet: “Studies in Immunity,” collected and translated by Frederick P.
Goy, New York, 1909,
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of a small quantity of normal serum to heated serum, however,
restores the original potency. The relation between normal sera
and immune sera may be expressed in tabular form as follows:

Germicidal Power

s b b b S S e +
SIS BRI - ol b5t o doiy e de o s S e B b e + 4+
Heatod immnune ST . ..t o s e +
Normal serum + heated immune serum. .. ............ ++ 4
Heated normal serum 4 heated immune seram. .. ... . .. +

There is, therefore, no escape from the econclusion that the
bactericidal property is due to the action of two substances or
properties, 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 only 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 ‘‘sensitizing substance” of Bordet or the amboceplor of
Ehrlich.

An important factor in the production of antibacterial sera is
the virulence of the culture employed. The use of highly virulent
cultures conduces to the development of a particularly potent serum,
and in experimental work it has been found desirable to use freshly
isolated cultures of high virulence or cultures whose virulence has
heen 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 identical with that in the blood of immun-
ized animals is answered in the affirmative by most investigators,
although there are a few dissenting voices. Both normal and
immune bacteriolytic sera behave alike foward temperature and
other influences, can be reactivated by unheated normal serum, and
possess the same complex constitution. The lytic power of normal
serum, like that of immune serum, appears to be due to the com-
bined activity of two substances.

Differences between Antitorie and Antibacterial Sera.—The funda-
mental distinetion between antitoxie and bacteriolytic sera has
been set forth in the preceding pages. The antitoxie sera act
directly upon the poison seereted by the living bacterial cell and
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neutralize its toxic property, while the bacteriolytic sera affect
the bacteria themselves and destroy them or paralyze their action.
Since the antibacterial sera are without effeet upon the formed toxin,
they are mainly useful in practice as a means of protecting against
bacterial invasion, while the antitoxic sera may be employed,
as in diphtheria, to eombat an infeetion already in progress or to
prevent an infection in a person who has been exposed by eontact
with an ineipient or active case of disease. DBroadly speaking, the
antitoxic sera are curative although sometimes used prophylacti-
cally, the antibacterial sera protective, although some antibaecterial
sera, such as the antipneumococcus serum, are used therapeuti-
cally. It must not be inferred that a given serum eannot be both
antitoxie and baetericidal. If a horse be injected with a diphtheria
culture containing both diphtheria bacilli and diphtheria toxin,
the resulting serum will be not only antitoxie, but to some extent
bacteriolytic.

The bacteriolytic sera have not yet been applied very sueccess-
fully to the treatment of disease in man. This has been a stum-
bling-block to the advance of serum-therapy because most of the
antizera hitherto produced are of this type. One reason for the
failure of the bacteriolytic sera in human therapeuties may be that
a serum of this sort produced in the body of one of the lower animals
does not find suitable conditions for its speeific action in the body
of another species, such as man. There are facts which seem to
support this view. The relative degree of success attained by
vaceination with protective sera in several diseases is mentioned in
conneetion with speecial topies. (See especially Asiatic Cholera,
p. 509, and Typhoid Fever, p. 356.)

(c) The Phagocytes.——The brilliant researches of Metchnikofi!
definitely established the aetive share in combatting bacterial
invasion taken by certain white blood-corpuscles, denominated
phagoeytes, or ‘“devouring cells. "

In the animal body a signifieant distinetion exists between a
loeal reaction and a general septicemic infection. The baeilli
of chicken cholera injected subeutaneously into a rabbit produce no
loeal inflammation, but multiply rapidly throughout the body, and
the animal soon dies; the same bacilli injected into a guinea-pig
provoke a strong loeal inflammation, the bacilli remain loealized

I Metchnikoff: “Immunity,” Cambridge, 1905,
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at the point of introduetion, and spontaneous recovery takes place,
In general, the degree of resistance shown by the organism is meas-
ured by the intensity of the local inflammatory reaction.

Perhaps the most characteristic feature of the loeal reaetion or
inflammation is the gathering of the leukoeytes at the affected point,
and this has been shown by Metchnikoff to rest on a broad biological
basis. In eertain 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, intracellular
digestion by ameboid eells also 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 eourse of the meta-
morphosis 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 ecarried to another part of the organism. The absorption of
larval organs by the activity of the phagocytes is closely connected
with the behavior of the phagoeytes toward foreign substances
introduced into the body. Carmine granules, for example, are
readily ingested by the leukoeytes of warm-blooded animals as
well as by the ameba. The resorption of the eatgut used in surgieal
operations is a familiar instance of the digestion of foreign substances
in the human body, and, like the disappearance of larval organs, is
attributed to phagoeytic activity. In specific cases of atrophy and
absorption mueh discussion has arisen eoncerning the relative share
of the phagoeytes and the body-fluids in bringing about the changes
observed, some investigators maintaining that the solvent action
of the body-fluids iz sufficient to account for the destruction of
useless or alien material in the organism. While it may be some-
times difficult to assign to this latter factor its true value, there ean
be no question that Metehnikoff and others have conelusively estab-
lished the fact that the phagoeytes can and do act in some of the
typical processes of absorption and larval metamorphosis.

According to Metchnikoff, the phagocytes, besides acting as
digesting cells and as seavengers, are also the chief defenders of the
vertebrate organism against invading bacteria.  “The diapedesis of
the white corpuseles, their migration through the vessel wall into
the eavities and tissues, is one of the prineipal means of defense
possessed by an animal. As soon as the infeetive agents have
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penetrated into the body, a whole army of white corpuscles proceeds
toward the menaced spot, there entering into a struggle with the
micro-organisms 't (Fig. 26).

Dog serum, for example, is without bactericidal power upon
anthrax bacilli. If, however, anthrax bacilli are injected into a dog,
they are quickly taken up by the leukocytes. The most plausible
interpretation of these facts would seem to be that the natural
immunity of the dog toward anthrax is due fo the destruction of
the. bacilli by phagocytosis. In other instances where a normal
animal is susceptible to infection with a particular microbe no

Fig. 26.— Phagoeytosis of gonocoeei by leukoeytes (Hicks).

phagoeytosis is observed, but after the animal has been immunized
by the injection of living or dead bacteria or their produets, the
phagoeytes of the immune animal actively destroy the specific
baeteria, no corresponding inerease in the bactericidal power of the
serum being observed.

It was recognized by Metehnikoff that, in addition to the free
phagoeytes (microphages) or polymorphonuclear leukoeytes which
comprise 72 to 75 per cent of the white blood-cells, there are also
certain larger cells (macrophages), many of them fixed, which possess
phagoeytie properties. The endothelial eells of the peritoneum and
the giant cells of the bone-marrow as well as the mononuclear leuko-
cytes belong to the elass of macrophages. The microphages appear

L Metehnikoff: “ Immunity,” Cambridge, 1905, p. 548,
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to be specially coneerned with the acute infections, the macrophages
with those of more chronie type, 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 bacteria within the leukocytes. Apparently
the main if not the only resistance offered by bacteria to this process
is connected with the first stage. Certain bacteria appear to pro-
duce chemieal substances which have the power of repelling phago-
cytic approach (negative chemotaxis). Bordet showed that virulent
streptocoeei cause phagoeytes to move away from their neigh-
borhood, while avirulent streptococei attract phagoeytes. The
amount of the substances (opsonins, tropins) that are present in
or produced by the host and render baecteria attractive to leukoeytes
may be increased in various ways. (See below.)

Natural immunity appears in a number of instances to be due
to activity of the phagoeytes.

Opsonins.—Phagoeytosis may be intensified or diminished
in various ways. Several early observers noticed that the power
of leukocytes to destroy miero-organisms is greatly inereased by
the addition of serum from immunized animals, and through the
investigations of Wright! in England, Hektoen® in the United
States, Neufeld® in Germany, and their associates, an explanation
of this interesting phenomenon has been obtained. These investi-
gators have demonstrated that the activity of the phagoeytes is
conditioned by the presence in the blood and other fluids of certain
substances which act in some unknown manner upon bacteria and
prepare them for digestion by the phagoeytes. These bacteriotropie
substances have been termed opsonins (Gr. dfwréw, I cater for,
prepare food for). Opsonins 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 physiologie salt solution. Leukoeytes washed free from serum

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

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

* Neufeld: Deut. med. Wochenschr,, 1904, 30, p. 1458; Ztschr. . Hyvg.,
19045, 51, p. 283; Centralbl. f. Bakt., 1906, I, Ref., 37, p. 763.
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will take up some, but not a great many, of the bacteria. If, how-
ever, the bacteria are first treated with opsonie serum, they will be
taken up in much larger numbers by the washed leukoeytes. The
opsonin enters into a more or less close union with the bacteria, as
shown by the fact that opsonized bacteria can be washed in salt
solution and still remain sensitive to phagocytosis. By these and
other experiments it has been fully demonstrated that a substance
is present in immune sera, and to a less degree in normal sera, which
san s0 change or sensitize bacteria as to render them more liable to
phagoeytie destruetion.

Opsonic Technic.'—In determining the amount of opsonin in a
given patient’s serum it is necessary to have (1) blood-serum from
the patient and, for a standard, serum from a healthy person or
persons; (2) leukocytes; (3) a suspension of the organism for which
the opsonin is to be measured.

(1) To obtain the blood serum the lobe of the ear is pricked
with a small lancet and the blood allowed to run by capillary attrac-
tion into a little U-tube made from glass tubing about 53 mm. in
diameter. The tubes are centrifuged until the serum is separated
as a elear layer above the corpusecles.

(2) To obtain the leukocytes a sterile 1 per eent sodium citrate
solution in normal salt solution is placed in an ordinary eentrifuge
tube and a few drops of normal blood from a puncture of the finger
or lobe of the ear are allowed to drop into this solution. The tube is
then centrifuged until the leukoeytes appear as a white eream over
the sediment of red blood-corpuscles. The solution is then drawn
off by means of a capillary pipet, and the tube filled with normal
salt solution, the contents well mixed, and centrifuged again.

(3) The bacterial suspensions, exeept that of the tuberele baecillus,
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 econdensation 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.

! The deseription of technie follows the method employed in the John
MeCormick Memorial Institute for Infectious Diseases, and has been kindly
furnished me by Professor Heltoen.,
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The leukoeytie eream from the eentrifuge tube is placed in one
of two watch glasses, and some of the bacterial suspension in the
other. The capillary end of a right-angled capillary pipet is gently
inserted into one of the U-tubes, and the serum allowed to enter
to a marked point. A small amount of air is now drawn into the
capillary end and the tube is dipped into the leukoeytic cream-—
previously carefully stirred—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 elements in the pipet are carefully mixed by drawing the con-
tents up into the elbow and gently blowing the mixture back and
forth. The tubes are then placed in an ineubator at 37 C. for about
fifteen minutes. The mixture is then drawn gently back and forth
several times in the pipet and at last blown out on a glass slide and
smeared by pushing it with a little square of cigarette paper. The
smears are dried in the air and may be stained with earbol thionin
or other suitable stain.

The bacteria in at least 50 leukoeytes should be eounted, 25
from each edge of the smear. If the counts are uneven, more
cells should be eounted, and always the same number in the control
as in the smear with the patient’s serum. Clumps of leukocytes
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 leukoeyte.

The opsonins may be estimated also by the dilution method;
specimens are prepared in the usual way, except that the normal
and patient’s sera are diluted by means of normal =alt solution or
Ringer's solution. One mixture is made with salt solution or
Ringer’s solution in place of serum, in order to determine the amount
of spontaneous phagoeytosis. The dilution of serum which gives
the same amount of phagocytosis as a mixture without serum
is considered as the point of opsonie extension.

The opsonic inder is a mode of expressing the relative amount
of opsonins in a serum when compared with the normal standard.
It is obtained by dividing the average number of bacteria taken up by
a leukoeyte under the influence of a given serum, by the average num-
ber taken up by a leukoeyte under the influenee of standard normal
serum and under otherwise perfectly comparable conditions. Thus:
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Average Number of
Bacterin per Leukoeyto
{50 Counted)

Serum of tuberenlous patient 4+ washed leukoeytes +

suspension of tuberele baeillr. ... ...........00L 0. )
Serum of normal individual + washed leukoeytes 4

suspension of tubercle baecilli..................... 4
Salt solution + washed leukoeyvtes 4 suspension of

tubercle bacilli (control). . ovvevvnermranssnresnns 0.1

The opsonie index of the tubereulous patient in this illustration
would be 3 = 4, or 0.75.

The technie of opsonie work seems peculiarly liable to lead to
different results in the hands of different observers,! and there can
be little doubt that much experience and great care are needed
to obtain uniform and eomparable results.

(Clertain facts regarding opsonins “have, however, been prati-
cally established. Opsonins for many different baeteria 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 opsonic 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. Independent observers have found,
for instance, that in the early stages of pneumonia the pneumococeco-
opsonie index is below normal, and that at about the stage of crisis
the index rises considerably above the normal, returning again to
normal in the uncomplicated cases leading to recovery. A similar
course has been notieed in the streptococco-opsonic index in scarlet
fever, the diphthero-opsonic index in diphtheria, ete.

Opsonins apparently contain two distinet substances, one ther-
molabile, one heat-resistant. It is the latter which is specifically
inereased in immunization. The aetion of the heat-resistant factor
seems to be favored by the presence of the thermolabile substance.
The faet that opsonins are largely inactivated by heating at 54
to 60 C. for thirty minutes seems therefore to be due to the destrue-
tion of the thermolabile substance. 1In this respect and some others
opsonins resemble other complex antibodies. They are, however,

1 See, for example, Bull. Johns Hopkins Hospital, 1907, 18, pp. 232-255;
Jour. Amer. Med. Assoc., 1907, 49, p. 1249; Walker, R. E.: Jour. Med. Res.,
1908, 19, p. 237.
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probably distinet from lytie amboceptors and agglutinins, as shown
by the facts that a normal serum may be lytie but not opsonie, and,
pice versa, that immunization may give rise to one of these anti-
bodies and not to others, and that the opsonie, agglutinating and
Iytic effects of serum are not destroyed in equal degree by heat.
There is a good reason to hold that opsonins are specific to the same
extent as other antibodies.

The opsonie method of treatment has been used with distinetly
encouraging results by Wright and others, particularly in the treat-
ment of infeetion with pyogenie coeei and of nonpulmonary forms
of tuberculosis. The method consists of the inoculation of dead
baecteria and baeterial produets in “properly adjusted and inter-
spaced doses” in order to maintain the opsonic index, and conse-
quently the phagoeytic power of the blood, at a high level. Some
practitioners make frequent determinations of the opsonic index
to guard against producing the negative phase too frequently
and in too pronounced a degree. Others are guided in their
administration of the killed bacteria by the clinical conditions and
symptoms.

It has been shown by a number of investigators, especially by
Hektoen' and his associates, that the phagoeytic power or activity
of the leukoeytes is subject to considerable variation independently
of variation in the opsonic content of the blood. This inherent
phagoeytie power of the leukocytes varies with respeet to eertain
baecteria at least, even in persons in apparently perfect health. In
the child at birth the leukocytes are somewhat less active phagoeyti-
cally than in the adult; they grow less active for a few months, and
then more active, the adult standard for streptocoeei, pneumococei,
and staphylocoeci being reached about the third year (Tunnicliff).
In pneumonia, scarlet fever, and other conditions in which there
is acute leukocytosis when the outlook ig favorable, the phagoeytic
power of leukocytes has been found fo be greater than normal for
the specific bacteria. The inerease in activity in such cases may be
due to the predominance of young leukoeytes.

In view of all these facts, there can be no doubt that a loeal
inflammatory reaetion or a general increase in the number of leuko-
eytes (leukoeytosis) is a process of distinet advantage to the organ-
ism. The injection of ceriain substances which inerease the general

1 Hektoen: Jour. Amer. Med. Assoc., 1911, 57, p. 1579,
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leukoeytosis (eollargol, nueleie acid) has been practised by Miku-
licz! and others with a considerable degree of success in attempts
to enhance the resisting power of the body prior to abdominal
operations that involve grave danger of infection. The production
of leukoeytosis, however, is in itself of little value unless at the same
time the amount of opsonin in the blood, the specific opsonie index,
is high enough to favor phagoeytosis. The simultaneous stimula-
tion of leukoeytosis and the produetion of opsonins would, therefore,
seem to be the object to be aimed at in many of the bacterial infee-
tions that have so far proved most refractory to serum therapy.”

(d) Ehrlich’s Receptor Theory.— The existence of toxin-neutral-
izing and bactericidal substances in the body fluid of immunized
animals has already been 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 baetericidal
sera was made by Paul Ehrlich? 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 imagination and not repre-
sentations of established fact. Whatever be the ultimate fate of
the speculations that have been built up around the eentral hypoth-
esis, there ean be no doubt that knowledge of immunity and
the immunizing processes was 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 substancs neces-
sary to their life and well-being. This power of food appropriation
is definitely loealized in eertain cell-substances, the so-called ** cell-
receptors,” which have combining affinities for food-substances.
These food receptors have been conceived as standing in the same
relation to the main body of the eell that the side-chains of certain
complex chemieal molecules of known composition hold to the

t Mikuliez: Archiv. f. klin. Chirurg., 1904, 73, p. 347.

? 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.

i Bhrlich: “Studies on Immunity,” New York, 19H6.
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central molecular nucleus. 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 cell may eontain a large
number of receptors of different affinities and degrees of complexity.

It is 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 baeterial substances just
as by the similarly constituted food molecules. The anchoring of
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 principle enunciated by Weigert respeeting 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. These free receptors are the antibodies, the
antitoxins, agglutining, antibacterial substanees, and the like. The
diphtheria antitoxin in the blood, then, is the same substance which,
when in the cells, may be a peril to the cell by virtue of its affinity
for the diphtheria toxin. If the toxin did not find in the body any
substance with which it could combine—for which, in other words,
its haptophore group (p. 118) possessed an affinity—it would be
wholly inert and impotent as far as that organism was coneerned,
When, however, the free receptors are brought in contaect with the
toxin either inside or outside 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 toxins become bound
in each ease to particular cells of the organism. The tetanus toxin
when mixed in vitro with emulsions of fresh organs manifests an
affinity for different organs in different animals. In man, the horse,
and the guinea-pig only the eentral nervous system is able to bind
the tetanus toxin. This is altogether in accord with the elinieal and
histologic characteristics of tetanus. If a mixture of tetanus toxin
and guinea-pig brain emulsion in suitable proportions is injected into

1]
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a susceptible animal, the animal is entirely unaffected, just as if
tetanus antitoxin (free receptors) had been used in place of fresh
cell-substanece (cell-receptors). The toxin is firmly bound in both
cases and is quite unable to exert its toxic effect. That a real
combination oeceurs 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 entirely toxin-free. In some other animals, for example,

the rabbit, other organs besides
' = the central nervous system are
capable of binding the tetanus
toxin.

Metehnikoff has shown that
the alligator injected with tet-
anus toxin does not sicken, and
. that this is because of the lack
of sensitiveness of its central
nerve-cells to the toxophore
group; experiments n  wilro
prove that certain organs of
the alligator are able to bind
the tetanus toxin, and, further-

Fis 27 Ghoabic eifesenbetionion more, inl accord with this, teta-
receptors of the first order and of toxin ~ nus antitoxin is produced by
uniting with the cell-receptor: a, Cell- 3 0 bi0n of tetanus toxin into

receptor; b, toxin molecule; ¢, hapto-
phore of toxin molecule; d, toxophore  the living alligator. It follows

of toxin molecule; ¢, haptophore of the : ' :
cell-receptor (Ehrlich). that antitoxin production does
not necessarily depend upon
the suseeptibility of a given animal to a given toxin. It is suffi-
cient that the animal possesses receptors able to bind the haptophore
group of the toxin. So far as antitoxin formation is concerned, it
would seem to be a matter of indifference whether or not the toxo-
phore portion of the toxin molecule is present to injure the cell.
The constitution of baetericidal sera is more complex than that
of antitoxie sera, as already pointed out, and the mode of action of
the former is correspondingly less simple. Ihrlich has postulated
the existence in the living cell of three kinds of receptors, designated
respectively as of the first, second, and third order (Figs. 27, 28, 29).

| - : Bl IR0
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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. 27, a). The receptors of the
second order are supposed to be more complex and adapted to the
assimilation of relatively ecomplex protein molecules (Fig. 28, ¢).
The agglutinins are considered to be receptors of this nature. The
agglutinins 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 BT S |
can be effected by the addi-
tion of fresh normal serum.
In this respect the purely
agglutinative serum differs
from the unheated sera eon-
taining receptors of the third | ﬂ%
order. '*.-,k

In the case of the bacteri- |
cidal sera the specific anti- |
body (receptor of the third |
order) possesses two affini- |
ties, ome for the specific |
bacterial cell, one for the i : R A
labile, activating substance iﬁrpf;ll%miﬁ‘-mggt?gml ﬂr::lfltiml:rl:rtiqf}lp IE-!:"}II'?{f
present in pormal scrum  gbstance unitng with one of them: o
(Fig. 29). The peculiar phore or zymophorous group of the re-

: ; . ceptor; e, haptophore of the receptor; f,
function of the antibody lies food-substance or product of bacterial dis-

in bringing together in close integration uniting with the haptophore
i GRr + of the cell-receptor (Ehrlich).

relation this ingredient of

normal serum and the baecterial cell; henee it has been ealled the
intermediary body (Zwischenkorper), but in more recent nomencla-
ture it is known, in agreement with Ehrlich’s conception of its nature,
as theamboceptor. The constituent of normal serum is designated by
Ehrlich and his followers as the complement. Every amboceptor is
consequently possessed of two different combining groups: the com-
plementophile, having an affinity for the complement, and the eyto-
phile, having an affinity for some specific cell. A number of
diffierent amboceptors may coexist in the body of the same animal;
the blood of one animal may be baetericidal for a variety of different
microbes, and the specific amboeeptor for one kind may be removed

4
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by appropriate methods without affecting those of other affinities.
The complement, on the other hand, is not specific and is prob-
ably a substance common to the serum of the higher animals.
Since it is assumed to be the active agent in the various cyto-
lytic sera, the question arises as to the nature of this substance,
and here it must be admitted that little or nothing is known beyond
the bare physical characteristics already stated. At one time the
complements were supposed to be of an enzyme nature, but there
is little to support this view.

A

K : = bt

Fig. 20.—Graphie representation of receptors of the third order, and of
some substance uniting with one of them: ¢, Cell-receptor of the third order,
amboceptor; ¢, one of the haptophores of the amboceptor with which some
food substance or product of bacterial disintegration, f, may unite; g, the
other haptophore of the amboceptor with which complement may unite;
k, complement; h, the haptophore, and z, the zymotoxic group of the comple-
ment (Ehrlich),

Along the line of Ehrlich’s receptor theory, Weleh' has intro-
duced the coneeption of the throwing-off of antibodies by patho-
genie micro-organisms within the body of their host. Just as the
cells of the host generate substances antagonistic to the cells of
invading 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
such amboceptors may exert a poisonous action upon the cells of
the host.

(e) The Neisser-Wechsberg Phenomenon.—A singular phe-
nomenon, studied especially by Neisser and Wechsberg,”® is the

1 Weleh: Bull. Johns Hopkins Hosp., 1902, 13, p. 285,
2 Neisser and Weechsberg: Miinch. med. Wehnsehr,, 1901, 48, p. 697.
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reaction 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 (amboceptor) are
added, no bacteriolysis takes place; on increasing the amount of
immune serum complete bacteriolysis finally oceurs; but on adding
still greater quantities of immune serum, baeteriolysis once more
fails to appear. From these and similar experiments it was con-
cluded by these investigators that a “deviation of complement ™
occurs under conditions where the amboceptors are in great excess,
that is fo say, the complement unites with the unbound ambocep-
tors rather than with the amboceptors that have become attached
to the baeterial 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 consequently unable to cause bac-
tericidal action. There is considerable doubt whether this is a
correct interpretation of the Neisser-Wechsberg phenomenon.
Indeed, it is generally agreed today that of all the conceivable inter-
pretations, this is the least likely beeause there is no single experi-
mental observationin harmony with the assumption that amboceptor
and complement combine directly. The phenomenon is more
simply explained as due to the presence in excess of one of the
reagents in a colloidal mixture and to the interfering effects com-
monly eaused by such an excess in colloid reactions.

(f) Complement Fixation or the Bordet-Gengou Phenomenon.—
This is a reaction of great practical and theoretieal interest. The
nature of the reaction may be illustrated as follows:

(4) Complement (fresh guinea-pig serum) + typhoid bacilli + inactivated
normal rabbit serum.

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

(C") Typhoid baeilli + inactivated normal rabbit serum.

(£2) Complement (fresh guinea-pig serum} + typhoid baeilli + inactivated
antityphoid rabbit serum.

(£) Complement (fresh guinea-pig serum) + inactivated antityphoid rabbit
SETI.

(") Typhoid baeilli 4 inactivated antityphoid rabbit serum,

If these mixtures are incubated for a few hours and then rabbit
corpuscles that have been “sensitized” with inaetivated serum
specifieally hemolytic for rabbit corpuscles added to each mixture
hemolysis will oceur in all exeept (C) and (F), which contain no
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complement, and (D) in which the specifically sensitized bacilli
have absorbed the complement and so prevented its subsequent
action on the sensitized erythroeytes added. That is, the mixture
of complement, antigen (typhoid bacilli), and specific antibody
(alexin in the immune typhoid serum) iz no longer capable of pro-
dueing hemolysis. This iz interpreted as meaning that the baeilli
when specifically sensitized absorb or fix the complement and thus
prevent its action on the sensitized erythoeytes subsequently added.

The complement fixation reaction is used extensively in the
diagnosis of several infeetious diseases, notably of syphilis in the
“Wassermann reaction.”” (For details of technie, see p. 533.)
It is also used to some extent for the identification of bacterial
species. In such mixtures as those deseribed, if the specific anti-
body is present, the complement is fixed and no hemolysis occurs when
sensitized red corpuscles are added; if the specific antibody is absent,
the complement is of eourse free to complete the hemolytic system,
and hemolysis will result.

It is now generally agreed that Ehrlieh’s qualitative reeeptor
analysis of immunity and immune reactions has outlived its use-
fulness, From the presentation which has been given in the pre-
ceding pages, it must be apparent that it is only an ingenious
applieation to immune proecesses of an hypothesis on cell nutrition
and injury that has long sinee been discarded by students of physiol-
ogy and pathology. Ehrlich’s hypotheses have erumbled under the
weight of the special assumptions which were neecessitated by each
new discovery. Recent investigators have found it more profitable
to diseard Ehrlich’s hypotheses in favor of eonceptions borrowed
from colloid chemistry. As rapidly as the dynamies of colloid
systems are elucidated and become familiar to students of infectious
disease, they are being applied profitably to the study of immunity.
It is not vet timely to formulate a general theory on these grounds.
Hence, Ehrlich’s pictures are still retained, although their values are
doubtful.!

OTHER REACTIONS PRODUCED BY BACTERIA AND OTHER ANTIGENS

When baeterial eells and their produets are injected into an
animal, the cells of the animal reaet in such a way as to give rise

1 For a trenchant eriticism of the side-chain theory see Manwaring: Jour.
Immunol., 1926, 12, p. 177.
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to a variety of substances besides the antitoxins and baeteriolysins
(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 sus-
pension of typhoid bacilli, 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 baeilli
in high dilutions, while other bacilli, as a rule, are unaffected,
although it is true that those more closely related to the typhoid
bacillus, such as Bact. coli and the paratyphoid bacilli, may be
slightly clumped, especially by the lower dilutions. Many other
bacteria are agglutinated in a similar manner by their respective
antisera.

The agglutination of baeteria 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 baeilli; and,
second, in identifying bacteria, for which purpose a serum of known
agglutinating properties is mixed with a suspension of the germ
whose character is to be determined. The former, the Gruber-
Widal test, has come to be extensively used in the diagnosis of
typhoid fever, and when carefully eontrolled, is a valuable aid in
diagnosis. The identification of baecteria by the agglutinative reac-
tion is, on the other hand, less satisfactory, and there are many
objections to its unqualified acceptance.

Technic.— The technic of the agglutination test calls for the
observance of manifold precautions. An agar culture eighteen to
twenty-four hours old is preferably employed. From this a faintly
turbid suspension in sterile physiologic salt solution is prepared.
The suspension of the bacteria must be homogeneous; for some
cultures a thorough shaking will suffice, for others recourse must be
had to passage through filter-paper. In any ease 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
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bacteria in a given volume of the suspension. The nature and
reaction of the medium on which the bacteria are grown, the age of
the strain and its origin, and other factors influence the course of
agglutination. Some strains are
naturally more readily agglutinable
than others; some may be inagglu-
tinable even by a potent serum.
The serum for the test may be
obtained from a blister made by the
application of a eantharides 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

ig. 30.—Typhoid bacilli, un- : L
g Elggji[?ti:::ﬂﬁ:ﬁcl "YU causes the agelutination of the bae-

teria is known as agglutinin. It is
fairly permanent and may persist in dried blood or serum for a
long time in unchanged strength. In public health work a few
drops of blood may be dried on a strip of aluminum foil, filter paper

or other substance which iz then
mailed to a eentral laboratory, where
flakes or extracts of the dried blood
are weighed and dissolved in appro-
priate amounts of salt solution so
that the test is made as accurately
as with fresh blood.?

Graduated dilutions of the serum
or blood with physiologic salt solu-
tion are mixed with measured quan-
tities of the bacterial suspension,
and the process of agglutination
followed either with the naked eye
or with the microscope. The examination with high-power len-
ses shows a gradual eessation of motility in such organisms as
the typhoid bacillus, accompanied by the sticking together first
of a few cells, then of larger numbers, until in typical and deci-
sive reactions large masses of agglutinated cells are plainly visible
with a low-power lens. The maximum clumping is generally

1 Wesbrook: Jour, Infect. Dis., Suppl. No. 1, 1905, p. 315.

Fig. 31.—Typhoid bacilla par-
tinlly agglutinated,
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reached in about six to eight hours (Figs. 30, 31, 32). Sometimes
“spontaneous agglutination’ occurs, so that a suspension to which
no serum has been added should always be observed along with the
others, in order to avoid this souree of error.

The naked-eye test gives, as a rule, more trustworthy results
than the microscopic. Varying dilutions of serum are mixed with
a definite quantity of bacterial suspension in small thin-walled glass
tubes, and placed in the incubator. The tube containing only the
bacterial suspension remains cloudy, while those tubes to which
agglutinating serum is added show a general elearing-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 in the low dilutions.

A convenient procedure is as
follows: Small quantities of the serum
are diluted with sterile salt solution
(0.8 per cent NaCl) so as to effect
the desired dilutions (for example,
1:50, 1:100, 1:500, 1:1000). Fil-
tered suspensions in salt solution of a
twenty-four-hour agar culture of the :
organism tested should be used. To Fiz. 32—Typhoid baeilli,
obtain the dilution desired, mixtures showing typical clumping by

T d typhoid serum.

of the serum dilution and the suspen-

sion 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 clumps
at the bottom, forming a flocculent sediment and leaving the
supernatant fluid clear. Control tubes of the baecterial suspen-
sion without serum and with normal serum should be carried in
each series,

Temperatures above 60 C. diminish the agglutinability of
bacteria; the agglutinin also is weakened by heating to from 60° to
70°% and is destroyed at 75°. Serum dried and protected from light
retains its power indefinitely.

Properties and Mode of Action of Agglutinins.—Agglutination
is brought about by the chemical interaction of {wo substances, one
a constituent of the agglutinating serum, the agglutinin, the other
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a bacterial substance, the agglutinogen. The latter substance
receives its name from the faet that when introduced into the animal
body it stimulates the formation of agglutinin. In terms of
Ehrlieh’s receptor theory the agglutinogen contains a haptophore or
combining group, which enables it to unite with eertain receptors of
the tissue cells. These are said to be “receptors of the second
order” (Fig. 28), and to contain a haptophore group which binds
them to 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 struetural 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 =alt to
agglutinate bacteria and to precipitate colloids depends on the
degree of dissociation and the valency, speed of migration, and
decomposition tension of the kation. In a word, agglutinin is
supposed to reduece the amount of negative electricity with which
bacteria are charged and so render the baecteria more susceptible
to the precipitating action of the salts.!

There is reason to believe that speecific agglutination oecurs in
two phases: first, the union of antibody and antigen, that is, the
sensitization of the specific bacteria by the agglutinating serum;
second, the floceulation of the sensitized bacteria by the electrolytes
present in the fluid. It has been suggested that the first phase
consists in a specific coating of the baeteria by the globulin of the
antibody. The two reactions may of course go on simultaneously.
Whatever the explanation, the reason for the specific character of
the union between bacterium and antibody remains quite unknown,
that is, the reason why the globulin of antityphoid serum should
coat the typhoid baecillus but not the dysentery bacillus. In the
second phase the bacteria, by virtue of their coating, behave like

! An excellent summary of the physico-chemical conception of agglutina-
tion has been given by Buchanan (R. E. Buchanan: Jour. Bact., 1919, 4, p. 73).
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particles of denatured protein and floceulate when their charge is
reduced to a eritical level.

Not bacteria only, but other free eells, are elumped both by
normal and immune sera. The red blood-cells of any species of
animal are agglutinated by the serum of an animal whieh has been
previougly injected with cells of similar origin. The * hemagglu-
tinins,” so far as they have been studied, resemble the bacterial
agglutinins in all essential features. Some bacterial cultures have
been found to contain hemagglutinins, and it is possible that
the thrombi observed in the blood-vessels after death from
certain infectious diseases may be due to hemagglutinins of bae-
terial origin.

Substances that agglutinate baeteria and erythroeytes are found
in the blood of many normal animals. The serum of a young
uninoculated horse, for example, has been observed to agglutinate
paradysentery bacilli in a dilution of 1:1000 (Park)." The relation
between normal and immune agglutinins is not known.

Group Agglutination.— The serum of an animal inoculated with
a given miero-organism agglutinates not only the particular species
used for inoculation, but very often also other organisms biologi-
cally 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 oceur with higher dilutions
of serum than is the ease with other organisms of the same group.
Thus the serum of a rabbit inoculated with typhoid bacilli shows
a higher agglutinating power for the typhoid bacillus than for other
members of the colon-typhoid group, although the agglutinating
value of the serum for 8. enteritidis, Bact. coli, or other members of
the group may be distinetly greater than that of normal serum.
Sometimes, however, the aceumulation of “group agglutinins”
and “specific agglutinins’’ seems to follow a very irregular course.
This is especially true in the serum of an animal like the horse,
which contains a high proportion of normal agglutinins, so that
group agglutinins may be even more abundant than specific agglu-
tinins after repeated injections. Park has observed one instance
where the serum of a horse after eighteen injections with the
“Manila” strain of the paradysentery bacillus agglutinated a celon
baeillus more strongly than it did the homologous organism.

1 Park: Jour. Infect. Dis., Suppl. No. 2, 19086, p. L.
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The absorption or saluration test of Castellani (1902) based on the
discovery of abgorption of agglutinins by Bordet (1899) has proved
of praetical value in eliminating the source of error due to group
agglutination. If was shown by Castellani that the serum of an
animal immunized against a certain micro-organism, when saturated
with that miecro-organism, loses both its agglutinating power for
that organism and also for all the other varieties it originally acted
upon. Thus immune serum A which agglutinates the homologous
organism A and the related organisms B and € (group agglutination)
will lose its agglutinating power for all these organisms when
absorbed by a suspension of organism 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 absorption
test has been widely used in studies on the typhoid-paratyphoid
group and on meningococei. Its value in differentiation within
certain other groups is still in question. The technie of the absorp-
tion test is important. The size of the minimum absorbing dose
necessary to remove all the agglutining must be carefully determined.
In the final test the dose of the homologous organism should be
somewhat but not greatly in excess of the minimum. In all absorp-
tion tests little weight should be attached to slight differences in
agglutination.

The application of this test may be shown by an example.
The undifferentinted organism X is agelutinated by the serum of
animals immunized to A and B.

| I
. Immune Serum A Inmune Serum M Immune Serum X
s o | Titer? Titer Titer
|
A 5000 S000 SO0
B S000 | S0 ST
X S 2000 SO00
|
; Immune Serum A [mmune Serum A
ETRELL Absorbed by A Absorbed by B
| | Pl )
|
A i LN
B 0 0
X i 0

1 The *“titer” is the highest dilution of the serum which eauses complete or
nearly complete agglutination of the bacteria.
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Rt Immune Serum X Immune Serum X
Absorbed by A Absorbed by B
- = = : )
A 0 SO0
B S000 0
X 50040 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 bacteriolysins and agglu-
tinins may be entirely distinet: (@) The bactericidal power of a
serum is destroyed at 56°, while the agglutinins resist a temperature
of 62° or higher. (b) In the serum of an animal injected on suc-
cessive dates with a baeterial culture the respective inereases in
the bactericidal and agglutinating power do not run a parallel
course or indeed show any connection. (¢) The agglutinins may be
absorbed from a serum, leaving the baetericidal power of the serum
unimpaired.

(b) The Precipitins.—When the germ-free filtrates from broth
cultures of bacteria are mixed with the respective antisera produced
by animal inoculation the formation of a powdery precipitate
oceurs.! The precipitation thus produeced 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 th? immune serum that provokes
precipitation has been termed precipitin.

Bacterial preeipitins are by no means the only kind that may be
produced by this method. A great variety of albuminous bodies
when injected into animals give rise to 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 precipitin which throws down the ecasein of the milk used
for injection, but does not act on the casein of the milk of other
animals. Egg-albumin likewise gives rise to precipitins that are

1 Kraus: Wiener klin. Wehnzehr, 1897, 10, p. 736.
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specifie. Indeed any antigen may arouse the produetion of pre-
cipitating antibodies, whether or not other antibodies (lytie,
agglutinative, ete.) are demonstrable,

A particularly important development in the study of the pre-
cipitins has been the utilization of the specific character of the
reaction for the purpose of medicolegal investigation.! The serum
of an animal which has been injected with human blood pro-
duces a preecipitate when mixed with human blood even in high
dilutions but has no such effect upon the blood of the lower animals.
A simple, delieate, and highly trustworthy method for distinguishing
human blood-gtains is thus afforded, and the value of the precipita-
tion 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 ec., for example, in the case of an animal serum, and this may be
followed at intervals of five to seven days by gradually inereasing
doses—about 3, 5, 8 ce—up to six or seven times the original
amount. About one week after the last injection the animal is bled,
the serum collected, filtered through a Berkefeld filter to insure perfect
clarity, and sealed in small brown glass tubes, without addition of
any preservative, until needed. TFor the best results a preecipitating
antiserum should be of high potency. According 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
ec. of the serum to 2 ce. of the eorresponding blood solutions diluted
1:1000, 1:10,000, and 1:20,000, the reaction should appear almost
instantaneously in the thousandth, within three minutes in the
ten-thousandth, and within five minutes in the twenty-thousandth
dilution; turbidity is observed at the bottom of the small test-tube,
which should not be shaken after the serum has been added.”
With such a high-poteney serum very dilute solutions of the protein
to be examined 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 obtained
by Uhlenhuth® and others.

1 Hektoen: Jour. Amer. Med. Assoe., 1918, 70, p. 1273.

? Uhlenhuth: “Praktische Anleitung zur Ausfithrung des biologischen
Eiweissdifferenzierungsverfahrens mit besondere Beriicksichtigung der foren-
gichen Blut- und Fleischuntersuchung,” Jena, Gustav Fischer, 1909,



THE PRECIPITINS 191

A butcher, aceused of robbing and murdering three persons, stated that
certain blood-stains found on his shirt sleeves were referable to his having
slaughtered a calf. By the biologieal method, however, the human origin of
the blood was proved. This result was an important link in the chain of cir-
cumstantial evidence which was so convincing that the accused was con-
demned to death. Shortly before hiz execution he made a full confession.

In a poaching case, one of the accused persons, who was alzo suspected
of being a receiver of stolen goods, asserted that blood-stains found on his
meat-chopping board were not due to deer's blood, but to that of wild ducks.
By the 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 ecertain organisms.
The serum of monkeys inoculated with human blood gives a marked
turbidity with solutions of human blood, while not reacting at all
with monkey’s blood. Such a separation is difficult if not impossible
when an antiserum from the rabbit is used. In the same way the
antiserum from a rabbit inoculated with fowl’s blood gives a precip-
itate 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 reaet at all with pigeon’s blood.

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

The substance that reaets with the precipitin (precipitinogen)
seems to persist for a long time (at least sixty-six years) in dried
blood; mixture with other bloods does not invalidate the reaction.
While the blood-precipitins are highly specifie, they may produce
a slight reaction with the sera of animals biologically related. The
phenomenon of blood precipitation has been utilized by Nuttall
and others for the purpose of throwing light upon the biologie
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,

1 The subject of precipitation is treated with great clearness and fulness in a
monograph by Nuttall: “ Blood Immunity and Blood Relationship,” Cambridge,
England 1904.
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may be distinguished from beef. It may be used in the identifica-
tion of any antigenic substance, especially of any complete protein.

The Mechanism of Agglulination and Precipitation.—The phe-
nomena of precipitation and agglutination are essentially the same.
Recently some signifieant advances have been made toward an
elucidation of the mechanisms involved. It appears that the anti-
gen in either ease is, or is very similar to, a particle in the colloidal
state and bears an electro-negative charge (i. e., is electro-negative
in comparison with the fluid in which it is suspended). The normal
stability of the antigen solution or suspension probably depends
upon the balance of three types of forces: those associated with the
Brownian movement, which serve to overcome gravitational sedi-
mentation; 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 beeause of their common electro-
negative charge, which functions to counterbalance the eohesive
force of surface tension.! TUpon the introduction of any substance
which inereases the cohesive forces or sufficiently reduces the
electrical charges there follows agglomeration, floceulation and
precipitation of the antigen. Reduction of the electrical charge is
probably of greater significance than inerease of the eohesive forees.
On proteins? and on baeteria,® the electrical charges are commonly
greatest in distilled water near neutrality. The addition of salts,
acids, or alkalis reduces the charge, and if these are present in
sufficient amount preeipitation and agglutination oceur., The
charges appear to have their origin in conditions (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 viability of the organisms. This is in
harmony will the well-known observation that a suspension of
dead bacteria will serve as well as live bacteria in an agglutination
test. When an immune serum is added to a suspension of baeteria
the negative charge on the cells is reduced, and if the serum is
added in appropriate dilution the charge is brought within the

! 1t is not entirely eertain, although recent studies have rendered it probable,
that these are only surface tension forees.

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

 Northrop and DeKruif: Jour. Gen. Physiol., 1921-22, 4, p. 639; Winslow,
Falk and Caulfeild: Jour. Gen. Physiol., 1923, 6, p. 177.
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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 oecurs
in either case. The stabilizing effect of an excess of serum (normal
or immune) which inverts the charge probably accounts for the
go-called “pro-agglutinoid zone.” Eleetrolytes (acids, alkalis,
and neutral salts), like sera, modify the charges on colloids or bac-
teria, and their effects in a precipitation or agglutination reaction
are probably directly cumulative with those of the immune body.
The réle of NaCl in agglutination tests is probably of such an
order. The discovery that the precipitation reaction—like the
agglutination reaction—is dependent upon the hydrogen ion con-
centration! 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 preecipitin, like agglutinin, either is, or simu-
lates, an electro-positive substance. It is significant that entirely
similar substances are present in normal sera.® The more specific
identity of these bodies and, indeed, the identity of agglutinin and
precipitin are still entirely uncertain.

(c) Specific Soluble Substances—Residue Antigens.—It was
found by Zinsser and his associates® that certain nonprotein con-
stituents of bacterial cells are definitely specific and have an immu-
nologieal value. These remarkable substances fall in the group of
incomplete antigens to which Landsteiner has given the name
haptenes. They react specifically with antibodies, but when injected
into an animal are not themselves capable of provoking antibody
formation.

The chemistry of these specific soluble substances has been
studied especially by Avery and Heidelberger.? The specific
soluble substances of the pneumococei, for example, have been
found to be of a carbohydrate nature. IEach fixed type of pneumo-
coceus (Types I, II and III) (p. 239) contains a chemically different
carbohydrate (polysaccharide) which reacts with the serum that

! Mason: Bull. Johns Hopkins Hosp., 1922, 33, p. 116; Hirseh: Jour. Infect.
Dis., 1923, 32, p. 439; Falk and Caulfeild: Jour. Immunology, 1923, 8, p. 239.

* Northrop and DeKruif: Jour. Gen. FPhysiol., 1921-22, 4, p. 639,

* Zinsser: Jour, Exper. Med., 1921, 34, p. 495; Zinsser and Mueller: Jour.
Exper. Med., 1925, 41, p. 159.

* Avery and Heidelberger: Jour. Exper. Med., 1923, 38, p. 81; 1025, 42,
p. 307.
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has been produced by immunizing an animal with the homologous
type of pneumococcus. The antiserum of Type I precipitates
solutions of the corresponding carbohydrate. As pointed out by
Avery, therefore, immunization of an animal with whole intaet
pneumococcus cells leads to production of a specific agglutinating
substance, and of a precipitating substance specific for the type.
Injeetion of the specific polysaceharides alone does not lead to anti-
body production. Injeetion of the isolated free cell protein gives
rise to protein antibodies (not agglutinins) that are specific for the
species but not for the type. The specific soluble substance in
those bacteria that have been studied is closely related to, if not
identical with, the capsular substance of the cell,

Different kinds of baeteria yield specific soluble substances
that may differ markedly in chemical constitution. Avery and
Heidelberger have summed up the significance of their studies in
these words: “1f final proof be brought for the eonception that the
capsular zone of the organism is largely composed of the earbo-
hydrate substances, is part of the defense mechanism of the ecell
and is the site of its initial contaet with antibody, then these soluble
bacterial polysaecharides aequire new significance not only in the
serological reactions of the cell, but in the actual processes of infec-
tion and immunity in the host.”

Sinee the presence of type-specifiec polysaccharides in organisms
such as the pneumococei and Friedlinder's baeillus determines the
antigenic properties of the cell and the serological relationships of
different strains, it is important to note the striking influence of
stereochemieal specificity on serologieal properties. Landsteiner
and van der Scheer! have shown that antigens composed of a pro-
tein coupled, in turn, with levo-, dextro- and meso-tartarie acids,
will produce immune sera which differentiate distinetly the three
antigens. Furthermore, Avery and Goebel® have demonstrated
that when two chemieally different earbohydrates, such as dextrose
and galactose, which differ from each other only in specifie rotation
and molecular configuration, are bound to the same protein, the
newly formed antigens exhibit distinet immunological specificity.
On the other hand, “when the same ecarbohydrate radieal is eon-
jugated with two chemieally different and serologically distinet pro-

1 Landsteiner and van der Scheer: Jour. Exper. Med., 1929, 50, p. 407.
* Avery and Goebel: Jour. Exper. Med., 1929, 50, p. 533.
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teins, both of the sugar-proteins thus formed aequire a common
serological specificity.”

(d) Anaphylaxis or Hypersensitiveness—Allergy—Protein Sen-
sitization.’—Animals injected with certain substances become
sensitized or rendered hypersensitive to a subsequent injection with
the same substance. The name anaphylaris (Gr. against protec-
tion) has been used (Richet) for this phenomenon to explain its
apparently opposite character to the protective effect of immuniza-
tion. 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 injection of horse-serum was also clearly shown
by the work of Arthus® (1903). The study of this reaction was
taken up by Otto in Germany and by Rosenau and Anderson? in
the United States. Zinsser! has given a clear deseription 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 frain of symptoms ensues.
There is usually a short preliminary period—TIlasting either a fraction
of a minute or several minutes according to the violence of the
reaction and the mode of administration—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 oceasionally emit short coughing sounds. At
the same time an inereased rapidity of respiration ig noticeable and
the fur will appear ruffled. In light eases the animals may remain
in this condition, with further irregularity and difficulty of respira-
tion, possible discharges of urine and feces; then gradual slow
recovery may set in, with complete return to normal in from thirty

1 See summaries by Zinsser, H.: Arch. Int. Med., 1915, 16, p. 223; Coca,
A. F.: Tiee’s Practice of Medicine, Prior and Co., New York, 1920; Boughtaon,
T. H.: Jour. Lab. and Clin. Med., 1920, 5, p. 597; Wells, H. G.: “Chemical
Pathology,” 4th ed., Philadelphia, 1920, p. 191; Physiol. Reviews, 1921, 1, p. 44.

* Arthus: Compt. rend. de la Soe. Biol., 1903, 55, p. 817.

i Rogenau, M. J., and Anderson, J. F.: Bull. 29, Hvg. Lab. Mar. Hosp.
Serviee, 1906,

* Zinsser, H.: “Infection and Resistance,” New York, 1914, p. 363.
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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 irregu-
larly, 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 shal-
lower 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
entirely. 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 injeetion in order that the toxic effect shall be manifested.
In the sensitization of guinea-pigs against horse-serum this period,
as a rule, is from ten to twelve days. The 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 reported that in one instance 0.000,000,1 ee. of horse-
serum was sufficient to render a guinea-pig susceptible. Wells,®
using pure protein, has shown that the minimum sensitizing dose
of crystallized egg albumen is 0.000,000,05 gram and the mini-
mum fatal sensitizing dose 0.000,001 gram the fatal reacting
dose being intravenously 0.000,05 gram and intraperitoneally
0.000,5 gram.

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 transmit
this quality. Passive hypersensitiveness may be induced by trans-
fer of serum from a sensitized animal to a normal one. Animals

1 Rosenau and Anderson: Bulls. 29, 30, 36, Hve. Lab. Mar. Hosp. Serv-

ice; Jour. Infect. Dis., 1908, 5, p. 85.
2 Wells and Osborne: Jour. Infect. Dis., 1911, 8, p. 66.
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that survive the second dose of protein are desensitized, that is,
rendered very insensitive to the specific protein. Isolated strips
of smooth musele are likewise capable of desensitization. Highly
immunized animals will not give reactions, probably because of free
antibody in the blood preventing the antigen from reaching the
sensitized cells. This eondition, which is plainly different from
desensitization, is called anfi-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 symptoms are different, but are always constant for the
same species irrespective of the particular antigen used.

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

For some time anaphylaxis was regarded as an antigen-antibody
reaction and the substances capable of behaving as antigens in this
particular reaction (anaphylactogens) were believed to be all pro-
tein substances. Gelatin and some other incomplete proteins
appear to be absolutely devoid of antigenic power. Tomesik's!
observations that purified bacterial polysaccharides (page 194)
were able to produce fatal anaphylactic shoek in guinea-pigs were
subjeet to the eriticism that a small amount of nitrogen was present
in the substances used. Avery and Tillett,* however, showed that
the type-specific carbohydrates of pneumococeus types I, II and
I11, quite nitrogen-free, produced typical anaphylactic response in
guinea-pigs previously sensitized with an homologous antiserum
obtained from an immunized rabbit, but not with antipneumococecus
horse-serum. This is apparently an instance of true anaphylaxis
with nitrogen-free material.

! Tomesik, C.: Proe. Soc. Exper. Biol. and Med., 1927, 24, p. 812.
* Avery, O. T., and Tillett, W. 8.: Jour. Exper. Med., 1929, 49, p. 251.
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The specificity features of the anaphylactic reaction are highly
interesting and correspond closely to those exhibited by preecipitin
and complement fixation reactions. Wells and others have shown
that the antigenic specificity of a protein is not determined by its
biological origin, but by its chemieal composition. Casein from
goat milk evokes preecisely the same anaphylactic response as
casein from sheep milk, but chemiecally dissimilar proteins from
the same animal body fail to show any common immunological
relation.

Particular 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 isomerie arrangement doubtless play a part in the close
correspondence that exists between antigen and antibody.

Theories of anaphylaxis are essentially of two types, the pro-
teolytic and the physieal (or colloidal) explanation. The former is
based on the demonstration by Vaughan and others that the protein
molecule ean be split by various chemieal methods into a toxic and
a nontoxie portion. The toxic portion when injected produces in
animals a econdition very similar to that of anaphylactic shoek.
Such observations were thought to indicate that the second injection
of antigen was sensitized by the specific antibody produced by the
first injection, and that then the serum complement proteolyzed
the antigen, liberating the toxie fraction (anaphylatoxin) with its
typical poisonous effects. It was found, however, that isolated
musele tissue shows an immediate response to the specific antigen,
and it is diffieult to reconcile the absence of an incubation period
with the hypothesis of liberation of a poison through proteolytic
action. Serum complement has never been shown to be a proteoly-
tiec ferment, and attempts to demonstrate the presence of a poisonous
substance in the blood of animals in anaphylactie shock have not
been suceessful.  Inert substances, such as kaolin, added to normal
serum render the serum toxic, 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. While the physical or colloidal explana-
tions are still somewhat vague and indefinite, it is tempting to
suppose that alterations in colloidal eqguilibrium within the living
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cell are in some way responsible for the anaphylactic phenomena.
At all events there seem to be no facts directly contradicting this
supposition.

Although there is a good deal of evidence to support the view
that preeipitins are the anaphylactic antibodies, this is not com-
pletely established. Most investigators are agreed that the site
of the reaction leading to anaphylactic shoek is in or on the tissue
cells, and not in the blood. When the blood of a sensitized animal
is injeeted into a normal animal, the latter does not become hyper-
sensitive until six to thirty-six hours later and the development of
the sensitization is parallel to the disappearance of the injected
sensitizing antibody (precipitin). Hence it is supposed that the
anaphylactic state is dependent upon the fixation of the antibody
upon the tissue cells.

The relation of anaphylaxis to serum disease, to hay-fever, and
to drug hypersensitiveness is far from clear. While acute, undoubi-
edly anaphylactic reactions to serum injections are sometimes
observed in man, the ordinary serum sickness with its skin mani-
festations is not believed by some investigators to be a true anaphyl-
actie reaction; the evidence is conflicting. Hay-fever is commonly
regarded as an instance of sensitization with the pollen of various
plants, and strikingly successful therapeutic 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 desensitiza-
tion may be produced by careful feeding. Coca has used the term
atopy to designate the inherited hypersensitiveness of human
beings.!

The relation of anaphylaectic reactions to bacterial infection is
evident in many ways. Certain features of infectious diseases,
such as the period of ineubation and various skin reactions, resemble
anaphylactic processes. Bacterial proteins, like other proteins,
have been shown to give anaphylactic reactions. The relation of
anaphylaxis to immunity appears in such phenomena as the imme-
diate reaction to vacecines oceurring in some protected individuals,

! For a full dizcussion of this subject see chapter on Atopy by A. F. Coca
in Jordan and Falk: The Newer Knowledge of Bacteriology and Immunology,
1928, Chicago, p. 1004,
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and the effeets observed by Koch when tuberculous guinea-pigs were
reinjected with tuberele baeilli; in the latter case the tuberele bacilli
introduced were at once disintegrated.! The complex changes in
the animal body that follow infection with a micro-organism are
undoubtedly in part allergic. In tuberculosis some tissues of the
body beeome sensitized against the specifie proteins of the growing
bacillus and are consequently affected by the injection of tuberculin.
The response to the “Dick test” for scarlet fever has been inter-
preted as an allergic reaction by some investigators. The eruption
in secarlet fever and the “rose spots’” in typhoid have been also
supposed to be allergic in origin. One theory of rheumatic fever
is that this disease is primarily an allergie phenomenon.

1 Zinsser: “‘Infection and Resistance,” 3rd edition, New York, 1923; Wells:
“The Chemical Aspects of Immunity,” New York, 1925.



CHAPTER 9
THE STAPHYLOCOCCI

Genus: Staphylococeus.  Parasites. Cells in groups and short chains,
very rarely in packets. Generally stain by Gram. On agar streak good
growth, of white or orange color. Dextrose, maltose, sucrose, and often lactose
fermented with formation of moderate amount of acid. Gelatin often liquefied
very actively.

Type gpecies is Staphylococeus aureus, Rosenbach.

TaE bacteria most commonly found in boeils, abscesses, ecarbun-
cles, and similar suppurative processes in man belong to the group
of staphylocoeei. The presence of staphylocoeci in pus was first
shown by Pasteur! (1880} and later by Ogston® (1881). Micrococei
were obtained in pure culture
by Becker® in 1883, but their
causal relation to the suppura-
tion of wounds and to osteo-
myelitis was first elearly brought
out by the work of Rosenbach?
in 1884,

Several races or varieties of
staphylococei have been differ-
entiated in the course of later
investigation. One of these,
Staphylococcus (pyogenes) aur-
eus, is found frequently in con-
nection with pathologie processes
in man; the other varieties,
although very similar, differ in slight particulars from this type.
Staphylocoecus (pyogenes) albus, for example, is distinguished from
Staphylocoecus (pyogenes) aureus by its failure to produce a golden-
yvellow pigment.

Fig[:‘ 53.—Staphylococeus aureus.
uchsin; X 1000 (Giinther).

1 Pasteur: Bull. de I'Acad, de Méd,, 1880, 9, p. 447.

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

* Becker: Deut. med. Wehnschr., 1883, 9, p. 665.

1 Rosenbach: “ Mikroorganismen bei d. Wundinfektionskrankheiten,
Wieshaden, 18584,
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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 generie name to
this organism (Fig. 33). The dimensions of the individual coeci
vary within rather narrow limits, the diameter of the cells ranging
between 0.7 and 0.9 . The ordinary aniline dyes stain the cells
readily; no decolorization occurs with Gram’s method. In a
preparation made directly from pus or from a pure culture, not only
irregular clusters of eells can be observed, but also tetrads, diplo-
coceus forms, and short chains. It is henee often difficult to deter-
mine from stained preparations whether only true staphylococei
are present or whether there is an admixture of streptococei or
other forms.

Physiologic Requirements.—
The optimum temperature is
about 28 C., but growth ean
also take place at temperatures
as high as 42 C, and as low as 8
to 9 C. The cocei thrive best in
the presence of oxygen, but grow
to some extent under anaérobic
conditions. As regards choice
of culture medium, this organ-
i=m is not so fastidious as many
other pathogenic baeteria. It

Fig. 34.—Staphylocoecus aureus:  grows upon the ordinary labora-
Colony two davs old, seen upon an 9 -
agar plate; X 40 (Heim). tory media (Fig. 34), and also,

although less luxuriantly, upon
protein-free media containing creatine or asparagin as the
source of nitrogen. The golden-yellow pigment which distin-
guishes the aureus variety from other staphylococei is formed in
especial abundance upon blood-serum or upon a starchy medium,
such as potato or rice. The thermal death-point is not con-
stant, different strains appearing to vary greatly in their resistance,
some succumbing only after thirty minutes’ exposure to a tempera-
ture of 80 C., while others are destroyed within the same time at
a much lower temperature. Considerable resistance is displayed
toward drying, experiments showing a retention of vitality for many
days and even months, in cultures dried upon silk threads and
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desiceated over ealeium chloride. Toward the chemieal substances
ordinarily used as dizsinfectants Staphylococeus aureus also exhibits
more than the average resistance. It is, indeed, one of the hardiest
of the nonspore-forming bacteria.

Staphylococeus aureus is a well-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
hospitals, stables, and similar situations where its presence is readily
explicable, it is found relatively infrequently in nature except in
association with the animal body.

Products of Growth.—The golden-yellow pigment which is
produced by this organism and which is probably a lipochrome, is

formed most abundantly upon earbohydrate i
media and in the presence of free oxygen. A i"g?g
specific gelatin-liquefying enzyme or gelatinase a':,’ﬁq:

i= formed in the majority of gelatin and broth
cultures and has been separated from the eul-
tures by filtration (Fig. 35). Other enzymes,
such as rennin and maltase, are produced under
suitable conditions. Dextrose, maltose, sucrose,
and glycerol are usually fermented under suit-
ul}}e ﬂi_rlﬂtllllﬂﬂ.‘:‘» wlﬂ-l aeid but no gas -pr‘u{luctmn. Fie. 35.—Staph-
Milk inoculated with staphylococel is usually  vlococeus (pyogenes)
coagulated by the acid resulting from the fer- :::lr;l‘fp“f'm:'f':m*;h
mentation 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-corpuseles in such
a way as to eause the dissolving out of the hemoglobin.  This hemo-
Iytic substance is formed both upon agar plates and in broth cultures.
The hemolytie qualities of filtrates of Staphylococcus aureus have
been especially studied by Neisser and Weehsberg.! The specifie
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 hemolytie filtrates, and
there is other evidence that staphylolysin possesses a structure
analogous to that of diphtheria toxin and is endowed with a stabile
haptophore and a labile toxophore group. Many observers claim

! Neisser and Wechsberg: Zeitschr. f. Hyg., 1901, 36, p. 229,
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that a direet relation exists between virulence and hemolytic power,
but others have failed to discover any such connection.

A substance that kills leukoeytes is also present in staphylococeus
filtrates; this has been termed leukocidin, and, like staphylolysin,
is a true toxin. The presence of leukocidin may be determined by
an ingenious method devised by Neisser and Wechsberg, which
consistz in using the reduction of methylene-blue that is effected by
live leukoeytes as a measure of the integrity of the latter. The
extent of retardation of disappearance of the reducing action meas-
ures the degree of injury wrought upon the leukoeytes by the
leukoeidin.

Other poisonous substances have been shown to be present in
staphylococeus filtrates. Julia Parker' found that the broth
filtrates of eertain strains produced a severe spreading neerosis when
injected into the skin of rabbits. The poison is thermolabile and,
like a true toxin, has antigenic power. DBurnet® and others have
shown that the intravenous injection of certain staphylococceus
filtrates into rabbits causes sudden death. Finally it has been
shown® that the filtrates of certain staphyloeocei contain a poison
which, when swallowed by human volunteers, produces violent
gastro-intestinal symptoms of the “food poisoning” type. The
relation between the staphyloeoceus hemolysin, the skin-neecrosing
substance, the substanee that is poisonous when swallowed and the
substance that kills on intravenous injection remains to be made
out. Whether they are all manifestations of a single antigen® or
represent several independent antigens is not yet determined.

Pathogenicity for Man.—Iixperiments, as well as the facts
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 ear-
buneles was produced, seventeen sears remaining to testify to the
success of the experiment. His experiments were repeated and

! Parker, Julia: Jour. Exper. Med., 1924, 40, p. 761.

* Burnet: Jour. Path. and Bact., 1929, 32, p. 717.

* Barber, M. A.: Philippine Jour. Sei. (Trop. Med.}, 1914, 9, p. 515; Dack,
G. M., Cary, W, E.,, Woolpert, 0., and Wiggers. H.: Jour. Prev. Med., 1930,
4, p. 167; Jordan, E. O.: Jour. Amer. Med. Assoc., 1930, 94, p. 1648.

i Burnet: Jour. Path. and Baet., 1930, 33, p. 1.

5 Garré: Fortschr., d. Med., 1885, 3, p. 165.
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confirmed by other observers (Bockhart,! Kaufmann?). The
penetration of the coeci into the deeper layers of the intact skin,
probably through the sweat-duets or at the basze of the hair-follicles,
is a fact of considerable significance. The positive oceurrence of
such penetration seems well established, and the negative obser-
vations of some authors may well be referred to differences in
the virulence of the strains employed or to other experimental
discrepancies.

The demonstration that staphyloeoeei have power under certain
circumstances to penetrate the skin, taken together with their
practically constant pres-
ence upon the skin itself,
serves to explain the mul-
tiplicity of human affee-
tions with which these
micro-organisms are
found associated. A
momentary weakness on
the part of the tissues in
almost any locality may
lead to a rapid loeal inva-
gion, followed by the pro-
duetion of a simple boil
or by a more or less
extensive earbuncular Tig. 36.—Staphylococeus aureus in pus

ndition. Septicemia from human abscess. Fuechsin stain; X 1000
- g e (Friinkel and Pfeiffer).

and pyemia sometimes
result through the introduction of staphylococei into the lym-
phaties or the blood-stream from a local abscess. The localiza-
tion of the secondary foci varies in different cases. In the series of
cases studied by Otten?® 25 per cent developed endoearditis.  Some-
times general sepsis results from the most trivial loeal foeus, such
as 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 they are also primarily

1 Boekhart: Baumgarten, “Lehrbuch der path. Mykologie,” Braunschweig,
1880,

* Kaufmann: Baumgarten's Jahresb., 1900, 16, p. 110.

! Otten: Deutseh. Areh. f. klin, Med., 1907, 90, p. 461.
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responsible for a variety of specific pathologie conditions and for
injury to particular organs. Many lesions and diseases of the skin
have been attributed to staphyloecoeei; in the case of some of these
it has been elaimed that special varieties or races are concerned, but
the characters said to distinguish these from the ordinary Staphylo-
coccus aureus or albus are not, as a rule, of differential value.

A considerable majority of all attacks of acute osteomyelitis and
periostitis are due to staphylocoeei, which appear to have a special
predilection for the tissues of the osseous system.

Suppurative inflammation,’ in whatever part of the body it
may oecur, is usually attended with the presence of staphylocoeei
either in pure or mixed cultures (Fig. 36). Sometimes when found
in a mixed infection they are doubtless the original exciting eause;
in other cases they may have arrived at the seat of trouble only
after a primary invasion by some other microbe. In agiveninstance
it may be impossible to determine the precise sequence of events.

Staphylococeus infection of the lung sometimes occurs, and
the resulting bronchopneumonisa is often fatal. Out of about 800
patients with pneumonia treated at the Hospital of the Rockefeller
Institute in New York City from 1913-18, 13 were infected with
staphylocoeei, and 10 of the 13 died. Under certain conditions, as
during the 1918 influenza epidemic at Camp Jackson, Staphy-
lococeus aureus apparently played an important part in the pneu-
monia 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 baecteria. Its presence in the lungs is usually
interpreted as a secondary invasion in the train of some primary
exciting agent.

Reference has already been made to the fact that some strains
of staphylocoecei produce in broth cultures a substance which,
swallowed by man, gives rise to violent nausea, diarrhea and severe
prostration. Quthbreaks of food poisoning have been definitely

1 Suppurative inflammation is characterized particularly by the greatly
increased immigration of the polymorphonuclear leukoevtes 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 com-
plete digestion of the neighboring tissue elements.

? Chickering, H. T., and Park, J. H.: Jour. Amer. Med. Assce., 1919, 72,
p. 617.
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traced to this cause. It has been shown! that this property is
possessed by staphylococcus strains of diverse origin (septicemia,
normal human throat, ete.) and is probably a widely spread charac-
teristic of the group. Both white and yellow staphylococei have
been implicated in *“food poisoning. "

Pathogenicity for Other Animals.—The rabbit has proved one
of the more favorable animals for experimentation, intravenous
injection of broth eultures being the most successful mode of infee-
tion. A moderately virulent strain kills an average-sized rabbit in
four to eight days after injection of 0.1 ec. of a one-day broth culture.
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 experi-
ment with healthy adult rabbits the bone-marrow and periosteum
are rarely seriously affected. In young animals, however, several
experimenters elaim to have evoked typiecal osteomyelitis by intra-
venous injection of staphylocoecus cultures. It is perhaps question-
able whether in these cases the processes in the affected tissues are
strictly comparable with natural osteomyelitis in man. The injec-
tion of eultures into a rabbit suffering from a fractured bone or an
injured periosteum produces a more characteristic train of events,
and one that resembles closely the eourse of human osteomyelitis.
Rabbits are relatively insusceptible to peritoneal inoculation with
staphylococei.  Artificial inoculation of the eye, on the other hand,
succeeds readily, although natural eye infection is never observed.
Ieeding experiments with staphylococei do not produce infection.
White mice are sometimes used for inoculation experiments, but
are less uniformly responsive than rabbits; guinea-pigs are relatively
resistant, rats and pigeons highly so.

Cases of spontaneous staphylococeus infeetion among demestie
animalg, while not so common as in man, are not unknown. In
horses and cattle Staphylococeus aureus has been found associated
with pathologic processes and conditions similar to those that it
produces in human beings. Some observers believe that they have
discovered special species of staphylococei in certain animal affec-
tions, such as “Staphylococeus (pyogenes) bovis” (in eattle) and
“Staphylococeus haemorrhagieus™ (in sheep). Typieal strains of
Staphylococeus aureus and albus have been isolated from spontane-

1 Jordan, E. O.: Jour. Amer. Med. Assoc., 1930, 94, p. 1648.
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ous abseesses in birds. A definite disease of the house fly has been
traced to a specifiec staphylocoecus (St. museae).!

Varieties.—Attempts have been made to distinguish varieties
of staphylococei on the basis of certain eultural reaetions, 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 staphylococei must be regarded as a relatively homogeneous one.
Colonies of the white or albus variety are frequently observed to
develop from pigmented cultures,

The strains that produce white colonies (St. albus) are, as a rule,
less active in gelatin liguefaction and fermentive power, and
hence have been sometimes regarded as weakened relatives of the
biochemieally more vigorous orange-pigmented types (St. aureus).
The albus strains are also as a rule only feebly pathogenie. Dex-
trose, maltose and glycerol are fermented by nearly all awreus
strains and by a consistently lower proportion of albus strains,
laetose and mannitol by about four-fifths of the aureus and by about
one-third (mannitol) to two-thirds (lactose) of the albus strains.?
In general, the types most commonly isolated from air, dust, and
other sources outside of the human body are white staphylococei,
while those found associated with pathologie conditions are orange
strains,

The general opinion is that the staphylococei form a eclosely
graded series from the pigmented, hemolytie, gelatin-liquefying,
pathogenie, actively fermenting strains to those that are unpig-
mented, feebly pathogenic and less actively hemolytie, liquefying
and fermenting. The antigens of the aureus type are also more
potent than albus antigens.®* No biochemical or antigenic tests have
been found that permit a definite subdivision of staphylocoeei into
distinet groups. Definite agglutinative varieties with correlated
charaeters have not been shown to exist.

Staphylococeus (pyogenes) citreus is a rarer form of doubtful
pathogenicity, producing a lemon-yellow pigment, but in other
respects standing close to Staphylococeus aureus.

Immunity.—Rabbits may be made actively immune against
intravenous injeetion with staphylococei by inoeulating them first

1 Glaser: Am. Jour. Hyg., 1924, 4, p. 411.
? Hudson, N. P.: Jour. Infect. Dis., 1923, 32, p. 207.
# Dudgeon, L. 8., and Simpson, J. W. H.: Jour. Hyg., 1927-28, 27, p. 160.
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with killed, then with living but attenuated, cultures. During the
course of this treatment, however, animals sometimes succumb,
and it is evident that the incorporation of staphylocoeceus eells into
the body is attended with some danger to the subject of experiment.
If filtrates containing staphylocoecus hemolysin and leukoeidin be
used, antibodies for these toxins are formed; but immunity cer-
tainly does not depend upon the presence of these antibodies, since
no conneetion has been shown to exist between inereased resistance
and the presence of such antibodies in the blood. Neither does
prolonged immunization with the staphyloeoceus cells and their
products eause any appreciable inerease in the amount of bacterio-
lytie substance.

The production of active immunity to staphyloeoeci is, how-
ever, 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. BSuch increased phagocytosis, again, has
been shown by Wright and others to be conneeted with the forma-
tion of bacteriotropie substances or opsonins in the blood of immu-
nized animals. Methods of treatment based upon the inecrease in
the amount of opsonin, and ecarried out by inoculation with a
“wvaccine” consisting of three-weeks-old broth cultures, killed
by heating at 60 C. for an hour, have been very sucecessfully applied
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 earbuncles and for eases of chronie furunculosis. These authors
state that the vaccine treatment can be successfully earried on
without estimation of the opsonie index, but others maintain that
it should not be used without accurate opsonie control. There is
good evidence that the autogenous staphylococeus vaceine (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 ease, also, the aequired
immunity (passive) seems fo be associated with an inerease in the
amount of opsonin.

I Hartwell and Lee: Bost. Med. and Surg. Jour., 1907, 157, p. 523.
14



210 THE STAPHYLOCOCCI

Micrococcus tetragenus.——This organism was discovered by
Gaffky! in the pulmonary eavities in phthisis. It has also been
found in pure culture in abscesses in animals and man.? It often
oceurs in the healthy mouth. Morphologically Mier. tetragenus
is distinguished by its occurrence in tetrads or groups consisting
of four small oval cocei (Fig. 37). It is gram-positive. In cultures
the sheet-like arrangement is not always seen, but in the animal
organism the flat tablets occur uniformly, and a rather heavy
capsule surrounds the tetrad. On agar a confluent, rough, elevated
white growth is produced. On potato a thick, white, slimy growth
occurs,  (Gelatin iz not liquefied; milk is coagulated.

Growth is slow and oeceurs
both at 20 and at 37 C., though
better at the higher tempera-
ture.

White mice inoculated with
Mier. tetragenus suceumb to
a rapidly progressing septi-
cemia. Guinea-pigs and rab-
bits usually show only a local
affection. House-mice and rats
are rather immune. Fornaca®
has reported a case of septi-
cemia in man in which Mier.

Fig. 37.—Micrococeus tetragenus in :
the hlood of a mouse:; % 2000 (Nowak: i‘_pi‘_rugﬁ[]uﬁ WiLs p!'{‘.'ﬁ{tllt in pure

Doc ta Microbiologiea 1, 1927). : .
b ‘) culture in the blood. It is not

uncommonly found in suppurations of the mouth and neck. It
is also found in the empyema following pneumonia and in the
pus of war wounds.

This organism is probably of low-grade virulence, and unable,
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 miero-organism.

1 Gaffky: Mitt. a. d. k. Gesund., Ber,, 1881, 1, p. 1.

z Miiller: Wien. klin. Wehnsehr,, 1904, 17, p. 815.
* Fornaca: Rif. Med., 1903, 19, p. 309.



CHAPTER 10
THE STREPTOCOCCI

Genus: Streptococceus.  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 zoogleal masses. On agar streak, diffused translucent growth,
often with isolated colonies. In stab-culture, little surface growth. Many
sugars are fermented, with formation of large amount of acid, but inulin is
rarely attacked. Generally fail to liquefy gelatin or reduce nitrates,

Type species is Streptococcus pyvogenes, Rosenbach.

StrEPTOCOCCI, as well as staphylococei, were seen long ago by
several observers in the pus formed during suppurative inflamma-
tion, but their constant presence and pathologic significance were
first strongly emphasized by the work of Ogston (1881),! Fehleisen
(1883),% and Rosenbach (1884). Owing to the close resemblance of
streptococel from various sources and despite the great variety of
pathologie eonditions with which they were found assoeciated, it was
not at first known whether the various conditions were due to one
or to several species. The trend of recent research has been to
establish the existence of distinet types. The streptococei of searlet
fever, of erysipelas and of septic sore throat are now recognized as
specifie microbes even though it is still difficult to effect a differential
diagnosis on purely morphologie or cultural grounds.

Morphologic and Cultural Characters.—The cells of Streptocoe-
cus, like those of Staphylocoecus, are spherieal, but differ from those
of the latter organism in being usually united in longer or shorter
chains (Figs. 38 and 39). Under certain conditions, however, they
are aggregated in irregular heaps or masses. The diameter of the
individual eocei is about 1 g, although some variation is noted
aecording to the character of the eulture medium, and smaller cells
are not rare. The typical streptococeus always divides in one
plane, so that if the eells remain united, a typical chain results.

! Ogston: Brit. Med. Jour., 1881, 1, p. 369.
? Fehleisen: ““ Aetiol. d. Erysipels,” Berlin, 1883,
* Rosenbach: * Mikroorganismen bei d. Wundinfektionskrankheiten,"”
Wieshaden, 1884,
211
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Transition forms between this and the staphyloeoceus have, how-
ever, been observed.  Streptoeocei are not motile under the ordinary
conditions of observation, do not possess flagella, and do not form
spores. The streptoeocei isolated from pathologie processes in
man retain the stain by Gram’s method, but some streptococei found
in suppurative conditions in domestiec animals are said to be gram-
negative.

In the opinion of some investigators an important distinetion
should be drawn between long-chain (Streptocoecus longus) and

Fig. 38.—B8treptococcus pvogenes in pleuritic exudate from man; X 2000
(Nowak: Documenta Microbiologica I, 1927).

short-chain (Streptococcus brevis) streptococei. The former are
thought to be more virulent, and, as a matter of faet, the streptococei
freshly izolated from disease processes in man usually grow out into
long chains (of more than eight cells), while saprophytie streptococei,
such as are commonly met with in the normal mouth and throat,
develop short chains. Other morphologic and biologic qualities
are believed to correspond. It has been found possible, however,
to transform the long-chain into the short-chain variety by altera-
tion of the eulture medium, and, furthermore, short-chain strep-
tocoeei which are virulent are sometimes isolated from pathologie
eases. As an absolute distinetion, therefore, any fundamental
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separation into Streptococeus longus and Streptococcus brevis
breaks down, but as calling attention to a generally valid correlation
character, the names have some value.

Upon ordinary nutrient agar and gelatin streptoeocei, as arule,
vield but a scanty
growth of fine, frans-
parent, separate colo-
nies (Figs. 40 and 41).
Development is much
facilitated, however, by
the addition of dextrose
(0.5 to 1.0 per cent) to
the medium. The com-
mon pathogenic strains
do not liquefy gelatin,
but some of the sapro-
phytie streptococei, iso-
lated from the alimen-
tary tract and from

Fig. 39.—Streptococcus, pure culture (Moser
polluted water, possess and v. Pirquet).

liquefying power. The

growth in broth wvaries in different specimens; it is sometimes fine
and powdery, sometimes coarse and floceculent. The character of
the sediment that eollects at the bottom of a broth culture has been
supposed to give some indication of the essential nature of the
organism producing it. Differentiation on
this basis iz not, however, now generally
accepted. It is true that the long-chain forms
usually give rise to distinet granules (Strep-
tococeus conglomeratus), but it has not yet
been shown that an invariable diagnostic
value ecan be attached to the characters of
broth cultures. Blood-agar plates are useful
for the differentiation of streptococei. (See

Fig. 40 —Strepto-
coccus pyogenes.
Colony a g'.‘;.gﬂll‘%la Classification, p. 214.) Streptococei that pro-
agar, one day; ;

(Heim). duce a green coloration on blood-agar plates are

very similar to pneumocoeci, but, as a rule, do
not ferment inulin, whereas most pneumocoeei attack this carbohy-
drate. A further distinetion of great importanee is that streptococei
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are insoluble, pneumococei soluble, in bile and solutions of bile salts.
Blood-serum (horse, man) diluted with broth, or undiluted (rabbit),
is a favorable medium for the maintenanee of vitality and virulence.
Growth occurs in milk, and is usually followed by curdling due to
fermentation of the lactose, but some strains, particularly the long-
chain varieties, generate too little acid to effect any visible change.
Upon potato a more or less luxuriant growth is produced by most
saprophytic forms, but the pathogenic varieties
develop sparingly, and many refuse to grow at
all. The optimum temperature for the growth
of streptococei is 37 C., though growth may oceur
within the range of 20 to 42 C. The preservation
of streptocoecus 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 differentiate streptocoeci by means
of cultural reactions were accompanied with
much confusion. This was largely due to a lack
of uniformity in the methods employed by differ-
ent observers and to the use of an insufficient
number of differential tests. One of the most
important aids in the study of streptococei has
been the blood-agar plate method introduced by

Fig. 41.—Strep-  ochottmiiller in 1903." This method has been
tococeus pyogenes.  gybjected to elaborate study by J. H. Brown?
Agar culture, two
davs, showing colo- and others.? The h]lﬁl(}d—ilglir j]l-'.ﬂ,lﬁ‘ has led to a
'i‘jtf;fitfill;‘:r_‘i“k“ and  dgivision of streptococci into green-producing

(Streptocoececus viridans) and hemolytie (Strepto-
coccus hemolyticus) strains, a distinction which is regarded as of
primary significance.

The fermentation of eertain earbohydrates has also been con-
sidered to give information of differential value and has been widely

1 Schottmiiller, H.: Miinch. med. Wehnsehr., 1903, 50, p. 849,

? Brown, J. H.: The Use of Blood Agar for the Study of Streptococei,
Monograph No. 9, The Rockefeller Institute for Medical Reseach, 1919,

*Lyall, H. W.: Jour. Med. Res., 1914, 30, p. 487; Holman, W. L.: Jour.
Med. Res., 1916, 34, p. 377; Blake, F. G. : Jour. Med. Res., 1917, 36, p. 99.
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used since the method was first introduced by Gordon' in 1903.
Unfortunately, some of the earlier work on carbohydrate fermen-
tation was carried out with unsuitable media and without reference
to the primary distinetion between green-producing and hemolytic
strains.

(a) Hemolytic Streptococei (Type Beta—Smith and Brown).—
On suitably prepared blood-agar plates the hemolytic 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 Streptococeus hemolyticus
for all its members, and until definite data are available a more
general 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 mannitol.

There iz conclusive evidence that biologically different strains of
hemolytic streptococei exist. Avery and Cullen found that 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
distinguished by means of the reactions of agglutination and protec-
tion. Ruth Tunnieliff* found that the serum of a sheep immunized
with a hemolytic streptococeus from the throat of a patient in the
acute stage of searlet fever contained opsonins and agglutinins for
hemolytie streptococei obtained from other scarlet fever cases, but
not for hemolytie streptococei from other sources, such as erysipelas,
measles, influenza, and diphtheria. Similar results wereobtained
by Bliss.* It has also been shown by Ruth Tunnicliff® that the
serum of a sheep immunized with hemolytic streptocoeci from
searlet fever protects mice against strains of hemolytie streptococei
isolated from scarlet fever patients, but not against strains from
other sources. The results of tests by the same investigator indi-

1 Gordon, M. H.: Suppl. Annual Report Local Government Board, 1902-
03, p. 421.

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

: Tunnicliff, Buth: Jour. Amer. Med. Assoc., 1920, 74, p. 1386,

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

& Tunnieliff, Ruth: Jour. Amer. Med. Assoc., 1920, 75, p. 1339.
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cate that the hemolytic streptococei from erysipelas likewise form
a distinet immunologic group.

(b) Green-producing Streptococei (Type Alpha—Smith and
Brown).—These organisms produce a greenish zone about the colony
on blood-agar plates, the green coloration being due probably to a
reduetion proeess which eonverts the oxyhemoglobin into methemo-
globin.!  The name Streptococcus viridans has been proposed for
the green-producing streptocoecei, but there is perhaps even more
reason than in the case of the hemolytie streptococei forregarding
the green streptoeocei as composed of several groups.  The designa-
tion enterococcus is used by most French writers for the strepto-
cocei of the human intestine (Str. feealis). Definite fermentation
reactions, as a rule, characterize strains from certain sources, and
specific names have been given to such strains by a number of investi-
gators. The following classification by Blake® is an example of
such a division according to fermentive properties.

GREEN-PRODUCING STREPTOCOCCI

Nnme | Lactose | Mannite | Habitat

| ' 7 :
' | The most common type in the

oir. bucealizo. .. . ..cocoverenl = - human mouth and throat.
The most common type in
o3 T i - T e S, e = . human feces.
: The most common type in
Btr. equinus. .. .....cuonai. - - horse feces.

The green-producing streptocoeet are for the most part of much
lower pathogenic power than the hemolytic strains, although at
times highly virulent green strains have been isolated. The 1918
influenza epidemic was marked by the appearance of such strains
in certain localities.® It may be fairly concluded that the group of
green streptocoecei confains a number of organisms of potential
pathogenic power as well as numerous saprophytic types. An

1 The so-called “indifferent strains” (*‘ Type Gamma ") were found by Claw-
son (Jour. Infeet. Dis., 1920, 26, p. 93) to be, in most if not all cases, methemo-
globin producers when grown on suitable media,

? Blake: Jour. Med. Res., 1917, 36, p. 99.

? Tunniclifi, Ruth: Jour. Amer. Med. Assoc., 1918, 71, p. 1753; Jordan,
E. O.: Jour. Infect. Dis., 1919, 25, p. 28; Rosenow, E. C.: Jour. Amer. Med.
Assoc., 1919, 72, p. 1608,
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extensive study of nonhemolytic streptocoeei has been made by
Crowe and Thompson.!

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

The cell-substance of streptococei possesses only slight toxieity,
and virulent strains do not differ from avirulent in this respeect.
Old filtrates are more or less toxie, but no powerful specific toxin
has been demonstrated. It is possible that in the living body
streptococei form certain poisons which are not produeced in
cultures.

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

A toxic substance that destroys leukoeytes—Ileukocidin—is
also produced by some strains of streptococei.® 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
ean lay claim to wider or more multifarious activities than the
streptocoeeci.  The list of human diseases and affections with which

! Crowe and Thompson: Annals Pickett-Thomson Res. Lab., 1927, vol. 3.
* Besredka: Ann. de I'Inst. Past., 1901, 15, p. 880.

?de Kruif, P. IL., and Ireland, P. M.: Jour. Infect. Dis., 1920, 26, p. 285.
' Ruediger: Jour. Amer. Med. Assoe., 1903, 41, p. 962.

* Nakayama, Y.: Jour. Infect. Dis., 1920, 27, p. 86.
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streptocoeci are associated as the main and primary cause is already
a long one, and is perhaps not yet complete. In addition to their
eonspicuous réle as initiators of very diverse pathologic conditions,
streptocoeci are present in “mixed infections” and ‘ secondary
infections” more often than any other mierobes; that is to say,
they have a tendeney to follow in the wake of and act as accomplices
to other pathologic organisms. It has been found from an exam-
ination of the heart's blood of eadavers that in about one-third of
all fatal diseases streptocoeei invade the blood before death, and
in these cases they perhaps aid more or less in facilitating a fatal
termination.’

Many suppurative inflammatory conditions in different organs
of the body are eaused by streptococei (Fig., 42). Osseous tissues
and tissues surrounding the bones are attacked less frequently by
streptoeoeei than by staphylocoecei, but the joints and serous mem-
branes are often invaded.

Focal infection is often due to streptocoecci. This name is given
to a systemic or local disease due to bacteria earried in the blood-
or lymph-stream from a focus of infection.® The usual primary
foei of infection are about the head, as in the nasal passages, the
tonsils, the middle ear, and the teeth. Carried from these primary
foci the streptocoeei or other organisms may find lodgment in a
distant organ. The conneection between an attack of tonsillitis and
a coincident or subsequent attack of rheumatism has long been
known. Appendicitis, iritis, and a variety of other diseases are
probably sometimes eaused by strains of streptococei carried in the
blood-stream from foci of infection in the tonsils, teeth, or sinuses.”
The eradication of the primary foci of infection, such as removal of
the teeth or tonsils, has often been followed by rapid disappearance
of long-standing joint infections and other pathologic conditions.

Ulcerative endocarditis, an affection of the valves of the heart,
which oceasionally oecurs simultaneously with inflammatory condi-
tions in other parts of the body, is produced most frequently by
streptococei, although it may also be caused by staphylocoeei, and
less commonly by other miero-organisms. Experimentally the
injeetion of broth cultures of streptococei (or staphylocoeci) into

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

! Billings, Frank: “Foeal Infection,” New York, 1916.
* Rosenow, E. C.: Jour. Infect. Dis., 1915, 16, p. 240; 1915, 17, p. 403.
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the cireulation rarely produces uleerative endoearditis unless the
cardiac tissues have been damaged by mechanieal or chemical
agencies.

Siipfle! 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
tissues from either loeal or
general causes gives the
signal for a speedy inva-
sion. In throat affections
of all sorts streptococei are
usually present, and in some
eases, notably in diphthe-
ria and in the anginas of
searlatina and measles, the
part played by these organ-
isms is highly important.

rpical  diphtheria is so : !
T} s d P hther Fa' i Fig. 42.—Streptococeus pyogenes in pus
generally acecompanied bya  from a human abscess;  gentian-violet

multiplication of throat (Frinkel and Pfeiffer).

streptocoeci that at one time these micro-organisms were regarded
as the eause of diphtheria. No one now believes that streptococei
cause diphtheria, but there is little doubt that, as accessories to
the diphtheria bacillus, they do considerable harm. There is even
some reason to believe that the virulence of the diphtheria bacillus
itself is exalted in their presence.

The majority of nondiphtheritic anginas, in the opinion of
many observers, are due directly fo streptococcus infeetion. It
cannot be said, however, that this position is entirely justified,
sinee the facts are open to the interpretation that the streptococei
found in simple anginas are merely secondary invaders which,
as in diphtheria, have followed in the train of some primary infect-
ing agent.

t Siipfle: Centralbl. f. Bakt., I, Orig., 1906, 42, p. 304,
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Hemolytic streptococei from the nose or throat of a surgeon or
attendant may be the eause of wound infection, and complete mask-
ing is advocated as an important feature of operating room technie.!

The septicemic condition known as puerperal sepsis or childbed
fever is usually to be attributed to streptococci. The onee common
hospital epidemies of puerperal septicemia, which fill so grim a page
of medical history,* were probably due to the manipulative transfer
of streptococei from infeeted eases; but it is also supposed that in
some cases auto-infection oceurs. Most observers agree that hem-
olytie streptocoecel oceasionally are found in the vaginal seeretions
of pregnant women, especially when the secretions are alkaline.
The prevailing opinion is that infection may take place with germs
from any portion of the genital tract, including the external parts,
and that speecial ecare should be given to the disinfection of the
external genitalia before and during birth. The introduetion of
germs by operative procedure probably remains, however, today
as in the past, the greatest danger.

Certain cases of enferifis in infants and oceasionally in adults
have been attributed to streptococei (Escherich et al.). There is
little doubt that streptococei, if not the primary eause of intestinal
disturbanee, are at least actively concerned in the pathologie
processes. Several varieties of intestinal streptocoeei have been
described, separable, it is said, from one another and from the
ordinary Streptocoeeus pyogenes by more or less definite eultural
characteristies; but the evidence showing a connection of any par-
ticular variety with the eausation of intestinal disease is not so clear
as could be desired. Intestinal infeetion of infants might coneeiv-
ably oceur through the medium of the milk-supply, since strepto-

1 Meleney: Jour. Amer, Med. Assoe., 1927, 88, p. 1392,

* Az long ago as 1843 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 disecase
that were evidently carried to the mother by the attending physician or nurse.
Some yvears later Semmelweis, in 1861 (* Die Aetiologie, der Begriff und die
Prophylaxis des Kindbettfiebers,” Pest, Wien u. Leipzig, 1861), showed clearly
that puerperal mortality could be greatly reduced by attention to eleanliness,
especially of the instruments and hands of the operator; but his teachings
were for a long time neglected and even scorned. During the period before
aseptic and antiseptic methods came into use in Iving-in hospitals infection
was conveyed from one case to another, and in some yvears nearly all the patients
that entered a given hospital would die soon after being delivered of child.
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coceic inflammation of the mammae (mastitis) of the cow is not
uncommon. Streptocoeei have been often found in market milk,
but it has not been shown that their presence, even in considerable
numbers, is any indication that the milk is unwholesome. Most
of the streptococei in milk are probably descended from saprophytie,
not from pathogenie, ancestors. (See p. 662.)

As secondary invaders streptocoecei have a baneful influence
in a number of maladies, notably in the last stages of pulmonary
tuberculosis, in which they produce frequent complications, involve
healthy tissues adjacent to the tuberculous area, and predispose to
hemorrhages. Streptococei are often present mixed with pneumo-
cocei in pneumonia and in some cases aet as the primary eause.
In smallpox it is believed that many of the most serious symptoms
and most frequent complications are the result of streptococcus
infection.

Rheumatic fever' has been attributed by different observers
to various kinds of bacterian. An anaérobic bacillus found by
Achalme? was at one time regarded by some writers as the eause of
this affection, but Achalme’s bacillus is probably identical with CI.
welchii (p. 421) and has no eausal relation to rheumatism. Strep-
tococel have been found in the blood and the affected joints in a
number of cases of rheumatie fever, and characteristic arthritic
lesions have been produced in rabbits by inoculation with cultures
derived from such eases. By a number of observers the streptocoeei
(or diplocoeei) from acute rheumatism have been considered as
definitely specific. Some investigators long ago reported that dis-
tinetive and constant cultural characters, 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 microcoecus found in rheumatism. Their
early observations, however, were not promptly followed up. The
discovery of specific streptococei in searlet fever and in erysipelas
stimulated the study of rheumatic fever, and Birkhaug® has
deseribed in detail a streptococeus with quite distinetive characters
that he has isolated from patients with rheumatic fever. This

1 8ee review by Jordan, E. P.: Arch. Path., 1930, 10, p. 79,
2 Achalme: Arch. de méd. exper., 1888, 11, p. 370.

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

i Birkhaug: Jour. Infect. Ihs., 1927, 40, p. 549.
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organism neither hemolyzes nor produces a green eoloration (met-
hemoglobin) in blood agar; it ferments inulin and is insoluble in bile.
Birkhaug, who isolated a number of streptococei of different types
from rheumatie fever patients found that a much larger number of
toxin producers oceurred among the nonmethemogoblin-forming
streptococel than among the other strains. Persons with definite
history of rheumaticfever reacted to intradermal injections of minute
doses of the soluble toxie filtrate in far greater proportion than nor-
mal persons, Birkhaug, who injeeted himself with large doses of the
soluble toxin filtrate of the suspected streptocoecus, developed “a
typical elinical picture of acute polyarthritis of the rheumatie type.”
On the other hand, Clawson® and Cecil® and his co-workers found
that nearly all strains recovered in a series of blood cultures were of
the green-producing or alpha type. The fact that no uniformity
of type has been established and that isolations at different times
and places differ =0 widely raises the suspicion that rheumatic fever
is not a unit disease, but like pneumonia may be caused by organ-
isms of various types. It remains to be determined how far the
baeterial findings in rheumatism are determined by loeal and even
by laboratory conditions,

The bacteriology of chronie arthritis and arthritis deformans is
in a condition at least equally confusing.® Cultures of streptococei
from a wide variety of sources and with diverse cultural characters
are able to produce arthritis on inoculation into rabbits and other
animals. Streptococei izolated from the normal throat seem to
produce arthritis in animals as readily as those from the throats
of arthritic patients. Streptocoeci of various kinds have been
isolated from the tissues and from blood, and bacteria of other
groups have also sometimes been found. Streptocoeei of the
hemolytic or beta type have been reported with especial frequency
in the chronie type of arthritis. Attempts at the therapeutic use
of vaceines and sera in rheumatic affections cannot be regarded
with sanguine expectation until more is known about the eausative
organism.

The analogy between arthritis and the allergie reaction produced
by the sensitization of rabbits with streptoeocei has proved of

1 Clawson: Jour. Infect. Dis., 1925, 36, p. 444,

2 Cecil, Nicholls and Stainsby: Jour. Exper. Med., 1929, 50, p. 617.
i See review by Jordan, E. P,: Arch. Path., 1930, 10, p. 79.
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great interest.! It is possible to produce arthritis in rabbits, as
already stated, by different kinds of streptococci. In many
instances, however, a single joint injection of a streptococecus fails
to cause the characteristic reaction. If, after sensitization with
dead baeteria, a second intravenous inoculation with the same type
of streptococeus iz made, arthritis results. Such observations
suggest that the relapses in rheumatic fever may in some instances
be due to a reinvasion of the blood stream by the virus, provoking
an allergie reaction in a primarily sensitized locus. The allergic
reactions produced by streptococei have also been extensively
studied by skin tests. The arthritic phenomenon may therefore
conceivably be due in some cases to the sensitization of particular
tissues by a streptocoecus of relatively low virulence and a subse-
quent blood invasion by the same specific organism, and in others
to direct primary infection with a streptococeus of high virulence.

Streptococeic seplicemia may develop in conneetion with a great
variety of affections, both those in which streptococei themselves
are the initial exciting cause and those that are set in motion by
other factors. The coup de grdce in many prolonged constitutional
maladies, such as diabetes, is often given through a general strepto-
coceus invasion.

Among the American troops in the Great War hemolytie strepto-
cocei were frequently found as the primary or secondary invaders
in cases of bronchopnewmonia. The numerous fatal cases of pneu-
monia following measles in the army camps seem to have been
almost always due to infection with hemolytie streptococei. A
considerable proportion of these cases were accompanied by empy-
ema in which hemolytic streptococei were likewise found. In
certain localities the hemolytic streptocoeei, at first secondary
invaders in the wake of the measles virus, seemed to acquire a
higher degree of virulence and become able to initiate primary
respiratory infection.,

Erysipelas.—The pathogenicity of streptococci for man is well
exemplified in erysipelas, a peeuliar inflammation of the skin shown
by Fehleisen in 1883 to be due to these organisms. The cocei are
not present in the eentral portion of the inflamed area, but are

1 Faber, H. K.: Jour. Exper. Med., 1915, 22, p. 615; Andrewes, C. H.,

Derick, C. L., and Swift, H. F.: Jour. Exper. Med., 1926, 44, p. 35; Zinsser,
H., and Yu, H.: Arch. Int. Med., 1928, 42, p. 301.
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found on its periphery, and ean be isolated most readily by execision
of portions of the tissue, other methods rarely succeeding. In the
skin they occur chiefly in the lymph-spaces, which are often packed
with them. The organism may be recovered by skin puncture as
iar as 3 em. beyond the advancing edge of the lesion, where there is
no gross evidence of inflammation. Erysipelas-like lesions in
rabbits were produced by a number of early observers and have
been extensively studied by later experimenters. Inoculation
experiments made upon earcinomatous patients! have also demon-
strated that pure cultures of erysipelas-strevtococci can provoke
the erysipelatous process.

It remained for a long time uncertain whether or not the hemo-
lytic streptocoeci from erysipelas patients constitute a distinet biolog-
ical type. The observations of Ruth Tunnicliff* were among the
first to indicate a genuine type specificity, and later Birkhaug?
found that over 90 per cent of earefully isolated erysipelas strains
fell into a single antigenie group, and differed from nonerysipelas
strains, The latter observer has made important contributions to
our knowledge. A skin reaction similar to that observed in the
Schick and Dick tests is evoked by injection of culture filtrates into
the skin of susceptible persons; the toxiecity of the filtrates is neu-
tralized both by convalescent erysipelas serum and by antiserum
obtained through inoculation of animals (rabbit or donkey) with the
speeific streptococeus cultures; and encouraging results have been
obtained in the treatment of erysipelas patients with speeific immune
serum.? Other observers® have come to the same conclusion as

! Clinical observers have often noted that patients suffering from malig-
nant tumor were distinetly benefited by an attack of erysipelas, that the
growth was checked, and the tumor even diminished in size. Acting on this
observation, Fehleisen ventured to inoculate streptococei into. persons su flering
from inoperable tumors, and the experiment was apparently rewarded with
some degree of therapeutiec suceess. Coley (Amer. Jour. Med. Seci., 1896,
112, p. 251} has modified the treatment by emploving a mixture of killed
cultures of streptococei and B. prodigiosus, or the soluble products of these
organisms.  In all eases where an injection of dead or living streptococei has
seemed to exercise a favorable influence, the sarcomatous tumors are most
affected, the earcinomatous tumors being only slightly and temporarily inhib-
ited. Many observers have been unable to note any favorable results follow-
ing upon the use of “Coley’s mixture.”

* Tunnicliff, Ruth: Jour. Amer. Med. Assoe., 1920, 75, p. 1339,

* Birkhang: Bull. Johns Hopkins Hospital, 1925, 36, p. 248.

4 Birkhaug: Jour. Amer. Med. Assoc., 1926, 86, p. 1411.
& Btevens and Dochez: Jour. Exper. Med., 1926, 43, p. 379; 44, p. 439,
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Birkhaug regarding specificity, and there ean be little doubt that
a more or less specialized type of hemolytic streptococeus is the eause
of human erysipelas.

The early observations on immunity were somewhat at variance.
Fehleisen eould not always produce a second attack of erysipelas in
persons who had been once sueccessfully infected, but Koeh and
Petruschky' were able to cause as many as ten successive attacks in
one individual in the same area of skin, a fresh inoculation being
made each time immediately after an attack had subsided. The
majority of experimenters, however, have noted some degree of
immunity. Gay and Rhodes?® state that recovery of rabbits from
erysipelas confers complete proteetion against intradermal reinoeula-
tion, irrespective of its locality, the protection usually lasting for
at least three months. Amoss and Bliss® have found that in rabbit
experimentation a local immunity develops on the inoculated side
of the animal, while the noninjected side reacts normally. After
many injections carried out over relatively long periods the non-
injected side becomes resistant and at the same time there is evidence
of general humoral immunity as shown by the presence of agglutinin
and antitoxin in the blood. By repeated intracutaneous inocula-
tion of rabbits with pure cultures, Rivers* sueceeded in preparing a
serum ‘‘capable of warding off the injurious aetion of the strepto-
eoecus on the skin.”  Normal serum had no such protective effeet,
It was alzo found?® that a local passive immunity could be induced by
infiltration with immune serum. The anti-erysipelas serum obtained
by Birkhaug by the inoculation of larger animals with living strep-
tocoeei according to the method used by Dochez in searlet fever (p.
233) has been used in the treatment of erysipelas by Birkhaug and
others and has given satisfactory results in a number of both mod-
erate and severe cases. Symmers,® reporting on the antitoxin
treatment of 705 eases of erysipelas at the Bellevue Hospital, New
York, observed distinetly favorable results, “commensurate with
those obtained in the treatment of diphtheria.” Other observers?

! Koch and Petruschky: Ztschr. {. Hyg., 1896, 23, p. 477.

* Gay and Rhodes: Jour. Infect. Dis., 1922, 31, p. 101,

* Amoss and Bliss: Jour. Exper. Med., 1927, 45, p. 411.

* Rivers: Jour. Exper. Med., 1925, 41, p. 179.

* Rivers and Tillett: Jour. Exper. Med., 1925, 41, p. 185

¢ Symmers, D.: Jour, Amer. Med. Assoc., 1928, 91, p. 535.

" Gordon, J. E., and Young, D. C.: Michigan State Med. Jour., 1929 (May).
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believe that the results are “sufficiently encouraging to warrant
further observations.”” All observers are agreed that the serum
treatment has little or no effiect beyond the immediate attack and
does nothing to ward off recurrences. Complications, such as
abscesses, are not diminished in number, but are possibly reduced
in severity.

Singer and Kaplan,! using human immune serum obtained by
inoculation with sterile toxie filtrates, noted evidence of protective
power. Studies by Birkhaug® on the effect of repeated injection
with soluble toxin are thought to open up possibilities of active
immunization. “Twenty-four patients with definite histories of
frequent recurrent attacks of erysipelas have been actively immun-
ized by means of the toxie filtrates of Streptococcus erysipelatis,
and persons among these who previously suffered habitual attacks
of the disease from every sixth to twelfth week have been free from
subsequent recurrent attacks over a period approaching two years.”

Besides causing typieal erysipelas, streptocoeci sometimes give
rise to other affections of the skin and lymph-vessels, such as impe-
tigo contagiosa.® Different kinds of streptococei are found in
impetigo, and this condition probably depends upon the balance
between the skin-invasive properties of streptococei and the resist-
ance of the individual.

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

Experimentally, rabbits and mice have proved most susceptible
to inoeculation. There is an entire absence of correlation in the
pathogenicity of streptocoecei for different animals. A culture
isolated from a severe septie infection in man may be utterly devoid

1 Singer and Kaplan: Jour. Amer. Med. Assoc., 1926, 87, p. 2141

2 Birkhaug: Jour. Amer. Med. Assoc., 1927, 88, p. 885.
3 Kurth: Arb. a. d. k. Ges., 1893, 8, p. 204,
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of pathogenie power for the mouse, while a eulture obtained from a
small localized abscess may be highly mouse-virulent. Virulence
for a given species of animal, such as the mouse, may be exalted
by successive passages through individuals of that species, but the
greatly heightened virulence thus obtained for one animal (mouse)
may be acecompanied by the simultaneous diminution of virulence
for another (rabbit) (Knorr).! On the other hand, passage through
rabbits inereases the virulence not only for the rabbit, but also for
the mouse and for the larger domestic animals. Cultures whose
virulence has been artificially exalted for the rabbit and the mouse
appear to have lost much of their pathogenic power for man.
Rabbits and miee usually develop a generalized infection when inoe-
ulated with virulent strains. One-millionth cubic centimeter of a
twenty-four-hour-old broth eulture has been found to kill a rabbit,
but such a high degree of virulence is rare except in artificially
exalted eultures. As a rule, a eulture is regarded as of fairly high
viruienee if 0.01 ce. 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
eulture of the proper degree of virulence.

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 loecalities in
England and elsewhere.? In Colchester, England, 600 persons
were affected; in Christiania, Norway, about 5530. Still more
extensive outbreaks have occurred in this country: in Boston®
(1911), 1400 eases; in Baltimore? (1912), 1000 ecases; in Chicago®
(1911-12), 10,000 eases (estimated), and in Concord, N. H.% (1912),
1000 eases.

The symptoms and complications have been strikingly similar
in all the epidemies studied. Intense local hyperemia, with or
without a grayish exudate, and enlargement of the cervical lymph-
nodes are among the more characteristic manifestations. The
joints are affected in many cases and the heart and kidneys seri-

1 Knorr: Ztsehr. f. Hyg., 1803, 13, p. 427.

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

I Winslow: Jour. Infect. Dis., 1912, 10, p. 111.

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

* Capps and Miller: Jour. Amer. Med. Assoc., 1912, 58, pp. 1111, 15848.
& Mann: Jour. Infect. Dis., 1913, 12, p. 481.
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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 direet contact.!
In several epidemies occurring in the United States the infection
was traced definitely to particular milk supplies. Although some
secondary cases developed by contact, over 70 per cent of the vie-
tims in certain outbreaks were users of milk from a single dairy.
Attempts to connect the outbreaks with a definite diseased con-
dition of the ecattle furnishing the milk have not been sueccessful
in all cases, but in the Cortland (N. Y.) epidemic® acute uddef
inflammation was found in cattle in the implicated herd. It is
possible that milk may become infected after collection through
the ageney of human ecarriers, but the massive and continuous
infection oceurring 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 were first subjeeted to thorough study by D. J.
Davis® and Rosenow,* of Chicago, and later by Brown, Frost and
Shaw.® The name Streptococcus epidemicus, first used by Davis,
is ecommonly applied to these organisms. The species is thus
deseribed by Brown, Frost and Shaw:

“ A streptococeus of round or slightly flattened elements, produe-
ing hemolyzed zones of the beta type in blood agar, rapidly hem-
olyzing blood corpuscles in fluid media, markedly pathogenic for
mice, fermenting glucose, lactose, saccharose and salicin but not
mannite, producing a final hydrogen ion coneentration not above
Py 4.8 in glucose broth, failing to hydrolyze sodium hippurate, and
probably always encapsulated when observed under suitable con-
ditions, in the last respect differing from most strains of hemolytie
streptocoeei isolated from sporadie human infeetions.”

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

* North, White, and Avery: Jour. Infect. Dis., 1914, 14, p. 124,

* Davis, D. J.: Jour. Amer. Med. Assoe., 1912, 58, p. 1852,

* Rosenow: Jour. Amer. Med. Assoe., 1912, 58, p. 773.

* Brown, Frost and Shaw: Jour. Infect. Dis., 1926, 38, p. 381.
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The streptococeei ordinarily present in certified milk are of harm-
less bovine type. In several instances, however, Streptococcus epi-
demiecus has been found in persistent udder infection.! The animals
so infected should be immediately removed from milk-producing
herds.

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 direetly through a human source, as, for
instance, from the hands of a milker. Davis has made the impor-
tant observation that the udder of a healthy cow may be infected
with streptocoeci of human origin which produce a mastitis unae-
companied by “‘eaking” of the bag. Such a form of mastitis might
well eseape notice in the ordinary examination of a suspeeted 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).

Scarlet Fever.—The frequent presence of streptococei of various
kinds in normal and diseased throats and the difficulty—which still
exists—of effecting a differentiation by the usual culture methods
delayed for a long time the general acceptance of a streptococcus
as the cause of scarlet fever. The importance of streptocoeci as
secondary invaders, and other factors such as the low and transient
immunity conferred by many streptococeus infections as contrasted
with the relatively lasting immunity left by an attack of scarlet
fever, were additional reasons why many bacteriologists hesitated
to believe that this disease was due to a specific streptococcus,
Some early observers (Moser, Ruediger) noted significant agglutina-
tion reactions (Fig. 43), and in May, 1920, Ruth Tunnicliff* and
Bliss? published independently observations showing that a hemo-
lytie streptococeus found in large numbers in scarlet fever patients
could be differentiated clearly and sharply by immunological
reactions (agglutination, opsonification, protection) from the
hemolytic streptococei obtained from other diseased conditions
(erysipelas, measles, mastoiditis) and from normal throats. While
there are difficulties in earrying out these tests® there is on the whole

1 Frost, Gumm and Thomas: Jour. Infect, Dis., 1927, 40, p. 698,

! Tunnieliff, Ruth: Jour. Amer. Med. Assoe., 1920, 74, p. 1386.

“ Bliss. DBull. Johns Hopkins Hospital, 1920, 31, p. 173.

i 5tevens and Dochez: Jour. Exper. Med., 1924, 40, p. 253; Tunnieliff,
Ruth: Jour. Amer. Med. Assoc., 1926, 87, p. 625.
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general agreement that the scarlet fever streptococei, although not
serologically identical, constitute a distinet biological group.!

The early attempts to infect the lower animals and man with
streptococei isolated from searlet fever failed to give unambiguous
results. The reason may have been partly because not all the
streptococei isolated from scarlet fever throats are necessarily of the
specific type, and partly because Streptococeus scarlatinae loses its
specific qualities rather quickly on cultivation. Finally in 1923
G. F. and Gladys H. Dick succeeded in reproducing typical searlet

Fig. 43.—Streptococcus agglutinated by immune horse-serum (Mores and
Pirquet).

fever in human volunteers;* and Dochez and Sherman® evoked
significant symptoms in guinea-pigs and shotes. These striking
positive results with pure cultures were soon followed by the signal
discovery by the Dicks* that the filtrates of the cultures that had
produced experimental searlet fever, when injected intracutaneously
in the proper dilution, gave a distinet local reaction in the skin of a
large proportion (41.6 per cent) of persons who had no history of

t Griffith: Jour. Hyg., 1927, 26, p. 363; Smith, J.: Jour. Hyg., 1927, 26, pp.
420, 434.

* Dick, G. F. and Gladys H.: Jour. Amer. Med. Assoc, 1923, 81, p. 1166;
Jour. Amer. Med. Assoc., 1924, 82, p. 301.

* Dochez and Sherman: Jour. Amer. Med. Assoe., 1924, 82, p. 542,

* Dick, G. F. and Gladys I1.: Jour. Amer. Med. Assoc., 1924, 82, p. 265.
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searlet fever, while all of the convalescent searlet fever patients tested
showed negative or only slightly positive reactions. It was found
further that the action of the filtrate on the skin was inhibited by
small quantities of convalescent searlet fever serum mixed with the
filtrate before injection. These observations on the essential
specificity of the skin test (Dick test) have been confirmed and
extended by numerous observers in various parts of the world.!
Pseudo-reactions and reactions of various types sometimes oceur but
apparently as a rule can be interpreted correctly by experienced
observers. In the opinion of some, a negative Dick test cannot be
considered a perfectly reliable index of immunity since in certain
outbreaks a considerable proportion of patients may give a negative
test at the onset of the disease.®

It seems, therefore, to be true that a toxin-producing hemolytic
streptococeus, Streptocoeccus scarlatinae, is the cause of scarlet
fever and this view is widely though not universally accepted at the
present time.

Recent attempts to discover some ecultural or biochemieal
property other than immunological that separates Streptococcus
scarlatinae from other hemolytic streptococei have not been success-
ful. The Dicks produced experimental scarlet fever both with
mannite-fermenting and nonmannite-fermenting strains, The same
observers? suggest that the neutralization of the toxin with specific
antitoxin affords a satisfactory means of recognizing the scarlet
fever streptococeus. Ruth Tunnicliff has found immune rabbit
serum is equally specifie and that direct opsonin tests permit ready
differentiation.*

As indicated by the Dick skin test there is reason to believe
that Streptococcus searlatinae produces at least part of its patho-
genie effect by means of a soluble toxin. The Schultz-Charlton
blanching phenomenon had earlier pointed to the same conclusion
although its significance was for a time not recognized.” When a
scarlet fever patient with a bright rash is injected with 1 ce. of

! The analogy of the Dick test in searlet fever with the longer known Schick
test in diphtheria (p. 309) is very close; the underlying principle of the two
reactions is doubtless fundamentally the same.

2 Lees: Jour. Amer. Med. Assoc,, 1927, 88, p. 1133.

* Dick, G. F. and Gladys H.: Jour. Amer. Med. Assoe., 1925, 84, p, 802.

{ Tunnicliff, Ruth: Jour. Amer. Med. Assoc., 1926, 87, p. 625,
# Schultz and Charlton: Ztschr. f. Kinderheilh., 1918, Ong. 17, p. 328,
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serum from a patient eonvaleseent from scarlet fever, the rash after
about six hours begins to fade away, and soon disappears completely.
Serum obtained from a patient in the active stage of scarlet fever
lacks this blanching power. On the other hand serum from appar-
ently normal persons often possesses the power to extinguish the
rash, although the proportion of the general population having
serum with this power is 60 per cent as against 80-100 per cent of
known scarlet fever convalescents. The serum of young children
not known to have had scarlet fever manifests a positive reaction
in a much smaller proportion than adult serum. The most obvious
interpretation of the Schultz-Charlton blanching phenomenon is
that an antitoxic substanece is present in the serum of persons who
have had searlet fever—whether the attack be recognized or not—or
who have inherited maternal antibodies, and that this antitoxin
neutralizes the circulating scarlet fever toxin, so causing the extine-
tion of the rash.

Definite information on the presence and persistence of true
scarlet fever streptocoeci in nose and throat and in the environment
of patients is still very meager. J. E. Gordon' found that hemolytie
streptococci—not neecessarily all of them of the Streptococcus
scarlatinae type—remain on the muecous surfaces of the upper
respiratory tract longer in severe than in mild cases. More than
one-half of a group of searlet fever patients studied in the Chiecago
Contagious Disease Hospital gave positive cultures at the time of
release (four weeks); those that had received specific serum, how-
ever, harbored hemolytic streptococei in smaller proportion than
the untreated. Patients with complications became carriers of
hemolytie streptocoeei in larger numbers and for a longer time than
those without complications. It is evident that an arbitrary period
of isolation is no more likely to be effective in preventing the spread
of searlet fever than it was of diphtheria (p. 285). Holst* considers
that there is no evidence that the isolation of searlet fever in Norway
has materially diminished the frequency of the disease. It is to be
hoped that a satisfactory bacterial eriterion may soon be found so
that a period of isolation based on the demonstrated presence or
absence of the specifie scarlet fever streptococeus may be substituted
for a formal time requirement.

! Gordon, J. E.: Jour. Preventive Med., 1926-7, 1, p. 289.
= Finlst, P. M. Jour: Preventive Med., 1926-7, 1, p. 279.

—
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In their series of human inoculation experiments Dick and Diek
reported sore throats without a rash in some volunteers and typical
searlet fever in others following inoeulation with the same strepto-
cocel, and observations by Stevens and Dochez! have established the
specific identity, long suspected by eclinicians, of clinical searlet
fever and certain throat infections without exanthem. The same
strain of Streptococcus searlatinae may give rise now to one, now to
the other condition.

Curative Serum.—As early as 1902 Moser® immunized horses to
streptococei isolated from scarlet fever patients and reported strik-
ingly suceessful therapeutie results with the immune serum from
these animals. Subsequent experimenters for the most part failed
to obtain similar results, and the use of a specific serum for scarlet
fever consequently did not eome into general use until much later.
It seems possible that the inability of many of the earlier experi-
menters to repeat Moser's therapeutic success was due to the lack
of suitable criteria for true scarlet fever streptococci, and to the
fact that they did not have the means of recognizing and standardiz-
ing the antitoxic content of the serum. Some of them may
have worked with hemolytic streptococei of banal types which
could not have been expected to manifest any specific antigenie
qualities. It iz perhaps significant that Mozer himself used about
20 different strains of streptococei in the preparation of his
immune serum.

Early in 1924 Dochez® reported the produetion of an antistrepto-
coceie horse serum which later was found to be toxin-neutralizing,
and Blake, Trask and Lynch' administered Dochez’s serum to
scarlet fever patients and noted its definite therapeutic wvalue.
Blanching appeared in the same way as after the use of convalescent
serum and Moser's serum. Intracutaneous or intramuscular injec-
tions proved effective in blanching and in treatment, while intra-
venous injection did not. A specific searlet fever antitoxin was
prepared by the Dieks,” who immunized horses with sterile toxic

1 Stevens, F. A, and Dochez, A. R.: Jour. Amer. Med. Assoe., 1926, 86, p.
1110.

? Moser, P.: Wien. klin. Wehnschr,, 1902, 15, p. 1053.

! Dochez, A. R.: Proe. Soe. Exper. Biol. and Med., 1924, 4, p. 184

$ Blake, F. G.; Trask, J. D.; and Lynch, J. F.: Jour. Amer. Med. Assoc.,
1924, 82, p. 712.

¢ Dick, GG, F. and Gladys H.: Jour. Amer. Med. Assoc_, 1924, 82 p. 1244,
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filtrates instead of with living streptococeus cultures as was done by
Moser and Dochez. Treatment with this serum likewise has proved
highly successful. Concentration of the Dick serum has been
carried out and permits the use of relatively small volumes. Observ-
ers in various parts of the world have reported results that are on
the whole favorable to the serum treatment of secarlet fever,!
although the mildness of the prevalent type of the disease makes it
difficult to secure any large body of statistics as cogent as those
recorded in diphtheria (p. 299). Some clinicians would restrict the
use of scarlet fever antiserum to ecases of severe type. In the
opinion of some competent observers® the time has not yet arrived
for the proper evaluation of scarlet fever streptococcus antitoxin
in the treatment of scarlet fever.

Prophylactic Inoculation—Preventive inoculation with Kkilled
streptococeus cultures appears to have been practiced by Russian
bacteriologists as early as 1906 Mild symptoms were produced
similar to those observed in scarlet fever. A single injection did
not suffice to produce immunity, two to three inoculations being
necessary. It was believed that a considerable degree of protection
was obtained by this procedure. Korschun and Spirina* using a
formalinized vaccine have lately reported good results,

The discovery of the scarlet fever toxin offered an opportunity
for protective immunization similar to that successfully utilized in
diphtheria, and was early taken advantage of by the Dicks.” A
standard toxin is necessary for the safe and effective application of
this method and a definite procedure of standardization has been
worked out.® Small, properly graduated injections of toxin con-
tinued until a negative skin test is obtained seem to confer a con-
siderable degree of immunity. At the Durand Hospital in Chicago
125 nurses and others exposed to scarlet fever were treated with
standardized toxin (3 doses) and no scarlet fever developed among
them, while in the uninoculated eontrol group of 34 exposed persons

1 Gordon, J. E.: Jour. Amer. Med. Assoc., 1927, 88, p. 382. Lenthe:
Deutsch. med. Wehinschr.,, 1927, 53, p. 313.

* For example, Veldee, M. V.: U. 8. Pub. Health Rpts., 1830, 45, p. 1827,

3 Gabritschewsky: Centralbl. f. Bakt., 1906, 1, Orig., 71, p. 719; Nikitin:
Jour. Amer. Med. Assoc., 1926, 87, p. 2143.

i Korschun and Spirina: Seuchenbekimpiung, 1927, 4, p. 40.

8 Dick, G. F. and Gladys H.: Jour. Amer. Med. Assoc., 1924, 82, p. 544,
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7 cases of searlet fever oceurred.! Ohbservers in various parts of the
world have reported favorable results in combatting scarlet fever
by the Dick method.*

1 Dick, G. F. and Gladys H.: Jour. Amer. Med. Assoc., 1924, 83, p. 84.

* Bokay, V.: Abstr., Bull. Hyg., 1927, 2, p. 367; Chodzko: Bull.
Off. Internat. d'Hyg. Pub., 1926, 18, p. 1295; Toyoda, ef al.: Jour. Infect. Dis.,
1930, 46, p. 219.



CHAPTER 11
THE PNEUMOCOCCI

Genus: Diplococeus.  Parasites.  Grow poorly, or not at all, on artificial
media.  Cells usually in pairs of somewhat elongated cells, often capsulated,
sometimes in chamns. Gram-positive. Fermentive powers high, most strains
forming acid in dextrose, lactose, sucrose, and inulin.

Type species is Diplococeus pneumoniae, Weichselbaum.

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

In considering the relations of this organism to the produetion
of pneumonia, it must be borne in mind that the name pneumonia
is not restricted to absolutely uniform changes in one set of tissues,
but that writers group under this name a variety of affections
symptomatically and histologieally distinet. Among the most
generally recognized of these are: lobar (acute croupous) pneu-
monia, bronchopneumonia or lobular pneumonia, and ecapillary
bronchitis (bronehiolitis). If one of the anatomie types—for
example, lobar pneumonia, the common form in adults—be con-
sidered from the etiologie standpoint, it is found that at the pres-
ent time in temperate climates acute lobar pneumonia in the vast
majority of cases is caused by a lanceolate micrococcus, oceurring
in pairs or chains—the pneumoecoccus of Frinkel. A bacterial
study of lobar pneumonia at the Hospital of the Rockefeller Insti-
tute extending over several years gave the following findings:

MICRO-ORGANISMS ASSOCIATED WITH LOBAR PNEUMONIA
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For the most part the pneumonias produced by bacteria other
than the pneumococeus are of the lobular type. Pneumonia, then,
is not a disease either of constant anatomic character or of uni-
form etiology. One and the same organism can incite affections
histologically dissimilar, such as the lobar, lobular, and bronehiolitic
forms; and, on the other hand, apparently identical lesions may be
produced by the aection of different mierobes.

Morphology.—The pneumococcus is typically a small, slightly
elongated coceus, one end of which is pointed or lance shaped. It
commonly oceurs in pairs (diplococei).  Variations both in grouping
and in the size and form of the individual cells are frequently
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Fig. 44 — Diplococeus pneumoniae Fig. 45.— Diplocoecus pnenmoniae
in pure eulture one day old. Gram in exudate from human lung; aniline-
stain. Weichselbaum prep. (Kolle water-fuchsin; Weichselbaum prep.
and Wassermann). (IKolle and Wassermann).
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observed. (Chain formation is common, especially in artificial
media, although the chains are usually shorter than those of Strep-
tococcus pyogenes (Fig. 44). Owal and elongated bacillary forms
sometimes occeur., A well-defined eapsule envelops the pneumococei
in animal exudates (Fig. 45), but exeept in eertain strains or in eer-
tain media is less readily demonstrable in cultures grown outside of
the animal body. Capsular substance may often be well demon-
strated in milk cultures and in media eontaining blood or serum.
Sinee the capsular substance is most abundantly developed in
recently isolated virulent strains and when the organism is growing
in contact with animal tissue and fluids, it has been suggested that
the capsule has a protective significance and in some way sereens
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the pneumococcus against the injurious influences of the body fluids
of its host. Infection with Pneumoecoccus mucosus or Type III
pneumococcus (pp. 240, 248), in which capsular substance is espe-
cially richly developed, is attended by a particularly high mortality.
The pneumococeus is readily stained with the aniline dyes, is gram-
positive, asporogenous, and nonmotile.

Cultural and Biological Characters.—Some pneumococei grow
upon the ordinary culture media, such as nutrient agar, although
never luxuriantly. Fresh meat infusion should be used in pref-
erence to beef extract; the hydrogen-ion concentration should be
from Py 7.6 to Py 7.8, and the Arnold steamer used for sterilization,
The addition of sterile defibrinated rabbit blood (3 to 4 drops to 5
ce. of agar or broth) provides a favorable medium for the growth
of the pneumococeus.  On this meat-infusion blood-agar the eolony
is 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 some wvalue in differentiating pneu-
mococei from streptococei.  As a rule, pneumococei ferment inulin,
while streptococei do not. The Hiss serum-water medium is
used for this determination.! Like most other fermentation reac-
tions produced by bacteria, inulin fermentation by pneumococei is
liable to irregularities and variations, and although of high differen-
tial value is not to be relied upon alone for absolute identification.
An important distinetive character of the pneumococeus serving
to distinguish it from Streptococeus pyogenes and other closely
allied organisms is its solubility in bile,* the active solvent agent in
the bile being cholic acid. Fresh ox bile is added in the proportion
of about 10 to 20 per cent to a young, plain-broth culture. Insolu-
bility of eertain pneumococcus strains has been reported, but is

L4 Clear beef serum is added to 2 or 3 volumes of distilled water, Heat
the mixture for fifteen minutez in an Arnold sterilizer at 100° C. to destroy
ferments present in the serum. Add 3 per cent aqueous 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 hest sterilized by autoclaving 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).

* Neufeld: Zeit. f, Hyg., 1900, 34, p. 454,
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believed to be comparatively rare. The workers in the Hospital
of the Rockefeller Institute report that ‘‘among several hundred
strains of pneumococeus isolated by us from lobar pneumonia none
has failed to be dissolved by bile.”’! Pneumococei killed by heat
are not bile-soluble.

Pneumococei may, therefore, be distinguished from streptocoeei
by their bile solubility and, less definitely, their ability to ferment
inulin, greater pathogenicity for mice, and the characteristies of
the colonies on blood-agar.

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

Varieties.—As with many other pathogenie bacteria, so with
the pneumococei, we are not dealing with a single, uniform, sharply
delineated kind of micro-organism, but with a fairly large biological
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.

The most satisfactory means of differentiating wvarieties of
pneumococei 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.

Observations by Dochez and Gillespie* showed that the pneu-
mococei found in cases of lobar pneumonia ean be divided into four
distinet groups (Types I, II, III, and IV) on the basis of specifie
agglutination with the serum of immunized animals and protection
of animals againgt infection. In New York City during a period
of two years Dochez and Avery® found that every strain studied
fell into one or another of these four groups. In addition to the
eonstant differences found in immunity experiments with animals,
the groups appear to have significant differences in human patho-
genicity. The most severe types of pneumonia in man are pro-

I Avery, Chickering, Cole, and Dochez: Monograph No. 7, Rockefeller
Institute for Medical Research, October 16, 1917, p. 14.

2 Dochez and Gillespie: Jour. Amer. Med. Assoe., 1913, 61, p. 727.

! Dochez and Avery: Jour. Exper. Med., 1915, 21, p. 114,
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duced by organisms belonging to the so-called “fixed Types I, 11,
and I1I."  The organisms of these three groups differ from those
of Group IV in that their immunity reactions are fairly constant.
These groups are seldom found except in lobar pneumonia ; together
they are responsible for about 80 per cent of the cases of this disease.
Group IV is composed of a number of strains differing from one
another in serologic reactions and in some localities less commonly
found in cases of pneumonia terminating fatally. This heteroge-
neous group of organisms of relatively low pathogenie power oecurs
commonly in the normal human mouth. Several investigators
have split up Group IV into serological sub-groups to which they
assign varying importance in the production of disease.

Type III produces a heavy mucoid growth due to its luxuriant
capsule formation and is morphologically similar to Streptococcus
mucosus, from which organism, however, it may be distinguished by
its bile solubility, ability to split inulin, and greater virulenece for
mice. Type III seems to be relatively uncommon in England,
observers in Manchester, for example, not finding this type in a
gingle instance out of 116 cases examined.

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

OQCCURRENCE OF VARIOUS TYPES OF PNEUMOCOCCUS IN LOBAR
PNEUMONIA

(454 Cases)

Poneomocoeeus T ype Incidence | Per Cent
I | - st 33.3
i o L e L e 133 20.3
THEERL iy T E ] B S e e S e | 19 4.2
D o b o e e e e [ a0 13.0
N s e e i e P e e e 92 20.3

It is probable that the types here enumerated as oceurring 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 Africa.

L Avery, Chickering, Cole, and Dochez: Monograph 7, Rockefeller Institute
for Medical Research, October 16, 1917, p. 18.
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Rosenow, in studying transmutations within the streptococcus-
pneumococcus group, has come fto far-reaching coneclusions
regarding the possibilities of eonversion of one type into another.
According to his observations, hemolytic streptococei have been
converted into typieal pneumococei and vice versa. Morphology,
capsule formation, fermentive power, specific immunity response
(opsonin production, agglutination) have all been found by Rosenow
to vary within wide limits. The practical significance of these obser-
vations is uncertain.

It is now generally recognized that the serological types of
pneumococei are not so definitely fixed as they were at one time
supposed to be. Grifith® showed that a rough wvariant of one
serological type may give rise to a smooth strain of another serologi-
cal type under certain conditions. The method used was to
inoculate mice with living eells of the rough variant together with
a massive dose of heat-killed cells of a second type. By this meas-
ure a rough variant of Type II could be apparently converted into
Type I and viee versa. These observations have been confirmed
by Reimann.?

Distribution.—The pneumocoecus is a common inhabitant of
the human mouth and throat. Pasteur in 1880 recovered from a
rabbit inoculated with human saliva a coceus that in all probability
was a true pneumococcus. At about the same time Sternberg in
this country independently discovered a similar coceus in ““a fatal
form of septicemia in the rabbit produced by the subeutaneous
injection of human saliva.” More recent studies have shown that
from one-third to one-half of healthy individuals not known to
have heen in contact with a pneumonia patient habitually carry
pneumococci in their mouth secretions.

The results of the examination at the Rockefeller Hospital of the
mouth secretions of 297 normal persons showed a great preponder-
ance of pneumococei of Group 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 rarely if ever found in
the mouth secretions of normal individuals.

! Rosenow: Jour. Infect. Diis., 1914, 14, p. 1.

¢ ariffith, F.: Jour. Hyg., 1923, 27, p. 113.

! Reimann, H. A.: Jour. Exper. Med., 1929, 49, p 237.
16
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The pneumococcus may survive in external nature for a con-
siderable period. Netter! found it in the dust from the walls of 2
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
which eases of lobar pneumonia (Type T and Type IT) have oceurred
than in the dust of rooms in which there has been no lobar pnet-
monia, and also that in the latter instance pneumococei of Group
IV preponderate, as they do in the secretions from the normal
mouth.

Epidemiology.—It was long a belief that the occurrence of
pneumonia was largely, if not altogether, dependent on predispos-
ing influences, such as fatigue and exposure to cold, since observa-
tions showed pneumococei usually present in normal mouths. In
this view the ecommunication 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 contact
infection practically disregarded. The differentiation of pnet-
mococeus types and the suggestive facts discovered about the distri-
bution of these types led many workers to a different int erpretation.

The types of pneumococei that appear to cause most of the
cases of lobar pneumonia (Types I and II) are rarely found in
normal individuals without definite history of exposure. The
distribution of the various types in the dust of sick-rooms cor-
responds in some instances very closely with the presence of cases
of lobar pneumonia. The following figures illustrate the experience
of the Rockefeller Institute in this respeet :

Contacts Noncontacts
Pneumococous i g i 7 .
Number | Percentage |  MNumber Fercentage
Examined Positive Examined Positivie
'l‘_"ri}i‘ | E e TS s, 1edd 13 207 { 0.3
0.0

150 R ’ 149 12 207

This observation indicates the existence of pneumococens car-
riers perhaps comparable to the well-recognized carriers of diphtheria

! Netter: Compt. Rend. de la Soe. Biol., 1897, 49, [r. H38.
# Btillman: Jour. Exper. Med., 1917, 26, p. 513.
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and other respiratory tract diseases. Just how important pneu-
mococeus earriers may be in spreading infection is not known.
Contact with either eases or earriers in the general population may
give rise to new ecarriers, but very rarely is it possible to trace a case
of pneumonia to a pre-existing case. Jacobson' found that the
incidence of fixed type pneumocoeei among the attendants in the
pneumonia wards of a Chicago hospital was practically the same as
that among university students not in contact with pneumonia.

Pneumonia sometimes oceurs to a very unusual extent in par-
ticular localities and among speeial 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 Afriea. Barrack
life seems especially to favor the oeccurrence 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
cating the importance of predisposing factors, such as bad ventila-
tion or fatigue; by others as evidencing the increased opportunities
for the dissemination of mouth germs afforded by close personal
contact. Since overcrowding in living and sleeping quarters entails
both unhygienic conditions of life and better opportunities for the
transfer of disease germs, it is not easy to secure evidence that estab-
lishes either view to the exclusion of the other. There seems no
reason why both factors should not be operative to varying degrees
under varying conditions. The segregation of pneumonia patients
in order to prevent the spread of pneumonia has theoretically
something to recommend it; its actual value is yet undetermined.

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 pathologic changes
are most active, and also its regular appearance in the sputum of the
majority of pneumonia patients, afford strong arguments for con-
necting this organism causally with lobar pneumonia. The same
is true of many cases of lobular pneumonia. The pneumococcus
is often present in the circulating blood. OGbservations differ
as to the frequency of pneumocoeeus septicemia, the reported posi-

by some as indi-

t Jacobson: Jour. Preventive Med., 1926-27, 1, p. 259.
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tive cultures from blood ranging from about 20 per eent to over
90 per cent; the difference is attributed by some workers to the
technie employed. Opinions also differ as to the significance
to be attached to the presence of the pneumocoecus in the blood-
stream. The majority of investigators believe that there is a
definite conneetion between positive blood-cultures and the severity
of the disease, and that the presence of the pneumococeus in the
blood inereases the probability of a fatal termination.

It is sometimes held that lobar pneumonia is eaused 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 to a general extension of a bronchitis
into the alveoli. The type of pneumonia produced by such organ-
isms as Hemophilus influenzae and C. diphtheriae is usually of
the latter wvariety (bronchopneumonia). Since these baeteria
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 infeetion. A far greater
variety of microbes is found associated with lobular pneumonia
than with lobar, both as the primary exciting agents and as partiei-
pants in mixed infections. Probably over 95 per cent of all cases of
pronounced lobar pneumonia are due to the pneumococcus. The
so-called ““atypical eases” of lobar pneumonia are also due, in the
great majority of cases at any rate, to the pneumococcus, and there is
no reason for assuming that a case presenting anomalous symptoms
is caused by an unusual baeterial species. The differences observed
in pneumococeus infections are related to the susceptibility of the
affected individual, and perhaps in some degree to the virulence
of the infecting micro-organism. In lobular pneumonia, and more
rarely in lobar pneumonia, mixed infections may oceur, pyogenic
micrococei being the acecessory organisms most commonly found.
As already pointed out, both sireptococei and staphylococei are
capable by themselves of proveking 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
pathogenic effects. How great an influence is exerted by such
mixed infections upon the outeome of a case is still uncertain. The

I Weichselbaum: Kolle and Wassermann, Handbuch, 2nd ed., 3, p. 240.
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question as to how far the anatomic and clinical character of a
pneumonia is affeeted by the nature of the microbe or microbes
concerned is also not fully determined.

The pneumococcus must be held responsible not only for the
causation of most eases of both lobar and lobular pneumeonia, but
for a number of other pathologic processes and conditions. Among
the most common of these are inflammations of the pleura, peri-
eardium, endoeardium, and meninges. These may oeccur either as
independent and primary affections or as complieations and sequels
of pneumonia. Inflammations of the meninges, and particularly
of the middle ear, are rather frequently secondary to pneumonia;
they are sometimes primary infections. The connection between
inflammation of the middle ear and meningeal infection has been
often noted. There can be no doubt that the pneumococcus on its
road to the cerebrospinal membranes travels occasionally by way of
the nasal passages, but the pneumocoecus 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,
There appear to be few, if any, organs or tissues that are not under
some eircumstances subject to attack. Enteritis, conjunctivitis,
and a great variety of other affections are occasionally due to the
activity of the pneumococeus. In general, pneumococeus infee-
tions tend to a more favorable outcome than similar infeetions
with streptoeocei or staphylocoeei, but the statement admits
of exceptions.

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

At the same time the possibility of direet transmission of infee-
tion must be kept in mind. It has already been pointed out that
pneumocoeei 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 baecterial
diseases, so also in pneumonia, eonvaleseents and persons coming in
contact with patients or convalescents may earry virulent germs in
their respiratory tract for weeks or months. Sometimes an appar-
ently simple ““cold in the head” may be due to the pneumocoecus.
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 pneumonie sputum should be rigorously
practised, and that the proximity of a pneumonie patient should be
avoided, especially by the aged or those in a condition inviting
infection.

Pathogenicity for the Lower Animals.— Animal inoculation has
thrown a flood of light upon the nature and eourse of pneumocoecus
infection in man. The injection of human saliva into rabbits by
Pasteur and by Sternberg gave rise to a rapidly fatal generalized
infection. The “sputum septicemia’ eaused by this procedure is
now known to be due to the pneumocoececus; precisely similar results
follow the injection of pure cultures of this organism. Mice, like
rabbits, exhibit a high susceptibility to pneumococcus infection;
guinea-pigs are less sensitive. It iz a noteworthy faet that in these
animals lung lesions, when they oceur at all, are slight and usually
limited to the bronchopneumonic type. Animal experiments with
the pneumococcus present an example of the general law that
suseeptibility is characterized by general septicemic infection,
resistance by the occurrence of a localized proeess. Resistant
animals, such as the dog, show an approximation toward the type of
pneumococeus infeetion observed in man. It is possible to produece
typical lobar pneumonia in the rabbit by carefully balancing the
susceptibility of the animal and the virulence of the germ. This
may be effeeted either by employing attenuated cultures of the
pneumococeus (injected intratracheally, intravenously, or intra-
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peritoneally), or by partially immunizing the animals so that they
acquire sufficient resistance to prevent a general infection.'

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

The experimental production of lobar pneumonia in monkeys
has been successfully earried out by Blake and Ceeil® at the Army
Medical School, Washington. Pneumococei were introduced into
the lumen of the trachea by means of a needle inserted between the
cartilages below the larynx. In this way lobar pneumonia showing
close parallelism to the disease in man was produced in monkeys
with the three fixed types of pneumococei and also with Group IV.
Intravenous and subeutaneous injection of pneumococei 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 bronchogenie rather than the hematogenous origin
of the disease. The lesions produced in monkeys were considered
identical in character with thosein human lobar pneumonia.  Empy-
ema, pericarditis, and other complications oceurred in some of the
monkeys just as they do in some cases of human pneumonia.

Virulence and Toxin Production; Agglutination; Precipitins.—
The occurrence of cases of pneumonia differing widely in severity
has been supposed to indicate the existence of strains of pneumo-
cocei of varying degrees of virulence, although in any given instance
it is plainly impossible to apportion the relative influences of
individual suseeptibility and of bacterial virulence. The occasional
appearance of epidemies of pneumonia of a highly virulent char-
acter has also been conjectured to be due to the presence of strains
of unusual pathogenie power. These inferences are supported to
some extent by the experimental evidence, which shows that

! Wadsworth: Amer. Jour. Med. Sei., 1904, 127, p. 851.
2 Blake and Cecil: Jour. Exper. Med., 1920, 31, p. 403,
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considerable fluctuations in virulence oceur in cultures. The viru-
lence of a given strain may be greatly exalted by animal passage.
This fact has been adduced to explain the virulence of the epidemie
type of pneumonia, it being supposed that pathogenicity is height-
ened by frequent transfer from person to person. Attenuation of
pneumococei may 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 virulence takes place.

Exact experimental determination of the virulence of a strain
of pneumococeus 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 is
that afforded by the characteristics of the various types already
described.

These four types, which are separable by their antibody produe-
tion, are apparently associated with eases of pneumonia of varving
degrees of severity. In Type I infection the mortality is approxi-
mately 25 per cent; in Type II, 32 per cent; in Type III, 45 per
cent, and in Group 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 is not an extreme position to hold that such dif-
ferences in mortality as that between Type III and Group IV infec-
tions marks a real and important difference in virulence between
pneumococei also distinguishable in other ways.

Toxin produetion by the pneumococcus has been the subject of
much inconelusive investigation. No soluble toxin seereted 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
acutely foxie properties. Little is known of the nature of the toxie
substances. They may have existed preformed within the body of
the cell, as is known to be true of the hemolytic substances and
intracellular toxins; or they may be produets split off during the
disintegration of the bacterial proteins. It is uncertain to what
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extent the results of pneumocoecus infeetion may be attributed to
the action of such substances. Neutralization by antipneumocoe-
cus serum is not strictly specific.

Agglutination of pneumococei by the blood-serum of pneumonia
patients has been demonstrated by a number of observers.! The
clumping is accompanied by noticeable echanges in the eapsular and
cell substance, which have impressed some observers as indications
of a lytic or degenerative process. It has been shown, however,
that although the cocei are profoundly affected morphologically
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 agglutination is
obtained are not, as a rule, over 1:40 or 1:50. The agglutinative
property of the blood is most marked about the time of the crisis,
and then gradually diminishes.

The agglutinative reaction has been of practical value primarily
in identifying the type of pneumococei. The serum of animals
immunized with the several types is used preferably in the following
dilutions: Type I, 1:40 (0.5 cc. of 1:20 serum to 0.5 ce. bacterial
suspension); Type II, 1:40 and 1:2 (0.5 ce. undiluted serum to
0.5 cc. baeterial suspension)—the latter for the purpose of identify-
ing the atypical members of Type II; Type III, 1:10. Specific
agglutination of the types oeceurs 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 a Group
IV pneumococcus.

A specific substanee is produced in pneumococeus broth eul-
tures which gives the precipitin reaction (p. 189) when mixed with
the homologous antipneumococeus serum. Thus Type I serum
gives a specifie precipitation with the dextrose-blood-broth eulture—
cleared by centrifugalization—of Type I pneumococeus, 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 pneumococcus types. This method is especially applicable
when white mice are not available for the inoculation test. It

! Besancon and Griffon: Ann. de 'Inst. Pasteur, 1900, 14, p. 449; Neufeld:
Ztschr. f. Hyg,, 1902, 40, p. 54; Wadsworth: Jour. Med. Res., 1903, 10, p.
228; Rosenow: Jour. Infect, Dis., 1904, 1, p. 280.

*Avery: Jour. Amer. Med. Assoc., 1915, 70, p. 17.
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has given excellent results in the hands of a number of investigators.!

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. Suseceptible animals (rab-
bits), however, may be rendered immune by inoeulation with dead
or attenuated pneumococei, followed by inoeulation with virulent
cultures. 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)® concluded that immunity was due to the production of a
baetericidal substance. Later experiments, however, have shown
that pneumocoeei develop in normal and in pneumococecie human
serum with equal rapidity. In fact, neither a bactericidal nor an
antitoxie property has been shown to exist in immune serum.
Rosenow® found that nonvirulent pneumococei are susceptible to
phagoeytosis, while virulent strains are not. The extent to which
phagocytosis is important in bringing about the erisis and healing
the pneumonia is still undetermined. Clough' observed that in a
considerable proportion of ecases a definite phagoeytic activity
develops in the serum of the patient at the erisis (or lysis). This
increased aetivity of the serum is such as to bring about active
phagocytosis of a virulent pneumococeus not phagocytable in nor-
mal human serum. This phagoceytic activity seems in practically
all eases to be strietly limited to the homologous strain, derived from
the patient whose serum is being tested. It is thought probable
that the phagoeytic factor plays an important part in bringing about
recovery in man.

Important results have been reported in serum therapy in con-
nection with the work of Dochez, Avery and others (see p. 239) at
the Hospital of the Rockefeller Institute, and by Park and his col-
laborators® in other New York hospitals.® The results available

1Vaughan, W. T.: Jour. Amer. Med. Assoe., 1918, 70, p. 431.

*Wassermann: Deut. med. Wehnsehr., 1899, 25, p. 141.

* Rosenow : Jour. Infect. Dis,, 1906, 3, p. 683.

i Clough: Bull. Johns Hopkins Hosp., 1913, 24, p. 295.

' Park, W. H., Bullowa, J. GG. M., and Rosenbliith, M. B.: Jour. Amer.
Med. Assoc., 1928, 91, p. 1503.

@ Early attempts to use pneumococeus antibody for treating patients met
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at the present time indieate that Type I cases treated with Type I
serum appear to be distinetly benefited, the case fatality being
reduced by nearly one-half. The evidence that specific serum is
efficacious in the other three types of pneumonia is far less convine-
ing, although in several series of hospital studies Type II cases seem
to be favorably affected, but in lesser degree than those of Type I.

Prophylaetic vaceination with killed cultures has been advo-
cated for use under conditions of special exposure, as in army camps,
Animal experiments have yielded results that encourage this
procedure,

— — —

with the obstacle that severe chills and hyperpyvrexia followed the injection
of the serum. This diffienlty has been in part overcome by the use of refined
and concentrated serum from which deleterious substances have been largely
removed. In the investigations by Park and others a serum prepared by
Felton at Harvard was used (Felton, L. D.: Jour. Infect. Dis., 1928, 43,
p. 543).



CHAPTER 12

THE GONOCOCCUS; THE MENINGOCOCCUS; NEISSERIA
CATARRHALIS

Genus: Neisseria.  Striet parasites, failing to grow or growing very poorly
on artificial media. Gram-negative cocel, usnally in pairs.  Strongly aerobie.
Growth fairly abundant on serum media, Type species is N. gonorrheae.

A NuMBER of closely related organisms have been placed together
as a single genus (Neisseria) in recent classifications. The two
chief representatives, the meningoeoceus and the gonocoecus, 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 meningitis due
to the gonococcus have, however, been reported. The serum
reactions of immunized animals, while indicating a close relationship
of the two organisms, usually permit satisfactory differentiation.
The fermentation reactions of the group—acid but no gas—give
further differential data:

i Diextroso Maltose | Saecharose | Levulose
L | = L : =
N. gonorrheae. ......... <. R ' - = -
N. meningitidis. . ... ........ + + - -
N catarchalis: . oo — — . - | -
N.pharmgs:. ... -+ -+ i -+

Certain other gram-negative ecoecei found frequently in the
naso-pharynx (Neisseria flava I, IT and III) are characterized by
pigment produection,

THE GoNococcus

Few diseases are so widely disseminated through all elasses of
sociely as gonorrhea. The conservative statistics of Erb,' based
on the history of about two thousand male patients, mostly among
the German middle elasses, showed that about 48.5 per eent had
had gonorrhea. Some German authorities would place the pro-
portion in the whole population at a much higher figure. Cabot,”

! Erb: Miinch, med. Wehnschr., 1906, 53, p. 2329.
* Cabot, R. C.: Boston Med. and Surg. Jour., 1911, 165, p. 155.
252
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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 coecus 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 exudations of conjunctivitis due to gonorrheal
infection. Pure cultures of this organism were first obtained by
Bumm? (1885), who also succeeded by inoeculation experiments in
demonstrating beyond doubt its causal relation to gonorrhea.

Fig. 46.—Smear from gonorrheal pus. Methylene blue; X 2000 (Nowak:
Documenta Microbiologiea, I, 1927).

Morphologic and Cultural Characters.—Morphologically the
gonocoecus (Neisseria gonorrhoeae) is very similar to the meningo-
coceus. In preparations made from gonorrheal pus the cells oecur
in pairs, with the flattened sides in juxtaposition; the appearance in
stained preparations is like that of a coffee-bean. Pappenheim’s
stain (p. 52) is well adapted for defermining the presence of the
gonococeus in suspected pus. In pure eultures the coeci are often

1 Neisser: Centralbl, f. d. med. Wissensch., 1879, 17, p. 497.
*Bumm: “Der Mikroorganismus der gonorrhoischen Schleimhauter-
krankungen,” Wiesbaden, 1885,
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aggregated in irregular masses, but, especially in young eultures,
also show the characteristic diplococcus arrangement. Like the
meningococeus, if is found within the pus cells, sometimes in enormous
numbers (Fig. 46). In the earliest stages of infection, however,
gonococeei are found free in the serum, and the same is true of cases
of gonorrhea of long standing.

The cocei in the pus eells do not invade the nucleus, but are
confined to the eytoplasm of the eell. There is satisfactory evidenee
that the gonococei are picked up by the phagoeytes and do not
actively penetrate the latter; they are, indeed, entirely nonmotile.
The gonococei found inside the leukoeytes are but slightly altered
in appearance, and in many cases 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 stain.!
Its behavior toward the gram stain, together with its coffee-bean
form and intracellular situation, usually serve to distinguish the
gonococeus from related organisms, such as the common pyogenic
cocel found in the urethral or vulvovaginal tracts. Organisms other
than the gonococcus, staining like it and contained in the polymor-
phonuelear leukocytes, are occasionally, although rarely, found in
the urethral and vaginal seeretions.

Compared with the meningococeus, the gonocoeceus grows even
less readily on special artificial culture media, such as blood-agar and
serum-agar. Some strains, however, are said to grow on dextrose or
glycerol-agar from the start, but, as a rule, less luxuriantly than the
meningocoecus. In praetice little confusion is caused by the close
resemblance of these two organisms, since they are not liable to
occur in the same tissues, although, as already stated, meningitis is,
in rare instances, caused by the gonococeus.

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

! The gonococeus is decolorized rather slowly, In testing for this organ-
ism the film should be exposed for ten minutes, instead of five, to the action
of aleohol,

* Wertheim: Deut. med. Wehnsehr, 1801, 17, p. 1351.
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which has proved highly serviceable, and is today, with certain
modifications, in general use. In place of blood serum, aseitic or
hydrocele fluid is commonly used, 10 per cent being added to
ordinary nutrient agar. A reaction of P, 7.3 to 7.6 is most favor-
able. Perhaps the most essential factor in the successful eultivation
of the gonococeus is an abundant supply of moisture. There should
be a plentiful supply of the water of condensation on the tubes or
plates and the atmosphere of the incubator should be kept saturated
with water. Some observers have thought that reduced oxygen
tension was favorable for growth, but, as Torrey has pointed out, the
conditions under which such observations were made permit the
alternative hypothesis that abundant moisture rather than low
oxygen accounted for the growth improvement.

Toward external influences the gonocoeccus displays a high
degree of sensitiveness. According to most experimenters, cultures
are injuriously affected by a temperature of 40 to 41 C. The gono-
coecus is sensitive to drying, and under ordinary conditions can
survive exposure to the air for only a very short time, although in
masses of dried pus it may live exceptionally for six or seven weeks.
In favorable culture media it rarely maintains its vitality more than
forty-eight to seventy-two hours at room temperature, but, like
many other bacteria, will live longer if kept in a refrigerator.

Correet diagnosis of gonoeoccus infection, based on the discovery
of gram-negative diplococci within pus-cells, is often a relatively
simple matter, but it must be remembered that there are several
sources of error. As already pointed out, gonococei sometimes lie
free in the serum and are not contained within the leukoeytes.
Again, as already mentioned, the occasional presence of organisins
similar to the gonococecus, especially in the vulvovaginal tract,
makes it advisable in doubtful eases to fall back on cultural methods.
If microscopie findings are negative, a much higher degree of cer-
tainty can be obtained by a suitable eultural method in the hands of
an experienced observer. Centrifugalization of the urine is often
resorted to, and increases the chances of finding gonococei in the
sediment either microscopically or culturally.

Irons! has found that the cutaneous inoeulation of glyeerol
extracts of autolyzed gonococei produces a well-defined reaction
in patients infected by the gonococcus. This cutaneous reaction

1 Trons: Jour. Infect. Dis., 1912, 11, p. 77.
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is not usually obtained in normal persons nor in those suffering from
other infectious diseases.

Varieties of Gonococci.—Here, as in many other groups of
bacteria, serological variations have been reported to exist. The
difficulties of agglutinative tests in this group, however, are con-
siderable and it is not easy to reconcile the results of different
workers. Most of the freshly isolated strains from acute cases
appear to fall in one serologieal group, while old stock cultures and
strains from chronie cases eonstitute a second subdivision. “Inter-
mediate” and serologically “independent” strains oceur, and it
cannot be said that the study of gonococeal variation has contributed
materially to our knowledge of the infection.

Inoculation Experiments.—The lower animals (including apes)
are not susceptible to inoculation either with pure cultures of the
gonococcus or with gonorrheal pus. Whether introduced into the
peritoneum or the urethra or applied to the conjunctiva of these
animals, the gonococei have shown themselves impotent to effeet
an invasion of the tissues. The poisonous products contained in
cultures have, however, some effect upon animals, and will eause
the death of guinea-pigs and white mice. These poisonous sub-
stances are not true toxins and are not diffused into the surrounding
media during the life of the cell, but, according to the statement of
most investigators, are constituents of the bacterial cell-body. On
the death of the cell they may appear as disintegration products in
the surrounding fluid. They are quite resistant to heat, and are
able, according to some investigators, to withstand a tem perature
of 80 C. or even 115 C. De Christmas® and his co-workers reported
successful immunization experiments with these toxie substances,
but their results have not been corroborated by other experi-
menters.  Inoculation of the human subject (hoth sexes) with pure
cultures of the gonococcus gives rise to a typieal infection (Bumm,
1585). The mucous surfaces seem to be especially suseeptible, and
inoculation of the urethra almost invariably sueceeds. Repeated
demonstration of the specificity of this organism for gonorrhea has
thus been obtained. The poisonous bodies above mentioned will
evoke suppuration when injected into the urethra, but since the
products of other microbes, as, for example, staphylococei and colon
bacilli, produce the same result, the effect cannot be regarded as

! De Christmas: Ann. de I'Inst. Past., 1900, 14, p. 331.
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specific. Little if any immunity is conferred by an infection,
reinoculation being sueccessful at short intervals; clinieally it is
observed that an acute attack may be superimposed upon a chronie
gonorrhea. An antibody (amboceptor) has, however, been found
in the blood of gonorrheal patients.! Torrey® and others have
observed that agglutinins and precipitins are produced in rabbits
and other laboratory animals inoculated with cultures of gonococei.
The eclose relationship of the gonococeus to the meningococcus is
shown with especial clearness in the observation of Martha Woll-
stein® that the agglutinins, the protective power, and the ambo-
ceptors developed in the serum of immunized animals seem to be
largely common to both miero-organisms.

Results of Gonococcus Infection.—As a rule, the gonocoecus
attacks primarily the human urethra, and then gives rise to an
inflammation which may be followed by chroniec urethritis and
stricture. The dangerous extragenital complications and sequelae
of this affection are not so generally known as they should be. So
far from being a localized 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 particu-
larly, the entire genito-urinary tract may be involved, the Fallopian
tubes, the ovaries and the peritoneum being invaded not at all
uncommonly. Spread of the infection along contiguous mucous
surfaces may likewise occur in the male, eausing epididymitis and
other inflammatory eonditions. The gonorrheal ophthalmia of the
new-born due to infection at birth is a well-known consequence
of maternal infection. Although exact information is not obtain-
able, it is estimated that 10 per cent of all cases of blindness are
traceable to this source, and that in the United States there are at
least 12,000 children blind from this cause.

The gonococeus may also invade the blood from local lesions
and be carried by the lymph and blood-streams to distant parts
of the body. In this way it ecan 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

! Bruck: Deut. med. Wehnsehr., 1906, 70, p. 1368,

 Torrey: Jour. Med. Res., 1907, 16, p. 329.

! Wollstein, Martha: Jour. Exper. Med., 1907, 9, p. 588,
17
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it produces endocarditis; it is possible to obtain the gonocoecus in
pure culture from the affected region in a considerable proportion
of cases. Aeccording to the statistics of Neisser,! gonorrheal
metastases oceur in about 0.7 per cent of all cases of gonorrhea
coming to the knowledge of physicians. Local or general compli-
cations, however, oceur in about 30 per cent of all cases. Metastatic
conjunctivitis without direct inoculation of the eonjunctiva has been
reported. It is uncertain whether this is always due to the presence
of gonococei carried to the conjunetival sae in the body-fluids or
whether cireulating toxiec substances act on the cellular elements
of the conjunctiva.

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

Epidemics of gonorrheal vulvovaginitis in little girls due to
carelessness in the use of towels, wash-cloths, thermometers and
bath-tubs are not uncommon, and are a serious problem in many
institutions. Such infection may be followed by the same grave
consequences to the female reproductive organs as gonococecus
infection produeced in any other manner.

Vaccination.—Inoculation with killed cultures of gonocoeci has
been used both for purposes of prevention and of treatment without,
however, any generally concordant and convineing results. In
practice no method of vaecination or serum treatment has made
any notable headway. The fact that sueccessive attacks of the
digsease may oceur in the same individual following sucecessive
exposure indieates that systemie immunity does not develop to such
an extent as to affeet materially the oceurrence of infection.

T MENINGOCOCCUS

Inflammation of the meninges or investing membranes (pia-
arachnoid) of the brain and spinal cord may be provoked by a
variety of organisms, and may occur either as a primary affection
or secondarily in the train of an infection originally begun else-

1 Neiszer: Kolle and Wassermann, Handbueh, 2nd ed., 3, p. 182,
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where. One form of meningitis, characterized especially by epi-
demic spread and usually designated as epidemic meningilis,
spotted fever, or cerebrospinal fever, is accompanied by the
presence of a specific micro-organism, ecommonly known as the
meningococeus,

This organism (Neisseria meningitidis) appears to have been
seen by Leichtenstern in the meningeal exudate as early as 1885.
The first important work upon it, however, was that of Weichsel-
baum,! who in 1887 deseribed it in detail as the characteristic
micrococeus found in 6 cases of acute cerebrospinal meningitis

(“Diplococeus intracellularis men- o ——
ingitidis). Weichselbaum also N o
carried out successiul animal | : K",,/{ }:* ‘
experiments. Some years later = " # H g 5
the conclusions arrived at by | ;?.{ ‘/* ey _"*?5'. __
Jiger® in connection with an out- :"';:_.""J;: £ el il |
break of epidemic meningitis in [ o] _\_;-_Z*-‘I‘-’_-f;_"-_-_f,«’ Vi
the military garrison at Stuttgart, = | } ,-Hﬁ f-.a'n: e/ |
although based to some extent on | % = _v: Ry
. iR A i N
faulty observations, corroborated | g '& A e e A
R : e ot

Weichselbaum’s results in their
essential features, and were the N e : _

3 ) A Fig. 47.—Meningococcus in pus
cause of renewed interest in this cells (Couneilman): Pus cells contain-
subject. The etiologic role of the 1MZ diplococel from the meninges.

few diplococei are in the exudate out-
meningoeoceus  has  sinee been side of the pus cells.  Between the pus

: : =5 : cells there are delicate fibrillae of fibrin.

securely established by a number The illustration is an accurate repre-
; . k
of investigations, among which sentation of a group of cells in the field
R ; of the microscope.

may be mentioned especially the
extended researches of Councilman, Mallory, and Wright.® An
admirable study of the disease was later made by Foster and
Gaskell.*

Morphology.—In film preparations of the meningeal exudate
the meningococcus appears in diplococcus or in tetrad form (Figs.
47 and 48). The micro-organism occurs characteristically in the

interior of the polymorphonuclear leukoeytes, these cells being

=

I Weichselbaum: Fortschr. d. Med., 1887, 5, p. 573.

: Jiiger: Ztschr, f. Hyg., 1895, 19, p. 351.

* Special Report of the State Board of Health of Massachusetts, 1898,

4 Foster and Gaskell: “ Cerebrozpinal Fever,” Cambridge, England, 1916,



260 THE MENINGOCOCCUS

sometimes so packed with diplocoeei that the nucleus is obseured.
When tested by Gram’s method of staining, decolorizing takes
place. This character serves to distinguish it readily from the
ordinary streptococei and from the pneumococcus. In eultures
the meningococeus averages a little less than 1 u in diameter, and
appears, as a rule, in pairs; short chains are seen more rarely. No
capsule is present, although irregularities in staining and the oecur-
rence of swollen cells have led to some confusion on this point.
Involution forms are common.

Cultural Characters.—The most useful medium for growing the
meningocoecus is blood-agar, prepared by adding 1 ce. of fresh

Fig. 48 —Meningococei from eerebrospinal fluid, some in pus cells, others
lying free; X 2000 (Nowak: Documenta Microbiologiea I, 1927).

defibrinated or laked blood to 10 ee. of ordinary nutrient agar (P
7.4-7.6). The blood of the sheep, goat, rabbit, horse, or man ean
be used. On this medium the meningococeus colonies are moist,
elevated, smooth, and with a bluish-gray tinge. They do not pro-
duce green coloration or hemolysin, and can be readily differentiated
by their relatively large size and appearance from the hemolytie
streptocoecus and the green-producing streptococcus and from the
pneumococeus, but resemble elosely the colonies of N. catarrhalis
(p. 268). They are not so whitish or opaque as colonies of staphy-
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locoeel.  If kept on blood-agar the meningococeus commonly dies
out within a few days, but vitality may be preserved for several
weeks in stab-cultures in starch-agar (1 per eent cornstarch added
to ordinary nutrient agar).

The fermentation reactions of the meningococcus give valuable
aid in differentiating it from closely allied organisms. Its ability to
ferment maltose distinguishes it from the gonococeus, as already
pointed out (p. 252).

Other related coeci, such as N. pharyngis and several varieties
of N. flava, ferment various carbohydrates, such as mannose, sac-
charose, and levulose, not attacked by the meningococcus.

In isolating the meningocoecus from the nasopharynx of a
carrier it is essential that the eulture medium be warm when inocu-
lated and be kept warm until finally placed in the incubator. Swabs
from the nasopharynx should bé made with care to avoid undue
contamination with saliva. To this end the West tube is often
used. This is a bent tube through which a flexible swab holder
can be passed and withdrawn after the tube has been carefully
inserted behind the soft palate.

Varieties of Meningococci.—As in many bacterial diseases, so in
meningitis the bacteria found as the apparent causal agents do not
constitute an entirely homogeneous group. It has already been
pointed out that inflammation of the meninges may be caused by
such diverse organisms as the pneumococeus, hemolytic strepto-
coceus, tubercle baeillus and Pfeiffer’s baeillus. The meningococei
concerned in producing the true epidemic meningitis also differ
among themselves, It was early noticed that strains from difierent
sources showed differences in agglutinability, and in 1909 Dopter!
found coeei in the nasopharyngeal mueus which resembled the
“usual” or “typical” meningococeus eulturally but did not agglu-
tinate at all with meningocoeeal serum. To this type he gave the
name parameningococcus, a term that has since given rise to some
confusion and might now well be disearded. .

Definite recognition of the existence of antigenic varieties of
meningococei came later with the work of M. H. Gordon® and his
co-workers, who distinguished four serclogic types—a grouping that

1 Dopter, C.: Compt. rend. Soe. biol., 1909, 66, p. 1055.

? Gordon, M. H., and Murray, E. G.: Jour. Roy. Army Med. Corps, 1915,
25, p. 411.
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has proved of great service in further work with these organisms,
Some later observers have been inelined to telescope Gordon’s sub-
divisions, and recognize only two main types. The four-type classi-
fication of Gordon and Murray has, however, been found valid by
many workers. Thus, Pope and White! in Chieago found in 9
cases of meningitis 3 due to Type I, 2 to Type ITT and 4 to Type TV.
It is a common experience, however, that some strains of undoubted
meningococei found in the spinal fluid do not fall definitely into any
one of the four types. Sara Branham?® has indeed reported the
occurrence in the spinal fluid of meningitis patients of a micro-organ-
ism apparently belonging to the genus Neisseria, but differing from
the ordinary meningococeus not only in its antigenic relations, but
in its production of a yellow pigment and its total lack of fermen-
tive power; it is perhaps more closely related to N. eatarrhalis than
to the true meningococcus.

In the 1928-29 outbreak of meningococcus meningitis in the
United States approximately 91 per cent of 155 strains studied® fell
into Gordon’s four groups, Type I greatly predominating (33 per
cent) and Type III, which is regarded by many as a subgroup of I,
standing next (19 per cent).

The existence and relative frequency of different antigenie
strains of meningococei is a matter of praetical importance. It has
happened more than once that sera prepared by using certain
strains has proved ineffective when administered in 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 meningococeus strains, has there-
fore a sound experimental basis.

Epidemiology.—Our historical knowledge of epidemic menin-
gitis dates from about the beginning of the nineteenth century.
The disease seems to have been especially prevalent in North
America. Children and adolescents are most commonly affected.

As in most of the respiratory traet infections, mouth spray from
persons infeeted with meningococei is an important agent in spread-
ing the disease. The relative infrequency of infection among doe-
tors, nurses, and others in direet contact with meningococcus

! Pope, A. 5., and White, J. L.: Jour. Prev. Med., 1920, 3, p. 63.

* Branham, Sara: U. 8. Public Health Rpts., 1930, 45 I, p. 845.
¥ Branham, Sara, ¢f al.: U, 8, Pub, Health Rpts., 1930, 45, p. 1131.
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patients shows, however, that individual susceptibility of adults to
this form of infeetion is not very great. Rare cases of direct con-
tagion, however, have been described. The comparative infre-
quency of meningitis throughout the adult civilian population is
another indication that human susceptibility is low. The influence
of predisposing causes in increasing susceptibility is espeecially
marked under conditions of military life where meningitis often
prevails excessively among troops in barracks and tents, Insuffi-
cient eclothing, inadequate wventilation, exposure to inclement
weather and 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 close
contact in sleeping quarters necessarily favors the spread of all
mouth spray infections. Overcrowding is particularly important
in facilitating the spread of meningitis. It was observed during the
Great War that an inerease in the distance between beds in army
barracks from 9 inches to 3 feet was followed by a reduction of the
earrier rate from over 30 per cent to less than 2 per cent. Obser-
vation has shown that at times when meningitis is prevalent among
troops healthy meningococeus ecarriers are espeeially numerous.
The number of carriers increases prior to an outbreak of meningitis.
It seems to be true, therefore, that under the conditions of military
life in recruiting camps a good many individuals acquire meningo-
cocei from their associates; a certain proportion of these, owing to
individual peculiarities or to the action of predisposing causes,
develop clinieal “eases™ of meningitis, while the majority become
free in a short time from the meningocoeei that have found tem-
porary lodgment in their nasopharynx.

The share of the meningocoecus carriers in the transmission of
infection is of great importance. Meningitis patients and conva-
lescents and also healthy persons who have simply picked up the
germs from others may be the means of conveying infection. As
in other infections, meningococcus carriers are often divided into
permanent carriers and temporary carriers according to the length
of time that they harbor the germs; the distinetion is naturally more
or less arbitrary.

Prophylaxis.—The attempt to control the spread of meningitis
by quarantining carriers is like sweeping back the Atlantie Ocean
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with 2 mop. At times when the disease is prevalent, enormous
numbers of carriers may be found throughout a civilian or military
population. In February and March, 1929, when the disease was
prevalent in Detroit, over 46 per cent of 709 home contacts were
positive carriers.’ From the writer’s own observations during the
Great War it was apparent that if the policy of quarantining all
proved carriers had been carried cut in certain army camps the
number of quarantined soldiers would have far exeeeded those left
in the ranks!

No method of vaceination for protecting those especially exposed
has yet been successfully worked out.

As already indicated the most promising method of preventing
the disease consists in control of the environmental conditions.
The remarkably high incidence of epidemic meningitis among unsea-
soned reeruits in military barracks is highly significant, as are the
detailed observations on the predisposing effect of fatigue, over-
crowding in sleeping quarters and exposure to eold and wet. If the
factors that favor infection be eliminated as far as possible, the
limit of application of our present prophylactic knowledge seems to
be reached.

It cannot be hoped, however, that the spread of the disease can
be completely checked by such measures. There is evidence that
variations may occur in the virulence of meningococcus strains. In
1928-29 the United States was visited by an outbreak of the disease
more severe and widespread than at any time sinee 1905, not except-
ing the exacerbation of meningitis which, as usual after military
exploits, followed in the wake of the Great War. The highly viru-
lent strain of meningococeus which caused this outbreak apparently
entered the United States on the Pacific Coast and spread slowly
eastward. Against this sort of invasion there seems at present
little defense except avoidance of localities where the disease is pre-
valent, and the adoption by individuals of the hygienic precautions
already indieated.

Pathogenicity for Man.—Many cases of meningitis due to the
meningoeoccus are characterized by special features which distin-
guish them from cases of meningitis produced by other organisms,
as, for example, from pneumococeal meningitis. The most marked
lesions oceur at the base of the brain, extending from the optic com-

! Norton, J. F.: Amer. Jour. Pub. Health, 1929, 19, p. 1098
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missure backward over the erura, pons, and medulla. The men-
inges of the entire brain are rarely affected. The cord is always
affected, and to a greater extent than in any of the other forms of
meningitis. The usual history is that of sudden onset, and many
so-called “fulminating cases” oceur. The disease is most frequent
in children and young adults, eases being rare in persons over thirty-
five years of age. In the epidemiec 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 practieally 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 mieroseopie examination in 141 out of 171 cases. When cul-
tural methods are also used the proportion of positive findings is
increased. Ispecially prominent among the symptoms are the
involvement of the eye and ear, the infection showing a definite tend-
ency to extend along the optie, auditory, and fifth nerves.

Portal of Entry.—The meningococeus is most commonly found
in the nasopharynx and is rarely detected in the nose or in the mouth.
It is now generally conceded that the nasopharynx is its site of
predilection. Here it may set up a slight rhinopharyngitis that
lasts but a short time. There is much to support the view that
this slight, local and relatively trivial inlammation is the ordinary
“disease” eaused by the meningococeus, and that meningitis is
merely an unusual complication. From this standpoint it is only
in exceptional cases that the meningococcus makes its way to the
meninges, a localization mueh more highly dangerous for the patient
and entailing a case-mortality of about 70 per cent. The route by
which the meningocoecus passes from the nasopharynx to the
meninges is in dispute, whether by direct lymphatic spread from the
nose or by way of the blood stream. The advoeates of the hematog-
enous route point to the fact that in a considerable proportion of

! Councilman, Mallory, and Wright: Speeial Report Mass, State Board
of Health, 1808,
* Elser and Huntoon: Jour. Med. Res., 1909, 15, p. 377.



266 THE MENINGOCOCCUS

cases, perhaps as high as 25 per cent, the meningococeus may be
found in blood cultures. On the other hand the infection of the
blood stream may be incidental and not directly connected with
the meningeal invasion. It is noteworthy, however, that localiza-
tion of meningoeoeei in other parts of the body (heart, kidney) is
sometimes observed, a faet suggestive of blood infection.

Pathogenicity for Other Animals.—Rabbits and adult guinea-
pigs display little susceptibility to inoculation. White mice are
somewhat more suseceptible, especially to intraperitoneal inocu-
lation. Young puinea-pigs (175 to 200 grams) are quite highly
susceptible to intraperitoneal inoeulation, but in order to produece
a fatal result rather large amounts of culture must be used, and, as
a rule, the meningococeus 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 baecterial cells,
Cultures killed by heat and cultures subjected to autolysis are
quite toxie. Counecilman and his co-workers! produced typical
meningitis in a goat by intraspinal injection of pure cultures,
Flexner? 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 may agglutinate the specific cocei
in a dilution of 1:50 or higher, but the development of agglutinins
seems to be irregular and eannot be depended upon for diagnosis.
The existence of different agglutinative varieties complicates the
pieture and casts doubt on the significance of reported negative
reactions.

Kolle and Wassermann® showed that when large quan-
tities of meningococei are injected into the body of a horse,
agglutining, opsonins, and also specific immune bodies (amboeceptors)
are produced, and that the horse-serum has a eurative effect. The
use of a therapeutic serum was, however, first placed on a sound
basis by the work of Flexner! and his collaborators. A ecurative

1 Councilman ef al.: Special Report Mass, State Board of Health, 1898,
p. 77.

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

* Kolle and Wassermann: Deut. med. Wehnsehr., 1906, 32, p. 609,

¥ Flexner: Jour. Exper. Med,, 1907, 9, p. 168,
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serum was prepared by Flexner and Jobling! by injecting a
horse first with gradually increasing doses of dead meningocoeci,
then of living cocei, and finally of an autolysate. The injection
of the antimeningitiz serum directly into the spinal eanal of menin-
gitis patients exerts in many eases a marked influence upon the course
of the disease. The effect seems to be due partly to an antitoxie
action, partly to the stimulus that the serum gives to inereased
phagoeytic digestion, and partly to its direet injurious action upon
the cocei. Large doses of the serum are commonly given, 15 to 30
ce. 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. Observations of the cerebrospinal fluid after
injection show a remarkable destruetion of the meningococei. The
serum is entirely without effect when introduced direetly or indi-
rectly into the blood, and must in all eases be injected into the seat
of the disease by lumbar puncture. Of 1294 cases of epidemic
meningitis treated with the Flexner-Jobling serum, 894 recovered
and 400 died.® The average mortality in the pandemic of this
disease which began in 1904 and was not wholly at an end in 1913,
was about 70 per cent. The mortality in the serum-treated eases
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. Complications and sequelae of the
infeetion are reduced in number in the serum-treated cases.

The use of a polyvalent serum, produced by injection of a num-
ber of different strains of meningococei seems highly important.
Much better results have been obtained with the Rockefeller In-
stitute serum prepared with more than 50 strains than with a serum
made with a single strain or with only three or four strains.

Continued experience with antimeningococeus serum tends to
emphasize some of the difficulties of practice and interpretation.
No satisfactory method for the standardization of the serum has
yvet been devised, and there is much doubt as to whether any of
the methods in current practice bear on the elinical usefulness. 1In
spite of the beneficial results frequently reported from the use of
serum there are some cases and some epidemics where the serum
treatment seems of little avail. The reason for this failure is not

! Flexner and Jobling: Jour. Exper. Med., 1908, 10, p. 141.
2 Flexner: Jour, Exper. Med,, 1913, 17, p. 553,
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known, whether antibodies for the specifie infecting strain are not
present in the serum used, or whether infection with a highly
virulent strain is more than the serum can eope with. In Detroit
for the year 1929 the case mortality in 867 cases amounted to 50
per cent, a very high percentage for an outbreak in which many
patients were given serum and in which other modern methods of
treatment were used.
N. CATARRHALIS

This gram-negative coccus is found quite commonly 1 the
nasopharynx of healthy individuals as well as in persons suffer-
ing from colds and other respiratory infections (Fig. 49). The

R

i 2 !
e - e e

| ==EE

Fig. 49.—N. catarrhalis in smear from sputum (F. T. Lord).

cells as a rule are somewhat smaller than those of the meningo-
coccus. Growth occurs on ordinary nutrient agar much more
readily than does that of the meningococcus, and the colonies are
generally thicker and more opaque. Dextrose is not fermented.
Different strains vary in their degree of pathogenicity for animals,
but many strains are fully as pathogenic as meningococei for white
mice and guinea-pigs. In man they appear at times to excite
atarrhal inflammation and sometimes pneumonia. They seem to
have been conspicuous invaders in the 1918 influenza epidemic in
some localities,
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N. PHARYNGIS

This small gram-negative coccus found on the muecous mem-
brane 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 maltose. Although not ordinarily re-
garded 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 13
THE ANTHRAX BACILLUS

Historical. —Anthrax,! or splenic fever (Fr., charbon; Ger.,
Milzbrand), is one of the best-known and longest studied of all
baeterial diseases. As pointed out in the introduectory chapter,
the demonstration by Robert IKoch® in 1876 of the causal relation
between anthrax and a speeific bacillus marks the beginning of
modern bacteriology.® Prior to Koch’s investigations, and as
early as 1850, microscopic examinations by Davaine and Rayer,*
Pollender,” and others had shown that a rod-like organism was con-
stantly present in the blood and organs of animals dying from splenie
fever, and inoculation experiments with the blood of infected
animals, leading to a reproduction of the typical disease with all its
symptoms and lesions, had been successfully performed by Brauell.®
To the inferences drawn from these observations and experiments
there was raised the objection that not the rod-like organisms, but
something else in the diseased blood, might have caused the effects
produced by blood inoculation. It must be coneeded that this argu-
ment, although without experimental basis, was logically well
founded. DBefore Koch’s work, therefore, rod-shaped baeteria had
been observed in the bodies of animals suffering from anthrax, and
their etiologic connection with the disease had, in the judgment of
many, been rendered highly probable; but it was not until Koch's
researches appeared that medical opinion generally was impelled

! The disease of cattle known as “symptomatic anthrax” has nothing
to do with true anthrax. (See p. 434.)

* Koch: Cohn’s Beitrage, 1877, 2, p. 277.

* A fair example of the views upon the ecausation of anthrax prevailing at
an earlier period is found in the hypothesis of Delafond, a French veterinary
surgeon, who held that the anthrax of sheep was due to “an excess of blood
circulating in the vessels.” Coneluding that this was caused by a rich nitro-
genous pasturage, he advised sheep-raisers as a prophylactic measure to put
the animals on short rations. (See Vallery-Radot: “Life of Pasteur,” New
York, 1926, p. 275.)

* Davaine and Rayer: Bull. Soe. de biol., 1850, p. 141.

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

¢ Brauell: Archiv. f, path. Anat., 1857, 11, p. 132.
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to the conviction that the anthrax bacillus was the cause of the
specific disease with whieh it was associated. Koeh 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
eve. By cultivating it upon this medium for a series of generations,
and, after allowing sufficient intervals for multiplication, trans-
ferring it from tube to tube, a growth was finally obtained which
not only was not mixed with any of the blood-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, eould be produced by the introduction
of a pure eulture of bacilli into the body of a susceptible animal.
Koch's observations upon the life-history of the anthrax bacilli also
cleared up many of the difficulties and apparent paradoxes that
had previously obscured the study of the disease. His discovery
of the phenomenon of spore-formation, and of the part played by
spores in the spread of the disease in nature, must be reckoned
as one of the more important of these advances. It is known that
previous workers had been greatly perplexed by the singular observa-
tion that oceasionally specimens of blood which appeared not to
eontain any bacteria were nevertheless eapable, on inoculation, of
producing anthrax. This was satisfactorily explained by the dis-
covery that in such cases spores, which are highly refractive
and consequently difficult to see, had been formed in the blood
after the blood had been drawn from the body. The prolonged
vitality of the spores in soil, again, explained the persistence of the
disease in certain localities and its reappearance in once-infected
pastures after the lapse of many years.

Characteristics of the Anthrax Bacillus; Morphology.—The
anthrax bacillus is one of the largest of the pathogenie bacteria and
ranges from 4.5 u 10 10 g in length and from 1 g to 1.25 u in breadth.
It is nonmotile. In preparations from the blood or lymph of an
infected animal the rods are usually single, but rarely two or three
are united in short chains.  Blood films and gpleen pulp preparations



272 THE ANTHRAX BACILLUS

when stained by special methods (Johne,! Ribiger)® reveal the
presence of a capsule. The bacilli stain readily with the ordinary
aniline dyes and retain the stain when treated by Gram’s method.
Churchman® has observed a reversal of the Gram reaction when
aqueous gentian violet, acriflavin or acriviolet is added to suspen-
sions of young cultures of B. anthracis; a considerable proportion
of the baeilli then become gram-negative. A possible explanation
is that the cortex of the baeillus is gram-positive, the medulla
negative. When the former is
destroyed the latter comes into
view. The ends of the rods are
often concave and somewhat
swollen, so that the appearance
of a chain of anthrax baecilli
has been often compared to a
jointed bamboo fishing-rod (Fig.
50). When grown on artificial
culture media, threads and
filaments, sometimes of extra-
ordinary length, are produced.

Fig. 50.—Bacillus anthraeis in ; .
spleen pulp. Fuehsin stain; x 2000;  After a varying period of growth,

C. Frinkel prep. (Kolle and Was-

sermann ) depending upon the tempera-

ture, nature of the nutrient

medium, abundance of oxygen, and other factors, the highly
refractive spores make their appearance in the interior of the rods.
Spores and Spore-formation.—Owing to the fact that the spores

of the anthrax bacilli are among the most resistant forms of patho-
genic bacteria, they have long been favorite test objects for deter-
mining the efficiency of germicides and other destructive agencies,
and much attention has in consequence been directed to their
morphologic and biological properties. Only a single spore is pro-
duced in each cell. It is formed in the middle of the cell, where it
can be seen in unstained preparations as an oval or nearly spherieal,
highly refractive body of the same diameter as the rod (Fig. 51).
The chemiecal composition of the spores is said to differ from that
of the rods in containing a larger proportion of fatty substances and

! Johne: Deut. Ztschr. {. Thiermed., 1893, 19, p. 244,

* Riibiger: Ztschr. f. Fleisch- u. Milehhyg., 1901, 11, p. 68.
# Churchman, J. W.: Jour. Exper. Med., 1927, 46, p. 1007.
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protein (spores, 77.75 per cent protein; rods, 42.5 per cent). Spores
are produced only in the presence of free oxygen, and henee do not
oceur in the circulating blood of infected animals, but develop
either during the course of the infection, or after death, when blood
iz drawn 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 of the spore is usually
polar, that is, parallel with the long axis, but may be rarely equa-
torial. 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
saprophytic forms, and, as
arule, are killed by dry heat
in three hours at 140 C., S
and by steam or boiling
water in five to ten minutes, &
although some resist for &
much longer periods. An-
thrax spores are able to
withstand the action of the
ordinary germicides much
better than the bacilli;
thus, a 10 per cent solu- Fig. 51.—Bacilluz anthraciz with =zpores,
Hlon of ersolin dalls anthrax  Citboltuchein find netilene biue -stain;
bacilli in ten to 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 claimed that permanent asporogenous varieties of the
anthrax bacillus have been obtained by various methods, such as
growth in the presence of antiseptics (carbol-broth 1:1000, Roux),!
at high temperatures (42 C., Phisalix),” and under other disadvan-
tageous conditions, and that such nonspore-forming races are in
other respects entirely normal, even to exhibiting a full measure
of virulence. Some of the statements in regard to this matter,

! Roux: Ann. de I'Inst. Past., 1890, 4, p. 25.
2 Phisalix: Archiv. d. Physiol., 1893, 5, p. 217.
18
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however, lack entire corroboration, and it must at present be
regarded as doubtful whether permanently asporogenous but fully
virulent and undegenerate varieties of the anthrax bacilli either can
be artificially produeed or ean exist in nature.

Growth Characteristics.—Upon the ordinary eulture media the
anthrax bacillus grows freely under aérobic conditions and at
ordinary temperatures. In broth, as a rule, no pellicle is produced
on the surface, but a heavy floceulent sediment is formed, the inter-
vening layer of fluid in undisturbed cultures remaining quite elear:
no indol is produced. The appearance of the colonies upon the
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Fig. 52—Deep (a) and surface (b) eolony of anthrax on gelatin plate; x 80
(Flugge).
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surface of gelatin or agar plates is highly characteristie; long, wavy
filaments project from the colony in every direction, and when
viewed under the low power of the microscope, the thickly coiled
masses have been likened to the snaky tresses of Medusa (Figs.
52 and 53). The same tendency to form filamentous outgrowths is
seen in young gelatin stab-cultures, in whieh the “inverted fir-tree”
appearance is of common oceurrence (Fig. 54). Unlike many
pathogenic bacteria (see p. 133) the normal virulent colony is of
the “rough” type, while the much less usual “smooth” colony is

o e B e e A i
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nonvirulent. Gelatin is slowly liquefied. Milk is feebly acidified
and is curdled by a rennet-like ferment, and the casein slowly
peptonized. Dextrose and trehalose are fermented rapidly but
without gas production. Saeccharose, maltose and some other
arbohydrates are fermented less rapidly; lactose, galactose,
mannitol, duleitol, rhamnose and xylose not at all. On potato a
gray, furry growth is produced; spores are often formed in particular
abundance on this medium.

Pathogenicity for the Lower Animals.—In nature anthrax
is primarily a disease of cattle and sheep; horses and swine are sus-
ceptible, but are less commonly affec-
ted. In the German Empire in 1899
the following cases of anthrax were
reported: 3678 cattle, 307 sheep, 282
horses, 61 swine, 6 goats. Wild deer
and other gregarious herbivora are
liable to oeceasional outbreaks. The

Fig. 53.—Bacillus anthracis, impression Fig. 54 —Bacillus an-
preparation, edge of colony; Zettnow prep. thracis, gelatin stab-culture
(Kolle and Wassermanmn). (Hicks).

smaller rodents are very sensitive to inoculation. Rabbits, guinea-
pigs, and white mice are susceptiible in the order named, and are
fatally affected by the subeutaneous introduction of a very small
number of virulent bacilli. The white mouse may guccumb to
inoculation with a single germ of a virulent strain. Carnivorous
animals, although possessing greater resistance than the herbivora,
are nevertheless susceptible, as several epidemies in zoological
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gardens have shown, leopards, lions, pumas, bears, and others
perishing from the disease (Jensen,! Lange).* Certain animals
possess marked natural resistance to anthrax. Rats are quite
resistant, especially the white rat, only about 14 per eent of the
latter dying as the result of inoeulation. The dog is only slightly
susceptible. Birds, especially pigeons, can be infected, but not
easily. Frogs are immune, but toads very suseeptible.

The route by which the germs enter the body exerts an important
influenee in both experimental and natural infection. Subeuta-
neous inoculation is the method most commonly practised in experi-
mental work, and is almost uniformly fatal with the ordinary small
laboratory animals. It
has been frequently stated
that intravenous and
intraperitoneal inocula-
tions are even more con-
stantly and surely fatal
than subeutaneous, buf
late researches east doubt
upon this and indicate
that if great pains be
taken to prevent subcu-
taneous infection during
the course of the opera-
T tion, animals ecan with-
Bacillus anthracis in peritoneal stand the introduction of

Fig. 55.
fluid of a mouse; gentian-vielet; > 1000 a considerable number of

(Friinkel and Pfeiffer). fges .
anthrax bacili direetly

into the ecirculation or into the peritoneum. Feeding experi-
ments show that administration of spore-free cultures even to
highly suseeptible animals is without result, owing to the destruc-
tion 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, such as swine, are with difficulty infeeted through the
alimentary tract. Infection through the respiratory tract is
apparently possible, so far as the experimental results indicate,

! Jensen: Baumgarten, Jahresh., 1801, 7, p. 167 (cited).
* Lange: Hyg. Rundsch., 1901, 11, p. 529.
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although it is probably almost unknown in the lower animals under
ordinary conditions, and the views of experimenters are not wholly
in accord.

In very susceptible animals the disease runs a rapid course and
presents all the characteristics of a typical septicemia (Fig. 55).
Loeal manifestations may be almost entirely absent. Inormous
multiplication of the bacteria takes place in the blood and internal
organs, and sections through the liver or spleen show that the capil-
laries are gorged with masses of bacteria (Fig. 56). The spleen is
of a deep-red color and greatly enlarged, hence the appropriate-
ness of the name splenic fever as applied to this disease in cattle.
The more resistant animal species do not develop this generalized
infection, but the bacteria
remain loealized in an abscess
or carbuncle and fail to spread
extensively through the body.
This is the case in the dog and,
as will be seen presently, in man
also with certain forms of infec-
tion. In this respect anthrax
furnishes an illustration of the
general rule that when a bacter-
ial invasion meets slight resist-
ance from the animal tissues an
abundant multiplication of the Fig. 56.—Bacillus  anthracis,
baeteria oceurs throughout the ?&ﬁ"ﬁipﬁr spleen of mouse; X 500
body, while the possession of
high powers of resistance is accompanied by a pronounced loecal
reaction, Man stands perhaps midway in susceptibility between
the dog and the sheep.

Under natural conditions eattle and sheep are infeeted 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 infect cattle after the lapse of many years (thirty
years). Hides imported from China and other countries where the
disease prevails are not uncommonly contaminated with anthrax
spores: in the United States several outbreaks of anthrax among
cattle with some consequent cases of human infection have been
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traced to the overflowing of pasture land by streams receiving the
drainage of tanneries.!

Cattle may also occasionally be infected by direet contact
through wounds, abrasions, and other injuries to the skin; but
alimentary traet infection is by far the more usual. Anthrax has
been experimentally conveved to susceptible animals by biting flies
of various species that had previously fed on animals dying from
anthrax.”

Pathogenicity for Man.—Three routes of infection of human
beings are known: (a) through the skin, () 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. The persons most
commonly affected are those having to do with eattle and their pro
ducts, such as butchers, shepherds and herdsmen, handlers of hides,
hair, and fleeces. Laboratory infeetions, sometimes fatal, have
been known to oceur with pure cultures of the anthrax baeillus.

In the United States 222 human deaths from anthrax were
recorded in the eight years, 1910-17, The majority of these
oceurred in the three vears, 1915-17, when the interference with the
usual channels of import caused by the Great War, combined with
searcity of labor, led to alessefficient preliminary disinfection of hides
and bristles, and so permitted the introduction of anthrax-contami-
nated articles from parts of Asia and South America. A particularly
striking inerease in anthrax occurred from the use of shaving brushes,
and in a number of instances anthrax baeilli were found in brushes
purchased 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 solution should be kept at a tem-
perature of 110 F. and the brush so agitated as to bring the solution
into contaet with all hair or bristles.

The ecase fatality of anthrax is not exactly known, but is prob-
ably not far from 20 per cent.

(a) Malignant Pustule.—The most common form of anthrax in
the human subjeect is due to skin infection, and usually takes the

! Ravenel: Rept. Amer. Pub. Health Assoc., 1898, 24, p. 302; Russell:
Seventeenth Ann. Rept. of Wisconsin Agr. Expt. Station, 1900, p. 171; Géirtner
and Dammann: Arb. a. d. k. Gesund., 1907, 25, p. 416.

* Mitzmain: Bull. 94, Hvg. Lab., U. 8. Pub. Health Service, June, 1914.
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form of a localized boil or abscess, which often heals spontaneously,
but may progress into a septicemic condition unless checked by
incision or other surgical procedure. The handling of infected
hides or carcasses constitutes the ordinary means of infeetion.
Porters on the London docks, who earry on their naked backs hides
imported from South American or Asiatic ports, sometimes develop
malignant carbuncles as a result of anthrax infection through dorsal
abrasions or scratches. Twenty-five cases of anthrax, due to han-
dling hides imported from China, oceurred in Massachusetts between
March and June, 1916.! Owing to the relatively high resistance of
man, septicemia does not often oceur, especially if the carbuncle be
incised and thoroughly cleansed. Lesions of all sizes may be pro-
duced, from a minute pustule to a large and angry abscess.

(b) Pulmonary Anthrar—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 caused by inhalation of
the spores set floating in the air during the handling and sorting of
wools and fleeces. It is characterized by many of the symptoms
of pneumonia and often passes into a fatal septicemia.

(¢) Intestinal Anthrax—The alimentary tract, although the
usual path of infection in cattle, 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. Such cases have usually
oceurred among workers with animal produets, and have probably
been due to lack of caution in handling food with uncleansed hands.
Insufficiently cooked meat from anthrax-infected animals may also
be a souree of intestinal anthrax.

A provisional diagnosis of anthrax may often be made by simple
microscopic examination of a smear from a malignant pustule, or
in the case of a sick animal from a blood film. Cultures are usually
easily obtained and the diagnosis confirmed by subcutaneous
inoculation of mice with very small amounts of the bacterial growth.
The rapid development of septicemia in animals inoculated with
true anthrax baeilli is highly charaecteristic.

Mode by Which the Anthrax Bacillus Causes Injury to the
Animal Organism.—In the typical form of anthrax septicemia,

! Brown and Simpson: Jour. Amer. Med. Assoc., 1917, 68, p. G08.
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bacilli are found in immense numbers clogging the capillaries, and
apparently by their accumulation hindering the eireulation of the
blood. This fact eaused the theory to be advanced very early that
death in such cases was due to a kind of internal suffocation. 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 cases of anthrax in
man. It might seem from analogy that we should find that the
anthrax bacillus secretes a soluble toxin such as 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 intracellular 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 bacillus damages the animal organism remains
at present a mystery.

Immunity.—Some natural susceptibility to anthrax is possessed
by many animals; the degree of such susceptibility may be height-
ened or diminished by a great variety of factors. Normal suseepti-
bility, for example, may be lessened by the injection of thymus
extract and other organic substances, and also by certain operative
procedures, such as section of the sciatic nerve. Susceptibility may
be increased by a number of physiologic influences, such as altera-
tion of the normal body-temperature, as in Pasteur’s classic experi-
ment with refrigerated fowls (fowls under normal conditions are
immune to inoculation, but sueccumb when chilled). The frog, con-
versely, which is normally without susceptibility, becomes suscep-
tible when kept at a high temperature. Lowering the temperature
of mammals with drugs, such as antipyrine, has a depressing influ-
ence on the power of resistance. Administration of other drugs,
such as aleohol, phloridzin, and chloroform, feeding with unsuitable
or insufficient food, subjection to excessive fatigue, and other factors
all increase susceptibility,

The cause of the high natural immunity to anthrax possessed
by the dog, fowl, and certain other animals has deen the object of
much experimentation. No antitoxin has been pemonstrated in the
blood of naturally immune animals. The boby-fluids of some
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species manifest bactericidal powers toward the anthrax bacillus,
but there is no concurrence between the degree of immunity and the
anthracidal power of the blood-serum. The blood-serum of the
highly susceptible rabbit is strongly baetericidal outside the body,
but anthrax bacilli injeeted into the circulation 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' attempted to explain the absence of bactericidal power
in the drawn blood of the latter animals by supposing that the
constituent known as the complement, which, within the dog, is
supplied by the leukocytes, is lacking in the drawn blood. As
evidence of this, they show that addition of a suitable complement
to dog's serum, either in the guise of rabbit serum or of canine
leukoeytes, 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 investiga-
tion must determine how far this view is correet.

The share of phagocytosis in natural immunity is likewise under
discussion. As shown by Hektoen,® it is highly probable that the
natural immunity of the dog is due to phagoeytosis. The destrue-
tion of virulent 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 sensitizing substance which prepares the bacilli
for the onslaught of the phagoeytes. Other experimental evidence
for this view is contained in the artiele just eited.

Vaccination against Anthrax.—Animals naturally susceptible
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 subcutaneous inoculation of attenuated
cultures. Two vaccines were used. The ““first vaccine” con-
sisted of a broth culture whose virulence was so greatly diminished

1 Bail and Petterson: Centralbl. f. Bakt., I, Orig., 1903, 33, p. 750.
* Hektoen: Jour. Amer. Med. Assoc., 1906, 46, p. 1407,
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by heat that it would no longer surely kill guinea-pigs, although it
was still fatal for white mice. After twelve days a second inocu-
lation was made with the “second vaceine,” which was of such a
strength that it would kill guinea-pigs but not rabbits. Following
inoculation with these two vaccines, a fully virulent culture could
be injected with impunity. In spite of some accidents due to the
use of imperfeetly standardized vaceines, this method of protective
inoculation has proved, on the whole, of great practical value. In
France 30,000 to 50,000 eattle and horses and 250,000 to 350,000
sheep are vacecinated annually. It is estimated that many thou-
sands of animals are saved by this procedure. Aetive immunization
of rabbits and guinea-pigs can also be effected by the injection of
attenuated cultures, but with much greater difficulty.

The simultaneous inoculation of anti-anthrax serum and a spore
vaceine (Sobernheim’s method) has been quite extensively practised
in the United States in distriets where anthrax is prevalent. The
method is not without risk to the animals treated.

The serum of actively immunized animals contains specific
protective substances. Inoculation with the blood-serum of an
actively immunized animal confers some degree of protection
against anthrax infection, and in the hands of Sobernheim,! Sclavo,?
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 baecilli have already entered the
circulation. Very favorable reports of the use of Selavo’s serum
in eases of anthrax in man have come from Italy and from South
America. Eichhorn’s serum® has been used with success in a
number of human eases in the United States.

The mechanism by which the protective serum exerts its action
is not certainly known. With our present knowledge, perhaps
the most reasonable view is to regard anthrax immunity as a
phagoeytic immunity and the function of the immune serum as
sensifizing or opsonic.

Bacillus subtilis.—The common bacillus of hay infusion, B.
subtilis, is culturally and morphologically very similar to B.

1 Sobernheim: Ztschr. f. Hyg., 1807, 25, p. 301; Centralbl. f. Bakt., I,
1899, 25, p. 840,

2 Belavo: Centralbl. f. Bakt., 1899, 26, p. 425.

! Eichhorn: Jour. Agr. Res., 1917, 8, p. 37.
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anthracis. The spores, however, germinate equatorially instead of
at the pole. A heavy tenacious pellicle is formed in broth cul-
tures; gelatin and ecasein 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
“nonpathogenic’ organisms. The first report of any pathogenie
power on the part of this germ was made by Charrin and de Nittis,!
who cultivated B. subtilis upon blood-media and passed it through
animals until it had acquired considerable virulence. The hay
bacillus is also eapable of producing spontaneous infection in man,
as shown by Baenziger and Silberschmidt,” who found the organism
in pure culiure in a case of panophthalmitis following penetration
of the cornea by a piece of steel. They reproduced the dizease
in rabbits and regained the organism. Later Silberschmidt®
and others?! described several such cases (Fig. 57). 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,

Before methods of studying
bacteria had become as elabor-
ate and well tested as they now
are, the close resemblance of B.
subtilis and B. anthracis led to
a belief that these organisms
were simply closely related vari-
eties and could be transformed Fig. 57.—Bacillus subtilis from

2 : panophthalmitis; agar colonies; X 30
one into the other. Buchnerin [ Axenfeld).

1880 maintained that he had

suceeeded in changing the virulent anthrax bacillus into the com-
mon hay bacillus and vice versa. His assertions seem to have been
based largely upon the faet that the anthrax bacillus may be attenu-
ated or made less virulent by a variety of methods, and also upon an
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1 Charrin and de Nittis: Compt. rend. Soe. de biol., 1897, 49, p. 711.

*Baenziger and Silberschmidt: Bericht der ophthal. Gesellschaft, Heidel-
berg, 1902,

! Silberschmidt: Ann. de I'Inst. Past., 1903, 17, p. 268,

i Kayser: Centralbl. f. Bakt., I, Orig., 1903, 33, p. 241; Kneass and Sailer:
Univ. Penn. Med. Bull., 1902, 16, p. 131.
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insufficient knowledge of the biologic differences between the two
species,

The so-called “ potato baeillus” (B. mesentericus or B. vulgatus)
and a number of other aérobic spore-bearing baeilli, such as B.
mycoides (or B. ramosus) and B. megatherium, found in water
and soil may be ranked in the B. subtilis group. Some of these
bear a close resemblance to the anthrax bacillus and have been called
by such names as “B. pseudoanthracis” or “B. anthracoides.”
The whole group is in need of more thorough study and subdivision.



CHAPTER 14
CORYNEBACTERIUM (THE DIFPHTHERIA BACILLUS)!

Genus: Corvnebacterinm.  Gram-pogitive rod-like forms, slender and
often slightly curved. Club-shaped forms? frequently observed, and branching
forms present in old eultures. Staining irregular, often in segments giving a
barred appearance. Nonmotile. Aérobie. No spores. Powerful exotoxin
produced by some species. Type speecies: Corynebacterium diphtheriae.

Tue discovery of the bacillus of diphtheria and the study of this
organism and its products have profoundly affected both the mode
of treatment of the disease and the manner of combatting its spread.

(1) Early recognition of the real nature of a throat infection is
necessary for proper treatment, and we are now able to distin-
guish with certainty the highly dangerous class of throat affections
caused by the diphtheria bacillus from elinieally similar but less
dangerous anginas that are due to a different cause. In a word,
the finding of C. diphtheriae enables a correct diagnosis to be made.
(2) Investigation of the physiologic properties of the diphtheria
bacillus has led directly to the discovery of diphtheria antitoxin,
a specific remedy of unquestioned value. (3) By systematic
baeteriologic examination of the throats of convaleseents it is pos-
sible for health officials to discover the existence of carriers and to
fix the term of necessary quarantine with much more preecision than
formerly. The power to do this is an invaluable aid in limiting
the spread of the disease. (4) Inoculation of a minute amount
of toxin into the skin (Schick test, p. 309) makes it possible to
distinguish susceptible children from resistant; the former ean then
be protected against diphtheria by a toxin-antitoxin mixture.

1The best monograph on diphtheria is that issued by the British Medical
Research Council, London, 1923, pp. 544.

2 The generic name Corynebacterium (Greek xopien, a club) was bestowed
on the diphtheria bacillus by Lehmann and Neumann in 1896, and was adopted
in the classification of the Committee of the Society of American Bacteriologists.
Beventeen species including the acne bacillus, the bacillus of pseudotubereulosis
in guinea-pigs, the xerosiz bacillus and other diphtheroids are included in this
genus in the 1930 edition of Bergey’s Manual.
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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.% Loffler succeeded in obtaining in
pure culture from a number of cases of diphtheria the bacillus seen
by Klebs. Although Léffler’s observations favored the view that
the bacillus thus cultivated was the cause of diphtheria, Loffler
expressly disclaimed the assumption that this was actually the ease,
largely on the ground that the bacillus was not found in all cases
of clinical diphtheria, while, on the other hand, it had been found
: by him in the throat of a perfectly
healthy e¢hild. The significance of
such findings is now more clearly
understood. A similarity of clinical
symptoms does not always betoken
causal identity. So far as the loecal
manifestations are concerned, strep-
tococei ean produce a condition
apparently indistinguishable from
that in whieh the Klebs-Liffler baeil-

Fig. 58.—Corynebacterium lus is found. ~ Again, it is now known
diphtheriae, fifteen-hours blood- that the diphtheria bacillus is oceca-
ﬁflz'm},ilfl'[],l.ll;',;;"gmll;_-";’ﬂ1&,35;:??“3;:: sionally present in the healthy throats
Journal of Medical Research).  of persons associated with diphtheria

patients. Continued investigation
by wvarious 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 toxin which was capable of reproducing with singular
fidelity the characteristic symptoms and lesions.

Morphology.—The diphtheria bacillus is a slender rod ranging
from 1 x to about 6 x in length. When stained with Liffler’s meth-
ylene-blue, it usually presents a beaded, striated, or granular
appearance, which is so characteristic that by simple microscopieal
examination a trained observer ean recognize with some degree of

! Klebs: Verhandlungen des Congresses f. innere Med., 1883.
* Loffler: Mitt. a. d. k. Gesund., 1884, 2, p. 421.
* Roux and Yersin: Ann. de I'Inst. Past., 1888, 2, p. 629.
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certainty the Klebs-Loffler bacillus in cultures from a suspicious
throat (Fig. 58). In preparations made direetly from the false mem-
brane the uneven staining of the cell protoplasm is less noticeable
than in preparations from cultures. Club-shaped forms are some-

times observed in films made from the
membrane, but less frequently than in
films from nutrient media; in the latter,
bacilli with swollen and deeply stained
ends are, as a rule, abundant (Fig. 59).
Bacilli containing metachromatie gran-
ules are commonly observed in cultures
derived directly from eclinical cases.

Many recent observers recognize differ-
ent morphologic types of C. diphtheriae.
In the nose and throat of both healthy

and diphtheritic persons diphtheria

gty

Fig. 59.—Corynebacterium
diphtheriae; blood-serum cul-
ture showing clubbed ends
and irregular staining; methy-
lene-blue; x 1100 (Park).

bacilli, known as the “barred” and “solid " types, are found (Wes-

brook)! (Fig. 60).

The distinetion is based upon a difference in

behavior toward stains. The protoplasm of the so-called “solid”
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Fig. 60.—Wesbrook’s types of Corynebacterium diphtheriae: a, ¢, d, granular
types; al, ¢!, d*, barred types; a*, ¢* o3, sohid types; > 1500.

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

1 Weshrook, Wilson, and MeDaniel: Trans . Assoc. Amer. Physicians, 19003
see also Gorham: Jour. Med. Res., 1901, 6, p. 201.
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barred or striated type is said to be frequently present on the con-
junctiva, and when isolated from a form of conjunetivitis known as
xerosis, is usually denoted as the rerosis bacillus. The term xerosis
bacillus has, however, been loosely used, and a number of different
kinds of organisms have probably been given this designation.
There is no convincing evidence that the ‘““xerosis bacillus’ can
cause conjunctivitis or that it is pathogenic in any way. It is
stated that barred forms are sometimes the only type found in
clinieal diphtheria, but this condition appears to be very rare. The
relation of the solid type to clinieal diphtheria is still obscure. By
some authorities the solid forms are classed as pseudodiphtheria
bacilli and are not regarded as capable 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 clinically
characteristic diphtheria. Several observers report that during
convalescence the granular type is gradually replaced by the solid, a
fact that has been regarded as pointing to a gradual morphologic
alteration brought about by the influence of the body-fluids of an
immune individual.’

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

The diphtheria bacillus exhibits a marked tendeney to the pro-
duction of involution forms. These oceur with special abundance
in cultures on artificial media, as on blood-serum after five to seven
days. The biologic significance of the appearance of involution
forms as well as of branching forms among the diphtheria bacilli and
certain other groups of bacteria is not at present understood.

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

* Hill: Jour. Med. Res., 1902, 7, p. 202.
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(Gins' has modified Neisser’s granule stain for diphtheria bacilli,
using Lugol’'s solution after Neisser's solution No. 1 (p. 56).
Scheller® recommends lengthening the action of each stain by from
ten to fifteen seconds. When this staining method is applied to
cultures grown upon Léffler's serum the method gives fairly good
results, and undoubtedly aids in diagnosis; but it does not permit
the sharp distinetion to be made between diphtheria and pseudo-

Fig. 61.—Diphtheria bacilli (from photographs taken by Prof. E. K.
Dunham, Carnegie Laboratory, New York): a, diphtheroid; b, true diphtheria
bacillus; e, diphtheroid.

diphtheria bacilli that was originally eclaimed for it. Many other
special methods of staining this organism have been employed with
more or less success, but few of them are so satisfactory as the long-
used Loffler methylene-blue (see p. 51).

Cultural Characteristics.—The diphtheria bacilius grows fairly
rapidly upon appropriate nutrient media, provided a suitable tem-

perature—not lower than 19 C.—be maintained. The optimum

Y Gins: Deut. med. Wehnschr,, 1913, 39, p. 502,

*Scheller: Kolle and Wassermann, Handbuch, 2nd ed., Ergiinzungsband
2, p. 107,
P
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is about 37 C. The reaction of the medium is a feature to which
this organism is peculiarly sensitive, a P, of about 7.8-8.2 being
most suitable both for growth and for toxin produection. An
abundant oxygen supply is likewise a requisite. The blood-serum
medium recommended by Loffler is ordinarily employed for isola-
tion. Liéffler’s serum consists of a mixture of three parts of calf or
sheep serum with one part of 1 per cent dextrose broth. On this
medium the diphtheria baeilli 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 films made from
these colonies diagnosis is almost invariably possible. Other
organisms that mu,:,r have been present in the throat or in the false
s membrane are usually outstripped
by the diphtheria bacillus in
growth on Liffler's serum. Upon
ordinary nutrient gelatin and
agar the diphtheria baeillus is also
able to develop, but less luxuri-
antly; gelatin is not liquefied by
the growth. The surface eolonies
on agar, when viewed with a low
magnification, are coarsely granu-
lar and somewhat irregular in out-
Fig. 62.—Corynebacterium diph- line, with ragged or fringed edges
theriane  colonies  on gII}LErul -agar, (Tigs. 61 and 62). In milk abun-
twenty-two hours old; X 39 (Heim). ] :

: dant growth with feeble aecid
reaction oceurs, but no curdling 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 encoun-
tered 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 C. diphtheriae; indol is not produced. Broth cul-
tures possess hemolytic power for rabbit corpuscles; this property
is not present in the filtrate,

Resistance.—In growths upon the ordinary culture media the
bacillus may retain its vitality for a long time. On agar it may
live for six to eight weeks; on ordinary blood-serum, five to six
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months: and on dextrose blood-serum (Beck),! twelve to fifteen
months. Although virulence ordinarily becomes lessened in cul-
tures, many strains conserve their full virulence under prolonged
cultivation. Loffler has recorded one instance where virulence was
maintained during 77 transfers, covering a period of twenty-seven
months. 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
Friinkel,® 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 surfaces
are a favorite site for the growth of the diphtheria bacillus. Swab-
bing the throats of adult humans volunteers with a pure culture of
the diphtheria bacillus has been followed promptly by cases of
clinical diphtheria.?* The pharynx is the locality most commonly
affected, but diphtheria of the larynx or membranous croup, and
nasal diphtheria or membranous rhinitis, are by no means infre-
quent. The nose probably often serves as the portal of entry.
Diphtheria of the conjunetiva sometimes oceurs as the result of a
diphtheritic patient coughing or sneezing into the eyes of the
attendant physician or nurse. Diphtheritie infection of the middle
ear i not uncommon. Infection of the mucous surfaces of the
genital organs is occasionally met with. Primary infection of the
lungs may oecasionally oceur, but is very rare. Apparently simple
“colds” are sometimes due to the diphtheria baecillus. Although
the diphtheria bacillus sometimes finds its way into the general
circulation and gives rise to septicemia, it remains, as a rule, con-
fined to the mucous surfaces. The symptoms and lesions produced
are due partly to the presence of the baeillus and partly to its toxin.
The chief loeal consequence of infection is a degeneration 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, leuko-
eytes, and bacteria, is formed on the affected surface. The diph-

I Beek: Kolle and Wassermann, Handb. d. path. Mikrodrg., 2nd ed., 1913,
2, p. T71.
? Brieger and Frinkel: Berl. klin. Wehnsehr., 1890, 27, p. 241.

# Guthrie, Marshall and Moss: Bull. Johns Hopkins Hosp., 1921, 32, p. 369.



202 CORYNEBACTERIUM (THE DIPHTHERIA BACILLUS)

theria toxin doubtless has a share in the formation of the membrane,
but the most serious injuries that it causes are the systemic lesions
due to its absorption. Diphtheria is a typical toxemia. The most
severe lesions are produced in the heart, nerves, and kidneys. A
variety of lesions may be found in the kidneys, acute interstitial
nephritis being the most common. It is an old observation that
albumin is present quite often in the urine of diphtheria patients;
there is therefore no reason for attributing this symptom to the
administration of diphtheria antitoxin: as & 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 muscle-fibers, which may
be very extensive. Fatty degeneration 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 cardiac weakness often observed
in diphtheria, and also the frequent oceurrence of the more or less
extensive paralysis which so commonly follows a diphtheritie
attack. Here too lies the explanation of the sudden fatal termina-
tion of many cases of diphtheria regarded as “mild” or even not
recognized as true diphtheria. A small amount of toxin ean prob-
ably cause extensive damage to vital tissues. ‘‘A patch of mem-
brane the size of a thumb-nail on the tonsil may generate sufficient
toxin to cause death” (MeCollom).!

Animal Inoculations.—Both the general and loecal symptoms
of diphtheria ean be reproduced by animal inoculation. Guinea-
pigs are readily killed by subeutaneous injection of a yvoung broth
culture, death usually occurring within two or three days after
they are inoculated with a few drops of a twenty-four-hour broth
culture of a virulent strain. Nephritic symptoms, paralytic mani-
festations, and other characteristic features of human diphtheria
have been observed in the guinea-pig and other animals. An
enlarged and hemorrhagic condition of the adrenals characterizes
diphtheritic intoxication in guinea-pigs. Paralytic manifestations
appear more frequently in dogs and in pigeons than in guinea-pigs
or rabbits. As a rule, the bacilli remain localized and are not found
in large numbers in the internal organs of the infected animals.
Inoculations upon the healthy mueous membrane of most adult

! MeCollom: Osler's “ Modern Medicine,” Phila., 1907, 2, p. 411.
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animals lead to no changes, but if young animals be injected intra-
tracheally or if the mucous surface be injured before inoculation a
characteristic false membrane is produced. The membrane pro-
duced experimentally is histologically identical with that found
in cases of human diphtheria. Animals vary considerably in their
susceptibility to infeetion. Rats and mice are relatively refractory;
rabbits are less susceptible than guinea-pigs; eats, dogs, and pigeons
are highly suseeptible. Baeilli introduced into the alimentary traect
have no pathogenic effect, owing doubtless to their inability to
effect a lodgment on uninjured epithelial surfaces. The bacilli are
never found in any considerable abundance in the blood, and they
appear only exceptionally to invade the tissues; injury to the
organism, as a rule, results from the absorption of the toxin formed
in the false membrane 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 diphtheria
baeillus, is commonly made by injecting 1 ce. of a forty-eight-hour
broth eulture into each of two guinea-pigs. One of the animals is
injected at the same time with 50 to 100 unifs of diphtheria anti-
toxin. If the eulture contains a true toxin-produeing diphtheria
bacillug 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 suspended in 1
ee. 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 ce. One-tenth of a cubic centimeter of the
suspension is injected into the skin of the abdominal region of a
guinea-pig. The animal is observed for three days or until charac-
teristic lesions—necrosis of the superficial layer of the skin—
develop. Four to six eultures may be tested on one animal.

The Diphtheria Toxin.— When C. diphtheriae is grown in ordi-
nary nutrient broth under suitable conditions a soluble toxin is
formed which diffuses out from the bodies of the living baeilli into

1 Havens and Powell: Amer. Jour, Hyg., 1922, 2, p. 237; Bull and McKee:
Amer. Jour. Hyg., 1923, 3, p. 103.
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the surrounding medium. The toxin is present in hardly dimin-
ished strength in the sterile filtrate of a broth culture. A persistent
acid reaction interferes with the formation of toxin, and hence, if
sugar is present in the broth in considerable quantity, the acid pro-
duced by its fermentation hinders materially the aceumulation of
toxin. The most favorable reaction is P, 8.0 or slightly below,
In order to obtain maximum toxin production, the earlier experi-
mental procedures involved passing a eurrent of air over the surface
of broth eultures, the purpose of this being to facilitate the oxida-
tion of the acid produects of growth. The use of broth freed from
musecle-sugar (p. 32) renders this deviee less essential, although
the free access of air to the cultures is still recognized as important.
The broth for toxin production should be a thin layer in a wide-
mouthed flask. The addition of a very small amount of dextrose,
not exceeding 0.2 per eent, to broth previously freed from musele-
sugar favors toxin production.! Other conditions, such as a tem-
perature of about 36 C. and an abundance of peptone (2 per cent
Witte's peptone), or other albuminous substances and a well-
developed surface growth, favorably influence toxin produection.
The toxieity, as a rule, attains a maximum in about five to ten days,
depending upon the race used. Different races of diphtheria
baeilli vary strikingly in their toxin-forming power. Certain strains
that have been found to yield constantly an especially potent toxin
are in widespread use in establishments that manufacture diphtheria
antitoxin. Some of these strains generate so powerful a toxin that
0.001 ce. of a filtered broth eulture proves fatal to a guinea-pig, while
other strains may generate so little that several cubic eentimeters
are necessary to produce a fatal result. In all cases toxin production
depends largely on the conditions of eultivation. Even highly toxi-
genie strains may not produee toxin in an unsuitable environment.

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.). Direct
sunlight causes a complete loss of toxicity within a few hours.
When the toxin is kept in the dark and in cold storage, it may retain
its activity for a long period—according to Abba® as long as two
years. HRoux and Yersin?® showed that the addition of a small

! Smith, Theobald: Jour. Exper. Med., 1899, 4, p. 373.
* Abba: Centralbl. f. Bakt., 1898, 23, p. 934.
* Roux and Yersin: Ann. de I'Inst. Past., 15589, 3, p- 273.
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amount of acid to a toxic filtrate caused the toxic property to dis-
appear, but that if the acid were not allowed to act too long, the
toxicity was regained on restoring the original reaction. The toxic
body is precipitated by aleohol and by caleium chloride, ealeium
phosphate, ammonium sulfate, and other protein precipitants, 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, glycerol, and some simple mineral
salts.*

The toxin in some respects resembles an enzyme, but there are
objections to the view that it is itself an enzyme. Such are its
relatively high resistance to heat, the direct relation between the
amount of toxin and the toxie effect produced as compared with
the unlimited capabilities of true enzymes (Behring),” and other
features not in harmony with the ordinary conceptions of enzymes.

The effects produced in animals by inoculation with a sterile
diphtheria toxin are wonderfully similar to those produced by
infection with living bacilli, save that no false membrane is formed
by the toxin alone. The other symptoms that are evoked are
practically identical whether bacilli or toxin be employed. The
histologic lesions which oceur in the heart and other organs, and are
found both in eases of human diphtheria and in animals inoculated
with diphtheria bacilli, are reproduced by the germ-free toxin.
There is no escape, therefore, from the conclusion that in diphtheria
the chief injury to the animal organism is brought about by the
aetion of a potent poison which is secreted during the life of the baeil-
lus and diffuses from the bacterial cell into the surrounding medium.
Under certain conditions the human throat affords a lodging-place

I Guinochet: Archiv. de méd. exp., 1892, 4, p. 457.

2 Maver (Jour. Infect. Dis., 1930, 47, p. 384) obtained the most satisfactory
results with the following modification of the medium used by Braun and
Hofmeier (Klin. Wehnsehr., 1927, 6, p. 699): sodium sulfate, 5 grams; mono-
potassium phosphate, 0.5 gram; ammonium sueeinate, 5 grams; sodium acetate,
5 grams; magnesium sulfate, 0.05 gram; dipotassium phosphate, 1.75 grams;
evstine, 0.5 gram; glveine, 0.5 gram; water, 1000 ce.  The most potent toxin
obtained had a minimal lethal dose of 0.1 ce. and a skin test dose of 0.0001 ce.

 Behring: ** Geschichte der Diphtherie,” Leipzig, 1893.
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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, whenee it passes into the under-
lying tissues and diffuses through the body, eausing injury to certain
tissue cells for which it possesses a speeial ehemical affinity, is a
supposition quite in accord with all the observed faets.

Diphtheria Antitoxin.—Behring and Kitasato,” in 1890, found
that the serum of rabbits immunized against diphtheria and tetanus
by inoculation first with attenuated, then with virulent, cultures,
contained a substance capable of neutralizing the effects of infeetion
or intoxication in other animals. The action was found to be
specific. The practical 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.> The
active principle in the blood and blood-serum is still chemically
unknown, but from its neutralizing power it has been designated
the diphtheria antitoxin.

Small nonfatal doses of toxin injected into the suseeptible body
are as effective in producing antitoxin as inoculation with the bacilli
themselves. The amount of antitoxin that appears in the blood
increases up to a certain point in proportion to increasing doses of
the toxin, but the physiologie eapacities of each individual animal
limit the total amount of antitoxin produced. The antitoxic sub-
stance persists in the blood or blood-serum for a considerable period
after the blood is drawn. Tt has been shown that the serum
obtained from an immunized 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, are treated in the chapter on
Immunity (p. 157).

In the preparation of diphtheria antitoxin on a large scale certain
procedures are generally followed. Horses have been found

! Behring and Kitasato: Deut. med. Wehnschr., 1890, 16, pp. 1113, 1145;
also Behring: * Die Blutserumtherapie,” Berlin, 1902,

2 For references to these see Roux and Martin: Ann. de 'Inst. Past., 1804,
N, p. 609,
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especially suited for antitoxin produection, both on aecount of their
size and their relative tolerance to the treatment with toxin. As
a rule, gradually inereasing quantities of toxin are injected into the
subeutaneous tissues 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 in every large establishment. When
the antitoxin in the blood reaches a desirable potency, for example,
if the blood contains over 300 units per cubic centimeter, blood is
drawn from the jugular vein into sterile glass jars and allowed to
clot; from five to eight liters may be drawn at a time without injury
to the animal, and bleeding may be repeated as often as once a
month. The serum that separates from the clot is drawn off asepti-
cally. It is then usually filtered through a Berkefeld filter, proteeted
against eontamination by the addition of earbolie acid, chloroform,
or trieresol, tested and standardized, and bottled or placed in
syringes as the diphtheria antitoxin 