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PREFACE TO THE FIRST EDITION

THE volume here presented is primarily a treatise on the funda-
mental laws and technique of Bacteriology, as illustrated by their
application to the study of pathogenic bacteria.

So ubiquitous are the bacteria and so manifold their -activities
that Bacteriology, although one of the youngest of sciences, has
already been divided into special fields—Medical, Sanitary, Agricul-
tural, and Industrial—having little in common, except problems of
general bacterial physiology and certain fundamental technical pro-
cedures.

From no other point of approach, however, is such a breadth of
conception attainable, as through the study of bacteria in their rela-
tion to disease processes in man and animals. Through such a
study one must become familiar not only with the growth character-
istics and products of the bacteria apart from the animal body, thus
gaining a knowledge of methods and procedures common to the study
of pathogenic and non-pathogenic organisms, but also with those
complicated reactions taking place between the bacteria and their
products on the one hand and: the cells and fluids of the animal body
on the other—reactions which often manifest themselves as symptoms
and lesions of disease or by visible changes in the test tube.

Through a study and comprehension of the processes underlying
these reactions, our knowledge of cell physiology has been broadened,
and facts of inestimable value have been discovered, which have
thrown light upon some of the most obscure problems of infection
and immunity and have led to hitherto unsuspected methods of
treatment and diagnosis. Thus, through Medical Bacteriology—that
highly specialized offshoot of General Biology and Pathology—have
been given back to the parent sciences and to Medicine in general
methods and knowledge of the widest application.

It has been our endeavor, therefore, to present this phase of our
subject in as broad and critical & rhanher us possible in ke sectiors
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vi PREFACE

dealing with infection and immunity and with methods of biological
diagnosis and treatment of disease, so that the student and practi-
tioner of medicine, by becoming familiar with underlying laws and
principles, may not only be in a position to realize the meaning and
scope of some of these newer discoveries and methods, but may be
in better position to decide for themselves their proper application
and limitations. '

We have not hesitated, whenever necessary for a proper under-
standing of processes of bacterial nutrition or physiology, or for
breadth of view in considering problems of the relation of bacteria
to our food supply and environment, to make free use of illustrations
from the more special fields of agricultural and sanitary bacteriology,
and some special methods of the bacteriology of sanitation are given
in the last division of the book, dealing with the bacteria in relation
to our food and environment. i

In conclusion it may be said that the scope and arrangement of
subjects treated of in this book are the direct outcome of many years
of experience in the instruction of students in medical and in advanced
university courses in bacteriology, and that it is our hope that this
volume may not only meet the needs of such students but may prove
of value to the practitioner of medicine for whom it has also been
written.

It is a pleasure to acknowledge the courtesy of those who furnished
us with illustrations for use in the text, and our indebtedness to Dr.
Gardner Hopkins and Professor Francis Carter Wood for a number
of the photomicrographs taken espeoially for this work.
P.H.H, Jr,
H. Z.



PREFACE TO THE SECOND EDITION

INQUIRY in the field of bacteriology is so active at the present day
that no general text-book can maintain its usefulness long without
frequent revision. In preparing the second edition of this book it has
been our purpose to correct omissions and to incorporate the more im-
portant researches of the last three years, rather than to alter exten-
sively the plan of the text. From the wealth of material which these
years have brought, we have attempted to glean those facts which
have seemed to us most important and most directly bearing upon
medical problems, since this book was planned, from the beginning, to
meet especially the needs of the student of infectious disease.

The most extensive changes and additions have been made in the
chapters on streptococci, tuberculosis, plague, leprosy, syphilis, rabies,
and poliomyelitis. Short sections on typhus fever, on the plague-
like disease of rodents, and on rat leprosy have been added, and we have
inserted a tabulation of our knowledge of filtrable virus, adapted
largely from the summary recently published by Wolbach. The Ander-
son and McClintic method for the standardization of disinfectants,
and Churchman’s recent work on anilin dyes and bacterial growth,
have been added. Many minor corrections and additions have been
made throughout the text. In preparing these changes, valuable as-
sistance has been given us by Dr. J. Gardner Hopkins, Associate in
- Bacteriology at Columbia University, and many helpful suggestions
have been made by Drs. Dwyer and Bliss.

It has been gratifying to note how much of the work which seemed
to us particularly valuable and enlightening has emanated, during these
three years, from American laboratories.

We have purposely omitted making any extensive changes in the
section on immunity. The function of this part of the book is to give
the beginner a basis for further reading and introduce him, as simply as
possible, to the difficult problems of the field. We have felt that the
addition of much more detail and theory would render this section un-
suited to the needs of a general text-book.

It is a sorrowful necessity that this revision must be put forth with-
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_ viii PREFACE TO THE SECOND EDITION

out the wise counsel of one of its authors. Since the first edition of this
book was published Prof. Philip Hanson Hiss, Jr., has died. By his
death we have lost a dear friend and a valued teacher, and American
bacteriology has-been deprived of a worker who was entering into the

most brilliant period of his scientific maturity.
H. Z.

Nzw York, 1914



PREFACE TO THIRD EDITION

The need for a new edition of the Text Book has offered a welcome
opportunity for the addition of the many new facts revealed by investi-
gation during the last two years. A thorough revision of the entire
book has incidentally been made since experience with it in teaching,
the questions of students, and the comments of associates have in-
dicated sections, here and there, in which slight changes, elabora-
tions or omissions, would add to clearness and simplicity. In this, as
in the choice of new material, the writer has again been guided chiefly
by the desire to enhance the practical usefulness of the treatise for medi-
cal students and workers interested primarily in infectious diseases.

In the section on Biology and Technique, the changes have been
relatively few. To the chapter on culture media, there have been added
Kendall’s modification of Endo’s medium, Petroff’s media for tubercle
bacillus cultivation, Krumwiede’s brilliant green medium, and Russell’s
double sugar medium. Many other minor, yet, in our opinion impor-
tant, alterations have been made in this chapter, but throughout the
book only such methods have been added as have been found to be
actually useful in our own practice or in that of our associates.

The section on Immunity has been very thoroughly revised in order
to keep within the same small space a more accurately modern pres-
entation of this complicated subject. It has not, of course, been possible
to cover this field as thoroughly as it might be covered in a volume
separately devoted to the subject, but the outline here given is intend-
ed mainly to furnish a sound foundation for further study.

In the chapter on the pathogenic microdrganisms themselves, the
most extensive changes have been necessary in the pneumococcus sec-
tion and in the one on treponema pallidum. However, all the chapters
have been revised with care and many small additions and omissions
made where new facts and the revision of older opinions have made this
desirable.

H. Z.
College of Physicians and Surgeons, Columbia University, N. Y.
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PREFACE TO THE FOURTH EDITION

The most important change incorporated in the fourth edition of
our Text-Book is the section on Pathogenic Protozoa written by
Major Frederick F. Russell, of the Medical Corps of the United
States Army. When the firet edition of this book was written the ad-
dition of a section on Protozoa was seriously considered, but was
finally omitted because it was the desire of both the writers at that
time that nothing should go into the book that could not be based
on personal knowledge, and, since neither the late Dr. Hiss nor the
undersigned had worked systematically in the field of protozodlogy,
it was thought better to limit the book to our own field of bacteriology.
The book has since then gone through three editions and it has be-
come more and more apparent that it has found its greatest useful-
ness as a text-book for medical students and a reference book for
physicians and laboratory workers. For these purposes, however,
it has had the serious defect of giving no information about such
microorganisms as the malaria plasmodia, the trypanosomes and
other pathogenic microorganisms, which, though technically protozoa,
are necessary objects of interest to all medical laboratory workers.
It has appeared to us, therefore, that the practical value of the book
would be greatly enhanced by the addition of a short treatise on the
protozoa, if written by someone who had been in touch with this field,
rather from the practical medical point of view than from that of the
zodlogist. Major Russell has kindly consented to supply this de-
ficiency in a section which makes no claim to zoological complete-
ness, but is written with the definite purpose of giving medical
workers concise information concerning the important pathogenic

Xt
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xii PREFACE TO THE FOURTH EDITION

species, with especial counsideration of their common occurrence, t
methods of their detection and recognition, and correlation to t.
diseases which they incite.

In other respects the book has been thoroughly gone over. In tk
section on Biology and Technique a few methods, which we ourselve
have found it unnecessary to use, have been omitted. A few othe
methods have been added and a few of the most useful ones ampli
fied. Minor changes have been made in the section on Immunity.
The chapter on Streptococcus has been revised and considerable addi-
tions and changes have been made in the chapters on the Paratyphoid
and Typhoid Bacilli. The more recent work on the Schick Test and
on the Determination of Virulence of the,Diphtheria Bacillus has
been inéprporated. Minor changes have been made in the sections
on Bacteria in Water and Milk.

Altogether it has been attempted to bring the material up to date,
especially in those features in which we think its greatest usefulness
lies, namely, as a guide fgr the actual performance of bacteriological
work. It is a pleasure again to acknowledge the valuable assistance
of Prof. J. G. Hopkins in correcting and rearranging the book.

Hans Zinssgr.
College of Physicians and Surgeons,

Columbia University,
New York City.
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SECTION I

THE GENERAL BIOLOGY OF BACTERIA AND THE
TECHNIQUE OF BACTERIOLOGICAL STUDY °

CHAPTER 1

THE DEVELOPMENT AND SCOPE OF BACTERIOLOGY

As we trace back to their ultimate origins the lines of development
of living beings of the animal and plant kingdoms, we find them con-
verging toward a common type, represented by a large group of uni-
cellular organisms, so simple in structure, so unspecialized in function,
that their classification in either the realm of plants or that of animals
becomes little more than an academic question. However, even such
microorganisms, in which the functions of nutrition, respiration, loco- -
motion, and reproduction are concentrated within the confines of a
single cell, and in which adaptation to special conditions more readily
brings about modifications leading to the production of a multitude of
delicately graded transitional forms, fall into groups which, either in
structure or in biological attributes show evidence of a tendency
toward one or the other of the great kingdoms.

Most important of these unicellular forms, for the student of medical
science, are the bacteria and the protozoa.

The former, by reason of their undifferentiated protoplasm, their
occasional possession of ccllulose membranes, their biological tendency
to synthetize, as well as to break down organic compounds, and because
of the transitional forms which seem to connect them directly with the
lower plants, are generally placed in the plant kingdom. The latter,
chiefly on the basis of metabolism, are classified with the animals.

Knowledge of the existence of microorganisms as minute as the
ones under discussion, was of necessity forced to await the perfection of
instruments of magnification. It was not until the latter half of the
seventcenth century, therefore, that the Jesuit, Kircher, in 1659, and
the Dutch linen-draper, van Leeuwenhoek, in 1675, actually saw and

1 .



2 BIOLOGY AND TECHNIQUE

described living beings too small to be scen with the naked eye. There
can be no doubt that the small bodies seen by these men and their many
immediate successors were, at least in part, bacteria. And indeed the
descriptions and illustrations of several of the earliest workers cor-
respond with many of the forms which are well known to us at the
pregent day.

During the century following the work of these pioneers, the efforts
of investigators lay chiefly in the more exact morphological description
of some of the forms of unicellular life, already known. Conspicuous
among the work of this period is that of Otto Friedrich Miiller. In the
generation following Miiller’s work, however, a marked advance in the
study of these forms was made by Ihrenberg,'! who established a
classification which, in some of its cardinal divisions, is retained until
the present day.

Meanwhile the regularity with which these “animalcula” or “in-
fusion animalcula” were demonstrable in tartar from the teeth, in intes-
tinal contents, in well-water, ete., had begun to arouse in the minds of
the more advanced physicians of the time a suspicion as to a possible
relationship of these minute forms with discase. The conception of
“contagion,” or transmission of a disease from one human being to
another, was, however, even at this time, centuries old. The fact had
been recognized by Aristotle, had been reiterated by medieval philos-
ophers, and had led, in 15146, to the division of contagious diseases by
Fracastor, into those transmitted “per contactum,” and thosec con-
veyed indirectly “per fomitem.” It was for these mysterious facts of
the transmissibility of discase, that clinicians of the eighteenth century,
with remarkable insight, saw an explanation in the microorganisms dis-
covered by Leeuwenhock and his followers.

In fact, Plenciz of Vienna, writing in 1762, not only expressed
a belief in the direet etiological connection between microorganisms
and some discases, but was the first to advance the opinion that cach
malady had its own specifie causal agent, which multiplicd enormously
in the dizcased body. The opinions of this author, if translated into
the language of our modern knowledge of the subjeet, came remark-
ably near to the truth, not only as regards etiology and transmission,
but also in their suggestion of a specifie therapy for cach dizease.

The conception of a “contagium vivum 7 was thus practically es-
tablished with the work of Plenciz and many others who followed in

4

4 ¢ Die Infusionstierchen,” ete., Leipzig. 1838,
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his train, but the astonishingly shallow impression which the acute
reasoning of these men left upon the medical thought of their day
furnishes an excellznt example of the futility of the most penetrating
speculation when unsupported by experimental data.

The real advancement in the scientific development of the subject
was destined to be carried on along entirely different lines. In 1837,
Schwann, a botanist, showed that the yeasts, found in fermenting sub-
stances, were living beings, which bore a causal relationship to the proc-
ess of fermentation. At almost the same time, similar observations were-
made by a French physicist, Cagniard-Latour. The opinions advanced
by these men on the nature of fermentation aroused much interest
and discussion, since, at that time and for a long period thereafter,
fermentation was ascribed universally to proteid decomposition, a process
which was entirely obscure but firmly believed to be of a purely chemical
nature. o

Although belief in the discovery of Schwann did not completely
master the field until after Pasteur had completed his classical studies
upon the fermentations occurring in beer and wine, yet the conception
of & “fermentum vivum” aroused much speculation, and the attention
of physicians and scientists was attracted to the many analogies ex-
isting between phenomena of fermentation and those of disease.

The conception of such an analogy, however, was not a new thought
in the philosophy of the time. Long before Schwann and Cagniard-
Latour, the philosopher Robert Boyle, working in the seventeenth
century, had prophesied that the mystery of infectious diseases would be
solved by him who should succeed in elucidating the nature of fermenta-
tion.

Nevertheless, the diligent search for microorganisms in relation to
various diseases which followed, led to few results, and the successes
whieh were attained were limited to the diseases caused by some of
the larger fungi, favus (1839), thrush (1839), and pityriasis versicolor
(1846). During this time of ardent but often poorly controlled etiolog-
ical research, it was Henle who formulated the postulates of conserva-
tism, almost as rigid as the later postulates of Koch, requiring that
proof of the etiological relationship of a microorganism to a disease
could not be brought merely by finding it in a lesion of the disease, but
that constant presence in such lesions must be proven and isolation and
study of the microorganism away from the diseased body must be car-
ried out.

It was during this period also that one of the most fundamental
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questions, namely, that of the origin of these minute living beings, w
being discussed with much passion by the scientific world. It was he
by the conservative majority that the microorganisms described b
Leeuwenhoek and others after him, were produced by spontancou
generation. The doctrine of spontaneous generation, in fact, wa
solidly established and sanctified by tradition, and had been appliec
in the past not alone to microorganisms.! And it must not be forgotten
that without the aid of our modern methods of study, satisfactory
proof for or against such a process was not easily brought.

Needham, who published in 1749, had spent much time in fortify-
ing his opinions in favor of spontaneous generation by extensive ex-
perimentation. He had placed putrefying material and vegetable in-
fusions in sealed flasks, exposing them for a short time to heat, by
immersing them in a vessel of boiling water, and had later shown them
to be teeming with microorganisms. He was supported in his views
by no less an authority than Buffon. The work of Needham, however,
showed a number of experimental inaccuracies which were thoroughly
sifted by the Abbé Spallanazani. This investigator repeated the ex-
periments of Needham, employing, however, greater care in scaling his
flasks, and subjecting them to a more thorough exposure to heat.
His results did not support the views of Needham, but were answered
by the latter with the argument that by excessive heating he had pro-
duced chemical changes in his solutlons which had made spontaneous
generation impossible.

The experiments of Schulze, in 1836, who failed to find living crgan-
isms in infusiors which had been boiled, and to which air had been
admitted only after passage through strongly acid solutions, and similar
results obtained by Schwann, who had passed the air through highly
heated tubes, were open to criticism by their opponents, who claimed
that chemical alteration of the air subjected to such drastic influences,
had been responsible for the absence of bacteria in the infusion. Similar

experiments by Schroeder and Dusch, who had stoppered their flasks
with cotton plugs, were not open to this objection, but had also failed to

convince. The question was not definitely settled until the years im-

1 Valleri-Radot, in his life of Pasteur, stated that Van Helmont, in the six-
teenth century, had given a celebrated prescription for the creation of mice
from dirty linen and a few grains of wheat or pieces of cheese. During the centu-
ries following, although, of course, such remarkable and amusing beliefs no longer
held sway, nevertheless the question of spontaneous generation of minute and
structureless bodies, like the bacteria, still found learned and thoughtful partisans.
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mediately following 1860, when Pasteur conducted a series of experi-
ments which were not only important in incontrovertibly refuting the
doctrine of spontaneous generation, but in establishing the principles
of scientific investigation which have influenced bacteriological re-
search since his time.!

Pasteur attacked the problem from two points of view. In the
first place he demonstrated that when air was filtered through cotton-
wool, innumerable microorganisms were deposited upon the filter. A
smgle shred of such a contaminated filter dropped into a flask of pre-
viously sterilized nutritive fluid, sufficed to bring about a rapid and
luxuriant growth of microorganisms. In the second place, he succeeded
in showing that similar, sterilized “putrescible” liquids, if left in con-
tact with air, would remain uncontaminated provided that the en-
trance of dust particles were prohibited. This he succeeded in doing by
devising flasks, the necks of which had been drawn out into fine tubes
bent in the form of a U. The ends of these U-tubes, being left open,
permitted the sedimentation of dust from the air as far as the lowest
angle of the tube, but, in the absence of an air current, no dust was
carried up the second arm into the liquid. In such flasks, he showed
that no contamination took place but could be immediately induced
by slanting the entire apparatus until the liquid was allowed to run
into the bent arm of the U-tube. Finally, by exposing a series of
flasks containing sterile yeast infusion, at different atmospheric levels,
in places in which the air was subject to varying degrees of dust con-
tamination, he showed an inverse relationship between the purity of
the air and the contamination of his flasks with microorganisms.

The doctrine of spontaneous generation had thus received its final
refutation, except in one particular. It was not yet clear why com-
plete sterility was not always obtained by the application of definite
degrees of heat. This finallink in the chain of evidence was supplied,
some ten years later, by Cohn, who, in 1871, was the first to observe and
correctly interpret bacterial spores and to demonstrate their high powers
of resistance against heat and other deleterious influences.

!1In a letter to his foremost opponent, at this period, Pasteur writes: “In
experimental science, it is always a mistake not to doubt when facts do not compel
affirmation.”

The critical spirit pervading the scientific thought of that time in France is
also well expressed by Oliver Wendell Holmes, who said that he had learned three
things in Paris: ‘““Not to take authority when I can have facts, not to guess when
1 can know, and not to think that a man must take physic because he is sick.”
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Meanwhile, Pasteur, parallel with his researches upon spontaneous
generation, had been carrying on experiments upon the subject of
fermentation along the lines suggested by Cagniard-Latour. As a
consequence of these experiments, he not only confirmed the opinions
both of this author and of Schwann concerning the fermentation of beer
and wine by yeasts, but was able to show that a number of other fer-
mentations, such as those of lactic and butyric acid, as well as the de-
composition of organic matter by putrefaction, were directly due to the
action of microorganisms. It was the discovery of the living agents
underlying putrefaction, especially, which exerted the most active
influence upon the medical research of the day. This is illustrated by
Lister’s work. The suppurative processes occurring in infected wounds
had long been regarded as a species of putrefaction, and Lord Lister,
working directly upon the premises supplied by Pasteur, introduced
into both the active and prophylactic treatment of surgical wounds,
the antiscptic principles which alone have made modern surgery possible.

There now followed a period in which bacteriological investigation
was concentrated upon problems of etiology. Stimulated by Pasteur’s
successes, the long-cherished hope of finding some specific microorgan-
ism as the causal agent in each infectious discase was revived.

Pollender, in 1855, had reported the presence of rod-shaped bodies
in the blood and spleen of animals dead of anthrax. Brauell, several
years later, had made similar cbservations and had expressed definite
opinions as to the causative relationship of these rods to the disecase.
Convincing proof, however, had not been brought by either of these
observers. Finally, in 1863, Davaine, in a series of brilliant investi-
gations, not only confirmed the observations of the two authors men-
tioned above, but succeeded in demonstrating that the discase could
be transmitted by means of blood containing these rods and eould never
be transmitted by blood from which these rods were absent.  Anthrax,
thus, is the first disease in which definite proof of bacterial causation
was brought.

Speaking before the French Academy of Medicine at this time,
Davaine suggested that the manifestations of the discase might in
reality represent the results of a specifie fermentation produced by the
bacilli he had found. This, in a crude way, expresses the modern
conception of infectious discase.

Within a few years after this, 1868, the adherents of the parasitic
theory of infectious diseascs were further encouraged by the discovery,
by Obermeier, of a spirillum in the blood of patients suffering from
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relapsing fever. It is not surprising that the successes attained in these
diseases, fostering hope of analogous results in all other similar condi-
tions, but without the aid of adequate experimental methods, should
have led to many unjustified claims and to much fantastic theorizing.
Thus Hallier, at about this time, advanced a theory as to the etiology
of infectious diseases, in which he attributed all such conditions to the
moulds or hyphomycetes, regarding the smaller form or bacteria as
developmental stages of these more complicated forms. Extravagant
conjectures of this kind, however, did not maintain themselves for any
length of time in the light of the critical attitude which was already
pervading bacteriological research.

Progress was made during the years immediately following, chiefly
in the elucidation of suppurative processes. Rindfleisch, von Reckling-
hausen, and Waldeyer, almost simultaneously, described bodies which
they observed in sections of tissue containing abscesses, and which they
believed to be microorganisms. Notable support was given to their
opinion by similar observations made upon pus by Klebs, in 1870. In
view, however, of the purely morphological nature of their studies, the
opinions of these observers did not entirely prevail. Satisfactory
methods of cultivation and isolation had not yet been developed, and
Billroth and his followers, with a conservatism entirely justified under
existing conditions, while admitting the constant presence of bacteria
in purulent lesions, denied their etiological significance. The contro-
versy that followed was rich in suggestions which greatly facilitated
the work of later investigators, but could not be definitely settled until
1880, when Koch introduced the technical methods which have made
bacteriology an exact science. By the use of solid nutritive media, the
isolation of bacteria and their biological study in pure culture were made
possible. At about the same time the use of anilin dyes, developed
by Weigert, Koch, and Ehrlich, was introduced nto morphological study
and facilitated the observation of the finer structural details which had
been unnoticed while only the grosser methods employed for tissue
staining had been available.

With the publication of Koch’s work, therc began an era unusually
rich in results held in leash heretofore by inadequate technical methods.
The discovery of the typhoid bacillus in 1880, of the bacillus of fowl
cholera and the pneumococcus in the same year, and of the tubercle
bacillus in 1882, initiated a series of etiological discoveries which, ex-
tending over not more than fiftcen years, elucidated the causation
of a majority of the infectious discases.



8 BIOLOGY AND TECHNIQUE

Coincident with the elucidation of etiological facts began the inquiry
into that field which is now spoken of as the science of immunity. The
phenomena which accompany the development of insusceptibility
to bacterial infections in man and in animals, first studied by Pasteur,
have become the subject of innumerable researches and have led to
results of the utmost practical value.

The problems which were encountered were fire!, studied from a
purely bacteriological point of view, but their solution has shed light
upon biological principles of the broadest application. Investigations
into the properties of immune sera, while making bacteriology one of
the most important branches of diagnostic and therapeutic medicine,
have, at the same time, inseparably linked it with physiology and
experimental pathology.

By the revelations of etiological research, and by the study of the
biological properties of pathogenic bacteria, contagion, an enemy hitherto
unseen and mysterious, was unmasked, and rational campaigns of public
sanitation and personal hygiene were made possible. Upon the sanie
elucidations has depended the development of modern surgery—a
science which without asepsis and antisepsis would have been doomed
to remain in its medieval condition. -

Apart from its importance in the purely medical sciences, the study
of the bacteria has shed beneficial light, morcover, upon many other
fields of human activity. In their relationship to decomposition, the
conditions of the soil, and to diseases of plants, the bacteria have been
found to occupy a position of great importance in agriculture. Knowl-
edge of bacterial and ycast ferments, furthermore, has become the scien-
tific basis of many industries, chiefly those concerned in the production
of wine, beer, and dairy products.

The scope of bacteriology is thus a wide one, and none of its various
fields has, as yet, been fully explored. The future of the science is rich
in allurement of interest, in promise of result, and in possible benefit
to mankind.



CHAPTER II

GENERAL MORPHOLOGY, REPRODUCTION, AND CHEMICAL
AND PHYSICAL PROPERTIES OF THE BACTERIA

BacTERIA are exceedingly minute unicellular organisms which may
occur perfectly free and singular, or in larger or smaller aggregations,
thus forming multicellular groups or colonies, the individuals of which
arc, however, physiologically independent.

The cells themselves have a number of basic or ground shapes which
may be roughly considered in three main classes: The cocci or spheres,
the bacilli or straight rods, and the spirilla or curved rod forms.

The cocei are, when fully developed and free, perfectly spherical.
When two or more are in apposition, they may be slightly flattened along
the tangential surfaces, giving an oval appearance.

The bacilli, or rod-shaped forms, consist of elongated cells whose
long diameter may be from two to ten times as great as their width,
with ends squarely cut off, as in the case of bacillus anthracis, or gently
rounded as in the case of the typhoid bacillus.

The spirilla may vary from small comma-shaped microorganisms,
containing but a single curve, to longer or more sinuous forms which
may roughly be compared to a corkscrew, being made up of five, six,
or more curves. The turns in the typical microorganisms of this class are
always in three planes and are spiral rather than simply curved.

Among the known microorganisms, the bacilli by far outnumber
other forms, and are probably the most common variety of bacteria in
existence. Many variations from these fundamental types may occur
even under normal conditions, but contrary to carlier opinions it is
now positively known that cocci regularly reproduce cocci, bacilli
bacilli, and spirilla spirilla, there being, as far as we know, no mutation
from one form into another.

The size of bacteria is subject to considerable variation. Cocci may
vary from .15 g to 2. y in diameter. The average size of the ordinary
pus coccus varies from .8 x to 1.2 p in diameter. Fischer has given a
graphic illustration of the size of a staphylococcus by calculating that
one billion micrococei could easily be contained in a drop of water hav-

9
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ing a volume of one cubic millimeter. Among the bacilli the range of
size is subject to even greater variations. Probably the smallest of the
common bacilli is the bacillus of influenza which measures about .5 pin
length by .2 p in thickness. The limit of the optical possibilities of the
modern microscope is almost reached by some of the known micro-
organisms, and it is not at all out of question that some of the diseases,
for which, up to the present time, no specific microorganisms have

o5 i 9
CAZ I N T

F1a. 1.—TypPEs oF BacTERIAL MORPHOLOGY.

been found, may be caused by bacteria so small as to be invisible by any
of our present methods. In fact, the virus causing the peripneumonia of
cattle has been shown to pass through the pores of a Berkefeld filter,
which are impenetrable to the smallest of the known bacteria.!

MORPHOLOGY OF THE BACTERIAL OELL

When unstained, most bacteria are transparent, colorless, and ap-
parently homogencous bodics with a low refractive index. The cells
themselves consist of a mass of protoplasm, surrounded, in most in-
stances, by a delicate cell membrane.

The presence of a nucleus? in bacterial cells, though denied by the
earlier writers, has been demonstrated beyond question by Zettnow,
Nakanishi,® and others. The original opinion of Zettnow was that the
entire bacterial body consisted of nuclear material intimately inter-
mingled with the cytoplasm. The opinion now held by most observers

t Nocard and Rouz, Ann. Past., 12, 1898.
2 A, Fischer, Jahrbiicher f. wissen. Botanik, xxvii.
8 Nakanisht, Minch. med. Woch., vi, 1900.
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who have studied this phase of the subject favors the existence of an
ectoplasmic zone which includes cell membrane and flagella, but is
definitely a part of the cytoplasm, and an entoplasm in which is con-
centrated the nuclear material. Biitschli' claims to have demonstrated
withiun this entoplasmic substance a reticular meshwork, between the
spaces of which lie granules of chromophilic or nuclear material.
Confirmation of this opinion has been brought by Zettnow® and others.
Nakanishi, working with a special staining method, asserts that some
microorganisms show within the entoplasmic zone a well-defined,
minute, round or oval nucleus, which possesses a definitely charac-
teristic staining reaction.’

In the bodies of a large number of bacteria, notably in those of the
diphtheria group, Ernst,' Babes® and others have demonstrated
granular, deeply staining bodies now spoken of as metachromatic granules,
or Babes-Ernst granules, or, because of their frequent position at the ends
of bacilli, as polar bodies. These structures are irregular in size and
number, and have a strong affinity for dyes. They are stained dis-
tinctly dark in contrast to the rest of the bacterial cell with methylene
blue, and may be demonstrated by the special methods of Neisser and
of Roux.® Their interpretation has been a matter of much difficulty
and of varied opinion. Those who first observed them held that they
were a part of the nuclear material of the cell. Others have regarded
them as an early stage in spore formation, or as arthrospores.” Again,
they have been interpreted as structures comparable to the centrosomes
of other unicellular forms. As a matter of fact, the true nature of these
bodies is by no means certain. They are present most regularly in
microorganisms taken from young and vigorous cultures or in those
taken directly from the lesions of disease. It is unlikely that they repre-

1 Biitschli, “ Bau der Bakterien,” Leipzig, 1890. 2 Zettnow, Zeit. f. Hyg., xxiv, 1897.

3The method of Nakanishi is carried out as follows: Thoroughly cleansed
slides are covered with a saturated aqueous solution of methylene blue. This is
spread over the slide in an even film and allowed to dry. After drying, the slide
should be of a transparent, sky-blue color. The microorganisms to be examined are
then emulsified in warm water, or are taken from the fluid media, and dropped upon
a cover slip. This is placed, face downward, upon the blue ground of the slide. In
this way, bacteria are stained without fixation. Nakanishi claims that by this
method the entoplasm is stained blue, while the nuclear material appears of a reddish
or purplish hue.

s Ernst, Zeit. f. Hyg., iv, 1888, $ Babes, Zeit. f. Hyg., v, 1889.

¢ See section on stains, p. 107, 7 See section on sporulation, p. 16.
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sent structures in any way comparable to spores, since cultures con-
taining individuals showing metachromatic granules are not more
resistant to deleterious influences than are others. Their abundant
presence in young vigorous cultures may indicate a relationship between
them and the growth energy of the microorganisms. There is no proof,
however, that these bodies affect the virulence of the bacteria.

Cell Membrane and Capsule.—Actual proof of the existence of a cell
membrane has been brought in the cases of some of the larger forms
only,! but the presence of such envelopes may be inferred for most
bacteria by their behavior during
plasmolysis, where definite retrac-
tion of the protoplasm from a
well-defined cell outline has been
repeatedly observed. The occur-
rence, furthermore, of so-called
“shadow forms” which appear as
empty capsules, and of, occasion-
ally, a well-outlined cell body,
after the vegetative form has en-
tirely degenerated in the course
of sporulation, make the assump-
tion of the presence of a cell
membrane appear extremely well
founded. Differing from the cell
membranes of plant cells, cellulose
has not, except in isolated instances, been demonstrable for bacteria,
and the membrane is possibly to be regarded rather as a peripheral
protoplasmic zone, which remains unstained by the usual manipula-
tions. Zettnow,® who has carefully studied the structure of some of
the larger forms, takes the latter view, and regards the ““ectoplasmic”
zone as a part of the cell protoplasm devoid of nuclear material. Zett-
now’s opinion is borne out by the greatly increased size of the bacterial
cells as seen by means of special stains.

Many bacteria have been shown to possess a mucoid or gelatinous
envelope or capsule. According to Migula,® such an envelope is present
on all bacteria, though it is in only a few species that it is sufficiently
well developed and stable to be easily demonstrable and of differential

F1a. 2.—BACTERIAL CAPSULES,

! Bijtschli, loc. cit. ’ 2 Zellnow, loc. cit.
3 Migula, “Systeme d. Bakterien,” 1, p. 56.
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value. When stained, the capsule takes the ordinary anilin dyes less
deeply than does the bacterial cell body, and varies greatly in thickness,
ranging from a thin, just visible margin to dimensions four or five
times exceeding the actual size of the bacterial body itself. This struc-
ture is perfectly developed in a limited number of bacteria only in which
it then becomes an important aid to identification. Most prominent
among such bacteria are Diplococcus pneumonig, Micrococcus tetra-
genus, the bacilli of the Friedldnder group, and B. aérogenes capsulatus.
The development of the capsule seems to depend intimately upon the
environment from which the bacteria are taken. It is most easily de-
monstrable in preparations of bacteria taken directly from animal tis-
sues and fluids, or from media containing animal serum or milk. If
cultivated for a prolonged period upon artificial media, many otherwise
capsulated microorganisms no longer show this characteristic structure.

Capsules may be demonstrated on bacteria taken from artificial
media most successfully when albuminous substances, such as ascitic
fluid or blood serum, are present in the culture media, or when the
bacteria are smeared upon cover slip or slide in a drop of beef or other
serum.! Mostsobservers believe that the capsule represents a swelling
of the ectoplasmic zone of bacteria. By others it is regarded as an
evidence of the formation of a mucoid intercellular substance, some of
which remains adherent to the individual bacteria when removed from
cultures. It is noticeable, indeed, that some of the capsulated bacteria,
especially Streptococcus mucosus and B. mucosus capsulatus, develop
such slimy and gelatinous colonies that, when these are touched with a
platinum wire, mucoid threads and strings adhere to the laop. Exactly
what the significance of the capsules is cannot yet be decided.

There is, however, definite reason to believe that there is a direct
relation between virulence and capsulation; capsulated bacteria are
less easily taken up by phagocytes than are the non-capsulated mem-
bers of the same species. Also, as Porges and others have shown,
capsulated organisms are not easily amenable to the agglutinating action
of immune sera. Many bacteria (plague, anthrax) which are habitu-
ally uncapsulated on artificial media acquire capsules within the in-
fected animal body. Also in some species (pneumococci), the loss
of capsule formation as cultivated on the simpler media is accompanicd
by a diminution of virulence.

Organs of Locomotion.—When suspended in a drop of fluid many
bacteria are seen to be actively motile. It is important, however, in

1 Higs, Jour. Exp. Med., vi, 1905.
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all cases to distinguish between actual motility and the so-called Brown
ian or molecular ovement which takes place whenever small particles
are held in suspension in a fluid.

Brownian or molecular movement is a phenomenon entirely ex-
plained by the physical principles of surface tension, and has absolutely
no relation to independent motility. It may be seen when particles of
carmine or any other insoluble substance are suspended in water, and
consists in a rapid to and fro vacillation during which there is actually
no permanent change in position of the moving particle except inas-
much as this is influenced by currents in the drop.

The true motility of bacteria, on the other hand, is active motion
due to impulses originating in the bacteria themselves, where the actual
position of the bacterium in the field is permanently changed.

The ability to move in this way is, so far as we know, limited almost
entirely to the bacilli and spirilla, there being but few instances where
members of the coccus group show active motility. In all cases, with
the exception of some of the spirochetes, where motility may occasionally
be due to an undulating membrane marginally placed along the body,
bacterial motility is due to hair-like organs known as flagella. These
flagella have rarely been seen during life, and their recognition and study
has been made possible only by special staining methods, such as those
devised by Loeffler, van Ermengem, Pitt, and others.

In such stained preparations, the bacterial cell bodies often appear
thicker than when ordinary dycs are used, and the flagella apparently
are seen to arise from the thickened cctoplasmic zone.

The flagella are long filaments, averaging in thickness from one-tenth
to one-thirticth that of the bacterial body, which often are delicately
waved and undulating, and, judging from the positions in which they
become fixed in preparations, move by a wavy or screw-like motion.
In length they arc subject to much variation, but are supposed to be
generally longer in old than in young cultures. Very short flagella have
been described only on nitrosomonas, one of the nitrifying bacteria
discovered by Winogradsky.!

As to the finer structures of flagella, little can be made out except
that they possess a higher refractive index than the cell body itself,
and that they can be stained only with those dyes which bring

clearly into view the supposedly true cytoplasm of the cell
Whether they penetrate this cytoplasmic membrane or whether they

1 Winogradsky, Arch. des sci. biologiques, St. Petersburg, 1892, I, 1 and 2.

|
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are a direct continuation of this peripheral zone of the bacterial
body, can not be decided.

The manner in which bacteria move is naturally subject to some var-
iation depending upon the number and position of the flagella possessed
by them. Whether bacteria exercise or not the power of motility de-
pends to a large extent upon their present or previous environment.
They are usually most motile in vigorous young cultures of from twenty-
four to forty-eight hours’ growth in favorable media. In old cultures
motility may be diminished or even inhibited by acid formation or by
other deleterious products of the bacterial metabolism.

At the optimum growth-temperature motility is most active, and a
diminution or increase of the temperature

to any considerable degree diminishes or
inhibits it. Thus actively motile organisms,
in the fluid drop, may be scen to diminish ‘

distinctly in activity when left for any

prolonged time in a cold room, or when oo oo o oF
the preparation is chilled. Any influence, BACTERIAL FLAGELLA.

in other words, chemical or physical, which .

tends to injure or depress physiologically the bacteria in any way, at
- the same time tends to inhibit their motility.

Messea! has proposed a classification of bacteria which is based

upon the arrangement of their organs of motility, as follows:

I. Gymnobacteria, possessing no flagella.

II. Trichobacteria, with flagella.
1. Monotricha, having a single flagellum at one pole.
2. Lophotricha, having a tuft of flagella at one pole.
3. Amphitricha, with flagella at both poles.
4. Peritricha, with flagella completely surrounding the bac-

terial body.

Bacterial 8pores.—A large number of bacteria possesses the power of
developing into a sort of encysted or resting stage by a process commonly
spoken of as sporulation or spore formation. The formation of spores
by bacteria depends largely upon environmental conditions, and the
optimum environment for spore formation differs greatly for various
species. It is usually necessary that a temperature of over 20° C.
exist in order that spores may be formed. Unfavorable factors, like
acid formation, accumulation of bacterial products in old cultures, or

3 Messea, Cent. f, Bakt., 1, Ref. ix, 1891,

- —
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lack of nutrition, frequently seem to constitute the stimuli which lead
to sporulation. In the case of some species, notably the anthrax bacillus,
spores are formed only in the presence of free oxygen and are therefore
never formed within the tissues of infeected animals. It is claimed that
some of the pathogenic anaérobes, like B. tetani and the bacillus of
malignant edema, may form spores anaérobically. Nevertheless it has
been observed that when an absolute exclusion of oxygen is practiced
in the cultivation of these bacteria, vegetative forms only are seen in
the cultures.!

The process of sporulation is by no means to be regarded as
a method of multiplication, since it rarely occurs that a single bacil-
lus produces more than one spore. In some species of bacteria the
formation of several spores in one individual has occasionally been
observed, but there can be no question about the fact that such a
condition is exceptional.

Varicties of spores are often recognized, the so-called arthrospores
and the true spores or endospores. It is seriously in doubt whether the
structures once spoken of as arthrosyores should be considered as in any
way comparable to true spores. They are represented by the granular
and globular appearances occasionally observed in old cultures of some
bacteria, notably streptococcus, cholera spirillum, diphtheria bacillus,
and others. It was believed that they were due to a transformation of
certain individuals of the cultures into more resistant forms. It is
probable, however, that such structures are merely to be regarded as
evidences of involution or degeneration, since it has never been demon-
strated that cultures containing them are more resistant either to dis-
infectants or to heat, than cultures showing no evidences of such forms.
The true spores or endospores are most common among bacilli, and
are rarely observed among the spherical bacteria. They arise within

the body of the individual bacterium as a small granule which probably
represents a concentration of the protoplasmic substance. Nakanishi®
claims that there is a definite relation between these sporogenic globules
and the nuclear material of the bacterial cell. At the time at which
sporulation occurs there is usually a slight and gradual thickening of the
bacillary body. After the formation of this thickening, a spore mem-
brane appears about the same thickened area. The completed spore is
usually round or oval, has an extremely high refractive index, and a

' Zinsser, Jour. Exp. Med., viii, 1906, p. 542.
3 Nakanisht, Minch. med. Woch., 1900, p. 680.
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membrane which is very resistant. Muhlschlegel* believes that the spore
membrane is a double structure, and, as stated before, Nakanishi believes
that the spore contains nuclear material. )

The position of the spore in the mother cell is of some differential
importance in that it is usually con-

stant for onc and the same species.
Thus, the spores of the tetanus
bacillus are regularly situated at

the 'extrcx?e ends of the bacillary Fig. 4.—Various PosITiONS OF SPORES
Lbodies, while those of anthrax are IN BacrEriaL CELL.

situated at or near the middle.
Physiologically, sporulation is probably to be regarded as a method
of encystment for the purposc of resisting unfavorable environment,
A and it is indeed true that species
abed e £ g & of bacteria the vcgct-atiwf forms of
0000 & % % which are rather casily injured by
heat, light, drying, and chemieals
have a comparatively enormous re-
ade & 5 £H Y/ sistance to these agents after the
000 e g W formation of spores. Thus, while a
10-per-cent solution of carbolic acid
will kill the vegetative forms of

B anthrax bacilli within twenty min-
&0 “ utes, anthrax spores are able to resist
:&‘ the same disinfectant for a long
’ period in a concentration of over 50

c per cent; and while the vegetative

ﬁ forms of the same bacillus show little
a QO 30 "@ (4 &’ more resistance against moist heat

F16. 5—GERMINATION OF Srores, than other vegetative forms,  the
A, Bacillus subtilis, equatorial spore spores will withstand the action of
germination; B, Bacillus anthracis, live steam for as long as ten to twelve
germination by simple transition; C,
Clostrydium butyricum, polar germi-
nation.

minutes and more.

Whenever the spores of any mi-
croorganism arc brought into an en-
vironment suitable for bacterial growth as to temperature, moisture,
and nutrition, the spores develop into vegetative forms.  This process
differs according to species. In general it consists of an elongation of

* Muhlschlegel, Cent. f. Bakt., T Abt., vi, 1900, p. 65.
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the spore body with a loss of its highly refractile character and resist-
ance to staining fluids. The developing vegetative cell may now
rupture and slip out of the spore membrane at one of its poles, leav-
ing the empty spore capsule still visible and attached to the bacillary
body. Again, a similar process may take place equatorially instead
of at the pole. In other species again, there may be no rupture of
the spore membrane at all, the vegetative form arising by gradual
elongation of the spore and an absorption or solution of the mem-
brane which is indicated by change in staining reaction. Division by
fission in the ordinary way then ensues.

REPRODUCTION OF BACTERIA

Bacteria multiply by cell division or fission. A young individual
increases in size up to the limits of the adult form, when, by simplec
cleavage, at right angles to the long axis, without any discoverable
process of mitosis or nuclear changes, it divides into two individuals.
In spite of the claims of various bacteriologists, notably Nakanishi,!
traceable analogy to the karyokincsis of other cells has not been
definitely established. In the case of the spherical bacteria a slight
change to the elliptical form takes place just before cleavage and
this cleavage may occur in one plane only, in two planes, or in three
planes. According to the limitations of cleavage direction, the cocci
assume a chained appearance (streptococei), a grape-like appearance
(staphylococei), or an arrangement in packets or cubes having three
dimensions (sarcinz). In the cases of bacilli and spirilla, cleavage
takes place in the direction of the short axis. The individuals, after
cleavage, may separate from each other, or may remain mutually
coherent. The cohesion after cleavage is pronounced in some species of
bacteria and slight in others, and, together with the plane of cleavage,
determines the morphology of the cell-groups. Thus among the cocci
diplo- or double forms, long chains and short chains may arise and fur-
nish a characteristic of great aid in differentiation. Similarly among
the bacilli there are forms which appear characteristically as single
individuals and others which form chains of varying length.

The rate of growth varies to a certain extent with the species, and
also with the favorable or unfavorable character of the environment.
A generation, that is, the time elapsing in the interval between one

! Nakanishi, Cent. f. Bakt., I, xxx, 1901.
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cleavage and the next, has been estimated by A. Fischer® as being
about twenty minutes for the cholera spirillum and 16-20 minutes for
bacillus coli communis, under the most favorable conditions. The same
author has calculated that under these conditions a single cholera
spirillum would yield 1600 trillions in a single day. Such a multiplica-
tion rate, however, is probably not usual under natural or even artificial
conditions, both on'account of lack of nutritive material and because of
inhibition of the growth of the bacteria by their own products.

VARIATIONS OF BACTERIAL FORMS

Variations from the basic forms considered in the preceding sec-
tion may occur, but are not common among bacteria under normal
conditions. Thus the formation of club shapes by a thickening of the

F16. 6.—DEGENERATION ForMS oF BaciLLus DipHTHERIE. (After Zettnow.)

bacillary body at one or both ends has been frequently observed among
bacteria of the diphtheria group, and in the glanders bacillus, and an
irregular beading is not infrequently observed in tubercle bacilli under
normal conditions. Such pictures can not, in these cases, be regarded
as degeneration or involution forms, since they are visible in young,
actively growing cultures under ordinary conditions. It is a well-known

v A. Fischer, “ Vorlesungen iiber Bakt.,” Jena, 1903.
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fact, furthermore, that the sizes and contours of bacteria may wvary tc
some extent according to the medium on which they are grown. This
may, to a degree, be due to osmotic relations. On fluid media, for in-
stance, many bacteria may appear larger and of a less dense consistency
than do members of the same species cultivated upon solid media.
Degeneration Forms.—When bacteria are grown under conditions
which are not entirely favorable for their development, or when they
are grown for a prolonged period upon artificial culture media without
transplantation, there may occur variations which often depart consider-
ably from the ground type, known as degeneration or involution forms.

F16. 7.—DEGENERATION ForMs oF BaciLLus PEestis. (After Zettnow.)

Thus, in the case of the diphtheria bacillus, old cultures may contain
long, irregularly beaded forms with broad cxpansions at the ends.
In the case of B. pestis the fact that large numbers of oval, vacuolated
bodies in old cultures are formed regularly has become of differential
value.! These degeneration forms are shown most characteristically
when the bacteria are cultivated on agar containing 3 to 5 per cent NaCll.

Among the cocci, marked evidences of involution are often seen in
cultures of the meningococcus in the form of large, swollen poorly-
staining spheres, and in the case of the pncumococcus in the so-called
shadow forms which have the appearance of empty capsules. There are

1 Hankin and Leumann, Cent. f. Bakt., I, xxii, 1897.
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few microorganisms indeed, i1 which prolonged cultivation on artificial
media or other unfavorable influences do not produce variations from
the ground type which may often make the cultures morphologically
unrecognizable. In the case of many of the spirilla (spirillum Milleri,
spirillum Metchnikovi, etc.) the degeneration forms may appear within
8o short a time as two or three days after transplantation.

OHEMICAL AND PHYSICAL PROPERTIES OF THE BACTERIAL CELL

Chemical Oonstituents.—The quantitative chemical composition of
bacteria is subject to wide variations, dependent upon the nutritive
materials furnished them.

Approximately 80 to 85 per cent of the bacterial body is water.
The remainder consists chiefly of proteids which constitute roughly from
50 to 80 per cent of the dry substances. Remaining, after extrac-
tion of these, are fats, and in some cases true wax (fatty acid combina-
tions with higher alcohols), traces of cellulose (in some bacteria only),
and the ash which makes up usually about 1 to 2 per cent of the dry
substances.

The extensive researches of Cramer® have shown how widely at va-
riance quantitative analyses may be when made of cultures of the same
species of bacteria grown upon different media. Thus the dry sub-
stances of the cholera vibrio were found to be made up of 65 per cent
of protcids when the microorganisms were grown upon nutrient broth
as against 45 per cent when the same bacteria had been grown upon
the proteid-free medium of Uschinsky. Analyses made by Kappes? of
B. prodigiosus and by Nencki® and Scheffer of some of the putrefactive
bacteria, may serve to illustrate the approximate proportions of the
substances making up the bacterial body.

B. Putrefactive
prodigiosus Bacteria

Water ............... 85.45 per cent. 83.42 per cent.
Proteids ............. 10.33 « ¢« 13.96 “
Fats ................. 0.7 “ ¢ 1. ‘“ “
Ash ................. 1.76 «“ ¢« 0.78 “ ‘“
Residue .............. 1.77 ¢« « 0.84 ¢ ¢“

3 Cramer, Arch. f. Hyg., xii, xiii, xvi, xxii, xxviii.
? Kappes, *“ Analyse der Massenkulturen,” ete. Diss., Leipzig, 1889.
8 Nenck? und Scheffer, Jour. f. prakt. Chemie, new ser. xix, 1880,

r
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Analyses of the tubercle bacillus by Ruppel,' Hammerschlag,? Weyl,®
and others, have yielded the following approximate results (calculated
from results of above-mentioned authors).

Tubercle bacillus
Water .......coiviiiiiiiiiiiia 85 to86 per cent.
Proteids ..........cooiviiuiii.., 8.5to 9 ¢ «
Fatand waxes ..................... 3.5t0 4 ¢ ¢
Ash and carbohydrates ............. 1.2t0 1.4 ¢« «

The proteids which are contained in the bacterial dry substances
consist partly of nucleoproteids, globulins, and proteids differing ma-
terially from those ordinarily met with. Ruppel, in an analysis of
the tubercle bacillus, obtained the following values, for 100 grams of
dried tubercle bacilli:

Nucleicacid.............ooiiiiiii e, 8.5 grams,
(Tuberculinic acid) '
Nucleoprotamin ................cooviiinn.... 25.5 “
Nucleoproteid........cooevvviniiiiennnnnnn.. 23 “
Albuminoids.. ... i i 8.3 «
(Keratin, etc.)
Fat and wax........cociiiiiiiiiieinnnninnns 26.5 “
Ash. .o e 9.2 ¢

A true globulin has been isolated from bacteria by Hellmich,! and
true proteids, coagulable by heat, have been demonstrated by Buchner,®
in the “ Presssaft ” or juice obtained by subjecting bacteria to mechanical
pressure. In this conncction, too, we should not fail to consider the
thermolabile toxic substances contained in many bacteria, the endo-
toxins, which though of uncertain chemical nature, are probably pro-
teid in composition.®

The fats which arc demonstrable both by microchemical methods,
staining with Sudan III., Scharlach R., Osmic acid, and by alcohol-
ether extraction, consist of fatty acids, true fats, and, in the casc of the
tubercle bacillus at least, of waxy substances.”

' Ruppel, Zeit. f. physiol. Chemie, xxvi, 1898.

8 Hammerschlag, Zeit. f. klin. Med., 1891.

? Weyl, Deut. med. Woch., 1891.

8 Hellmich, Arch. f. exper. Pathol., etc., xxvi.

8 Buchner, Miinch. med. Woch., 1897,

¢ Shattock, Lancet, May, 1898.

 De Schweinitz and Dorset, Cent. f. Bakt., I, xxii, 1897.
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The carbohydrates isolated from various bacteria consist chiefly of
small quantities of cellulose and allied bodies, presumably concerned in
the formation of the bacterial cell membrane. The demonstration of
these substances has been successful only in isolated cases and has not
found universal confirmation.

Glycogen-like substances have been demonstrated, according to
*A. Fischer,! in B. subtilis and B. coli. These bacteria stained a reddish
brown color when stained with iodin, and after treatment with weak
acids were shown to contain dextrose.

The bacterial ash; remaining after removal of other substances, con-
sists largely of phosphates and chlorides of potassium, sodium, cal-
cium, and magnesium.

Osmotic Properties of the Bacterial Oell.—Like all other animal and
vegetable cells, the bacterial cell forms in itself a small osmotic unit
which reacts delicately to differences of pressure existing between its
own protoplasm and the surrounding medium. The perfect and normal
morphology of a microorganism, therefore, can exist only when the
osmotic pressure within the protoplasm of the cell is isotonic or equal
to that of its own environment. The changes produced in the morpho-
logical relations of a cell when transferred from one environment into
another of varying osmotic pressure, depend intimately upon the
“permeability ” of the cell membrane for different substances. When
such a membrane is permeable for water and not for substances in solu-
tion, it is technically spoken of as “scmi-permeable.” Now, as a matter
of fact, the bacterial ccll membrane is easily permeable for water, but
its permeability differs greatly in various specics of bacteria for other
substances. Thus, for instance, the cholera vibrio shows great perme-
ability for common salt and B. fluorescens liquefaciens shows a lower
permeability for potassium nitrate than do many other bacteria.?

When a microorganism is suddenly removed from an environment
of low osmotic pressure into one showing a high pressure, say, from a
dilute to a concentrated solution of NaCl, an abstraction of water from
the cell occurs, with a consequent shrinkage of the protoplasm away
from the cell membrane. This process is spoken of as “plasmolysis.”
Cell death does not usually occur with plasmolysis, but by slow diffusion
of the salt itself into the protoplasm, the equilibrium may eventually
be restored and the normal morphology of the cell resumed. In all cases

v A, Fischer, “ Vorlesungen iiber die Bakt.,” Jena, 1903.
2 Gottachlich, in Fligge, “ Mikroorganismen,” i, p. 91.
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the speed and completeness of the return to normal depends upon the
permeability of the cell membrane for the dissolved substances. There
is no evidence to support the view that the internal pressure of a cell
may be in any way increased by an inherent power of the protoplasm

independently of the laws of diffusion. As a general rule, old cultures

are more susceptible to plasmolysis than are young and vigorous strains.
Spores and, according to A. Fischer,' flagella are much less susceptible
to osmotic changes than are the vegetative bodies.

When, on the other hand, bacteria are suddenly removed from a
medium possessing a high osmotic pressure to one comparatively low,
say, from a concentrated salt solution to distilled water, a bursting of the
cell may occur, a process spoken of as “plasmoptysis.” Plasmoptysis
leads to cell death, and is probably the cause of the death of micro-
organisms so often observed in distilled-water emulsions of bacteria.

Other Physical Properties of Bacteria.—The refractive index of the
vegetative bacterial body is low, in contrast to the highly refractive
character of the spores.and flagella. According to Fischer, the ectoplasm
or cell membrane show a hxgher index than does the endopla,sm

The specific g rious microorganisms has been investi-
gated by Bolton,’ RubnerX and others. Some of Rubner’s results are
the following:

Gelatin fluidifiers . .. ..............coiiiiiiiiiiiin Sp. gr. 1.0651
Gas formers. . ... .. ittt ¢ 1.0465
Culturesfrompotato ............ccoiiviiiiiiinnerenn. “ ¢ 1.038
M.prodigiosus. . ......oviiiiii it e e o 1.054

1 A. Fischer, quoted from Gottschlich in Fliigge, ¢ Mikroorganismen,” I, p. 91.
2 Bolton, Zeit. f. Hyg., i, 1886. 3 Rubner, Arch. f. Hyg., xi, 1890.




CHAPTER III

THE RELATION OF BACTERIA 'TO ENVIRONMENT, AND THEIR
CLASSIFICATION

NUTRITION OF BACTERIA

Like all protoplasmic bodies, bacteria consist of carbon, oxygen,
hydrogen, and nitroger, to which are added inorganic salts and varying
quantities of phosphorus and sulphur. In order that bacteria may
develop and multiply, therefore, they must be supplicd with these sub-
stances in proper quantity and in forms suitable for assimilation. To
formulate definite laws based on chemical structure as to the compounds
suitable, and those unsuitable for use by the bacteria, is obviously im-
possible owing to the great metabolic variations existing within the
bacterial kingdom, and notable attempts to do so, such as those by
Loew,! have not successfully withstood critical inquiry.

Carbon.—The carbon necessary for bacterial nourishment or ana-
bolism may be obtained either directly from proteids, carbohydrates,
and fats, or from the simpler derivatives of these substances. Thus, the
amido-acids, leucin and tyrosin, ketons, and organic acids, like tartaric,
citric, and acetic acids, glycerin, and even some of the alcohols, may
furnish carbon in a form suitable for bacterial assimilation. A limited
number of bacterial species, furthermore, notably the nitrobacteria of
Winogradsky, are capable of obtaining their required carbon from
atmospheric CO,, and possibly from other simple carbon compounds
added to culture media.?

Oxygen.—Oxygen is obtained, by the large majority of bacteria,
directly from the atmosphere in the form of free O,. For many micro-
organisms, moreover, the presence of free oxygen is a necessary condi-
tion for growth. These are spoken of as the ‘“obligatory aérobes.”
Among the pathogenic bacteria proper, many, like the gonococcus,
bacillus influenze, and bacillus pestis, show a marked preference for a
well-oxygenated environment. Probably there is no pathogenic micro-

' Loew, Cent. f. Bakt., I, xii, 1892.
3 Muntz, Compt. rend. de I’acad. des sciences, t. iii,
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organism which, under certain conditions of nutrition, is entirely
unable to exist and multiply in the complete absence of this gas. The
conditions existing within the infected animal organism cause it to
seem likely that all incitants of infection may, at times, thrive in the
complete absence of free oxygen.

There is another class of organisms, on the other hand, for whose
development the presence of free oxygen is directly injurious. These
microorganisms, known as “obligatory anagrobes,” obtain their supply
of oxygen indirectly, by enzymatic processes of fermentative and pro-
teolytic cleavage, from carbohydrates and proteids, or by reduction
from reducible bodies. Among the pathogenic microorganisms the class
of “obligatory anaérobes” is represented chiefly by Bacillus tetani, the
bacillus of malignant edema, the bacillus of - symptomatic anthrax,
Bacillus aérogenes capsulatus, and Bacillus botulinus.

Intermediate between these two classes is a large group of bacteria
which thrive well both under aérobic and anaérobic conditions. Some
of these, which have a preference for free oxygen but nevertheless
possess the power of thriving under anaérobic conditions, are spoken
of as “facultative anaérobes.”” In others the reverse of this is true;
these are spoken of as “facultative aérobes.”  These varietics of
bacteria are by far the most numerous and comprise most of our
parasitic and saprophytic bacteria.

The relation of microorganisms to oxygen is extremely subtle, there-
fore, and not to be biologically dismissed by a rigid classification into
aérobes, facultative anacrobes, and obligatory anaérobes. Both Ingel-
mann,' by a method of observing motile bacteria in the hanging drop
‘a8 to their behavior in relation to the oxygen given off by a chlorophyll-
bearing alga, and Beijerinck,? by a macroscopic method of observing
similar bacteria as to their motion away from or toward an oxygenated [
area, were able to demonstrate delicately graded variations between
species, favoring various degrees of oxygen pressure.

The discovery by Pasteur that certain bacteria develop only in the
absence of free oxygen, produced a revolution in our conceptions of
metabolic processes, since up to that time it was believed that life could
be supported only when a free supply of O, was obtainable. Pastenr's
original explanation for this phenomenon was that anaérobic conditions
of life were always associated with some form of carbohydrate fermenta-

1 Engelmann, Botanische Zeitung, 1881,
3 Beijerinck, Cent. f. Bakt., I, xiv, 1803.



RELATION TO ENVIRONMENT—CLASSIFICATION 27

tion and that oxygen was obtained by these microorganisms by a split-
ting of carbohydrates. As a matter of fact, for a large number of micro-
organisms, this is actually true, and the presence of readily fermentable
carbohydrates not only increases the growth energy of a large number
of anaérobic bacteria, but in many cases permits otherwise purely
aérobic bacteria to thrive under anaérobic conditions.! On the
other hand, the basis of anaérobic growth can not always be found
in the fermentation of carbohydrates or in the simple process of
reduction.

The favorable influence of certain actively reducing bodies, like
sodium formate or sodium-indigo-sulphate, upon anaérobic cultivation
is probably referable to their ability to remove frce oxygen from the
media and thus perfeet the anaérobiosis.?> A number of strictly anaé-
robic bacteria, however, may develop in the entire absence of carbohy-
drates or reducing substances, obtaining their oxygen supply from other
suitable sources, some of which may be the complex proteids. Thus
the tetanus bacillus may ® thrive when the nutritive substances in the
media are entirely proteid in nature. (Sce p. 28.)

As Hesse * has shown, the respiratory processes of aérobic bacteria
consist in the taking in of oxygen and the excretion of CO,. The CO,
- excretion has been shown, in these cases, to be markedly less than is
represented in the intake of oxygen.

Anagérobes, likewise, show an excretion of CO, which must, in these
cases, be a result of bacterial katabolism.

Certain bacteria, like the red sulphur bacteria, have the power of
utilizing atmosphenc oxygen in the same way in which this process
takes place in the chlorophyll-bearing plants.

While a profuse supply of oxygen absolutely inhibits the growth of
most anaérobes, a number of these may, nevertheless, develop when only
small quantities of oxygen are present. Minute quantities of free oxy-
gen in culture media have been shown by Beijerinck ® and others not to
inhibit the growth of Bacillus tetani and Theobald Smith ® has recently
demonstrated that when suitable nutritive material in the form of fresh
liver tissue is added to bouillon, a number of anaérobic bacteria may be

1 Theobald Smith, Cent. f. Bakt., I, xviii, 1895.

12 Kitasato and Weyi, Zeit. f. Hyg., viii, 1890.

3 Chudiakow, Cent. f. Bakt., Ref., II, iv, 1898

8 Hesse, Zeit. . Hyg., xv, 1897.

8 Betjerinck, Cent, f. Bakt., IT, vi, 1900.

* Th. Smith, Brown, and Walker, Jour. Med. Res., ix, 1908.
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induced to grow in indifferently anaérobic environment. Ferrarn
succeeded in adapting the tetanus bacillus to an aérobic environmerx
In this case, however, the virulence of the bacillus was lost.

Nitrogen.—The nitrogen required by bacteria is taken,in most case
from proteins, and many of the non-diffusible albumins may be renderc
assimilable by the proteolyzing enzymes possessed by microorganisms
Among the pathogenic, more strictly parasitic bacteria, moreover, =
delicate specialization may be observed as to the particular varietics of
animal albumin which may be utilized by them. Thus the gonococcus
grows more readily only upon uncoagulated human blood serum; the
Pfeiffer bacillus requires hemoglobin, and the diphtheria bacillus out-
grows other bacteria upon a medium composed for the greater part of
coagulated beef serum. For bacteria that do not require native animal
protein for their development, the most common nitrogenous ingredient
of culture media is pepton.

Many bacteria (pathogenic and saprophytic), on the other hand,
may thrive on media containing absolutely no protein, in which case,
of course, a synthesis of protein must be assumed. A medium used to
demonstrate this, devised by Uschinski,? contains ammonium lactate,
glycerin, asparagin (the amide of amido-succinic acid), and inorganic
salts. R
Creatin, creatinin, urea and urates, and even ammonia compounds
and nitrates, may serve as sources of nitrogen for many of the less
parasitic bacteria. A limited number of species, moreover, the bacilli
in the root tubercles of the leguminosae and the nitrogen-fixing organ-
isms of the soil, can obtain their nitrogen directly from the free N; of ¢
the atmosphere. '

Although the sources of carbonaceous and of nitrogenous food have
been separately discussed, it should not be forgotten that, in many
instances, both elements are taken up within the same compound, and
that separate supplies are a necessity in isolated cases only.

Hydrogen.—Hydrogen is obtained by bacteria largely in combina-
tion as water and together with the carbon and nitrogen containing
substances.

Salts.—The phosphatic constituents of the bacterial body are taken
in, chiefly, as phosphates of magnesium, calcium, sodium, or potassium.
The phosphates scem to be necessary constituents of culture media,

1 Ferran, Cent. f. Bakt., I, xxiv, 1898.
? Uschinski, Cent. f. Bakt., I, xiv, 1893.
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while chlorides, on the other hand, according to Proskauer! and Beck
are not absolutely essential. Sodium salts, as a rule, seem to be more
advantageous for purposes of bacterial cultivation than potassium salts.

The uncombined sulphur, which is often a constituent of bacteria,
is usually supplied by soluble sulphates. In the case of the thiobacteria
of Winogradsky, however, free HsS is necessary for its formation.?

The iron contained in some higher-bacteria is taken in as ferrous
compounds, and is oxidized in the bacterial into ferric compounds.

The relative quantities of various nutrients in culture media are
important in so far as too high concentrations may inhibit growth. In
this respect, however, separate species vary.

The development of bacteria is far oftener arrested by the accumula-
tion of waste products than by an exhaustion of nutrient materials.

PARASITISM AND SAPROPHYTISM

. When we speak of bacteria as parasites or as saprophytes, we classify
them, primarily, according to their relationship to the bodies of higher
animals. ‘“Parasites” are those bacteria which are capable of living
and multiplying within the human or animal body, whereas the term
‘““saprophytes’ refers to the multitude of microorganisms which are
unable to hold their own under the environmental conditions found in
the tissues of higher animals, but are found, almost ubiquitously, in air,
soil, manure, and water. The separation is by no means a sharp one
and carries with it other implications, which the use of these terms always
conveys. While parasites are usually very fastidious as to nutritional
and temperature requirements, most saprophytes are easily cultivated
upon the simplest media. Thus certain parasitic bacteria, such as the
bacillus of influenza, the gonococcus, and others, are dependent upon
specific forms of animal proteids for their food supply, while typical
saprophytes, like Bacillus proteus, may thrive and multiply upon even
the simplest organic proteid derivatives.

Between the strict parasites and the saprophytes, there is a large
class of bacteria, to which the majority of pathogenic varieties belong, the
members of which are capable of developing luxuriantly under both con-
ditions. These bacteria are often spoken of as facultative parasites.

More recently the question of parasitism and saprophytism has

' Proskauer and Beck, Zeit. f. Hyg., xviii, 1895.
3 Voges, Cent. f. Bakt., I, xviii, 1893.
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become closely interwoven with our conceptions of virulence. Bail
(see section on Aggressins) has classified parasites into strict parasites
and half parasites. By the first term he designates bacteria like Bacillus
anthracis, which actually invade all the tissues of their host, while, by
the term “half parasites,” he refers to microorganisms like the spirilum
of cholera which gain a foothold upon some part of the body of the host,
but do not actually penetrate into the general circulation.

All pathogenic bacteria, therefore, must be grouped as parasites,
strict or facultative, while the saprophytes, as a class, perform the far
more thankful task of breaking up organic matter outside of the animal
body, by putrefaction and fermentation. Absolute separation between
the two classes, however, can not be maintained, since many ordinarily
saprophytic bacteria may display parasitie qualities if administered in
large numbers to animals or man in whom resistance to bacterial invasion
is at a low ebb.

ANTAGONISM AND SYMBIOSIS OF BACTERIA )

The ubiquity of bacteria in nature of course implies the simul-
taneous presenee of many species in all places where special conditions
have provided a favorable environment for growth. Thus baeteriologi-
cal investigation of water, milk, manure, soil, or organie infusions, always
reveals the presence of a large number of different varieties within the
same substance.  If the food supply in such a natural culture is at all
limited in quantity, or the removal of waste products is prohibited, it
will usually be found that gradually the numbers of varieties will dimin-
ish and a few species, or even only one, will prevail. In the case of milk,
for instance, after standing for three or four dayvs at a suitable temper-
ature, two or three varieties will be found to have taken the place of
the twenty or thirty, which may have been present originally.,

This behavior is due to the influence which various microorganisms
exert upon cach other and is known ax antagonisin.  Such antagonism
probably depends upon the fact that the metabolic produets of the pre-
dominant species (the one or onex for whom the special cultural condi-
tions are most favorable) inhibit the growth of the less vigorous varicties,
Muany examples, experimentally supported, of such antagonizm, can he
given.  Thus, the gonococecus is distinetly inhibited by the soluble pro-
ducts of Bacillus pyoevancus, ! while in the presence of pyogenie coced it

1 Schafer, Fortschr. d. Med., 5, 1896.
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develops luxuriantly, and the bacillus of plague is completely inhibited
when streptococci are present in the culture. !

Mutual inhibition may also be due to the monopolizing of the nutri-
tion in the medium by the predominating species or to the change in re-
action produced by its growth. This last consideration is probably the
secret of the inhibitory effect exerted by acid-producers upon bacteria of
putrefaction, and has received practical therapeutic application in
Metchnikoff’s lactic-aeid bacillus therapy, which see. ~

When simultaneous presence of two species in the same environment
favors the development of both, the condition is spoken of as symbiosis.
Such dependence is not so frequent as antagonism, but it does occur.
Examples of such a condition have been observed in cultures containing
diphtheria bacilli and streptococci 2 and have been frequently observed
in cultures containing both aérobic and anaérobic bacteria, where the
former favor the development of the latter by monopolizing the supply
of free oxygen. Symbiosis may also take place in cultures in which com-
plex food products are split up by one species, furnishing substances for
ingestion by species with a lesser digestive ability.

RELATIONS OF BACTERIA TO .PHYSICAL ENVIRONMENT

Relation of Temperature.—Like all other living beings, bacteria
develop and multiply by virtue of a series of chemical and physical
processes, by means of which growth energy is obtained by destruction
or catabolism, and the lost tissues resupplied by absorption of nutritive
materials. It is natural, therefore, that the conditions of external
temperature should intimately affect the metabolic processes. The
range of temperature at which bacteria may grow is subject to wide
variations among different species. Each species, on the other hand,
may thrive within a more or less elastic range of temperature, each one
having an optimum, a minimum, and a definite maximum tempera-
ture. When the optimum temperature is present in the environment,
the functions of absorption and excretion keep pace with each other, and
the chemical balance is well preserved. When the temperature is lower
than the optimum, all metabolic processes take place more slowly, and
the bacterium gradually enters into a resting or latent stage, at which ac-
tual growth may be exceedingly slow or entirely inhibited. When the
temperature is higher than the optimum, the destructive processes are

1 Bitter, Rep. Egypt Plague Com., Cairo, 1897.
A 3 Hilbert, Zeit. f. Hyg., xxix, 1895.
4
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carried on more rapidly than the substitution of waste products by ab-
sorption, and a gradual weakening of vital energy, or even a gradual
death of the bacterium, may take place. When certain bacteria form
spores, they become very much more resistant against both high and
low temperatures, probably because a true resting stage has been
reached, during which metabolism has been reduced to a minimum,
there being practically no nutritive material taken in and corresponding-
ly little destruction taking place within the body of the microorganism.
The optimum temperature for various bacteria depends upon the
habitual environment, in which the particular species is accustomed to
exist. Thus, for the large majority of bacteria pathogenic for human
beings, the optimum temperature is at or about 37.5° C. There are
a large number of bacteria common in water, however, which grow
hardly at all at the body temperature, but thrive most luxuriantly at
temperatures of about 20° C. F. Forster, ! moreover, described certain
phosphorescent bacteria, isolated from sea-water, which grow readily at
0° C., or a little above. On the other hand, Miquel 2 has described non-
motile bacilli, which he isolated from the water of the Seine, which grew
rapidly at temperatures ranging about 70° C., and the so-called ‘“muce-
dinées thermophiles,” described by Tsiklinski,® develop most readily at
temperatures very little above this. It is thus plain that the tempera-
tures favored by various bacteria depend to a large extent upon an
adaption of these bacteria through many generations to specific en-
vironmental conditions. A good illustration of this is furnished by the
bacillus of avian tuberculosis, a microorganism differing essentially
from the bacillus of human tuberculosis in that its optimum growth
temperature lies at 41°-42° C., a temperature which exceeds the op-
timum temperature for the human type by as much as the normal tem-
perature of birds exceeds that of man. The same principle is illustrated
by the facts that the bacteria which have a very low optimum tem-
perature are usually those isolated from water, and the so-called ther-
mophile or high-temperature bacteria are obtained from hot springs and
from the upper layers of the soil, where, according to Globig,* occasion-

ally temperatures ranging from about 55° C. occur.
As stated before, one and the same species may develop within a

1 F. Forster, Cent. . Bakt., ii, 1887.
* Miquel, Bull. de la Stat. Munic. de Paris, 1879,

? T'siklinski, Ann. Past., 1889.
4 Globig, Zeit. f. Hyg., iii. .
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wide temperature range, and it may be possible, by persistent cultiva-
tion at special temperatures, to adapt certain bacteria to grow luxu-
riantly at temperatures removed by several degrees from their normal
optimum. In such cases it may often occur that special characteristics
of the given species may be lost. An example of this is the loss of viru-
lence and of spore-formation which takes place when anthrax bacilli
are cultivated at 42° C., or the loss of the power to produce pigment
when bacillus prodigiosus is grown at temperatures above 30° C.

The vegetative forms of most of the pathogenic bacteria may grow
at temperatures ranging between 20° C. and 40° C. This can, however,
by no means be regarded as applicable to all of the pathogenic bacteria,
as some of these, like the gonococcus, the pneumococcus, the tubercle
bacillus, and others, are delicately susceptible to temperature changes
and have the power of growing only within limits varying but a few
degrees from their optimum. Others, on the other hand, like bacilli of
the colon group, Bacillus anthracis, Spirillum cholere asiatice, ete.,
may develop at temperatures as low as 10° C. and as high as 40° C,, or
over. The range of temperature at which saprophytic bacteria may
develop is usually a far wider oné. When temperatures exceed in any
considerable degree the maximum growth temperature, the vegetative
forms of bacteria perish. Thus, ten minutes’ exposure to a temperature
of between 55° and 60° C. causes death of the vegetative forms of most
microorganisms. Death in such cases is due probably to a coagulation
of the protoplasm, and since all such processes of coagulation take place
best in the presence of water, the thermal death point of most bacteria
is lower when heat is applied in the form of boiling water or steam,
than when employed as dry heat. (See section on Sterilization.)

When spores are present in cultures, the resistance to heat is enor-
mously increased. Exactly what the explanation of this is can not be at
present stated. It may be that the high concentration in which the
protoplasmic mass is found in the spores renders it less casily coagulable
than is the protoplasm of the vegetative body. A more detailed discus-
sion of these relations will be found in the section on Heat sterilization.

The thermal death points of many bacteria have been carefully
studied by Sternberg,! by a technique described elsewhere.

The thermal death points ascertained by him in this way, with an
exposure of ten minutes in a fluid medium, for some of the more common
non-sporogenic bacteria are as follows:

1 Sternberg, “Textbook of Bacteriology,” New York, 1901.
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Spirillum cholere asiatics®...............c.coviiiiiiiininn.. 52° C.
Diplococcus pneumonige. . . .........viveieiiiiiii e 52° C.
- StreptoCOCCUS PYOZENES. . ..t etiie v irreeeeerennnnnnnnnnnns 54° C
Bacillus typhosus. .......coiiiiiiiiiiiiii i i 56° C.
Bacillus pyocyaneus. ..........uieiiieiviiiiiiiii e 56° C.
Bacillus mucosus capsulatus. ..............ooiiiiiiiiiiiia., 56° C.
Bacillus prodigiosus. ..........ciiiiiiiii i i 58° C
Staphylococcus pyogenes aureus...............oveeeennniann.. 58° C
GONOCOCCUB. . ... it et et eeennnnnnneeeeseeenennnnnneseeennns 60° C
Staphylococcus pyogenes albus.................ociiiial., 62° C

The bacillus tuberculosis, though not a spore bearer, seems to be slightly
more resistant to heat than other purely vegetative microorganisms.
Thus, according to Smith! and others, ten and twenty minutes’ ex-
posure to a temperature of 70° C. is necessary to destroy tubercle bacilli
in a fluid medium. For the effectual destruction of spores by moist
heat, a temperature of 100° C., or boiling point, is usually necessary.

Low temperatures are much less destructive than the high ones, and
are even in a number of cases useful in keeping bacteria alive for long
periods, inasmuch as metabolic processes are inhibited and life is main-
tained without actual development in a sort of resting state. Actual
destruction by low temperatures rarely takes place. The exposure of
diphtheria, typhoid, and other bacilli to temperatures as low as 200° C.
below zero has been carried out without destruction of the microorgan-
isms, a fact which is of great importance in consider‘ng the possibility
of infection by the vehicle of ice. Meningococci and gonococei, on the
other hand, die out rapidly when exposed to 0° C.

Relation to Pressure.—High pressure does not injure bacteria.
Certes ® found that a pressure of two atmospheres had no influence
upon the growth of anthrax bacilli suspended in blood.

Relation to Moisture.—For the growth and development of all bac-
teria, the presence of water is necessary. Nutritive materials can not
be absorbed by an osmotic process unless in a state of solution. While
complete dryness does not permit growth, its destructive action upon
various bacteria is subject to great differences. The effect of complete
drying upon bacteria will be found more fully discussed on page 62. In
the same place may be found a discussion of the effects of light, elec-
tricity, z-ray, and radium rays upon bacteria.

1 Th. Smith, Jour. of Experimental Med., No. 3, 1899.
3 Certes, Compt. rend. de 'acad. d. sc., 99, Paris, 18%4.
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THE CLASSIFICATION OF BACTERIA

Too simple in structure, too varied in biological properties to be -
definitely identified with either the vegetable or animal kingdom, the
* bacteria are placed at the bottom of the scale of all living beings. Closely
linked on the one hand to the plant kingdom by the yeasts and the
molds, and on the other to the animal kingdom by the protozoa, they
themselves combine, within one and the same division, attributes so
widely divergent as to structure, metabolism, and biological activity that
their grouping is more a matter of working convenience than of actual
scientific classification. Thus, for instance, all stages of metabolic ac-
tivity fill in the.gap between the synthetizing sulphur and nitrifying
bacteria and the purely katabolic activities of some of the aérobic and
anaérobic microorganisms which cause putrefaction. Growth takes
place within the limits of a wide temperature frange, and the specific
modes of life and cultural conditions are subject to the widest varia-
tions, from those of an indisputably useful saprophytism to those of the
most exquisite pdrasitism. Although, therefore, strictly speaking, the
bacteria can be classified as a whole neither in the animal nor in the
vegetable realms, being nonchlorophyll-bearing, they are for conve-
nience classified with the fungi or colorless plants.

The relationship of the bacteria to other simple plants may be
graphically represented by the following scheme:

CRYPTOGAMIA.
THALLOPHYTA.
[ I |
ALam. LicEENs. FUTGL
SCHIZOMYCETES BLASTOMYCETES HyPEOMYCETES
(Bacteria). (Yeasts). (Moulds—Oidia).
|
[ |
Coccacea. Chlamydobacteria.
Bacteriacez. (Higher bacteria.)
Spirillacez. Streptothrix.
Cladothrix.
Leptothrix.
Actinomyces.

The special classification of the bacteria has offered still greater
difficulties, for the lower we proceed in the phylogenetic scale of living
beings, the less specialized the morphological and biological charac-
teristics of any group become, and the more difficult it is to establish a
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classification which can in any way be regarded as final.
fore, quite impossible to classify the bacterial varieties or specics on any~

basis which can hope to satisfy all the demands of scientific accuracy”
and it is necessary to resort to the expedient of utilizing some one
characteristic which remains constant for the individual genus and to
base upon this an attempt at grouping. When bacteria were first dis-
covered, and for many years following, numerous observers contended
that the form of the microorganism observed was not a constant one
for each genus, but that cocci could be converted into bacilli or spirilla
according to environmental conditions. It was Cohn! who, in 1872,
first recognized the constancy of the morphology of bacteria and es-
tablished, upon morphological basis, a classification which, with minor
changes, has been retained until the present day. Such classifications
can not, however, be regarded as anything more than a convenient
make-shift pending the day when the finer structure and true biological
relations of the various bacteria shall have been more accurately inves-
tigated. The scheme most commonly accepted at present is the one

given below, proposed by Migula 2:

Bacteria (Schizomycetes).—Fission fungi (chlorophyll free), cell division in one,
two, or three directions of space. Many varieties possess power of form-
ing endospores. Whenever motility is present, it is due to flagella, or,

* more rarely, to undulating membranes.

FamiLy I. Coccacex.—Cells in free state spherical. Division in one, two,
or three directions of space, by which each cell divides into two; four, or
eight segments, each of which again develops into a sphere. Endospore

It is, there-

formation rare.

Genus I. Streptococcus.—Cells divide in one direction of space only, for
which reason, if they remain connected after fission, bead-like chains may
be formed. No organs of locomotion.

Genus II. Micrococcus (Staphylococcus).—Cells divide in two directions
of space, whereby, after fission, tetrad and grape-like clusters may be
formed. No organs of locomotion.

Genus I11. Sarcina.—Cells divide in three directions of space, whereby,
after fission, bale-like packets are formed. No organs of locomotion.

Genus IV. Planococcus.—Cells divide in two directions of space, as in

micrococcus, but possess flagella.

1Cohn, “Beitriige zur Biol. d. Pflanzen,”” Heft 1 u. 2, 1872,
* Migula, “System d. Bakt.,” Jena, 1897.
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Genus V. Planosarcina.—Cells divide in three directions of space as in
sarcina, but possess flagella.

FamiLy II. BactEriace£.—Cells long or short, cylindrical, straight, never
spiral. Division in one direction of space only, after preliminary elonga-
tion of the rods. )

Genus I. Bacterium.—Cells without flagella, often with endospores.

Genus II. Bacillus.—Cells with peritrichal flagella, often with endospores.

Genus III. Psewdomonas.—Cells with polar flagella. Endospores occur
in a few species, but are rare.

FamiLy III. SpiriLLacezx.—Cells spirally curved or representing a part of a
spiral curve. Division in one direction of space only, after preceding
elongation of cell.

Genus I. Spirosoma.—Cells without organs of locomotion. Rigid.

Genus II. Microspira.—Cells rigid, with one or, more rarely, two or three
polar undulated flagelia.

Genus III. Spirillum.—Cells rigid, with polar tufts of five to twenty
flagella usually curved in semicircular or flatly undulating curves.

Genus IV. Spiroch@te.—Cells sinously flexible. Organs of locomotion un-
known, perhaps a marginal undulating membrane.

PamiLy IV. CHLAMYDOBACTERIACE.E.—Forms of varying stages of evolution,
all possessing a rigid sheath (Hiille), which surrounds the cells. Cells
united in branched or unbranched threads.

Genus I. Streptothrix.—Cells united in simple, unbranched threads. Divi-
sion in one direction of space only. Reproduction by non-motile
conidia.

Genus 1I. Cladothriz.—Cells united or pseudodichotomously branching
threads. Division in one dircetion of space only. Vegetative multipli-
cation by separation of entire branches. Reproduction by swarming
forms with polar flagella.

Genus I1I. Crenothrix.—Cells united in unbranched threads, at first with
division in one direction of space only. Later the cells divide in all three
directions of space. The daughter cells become rounded and develop
into reproductive cells.

Genus 1V. Phragmidiothriz—Cells at first united in unbranched threads,
dividing in three dircctions of space, thus forming a rope of cells. Later
some of the cells may penetrate through sheath, and thus give rise to
branches.
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Genus V. Thiothriz.—Unbranched, non-motile threads, inclosed in fine
sheaths. Division of cells in one direction only. Cells contain sulphur

granules.

FamiLy V. BEGGIATOACEZE.—Cells united in sheathless threads. Division
in one direction of space only. Motility by undulating membrane as in

Oscillaria.
Genus Beggiatoa.—Cells with sulphur granules.

It will be seen in reviewing the classification just given that the sub-
divisions are based upon questions of form, motility, and situation of
flagella. While these characteristics, so far as we know, are constant,
there are, nevertheless, many instances in which types entirely similar
in these respects must be differentiated. This can be done only by care-
ful study of staining reactions, finer structure, cultural characteristics,
and biological activities.

As a matter of fact, while the bota.mca.l classification of the bacteria
offers great difficulties, identification is not so complicated a task as this
would indicate. Identification, once roughly made on a morphological
basis, is further carried on by the aid of cultural characteristics, by bio-
chemical reactions and by pathogenic properties. The bacteria occupy
80 important a place in agriculture, in medicine, and in hygiene, that it
rarely becomes necessary for a worker in any particular field to survey
the entire group. The habitat of a large number of species is so well
known that this consideration alone often gives a clew to actual identi-
fication.

Bacterial Mutation.—The earlier views of bacteriologists concerning
mutation differed greatly, Naegeli holding that extensive mutation was
probably the rule; Cohn, on the other hand, holding strictly to the
constancy of form and species. The accumulated experience of many
bacteriologists during the years since then seems to point almost entirely

in the direction indicated by Cohn, and, in fact, most of our methods of
classification are based upon the assumption of such constancy.

Form alone, of course, cannot be relied upon for classification among
organisms so simply constructed that the possibilities of variation in
form are very limited. In classifying bacteria, therefore, we are forced
to take cognizance not only of morphology, but also of staining character-
istics, behavior on differential media, fermentation reactions, patho-
genicity, and, as a final appeal, reactions with specific immune sera.
The last especially, as utilized in agglutination and complement-fixation,
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seems to indicate a fundamental chemical difference in the constitution
of bacteria often morphologically very much alike. It is certainly a
remarkable fact that organisms such as those belonging to the colon-
typhoid-dysentery group, though morphologically not differentiable, may
still retain differences both in pathogenicity and in fermentation powers
after being kept for ten or more years in laboratory media, and the same
experience we have had with organisms belonging to the diphtheria
group. The virulence of plague and anthrax bacilli may be retained
for years in storage, and such evidence shows pretty definitely that
fundamental constant differences between organisms exist.

In judging of mutation we must differentiate between temporary
changes of secondary characteristics which revert to the type rapidly
when brought back to the normal environment and those which consti-
tute permanent inherited characteristics. Of recent years much work
has been done on this question, which has been reviewed very thoroughly
by Eisenberg ! and by Vaughan. ? Systematic cultivation of colon and
typhoid bacilli in the hands of T'wort, Penfold and others seems to have
shown that agglutination as well as fermentation characteristics can be
artificially changed. Furthermore, color-producing organisms like the
prodigiosus can be artificially changed to colorless strains, and it is
well known that certain microorganishs rapidly lose their virulence
when cultivated, and that the virulence can only be brought back by
passage through animals. Rosenow?® claims recently to have converted
hemolytic streptococci into typical streptococcus viridans, pneumococ-
cus mucosus, and pneumococcus-like organisms. In just how far these
observations will be shown to represent true permanent mutations we
are not at present ready to determine. If it will be found that organisms
typically representative of a well-known species can be changed in the
animal body or in culture into forms recognizedly typical of another
species, we will have to revise our classifications, and we can look upon
the classes as now established merely as convenient methods of making
discussion possible, but not as representing botanically constant types.

While we must therefore admit that a considerable degree of muta-
tion is possible, we do not ourselves believe that the evidence is suffi-
ciently strong to undermine the prevailing ideas as to the constancy of
species. Most mutations so far produced have readily reverted to
type when subjected to proper conditions.

t Eisenberg, Weichhardt’s Ergebnisse, 1914.
t Vaughan, Jour. of Lab. & Clin. Med., 1915, vol. i, 145.
3 Rosenow, Jour. Infect. Dis., xiv, 1914, 1.




CHAPTER 1V

THE BIOLOGICAL ACTIVITIES OF BACTERIA

WHILE the bacteria pathogenic to man and animals largely usurp
the attention of those interested in disease processes, this group of micro-
organisms is after all but a small specialized off-shoot of the realm of
bacteria, and, broadly speaking, actually of minor importance. Sur-
veying the existing scheme of nature, as a whole, it is not an extrava-
gant statement to say that without the bacterial processes which are
constantly active in the reduction of complex organic substances to
their simple compounds, the chemical interchange between the animal
and vegetable kingdoms would fail, and all life on earth would of
necessity cease. To understand the full significance of this, it is ncees-
sary to consider for a moment the method of the interchange of matter
between the animal and vegetable kingdoms.

All animals require for their sustenance organic compounds. They
are unable to build up the complex protoplasmic substances which form
their body cells from chemical elements or from the simple inorganic
salts. They are dependent for the manufacture of their food-stuffs,
therefore, directly or indirectly, upon the synthetic or anabolic activi-
ties of the green plants.

These plants, by virtue of the chlorophyll contained within the cells
of their leaves and stems, and under the influence of sunlight, possess
the power of utilizing the carbon of the carbonic acid gas of the atmos-
phere, and of combining it with water and the nitrogenous salts ab-
sorbed by their roots, building up from these simple radicles the highly
complex substances required for animal sustenance.

These products of the synthetic activity of the green plants, then,
are ingested by members of the animal kingdom, either directly, in the
form of vegetable food, or indirectly, as animal matter. They are
utilized in the complex laboratory of the animal body and are again
broken down into simpler compounds, which leave the body as excreta
and secreta.

The excreta and secreta of animals, however, are, in a small part
only, made up of substances simple enough to be directly utilized hy
plants. The dead bodics, moreover, of both animals and plants would
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be of little further value as stores of matter unless new factors inter-
vened to reduce them to that simple form in which they may again
enter into the synthetic laboratory of the green plant. Agents for
further cleavage of these compounds are required, and these are supplied
by the varied activities of the bacteria.

On the other hand, bacteria are also important in the process of
synthesis. The main supply of nitrogen available for plant life is found
in the eclementary state in the atmosphere—a condition in which it
can not be utilized as a raw product by the plant. This gap again is
bridged by the bacteria found in the root bulbs of the leguminous plants
—bacteria which possess the power of assimilating or aiding in the as-
similation of atmospheric nitrogen and its preparation for further use by
the plant itself. Another bacterial activity which may be classified as an
anabolic process is the oxidation of the ammonia, released by decomposi-
tion, into nitrites and nitrates. This is carried on by certain bacteria of
the soil. These are to be treated of in greater detail in another section.

There is a constant circulation, therefore, of nitrogen and carbon
compounds, between the plant and the animal kingdoms, by virtue of an
anabolic or constructive process in the one, and a katabolic or destruc-
tive process in the other, rendering them mutually interdependent and
indispensable. The circuit, however, is not by any means a closed one;
there are important gaps, both in the process of cleavage and in that of
synthesis, which, if left unbridged by the bacteria, would effectually
arrest all life-activity of plants and eventually of animals.

Far from being scourges, therefore, these minute microorganisms
are paramount factors in the great cycle of living matter, supplying
necessary links in the circulation of both nitrogenous and carbon com-
pounds.

KATABOLIC ACTIVITIES OF BACTERIA

The katabolic activities of bacteria, then, consist in the fermentation
of carbohydrates and in the cleavage of proteids and fats.

Fermentation is carried out to a large extent by the yeasts, but also
to no inconsiderable degree by bacteria. Proteid decomposition and the
cleavage of fats are carried out almost exclusively by bacteria.

For our knowledge of the fundamental laws underlying these phe-
nomena of fermentation and proteid decomposition, we are indebted
to the genius of Pasteur,' who was the first to prove experimentally the

' Pasteur, “ Etude sur la bi‘re,” Paris, 1876.
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exclusive and specific parts played by various microorganisms in these
processes. While the observations and deductions made by Pasteur have
not been greatly modified, a large store of information has been gained
since his time, which has thrown additional light upon the chemical de-
tails and the more exact manner of action of the factors involved.

The actual work of cleavage in both fermentation and proteid cleav-
age is carricd out by substances known as enzymes or ferments, the nature
of which we must further discuss before their manner of action can be
fully comprehended. ,

Bacterial Enzymes or Ferments.—.\ ferment or enzyme is a substance
produced by a living ccll, which brings about a chemieal reaction with-
out entering into the reaction itself. The enzyme itself is not bound to
any of the end produets and is not appreeiably diminished in quantity
after the reaction is over, although its activity may be finally inhibited
by oncor anotherof thenew products. The action of bacterial enzymes is
thus seen to be closely similar to that of the chemical agents technieally
spoken of as “Katalyzers,” represented chiefly by dilute acids. Thus,
if an aqueous solution of saccharose is brought into contact with a
dilute solution of sulphurie acid, the disaccharid is hydrolyzed and is
decomposed into levulose and dextrose,

Thus:

C,H,0, + 1L,O = CH,0, + CH,,0,
In contact with Dextrose Levulose
dilute H,8 0,

During this process, which is known as “inversion,” the concentration
of the sulphurie acid remains entively unchanged. While theoretieally
the changes brought about by enzymnes and katalyzers are usually
such as would oceur spontancouzly, the time for the spontancous oe-
currence would be,at ordinary temperatures, infinitely long. The defini-
tion for enzymes and katalvzers = given by Ostwald, therefore, as
“substances which hasten achemieal reaction without themselves taking
partin it.” Exactly the sane vesult which s obtaimed by the use of dilute
sulphuric acid 1x caused by the ferment “invertase” produeed, for
instance, by Bo megatherium, Were a solution of  saccharose  sub-
jected to heat, without katalvzer or ferment, a similar change would
occur, but by the mediation of these substances the inversion is pro-
dueed without other ehemieal or phyvsical reinforeement.

This analogy between enzyvmes and katalvzing agents is very
striking.  Thus, as stated, both katalyzers and enzymes bring about

-
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changes without themselves being used up in the process, both act
without the aid of heat, and the reactions brought about by both
have occasionally been shown to be reversible. While this last phe-
nomenon has been variously shown for katalyzers, the process of re-
versibility has been demonstrated for bacterial enzyme action only in
isolated cases. Thus, it has been found that by the action of the yeast
enzyme maltase upon concentrated dextrose solutions, a re-formation of
maltose may occur. In both cases, moreover, the quantity of enzyme
or katalyzer is infinitely small in proportion to the amount of material
converted by their action.

There is a close similarity, furthermore, between the bacterial en-
zymes and the ferments produced by specialized cells of the higher ani-
mals and plants. For instance, the action of the ptyalin of the saliva or
of the diastase obtained from plants is entirely analogous to the starch-
splitting action of the amylase produced by many bacteria.

The action of all enzymes depends most intimately upon environ-
mental conditions. For all of them the presence of moisture is essential.
All of them depend for the development of their activity upon the exist-
ence of a specifically suitable reaction. Strong acids or alkalies always
inhibit, often destroy them. Temperatures of over 70° C. permanently
destroy most enzymes, whereas freezing, while temporarily inhibiting
their action, causes no permanent injury, so that upon thawing, their
activity may be found almost unimpaired. Direct sunlight may injure,
but rarely destroys, ferments. Against the weaker disinfectants in com-
mon use, enzymes often show a higher resistance than do the bacteria
which give rise to them. ‘

The optimum conditions for enzyme action, then, consist in the
presence of moisture, the existence of a favorable reaction, weakly acid
or alkaline, as the case may be, and a temperature ranging from 35°-
45°C.!

Proteolytic Engymes.—In nature, the decomposition of dead animal
and vegetable matter occurs only when the conditions are favorable for
bacterial development. Thus, as is well known, freezing, sterilizing by
heat, or the addition of disinfectants will prevent the rotting of organic
material.

In the laboratory, the presence of proteolytic enzymes is determined
chiefly by the power of bacteria to liquefy gelatin, fibrin, or coagulated
blood serum. These ferments arc not always sccretions from the bac-

1 Oppenheimer, *‘ Die Fermente,” etc. Leipzig, 1900,
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terial ccll, but in some cascs may be closcly bound to the cell-body and
separable only by extraction after death. In such cases they are spoken
of as endocnzymes. Whenever they are true seeretory produets, however,
they can be obtained separate from the microorganisms which form them
by filtration through a Berkefeld candle.  From such filtrates they may,
in some cases, be obtained in the dry state by precipitation with aleohol.
When obtained in this way the precipitated enzyme is usually much
more thermostable than when in solution, for while soluble enzymes in
filtrates are usually destroyed by 70° (., and even less, the dried powder
may occasionally withstand 110° C. for as long as ten minutes.!

Apart from the general conditions of temperature and moisture, the
developmentof these enzymes seems to depend direetly upon the presence
of proteids in the culture media. The number of bacterial species
which produce prote<iyvtic enzymes is legion.  Among those more com-
monly met with are staphylococel, B. subtilis, B. proteus, B. fecalis
liquefaciens, Spirillum cholerwe asiatice, B. anthracis, B. tetani, B. pyo-
cyancus,and a large number of others. The inability of any given miero-
organism to liquefy gelatin or fibrin by no means entirely excludes the
formation by it of proteolytic enzymes, since these ferments may often
be active for one particular elass of proteid only.

In order to study the qualitative and quantitative powers of any
given bacterial proteolvzing enzyme or protease, it iz, of course, neces-
sary to study these processes in pure eulture in the test tube with media
of known composition. In the refuse heap, in sewage, or in rotting
excreta, the process is an extremely complicated one, for hesides the
bacteria which attack the proteid molecule itzelf, there are many other
species supplementing these and each other, one species attacking the
more or less complex end-products left by the action of the others.

Exactly what the chemieal reactions are which take place in these
cleavages ix not entirely elear. Tt ix believed, however, that most of the
cleavages are of an hy rolvtie nature,

In general, the action of the proteid-splitting ferments ix comparable
to that of the panereatie ferment tryps=in, and they are most often active
in an alkaline environment.  They differ, among themselves, chiefly in
the form of proteid which they are competent to attack, and in the
extent to which they are able to reduee it toward its shmple rdicles,

A distinetion is occazionally made hetween the terms putrejaction
and decay, the former being used to refer to the decomposition taking

' Fuhrmann, “ Die Bukterienzyme,” p. 45.
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place under anagrobic conditions, that is, in the absence of oxygen, a
process usually resulting in incomplete cleavage of the proteid medium;
the latter being used to signify decompositions under aérobic conditions
and leading to a more complete splitting, the end-products often being
represented by such simple compounds as earbon dioxide, water, and
ammonia. In general, the products of putrefaction are largely repre-
sented by the amino-acids, leucin and tyrosin, fatty acids, mercaptan,
indol, and skatol. The gases generated in such decomposition are largely
made up of CO,, hydrogen, NH, and H,S. The coincident presence,
furthermore, of the carbohydrate-splitting bacteria and of denitrifying
microorganisms renders the actual process of putrefaction a chaos of
many activities in which the end-products and by-products are qualita-
tively determinable only with much inexactitude, and which com-
pletely defies any attempt at quantitative analysis.

Ptomains.—There are certain products, however, resulting from the
proteolytic action of bacterial enzymes upon proteids which elaim more
than a purely chemical interest beeause of their toxie action upon the
animal organism, and their consequent importance as incitants of dis-
case. Pre-eminent among these are the ptomains. The word ptomain
(from =zzaépa, a dead body) s used to designate organic chemical
compounds produced by the action of bacteria, which are basie in char-
acter; that is, arc able to combine with an acid to form a salt.  They
should be definitely distinguished from the so-called leucomains, a
term employed to designate similar substances formed in the course
of proteid metabolism within the animal body, and not baeterial in
origin. Both in their basic characters and in their nitrogenous eonstitu-
tion, the ptomains resemble the vegetable alkaloids, and for this reason
arc sometimes spoken of as “animal alkaloids.™

The ptomains must be sharply distinguished from the bacterial
toxins, which arc products of the bacterial growth irrespective of the
medium in which they are grown, except in so far as this hinders or
abets the development of the microorganisms.  Thus, toxins may be
developed by diphtheria organisms, for instanee, in proteid-free media.
As will be seen in a subsequent =cetion, the true toxins are comparable
to the enzymes themselves, rather than to therr eleavage produets, rep-
resented in this instance by the ptomains,

A great number of ptomains are chemically known.  Many  of
these possess little or no toxicity.  Others, however, like putresein
(tetramethylenediamin, (YH,,N,) and eadaverin (C;H,N,) are very
highly poisonous. It is to onc or another of these ptomains that most
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cases of so-called meat poisoning (kreatoxismus), cheese poisoning
(tyrotoxismus), or vegetable poisoning (sitotoxismus) are due.

In each individual case the variety of ptomain resulting from a bac-
terial decomposition varies with the individual species of microorganism
taking part in the process and with the nature of the proteid upon which
its development takes place.

. In breaking down animal excreta, the task of the bacteria is rather
a simpler one than when dealing with the cadavers themselves, for here a
part of the cleavage has already been carried out either by the destruc-
tive processes accompanying metabolism, or by partial decomposition by
bacteria begun within the digestive tract. This material outside of the
body is further reduced by bacterial enzymes into still simpler sub-
stances, the nitrogen usually being liberated in the form of ammonia.
One example of such an ammoniacal fermentation may be found in
the case of the urea fermentation by Micrococcus ures, in which the
cleavage of the urea takes place by hydrolysis according to the follow-
ing formula:

(NH,), CO + 2H, 0 = CO, + 2NH, + H, 0

Similar ammoniacal fermentations are carried out, though perhaps
according to less simple formule, by a large number of microorganisms.
Perhaps the most common species which possesses the power is the group
represented by B. proteus vulgaris (Hauser).

From what has been said it follows naturally that, so far, the decom-
position of the proteid molecule from its complex structure to ammonia
or simple ammonia compounds is an indispensably important function,
not only for agriculture, but for the maintenance of all life processes.
1t is clear, on the other hand, that a further decomposition of ammonia
compounds into forms too simple to be utilized by the green plants would
be a decidedly harmful activity. And yet this is brought about by the
so-called denitrifying bacteria which will be considered in a subsequent
section.

Lab Engymes.—Thcre are a number of ferments produced by bacteria
which, although affecting proteids, can not properly be classified with
the protcolytic enzymes. These arc the so-called coagulases or lab
enzymes, which have the power of producing coagulation in liquid pro-
teids. Just what the chemical process underlying this coagulation is,
is not known. If Hammarsten’s' conclusions as to the hydrolytic

* Hammarsten, * Textbook of Physiol. Chemistry,” Translation by Mandel.
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nature of the changes produced by them are true, these enzymes are
brought into close relationship to the proteolyzers, although a coagula-
tion can hardly he regarded as a true katabolic process. In milk where
the lab-action beromes evident by precipitaticn of casein, a strict dif-
ferentiation must be made between this coagulation and that brought
about by acids or alkalies. In the former case, casein is not only pre-
cipitated and converted into paracasein, but is actually changed so that
when redissolved it is no longer precipitated by lab.'

Coagulating enzymes for milk proteids, blood, and other proteid
solutions are produced by a large varicty of bacteria. They have been
observed in cultures of the cholera vibrio, B. prodigiosus, B. pyocyancus,
and several others.? :

The lab enzymes are easily destroyed by temperatures of 70° C. and
over, and are very susceptible to excessive acidity or alkalinity.

Fat-Splitting Enzsymes (Lipase).—The fat-splitting powers of bac-
teria have been less studied than some of the other bacterial func-
tions and are correspondingly more obscure. It is known, nevertheless,
that the process is due to an enzyme and that it is probably hydrolytic
in nature. The following formula represents the simplest method in
which some of the molds and bacteria produce cleavage of fats into
glycerin and fatty acid.

Gy Hy (Cy Hy, 0); + 3H, 0 = G, H, (OH) + 3C, H,, 0,
Glycerin Fatty acid

Some of the bacteria endowed with the power of producing lipase
are the spirillum of cholera, B. fluorescens liquefaciens, B. prodigiosus,
B. pyocyaneus, Staphylococcus pyogenes aureus, and some members of
the streptothrix family. The methods of investigating this function of
bacteria, originated by Ejkmann,? consists in covering the bottom of a
Petri dish with tallow and pouring over this a thin layer of agar. Upor
this, the bacteria arc planted. Any diffusion of lipase from the bacterial
colonies becomes evident by a formation of white, opaque spots in the
tallow. Carriére* was able to demonstrate a fat-splitting ferment for the
tubercle bacillus. Apart from the importance of these enzymes in
nature for the destruction of fats, they are industrially important be-

1 Oppenhermer, *‘ Die Fermente u. ihre Wirkung,” Leipzig, 1903,
* Torini, Atti dei laborat. d. sanita, Rome, 1890.
3 Ejkmann, Cent. f. Bakt., I, xxix, 1901.
¢ Carritre, Comptes rend. de la soc. de biol., 53, 1901.
5
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cause of their action in rendering butter, milk, tallow, and allied prod-
ucts rancid, and are medically of intcrest for their action upon fats in
the intestinal canal.

Enzymes of Fermentation (The Cleavage of Carbohydrates by Bacteria).
—The power to assimilate carbon dioxide from the atmosphere is
possessed only by the green plants and some of the colored alge,
and the sulphur or Thiobacteria. All other living beings are thus
dependent for their supply of carbon upon the synthetic activities
carried on by these plants to the same degree in which they are de-
pendent upon similar processes for their nitrogen supply. The return of
this carbon to the atmosphere is, of course, brought about to a large ex-
tent by the respiratory processes of the higher animals. The carbon,
which, together with nitrogen, forms a part of proteid combinations, is
freed, as we have seen in a previous section, by the processes of proteid
cleavage. That, however, which is inclosed in the carbohydrate mole-
cule, is set free by the action of yeasts, molds, or bacteria, by an cnzy-
matic process simila. in every respect to that described above for the
process of proteid cleavage.

FerMENTATION.—The power of carbohydrate cleavage is possessed
by a large number of the yeasts and bacteria. The process, as has
been indicated, is of great importance in the cycle of carbon compounds
for the return of carbon to its simplest forms, and is, furthermore, as
will be seen in a later section, of great utility in the industries. In each
case the power to split a particular carbohydrate is a more or less specific
characteristic of a given species of microorganism, and for this reason
has been extensively used as a method for the biological differen-
tiation of bacteria. In the course of much careful work upon this
question it has been ascertained that the specific carbohydrate-splitting
powers of any given species are constant and unchanged through
many generations of artificial cultivation. Thus, differentiation of the
Gram-negative bacteria, the members of the pneumococcus-streptococ-
cus group, and the diphtheria group, can now largely be made by a study
of their sugar fermentations.

In most of these cases, as far as we know, the cleavage is produced by
a process of hydrolysis. A convenient nomenclature which has been
adopted for the designation of these ferments is that which employs the
name of the converted carbohydrate adding the suffix “ase” to indicate
the enzyme. There are thus ferments known as amylase, cellulase, lac-
tase, etc.

Amylase (Diastase or Amylolytic Ferment).—Amylases or starch-
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splitting enzymes are formed by many plants (malt) and by animal
organs (pancreas, saliva, liver). Among microorganisms amylase is
produced by many of the streptothrix group, by the spirilla of Asiatic
cholera and of Finkler-Prior, by B. anthracis, and many other bacteria.
A large number of the bacteria found in the soil, furthermore, have
been shown to produce amylases. By cultivating bacteria upon starch-
agar plates, amylase can be readily demonstrated by a clearing of the
medium immediately surrounding the colonies.!

Since, of course, there are several varieties of starches, it follows that
the exact chemical action of amylase differs in individual cases. The
determination of the structural disintegration of starch by these fer-
ments is fraught with much difficulty, owing to the polymeric constitu-
tion of the starches. Primarily, however, a cleavage takes place into
a disaccharid such as maltose (hexobiose), and the non-reducing sugars
and dextrin. Beyond this point, however, the further cleavages are
subject to much variation and are not entirely clear. The dextrins
upon further reduction yield eventually dextrose.

Cellulase.—Cellulose is fermented by a limited number of bacteria,
most of them anaérobes. The chemical process by which this takes place
is but poorly understood.?

Gelase.—An agar-splitting ferment has been found by Gran.?

Invertase.—The enzymes which hydrolytically cause cleavage of
saccharose into dextrose and levulose are numerous. The chemical
process takes place according to the following formula:

CiaH,;; 0, + H, O=C. H,, Oo + Co H,, O,
Saccharose Dextrose  Levulose

Invertase is produced by many of the yeasts. It is one of the most
common of the enzymes produced by bacteria, and has been found in
cultures of B. megatherium, B. subtilis, pneumococcus, some strepto-
cocci, B. coli, and many others. Invertase is usually very susceptible to
heat, béing destroyed by temperatures of 70° C. and over. A slightly
acid reaction of media abets the inverting action of these enzymes.
Strong acids and alkalies inhibit them. Inverting enzymes may be
precipitated out of solution by alcohol. Antiseptics even in weak con-
centrations will inhibit their action.

1 Ejkmann, Cent. f. Bakt., xxix, 1901, and xxxv, 1904.
2 Omelianskt, Lafar’s ¢ Handb. d. techn. Mykologie,” Bd. iii, Chap. 9,
3 Gran, Bergens Museum Aarbog, 1902, Hft. I.
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. Lactase.—Lactose-splitting ferments are extremely common both
among bacteria and among the yeasts. The process is here again a
hydrolytic cleavage resulting in the formation of the monosaccharids
as dextrose and galactose.

Maltase.—A maltose-splitting ferment has also been found in the
cultures of many bacteria, leading to the formation of dextrose.

Lactic Acid Fermentation.—Lactic acid (oxyproprionic acid, Cy H, O,)
is one of the most common substances to appear among the prod-
ucts of bacterial activity, both in media containing carbohydrates
and in those consisting entirely of albuminous substances. In most of
these cases, the lactic acid is formed merely as a by-product accom-
panying many other more complicated chemical cleavages. In some
instances, however, lactic acid is produced from carbohydrates, both
disaccharids and monosaccharids, as an almost pure product due to a
specific bio-chemical process. The reactions taking place in this phenom-
enon may be briefly expressed according to the following formuls:

C,; Hyy O0,+ H,0= 4C, H, Oa
Lactose Lactic acid
or
G, H,, O, = 2C, H, O,
Dextrose Lactic acid

In the same way lactic acid may be produced by bacteria from levu-
lose.

Examples of lactic acid formation are furnished by the streptococcus
lacticus, and B. lactis aérogenes. In the case of the former, the fer-
mentation may indeed proceed by the simple chemical process indi-
cated in the formul®, since the action of the bacillus is entirely unac-
companied by the evolution of gas.

Numerous other bacteria produce large amounts of lactic acid from
lactose, possibly by chemical processes less simply formulated. Among
these are bacilli of the colon group, B. prodigiosus, B. proteus vulgaris,
and many others. Although lactic acid is usually the chief product in
the bacterial fermentation of the simpler carbohydrates, acetic, formic,
and butyric acids may often be found as by-products in variable
amounts.!

Ozxydases (Oxydizing Enzymes).—The most common example of
oxidation by means of bacterial ferments is the production of acetic acid

' Buchner und Meisenheimer, Ber. d Deut. chem. Gesellsch., xxxvi, 1803.
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from weak solutions of cthyl alcohol. This process, which is the basis of
vinegar production, is universally carried out by bacterial ferments.
While possessed to some extent by a considerable number of microorgan-
isms, acetic acid formation is a function pre-cminently of the bacterial
groups described by Hansen, including “Bacterium aceti” and “ Bac-
terium pasteurianum.” To these two original groups a number of others
have since been added.

The organisms are short, plump bacilli, with a tendency to chain-
formation, and occasionally showing characteristically swollen centers
and many irregular involution forms. In the production of vinegar, as
generally practiced by the farmer with cider or wine, these bacteria
accumulate on the surface of the fluid as a pellicle or scum which is
popularly known as the “mother of vinegar.” Destruction of these
bacteria by disinfectants or by sterilization with heat promptly arrests
the process of vinegar formation. Chemically, the conversion of the
alcohol consists in a double oxidation through cthyl aldehyde into acetic
acid as shown in the following formule:

1. C,H; (OH) + O = CH, (COH)
Alcohol Ethyl aldehyde

2. CH, (COH) + O = CH, (COOH)
Acetic acid

Alcoholic Fermentation (Zymase).—The formation of alcohol as an
end product of fermentation is of great importance in a number of the
industries, primarily in the production of wine and beer.  While aceom -
plished by a number of bacteria, this form of fermentation is carried
out chiefly by the yeasts.

Expressed in formule the simplest varieties of aleoholie fermenta-
tion, from mono- and disaccharids, may be represented as follows:

C,H,,0, = 20,11, (O1) + 20,
Dextrose Ethyl aleohol
or
C,H,,0,, + 1,0 = 4C,H,(OH) + 4CO,
Saccharose Iithyl alcohol

In all cases the process may not be so simple as indicated by the equa-
tions, since by-products, such as higher aleohols, glycerin, succinic
and acetic acids, may often be found in small traces among the end-
products of such fermentations. The conditions which favor aleoholie
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fermentation by the yeasts are extremely important, since, upon obser-
servance of these, depends much of the uniformity of result which is so
desirable in the industries mentioned above. The optimum concentra-
tion of sugar for the production of the highest quantity of alcohol is at
or about 25 per cent. The temperature favoring the process ranges
about 30° C. Under such conditions fermentation may continue until
the alcohol forms almost a 20-per-cent solution. Most of the fermenta-
tions important in the wine, beer, and spirit industries, take place under
anaérobic conditions, since the carbon dioxide which is formed soon
shuts out any excess of air.

In the industrial employment of yeasts for fermentative purposes, it
is necessary to work with specific strains, and in scientifically conducted
vineyards, breweries, and distilleries the study and pure cultivation of
the yeasts form no unimportant part of the work. Certain races of yeasts
are more uniform in their fermentative powers than others, and the by-
products formed by some races differ sufficiently from those of other
races to cause material differences in the resulting substances. In the
wine industries, the yeasts differ much from one another according to
climatic and other environmental conditions. In vineyards, natural
inoculation of the grapes occurs by transportation of the yeast from
the soil to the surface of the grapes by wasps, bees, or other insects,
through whose alimentary canals the microorganisms pass uninjured.
In the autumn the yeast is returned to the soil by falling berries and
remains alive in the upper layers of the ground throughout the winter
months. In actual practice this natural ycast inoculation is not de-
pended upon, but pure cultures of artificially cultivated yeasts are
employed for inoculation. In some of the wine-growing countries these
are supplied by special government experiment stations.

Denitritying Bacteria.—Nitrogen is most readily absorbed by plants
in the form of nitrates. These are furnished to the soil chiefly by the
proteid decomposition induced by the proteolytic bacterial enzymes.
It is self-evident, therefore, that any cleavage which reduces nitrog-
enous matter beyond the stage of nitrates, to nitrites and ammonia,
detracts from the value of the nitrogen as a food stuff for plants,
and the eventual setting frec of nitrogen in the elementary state ren-
ders it entirely valueless for any but the leguminous plants.

Nevertheless, this process of nitrogen waste or denitrification is
constantly going on in nature. In the course of ordinary decomposition,
there is a constant reduction of nitrogenous matter to nitrites and salts
of ammonia, actively taken part in by a host of bacteria, as many as
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85 out of 109 investigated by Maassen ! being found to possess this power.
This, however, is not nearly so harmful a source of nitrogen waste as
the process technically spoken of as true denitrification, in which
nitrates are reduced, through nitric and nitrous oxides, to elementary
nitrogen.

This phenomenon, more widely spread among bacteria than at first
believed, depends essentially upon simple oxygen extraction from the
nitrates by the bacteria, and for this reason goes on most actively when
the supply of atmospheric oxygen is low. The first bacteria described
as possessing this power of denitrification were the so-called B. denitri-
ficans I and II, the first an obligatory anaérobe, the other a facultative
aérobe. Since then numerous other bacteria, among them B. coli and
B. pyocyaneus, have been shown to exhibit similar activities. It is
important agriculturally, thercfore, to know that many species which
are able to utilize atmospheric oxygen when supplied with it, will gst
their oxygen by the reduction of nitrates and nitrites when free oxygen
is withheld. It is thus clear that a loss of nitrogen is much more apt
to proceed rapidly in manure heaps which are piled high and poorly
aérated. There are other factors, however, in regard to the physi-
ology of these microorganisms, which must be considered for practical
purposes.

In order that these bacteria may develop their denitrifying powers
to the best advantage, it is necessary to supply them with some carbon
compound which is easily absorbed by them. This, in decomposing
material, is furnished by the products of the carbohydrate cleavage
going on side by side with the proteolytic processes. It is still more
or less an open question whether the facilitation of denitrification
brought about in manure heaps by the presence of hay and straw is due
to the carbon furnished by thesc materials, or whether it is due to the
fact that bacilli of this group are apt to adhere to the straw which acts
in that case as a means of inoculation.

The actual danger of nitrogen depletion of the soil by denitrifying
processes is probably much less threatening than was formerly supposed;
for, in the first place, the conditions for complete denitrification arc
much more perfect in the experiment than they ever can be in nature,
and the nitrifying processes going on side by side with denitrification
make up for much of the loss sustained.

' Maassen, Arb. a. d. kais. Gesundheitsamt, 1, xxviii, 1901.
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ANABOLIC OR SYNTHETIC ACTIVITIES OF BAOTERIA

Nitrogen Fixation by Bacteria.—The constant withdrawal of nitroge-
nous substances from the soil by innumerable plants would soon lead to
total depletion were it not for certain forces continually at work re-
plenishing the supply out of the large store of free nitrogen in the atmos-
phere. This important function of returning nitrogen to the soil in
suitable form for consumption by the plants is performed largely by
bacteria.

It is well known that specimens of agricultural soil when allowed to
stand for any length of time without further interference will increase
in nitrogenous content, but that similar specimens, if sterilized, will
show o such increase.! The obvious conclusion to be drawn from this
phenomenon is that some living factor in the unsterilized soil has aided
in increasing the nitrogen supply. Light was thrown upon this problem
when Winogradsky,? in 1893, discovered a microorganism in soil which
possessed the power of assimilating large quantities of nitrogen from
the air. This bacterium, which he named “ Clostridium Pasteurianum,”
is an obligatory anaérobe which in nature always occurs in symbiosis
with two other facultatively anaérobic microorganisms. In sym-
biosis with these, it can be cultivated under aérobic conditions and thus
grows readily in the upper well-aérated layers of the soil.

Although, until now, no other bacteria with equally well-developed
nitrogen-fixing powers have been discovered, yet it is more than likely
that Clostridium Pasteurianum is not the only microorganism endowed
with this function. In fact, Penicillium glaucum and Aspergillus niger,
two molds, and two other bacteria described by Winogradsky, have been
shown to possess this power slightly, but in an incomparably less marked
degree than Clostridium Pasteurianum.® According to the calculations
of Sachse,* unsterilized soil may, under experimental conditions, gain
as much as 25 milligrams of nitrogen in a season, a statement which
permits the calculation of a gain of twelve kilograms of nitrogen per
acre annually.® * It is very unlikely, however, that such gains actually
occur in nature, where nitrogen-fixation and nitrogen-loss usually
occur side by side.

' Berthelot, Compt. rend. de la soc. de biol., exvi, 1893.

* Winogradsky, Compt. rend. de la soc. de biol., exvi, 1893, ibid., t. exviii, 1894.
3 Tacke, Landwirtsch. Jahresber., xviii, 1889,

¢ Sachse, ‘“ Agr. Chem.,” 1883.

8 Pfeffer, Pligers Physiologie, p. 395,
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Agriculturally of even greater importance than the free nitrogen-
fixing bacteria of the soil are the bacteria found in the root tubercles of
a class of plants known as “leguminose.” It has long been known that
this class of plants, including clover, peas, beans, vetch, etc.,not only does
not withdraw nitrogen from the soil, but rather tends to enrich it. Upon
this knowledge has depended the well-known method of alternation of
crops employed by farmers the world over. The actual reason for the
beneficial influence of the leguminos®, however, was not known until
1887, when Hellriegel and Wilfarth ! succeeded in demonstrating that
the nitrogen-accumulation was directly related to the root tubercles of
the plants, and to the bacteria contained within them. ,

These tubercles, which are extremely numerous—as many as a
thousand sometimes occurring upon one and the same plant—are formed
by the infection of the roots with bacteria which probably enter through
the delicate root-hairs. They vary in size, are usually situated near the
main root-stem, and, in appearance, are not unlike fungus growths.
Their development is in many respects comparable to the develop-
ment of inflammatory granulations in animals after infection, inas-
much as the formation of the tubercle is largely due to a reactionary
hyperplasia of the plant tissues themselves. They appear upon the
seedlings within the first few weeks of their growth as small pink
nodules, and enlarge rapidly as the plant grows. At the same time,
later in the season, when the plants bear fruit, the root tubercles begin
to shrink and crack. When the crops are harvested, the tubercles with
the root remain, rot in the ground, and re-infect the soil.

Histologically the tubercles are seen to consist of large root cells
which are densely crowded with microorganisms.

The microorganism itself, “Bacillus radicicola,” was first observed
within the tubercles by Woronin ? in 1866. The bacilli are large, slender,
and actively motile during the early development of the tubercles, but
in the later stages assume a number of characteristic involution forms,
commonly spoken of as “bacteroids.”” They become swollen, T and Y
shaped, or branching and threadlike. Their isolation. from the root
tubercles usually presents little difficulty, since they grow readily upon
gelatin and agar under strictly aérobic conditions. On the artificial
media the bacillary form is usually well retained, involution forms
appearing only upon old cultures.

3 Hellriegel und Wilfarth, Cent. f. Bakt., 1887.
3 Woronin, Bot. Zeit., xxiv, 1866.
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The classical experiments of Hellriegel and Wilfarth conclusively
demonstrated the important relation of these tubercle-bacteria to nitro-
gen assimilation by the leguminose. .

These observers cultivated various members of this group of plants
upon nitrogen-free soil—sand—and prevented the formation of root
tubercles in some, by sterilization of the sand, while in others they
encouraged tubercle formation by inoculation. An example of their
results may be given as follows:!

Lupinus luteus was cultivated upon sterilized sand. Some of the
pots were inoculated with B. radicicola, others were kept sterile. Com-
parative analyses were made of the plants grown in the different pots

with the following striking result: . added in seed,
Harvested 8otl, and soil-  Gain or
dry weight ~ N. present extract loss of N.
Rwr::e‘:l"f’c'e" (8) 38.919  .998 022 +.975
Presenb coeeveenenns (b) 33.755 .981 .023 4+ .958
(¢) 0.989 .016 .020 —.004
No root tubercles. . ... 3 d) 0.828 011 022 — 009

The great importance of this process in agriculture is demonstrated,
furthermore, by a comparison made by the same observers between a
legume, the pea, and one of the common nitrogen-consuming crops, oats.?

Nitrogen contents Nitrogen contents

of sced and soil. of crop. Gain or loss.
Qats 0.027 grams 0.007 grams —.020
Peas 0.038 ¢ 0.459 ¢ + .421

Exactly what the process is by which the bacteria supply nitrogen to
the plant is as yet uncertain. Although the degenerating bacteroids in
old nodules are bodily absorbed by the plant, this can not be con-
ceived as the only method of supply, since the total nitrogen gain many
times exceeds the total weight of bacteria in the nodules. It is probable
that the microorganisms during life take up atmospheric nitrogen and
secrete a nitrogenous substance which is absorbed by the plant cells.

- Although formerly the relationship between plant and bacterium
was regarded as one of symbiosis and of mutual benefit, the opinions as
to this subject show wide divergence. While, according to some authors,
the entrance of the bacteria into the plants is regarded as a true in-
fection against which the plant offers at first a determined opposition as
evidenced by tissue reactions, other observers, notably A. Fischer, regard

1 Pfeffer, “ Planzenphysiologie,” Leipzig, 1897.
* Hellriegel und Wilfarth, Zeit. d. Ver. f. d. Riibenzucker Industrie, 1888. Quoted
from Fischer, ‘‘ Vorles. uber die Bakt.,” Jena, 1903
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the plant as a parasitec upon the bacteria, in that it derives the sole
benefit from the relationship and eventually bodily consumes its host.

Nitritying Bacteria.—\ process diametrically opposed in its chem-
istry to denitrification and reduction is that which brings about an
oxidation of ammonia to nitrites and nitrates. The actual increase
of nitrates in soil allowed to stand for any length of time and examined
from time to time has been a well-established fact for many years; but
it was believed until a comparatively short time ago that this increase
was due to a simple chemical oxidation of ammonia by atmospheric oxy-
gen. The dependence of nitrification upon the presence of living organ-
isms was finally proved by Muntz and Schlossing * in 1887, who demon-
strated that nitrification was abruptly stopped when the, soil was
sterilized by heat or antiseptics. It remained, however, to isolate and
identify the organisms which brought about this ammonia oxidation.
This last step in our knowledge of nitrification was taken in 1890, by
Winogradsky. Winogradsky ? found that the failures experienced by
others who had attempted to isolate nitrifying bacteria were due to the
fact that they had used the common culture media largely made up of
organic substances. By using culture media containing no organic
matter Winogradsky succeeded in isolating freec from the soil, bacteria
which have since that time been confirmed as being the causative factors
in nitrification. During his first experiments this author observed that
in some of his cultures the oxidation of ammonia went only as far as the
stage of nitrite formation, while in others complete oxidation to nitrates
took place. Following the clews indicated by this discrepancy, he
finally succeeded in demonstrating that nitrification is a double process
in which two entirely different varieties of microorganisms take part,
the one capable of oxidizing ammonia to nitrites, the other continuing
the process and converting the nitrites to nitrates. The nitrite-forming
bacteria discovered by Winogradsky, and named Nitromonas or Nitro-
somonas, are easily cultivated upon aqueous solutions containing am-
monia, potassium sulphate, and magnesium carbonate. According to
their discoverer they develop within a week in this medium as a gelat-
inous sediment. After further growth this sediment scems to break
up and the bacteria appear as oval bodies, which swim actively about
and develop flagella at one end. Upon the solid media in ordinary use
they can not be cultivated. Special solid media suitable for their cul-

* Muntz und Schlossing, Compt. rend. de 'aca-l. des sciences, 1887,
* Winogradsky, Ann. Past. Inst., iv and v, 1890, 1891.
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tivation and composed of silicic acid and inorganic salts have been
described by Winogradsky and by Omeliansky.!

Other nitrite-forming bacteria have since been described by various
observers, all of them more or less limited to definite localities. Some
of these are similar to nitrosomonas in that they exhibit the flagellated,
actively motile stage. In others this stage is absent.

The nitrite-forming bacteria, apart from their great agricultural im-
portance, claim our attention because of their unique position in rela-
tion to the animal and vegetable kingdoms. Extremely sensitive to
the presence of organic ¢ompounds, they are able to grow and develop
only upon media containing nothing but inorganic material; and this
entirely without the aid of any substances comparable to the chlorophyll
of the green plants. The source of energy from which this particular
class of bacteria derive the power of building up organic compounds
from simple substances is to some extent a mystery. The carbon
which they unquestionably require for the building up of organic mate-
rial may be, as Winogradsky believed, derived to a certain extent from
ammonium carbonate. But it is also quite certain that they are capable
of utilizing directly atmospheric CO,. In the absence of chlorophyll
or of any highly organized chemical compound, it seems likely that
the energy necessary for the utilization of the carbon obtained in this
simple form is derived from the oxidation of ammonia during the proc-
ess of nitrification.

The conversion of nitrites into nitrates is carried on by other species
of bacteria also discovered by Winogradsky. These bacteria are much
more generally distributed than nitrosomonas and probably include a
number of varietics. The organism described by Winogradsky is an
extremely small bacillus with pointed ends. Capsules have occasionally
been made out. It may be cultivated upon aqueous solutions con-
taining: .

Sod. mitrite. . ....... ... .. ... .1 per cent.

Potass. phosphate. .............. ... ... . ...l .05 ¢«
Magnesium sulph.............. ... .. ... .o .03 ¢«
Sodium carbonate............... e S UL
Ferroussulphate..................................... .04 ¢

The development of the organism is slow and sparse, and is directly
inhibited by the presence of organic matter. It is strongly inhibited by
the presence of ammonia.

The Liberation of Energy by Bacteria.—Like all other living beings,

t Omeliansky, Cent. f. Bakt., I1. 5, 1899,
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bacteria in their metabolic processes liberate energy. It has been
shown by several observers that slight quantities of heat are given
off from actively growing cultures. The functions, furthermore, of
reproduction, motility, and enzyme formation may be looked upon as
forms of energy liberation. In addition to this, certain bacteria have
been observed which may liberate energy in the form of light.

Light Production by Bacteria.—The production of light by bacteria
is a power possessed chiefly by certain species inhabiting salt water.
Thus, much of the phosphorescence observed at sea, though more fre-
quently due to Medusa and other invertebrate anunals is caused by
these bacteria. ~Numerous species which produce thls phenomenon
have been isolated, too many, and too unimportant, to be individually
described. All of them are aérobes and require highly complex food
stuffs. They are closely allied to the putrefactive bacteria, and in
the sea are usually found upon rotting animal matter.! The production
of light seems directly dependent upon the free access of oxygen, since:
no light appears under anaérobic conditions. Their luminous quality,
moreover, is not a true phosphorescence, in that it does not depend
upon pnevxous illumination and develops as well in cultures kept in the
dark as in those which have been exposed to light.?

The Formation of Pigment by Bacteria (Chromobacteria).—A large
number of bacteria, when cultivated upon suitable media, give rise to
characteristic colors which are valuable as marks of differentiation.
For each species, the color is usually constant, depending, to a certain
extent, upon the conditions of cultivation. In only a few of the
pigmented bacteria is the pigment contained within the cell body, and
in only one variety, the sulphur bacteria, does the pigment appear to
hold any distinct relationship to nutrition. In most cases, the coloring
matter is found to be deposited in small intercellular granules or globules.
The absence of any relationship of the pigment to sunlight, as is the case
with the chlorophyll of the green plants, is indicated by the fact that
most of the chromobacteria thrive and produce pigment equally well in
the dark as they do in the presence of light. Among the most common
of the pigment bacteria met with in bacteriological work are Staphy-
lococcus pyogenes aureus, Bacillus pyocyaneus, Bacillus prodigiosus,
and some of the green fluorescent bacteria frequently found in feces.

The chemical nature of these pigments has been investigated quite
thoroughly and it has been shown that they vary in composition.

1 Pfliger’s Arch. f. Phys., xi, 1875. 2 Fischer, Cent. f. Bakt., iii, 1888.
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Some of the pigments, like that of Staphylococcus a.ure'us, are probably
non-proteid and of a fatty nature.! They are insoluble in water but
soluble in alcohol, ether, and chloroform. Because of their probable
composition, they have been spoken of as “lipochromes.” Other
pigments, like the pyocyanin, which lends the green color to cultures
of Bacillus pyocyancus, arc water soluble and are probably of proteid
composition. . Pyocyanin may be crystallized out of aqueous solu-
tion in the form of fine needles. The crystals may be redissolved in
chloroform. Aqueous solutions retain their color. Solutions in chloro-
form, however, are changed gradually to yellow.

The power of pigment production of various bacteria depends in
each case upon cultural conditions. In most cases, this simply signifies
that pigment is produced only when the microorganism, finding the most
favorable environmental conditions, is enabled to develop all its func-
tions to their fullest extent. Thus, a too high acidity or alkalinity of
-the culture medium may inhibit pigment formation. Oxygen is neces-
gary for the production of color in some bacteria, since the bacteria them-
selves often produce the pigment only as a leuko-body which is then
oxydized into the pigment proper. A notable example of this is the pig-
ment of B. pyocyaneus. In other cases, temperature plays an impor-
tant rdle in influencing color production. Thus, Bacillus prodigiosus
refuses to produce its pigment when growing in the incubator. By
persistent cultivation in an unfavorable environment, colored cultures
may lose their power of pigment production.

Sulphur Bacteria.—Wherever the decomposition of organic matter
gives rise to the formation of H, S, in cess-pools, in ditches,at the bottom
of the sca, and in stagnant ponds, there is found a curiously interesting
group of microorganisms, the so-called sulphur or thiobacteria. Red,
purple, and colorless, these bacteria all possess the power of utilizing
sulphuretted hydrogen and by its oxidation into free sulphur obtain
the encrgy necessary for their metabolic processes. The colorless sul-
phur bacteria, the Beggiatoa and Thiothrices, usually appear as threads
or chains which, in media containing sufficient H., S, are usually well-
stccked with minute globules of sulphur. If found upon decomposing
organic matter, they often cover this as a grayish mold-like layer.
The red sulphur bacteria, of which numerous species have been described
by Winogradsky, may appear as actively motile spirilla (Thiospirillum)
or as short, thick bacillary forms.

) Schroeter, Cent. f. Bakt., xviii, 1895.
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The physiology of all the sulphur -bacteria, and especially of the
colored varieties, is of the greatest interest in that these microorganisms
are among the few members of the bacterial group which behave meta-
bolically like the green plants. The higher organic substances play lit-
tle or no part in the nutrition of these microorganisms. Strictly aérobic,
the colorless thiobacteria are independent of sunlight, while the red and
purple varieties exhibit their physiological dependence upon light by
accumulating under natural conditions in well-lighted spots. Both
varieties possess equally the power of oxidizing sulphuretted hydrogen
as a source of energy. The sulphur is then stored as elemental sulphur
within the bacterial body and when a lack of food stuffs sets in, the
store of sulphur can be further oxidized into sulphurous or sulphuric
anhydrides. With this sole source of energy, these bacteria are capable
of flourishing aérobically, while an absence of H,S, even in the presence
of organic food stuffs, leads to a rapid disappearance of their sulphur
contents and an inability to develop.

In the case of the colored thiobactéria, the red pigment appears to
fulfil, to some extent, a function comparable to that of the chlorophyll
of the green plants.

Engelmann! who has studied this pigment spectroscopically, has
found that besides absorbing the red spectral rays there is an absorption
of rays on the ultra-red end of the spectrum. The absorption of the
red rays between the lines B and C of the spectrum, and of violet rays
at the line F, is the same as that of the absorption spectrum of
chlorophyll, and it is in the zone of these rays that the physiological
effects of chlorophyll are most active. In addition to these absorp-
tion bands, the bacteriopurpurin of the red sulphur bacteria shows
absorption of the invisible ultra red rays of the spectrum.

Engelmann, with a microspectroscope, projected a spectrum into
a miscroscopic field in which green alg or, in the case under discussion,
red sulphur bacteria had been placed. Other sources of light were, of
course, excluded. By adding emulsions of strictly aérobic bacteria to
such preparations, an accumulation of microorganisms was observed
at those points in the spectrum at which most oxygen was liberated. In
the case both of chlorophyll and of the red sulphur bacteria such arcas
of bacterial accumulation (in oxygen liberation) occurred in the zones
of the absorption bands mentioned above.

.V Engelmann, Bot. Zeit., 1888,



CHAPTER V
THE DESTRUCTION OF BACTERIA

GENERAL CONSIDERATIONS

No branch of bacteriology has been more fruitful in practical appli-
cation than that which deals with the factors which bring about the
destruction of microorganisms. Upon thé study of this branch has
depended the growth and the development of modern surgery.

The agents which affect bacteria injuriously are many, and are both
physical and chemical in nature.

When a procedure completely destroys bacterial life it is spoken of as
sterilization or disinfection, the term disinfection being employed more
especially to designate the use of chemical agents. When the procedure
destroys vegetative forms only, leaving the more resistant spores un-
injured, it is spoken of as “incomplete sterilization.” When an agent,
on the other hand, does not actually kill the microorganisms, but merely
inhibits their growth and multiplication, it is spoken of as an antiseptic.
The term deodorant is indiscriminately applied to substances which
mask or destroy offensive odors, and may or may not possess disinfectant
or antiseptic value. Some deodorants act chemically on the noxious
gases, destroying them.

PHYSICAL AGENTS INJURIOUS TO BACTERIA

The principal physical agents which may exert decleterious action
upon bacteria are: drying, light, electricity, and heat.

Drying.—Complete desiccation eventually destroys most of the path-
ogenic bacteria, yet great differences in resistance to this condition are
shown by various microorganisms. Ficker,' who has made a systematic
study of the influence of complete drying upon bacteria, concludes that
the resistance of bacteria to desiceation is influenced by the age of the
culture investigated, the rapidity with which the withdrawal of moisture

V Ficker, Zeit. f. Hyg., xxix, 1896.
62 .
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is accomplished, and the temperature at which the process takes place.
Microorganisms like the gonococcus and the Pfeiffer bacillus, are
destroyed by drying within a few hours. The cholera vibrio dried upon a
coverslip was found by Koch ! to be killed within four hours; by Burck-
holtz,? to survive about twenty-four hours. The spore-forms of bacteria
are infinitely more resistant to this influence than are the vegetative
forms, though they may be destroyed by rapid and complete drying in
a desiccator.

It is self-evident that many discrepancies in the experimental
results of various authors may depend upon the technique of investiga-
tion, since the degree of drying attained depends intimately upon the
thickness and consistence of the material investigated, and upon the
methods employed for desiccation.

Light.—Direct sunlight is a powerful germicide for all bacteria except
a limited number of species like the thio- or sulphur bacteria, which
utilize sunlight for their metabolic processes as do the green plants.

Koch ? has shown that exposure to sunlight will destroy the tubercle
bacillus within two hours or less, the time depending upon the thick-
ness of the exposed layers and the material surrounding the bacilli.
Confirmatory researches have been published by Mignesco * and others.
The powerful disinfecting influence of sunlight upon bacteria suspended
in water has been shown by Buchner® Observations in regard to the
influence of sunlight upon anthrax spores have been made by Arloing,*
and similar observations upon a number of other microorganisms have
been carried out by Dieudonné, Janowski, v. Esmarch, and many
others. All these observers, while differing somewhat as to the time
necessary for bacterial destruction, agree in finding definite and pow-
erful bactericidal action of sunlight. Diffuse light, of course, is less
active than direct sunlight. According to Buchner, typhoid bacilli are
inhibited by direct sunlight in one and one-half hours, by diffuse light
in five hours. A remarkable statement is made by Arloing, who claims
to have found that anthrax spores are more quickly destroyed by
direct sunlight than are the vegetative cells. This fact would call for
further confirmation.

1 Koch, Arb. a. d. kais. Gesundheitsamt, iii, 1887.

3 Burkholtz, Arb. a. d. kais. Gesundheitsamt, v, 1889.
3 Koch, X Internat. Med. Congress, Berlin, 1890.

¢ Mignesco, Arch. f. Hyg., xxv, 1896.

8 Buchner, Cent. f. Bakt., I, xi, 1892.

¢ Arloing, Compt. rend. de I’acad. d. sci., ¢, 1885,
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It has been shown by various authors that the influence of sunlight is
not to be attributed in any way to temperature, nor always to a direct
action of the light upon the bacteria, but depends largely upon photo-
chemical changes produced by the'light rays in the media. Richardson !
and Dieudonné ? conclude that under ordinary aérobic conditions in fluid
environment peroxide of hydrogen is formed under the influence of light.
Novy and Freer ® believe that the bactericidal effects in fluids noticed
as a result of exposure to light are too strong to he explained by the
formation of small quantitics of peroxide of hydrogen, and attribute
this action to organic peroxides formed under the described conditions,
such as the peroxides of diacetyl, benzoylacetyl, and others. These
views arc somewhat strengthened by the fact that exclusion of oxygen
from media markedly diminishes the bactericidal power of light.t That
the photochemical changes alone, however, do not explain this action
follows from the fact that dried bacteria, not surrounded by media, are
subject to a similar action.® '

In analyzing sunlight in regard to its bactericidal power, it has been
found by various observers that the most powerful action is exerted by
the ultraviolet spectral rays, whereas the yellow, red, and ultra-red rays
are practically innocuous.®

It is of importance to note that sunlight has been found also to have
a strong attenuating influence 7 upon some bacterial poisons, as shown
by the experiments of Ferri and Celli upon tetanus toxin,

Electric light exerts a distinet bactericidal action when applied in
strengths of S00 to 900 candle power for seven or eight hours.”

Roéntgen or x-rays are said by Zeit,” Blaize ™ and Sambae, and others
to be without appreciable germicidal power.  Rieder,' on the other
hand, has reported definite inhibition of bacterial growth after exposures
of half an hour to r-rays.

1 Richardson, Jour. Chem. Soc., i, 1893, Ref. Deut. chem. Gesells., xavi.
3 Dieudonnd, loc. cit.

3 Nory and Freer, 3d Ann. Meeting Assn. Amer. Bacteriologists, Chicago, 1901,
8 Rour, Ann. Inst. Past., ix, 1887

8 Dieudonné, loe. cit.

¢ Ward, Proc. Royal Soc., 52, 1893,

Y Ferri and Cellt, Cent. f. Bakt., I, xii, 1892,

8 Dieudonné, loc. cit.

® Zeit, Jour. Amer. Med. Assn., xxxvii., 1901.

w Blaise and Sambac, Compt. rend. de la soc. de binl., 1896.

1 Rieder, Miinch. med. Woch., 1898.
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Radium rays have a distinet inhibitory and even bactericidal
power when applied at distances of a few centimeters for several
hours.! :

Electricity.—If we exclude the indirect actions of heat and electro-
lysis, it can hardly be said that the direct bactericidal action of electric
currents has been satisfactorily demonstrated. Such action, however,
has been claimed by d’Arsonville and Charrin,?> and by Spllker and
Gottstein.3

Heat.—The most widely applicable and eﬂiclent physwal agent for
sterilization is heat.

The dependence of bacteria for growth and v1ta11ty upon the main-
tenance of a proper temperature in their environment, and the ranges
of variation within which bacteria may thrive, have been discussed in a
preceding section, in which a table of so-called “ thermal death points”
has been given. In the method of expressing these values it was seen
that two elements entered into the destruction of bacteria by heat,
namely, that of the degree of temperature which is apphed and that of
the time of application.

The prolonged application of moderately high temperatures, in other
words, may in certain instances, accomplish the same result as the brief
use of extremely high ones. In general, the death of bacteria following
prolonged exposure to temperatures but slightly exceeding the optimum

_is due to the inability of the anabolic processes to keep pace with the
accelerated katabolic processes, gradual attenuation resulting in death.
At somewhat higher temperatures death results from coagulation of
the bacterial protoplasm, and at still higher degrees of heat, applied in
the dry form, direct burning of the bacteria may be the cause of their
destruction.

Heat may be applied in the form of dry heat or as moist heat, these
methods being of great practical value, but differently applicable ac-
cording to the nature of the materials to be sterilized. The two methods,
moreover, show a marked difference in efficiency, temperature for tem-
perature. For the recognition of this fact we are largely indebted to the
early researches of Koch and Wolffhiigel,* and of Koch, Gaﬂ'ky, and
Loeffler.

1 Personal observations.

2 D' Arsonville and Charrin, Compt. rend. de la soc. de biol.

3 Spilker and Gottstein, Cent. f. Bakt., I, 9, 1891.

+ Koch und Wolffhiigel, Mitt. a. d. kais. Gesundheitsamt, 1, 1882,
8 Koch, Gaffky and Loeffler, ibid.
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These observers were able to show that the spores of anthrax were
destroyed by boiling water at 100° C. in from one to twelve minutes,
whereas dry hot air was efficient only after three hours’ exposure to
140° C. Extensive confirmation of these differences has been brought
by many workers. . An explanation of the phenomena observed
is probably to be found in the changes in the coagulability of
proteids brought about in them by the abstraction of water.
Lewith,! working with various proteids, found that these sub-
stances are coagula*ed by heat at lower temperatures when they
contain abundant quantities of water, than when water has been
abstracted from them, On the basis of actual experiment with egg
albumin he obtained the following results,®> which illustrate the point
in question:

Egg albumin in dilute aqueous solution, coagulated at 56° C.

“ “ with 25 per cent water, “ “ 74-80° C.
“ « “ 18 ¢« o« « « “ 80-90° C.
“ « “ g« « «“ “ 145° C.

Absolutely anhydrous albumin, according to Haas,® may be heated
to 170° C. without coagulation. It is thus clear that bacteria exposed
to hot air may be considerably dehydrated before the temperature rises
sufficiently to cause death by coagulation, complete dehydration neces- .
sitating their destruction possibly by actual burning.

Bacteria exposed to moist air or steam, on the other hand, may ab-
sorb water and become proportionately more coagulable.

The same principle, as Lewith points out, probably explains the great
resistance to heat observed in the case of the highly concentrated pro-
toplasm of spores.

Apart from the actually greater efficiency of moist heat when com-
pared with dry heat of an equal temperature, an advantage of great
practical significance possessed by moist heat lies in its greater powers of
penetration. An experiment carried out by Koch and his associates
illustrates this point clearly. Small packages of garden soil were sur-
rounded by varying thicknesses of linen with thermometers so placed
that the temperature under a definite number of layers could be deter-

1 Lewith, Arch. f. exp. Path. u. Pharm., xxvi, 1890.
t Lewith, loe. cit., p. 351.
8 Haas, Prag. med. Woch., 34-36, 1876."
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mined. Exposures to hot air and to steam were then made for com-
parison, and the results were as tabulated:!

TeMPERATURES REACHED WITHIN
THICKNESSES OF LINEN.
Tempera- Time of
tures. Application.
Twenty Forty One Hundred
icknesses. | Thicknesses. | Thicknesses.
Hot air.....!130-140°C.| 4 hours. 86° 72° Below 70° |[ncomplete
steriliza-
tion.
Steam. . .... 90-105.3°| 3 hours. 101° 101° 101.5° Complete
steriliza-
tion.

This great penetrating power of steam is due presumably to its com-
paratively low specific gravity which enables it to displace air from the
interior of porous materials, and also to the fact that as the steam comes
in contact with the objects to be disinfected a condensation takes place
with the consequent liberation of heat. When a vapor passes into the
liquid state it gives out a definite amount of heat, which in the case of
water vapor, at 100° C., amounts to about 537 calories. This brings
about a rapid heating of the object in question. Following this
process the further heating takes place by conduction, and it is, of
course, well known that steam is a much better heat conductor than air.?

Moist heat may be applied as boiling water, in which, of course,
the temperature varies little from 100° C., or as steam. Steam may be
used as live, flowing steam, without pressure, the temperature of which is
more or less constant at 100° C., or still higher efficiency may be attained
by the use of steam under pressure, in which, of course, temperatures
far exceeding 100° C. may be produced, according to the amount of
pressure which is used.

The spores of certain bacteria of the soil which can not be killed in
live steam in less than several hours may be destroyed in a few minutes,
oreven instantaneously, in compressed steam at temperatures ranging
from 120° to 140° C.2

In all methods of steam sterilization, it is of great practical impor-

1 Koch, Gaffky und Loeffler, loe. cit., p. 339.
2 Gruber, Cent. f. Bakt., iii, 1888.
3 Christen, Ref. Cent. f. Bakt., V, xiii, 1893.
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tance, as v. Esmarch ! has pointed out, that the steam shall be saturated,
that is, shall contain as much vaporized water as its temperature per-
mits. Unsaturated, or so-called “super-heated steam” is formed when
heat is applied to steam, either by passage through heated piping or over
heated metal plates. In such cases the temperature of the steam is
raised, but no further water-vapor being supplied, the stcam exerts
less pressure and contains less water in proportion to its volume than
saturated steam of an equal temperature. The super-heated steam,
therefore, is heated considerably over its condensation temperature and
becomes literally dried. In consequence, its action is more comparable
to hot air than to saturated steam, and up to a certain temperature its
disinfecting power is actually less than that of live steam at 100° C.
v. Esmarch, who has made a thorough study of these conditions, con-
cludes that up to 125° C., the efficiency of superheated steam is lower
than that of live steam at 100° C. Above this temperature, of course,
it i8 again active as in the case of ordinary dry heat.

PracricaL METHODS OF HEAT STERILIZATION.—Burning.—For ob-
jects without value, actual burning in a furnace is a certain and casily
applicable method of sterilization. Flaming, by passage through a
Bunsen or an alcohol flame, is the method in use for the sterilization of
platinum needles, coverslips, or other small objects which are used in
handling bacteria in the laboratory.

Hot air sterilization is carried out in the so-called “hot air chambers,”
simple devices of varied construction. The apparatus most commonly
used (Fig. 8) consists of a shect-iron, double-walled chamber, the
joints of which, instead of being soldered, are closed by rivets. The inner
case of this chamber is entirely closed except for an opening in the top
through which a thermometer may be introduced, while the outer has a
large opening at the bottom and two smaller ones at the top. A gas-
burner is adjusted under this so as to play directly upon the bottom of
the inner case. A thermometer is fitted in the top in such a way that it
penetrates into the inner chamber. The air in the chamber is heated
directly by the flame and by the hot air, which, rising from the flame,
courses upward within the jacket between the two cases and escapes at
the top. To insure absolute sterilization of objects in such a chamber,
the temperature should be kept between 150° and 160° C. for at least an
hour. In sterilizing combustible articles in such a chamber, it should be
remembered that cotton is browned at a temperature of 200° C. and

1y, Esmarch, Zeit. f. Hyg., iv 1888,
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over. This method is used in laboratories for the sterilization of Petri
dishes, flasks, test tubes, and pipettes, and for articles which may be in-
jured by moisture. Both heating and subsequent cooling should be done
gradually to avoid cracking of the glassware.

Moist Heat.—Instruments, syringes, and other suitable objects may
be sterilized by botling in water. Boiling for about five minutes is amply
sufficient to destroy the vegetative forms of all bacteria. For the de-
struction of spores, boiling for one or two hours is usually sufficient,
though the spores of certain saprophytes of the soil have been found

Fie. 8.—HoT AIR STERILIZER.

occasionally to withstand moist heat at a temperature of 100° C. for
as long as sixteen hours.! The addition of 1 per cent of sodium car-
bonate to boiling water hastens the destruction of spores and prevents
the rusting of metal objects sterilized in this way. The addition of car-
bolic acid to boiling water in from 2 to 5 per cent usually insures the
destruction of anthrax spores, at least, within ten to fifteen minutes.
Exposure to live steam is probably the most practical of the methods
of heat sterilization. It may be carried out by simple makeshifts of
the kitchen, such as the use of potato-steamers or of wash-boilers. For

1 Christen, loc. cit.
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laboratory purposes, the original steaming device introduced by Koch
has been almost completely displaced by devices constructed on the
plan of the so-called “Arnold” sterilizer (Fig. 9). In such an appara-
tus, water is poured into the reservoir A and flows from there into
the shallow receptacle B, formed by the double bottom. The flame
underneath rapidly vaporizes the thin layer of water contained in B,
and the steam rises rapidly, coursing through the main chamber C.
Steam which escapes through the joints of the lid of this chamber is
condensed under the hood and drops back into the reservoir. Exposure
to steam in such an apparatus for fifteen
to thirty minutes insures the death of
the vegetative forms of bacteria.

In the sterilization of media by such
a device, the method of fractional sterili-
zation at 100° C. isemployed. The prin-
ciple of this method depends upon
repeated exposure of ‘the media for fif-
teen minutes to one-half hour on three
succeeding days. By the first exposure
all vegetative forms are destroyed. The
media may then be left at room tem-
perature, or at incubator temperature
(37.5° C.) until the following day, when
any spores which may be present will
have developed into the vegetative stage.
These are then killed by the second ex-
posure. A repetition of this procedure
on a third day insures sterility. It must

Fia. 9.—ArNoLp SteriLizer. 8lways be remembered, however, that

this method is applicable only in cases

in which the substance to be sterilized is a favorable medium for

bacterial growth in which it is likely that spores will develop into vege-
tative forms.

Exceptionally the method may fail even in favorable media when
anaérobic spore-forming bacteria are present. Thus, it has been ob-
served that anaérobic spores, failing to develop under the aérobic con-
ditions prevailing during the intervals of fractional sterilization, have
developed after inoculation of the media with other bacteria, when sym-
biosis had made their growth possible. Tetanus bacilli have, in this way,
occurred in cultures of diphtheria bacilli employed for toxin production.

-
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In noting the time of an exposure in an Arnold sterilizer, it is
important to time the process from the time when the temperature
has reached 100° C. and not from the time of lighting the flame. '

The principle of fractional sterilization at low temperatures is ap-
plied also to the sterilization of substances which can not be sub-
jected to temperatures as high as 100° C. This is especially the case
in the sterilization of media containing albuminous materials, when
coagulation is to be avoided, or when both coagulation of the medium
and sterilization are desired. .

In such cases fractional sterilization may be practiced in simply con-
structed sterilizers, such as a Koch inspissator or, in the case of fluids,
such as blood serum, by immersion in a water-bath at a temperature

F16. 10.—Low TEMPERATURE STERILIZER (INSPISSATOR).

varying above 55° C., according to circumstances. Exposures at such
low temperatures may be repeated on five or six consecutive days, usu-
ally for an hour each day.

The use of steam under pressure is the most powerful method of heat-
disinfection which we possess. It is applicable to the sterilization of
fomites, clothing, or any objects of a size suitable to be contained in the
apparatus at hand, and which are not injured by moisture. In labora-
tories this method is employed for the sterilization of infected appa-
ratus, such as flasks, test tubes, Petri plates, etc., containing cultures.
The device most commonly used in laboratories is the so-called auto-
clave, of which a variety of models may be obtained, both stationary
and portable. The principle governing the construction of all of these
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is the same. The apparatus usually consists of a gun-metal cylinder
supplied with a lid, which can be tightly closed by screws or nuts,
and supplied with a thermometer, a safety-valve, and a steam pressure
gauge. In the simpler autoclaves, water may be directly filled into
the lower part of the cylinder, and the objects to be sterilized supported
) upon a perforated diaphragm. In this
case the heat is directly applied by means
of a gas flame. In the more elaborate
stationary devices, steam may be let in
by piping it from the regular supply used
for heating purposes. Exposure to steam
under fifteen pounds pressure (fifteen in
addition to the usual atmospheric press-
ure of fifteen pounds to the square inch)
for fiftecn to twenty minutes, is sufficient
to kill all forms of bacterial life, including
spores.

In applying autoclave sterilization
practically, attention must be paid to
certain technical details, neglect of which
would result in failure of sterilization. 1t
is necessary always to permit all air to
cscape from the autoclave before closing
the vent. If this is not donec, a poorly
conducting air-jacket may be left about
the objects to be sterilized, and these
may not be heated to the temperature
indicated by the pressure. It is also nec-
cssary to allow the reduction of pressure,
after sterilization, to take place slowly.

F16. 11.—AUTOCLAVE. Any sudden rclief of pressure, such as

would be produced by opening the air-
vent while the pressure gauge is still above zero, will usually result in
a sudden cbullition of fluid and a removal of stoppers from flasks.

The temperature attained by the application of various degrees of

pressure is expressed in the following table:

Lbs. Pressure Temperature | Lbs. Pressure Temperature
Lo 102.3° S5 . 108.8°
2 i 104.2 6 110.3
. 105.7 T 111.7
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Lbs. Pressure Temperature | Lbs. Pressure Temperature
9 .. 114.3° 17 123.3°
10 .o, 115.6 18 ..o 124.3
11 .o 116.8 20 ... 126.2
12 . 118 22 128.1
13 .. 119.1 24 . 129.3
120.2 26 ... 131.5
156 .. 121.3 28 .. 133.1
16 ...l 122.4 30 ... 134.6

CHEMICAL AGENTS INJURIOUS TO BACTERIA

Since the time of Koch’s' fundamental researches upon chemical
disinfectants, the known number of these substances has been enor-
mously increased, and now embraces chemical agents of the most varied
constitution. It is thus manifestly impossible to refer the injurious in-
fluence which these substances exert upon bacteria to any uniform law of
action. The efficiency of a disinfecting agent, furthermore, is not alone
dependent upon the nature and concentrations of the substance itself, but
depends complexly upon the nature of the solvent in which it is employed,
the temperature prevailing during its application, the numbers and bio-
logical characteristics of the bacteria in question, and the time of ex-
posure. All these factors, therefore, must be considered in testing the
efficiency of any given disinfectant. While it is true, furthermore,
that all substances which in a given concentration exert bactericidal or
disinfecting action upon a microorganism, will in greater dilution act
antiseptically or inhibitively, no definite rules of proportion exist be-
tween the two values, which in cach case must be determined by experi-
ment.

Disinfectants Used in S8olution.—The actual processes which take place
in the injury of bacteria by disinfectants are to a large extent unknown.
In the case of strong acids, or strongly oxidizing substances, there may
be destruction of the bacterial body as a whole by rapid oxidation.
Other substances may act by coagulation of the bacterial protoplasm;
others again by diffusion through the ccll membrane are able to enter into
chemical combination with the protoplasm and exert a toxic action.
Again, in other cases, a difference in tonicity between cell protoplasm
and disinfectant may tend to withdrawal of water from the bacterial
cell and consequent injury of the microorganism.

Among the inorganic disinfectants the most important are the metallic

1+ Koch, Arb. a. d. kais. Gesundheitsamt, i, 1881.
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salts, acids, and bases, the halogens and their derivatives, and certain
oxidizing agents like peroxide of hydrogen and permanganate of potas-
sium.

It has been shown by Scheuerlen and Spiro,! Kronig and Paul ? and
others, that in the case of the salts, acids, and bases, there is a distinet
and demonstrable relationship between the disinfecting power of these
substances and their dissociation in solution.

According to the theory of electrolytic dissociation, when bodies of
this class go into solution they are broken up or dissociated into an
electro-positive and an clectro-negative ion. Thus, metallic salts are
broken up into the kation, or positive metal, and into the anion, or
negative acid radicle (AgNO, = Ag, + ion and NO,,— ion). In the
case of the acids, lonization takes place into the hydrogen ions and the
acid radicles, while in the case of the bases the dissociation occurs into
the metal, on the one hand, and the OH group on the other.  The de-
gree of dissociation taking place depends upon the nature of the sub-
stance in solution, its concentration, and the nature of the solvent.
Thus, in any such solution there appear three substances, the undis-
sociated compound as such, its clectro-negative ion, and its electro-
positive ion, their relative concentrations depending upon an interrela-
tionship calculable by definite laws. Tt goes without saying, therefore,
that any chemical or physical reaction, taken part in by such a solution,
may be participated in, not only by the dissolved undissociated residue
as a whole, but by its separate ions individually as well.  In the case of
many disinfectants, the writers referred to above have been able to
demonstrate a relationship between the degree of dissociation and the
bactericidal powers.  According to Kronig and Paul, double metallie
salts, in which the metal is a constituent of a complex ion and in which
the concentration of the dissociated metal-ions s consequently low,
have very little disinfecting power.  Thus potassium-silver-cyanide,
which is a comparatively weak dizinfeetant, dissociates into the kation IS
and the complex anion Ag (CN),, thiz latter further dissociating to a very
shight degree only.  The same writers conelude that the bacterieidal
action of mercurie ehloride and of halogen combinations with metals is
directly proportionate to the degree of dissociation.  This considera-
tion, morcover, explains why aqueous solutions of sureh substances are
more active than are solutions in the aleohols or in ether, sinee it iz well

v Scheuerlen und Spiro, Miineh. med. Woch., 44, 1897.
2 Kranig und Pawl, Zeit. . Hyg.. xxv, 1897,
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known that metallic salts are ionized in these substances to a much
slighter degree than they are in water.!

On the other hand, the addition of moderate quantities of ethyl
and methyl alcohol or acetones to aqueous solutions of silver nitrate or
mercuric chloride, definitely increases the disinfecting action of such
solutions. In the case of mercuric chloride, Krénig and Paul obtained
the most powerful effects in solutions to which alcohol had been added
in a concentration of 25 per cent. For this empirical fact a satisfactory
explanation has not yet been found. Kronig and Paul suggest that low
percentages of alcohol may facilitate the penetration of the disinfectant
through the cell membrane and thus increase its efficiency, while high
percentages of alcohol have the opposite effect, by decreasing the degree
of dissociation. In this connection it has been suggested, however,
that absolute and strong alcohols possibly act as desiccating agents,
thus actually rendering the bacteria dry and less susceptible to dele-
terious chemical influences.

In the case of acids and bases the same authors have determined
that the powers of disinfection of these substances are again directly
proportionate to the degree of their dissociation: that is, to the concen-
tration of the hydrogen or hydroxyl ions, respectively. The bydrogen
ions are more powerfully active than the hydroxyl ions in equal con-
centration; acids, therefore, are more efficient disinfectants than bases.

A fact which appears to strengthen the opinion as to the relationship
between bactericidal powers and dissociation, is that brought forward
by Scheuerlen and Spiro, that the addition of NaCl to bichloride of
mercury solutions reduces the disinfecting power of such solutions, in-.
asmuch as it diminishes the concentration of free ions. In practice,
however, NaCl or NH,Cl is added to bichloride of mercury solutions,
since these substances aid in holding in solution mercury compounds
formed in the presence of alkaline albuminous material, blood serum,
pus, etc. :

In regard to the halogens, Kronig and Paul have shown that the
germicidal power of this class of elements is inversely proportionate to
their atomic weights. Thus, chlorine with the lowest atomic weight is the
strongest disinfectant of the group. Next, and almost equal to this, is

! Water is the strongest dissociant known. Methyl alcohol has about one-half to
two-thirds the dissociating power of water (Zelinsky, Zeit. f. physiol. Chemie, xx,
1896). Ethyl alcohol allows dissociation much less than methyl alcohol; ammonia
allows dissociation to about one-third to one-fourth the extent of water. See Jones,
‘‘Elements of Physical Chemistry,” p. 371. Macmillan, New York, 1902.
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bromine. Iodine with a much heavier atomic weight than either of the
former is distinctly less bactericidal.

CHLORIDE OoF LiME.—Of the halogen compounds used in practice,
the most important is chloride of lime or bleaching powder. As to the
composition of this substance, there is some difference of opinion. It
was formerly believed to be a mixture of calcium hypochlorite,
Ca(Cl0,), and of calcium chloride, CaCl,. The fact that the substance
is not deliquescent, however, speaks against the presence of calcium
chloride as such, and it is probable that it consists of a single com-
pound with the formula CaOCl,. The action of acids or even of
atmospheric CO, upon this substance results in the liberation of
chlorine. For instance,

Ca(CL0) + 2HCI = CaCl, + 2HCIO.
9HCIO -+ 2HCl= 2H, + 2Cl,.

Bleaching powder is readily soluble in about twenty parts of water.
According to Nissen,! solutions of 2 in 1,000 of this substance destroy
vegetative forms of bacteria in five to ten minutes. Its bactericidal
action depends on the hypochlorous acid formed. After water precipi-
tation an efficient dosage is 10 pounds to the million gallons.

TerRCHLORIDE OF IoDINE (ICl,) is an extremely strong disinfectant,
being efficient for vegetative forms in solutions of 0.1 per cent in one
minute and a 1 per cent solution destroying spores within a few
minutes.?

Painting with tincture of iodine (10 per cent) is a simple and
reliable method of sterilizing the skin. It is now used in many clinics
in sterilizing the field of operation.

PeroxIDE OF HYDROGEN is formed by the action of dilute sulphurie
acid upon peroxide of barium. It readily gives up oxygen and acts
upon bacteria probably by virtue of the liberation of nascent oxygen.
In the presence of organic matter, such as blood, pus, etc., associated
with bacteria, 11,0, is quickly reduced and weakened. It is important
that the 11,0, come in immediate contact with the bacteria. In prac-
tice, therefore, blood and pus should be removed from wounds when
applying the H,O, or a large excess of H,0, should be used. -

PERMANGANATE OF PoTassiuM, acting probably in the same way, is
a powerful germicide. It also is readily reduced by many organic sub-
stances often associated with bacteria, being rendered weaker thereby.

1 Nissen, Zeit. f. Hyg., viii, 1890. *y. Behring, Zeit. f. Hyg., ix, 1891,
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Among organic disinfectants those of most practical importance are
the alcohols, formaldehydes, iodoform, members of the phenol group
and its derivatives, carbolic acid, cresol, lysol, creolin, salicylic acid, cer-
tain ethereal oils, and, more recently introduced, organic silver salts
such as protargol, argyrol, argonin, and others.

THE aLcoHoLs are but indifferent disinfectants. Koch ' in 1881
found that anthrax spores remained alive for as long as four months
when immersed in absolute and in 50 per cent ethyl alcohol. On the
other hand, while absolute alcohol possesses practically no germicidal
powers, possibly because of the formation of a protecting envelope by
the coagulation of the bacterial ectoplasm, or, as suggested above, by
desiccation due to the abstraction of water, dilute alcohol in a concen-
tration of about 50 per cent is distinctly germicidal, destroying the vege-
tative forms of bacteria in from ten to fifteen minutes or less.?
Attention has already been called to the fact that moderate ad-
ditions of alcohol to aqueous solutions of mercuric chloride enhance
the germicidal power of this disinfectant. Additions of ethyl and
methyl alcohol to carbolic acid or formaldehyde solutions, on the
other hand, progressively decrecase the bactericidal activities of these
substances.®

The value of boiling alcohol for the destruction of spores—especially
in the sterilization of catgut—has been investigated by Saul,* who
found that boiling in absolute ethyl, methyl, or propyl alcohol is prac-
‘tically without effect, while spores are destroyed readily in boiling
dilute alcohol, the most effectual being propyl alcohol of a concentra-
tion of from 10-40 per cent. ‘

Iopororm (CHI,)® is weakly antiseptic in itself, but when introduced
into wounds where active reducing proccsses are taking place—often
as the result of bacterial-growth—iodine is liberated from it and active
bactericidal action results.

CarsoLic acip (C,H,OH), at room temperature, consists of color-
less crystals which become completely liquefied by the addition of 10
per cent of water. In contradistinction to most inorganic disinfectants,
the action of carbolic acid and other members of the phenol group is

1 Koch. Arb. a. d. kais. Gesundheitsamt, i, 1881.
3 Epstein, Zeit. . Hyg., xxiv, 1897.
. 3Krinig und Paul, loc. cit.
¢ Saul, Archiv f. klin. Chir., 56, 1898.
$ v, Behring, “ Bekaempfung d. Infektions-Krankh.,” Leipzig, 1894.
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not in any way dependent upon dissociation.! According to Beckmann 2
and others, carbolic acid acts as a molecule and not by individual ions.
The proof of this is brought out by the fact that the addition of NaCl
to carbolic acid solutions, an addition which would tend to decrease
the concentration of free ions, markedly increases the bactericidal
powers of such solutions. On the other hand, as stated above, addi-
tions of alcohol progressively diminish the efficiency of the phenols.

Other members of this group of disinfectants are orRTHO-, META-, and
PARACRESOL (C,H,CH,OH), isomeric compounds differing only in the
position of the OH radicle. Tricresol is a mixture of these three. The
cresols are relatively more powerfully germicidal than is earbolic acid,
but are less soluble in water. LysoL is a substance obtained by the
solution of coal-tar cresol in neutral potassium-soap. Dissolved in
water it forms an opalescent easily flowing liquid. According to Gru-
ber,® its germicidal action is slightly greater than that of carbolic acid.
CrEOLIN, another combination of the cresols with potassic soap, forms
with water a turbid emulsion. v. Behring* expressed the relative
germicidal powers of carbolic acid, cresol, and creolin for vegetative
forms by the numbers 1: 4 : 10, in the order named.

FormaLDEHYDE (H-COH), or methyl aldehyde, is a gas which is
easily produced by the incomplete combustion of methyl alcohol. The
methods of actually generating it for purposes of fumigation will be
discussed in a subsequent paragraph. In aqueous solution this substance
forms a colorless liquid with a characteristic acrid odor, and in this form
is largely used as a preservative for animal tissues and as a germicide.
It is marketed as “formalin,” which is an aqueous solution containing
from 35 to 40 per cent of the gas and which exerts distinctly bactericidal
action on vegetative forms in further dilutions of from 1 to 10 to 1 to
20 (formaldchyde gas 1: 400 to 1: 800). Anthrax spores are killed
in 35 per cent formaldehyde in ten to thirty minutes.* Unlike the
phenols, the addition of salt to formaldchyde solutions does not increase
its cfficiency, but similar to them, additions of ethyl and methyl alcohol
markedly reduce its germicidal powers.

THE ESSENTIAL OILS which are most commonly used in practice—
largely as intestinal antiseptics—are those of cinnamon, thyme, eucalyp-

' Scheuerlen und Spiro, Miinch. med. Woch., 44, 1897.
* Beckmann, Cent. f. Bakt., I, xx, 1896.

3 Gruber, Cent. f. Bakt, 1., xi, 1892,

¢ v. Behring, loc. cit., p. 111.

8 Krinig und Paul, loc. cit.
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tus, and peppermint. Omeltschenko ! believes that the employment of
these oils in emulsions is illogical, inasmuch as their bactericidal powers
depend upon their vaporization. IHe classifies the oils in decreasing
order of their efficiency as follows: Oil of cinnamon, prunol, oil of thyme,
oil of peppermint, oil of eamphor, and eucalyptol.

Methods of Testing the Efficiency of Disinfectants.—The efficiency of
any given disinfectant depends, as we have seen, upon a number of
factors, any one of which, if variable, may lead to considerable differences
in the end result. Thus, as far as the bacteria themselves are concerned,
it is neccessary to remember that not only do separate species differ in
their resistance to disinfectants, but that different strains within the
same species may show such variations as well. This fact largely ac-
counts for the widely varying rcports made by different investigators
as to the resistance of anthrax spores, and depends possibly upon tem-
porary or permanent biological differences produced in bacteria by the
conditions of their previous environment.

The numbers of bacteria exposed to the disinfectant, furthermore,
is a factor which should be kept constant in comparative tests. The
medium, moreover, in which bacteria are brought-into contact with the
disinfectant is a matter of great importance, inasmuch as either by
entering into chemical combination with the disinfectant it may detract
from its concentration or by coagulation it may form a purely mechanical
protection for the microorganism. Thus bacteria which may be de-
stroyed in distilled water or salt-solution emulsion with comparative
ease, may evince an apparently higher resistance if acted upon in
the presence of blood serum, mucus, or other albuminous substances.
Temperature influences bactericidal processes in that most chemical
disinfectants are more actively bactericidal at higher than at lower
temperatures, a fact due most likely to the favorable influence of tem-
perature upon all chemical reactions.? As far as merely inhibitory or
antiseptic values are concerned, however, the temperature least favor-
able for the reaction of the antiseptic is that which represents the opti-
mum growth temperature for the microorganism in question and the
inhibitory effects of any substance arc less marked at this point than at
temperatures above or below it.

The important influence cxerted by the solvent in which the

3 Omeltschenko, Cent. f. Bakt., I, ix, 1891.
2y, Behring, * Bekaempf. der Infektions-Krankh., Infektion u. Desinfection,”
Leipzig, 1894.
7
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disinfectant is employed has already been discussed. For ordinary
work it is customary to express absolute and comparative antiseptic
and bactericidal values in terms of percentages based upon weight, and
this, beyond question, is both simple and practical. For strictly scien-
tific comparisons, however, as Kronig and Paul ! have pointed out, it
is by far more accurate to work with equimolecular solutions.

Rideal and Walker 2 have devised a method of testing disinfectants,
in which an attempt is made to establish a standard for' comparisons.
They choose, as the standard, carbolic acid, and establish what they call
the “carbolic-acid coefficient.”” This coefficient they obtain in the fol-
lowing way: the particular dilution of the disinfectant under investiga-
tion which will kill in a given time, is divided by the strength of carbolic
acid which, under the same conditions, will kill the same bacteria in
the same time. We quote an example of such a test, given by Simpson
and Hewlett,® comparing formalin and carbolic acid.

BACILLUS PESTIS.

TiMB IN MINUTES,

Sample. Dilution.
2.6 6 7.5 10 12.5 16
. lin 30 |growth|growth|......[......|......|......
Formalin. ........ { lin 40 |growth |growth |growth|......|[......|......
L [RIE %1 (1, 1 IV IR ISR UUN [ I
Carbolic acid...... 1

lin 110 ‘ growth fgrowth | ......|......|......]......

In the above table, formalin 1 in 30 killed in the same time as
carbolic acid 1 in 110. Thus the carbolic-acid coefficient of formalin
in this test = 3%10 = .27.

The Rideal-Walker method has been much used and is recommended
by many workers.*

The most precise method of standardizing disinfectants is that now
in use in the U. S. Public Health Service. It is a modification of the
Rideal-Walker procedure devised by Anderson and McClintic.®

Stock 5 per cent solutions of the disinfectant in question and of the

! Kréonig und Paul, loc. cit

? Rideal and Walker, Jour. of the Sanitary Ins. London, xxiv.
3 Stmpson and Hewlett, Lancet, ii, 1904,

4 Sommerville, Brit. Med. Jour., 1904,

$ Anderson and McClintic, Jour. of Inf. Dis., 1911, viii, 1.
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standard (phenol) are first prepared and a series of accurate dilutions
made with distilled water using graduated pipettes. (To make 1:70 take
4 c.c. of stock and 10 c.c. distilled water; 1:80 = 4 c.c. of stock + 12
c.c. distilled water; 1:90 = 4 c.c. stock + 14 c.c. distilled water; 1: 500
= 2 c.c. of stock + 48 c.c. of distilled water. Complete dilution tables
are given in their original article.) The series should include dilutions
strong enough to kill B. typhosus in two and a half minutes and weak
enough to fail to do so in fifteen minutes. If dilutions greater than 1-
500 are required, a second 1 per cent stock solution is prepared. They
adopted the following scale for their tests: Dilutions up to 1:70 should
vary from the next in the series by a difference of 5 (i.e., 5 parts of water).

From 1:70 to 1:160 by a difference of 10
From 1:160 to 1:200 by a difference of 20
From 1:200 to 1:400 by a difference of 25
From 1:400 to 1:900 by a difference of 50
From 1:900 to 1:1800 by a difference of 100
From 1:1800 to 1: 3200 by a difference of 200

and so on if higher dilutions are necessary.

Short wide test tubes 1 inch by 3 inches are used in making the test.
These are placed in a rack in a water bath at 20°C. Five c.c. of each
dilution are measured into a series of these tubes beginning with the
strongest specimen and rinsing the pipette once with each dilution
before the 5 c.c. are measured out. For inoculation, a 24-hour broth
culture of B. typhosus is prepared which has been transferred daily for
at least 3 days. Before use it is shaken and filtered through sterile
filter paper. The wide test tubes containing diluted disinfectant are
inoculated with ¥}, c.c. of this culture with a graduated pipette. The
tip of the pipette is held against the side of the tube to insure accurate
measurement and the tube immediately shaken to mix the bacteria
thoroughly with the disinfectant. Test inoculations are made from
this mixture at proper intervals into tubes containing 10 c.c. of standard
extract broth of 4 1.5 acidity, using loops 4 mm. in diameter. At least
four such loops should be at hand, supported on a rack or wooden block
so that a fan-tail Bunsen burner may be placed under each wire in turn.
Each one is sterilized after a plant is made and allowed to cool while the
other three are being used in order.

The test is conducted as follows: A row of ten wide tubes containing
dilutions of the antiseptic is placed in the water bath at 20° C. and time
allowed for them to reach the temperature of the bath. They are then
inoculated in order at intervals of exactly 15 scconds. Fifteen seconds
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after the last tube has been inoculated a subculture is made from the
first tube of the series (i.e., 214 minutes after this first tube was inocu-
lated) and from the other tubes in order at 15-second intervals. Fifteen
seconds after this first series of subcultures is completed a second series
of subculturesisbegun whichwillgive the result of a 5-minute exposureto
the antiseptic and the subinoculations continued at 15-second intervals
until all dilutions have been tested for fifteen minutes.  If the strength
of the antiseptic is known approximately subcultures of the lower dilu-
tions for the longer periods may be omitted. It is convenient to have
an assistant at hand to call time and to label the subcultures as soon as
made. The tubes may, however, be placed in order in suitable racks

DETERMINATION OF THE CARBOLIC-ACID COEFFICIENT
OF A DISINFECTANT.

(ANDERSON AND McCLINTIC)

N AME. . i e e “AY
TEMPERATURE OF MEDICATION .. ... ... ittt 20° C.
Cuovrure Usep B. Typnosvs. ... ... ... ...... 24-hr., Extract Broth, Filtered
PROPORTION OF CULTURE AND DISINFECTANT.. ............... 0.1 ce. + 5 cc.
OraaNic MATTER, None; Kixp, None; Avovst, None.

SUBCULTURE MEDIA .. ..... ... . i, Standard Extract Broth
REACTION . .. oo +1.5
QuanTiTy IN Eaca TUBE.. ... . e 10 c.c

| Time Culture Fxposed to Action
| of Disinfeetant for Minutes
|
|

Sample. Dilu- | Phenol Coefficient
net 5 T, 10 112'._.: 15
Phenol........... 1:80 | — ; — - ‘ “
' L0 | = = ! ‘ 80)375.
12100+ + 0+ = — = 4.69
l L0 4+ 4 + + 4+ 110)650
| I A 5.91
Disinfectant “A”. . 1:350 | — @ — « — | | i : 2)10.60
11::;7-31-‘~ — B
13400 | 4 - = 1 5.30 =
25|+ = - — coeflicient
1:»1.30‘\+‘+ — = ==
1500 | + . + ﬁ_‘_\_g_|
1:550 1 4 4 — L —
12600 | + +j+w‘+1~{_
1650+ 4+ 4+ b —
1:700 1 + 4 RN B " +
1750+ + o+

i
v
l
|
i
!
|
1
'
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without labelling. The subculture tubes are incubated for 48 hours at
37° C. and those in which growth is observed are recorded positive.

To obtain the coefficient the weakest dilution of the unknown
antiseptic which Kkills in 214 minutes is divided by the weakest dilution
of phenol which kills in the same time. The same is done for the weak-
est strength that kills in 15 minutes and an average is taken. The
results of such a test are shown in the table on page 82.

As only the 2}4-minute and 15-minute intervals are used in deter-
mining this result it seems unnecessary to make plants at the intervening
periods except in special cases where more detailed information is desired.

The procedure may be modified by adding some organic substance
such as killed bacteria to the diluted antiseptic. For many substances,
e.g., bichloride of mercury, the antispetic value in presence of organic
matter is much lower than in watery solution. Anderson and McClintic
insist that great care in making the dilutions and rigid adherence to a
uniform technique are necessary to obtain consistent results in such tests.

DETERMINATION OF ANTISEPTIC VALUES.—The antiseptic or in-
hibitive strength of a chemical substance, sometimes spoken of
as the “coefficient of inhibition,” is determined by adding to
definite quantities of a given culture medium, graded percent-
ages of the chemical substance which is being investigated and plant-
ing in these mixtures equal quantities of the bacteria in question.
The medium used for the tests may be nutrient broth or melted gelatin
or agar. If broth is used, growth is cstimated by turbidity of the
medium and by morphological examination; if the agar or gelatin is
employed, plates may be poured and actual growth observed.

Thus, in the case of carbolic acid, a 5 or 10 per cent solution is
prepared and added to tubes of the medium, as follows:

Tube 1 contains 59, carbolic 2 c.c. + broth 8 c.c. 1: 1,000 carbolic acid.
¢

“ o2 ‘“ 5 “ 1 cc. + broth 9 cc. = 1:200 “ ‘
“ 3 “ 5 “ .5 c.c. + broth 9.5 c.c. = 1:400 ¢ ¢
“ 4 “ 5 ‘“ 7 c.c. + broth 9.8 c.c. = 1:1,000 “
“ 5 “ 5 “ .1 c.c. + broth 9.9 cc. = 1:5000 ¢ “

To each of these tubes a definite quantity of the bacteria is added
either by means of a standard loopful of a fresh agar culture, or better by
a measured volume of an even emulsion in sterile salt solution. The
inoculated tubes are then incubated at a temperature corresponding to
the optimum growth temperature for the microorganism in question.
The tubes are examined for growth from day to day. From tubes
containing higher dilutions, in which no growth is visible, transplants
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INHIBITION STRENGTHS OF VARIOUS ANTISEPTICS.
ApaprTEp FrRoOM FLUGGE, LEeirzig, 1902.
Anthrax Bacilli. Other Bacteria. l;::elf:cﬁl:&lax:‘c
Acips
Sulphurie................ 1:3,000 Chol. spir. 1 : 6,000
Hydrochloric ............ 1:3,000 B. diph. 1 : 3,000
B. mallei 1: 700
B. typh. 1:500
Sulphurous .............|..ccoiiie Chol. spir. 1 : 1,000 1:6,000
Arsenous. .. ..oovvvvernnei]innneeinieneen] ciiiii i 1:200
Boric .................. 1:800 | ..o, 1:100
ALKALIES
Potass. hydrox........... 1:700 B. diphth. 1 : 600
Chol. spir. 1 : 400
B. typh. 1:400
Ammon. hydrox. ........ 1:700 Chol. spir. 1 : 500
B. typh. 1: 500
Calcium hydrox..........|......c.c.un.. Chol. spir. 1: 1,100
B.typh.1: 1,100
SaLts
Copper sulphate .........J...ccovveviii] ciei i 1:1,000
Ferricsulphate .........|[......... ... ..o i 1:90
Mercuricchlorid. ......... 1:100,000 |B.typhosus 1:60,000| 1:20,000
Silvernitrate ............ 1: 60,000 Chol. spir.
B. typhosus 1 : 50,000
Potass. perman. ......... 1:1,000 | ...l 1:500
HavLoGENs AND COMPOUNDS
Chlorin ................. 1:1,500 | .o, 1: 4,000
Bromin ................. 1:1,500 | oo 1:2,000
Iodin ................... 1:5000 | ...l 1:5,000
Potass. iodid ........... .| oottt s 1:7
Sodium chlor............. 1:60
Oraanic CoMPOUNDS
Ethyl alcohol............ 1:12 | e e 1:10
Acetic and oxalicacids ... .|.............. B. diph. 1 : 500 1:400
Carbolicacid ............ 1.800 B. typh. 1: 400
Chol. spir. 1: 600
Benzoicacid ............ 1:1,000
Salicylicacid ............ 1:1,500
Formalin (49, formalde-
hyde) ...t iChol. spir. 1.: 20,000 1:1,000
Staphylo. 1: 5,000
Camphor................ 1:1,000
Thymol ................ 1:10.000 [oeerer viianennnnn. 1:3,500
Oilmenthapip .......... 1:3,000
Oil of terebinth...........| 1:8,000
Peroxideof hydrogen.....0..............| .................. 1:2,000
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BACTERICIDAL STRENGTHS OF COMMON DISINFECTANTS.

AparTep FrROM FLOGGE, LErezia, 1902.

Py [Avihrg and Typhoid Bacil
: Anthrax Spores.
5 Minutes. 5 Minutes. 2-24 Hours.
Acips
Sulphuric ........... 1:10 1:100 1:1,500 1:50 in 10 days’
Hydrochloric ....... 1:10 1:100 1:1,500 1:50 in 10 days
Sulphurous .........| sl el (Typhoid
1:700)
Sulphurous .........[ ... ]l 1:300 (Gas
10 vol. %,)
Boric.......ooovvvi] viviiins feeeaia 1:30 Conc. sol. incomplete
disinfection
ALKALIES
Potass. hydrox....... 1:5 1:300
Ammon. hydrox......[ ........ 1:300
Caleium ............| .ooo.... 1:1,000
SaLTs
Coppersulphate .....| ........ [ .. ... 0o 1:20 (5 days)
Mercuric chlor. ..... 1 : 10,000 toj1 : 2,000 1:10,000 |1:2,000 (26 hours)
1,000
Silver nitrate ....... 1:1,000 |.......... 1:4,000 .
Potass. permang. ....|1:200 | ..........|[...... ... 1:20 (1 day)
“Calc.chlorid” .....| ........ 1:500 |.......... 1:20 (1 hour)
HavrLoGens anp CoM-
POUNDS
Chlorin ............. 1 per cent. [.1 percent. |.......... 2 per cent (in 1 hr.)
Trichlorid of iodin. . .1 :200 1:1,000  |.......... 1:1,000 (in 12 hrs.)
OrGaNICc COMPOUNDS
Ethyl aleohol ....... 70%,-15 70%-10mins 1 : 2-300  [Aleol. 509, for 4
Acetic and oxalic acids| minutes months without
: killing spores.
Koch.!
Carbolic acid ....... 1:60 Cholera 1:200(1 . 300 1:20 (4—45days)
Typh. 1:50 (at 40°in 3 hrs.)
Lysol .............. 1:300 1:300
Creolin .............0 ........ 1:100 1:3,000 (109, in 5 hrs.)
Salicylicacid ....... 1:1,000
Formalin (409, for-
maldehyde) ...... 1:10 1:20 1:1,000 1:20 (in 6 hrs.)
Peroxide of hydrogen .|Conc. 1:200 1:500 1:100 (in 1 hr.)
3:100 (in 1 hr.)

¥ Koch. Arb. a. d. kais. Gesundheitsamt, 1, 1881.
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are made to determine the presence of living bacteria and to distinguish
between inhibition or antisepsis and bacterial death or disinfection.

The determination of the bactericidal or disinfectant value of a
chemical substance upon spores may be carried out by a variety of
methods. Koch,! using anthrax spores as the indicator, dried the spores
upon previously sterilized threads of silk. These were exposed to the
disinfectant at a definite temperature for varying times, the disinfect-
ant was then removed by washing in sterile water, and the threads
planted upon gelatin or blood serum media and incubated. A serious
objection to this method was pointed out by Geppert,? who maintains
that it is impossible by simple washing to remové completely the disin-
fectant in which the thread has been soaked. This author suggests that,
whenever possible, the disinfectant, at the end of the time of exposure,
should be removed by chemical means. In the case of bichloride of mer-
cury Geppert exposes emulsions of the bacteria to aqueous solutions of
the disinfectant, and at the end of exposure precipitates out the bichlor-
ide of mercury with ammonium sulphide. In the case of a large number
of disinfectants, however, this is not possible, and, when the thread
method is used, removal of the chemical agent by washing must be
practised. Complete removal of the disinfectant is especially desirable,
since spores previously exposed to these substances are more easily in-
hibited by dilute solutions than are normal spores. The spores may be
dried upon the end of a glass rod, which, after exposure, is washed in
distilled water or salt solution and then immersed in sterile broth.3

A simple method is that in which graded percentages of the disin-
fectant are added to the menstruum, blood, blood serum, broth, etc., in
which the disinfectant is to be tested, and equal quantities of bacteria
thoroughly emulsified in water or salt solution are added. Loopfuls of
these mixtures are then planted from time to time in agar or gelatin
plates upon which colony counts can afterward be made.

In all such tests it is important to remember that the presence of
organic fluids, blood serum, mucus, etc., considerably alters the efficiency
of germicides, and whenever practical deductions are made, experimental
imitation of the actual conditions should be attempted.

Practical Disinfection.—In practical disinfection with chemical
agents, the disinfectant must be chosen to a certain extent in accordance
with the material to be disinfected. :

1 Koch, Arb. a. d. kais. Gesundheitsamt, 1, 1881,
t Geppert, Berl. klin. Woch., xxvi, 1859,
3 Hill, Rep. Am. Pub. Health Assn., xxiv, 1898.
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Sputum is a substance extremely difficult to disinfect because the
bacteria present are surrounded by dense envelopes of mucus, through
which disinfectants do not easily diffuse. For sputum disinfection, es-
pecially tuberculous sputum, carbolic acid—5 per cent solution—or
any of the phenol derivatives in similar concentration, may be used.
Bichloride of mercury is of very little use in sputum disinfection be-
cause of the dense protective layers of albuminated mercury which form
about the microorganisms. Sputum should always be received into
cups containing the disinfectant, and contaminated handkerchiefs
should be soaked in the solution.

Feces from typhoid, dysentery, and cholera patients should be steril-
ized by burning, if possible, or by thoroughly mixing with large quan-
tities of boiling water; but if chemical disinfectants are to be used, five
per cent carbolic acid or dilute formalin are convenient. Milk of lime
and chloride of lime are useful, though somewhat inconvenient. Bichlo-
ride of mercury is of little value in this case for the same reason
that it is valueless in sputum disinfection. In all cases of feces dis-
infection it is extremely important that the chemical agent should be
added in large quantities and thoroughly mixed with the discharge.

Linen, napkins, and other cloth materials which have come into con-
tact with patients should be soaked for one or two hours in one per cent
formaldehyde, five per cent carbolic acid, or 1 :5,000 or 1 : 10,000
bichloride of mercury. After this, the material may be taken from the
sick-room and boiled. It is extremely important that cloth material
should never be removed from the sick-room in a dry state.

Urine may be easily disinfected by the addition in proper con-
centration of any of the disinfectants named above.

The methods for sterilization of surgical instruments and the prepara-
tion of the skin of the patient for operation are subject to so many local
variations that it is hardly withinthe scopeof atext-book on bacteriology
to mention them. Metal instruments are usually sterilized by boiling
in soda solution and may be subsequently immersed in five per cent car-
bolic acid solution. Catgut may be sterilized by boiling in alcohol or by
subjecting it to temperatures of 140° C. and over, for several hours in
oils (albolin).

The disinfection of the hands is also a matter of much variation.
Two methods frequently quoted are those of Welch and of Firbringer.

In Welch’s method the hands are brushed with green soap in water
as hot as it can be borne for at least five minutes. They are then rinsed
and immersed for two minutes in a warm saturated solution of perman-



88 BIOLOGY AND TECHNIQUE

ganate of potash in which they are rubbed with a sponge or sterile
cotton. They are then transferred to a saturated solution of oxalic acid,
until the red color has entirely disappeared. Following this, they are
rinsed in sterile water and then immersed in a 1:500 bichloride of
mercury solution for one to two minutes.

According to Fiirbringer's method, the finger nails are carefully
cleaned with an orange-wood stick or nail file; the hands are then thor-
oughly brushed with a nail brush in green soap and hot water for five
minutes. Following this they are immersed in 60 per cent alcohol for
one ininute, then in 3 per cent carbolic acid solution for one minute;
after which they are rinsed in sterile water and dried.

Rooms, closets, and other closed spaces which are contaminated, must
be disinfected largely by gaseous disinfectants. After such disinfection
in the case of cellars, privies, and other places where feasible, walls and
ceilings should be whitewashed.

Gaseous Disinfectants for Purposes of Fumigation.—There are a
large number of gaseous agents which are harmful to bacteria. Only a
few, however, are of sufficient bactericidal strength to be of practical
importance. .

Oxygen, especially in the nascent state, may exert distinct bacteri-
cidal action upon some bacteria. That strictly anaérobic strains are
inhibited by its presence has already been mentioned.

Ozone was shown by Ransome and Fullerton ! to exert considerable
germicidal power when passed through a liquid medium in which bac-
teria were suspended, but was absolutely without activity when em-
ployed in the dry state.

Chlorine because of its powerful germicidal action was once looked
upon with favor, but has been found quite inadequate from a practical
point of view because of its injurious action upon materials, and its
irregularity of action. Chlorine, too, is but weakly efficient unless in
the presence of moisture.?

Sulphur dioxide or sulphurous anhydrid (SO,), formerly much used
for room disinfection, is no longer regarded as uniformly efficient for
general use. The gas is produced by burning ordinary roll sulphur,
conveniently in a Dutch oven. To be at all effective, water should be
vaporized at the same time, since the disinfectant action is dependent
upon the formation of sulphurous acid. The concentration of the gas
should be at least 8 per cent of the volume of air in the room. For this

1 Ransome and Fullerton, Rep. Public Health, July, 1901.
3 Fischer and Proskauer, Mitt. a. d. kais. Gesundheitsamt, x, 11, 1882,
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purpose about three pounds of sulphur should be burned for every
thousand cubic feet of space. It should be allowed to act for not less
than twenty-four hours. The researches both of Wolffhiigel! and of
Koch 2 have shown that the gas is not sufficient for the destruction of
spores. Park? believes that sulphur dioxid used in quantities of four
pounds of sulphur to 1,000 cubic feet is of practical value for fumigating
purposes in cases of diphtheria and the exanthemata. Sulphur dioxid
fumigation is more cffective than formaldehyd for the destruction of
insects—fleas, lice and bedbugs—a matter of importance in epidemics
of typhus fever, relapsing fever, plague, ete. .

Of all known gaseous disinfectants by far the most reliable is form-
aldehyd. In all cases where formaldehyd fumigation is intended,
clothing, bed-linen, and fabrics should be spread out, cupboards and
drawers freely opened. The cracks of windows and doors should be
hermetically scaled with paper strips or by calking with cotton. In all
cases moisture should be provided for, either in the generating appa-
ratus or by a separate boiler.

Direct evaporation of formaldehyd from formalin solutions has been
the principle underlying most of the methods. If such evaporation is
attempted from an open vessel, however, polymerization of formal-
dehyd to the solid trioxymethylene occurs. To prevent this, Trillat*
and others have constructed special autoclaves in which 20 per cent of
calcium chloride is added to formalin which is then vaporized under
pressure.

The Trillat autoclave, as well as others constructed on the same
principle, consists of a strong copper chamber of a capacity of about a
gallon, fitted with a cover which can be tightly screwed into place.
The cover is perforated by an outlet vent, a pressure gauge, and a
thermometer. The whole apparatus is adjusted upon a stand and set
over a kerosene lamp. Into the chamber is put about one-half to three-
quarters its capacity of 40 per cent formaldehyd (commercial formalin)
containing 15-20 per cent calcium chlorid. The solution used should
be free from methyl alcohol, since this leads to the formation, with
formaldehyd, of methylal, which is absolutely without germicidal
action. For a room of about 3,000 cubic feet Trillat advises the con-

! Wolffhiigel, Mitt. a. d. kais. Gesundheitsamt, i, 1881.
t Koch, Mitt. a. d. kais. Gesundheitsamt, i, 1881.

3 Park, ‘Pathogen. Bact.,”” N. Y., 1908.

¢ Trillat, Compt. rend. de l'acad. des sc., 1896.
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tinuance of the gas flow for about an hour. The method is not uni-
formly reliable.

A method which has found much favor is that in which glycerin—
usually in a concentration of 10 per cent—is added to formalin. Ac-
cording to Schlossmann' the presence of
glycerin hinders polymerization. An appa-
ratus in which this mixture is conveniently
utilized is that of Lentz (see Fig. 12). For-
malin with 10 per cent glycerin is placed
in the copper tank and heated by a burner.
This apparatus has been favorably endorsed
by the War Department of the United States.

The so-called Breslau method of gencrat-
ing formaldehyd depends upon the evapora-
tion of formaldehyd from dilute solutions. v.
Brunn 2 claims that where formalin in 30 to 40
per cent strength is evaporated, water vapor
Fia. 12—Lentz Foruauiy 18 generated more rapidly than formaldehyd

APPARATUS. is liberated, and a concentration leading to
polymerization occurs. If, however, dilution

is carried out until the formaldehyd in the solution is not more than -
8 per cent, the generation of water vapor and formaldehyd take
place at about equal speed and no concentration occurs. Schlossmann ?
furthermore claims that polymerization in the vaporized formaldehyd
does not occur if sufficient water vapor is present—a principle which
may also contribute to the efficiency of the Breslau method. In prac-’
tice, the apparatus devised by v. Brunn (Fig. 13) consists of a strong
copper kettle of about 34 cm. diameter by 7.5 cm. height. This is
completely closed except for two openings in the slightly domed top,
one of which is the exit vent, the other, laterally placed, is for pur-
poses of filling and is closed by a screw stopper. The tank is filled
with a solution of formalin of a strength of from 8 to 10 per cent (com-
mercial formalin 1:4). The apparatus permits the evaporation of
large quantities of fluid in a short time (3 liters in one hour). When
the lamp is left in a closed room care should be taken to fill it with
a quantity of alcohol proportionate to the amount of fluid to be evap-
orated. This, according to v. Brunn, is about one-quarter of the

1 Schlossmann, Miinch. med. Woch., 45, 1898.
ty. Brunn, Zeit. f. Hyg., xxx, 1809,
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volume of formalin solution used. By using 1.5 liters of 8 per cent
formalin for each 1,000 cubic feet of space, this apparatus is said to
vield a concentration of formaldehyd” of about 25 grams to the cubic
meter.

To do away with the usc of liquid, a method has been devised
which depends in principle upon the breaking up by heat of the solid
polymer of formaldehyd (tri-
oxymethylene). The apparatus
(trade name,.““Schering’s Para-
form Lamp”) as described by
Aronson ! consists of a cylindri-
cal mantle of sheet-iron placed
upon a stand and supplied be-
low with an alecohol lamp. Set
into the top of the mantle is a T T
small chamber, into which 1 gy 13 —Bresuav ForMaroEmyD GEN-
gram tablets of trioxymethylene grartor anp SEcTiON OF SAME. (After v.
are placed. The alcohol lamp, Brunn) a, Inlet; b, Exit vent.
so placed that the wicks project
but slightly—to avoid overheating—is lighted, and the formalin gen-
erated passes out through slits in the upper case, mingling with the
water vapor and other gases liberated by the alcohol flame. The
more modern devices have water-boiler attachments to insure suffi-
cient moisture. Two tablets are sufficiertt for the fumigation of about
thirty-five cubic feet, and 2 c.c. of alcohol are filled into the lamp for
each tablet. One hundred to one hundred and fifty tablets are
usually enough for the ordinary room.

A simple method of generating formaldehyd is that which is known
as the “lime method.” In a wide shallow pan 40 per cent formalde-
hyd solution (commercial formaldin) is poured over quicklime (Ca0).
The previous addition of concentrated sulphuric acid to the formalin, in
proportions of one to ten, increases the speed of formalin liberation, and
aids in limiting polymerization. One and one-half to two pounds (one-
half to one kilogram) of quick-lime are used for every 500 c.c. of the for-
malin solution. The heat generated in the slaking of the lime produges
volatilization of the fori:eln.

A modification <f this method is that of Schering? in which tab-

a b

1 Aronson, Zeit. . Hyg., xxv, 1897.
* Schering, Hyg. Rundschau, 1900.
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lets of paraform and unslaked lime are together laid into a pan and
warm water is poured over them.

A very simple method is the ‘potassium permanganate method of
Evans and Russell.! This method depends upon the active reaction oc-
curring when formalin and potassiym permanganate are mixed. Per-
manganate is placed into a bucket and the formalin poured over it. The
bucket should be large enough to prevent overflowing when the mixture
foams. Special galvanized iron pails are made with funnel-shaped tops,
and pails should be placed on a piece of iron sheeting or bricks to prevent
overheating of the floor; 500 c.c. of commercial formalin and 250 grams
of potassium manganate should be used for every 1,000 cu. ft.

The room in which formaldehyd has been liberated is kept sealed, in
the manner already described, for at least twelve hours, after which the
windows and doors are opened. The odor which remains after formalde-
hyd fumigation may be removed by sprinkling with ammonia, or by
the use of some one or another of the various sorts of apparatus de-
vised for the liberation of ammonia.

For the destruction of rodents, hydrocyanic acid gas is used in the
fumigation of ships and houses. This is of especial importance in con-
trolling such diseases as plague. Recently Creel, Faget, and Wrightson,
of the United States Public Health Service, have studied this method.
They found hydrocyanic acid gas is more penetrating, more toxic, and
more easily applied than either sulphur dioxid or carbon monoxid. 5 oz.
of powdered potassium cyanid per 1,000 cu. ft. of space was sufficient to
kill rodents. The gas is produced by dropping the potassium cyanid into
sulphuric acid of a specific gravity of 1.84, or commercial grade 66B.
The gas is as effective for insects as it is for rodents. The element of
danger to human life must be always considered in carrying out such
fumigation, but the writers referred to believe that there is no danger
to men entering a place fumigated in this way 30 minutes or longer after
the apertures have been opened. For the fumigation of the hold of a
ship, Creel, Faget, and Wrightson ? use an ordinary wooden barrel, into
the top of which is placed a large galvanized iron funnel. The cyanid, in
5-gal. tins with top removed, may be attached to the funnel and dumped
into the sulphuric acid by means of a rope attached to the tin, after the
barrel has been lowered.

t Evans and Russell, Rep. State Bd. Health, Maine, 1904.

1 Creel, Faget, and Wrightson, United States Public Health Reports, Vol. 30, No.
39, Dec. 3, 1915.



CHAPTER VI

METHODS USED IN THE MICROSCOPIC STUDY AND STAINING
OF BACTERIA

MICROSCOPIC STUDY OF BACTERIA

BacTERIA may be studied microscopically, in the living and un-
stained state, and, after the application of dyes, in colored preparations.
For the manipulation of bacteria for such study, glass slides and cover-
slips of various design are used. These must be perfectly clean if the
preparations are to be of any value.!

The Study of Bacteria in the Living 8tate.—Living bactcria may be
studied in what is spoken of as the “hanging-drop” preparation.
For this purpose a so-called hollow slide is employed, in the center of
which there i3 a circular concavity about three-quarters of a centimeter
to one centimeter in diameter. The preparation is manipulated as
follows: If the bacteria are growing in a fluid medium a drop of the
culture fluid is transferred to the center of a cover-slip.  If taken from
solid media, an emulsion may be made in broth or in physiological salt
solution, and a drop of this transferred to the cover-slip, or the bac-
teria may be emulsified in a drop of salt solution, or broth, directly upon
the cover-slip. The concavity on the slide, having first been rimmed
with vaseline, by means of a small camel’s-hair brush, the cover-slip is
inverted over the slide in such a way that the drop hangs freely within
the hollow space. The preparation is then ready for examination under
the microscope.

~

' Although the silicates of which glass is composed are extremely stable, never-
theless alkaline silicates which are said to separate out on the surface, together with
grease and dirt left upon the glass by handling, during blowing and cutting, neces-
sitate cleansing before use. This may be accomplished by a variety of methods. A
simple one suitable for general application is as follows: (1) The slides and cover-
slips are thrown singly into boiling water and left there for half an hour; (2) wash
in twenty-five per cent sulphuric acid; (3) rinse in distilled water; (4) wash in
alcohol; (3) wipe with a clean cloth and keep dry under a bell-jar.  Another method
convenient for routine use is to immerse, after thoroush washing in soap-suds
and acid, in ninety-five per cent alcohol and to leave in this uatil the time of use.
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Another method, known as the ‘ hanging block method,” devised by
Hill,! for the study of living bacteria in solid media is carricd out as fol-
lows: Nutrient agar is poured into a Petri dish and allowed to solidify.
Out of this layer a picce about a quarter of an inch square is cut. This
is placed on a sterile slide. The upper surface of the agar block is then

‘inoculated with bacteria by surface smearing, and the preparation
covered with a sterile dish and allowed to dry for a few minutes in the
incubator. A sterile cover-slip is then dropped upon the surface of the

C —_———— —J

Fia. 14—HANGING DROP PREPARATION.

block and sealed about the edges with agar. Block and cover-slip are
then taken from the slide and fastened over a moist chamber with paraf-
fin. The entire preparation can be placed upon the stage of a microsocpe.
This method is especially designed for the study of cell-division.

Living bacteria may also be studied in stained preparations by the
so-called “intravital” method of Nakanishi. Thoroughly cleaned slides
are covercd with a saturated aqueous solution of methylene-blue. This
is spread over the slide in an cven film and allowed to dry. After drying
the slide should appear of a transparent sky-blue color. The micro-
organisms which are to be examined are then emulsified in water, or are
taken from a fluid medium and placed upon a cover-slip. This'is dropped,
face downward, upon the blue groun ! of the slide. In this way bacteria
may be stained without being subjected to the often destructive proe-
esses of heat or chemical fixation. . According to Nakanishi, cytoplasm
.8 stained blue, while nuclear material assumes a reddish or purplish
hue.

The Study of Bacteria in Fixed Preparations.—Stained preparations
of bacteria are best prepared upon cover-slips, the process consisting of
the following steps: (1) Spreading on cover-slip; (2) drying in air; (3)
fixing; (4) staining; (5) washing in water; (6) blotting; (7) mounting.

(1) Smearing.—Bacteria from a fluid medium are transferred in a
small drop of the fluid, with a platinum loop, to a cover-slip and care-
fully spread over the surface in a thin film. If taken from a solid medium
a small drop of sterile water is first placed upon the cover-slip and the
bacteria are then in very small quantity carcfully emulsified in this drop
with the platinum needle or loop and spread in an extremely thin film.

v Hill, Jour. of Med. Research, vii, 1902.
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(2) The film is allowed to dry in the air.

(3) When thoroughly dried, fixation is carried out by passing the
preparation, film side up, three times through a Bunsen flame, at about
the rate of a pendulum swing. Fixation by heat in this manner is most
convenient for routine work, but is not the most delicate method, in-
asmuch as the degree of heat applied can not be accurately controlled.
The other methods which may be employed are immersion in methyl
alcohol, formalin, saturated aqueous bichloride of mercury, Zenker’s
fluid, or acetic acid. If chemical fixatives are used, they must be re-
moved by washing in water before the stain is applied. If a prepara-
tion is made upon a slide instead of a cover-slip, passage through the
flame should be repeated eight or nine times.

(4) Staining.—The dyes used for the staining of bacteria are, for
the greater part, basic anilin dyes, such as methylene-blue, gentian-
violet, and fuchsin. These may be applied for simple staining in 5
per cent aqueous solutions made up from filtered saturated alcoholic
solutions, or directly by weight. They are conveniently kept in the
laboratory as saturated alcoholic solutions. The strengths of some
saturated solutions are as follows:

Saturated Solutions ' (Stains Gruebler or Merck).

Fuchsin (aqueous), 1.5 per cent.

Fuchsin (alcohol 96 per cent), 3 per cent.

Gentian-violet (aqueous), 1.5 per cent.

Gentian-violet (alcohol 96 per cent), 1.8 per cent.

Methylene-blue (aqueous), 6.7 per cent.

Methylene-blue (alcohol 96 per cent), 7 per cent.

The staining solution, in simple routine staining, is left upon the fixed
bacterial film for from one-half to one and one-half minutes according to
the efficiency of the stain usced. Methylene-blue is the weakest of the
three stains mentioned; gentian-violet the strongest.

(5) The excess stain is removed by washing with water.

(6) The preparation is thoroughly dried by a blotter or between
layers of absorbent paper.

(7) A small drop of Canada balsam is placed upon the film side of
the dry cover-slip, which is then inverted upon a slide. The prepara-
tion is now ready for microscopical examination.

1 After Wood, *“ Chemical and Microscopical Diagnosis,” Appendix. N. Y., 1909.
8



96 BIOLOGY AND TECHNIQUE

The chemical principles which underlie the staining process are still
more or less in doubt.! Suffice it to say here that most of the dyes in
common use by bacteriologists and pathologists are coal-tar derivatives
belonging to the aromatic series, all of them containing at least one
“benzolring” combined with what Michaelis terms a “chromophore
group,” chief among which are the nitro-group (NO,), the nitroso-group
(NO), and the azo-group (N=N). Just what the actual process of stain-
ing consists in, is a question about which various opinions are held, some
believing that the phenomenon is purely chemical, in which a salt is
formed by the combination of the dye and the protoplasm of the cells,
others that there is no such salt formation, and that the process takes
place by purely physical means. To support the latter view it is argued
that certain substances like cellulose are stainable without possessing
the property of salt formation, and that staining may often be accom-
plished without there being a chemical disruption of the dye itself.
Michaelis sums up his views by stating that probably both processes
actually take place. A dye stuff, as a whole, may enter into and be de-
posited upon a tissue or cell by a process which he speaks of as “insorp-
tion.” In such a case the coloring matter may be subsequently ex-
tracted by any chemically indifferent solvent. On the other hand, a dye
after being thus deposited upon or within a cell, may become chemically
united to the protoplasm by the formation of a salt, and in such a case
the color can be removed only by agents which are capable of decorp-
posing salts, such as free acids.

The staining power of any solution may be intensified either by
heating while staining, by prolonging the staining process, or by the
addition of alkalies, acids, anilin oil, and other substances which will
be mentioned in the detailed descriptions of special staining methods.

One of the most common examples of such an intensified stain
is the so-called Loefller’s alkaline methylene-blue. This is made up in
the following way:

Saturated alcoholic solution of methylene-blue, 30 c.c.
1 : 10,000 solution potassium hydrate in water, 100 c.c.

Another solution designed with a similar purpose is the Koch-Ehrlich
anilin-water solution. Anilin oil, one part, is shaken up with dis-
tilled water, ninc parts; after thorough shaking, the mixture is filtered

1 For comprehensive reviews of the subject, the reader is referred to dissertations
such as those of Mann (“ Physiol. Hist. Methods and Theory,” Oxford, 1902) and
of Michaelis (‘ Einfihrung in dic Farbstofichemie,” etc., Berlin, 1902).



MICROSCOPIC STUDY AND STAINING 97

through a moist filter paper until perfectly clcar. A saturated alco-
holic solution of either fuchsin or gentian-violet is added to this anilin
water in proportions of about onc to ten or until a slightly iridescent
pellicle appears upon the surface of the solution.

An extremely uséful and very strong staining solution is the Ziehl
carbol-fuchsin solution, made up as follows:*

Fuchsin (basic) ...........ccoiiiiiiiiiiien., 1 gm.
Alcohol (absolute) ................cc. i 10 c.c.
Five per cent carbolicacid ........................... 100 c.c.

To make up this staining solution, mix 90 c.c. of a five per cent aque-
ous solution of carbolic acid with 10 c.c. of saturated alcoholic basic
fuchsin.

It may also be made up as follows:

Weigh out
Basicfuchsin ...........oiiiiiiiiiiiniiiiiiii ... 1 gram
Carbolicacid .......civiiiiiiiiinennereinnnnnnnnnnnn. 5 grams

Dissolve in

Distilled water. .......ooiitiiiiiiiiiiiiiiiieienn 100 c.c.
Filter and add
Absolutealcohol ......... ... i 10 c.c.

SPECIAL STAINING METHODS

8pore Stains.—ABBoTT'S METHOD.2—Cover-slips are smeared and
fixed by heat in the usual manner.

Cover with Loeffler’s alkaline methylene-blue and heat the stain
until it boils, repeat the heating at intervals but do not boil continuously.
Keep this up for one minute.

Rinse in water.

Decolorize with a mixture of aleohol eighty per cent 98 c.c. and nitric
acid 2 c.c., until all blue has disappeared.

Rinse in water.

Dip from three to five seconds in saturated alcoholic solution of
eosin 10 c.c., and water 90 c.c.

Rinse in water, blot, and mount in balsam.

By this method the spores are stained blue, the bodies of the bacilli
are stained pink.

1 Ziehl, Deut. med. Woch., 1882. 2 Abbott, ‘ Prin. of Bact.,” Phila., 1905.
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MoEeLLER’S METHOD.'—Cover-slips are prepared as usual and fixed
in the flame.

Wash in chloroform for two minutes.

Wash in water. .

Cover with five per cent chromic acid onc-half to two minutes.

Wash in water. Invert and float cover-slip on carbol-fuchsin solu-
tion in a small porcelain dish and heat gently with a flame until it steams;
continue this for three to five minutes. (This step can also be done by
covering the cover-glass with carbol-fuchsin and holding over flame.)

Decolorize with five per cent sulphuric acid five to ten seconds.

Wash in water. .

Stain with aqueous methylene-blue one-half to one minute. By
this method spores will be stained red, the body blue.

Oapsule 8tains.—WELcH’S METHOD.>—Cover-slips are prepared as
usual but dried without heat.

Cover with glacial acetic acid for a few scconds. Pour off acetic acid
and cover with anilin water gentian-violet, rencwing stain repeatedly
until all acid is removed. This is done by pouring the stain on and off
three or four times and then finally leaving it on for about three minutes.

Wash in two per cent salt solution and examine in this solution.

Hiss’ METHODS.3—(1) Copper Sulphate Method.—Cover-slip prepara-
tions are made by smearing the organisms in a drop of animal serum,
preferably beef-blood serum.

Dry in air and fix by heat.

Stain for a few seconds with—

Saturated alcoholic solution of fuchsin or gentian-violet 5 c.c., in
distilled water 95 c.c.

The cover-slip is flooded with the dye and the preparation held for a
second over a free flame until it steams.

Wash off dye with twenty per cent aqueous copper sulphate solution.

Blot (do not wash).

Dry and mount.

By this method permanent preparations are obtained, the capsule
appearing as a faint blue halo around a dark purple cell body.

HuNTooN’s CAPSULE STAIN (applicable only to cultures, not to
animal exudates).—This depends upon the precipitating action of
lactic acid on nutrose. Requires two solutions.

! Moeller, Cent. f. Bakt., I, x, 1891.
2 Welch, Johns Hopkins Hosp. Bull., 1892, iii, 81.
3 Hiss, Cent. f. Bakt., xxxi, 1902; Jour. Exper. Med., vi, 1905.
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1. Diluent.—3 per cent solution of nutrose in distilled water; place in Arnold one
hour, add a small amount of carbolic as preservative, and allow to settle.

2. Stain and fixative.—2 per cent carbolic, 100 c.c.; concentrated lactic acid, 0.5
c.c.; 1 per cent acetic acid, 1 c.c.; saturated alcoholic solution basic fuchsin, 1 c.c.;
carbol fuchsin, 1 c.c.

As to the dye employed, most anything but methylene blue or Bismarck brown
may be used. Methyl violet gives the most beautiful results but is not permanent
and will not photograph. I have found the above mixture the best for classroom

work.

Make a thin film, employing solution 1 as diluent. Dry in air. Do
not fix. Cover with stain 30 seconds. Wash in water, dry, and
examine.

BUERGER’S METHOD.!—Cover-slip preparations are made by smear-
ing in serum as in Hiss’ method.

As the edges of the smear begin to dry, pour over it Zenker’s fluid
(without acetic acid) and warm in flame for three seconds.

(Zenker's fluid is composed of potassium bichromate 2.5 gm.;
sodium sulphate 1 gm., water 100 c.c., saturated with bichloride of
mercury.)

Wash in water.

Flush with ninety-five per cent alcohol.

Cover with tincture of iodin, U. S. P., one to three minutes.

Wash with nincty-five per cent alcohol.

Dry in the air.

Stain with anilin water gentian-violet two to five seconds.

Wash with two per cent salt solution.

Mount and examine in salt solution.

WaApswoRTH'S METHOD.>—Wadsworth has devised a method of
staining capsules which depends upon the fixation of smears with forma-
lin. After such fixation capsules may be demonstrated both with simple
stains and by Gram’s method. The technique is as follows:

Smear preparations, made as usual, are treated as follows:

1. Formalin, 40 per cent, two to five minutes.
2. Wash in water, five seconds. :
SimpLE STAIN. DirrERENTIAL STAIN (Gram's Method).

. Ten per cent aqueous gentian-violet. 3. Anilin gentian-violet, two minutes.
. Wash water, five seconds. 4. Iodin solution, two minutes.
. Dry, mount in balsam. 5. Alecohol, 95 per cent, decolorize.
6. Fuchsin, dilute aqueous solution.
7.
8.

o W

Wash water, two seconds.
Dry, mount in balsam.

! Buerger, Med. News, Dec., 1904 2 Wadsworth, Jour. Inf. Dis., 1906,
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It is important that the formalin be fresh and the exposure to
water momentary. When decolorizing in the Gram method, strong
alcohol only should be used. Wadsworth also found that encapsulated
pncumococci could be demonstrated in celloidin sections of pneumonic
lesions hardened in strong formalin. The lungs should be distended with
the formalin or the lesions cut in very thin bits, hardened, dehydrated,
embedded, and cut in the usual way. The celloidin sections may be fixed
on the slides by partially dissolving the celloidin in alcohol and cther
and setting the celloidin quickly in water before staining. Failure to
obtain pneumococci encapsulated in such sections is usually due to
improper or inadequate fixation in the formalin.

The differential method employed by Wadsworth for tissue staining
is as follows:

. Fix in formalin forty per cent, two to five minutes.

Wash in water.

. Anilin gentian-violet, two minutes.

. Todin solution, two minutes.

Alcohol, ninety-five per cent, decolorize.

. Eosin alcohol, counterstain. .
. Clear in oil of origanum.

. Mount in balsam.

[ = W G X U

Flagella Stains.—All flagella stains, in order to be successful, neces-
sitate particularly clean cover-slip preparations, best made from young
agar cultures emulsified in sterile salt solution. Scrupulous care should
be exercised in cleaning the glassware used.

LoerrFLER’S METHOD.'—The preparation is dried in the air and fixed
by heat. It is then treated with the following mordant solution:

Twenty per cent aqueous tannicacid ................. 10 parts.
Ferrous sulphate aq. sol. saturated at room temperature. 5 parts.
Saturated alcoholic fuchsin solution.................. 1 part.

This solution, which should be freshly filtered before using, is
poured over the cover-glass and allowed to remain there for one-half
to one minute, during which time it should be gently heated, but not
allowed to boil.

Wash thoroughly in water.

Stain with five per cent anilin water fuchsin or anilin water gen-

-— — - - —_—

3 Loeffler, Cent. f. Bakt., I, vi, 1889.
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‘lian-violet made slightly alkaline by the addition of one-tenth per cent
sodium hydrate.

The stain should be filtered dircctly upon the cover-slip. Warm
gently and leave on for one to two minutes. Wash in water. Mount in
balsam.

VAN ErMENGEM’s METHOD.'—This method requires the preparation
of three solutions.

(1) Twenty per cent tannic acid solution .............. 60 c.c.
Two per cent osmic acid solution .................. 30 c.c.
Glacial aceticacid.............. ... .. il 4-5 drops.

The cover-slip carrying the fixed preparation is placed in this solu-
tion for one hour at room temperature, or for five minutes at 100° C.
(boiling).

Wash in water.

Wash in absolute alcohol.

Immerse the cover-slip for one to three seconds in

(2) Silver nitrate, 0.25-0.5 per cent solution.
Without washing, transfer to

(3) Gallicacid. ...ttt 5 gm.
Tannic acid. . ..........ccovunn.... B, 3 «
Fused potassium acetate ........................ 10 “
Distilled water .............. ... ... ... ... ... 350 c.c.

Immerse in this for a few minutes, moving the cover-slip about.

Return to the silver nitrate solution until the preparation turns
black.

Wash thoroughly in water.

Blot and mount.

SurTh’s MoprFicaTioN oF PrrriELp’s METHOD.>—A saturated solu-
tion of bichloride of mercury is boiled and is poured while still hot into a
bottle in which erystals of ammonia alum have been placed in quantity
more than sufficient to saturate the fluid. The bottle is then shaken and
allowed to cool. Ten c.c. of this solution are added to 10 c.c. of freshly
prepared ten per cent tannic acid solution. To this add 5 c.c. carbol-
fuchsin solution. Mix and filter.

To stain, filter the above mordant dircctly upon the fixed cover-slip

! Van Ermengem, Cent. f. Bakt., I, xv, 1894.
2 Smith, Brit. Med. Jour., I, 1901, p. 205.
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preparation. Heat gently for three minutes, but do not allow to boil.
Wash in water and stain with the following solution:

Saturated alcoholic solution gentian-violet ............ 1c.ec.
Saturated solution ammonia alum .................... 10 c.c.

Filter the stain directly upon the preparation and heat for three or four
minutes. Wash in water, dry, and mount in balsam. '

Differential 8tains.—Gram’s METHOD.'—By this method of staining,
which is extremely important in bacterial differentiation, bactcria are
divided into those which retain the initial stain and those which are
subsequently decolorized and take the counterstain. The former are
often spoken of as the Gram-positive, the latter as Gram-ncgative
bacteria.

Preparations are made on cover-slips or slides in the usual way.

The preparation is then covered with an anilin gentian-violet solu-
tion which is best made up freshly before use.

The staining fluid is made up, according to Gram’s original direc-
tions,? as follows:

Five c.c. of anilin oil are shaken up thoroughly with 125 c.c. of dis-
tilled water. This solution is then filtered through a moist filter paper.

To 108 c.c. of this anilin water, add 12 c.c. of a saturated alcoholic
solution of gentian-violet. The stain acts best when twelve to twenty-
four hours old, but may be used at once. It lasts, if well stoppered, for
three to five days. A more convenient and simple method of making up
the stain is as follows:

To 10 c.c. of distilled water in a test tube add anilin oil until on
shaking the emulsion is opaque; roughly, one to ten. Filter this through
a wet paper until the filtrate is clear. To this add saturated alcoholic
solution of gentian-violet until the mixture is no longer transparent,
and a metallic film on the surface indicates saturation. One part of
alcoholic saturated gentian-violet to nine parts of the anilin water
will give this result. This mixture may be used immediately and lasts
two to five days if kept in a stoppered bottle.

Cover the preparation with this; leave on for 5 minutes. Pour off
excess stain and cover with Gram’s iodin solution for 2 to 3 minutes.

Todin. ... 1 gm

Potassium iodid. ................................... 2 gm

Distilled water................ccovvuininninnnnn. ... 300 c.c
1 Gram, Fortschr. d. Med., ii, 1884. 2 Gram, loc. cit.

.
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Decolorize with ninety-seven per cent alcohol until no further traces
of the stain can be washed out of the preparation. This takes usually
thirty seconds to two minutes, according to thinness of preparation.

Wash in water.

Counterstain with an aqueous contrast stain, preferably Bismarck
brown.!

PaLTAUF’S MODIFICATION OF GRAM'S STAIN.2—The staining fluid as
prepared by this modification possesses the advantage of retaining its
staining power for a longer period than does the anilin-water gentian-
violet described in the original method.

The staining fluid is prepared as follows:

3-5 c.c. anilin oil are added to
90 c.c. distilled water and
7 c.c. absolute alcohol.

This mixture is thoroughly shaken and filtered through a moist
filter paper until clear. Then add:

Gruebler’s gentian-violet 2 gm.

- The fluid should stand twenty-four hours, during which a precipi-

tate forms. This is filtered before use.

This gentian-violet solution retains its staining power for from 4 to 6
weeks. It is good only when a metallie luster develops on the surface.

It is used in the following way: Spreads on cover-slips or slides are
dried and fixed as usual.

Then apply :—

Anilin-water gentian-violet (as above), three minutes.

Gram’s iodin solution, two minutes.

Absolute alcohol (with stirring), thirty seconds

Counterstain, without washing in water, in aqueous fuchsin or in
weak carbol-fuchsin.

STERLING’S MopIFICATION OF GRAM’S METHOD.—2 c.c. anilin oil +
10 c.c. 959, alcohol. Shake and add 88 c.e. distilled water. 5 grams
gentian violet are ground in a mortar and the anilin solution added
slowly while grinding. Filter. This solution keeps, and stains in one-
half to one minute.

1 To make up Bismarck brown solution. prepare a saturated agueous solution of
the powdered dye by heating. Cool and tilter.  Dilute 1 to 10 with distilled water.
? Sharnosky, Proc. N. Y. Pathol. Soc., Oct,, 1909, n. s, ix, 5.
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CLASSIFICATION OF THE MosT IMPORTANT PATHOGENIC BACTERIA
ACCORDING TO GRAM’S STAIN.

Gram-positive.
(Retain the Gentian-violet.)

Micrococcus pyogenes aureus

Micrococcus pyogenes albus

Streptococcus pyogenes

Micrococcus tetragenus

Puneumococcus

Bacillus subtilis

Bacillus anthracis

Bacillus diphtherie

Bacillus tetanus

Bacillus_tuberculosis and other
acid-fast bacilli

Bacillus aérogencs capsulatus

Bacillus botulinus

Gram-ncgative.
(Take Counterstain.)

Meningococcus
Gonococcus

Micrococcus catarrhalis
Bacillus coli

Bacillus dysenterie
Bacillus typhosus
Bacillus paratyphosus
Bacillus fecalis alkaligenes
Bacillus enteritidis
Bacillus proteus (proteus)
Bacillus mallei

Bacillus pyocyancus
Bacillus influenze
Bacillus mucosus capsulatus
Bacillus pestis

Bacillus maligni cedematis
Spirillum cholerz

Bacillus Koch-Wecks
Bacillus Morax-Axenfeld

8tains for Acid-Fast Bacteria.—These methods of staining are chiefly
useful in the demonstration of tuberele bacilli. These bacteria because

of their waxy cell membranes are not casily stained by any but the most
intensificd dyes, but when once stained, retain the color in spite of cner-
getic decolorization with acid. For this reason they are known as acid-
fast bacilli. The first method devised for the staining of tubercle
and allied bacilli was that of Ehrlich.

Enrrics MeTHOD.'—This method is now rarely used.
preparations are prepared as usual and fixed by heat.

Stain with anilin water gentian-violet, hot, three to five minutes,
or twenty-four hours at room temperature.

Cover-slip

V Ehrlich, Deut. med. Woch., 1882
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Decolorize with thirty-three per cent nitric acid onc-half to one
minute.

Treat with sixty per cent alcohol, until no color can be scen to come
off.

Counterstain with aqueous methylene-blue.

Rinse in water, dry, and mount.

Zienr-NeeLsoN MEetHOD.'—Thin smears are made upon cover-
slips or slides.

Fix by heat.

Stain in carbol-fuchsin solution as given on page 97. The slide
or cover-slip may be flooded with the stain, and this gently heated with
the flame until it steams, or else the cover-slip may be inverted upon
the surface of the staining fluid, in a poreelain dish or watch-glass, and
this heated until it stcams. This is continued for three to five min-
utes.  Decolorize  with either five per cent nitrie acid, five per cent
sulphuric acid, or one per cent hydrochloric acid for three to five
seconds. The treatment with the acid is continued until subsequent
washing with water will give only a faint pink color to the preparation.

Wash with ninety per eent aleohol until no further color can he re-
moved. If, after prolonged washing with aleohol, a red color still re-
mains in very thick places upon the smear, while the thin areas appear
entirely decolorized, this may be disregarded.

Wash in water and counterstain in aqueous methylene-blue for
onc-half to one minute.

Rinse n water, drv, and mount.

By this method the tuberele bacilli are colored red, other bacteria
and cellular elements which may be present are stained blue.

GaBBeT’s METHOD.*—Gabbet hax devised a rapid method in which
the decolorization and counterstaining are accomplished by one solu-
tion. The specimen is preparced and stained with earbol-fuchsin as in
the preceding method. It is then immersed for one minute directly in
the following solution:

Methylene-blue. ........ ... . .. ...l 2 s,
Sulphuric acid 25 per cent (sp.gr. 1018). ... oo .. 100 c.c.

Then rinse in water, dry, and mount.
This method, while rapid and very convenient, is not o reliable as
the Ziehl-Neelson method.

1 Ziehl, Deut. med. Waoch., 1882; Neclson, Deut. med. Woch., 1883.
2 Gabbet, Lancet, 1887.
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ParPENHEM'S METHOD.!—The method of Pappenheim is devised
for the purpose of differentiating between the tubercle bacillus and the
smegma bacillus. Confusion may occasionally arise between these two
microorganisms, especially in the examination of urine where smegma
bacilli are derived from the genitals, and less frequently in the examina-
tion of sputum where smegma bacilli may occasionally be mixed with
the secretions of the pharynx and throat.

Preparations are smeared and fixed by heat in the usual way.

Stain with hot carbol-fuchsin solution for two minutes.

Pour off dye without washing and cover with the following mixture:

Corallin (rosolicacid) ....................civiiiet, 1 gm.
Absolute aleohol........... .. ... i il 100 c.c.
Methylene-blue added to saturation

Add glycerin2. . ... ...t 20 c.c.

This mixture is poured on and drained off slowly, the procedure being
repeated four or five times, and finally the preparation is washed in
water. The combination of alcohol and rosolic acid decolorizes the
smegma bacilli, but leaves the tubercle bacilli stained bright red.

BuNGE AND TRAUTENROTH METHOD.>—This method is designed to
differentiate between the tubercle and smegma bacilli.

Smear and fix by heat in the usual way.

Wash with absolute alcohol to remove fat.

Treat with five per cent chromic acid for fifteen minutes.

Wash in several changes of water.

Stain with hot carbol-fuchsin for five minutes.

Decolorize with sixteen per cent sulphuric acid for three minutes.

Counterstain with alcoholic methylene-blue for five minutes.

Wash in water, dry, and mount.

By this method the tubercle bacillus remains red, the smegma bacil-
lus is d®olorized.

BaumGARTEN’S METHOD.—This method is recommended by the
author for differentiation between the bacillus of tuberculosis and the
bacillus of leprosy and depends upon the fact that the tubercle bacillus
is less easily stained than Bacillus lepre.

Smears are prepared and fixed by heat in the usual way.

! Pappenheim, Berl. klin. Woch., 1898.

2 The glycerin is added after the other constituents have been mixed.
3 Bunge und Trautenroth, Fortschr. d. Med., xiv, 1896.

8 Baumgarten, Zeit. f. wissensch. Mikrosk., 1, 1884.
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Stain in dilute alcoholic fuchsin for five minutes.

Decolorize for twenty seconds in alcohol, ninety-five per cent, ten
parts, nitric acid one part.

Wash in water.

Counterstain in methylene-blue.

Wash in water, dry, and mount.

The tubercle bacillus should be blue and the bacillus of leprosy red.

8pecial 8tains for Polar Bodies.—These staining methods are designed
to bring into view polar bodies as found, for instance, in the bacllll of
diphtheria and plague.

NEIssEr’S METHOD.'—Smear and fix in the usual manner.

Stain for two to five seconds in the following solution:

Methylene-blue. ..o, 1 gm.
Absolute alcohol.............. .. ... il 20 c.c.
Glacial acetic acid ................. ... ... ... 50 c.c.
Distilled water ........... ...ttt 1,000 c.c.

Wash in water.

Counterstain in two per cent aqueous Bismarck brown solution for
five seconds.

By this method polar bodies are stained blue, while the bacillary
bodies are stained brown.

Roux’s METHOD.>—Two solutions are necessary.

(1) Dahlia violet. ............ ... . oo, 1 gm.
Alcohol 90 percent..............coiiiiiiiiii., 10 c.c.
Aqua destillata ad................... ...l . 100 c.c.

(2) Methyl-green ...........cooiiiiiiiiiienennnennn 1 gm.
Alcohol 90 percent. ..........ovviiiiiinininnnn. 10 c.c.
Aqua destillata ad .............. ... ... 100 c.c.

Before use, one part of solution No. 1 is mixed with three parts of
solution No. 2. The preparation is stained with the mixture for two
‘minutes in the cold.

Polychrome 8tains.—The various polychrome stains are of value to
the bacteriologist chiefly for the staining of pus and exudates where the
relation of bacteria to cellular elements is to be demonstrated. They
are also extremely uscful in the study of fixed specimens of protozoan
parasites. There is a large number of these stains in use; a few only,

1 Neisser, Zeit. f. Hyg., xxiv, 1897.
3 Rour and Yersin, Annal. de l'inst. Past., 1890,
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however, can be given here. In principle, all these stains depend upon a
combination of eosin and methylenc-blue, these elements staining not
only as units, but acting together in combination. One and the same
solution, thercfore, contains at least three elements which color the
various structures of the preparation selectively.

JENNER’s METHOD.'—This stain, because of its simplicity, is useful
for routine use. It is made up as follows: Equal parts of eosin (Gruebler,
“W. G.”) one and two-tenths per cent aqueous solution, and methylene-
blue (medicinal, Gruebler) one per cent aqueous solution, are mixed and
allowed to stand for twenty-four hours. A coarse granular precipitate
is formed which appears dark, with a metallic luster on its surface. This
is separated by filtration and washed with distilled water until the fil-
trate appears almost clear.

To make up the stain 0.5 gram of the dry precipitate is dissolved
in 100 c.c. of methyl alcohol.

In using the stain, preparations are not fixed, but simply dried in
the air and immersed in the stain for one to two minutes. After this,
wash in distilled water and examine.

WRIGHT'S MODIFICATION OF LEISHMAN’s METHOD.>—A one per cent
solution of methylene-blue (Gruebler) in five-tenths per cent solution of
sodium biearhonate in distilled water is steamed in a sterilizer at 100°
C. for one hour. After this has cooled, a one-tenth per cent aqucous
solution of eosin (Gruebler, W. G.) is added until a metallic scum ap-
pears on the surface of the mixture. (About five parts of eosin solution
to onc of methylene-blue is necessary.) The precipitate which forms is
collected by filtration, dried, and a saturated solution then made in
methyl alcohol. This is filtered and diluted with one-quarter its bulk
of methyl alcohol.

To stain, cover the dried preparation with the stain for one to
one and one-half minutes. Dilute by dropping upon the stain distilled
water from a pipette until a metallic film appears upon the top. Leave
this on for three to fiftcen minutes. Wash in distilled water.

Giemsa’s MeTHOD."—The method of Giemsa is really a modification
of the Romanowsky method. It is widely applicable, being of great
value in the staining of the Spirochwete pallida, Vincent’s spirilla, pro-
tozoa, and Negri bodies. The stain has been modified several times by

1 Jenner, Lancet, i, 18S9.
3 Wright, Jour. Med. Rescarch, ii, 1902.
3 Giemsa, Cent. f. Bakt., I, xxxvii, 1904
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its originator, the following being the formula given by him in 1904:
The substance referred to as azur IT and purchasable under that name,
consists of pure methylenazur chloralhydrate combined with an equal
quantity of methylenc-blue chlorathydrate. The substance referred to
as azur II-eosin is a combination of this substance with eosin.

The staining fluid is made up as follows:'

Azur Il-cosin ....... ... .. i 3 gms.
AzurIl ... 8 gms.

This mixture is thoroughly dried over sulphuric acid in a desiccator,
finely powdered, and rubbed through a fine sieve. It is then dissolved in
250 gms. of C. P. glycerin (Merck), at 60° C. To this ic added methyl
alcohol (Kahlbaum) 250 c.c., previously warmed to 60° C. This mix-
ture is well shaken and allowed to stand at room temperature for
twenty-four hours. The mixture is now ready for use.

For use 10 c.c. of distilled water are poured into .a test tube and
one to two drops of a one wer cent potessium carbonate solution are

Yled. Ten - - 5o ur eucstaining solution described above (one drop to
the c.c.) arec mixed with this slightly alkaline water. The preparation
which is to be stained is fixed in methyl alcohol, dried, and covered with
the diluted staining solution. For the staining of protozoa and ex-
udates containing bacteria, ten to fifteen minutes are sufficient. For
the staining of Negri bodies or Spirochxte pallida, one or more hours
of staining should be employed. After staining, wash in running tep
water and blot.

Woop’s MeETHOD.>—Wood has devised a simple staining method
based on the principles of the Giemsa stain, in which azur II and eosin
may be used in separate solutions. Preparations are fixed in strong
methyl alcohol for five minutes and are then stained in a 0.1 per cent
aqueous solution of eosin until the preparation is pink. The eosin is
then poured off and the preparation is covered with a 0.25 per cent
aqueous solution of azur II for one-half to two minutes. Following this,
it is washed in tap water and dried by blotting.

When an intense stain is desired, the solution of eosin and azur II
may be flooded over the preparation together, using an excess of azur
II. They are then left on from five to ten minutes. At the end of this
time washing and drying as before completes the process.

1 It is best not to attempt to make up the undiluted staining ﬂmd since this is
purchasable under the name of “ Giemsa Losung fir Romanowsky Fiirbung.”
2 Wood, Med. News, 83, 1903.
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The Staining of Bacteria in Tissues.—Thec preparation of tissuc for
bacterial staining is, in general, the same as that ecmployed for purposes
of cellular studies, in histology. For bacteriological studies the most
useful fixative is alcohol; other fixations, such as that by formalin
Zenker’s fluid, or Mueller’s fluid, give less satisfaction. In other respectﬂ:z
the details of dehydration and embedding are the same as those used in
histological studies, except that it is desirable that the tissues should be
!mndled rather more carefully than is necessary for ordinary patholog-
ical work, and the changes from the weaker to the stronger alcohols
should be made less abruptly.!

Embedding in paraffin is preferable to celloidin, although the latter
method is not unsuccessful if carefully carricd out. The chief disadvan-
tages of celloidin are the retention of color by the celloidin itself and the
consequent unclearness of differentiation. It is also easier to cut thin
won paraffin blocks than from those prepared with celloidin.

- sections for bacteria, it is most convenient

1 ttached to a slide. For cel-
‘FI\‘V‘

sections )

When staining i
to carry out the process with tn™ ache
loidin sections this may be accomplished by means of etner v "
paraffin sections it is necessary to cover the slide with an extremely thin
layer of a filtered mixture of equal quantitics of egg albumin and glycerin,
to which a small crystal of camphor or a drop or two of carbolic acid
has been added. The sections are then floated upon a slide so prepared,
and set away in the thermostat for four or five hours.

LoerFLER’S METHOD.>—Stain in alcoholic methylene-blue solution
five to fiftcen minutes, or in Locffler’s alkaline methylene-blue solution

one to twenty-four hours.
Wash in one to one-thousand acetic acid solution for about ten

seconds.

Treat with absolute alcohol by pouring the alcohol over the prepara-
tion for ten to twenty seconds.

Clear with xylol.

Mount in balsam. :

When celloidin sections are stained in this way ninety-five per cent
alcohol should be substituted for the absolute. A number of other
staining solutions may be used in the same way, aqueous fuchsin or
aqueous gentian-violet yielding good result.

1 For details of such work reference should be had to the standard textbooks on
pathological technique, notably the very excellent one of Mallory and Wright.
2 Loeffler, Mitt. a. d. kais. Gesundheitsamt, ii, 1884.
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Nicolle advises the use of a ten per cent aqueous solution of tannic
acid for a few seconds after washing with the acetic acid.

Sections may also be stained by placing them over night into a
dilute Giemsa solution (one drop to each c.c. of distilled water). When
80 stained the sections must not be run through the weaker alcohols
but must be rapidly differentiated in absolute alcohol.

METHOD OF STAINING GRAM-POSITIVE BACTERIA IN TISSUE SECTIONS.
—Celloidin Sections.—After fixing section to the slide by pressure with
a filter paper or by ether vapor, cover with anilin-water gentian-violet
five minutes.

Pour off excess of stain and cover with Gram’s iodin solution for
two minutes. Decolorize with ninety-five per cent alcohol until no
more color comes out.

Stain quickly with eosin-alcohol (ninety-five per cent alcohol to
which enough eosin has been added to give a transparent pink color;
about 1 :15). Clear in eosin-oil of origanum (oil of origanum, 25 c.c.
and eosin alcohol, as above, about 3 c.c.). Blot and mount in balsam.

Paraffin Sections.—Stain with anilin-water gentian-violet five to ten
minutes.

Wash in water.

Cover with Gram’s iodin solution one minute.

Wash in water.

Decolorize with absolute alcohol until no more color comes out.

Clear in xylol.

Mount in balsam.

* Gram-Weigert Method.'—(For celloidin sections.)—Stain for one-half
hour in the following freshly filtered solution:

Dehydrate in ninety-five per cent alcohol.

Stick section to slide with ether vapor.

Stain in anilin-water gentian-violet for five to fifteen minutes (or
in a saturated solution of aqueous crystal violet diluted with water one
to ten, five to fifteen minutes).

Wash in physiological salt solution.

Cover with Gram’s iodin solution one to two minutes.

Wash in water and blot.

1 Weigert, Fortschr. d. Med., v, 1887.

9
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Decolorize with anilin oil until no more color comes off.

This both decolorizes and dehydrates.

Treat with xylol. Mount in balsam.

METHOD OF STAINING FOR TUBERCLE BacILLI 14 SECTIONS.'—
Paraffin Sections.—Stain in carbol-fuchsin solution hot for five minutes
(or better cold, for twenty-four hours).

Wash in water.

Decolorize and counterstain in Gabbet’s methylene-blue sulphuric
acid mixture for one minute.

Wash in water.

Dehydrate in absolute alcohol.

Clear in xylol.

Mount in balsam.

Celloidin Sections.>—Stain lightly in alum hematoxylin.

Wash in water.

Dehydrate in ninety-five per cent alcohol.

Attach the slide by ether vapor.

Stain with steaming carbol-fuchsin two to five minutes.

Wash in water.

Wash with Orth’s acid alcohol (alcohol ninety per cent., 99 c.c.;
conc. HCI, 1 c.c.) one-half to one minute.

Wash in water several changes.

Treat with ninety-five per cent alcohol until red color is entirely
gone.

Blot and cover with xylol until clear. Mount in balsam.

METHOD OF STAINING ACTINOMYCES IN SEcTIONS. —Mallory’s Method’.
—1. Stain deeply in saturated aqueous eosin ten minutes.

2. Wash in water.

3. Anilin gentian-violet two to five minutes.

4. Wash in normal saline solution.

5. Weigert’s iodin solution (iodin 1, KI 2, and water 100 parts)
one minute.

6. Wash in water and blot.

7. Clear in anilin oil.

8. Xylol several changes.

9. Mount in balsam.

1 Mallory and Wright, *“ Pathol. Tech.,” p. 413.
3 After Mallory and Wright.
3 Mallory and Wright, “ Pathol. Tech.,” 1904.




CHAPTER VII

THE PREPARATION OF CULTURE MEDIA

GENERAL TECHNIQUE

THE successful cultivation of bacteria upon artificial media requires
the establishment of an environment which shall be suitable in regard to
the presence of assimilable nutritive material, moisture, and osmotic
relations. These requirements are fulfilled in the composition of the
nutrient media described in another section, media which are to some
extent varied according to the special requirements of the bacteria
which are to be cultivated. If cultivation, furthermore, is to have any
value for scientific study of individual species, it is necessary to ob-
tain these species free from other varieties of microorganisms, that is,
in pure culture, and to protect such cultures continuously from con-
tamination with the other innumerable species which are everywhere
present.

The technique which is employed for these purposes has been gradu-
ally evolved from the methods originally devised by Pasteur, Koch.
Cohn, and others.

Bacterial cultivation is carried out in glassware of varied construc-
tion, the forms most commonly employed being test tubes of various
sizes, Erlenmeyer flasks, the common Florence flasks, and Petri dishes.
All glassware, of course, must be thoroughly cleansed before being used.

Preparation of Glassware.—The cleansing of glassware may be ac-
complished by any one of a number of methods. New glassware may
be immersed in a one per cent solution of hydrochloric or nitric acid in
order to remove the free alkali which is occasionally present on such glass.
It is then transferred to a one per cent sodium hydrate solution for a
few hours, and following this is washed in hot running water.

In the case of old glassware which has contained culture media,
sterilization in the autoclave is first carried out, then the glassware is
boiled in five per cent soda solution or in soapsuds. After this, thorough
mechanical cleansing is practiced, and the glassware may be treated by
acid and alkali followed by running water, as given above. These last

118
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steps, however, are not essential, thorough washing in hot water after
the soapsuds or soda solution bemg usually suﬂiclent to yield good
results. Other workers have recommended immersion of the glassware
after mechanical cleansing in five per cent to ten per cent potassium
bichromate solution in t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>