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PREFACE TO FOURTH EDITION.

DuriNe the fourteen years which have elapsed since the appear-
ance of the first edition of this book, the subject matter of which it
treats has increased in importance, has modified our conceptions of
disease, and has furnished facts which are now utilized in treatment.
Quite naturally, during the growth and development of the chem-
istry of the infectious diseases, this science has from time to time
changed the relative importance of different phenomena. When the
first edition of this book was written it was believed by those most
competent to speak on the subject, that the basic products of bacte-
rial growth constituted the chief factors in the causation of the in-
fectious diseases, but it has been shown by subsequent discoveries
that this conception is erroneous, and we now look for the specific
bodies among the synthetic substances formed within the cells of the
microorganism. This advance in knowledge has rendered the chief
title selected for former editions inappropriate, and accounts for the
change which we have made therein. The text has for the most part
been rewritten with the intention of curtailing the space given to
subjects which advanced knowledge has shown to be less important,
and also for the purpose of introducing new matter. We regret ex-
oeedingly that want of space has compelled us to omit altogether the
bibliography found in previous editions. References to the litera-
ture employed in the older editions have been omitted, while those
bearing upon investigations which have been made since the appear-
ance of the last edition are given in footnotes. Those to whom the
third edition is acoessible will be able to look up every piece of work
referred to in this volume and satisfy themselves concerning the in-
terpretation which we have placed upon the original contributions.
In order to abbreviate as much as possible, we have omitted many
details given in the previous editions. This curtailment has of
necessity not been uniform throughout the book ; certain chapters
having been cut down much more than others. In some instances
the desire to take up less space has possibly led us to omit state-
ments of considerable importance. Especially is this true of the
chapter devoted to poisonous foods. Several new chapters have

v



vi PREFACE TO FOURTH EDITION.

been added, bringing into the volume subjects which were wholly
unknown at the writing of the last edition. We have endeavored to
present to our readers everything of importance done in the lines
treated of down to the close of the year 1901. If this volume meets
with the kind reception extended to its predecessors, its authors will
feel themselves amply repaid for the labor that they have placed
upon it.
UNrversity oF MICHIGAR, JUNE 1, 1902.
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CELLULAR TOXINS.

CHAPTER 1.
THE ETIOLOGY OF THE BACTERIAL DISEASES.

THE bodies of the higher animals are made up of groups of spe-
cialized cells, which are mutually dependent, one upon the other, for
their normal development and continued healthy existence. These
groups of cells constitute the various organs and the framework by
which they are held together and through which food is distributed
to all, and the special products of one colony are carried to the others,
or cast out from the whole as waste material. Each organ has its
special functions, the healthy performance of which is necessary to
the well-being of the whole. If the digestive cells of the alimentary
canal fail to secrete active fluids, the cells of the brain, the heart,
the lungs, and, in short, of every part of the body are impaired and
disease results. If the food be properly digested and the absorption
cells of the walls of the alimentary canal fail, a like disaster is
brought upon the whole. If the kidneys, liver, skin, or lungs do
not properly eliminate effete and poisonous products, these accumu-
late and interrupt the healthy activity of the cells of the body.
Disease is the result of impaired or perverted cell action.

The animal body is often invaded by foreign cells, which may be-
come, for a time at least, parasites, living at the expense of the host
and elaborating their own special products, which may prove harmful
to one or more of the colonies of cells constituting the healthy body,
and thus the health, and even the existence of the whole, may be
placed in jeopardy. These foreign cells find their way into the body
with the food, drink, inhaled air, or through some break in the skin
or mucous membrane. The harmful invaders may consist of micro-
scopical, unicellular forms of vegetable life known as bacteria, and
the action of their special products upon the cells of the body gives
rise to the bacteriul diseases. .

Certain other vegetable forms of life, especially those belonging
to the fungi, may live as parasites on the higher animals. These are
not known to produce chemical poisons, but by their presence and
encroachment on certain tissues they induce impaired or perverted
action of the cells of the same. The skin is the favorite habitat of
these parasites, and the disorders which they cause are known as
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18 THE ETIOLOGY OF THE BACTERIAL DISEASES.

Some species of single-celled animal organisms, known as pro-
tozoa, may invade the body and there live and reproduce themselves,
modifying, impairing and destroying normal tissue. The disorders
resulting from these causes are known as protozoal diseases.

Other more highly developed animals pass at least a portion of
their lives as parasites, and we must recognize certain diseases as due
to animal parasites.

~ The living cells of the animal body may be altered or destroyed
by the action of poisons of mineral, vegetable or animal origin.
The poisoning that results in this way may be acute or chronic; it
may manifest itself in one case principally by its action on the nerv-
ous system, and in another the symptoms induced may be referred
more especially to the digestive organs. Diseases due to the ad-
ministration of poisons generated wholly outside the body are grouped
together under the name of infoxications.

A given group of cells in the body may be so altered by mechan-
ical violence that the continued performance of healthy function is
no longer possible. A depression of the skull, as the result of a fall
or blow, may induce epilepsy or insanity. Diseases induced in this
manner are said to be traumatic.

Lastly, without outside interference, any group of cells in the
body may, from having an excess of work thrown on it, or from
other causes, many of which remain unknown, fail to do its duty,
and, as a consequence, disaster may threaten the whole. These
diseases may be denominated as autogenous.

This gives us a simple etiological classification of diseases into :
(1) Bacterial, (2) fungous, (3) protozoal, (4) animal parasitic, (5)
intoxications, (6) traumatic, (7) autogenous.

While the above given etiological classification of diseases is ad-
missible, it must be understood that in many instances the cause is
not single, but multiple, and for this reason sharp lines of classifi-
cation cannot be drawn ; for instance, the greatest danger in those
traumatic affections in which the traumatism itself does not cause
death, lies in infection. The wound has simply provided a suitable
point of entrance for the infecting agent ; indeed the break in the con-
tinuity of tissue may be so slight that it is of import and danger only
on account of the coincident or subsequent infection, as is true in
most cases of tetanus and septicemia. Furthermore, an infectious
disease, whether it originates in a traumatism or not, is markedly
influenced by what we are pleased to call the idiosyncrasy of the
patient, and by this we mean the peculiarities of tissue metabolism
taking place in the individual at the time. A dozen men may be
alike exposed to the same infection, and the infecting agent may find
a suitable soil for its growth and development in two of these, while
in the other ten this same agent meets with such adverse influences
that it dies without producing any appreciable effects ; or all may be
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infected, but with differences in degree, as is evidenced by variation
in symptoms, in the length of time that the infecting agent con-
tinues to grow and develop in the body, and in the ultimate result.
Every physician who has had experience in the treatment of any of
the infectious diseases appreciates the importance of the personal
equation in his patients. It is a fact, frequently observed clinically,
and capable of experimental demonstration, that privation and ex-
haustion not only increase susceptibility to infectious diseases but
also heighten mortality from the same.

That some neurotic affections originate from traumatism, has been
abundantly demonstrated ; that some are largely due to malnutrition
accompanied by improper metabolism or insufficient elimination, or,
in other words, are to some extent autogenous, all believe. With a
clear understanding that the above classification does not attempt a
sharp and marked differentiation of the causes of disease, we will
give our attention to & consideration of the etiology of the infectious
diseases, and of the traumatic and autogenous, in so far as these are
influenced by infection.

Recognizing the fact that germs do bear a causal relation to some

i , the question arises, how do these organisms act? Inas-
much as anthrax was the first disease demonstrated to be due to bao-
teria, attempts to answer this question have generally been made by
reference to the microdrganism of this affection, or, in other words,
the question is changed so as to read, “In what way does the bacillus
anthracis induce the symptoms of this disease and cause death?”
Of the proposed solutions of this problem the following are the most
important : ’

1. It was suggested by Bollinger that apoplectiform anthrax is
due to deoxidation of the blood by the bacilli. These germs are
adrobic, and it was thought that they might act by depriving the red
blood corpuscles of their oxygen. This theory was rendered more
tenable by the resemblance of the symptoms of anthrax to those of
carbonic acid poisoning. The most prominent of these symptoms
are dyspncea, cyanosis, convulsions, dilated pupils, subnormal tem-
perature, and, in general, the phenomena of asphyxia. Moreover,
post-mortem examination reveals conditions similar to those observed
after death by deprivation of oxygen ; the veins are distended, the
blood is dark and thick, the parenchymatous organs are cyanotic,
and the lungs are hyperemic. Apoplectiform anthrax was compared
to poisoning with hydrocyanic acid, which was at one time believed
to produce fatal results by robbing the blood of its oxygen.

This theory presupposed a large number of bacilli in the blood,
and this accorded with the estimate of Davaine, which placed the
number at from eight to ten million in a single drop ; but more ex-
tended and careful observation showed that the blood of animals
dead from anthrax is often very poor in bacilli. Virchow reported
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cases of this kind and Bollinger himself found the bacilli often con-
fined to certain organs, and not abundant in the blood. Later,
Siedamgrotzky counted the organisms in the blood in various cases
and found not only that the estimate made by Davaine is too large,
but that in many instances the number present in the blood is small,
while Joffroy observed in some of his inoculation experiments that
the animals died before any bacilli appeared in the blood. These
and other investigations of similar character caused workers in thig
field of research to doubt the truth of the theory of Bollinger, and
these doubts were soon converted into positive evidence against it ;
but for a while it was the subject of an interesting controversy.
Pasteur, in support of the theory, reported that birds were not sus-
ceptible to anthrax, and he accounted for this by supposing that
the blood corpuscles in birds do not part with their oxygen readily.
However, it was shown by Oemler and Feser that the learned
Frenchman bad generalized from limited data, and that many birds
are especially susceptible to this disease. Oemler found that the
blood, even when rich in anthrax bacilli, still possesses the bright
red color of oxyhemoglobin. Toepper and Roloff reported cases of
apoplectiform anthrax in which there was no difficulty in respiration,
and Toussaint caused animale which had been inoculated with the
anthrax bacillus to breathe air containing a large volume of oxygen
and found that this did not modify the symptoms or retard death.
Finally, Nencki determined the amount of physiological oxidation
going on in the bodies of animals sick with anthrax by estimating
the amount of phenol excreted after the administration of one gram
of benzol, and found that the oxidation of the benzol was not dimin-
ished by the disease. In short, the theory that germs destroy life
by depriving the blood of its oxygen has been found not to be true
for anthrax, and if not true for anthrax, certainly it cannot be for
any other known disease. The bacillus anthracis is, as has been
stated, aérobic, while many of the pathogenic bacteria are anagrobic
—that is, they live in the absence of oxygen ; this element is not
necessary to their existence, and indeed, when present in large
amount, it is fatal to them. Moreover, in many diseases the bacteria
are not found in the blood at all, and, lastly, the symptoms of these
diseases are not those of asphyxia. These facts have caused a com-
plete abandonment of this theory.

2. If a properly stained section of a kidney taken from a guinea-
pig, which has been inoculated with the bacillus anthracis, be ex-
amined under the microscope, the bacilli will be found to be pres-
ent in such large numbers that they form emboli, which not only
close, but actually distend the capillaries and even larger blood ves-
sels, and interfere with the normal functions of the organ. A
gimilar condition is sometimes found on microscopical examination of
the liver, spleen and lungs. From these appearances it was in-
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ferred by Bollinger that the bacilli produce the diseased ocondition
- by accumulating in large numbers in these important organs, and
mechanically interrupting their functions. This is known as the
mechanical interference theory. .

If anthrax were the only infectious disease, or if in other infec-
tions the germs were as numerous in the blood as they are in anthrax,
the mechanical interference theory would still have strong support,
but to the majority of germ diseases it is not at all applicable, .

3. Another answer given to this question, ¢“ How do germs cause
disease ?” is that they do so by consuming the proteids of the body,
and thus depriving it of its sustenance. The proteids are known to
be necessary for the building up of cells and it is also known that
microdrganisms feed upon proteids. However, this theory is unten-
able for several reasons: in the first place, many of the infectious dis-
eases destroy life so quickly that the fatal effects cannot be supposed
to be due to the consumption of any large amount of proteid; in the
second place, the distribution of the microdrganisms is such that
they do not come in contact with any large proportion of the pro-
teids of the body ; in the third place, the symptoms of the majority
of the bacterial diseases are not those which would be produced by
withdrawing from the various organs their food. The symptoms are
not those of starvation.

4. Still another theory, which has been offered, is that the
bacteria destroy the blood corpuscles, or lead to their rapid dis-
integration. But in many of the infectious diseases, as has
been stated,the microorganisms, although abundant in some or-
gans, are not present in the blood. Moreover, the disintegration
of the blood corpuscles is not confirmed by microscopical exami-
nation.

6. Seeing the vital deficiencies in the above theories, and being
impressed by the results obtained by the chemical study of putrefac-
tion, bacteriologists have been led to inquire into the possibility
of the symptoms of the infectious diseases being due to chemical
poisons. In investigating this theory, the following possibilities
suggest themselves :

(a) The microorganisms may be intimately associated with, or
may produce, a soluble chemical ferment, which by its action on the
body produces the symptoms of the disease and death. At one time
this theory had a number of ardent supporters, among whom might
be mentioned the eminent scientist De Bary; but Pasteur proved
the theory false when he filtered anthrax blood through earthen
cylinders, inoculated animals with the filtrate and failed to pro-
duce any effect. Nencki made a similar demonstration when he
inoculated a two per cent. gelatin preparation with the anthrax
bacillus, which liquefied the gelatin, and on standing the bacilli
settled to the bottom, after which the supernatant fluid which was,



22 THE ETIOLOGY OF THE BAOTERIAL DISEASES.

clear and alkaline in reaction, was filtered and injected into animals
without producing any effect. .

It must not be inferred from the above statements that bacteria
do not produce ferments. Many of them do form both diastatic and
E:ptic ferments, which may retain their activity after the bacteria

ve been destroyed; but there is no proof in any case that these
ferments have a causal relation to the disease. After the disease
process has been inaugurated some of these ferments probably play
an important part in the production of morphological changes, the
nature of which will be indicated when the different diseases are dis-
cussed.

() The microdrganisms may act either directly or indirectly as
ferments, splitting up complex proteids in the tissue and producing
among these split products the specific poisons which induce the
characteristic symptoms of the disease, and may cause death. This
theory, once quite generally held, has stimulated numerous investi-
gations, some of which have led to important discoveries; but at
Present it is safe to say that among the bacterial split products formed
either in artificial culture media or in the body, there is not found
one which, on account of its intensity of action or from the nature of
the symptoms which it produces, can be regarded as the specific cause
of any one of the infectious diseases. Moreover, it has been shown
that some of the most virulent germs, as for instance, the bacillus of
tetanus, will grow and retain their virulence in artificial cultures
made up principally of inorganic substances and containing only
minute quantities of organic bodies of such simple construction that
it must be admitted that the specific toxins of these microdrganisms
cannot result from their cleavage action.

While we are forced to conclude that no specific toxin has been
found among the cleavage products of bacteria, it is well established
that certain powerful poisons originate in this way, and it will come
within the scope of this treatise to deal with all substances formed by
the cleavage action of bacteria, both upon the constituents of artificial
oulture media and within the animal body.

(¢) Poisons may be produced by the cellular activity of bacteria
much in the same way as morphin is formed in the poppy. This
theory supposes that the formation of bacterial toxins is a synthetical,
rather than an analytical, process. It is now generally believed that
most, if not all, of the pathogenic microdrganisms consist of cell walls
containing cell protoplasm, and that the specific toxin is a constit-
uent of the protoplasm, and that its formation is one of the vital
phenomena manifested by the organism in its processes of growth
and multiplication. In some species the cell wall is not easily per-
meable and the toxin is found only within the cell ; while in other
species the toxin formed within the cell readily passes through the
wall and diffuses through the culture media in artificial growths, or
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through the tissues, when the germ is multiplying in the animal
body. In at least some species the formation of a toxin is not &
phenomenon which invariably accompanies growth and multipli~
cation. This is shown to be true by the frequently observed fact
that a highly virulent germ may under certain conditions wholly
lose its toxicity while it continues to vegetate most luxuriantly. It
seems to be evident that certain conditions of growth, as, for in-
stance, the nature of the medium, the temperature, the supply of
oxygen, and the presence or absence of certain chemical agents, de-
termine the amount of specific toxin formed within the cell. Most
pathogenic germs find the conditions suitable for the elaboration
of poisons at their optimum in the animal body, and for this reason
their virulence is increased by passing successively through a series
of animals. However, this is not always true, and germs may de-
crease in virulence by being passed through certain animals; some
observers have reported the finding of certain microdrganisms that
invariably decrease in virulence on being transferred from one
animal to another. There are many interesting questions along this
line which need to be investigated much more fully than has been
done up to the present time before we can speak positively concern-
ing them. They furnish the basis of problems that are of both
scientific and practical interest. In many epidemics the specific
microdrganism, to which the epidemic disease 18 due, apparently in-
creases for a while in virulence and then gradually seems to become
less dangerous. However, a discussion of these questions would take
us too far away from the subject matter just now in hand.

We will now give what appears to us, in the present state of our
knowledge, a correct definition of an infectious disease :

An infectious disease arises when a specific, pathogenic microor-
(glanism, having gained admittance to the body and having found con-

itions favorable, grows and multiplies, and in so doing elaborates a
chemical poison which induces its characteristic effects.

In the systemic infectious disease, such as anthrax, typhoid fever
and cholera, the specific poison is undoubtedly taken into the gen-
eral circulation, and may reach and influence every part of the body.
In the local infectious diseases, such as gonorrhea and infectious
ophthalmia, the first action of the poison seems to be confined to the
place of its formation ; although even in these, when of a specially
virulent type, the effects may extend to the general health, or the
poison may strongly act on some distant part of the body. It is
probably true that in many of the infectious diseases the chemical
poison has both a local and a systemic action ; thus, it is by no means
certain that the ulceration of typhoid fever is due directly to the
living bacillus, for it is now an established fact that this disease may
exist, run a typical course, and end in death, without anatomical
changes in the intestine. In diphtheria and tetanus the toxin
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formed within the bacterial cells readily diffuses through the cell
walls and enters the circulation, while the organism itself is confined
to relatively a small area and may not be found in the blood at all.
Such diseases are properly called bacterial intoxications. In some
other infectious diseases, such as anthrax and one form of the plague,
the germ itself may be distributed by the blood and lymph to every
part of the body ; these diseases are designated as septicemias.

With the proof established that the deleterious effects wrought by
germs are due to chemical poisons elaborated by them, let us inquire
what properties a microdrganism must possess before it can be said
to be the specific cause of a disease. The four rules of Koch have
been conceded to be sufficient to show that a given germ is the sole
and efficient cause of the disease with which that germ is associated.
Briefly these rules are as follows : :

1. The germ must be present in all cases of that disease.

2. It must be isolated from other organisms and from all other
matter found with it in the diseased animal.

3. The germs thus freed from all other foreign matter must, when
properly introduced, produce the disease in healthy animals.

4. The microérganism must be found properly distributed in the
animal in which the disease has been induced.

We will briefly discuss the applicability of these rules. When it
is stated that the germ must be present in all cases of the disease, it
need not be understood that an unlimited number of cases must be
examined before the causal relation of a given organism to the disease
may be reasonably suspected. This would require more than a life-
time, and would demand facilities for the study of the special disease
that do not and cannot exist. The number of cases in which the germ
is constantly found should be reasonably large, and the larger this
number the greater the probability that the organism is etiologically
related to the disease. Moreover, the germ may be present in all
cases, and yet it may not be found in all. To demand that it be
found in all cases would be to presume that the methods of detecting
and recognizing a given organism are perfect, and there is no ground
for this assumption. Again, since the results of no one man’s work
can be accepted in science until they have been confirmed by others,
the personal equation must be considered; what one man finds,
another may fail to find. Diligence, skill and accuracy are not
equally developed in all men, and, moreover, the methods employed
may differ. To illustrate these points : Koch, after the most pains-
taking study embracing twenty-nine cases of pulmonary tuberculosis,
nineteen of miliary tuberculosis, twenty-one of tuberculous glands,
thirteen of tuberculous joints, ten of tuberculosis of the bones, four
of lupus, and seventeen of bovine tuberculosis, announced that he
had discovered a bacillus which is constantly present in tubercular
disease. Since this announcement thousands of physicians and bac-
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teriologists, possessing different degrees of skill, and often by differ-
ent methods of staining, with microscopes of all kinds, good and bad,
have sought for this bacillus, and it is not strange that now and then
some man fails to find the organism in a genuine case of tuberculosis.

Another most important point in this connection lies in the fact
that the clinical and the bacteriological diagnoses do not always agree.
The most skilful clinicians may differ concerning a case of membra-
nous sore throat. One is sure that it is diphtheria ; a second is in
doubt and reports it as a suspicious or doubtful case; and a third is
sure that it is not diphtheria. A bacteriological examination may
reveal or fail to reveal the presence of the Loeffler bacillus. Again,
it may be that any number of the most competent clinicians agree
in saying that the case is or is not one of diphtheria, and yet a bac-
teriological examination may result in a contradictory diagnosis.
This is exactly what has happened in the study of diphtheria. From
statistios gathered by Novy, it appears that of 8,186 cases of clinical
diphtheria, diagnosed as such by different men in Europe and Amer-
ica (to May, 1895), the Loeffler bacillus was found in 5,943, the
bacteriological examinations also being made by different men. "The
clinical diagnosis was confirmed bacteriologically in 72.6 per cent. of
these cases. On the other hand, of 333 cases diagnosed as diphtheria
by Baginsky, 332 furnished the bacillus, and of 117 seen by Kossel,
all were confirmed by the bacteriological examination. These figures
are given to illustrate the factors of variation that may arise in the
application of the first of Koch’s rules.

Shall we accept the clinical or the bacteriological classification of
disease? There can be no doubt that the latter is the more exact,
and its adoption will lead to a more accurate and scientific study of
disease. An etiological classification of the infectious diseases is one
of the great desiderata of scientific medicine. Whether it will ulti-
mately be made upon the morphological characters of the bacteria or
on their poisonous products cannot yet be determined. There are
certain objections to making the first of these the basis that seem
well-nigh msuperable, and some of these will be discussed later.

The importance of the first of Koch’s rules is self-evident ; how-
ever, the invariable presence of any germ in a certain disease does
not prove that the former is the cause of the latter. Indeed, so long
as the investigation goes no further than this, we are Justlﬁed in say-
ing that the microdrganism may be an accompaniment or a conse-
quence of the disease ; therefore, additional evidence is wanting, and
is furnished by complymg with the other rules of Koch.

The second rule is complied with by means of plate and other cul-
tures, a description of which would be out of place here.

The third and fourth rules are difficult of application, because the
lower animals are often immune to many of the diseases to which
man is susceptible.
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The time will probably come when the true test of the specific
character of a germ will be made with the chemical products. A
given bacterium may not multiply in the circulating blood of a dog,
and failure to do so is by no means proof that the same organism
might not cause disease in man; but every germ which causes dis-
ease in man does 80 by its chemical products ; and if these be isolated
and injected into the dog in sufficient quantity a poisonous effect will
most likely follow. In the study of the bacteria of the infectious
diseases, the third and fourth of Koch’s rules have not been com-
plied with in many cases, as has been stated, on account of the in-
susceptibility of the lower animals. The majority of investigators,
meeting with this difficulty, have been inclined to rest content with
the first two rules, and to conclude that when a given germ is con-
stantly present in a given disease and not found in other diseases,
that it is the cause of the disease with which it is associated. In
1889, Vaughan suggested that in those instances in which the third
and fourth of Koch’s rules cannot be complied with on account ot
the insusceptibility of the lower animals, it should be shown that
the germ can produce chemical poisons which will induce in the
lower animals in an acute form the characteristic symptoms of the
disease, before the proof that the given germ is the cause of the dis-
ease be accepted as positive.

The science of bacteriology has of necessity been largely founded
upon morphological studies. Bacteriologists have given their time
and attention to the discovery of bacterial forms in the diseased
organism, and to observations of characteristics in structure and
growth of different species of bacterial life. ~This is perfectly proper,
but we must also study the physiology and chemistry of germs and
until this is done we must remain ignorant of the true cause of die-
ease, and so long as we remain ignorant of the cause it cannot be
expected that we shall discover scientific and successful methods
of treatment. Suppose that our knowledge of the yeast plant was
limited to its form and method of growth; of how little practical
importance would this knowledge be. That the yeast plant requires
a saccharine soil before it can grow, that given such a soil it produces
carbonic acid gas and alcohol are the most important and practical
facts which have been ascertained in its study. Likewise, the con-
ditions under which pathogenic germs multiply, and the products
which they elaborate in their multiplication, must be ascertained be-
fore their true and complete relationship to disease can be understood.

In saying that the morphological work upon which the science of
bacteriology largely depends is inadequate, we wish that it may be
plainly understood that we are not offering any hostile criticisms
upon the great men who have done this work and who have formu-
lated conclusions therefrom. The development of bacteriology has
been in accordance with the natural law governing the growth of all
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the biological sciences. The study of form naturally and necessarily
precedes the study of fanction. The ornithologist finds a new species
of bird ; he first studies its shape and size, the color of its plumage,
the form of its beak, the number and arrangement of the feathers of
the tail and wing, the color of the eyes, etc. All this can be done
with a single specimen, recognizing the fact, however, that variations
more or less marked are likely to be found in other individuals.
More time and wider opportunities for observation will be needed
before he can tell where and when this bird is accustomed to build
its nest, upon whatmsectx, nsandbernesntfeeds,mth what
other species of birds it hves in peace, and with what it is at war.
A much greater range of observation and study is necessary before
the naturalist can tell how his newly discovered species would thrive
if carried to a new climate where it would be compelled to live upon
unaccustomed food, to build its nest of strange material, and to
encounter new foes.

We repeat that it is no discredit to the science nor to those who
have developed it to say that the study of bacteriology has largely
been morphological. Without the morphologist, the physiologist
and the physiological chemist could not exist. The science having
had for its support largely morphological studies, the deductions
and formulated statements arrived at by its students have been
reached in accordance with the knowledge obtained from this
source ; but since it has been admitted that the causal relationship
between a given germ and a certain disease is dependent upon the
chemical products of the growth of the germ, the fundamental lines
of work must be made to correspond with this knowledge.

We may briefly enumerate some of the problems that now lie be-
fore us in our attempts to study the chemical factors in the causation
of the bacterial diseases. In the first place, it will be desirable to
define and classify the chemical products of bacterial activity. In
doing this it will be desirable at all times to distinguish between
those substances which have their origin in the cleavage action
of bacteria and those which are formed by synthetical processes
within the cell ; but our knowledge upon this subject is not as yet
sufficiently advanced, nor does it possess that degree of accuracy
necessary before we can determine positively the manner of formation
of these substances. In defining and classifying the chemical prod-
ucts of bacterial activity we will find quite naturally that there is
not complete agreement among those who have worked in this field
of science. Every attempt at the classification of bacterial products
must at present be regarded as provisional and subject to such alter-
ations as future discoveries may indicate. It will also be found
that it is not possible in all cases to distinguish between poisonous
and harmless bacterial products. This subject will be discussed more
in detail later.



28 THE ETIOLOGY OF THE BACTERIAL DISEASES.

In studying bacterial products it will be necessary for us to con-
sider the conditions under which they are formed. We will be com-
pelled to study those substances formed in artificial cultures as well
as those formed in the animal body. Indeed, in some instances we
will find our knowledge confined to investigations made under more
or less artificial conditions, and it will be well for us to remember
that caution must be exercised in drawing conclusions from knowl-
edge thus obtained. It might be well at this place to distinguish
between pathogenic and toxicogenic bacteria. A pathogenic bac-
terium is one which, as the name implies, induces a specific disease
which is recognized by more or less well-marked and characteristic
symptoms during life, or by more or less definite lesions found after
death, or by both. Pathogenic bacteria are always capable of growth
in the animal body, in which they multiply and elaborate their spe-
cific toxins. All pathogenic germs are toxicogenic, but it does not
follow that all toxicogenic bacteria are pathogenic. A toxicogenic
microorganism is one which, as this name also implies, is capable of
producing a poison or poisons. A toxicogenic germ may or may not
be capable of growth in the animal body. It may multiply in milk
or some other article of food before its introduction into the body,
and may in this menstruum elaborate more or less powerful poisons.

In the second place we will proceed to give a brief historical
sketch of the discovery and study of the bacterial poisons; and,
thirdly, we will pass on to a discussion of the special products of the
specific pathogenic bacteria. In doing this we will not confine our-
selves to the chemistry of toxins but will extend our discussion to
their action on animals and the pathological changes induced by them.

After discussing the subjects mentioned above, we will proceed to
the study of those conditions of the animal body which influence the

wth and development of bacteria in the same. This will involve
a study of the germicidal constituents of the blood, the agglutinating
action of blood serum, the production and action of the toxins, the
production of immunity and the treatment of the infectious diseases
by serum therapy.

On the conclusion of the above-mentioned studies we will investi-
Zate questions pertaining to poisonous foods which owe their harm-
ful properties to the presence of toxicogenic bacteria. In this con-
nection we will present the known facts concerning food poisons and
the methods of their detection.



CHAPTER IIL

" CLASSIFICATION AND DEFINITION OF THE CHEMICAL
PRODUCTS OF BACTERIA.

Ptomains.—While an exact classification of the chemical products
of bacterial growth cannot be made at present, we know of two dis-
tinct classes, one of which contains substances which combine with
acids forming salts, and which in this respect at least corresponds
with the inorganic and vegetable bases. The members of this
class are designated as ptomains, a name suggested by the Italian
toxicologist Selmi, and derived from the Greek word 7rwua meaning
a cadaver. A ptomain may be defined as an organic chemical com-
pound, basic in character, and formed by the action of bacteria on
nitrogenous matter. On account of their basic properties, in which
they resemble the vegetable alkaloids, ptomains may be called putre-
factive alkaloids. They have also been designated as animal alka-
loids, but this is a misnomer, because, in the first place, some of them
are formed in the putrefaction of vegetable matter ; and, in the second
place, the term “ animal alkaloid ”’ is more properly restricted to the
leucomains—those basic substances which result from tissne metabo-
lism in the body. Kobert employs the term ptomatin as etymolog-
ically preferable to ptomain.

While some of the ptomains are highly poisonous, this is not an
essential property, and others are wholly inert. Indeed, the greater
number of those which have been isolated do not, when employed in
gingle doses, produce any apparent harmful effects. Brieger has sug-
gested that the term ptomain be restricted to the non-poisonous basic
products, and he designates the poisonous ones as “toxins”; how-
ever, such a classification would be of questionable utility. It will
be necessary for us to possess more extensive and exact knowledge
concerning the action of many of these substances before we can
decide positively which are poisonous and which are not. The effect
of a chemical compound upon the animal body depends upon the
oconditions under which, and the time during which it is administered.
Thirty grains of quinine may be taken by a healthy man during
twenty-four hours without any appreciable ill effect, yet few of us
would be willing to admit that the administration of this amount
daily for months would be wise or altogether free from injury. In
the same manner, the administration of a given quantity of a bacterial
alkaloid to a dog or a guinea-pig in a single dose may do no harm,
while the daily production of the same substance in the intestine of a

29



30 CHEMICAL PRODUCTS OF BACTERIA.

man and its absorption, continued through weeks and possibly years,
may be of marked detriment to the health. We are not as yet in
possession of sufficient knowledge concerning the physiological or tox-
icological action of the putrefactive alkaloids to render the classifi-
cation proposed by Brieger worthy of general adoption; moreover,
the term “ toxin’’ is quite generally, although somewhat incorrectly,
employed to designate those non-basic bacterial poisons for which
Brieger suggested the name ¢ toxalbumin.”

All ptomains contain nitrogen as an essential part of their basic
character. In this they resemble the vegetable alkaloids. Some of
them contain oxygen, while others do not. The latter correspond
to the volatile vegetable alkaloids, nicotin and coniin, and the former
correspond to the fixed alkaloids.

The kind of ptomain formed in a given case will depend upon the
individual bacterium engaged in its production, the nature of the
material acted upon, and the conditions under which the bacterial
growth proceeds, such as the temperature, the amount of oxygen
present, and the duration of the process. For instance, Brieger
found that although the Eberth bacillus grows well in solutions of
pepton, it does not produce any ptomains; while the same bacillus
growing in beef tea elaborates a poisonous alkaloid. Fitz found
that while the bacillus butyricus produces by its action on carbohy-
drates butyric acid, in glycerin it forms propylic alcohol ; and Morin
has detected amylic alcohol among the products of this germ.
Brown has shown that while the mycoderma aceti converts ethylic
alcohol into acetic acid, it changes propylic alcohol into propionic
acid, and is without effect upon methylic alcohol, primary isobutylic
alcohol, and amylic alcohol. Some bacteria will not multiply below
;l given tlempemture ; thus, the bacillus butyricus will not grow be-

ow 24°,

The influence of the presence or absence of certain chemical com-
pounds upon the activity of unicellular forms of life has long been
known to be great. Liebig and Knapp observed that the presence
of small quantities of the chlorids of sodium and potassium intensifies
the action of yeast in the decormposition of sugar, and Dubrumfaut
made quantitative determinations illustrating the effects of the pres-
ence of other salts. He found that 0.5 gram of yeast in 100 c.c. of
a 10 per cent. solution of sugar decomposed within a given time 0.5
gram of sugar, while in another flask to which 0.5 gram of sodium
acid sulphate had been added, the same amount of yeast decomposed
0.52 gram of sugar, and the same amount of potassium sulphate in a
second flask increased the activity of the yeast to 0.88 gram of sugar,
and in a third flask potassium nitrate raised the quantity of sugar de-
composed to 1 gram. Pasteur divided bacteria into two classes—the
aérobic and the anaérobic. As these names imply, the former grow

1 All temperatures given in this work are centigrade, unless otherwise specified.
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and thrive in the presence of air, while the latter find their condi-
tions of life improved by the exclusion of air; therefore, different
products will be formed in decomposing matter freely exposed to the
air, and in that which is buried beneath the soil or from which the
air is otherwise largely excluded. Ignorance of this fact has led to
some serious mistakes in toxicological work,as we shall see further on.

It is more than probable that most, if not all, ptomains result
from the cleavage action of bacteria on the constituents of the me-
dium in which they grow, and it follows from this that the kind of
ptomain found in a given case will depend upon the stage of the bac-
terial disintegration of the constituents of the medium. Regarded
as the results of cleavage action, ptomains are transition products in
the processes of bacterial decomposition. They are temporary forms
through which matter passes while it is being changed, by the ac-
tivity of bacterial life, from the organic to the inorganic state.
Complex organic substances, a8 muscle and brain, are broken up into
less complex molecules, and thus the process of chemical division
goes on until the simple and well-known final products, carbonic acid
gas, ammonia and water, result; but the variety of combinations
into which an individual atom of carbon may enter during this long
series of changes is almost unlimited, and with each change in com-
bination there is more or less alteration in nature. In one compound
the atom of carbon may exist as a constituent of a highly poisonous
substance, while the next combination into which it enters may be
wholly inert.

It was formerly supposed that putrefaction was simply oxidation,
but the researches of Pasteur and others have demonstrated the fact
that countless myriads of microdrganisms are engaged constantly in
transforming matter from the organic to the inorganic form. If a bit
of flesh be locked up so that these little workers cannot reach it, it will
remain unchanged indefinitely. It may be asked if any of the
changes occurring during putrefaction are to be regarded as purely
chemical. Without doubt, many of the secondary products of putre-
faction arise from reactions between antecedent and more complex
substances, or by the action of oxygen, water, and reducing agents
upon primary products. Ptomains formed in this way may be re-
garded as the indirect results of bacterial life.

While some of the basic substances formed by bacterial growth
are intensely poisonous, it is not probable that any ptomain can be
regarded as the most potent product of one of the pathogenic bac-
teria. It follows, therefore, that we must seek for the specific poisons
of the infectious diseases among other chemical compounds produced
by bacterial growth.

Bacterial Proteids.—Our knowledge concerning these substances
still remains quite imperfect and many difficulties arise in discussing
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them. We may divide the bacterial proteids into two classes : (1)
Those which constitute an integral part of the bacterial cells ; and
(2) those which have not been assimilated by the cells, but which
have been formed by the fermentative or cleavage action of the bac-
teria on the proteid bodies in which they are growing. This classi-
fication, however, is of questionable value. We allow bacteria to
grow for a number of days in a nutrient solution. We then sep-
arate the soluble constituents from the formed cells by filtration
through porous tiles; we wash the latter and then study their
proteid contents ; but a considerable proportion of the contents of the
living cells has already passed into solution, and the bacterial
detritus left on the filter gives no exact knowledge of the con-
stituents of the living cells. Moreover, the living cells absorb and
excrete, and we are not yet able to distinguish with certainty be-
tween those substances formed within the cell and those preéxisting
in the culture medium. The filtrate contains, or may contain, any
one or more of the following proteid bodies : (1) Those portions of the
proteid substance which were used in the preparation of the nutri-
ent solution and which have escaped the action of bacteria; (2)
proteids which have at one time been integral parts of the cells, but
which have passed into solution on the death and dissolution of the
bacteria ; and, (3) proteids which have been formed by the fermentative
action of the bacteria, or those which are defined as constituting the
second class, as given above. Attempts are now being made (1901),
by growing bacteria on solid culture media extensively to distinguish
with certainty the proteid constituents of the cell from those of the
culture medium ; but at the present writing this work has not pro-
gressed sufficiently for us to make any positive statements concern-
ing its results.

It is now quite certain that none of the proteids formed by the
cleavage action of bacteria on the normal constituents of culture
media, or on those of the animal body, are specific factors in the
production of disease. It is true that many bacteria peptonize pro-
teids and the specific poisons of certain infectious diseases have been
sought for among the peptons; but there is no evidence that these
are more poisonous than those formed by the gastric juice. The
specific bacterial poisons are formed by synthetical rather than by
analytical processes and they are constituents of the protoplasm en-
closed in the cell wall.

The Bacterial Oellular Proteids.—Nencki was the first to at-
tempt to study the chemistry of the bacterial cell. His experiments
were made with putrefactive bacteria, which were obtained by de-
cantation of liquid cultures, freed from fat with ether, dissolved in
50 parts of a potash solution of 0.5 per cent., heated for some hours
at 100° and filtered. The filtrate was acidified with dilute hydro-
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chloric acid and precipitated by the addition of rock salt, after which
the precipitate was washed with saturated salt solution, dried at 100°,
and freed from salt by washing with water. Nencki designates this
substance as ‘“mycoprotein,” and finds that it has the formula
C,H,N,O, Freshly prepared mycoprotein forms amorphous flakes,
which are soluble in water, alkalis and acids. The aqueous solu-
tion is acid in reaction. After being dried at 100° it is no longer
wholly soluble in water. Nencki found that it is not precipitated
from aqueous solution by alcohol, but by picric acid, tannic acid and
mercuric chlorid ; that it does not give the xanthoproteic, but does
give the Millon and the biuret reactions. According to Schiffer, it
i8 changed by acids into peptons, and on being fused with five parts
of potash it breaks up into ammonia, amylamin, phenol (0.15 per cent.
of its weight), valerianic acid (38 per cent.), leucin and traces of
indol and skatol. A proteid obtained from the yeast plant has the
formula C H, N,O,. It should be understood that these formulse
are of but little value inasmuch as chemically pure bodies were not
secured.

The pyogenetic substance obtained from the pneumonia bacillus
of Friedlander was found by Buchner to give the following reac-
tions: It is soluble in water and the concentrated mineral acids,
very soluble in dilute alkalis, from which it is precipitated on
the addition of an acid. From its aqueous solution it is not pre-
cipitated by heat, nor by saturation with sodium chlorid, but is pre-
cipitated by magnesium sulphate, copper sulphate, platinum chlorid,
gold chlorid, lead salts, picric acid, tannic acid, and absolute alcohol.
It gives the xanthoproteic, Millon and biuret reactions.

In old bouillon cultures, the dead, disintegrated bodies of the
bacteria form a sediment. It is not at all probable that an analysis
of this sediment represents fairly the constituents of the living germs.
During the disintegration certain constituents of the cell pass into
solution, and these soluble substances are probably the most impor-
tant parts of the bacterial cells, so far as they are concerned in the
causation of disease. Similar processes undoubtedly occur in the
body of an animal infected with a pathogenic organism and it is
generally believed that these soluble substances cause the symptoms
of the disease and death.

Toxins.—When it became known that some of the specific patho-
genic germs elaborate both in artificial cultures and in susceptible
animals poisonous basic substances or ptomains, it was surmised that
the symptoms of the disease induced by the microdrganisms were
due, in all cases, to specific basic poisons, and chemists labored dili-
gently to isolate from cultures of each germ its specific toxic products.
These labors soon led to the recognition of the fact that the above-
mentioned surmise had been hastily drawn. It was found to be true

8
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that the symptoms of each and every individual disease investigated
are due to the chemical products elaborated by the activity of the
germ, but these chemical products are not, in the majority of these
diseases, basic in character, and consequently they cannot be classed
dmong the ptomains. Brieger succeeded in isolating from pure
cultures of the tetanus bacillus as many as four ptomains, but the
poisonous effects induced by these substances are not comparable in
violence with those which follow injection of tetanus cultures from
which the bacillus has been removed by filtration. The fact that the
filtered culture is more poisonous than any or all of its basic contents
necessitates the conclusion that the culture contains some more active
constituent. :

What is the nature of the powerful poisons that are formed in
cultures of the.bacteria of tetanus, diphtheria, tuberculosis, typhoid
fever, anthrax, and other infectious diseases, and which are also
formed in the bodies of animals infected with these microorganisms?
At present no positive and satisfactory answer can be made to this
question. At one time Roux and Yersin thought that it might bea
ferment, and Brieger and Fraenkel advanced the belief that the diph-
theria poison is an albuminous body; however, there are weighty
objections to each of these theories, and up to the present time all
attempts to isolate the specific toxins have proved unsuccessful. In
1891 Freer made an ultimate analysis of a toxin obtained by
Vaughan from a toxicogenic germ found in drinking water, and
obtained the following results: Carbon, 48.46 per cent.; hydrogen,
7.69 per cent.; nitrogen, 13.44 per cent.; phosphorus, 0.69 per
cent. Sulphur was absent. The absence of sulphur and the very
small per cent. of phosphorus were supposed at that time to indicate
that the toxin was nearly pure. 1In 1893, Brieger and Cohn found
that the tetanus toxin, in the purest form in which they could obtain
it, contained no phosphorus, and only unweighable traces of sulphur,
and they attributed the presence of the latter element to contamina-
tion with ammonium sulphate, which was used in precipitation.
Later (1895), Brieger made an ultimate analysis of the tetanus toxin,
go far purified that 0.000,000,05 gram killed mice, with the following
results : Carbon, 52.8 per cent. ; hydrogen, 8.1 per cent. ; nitrogen,
15.71 per cent. This purified toxin is not precipitated by ammonium
sulphate, and it gives the biuret reaction so imperfectly that Brieger
felt justified in saying that the coloration is not due to the toxin, but
to proteid impurities.

Uschinsky has made an important contribution to our knowledge
of the toxins, inasmuch as he has demonstrated that these substances
are not split products, formed by the action of bacteria on proteids
preéxisting in the culture media, but are synthetical products, and
are formed when the germs are grown in culture media containing
no proteids. He succeeded in growing a number of pathogenic
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microorganisms, including those of cholera, diphtheria, tetanus and
typhoid fever, in the following menstruum :

Water, 1,000 parta.
Glycerin, 30-40 «
Sodium chlorid, 6-7 «
Calcium chlorid, 0.1 part.
Magnesium sulphate, 0.2-0.4 «
Di-potassium phosphate, 2-2.5 parts.
Ammonium lactate, 6-7 «
Sodium asparginate, 34 «

From these cultures he obtained toxins which were not less virulent
than those formed in ordinary beef-tea, and thus demonstrated that
their production is due to synthetical processes.

Ehrlich,' as the result of a long series of experiments made upon
animals with toxins and antitoxins, has formulated the following
conclusions concerning the constitution of the diphtheria toxin :

1. The diphtheria bacillus produces two kinds of substances : (a)
toxins, (b) toxons, both of which combine with anti-bodies. In fresh
bouillon cultures toxins and toxons exist in the same proportions.

2. The toxins (and also the toxons) are not simple bodies, but
easily split up into other substances which differ from one another
in the avidity with which they combine with antitoxins. Among
these derivatives there are found prototoxins, deuterotoxins and
tritotoxins, which are here mentioned in the order of the readiness
with which they combine with antitoxins, the tritotoxins combining
least readily, but all of these combine with antitoxins more readily
than do the toxons.

3. The complication does mot stop with this division, but it is
probable that every toxin consists of equal parts of two modifica-
tions, which behave with antitoxins in the same manner, but which
differ in their resistance to destructive influences; probably this
difference is comparable to that existing between dextro-rotatory and
levo-rotatory forms of the same compound.

4. Of these two modifications, one, which may be designated as
the a-modification, readily passes into a toxoid. Indeed, this trans-
formation begins and frequently reaches completion in the culture
medium in the incubator. The complete conversion of the a-modi-
fication into a toxoid leaves the substance with only half of its
original toxicity, and it may therefore be called a hemitoxin.

6. The second modification, which is designated as the 8-modifica-
tion, varies in stability in the different kinds of poisons, the proto-
toxins, the deuterotoxins and the tritotoxins. The p-tritotoxin is
relatively unstable and often undergoes decomposition in the incu-

1 Deutsche med. Wochenschrift, September 22, 1898,



36 CHEMICAL PRODUCTS OF BACTERIA.

bator. The B-prototoxin is much more stable, but gradually de-
composes and is converted into a toxoid when the culture is kept
for several months. The f-modification of the deuterotoxin is under
certain conditions quite stable. These facts explain the observation,
previously reported, that old cultures of diphtheria gradually de-
crease in toxicity until a certain minimum degree is reached, after
which there is no further decrease.

6. Avidity for combining with antitoxins does not suffer the
least change on the conversion of a toxin into a toxoid ; for instance,
the toxoid of prototoxin combines with antitoxin as readily as does
the prototoxin itself.

7. Those varieties of poisons which combine less vigorously with
antitoxins are neutralized by the same reagent less promptly ; this
explains the observation that certain poisons of the tetanus series
(tetanolysin and tetanospasmin) are neutralized promptly by anti-
toxin only in concentrated solution.

8. The facts observed in the experiments made upon animals with
toxins and antitoxins are best explained on the supposition that the
toxic molecule contains two independent groups of atoms, one of
which may be designated as the haptophorous and the other as the
toxophorous group. It is by the action of the haptophorous group
that compounds are formed with antitoxins, while the poisonous
action is due to the toxophorous group. The toxons also possess
these two groups and in these bodies the haptophorous groups are
identical with those of the toxins, while the toxophorous groups are
much more feeble in their effects.

9. The effects of the haptophorous and the toxophorous groups can
in certain cases be experimentally distinguished ; for instance, Mor-
genroth found that when frogs were kept in the cold and successively
injected with toxin and antitoxin, these animals showed no evidences
of the disease, although the tetanus poison could be detected in their
nerves. On the other hand, when frogs were treated at like inter-
vals with toxin and antitoxin and kept in an incubator, they suc-
cumbed to tetanus even when all of the poison in the blood was com-
bined with antitoxin and an excess of the latter was present. This
indicates that the haptophorous group combined with the cells in the
ocold, while the toxophorous group manifested its effects only when
the animal was kept in a warm place. The difference in time
required for the action of these two groups possibly explains the in-
cubation period which is observed in all cases of poisoning with bac-
terial toxins; for Donitz has shown that the tetanus poison com-
bines almost instantaneously with the nerve cells.

10. The toxophorous group is more complicated in structure and
therefore less stable than the haptophorous. The relative lability
of the toxophorous group and the stability of the haptophorous group
explain the quantitative conversion of toxins into toxoids. In a
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structure so complicated it is easy to conceive of an asymmetrical
atomic arrangement of the toxophorous complex, and this is more
easily comprehensible on the assumption of the existence of the two
modifications (« and f) in the same amounts.

11. The haptophorous group, which under ordinary conditions is
quite stable, can be broken down by the action of strong chemicals
and certain physical agents (heat, iodin, etc.).

12. The anti-bodies combine exclusively with the haptophorous
group and thus absorb the toxic molecule, so protecting the organism.
In this way the poison may be rendered harmless without destruction
of the toxophorous complex.

13. It follows from what has been said that specific antitoxins can
be produced not only with toxins, but also with toxoids; indeed,
highly susceptible animals (mice and guinea-pigs), can be immunized
against the tetanus toxin safely and easily by means of toxoids. It is
probable that in this case the degree of immunity cannot be made
8o great as is desirable in the preparation of a curative serum. How-
ever, it is possible that immunization with toxoids can be used di-
rectly for curative purposes, inasmuch as by this means an active
immunity may be brought into existence.

14. In natural immunity, also in that form which is induced by
the bacterium itself and not by the bacterial poison, the toxons prob-
ably play a very important rble; while the toxoids do not exist in
these cases sinoe they result only from the decomposition of toxins.
It is also probable that the artificial immunity which may be induced
by the simultaneous employment of an antitoxic serum and living
bacteria (as in rinderpest and swine erysipelas), and which is quite
lasting and is produced without marked disturbances of health, is in
great part due to the action of toxons.

As has already been stated, the above-mentioned theory concern-
ing the constitution of toxins is founded upon experimental studies
of the action of toxins and antitoxins in the animal body, and does
not rest upon chemical experimentation ; indeed, Ehrlich expresses
the opinion that many decades must pass before we shall be able to
isolate the toxin chemically. We shall have opportunity later on in
our studies of toxins, antitoxins and immunity, to return to Ehrlich’s
theory.!

18ee Chapter VII.



CHAPTER IIL
A HISTORICAL SKETCH OF THE BACTERIAL POISONS.

THE history of man’s experiments with, and his investigations of,
the bacterial poisons quite naturally divides itself into three periods.
During the first period man was ignorant of the existence of bacteria
and of the role that they play in processes of putrefaction, as well
as in the causation of disease, and in his experiments he did not al-
ways adopt measures which are necessary for the destruction of liv-
ing microorganisms ; consequently the results obtained were in some
instances due wholly to infection, in others to bacterial chemical
poisons, while in still others both the toxin and the bacterium prob-
ably had some influence in causing the phenomena which he ob-
served. In the second period man recognized the existence of bao-
teria and made his experiments with sterilized products. But he
had not at that time secured the information necessary to enable him
to isolate and classify the microorganisms ; therefore, the toxins with
which he worked resulted, as a rule, at least, from the growth of
mixed cultures of germs, the characteristics of which he did not
know. Indeed, most of the experiments of the time were made
with sterilized substances obtained from putrefying material. The
third period was reached when the experimenter worked with pure
cultures and for the first time was able to proceed scientifically in
his investigations.

It must have been known to primitive man that the eating of
putrid flesh was liable to be followed by more or less harmful effects,
and when he began his endeavors to preserve his food for future
use, instances of poisoning from putrefaction must have multiplied.
However, the distinguished physiologist, Albert von Haller, seems
to have been the first to make any scientific experiments concerning
the action of putrid material upon animals. He injected aqueous
extracts of decomposing flesh into the veins of various animals and
found that death frequently resulted. Later in the eighteenth century,
Morand gave an account of the symptoms induced in man by eating
putrid meat. In the early part of the nineteenth century (1808-1814)
Gaspard carried on similar experiments. His studies were made
with the putrefied flesh of both carnivorous and herbivorous animals.
With these he induced marked nervous disturbances, as stiffness of
the limbs, opisthotonos and tetanus, and he concluded from the
symptoms thus induced that the poisonous effects were not due to
carbonic acid gas or hydrogen sulphid, but thought it possible that
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ammonia might have part in their production. In 1820, Kerner
published his first essay on poisonous sausage, and this was followed
by a second in 1822. At that time he thought that the untoward
symptoms induced by eating poisonous sausage were due to a fatty
acid, similar to the sebacic acid of Thenard, and which originated
during putrefaction ; later, he modified these views and suggested
that the poison might be a compound consisting of sebacic acid and
a volatile principle. This may be regarded as the first suggestion as
to the probability of a poisonous substance with basic properties in
decomposing matter. In 1822 Dupré observed a peculiar disease
among the soldiers under his care, who, during the warm and dry
summer of that year, were compelled to drink foul water; the dis-
ease thus induced was probably due to infection rather than to in-
toxication. Later, Magendie, stimulated by the investigations of
Gaspard and the observations of Dupré, made many experiments,
in which dogs and other animals were confined over vessels contain-
ing putrid animal matter and compelled constantly to breathe the
emanations therefrom. The effects varied markedly with the species
of animal and the nature of the putrid material, but in some in-
stances symptoms closely resembling those of typhoid fever in man
were induced. It might be suggested here parenthetically that a
repetition of the experiments of Magendie, with such precautions
as modern methods would suggest, would not be without value.
Leuret directed his attention to the chemical changes produced in
blood by putrefaction, but accomplished nothing of special value.
Dupuy injected putrid material into the jugular vein of a horse and
with Troussean studied alterations produced in the blood by these
injections.

During the third decade of the nineteenth century there were many
investigators, in addition to those mentioned above, who endeavored
to ascertain the active agent in poisonous foods. Dann, Weiss, Buch-
ner, Schumann, Cadet de Gassicourt, and Orfila studied poisonous
sausage, but made no advance beyond the work done by Kerner.
Henneman, Hiinnefeld, Westrumb, and Sertiirner (the discoverer ot
morphin) made contributions concerning poisonous cheese, but all
reached the conclusion that the caseic acid of Kerner is the poison-
ous principle.

In 1850, Schmidt, of Dorpat, studied the decomposition products
and volatile substances found in cholera stools, and two years later,
Megyer, of Berlin, injected the blood and stools of cholera patients
into lower animals. In 1853, Stich made an important contribution
on the effects of acute poisoning with putrid material ; he ascertained
that, when given in sufficient quantity, putrid material produced an
intestinal catarrh, with choleraic stools. Nervous symptoms, tremb-
ling, unsteady gait, and, finally, convulsions, were also observed, and
careful post-mortem examinations were made, but no important or
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characteristic lesions were found. He concluded that the putrid
material contained a ferment which induced rapid decomposition of
the blood.

‘The distinguished Danish physiologist, Panum, was the first to
demonstrate positively the chemical character of the poison formed
in putrid flesh, inasmuch as he showed that the aqueous extract of
such material retained its poisonous properties after treatment which
insured the destruction of all living organisms. Panum’s first paper
was published in 1856 and his conclusions are stated as follows :

1. “The putrid poison contained in the decomposed flesh of the
dog, and which is obtained by extraction with distilled water and
repeated filtration, is not volatile, but fixed. It does not pass over
on distillation, but remains in the retort.

2. “The putrid poison is not destroyed by boiling, nor by evapora-
tion. It preserves its poisonous properties even after the boiling has
been continued for eleven hours, and after the evaporation has been
carried to complete desiccation at 100°.

3. “The putrid poison is insoluble in absolute alcohol, but is solu-
ble in water, and is contained in the aqueous extract which is formed
by treating with distilled water the putrid material which has been
previously dried by heat and washed with alcohol.

4. “The albuminoid substances which frequently are found in
putrid fluids are not in themselves poisonous, only so far as they
contain the putrid poison fixed and condensed upon their surfaces,
from which it can be removed by repeated and careful washing.

5. ¢“The intensity of the putrid poison is comparable to that of
the venom of serpents, of curare, and of certain vegetable alkaloids,
inasmuch as 0.012 of a gram of the poison, obtained by extracting
with distilled water putrid material which had been previously boiled
for a long time, dried at 100°, and submitted to the action of ab-
solute alcohol, was sufficient to almost kill a small dog.”

Panum made intravenous injections with this substance, and with
ammonium carbonate, ammonium butyrate, ammonium valerianate,
tyrosin, and leucin, and found that the symptoms induced by the
putrid poison differed from those caused by the other agents. More-
over, he found the symptoms induced by the poison to differ from
those of typhoid fever, cholera, pyemia, anthrax, and sausage poison-
ing. He was in doubt whether the poison acted directly upon the
nervous system or as a ferment upon the blood, causing decomposi-
tion, the products of which might affect the nervous centers ; but he
was sure that his new substance did not correspond to the ordinary
ferments, inasmuch as it was not decomposed by prolonged boiling
nor by treatment with absolute alcohol. Certainly, Panum’s putrid
poison did not consist of living organisms.

The "symptoms observed by Pabnum varied greatly with the
quantity of the poison used and the resistance of the animal experi-
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mented upon. After the intravenous injection of large doses, death
followed speedily. In these cases, there were violent cramps and
involuntary evacuations of the urine and feces; the respirations
were labored ; pallor was marked, sometimes followed by cyanosis ;
the pulse was feeble ; the pupils were widely dilated, and the eyes
projected. Autopsy did not reveal any lesion, save that the blood
was dark and imperfectly coagulated, and slightly disseminated
through the tissues. Post-mortem putrefaction came on with extra-
ordinary rapidity.

When smaller doses or more vigorous animals were used, the
symptoms did not appear before from a quarter of an hour to two
hours, sometimes even later, and were not violent, generally termi-
nating in recovery.

In addition to the “ putrid poison,” Panum obtained a narcotic
substance, the two being separated by the solubility of the latter in
alcohol. The alcoholic extract was evaporated to dryness, the
residue dissolved in water and injected into the jugular vein of a
dog. The animal fell into a deep sleep, which remained unbroken
for twenty-four hours, when it awoke apparently in perfect health.
This account of the finding of a narcotic substance in putrefying
flesh is rendered more interesting by the later researches of Bouchard,
who has shown that normal urine contains a body of like action,
and this also can be extracted with alcohol from the residue ob-
tained by evaporation.

Weber, in 1864, and Hemmer and Schwenninger, in 1866, con-
firmed the results obtained by Panum, and Schwenninger announced
that different products are formed in the various stages of putrefac-
tion and that these are unlike in their effects upon animals. In 1866,
Bence Jones and Dupré obtained from the liver a substance which
in solutions of dilute sulphuric acid gave the blue fluorescence ob-
served in similar solutions of quinin and to which they gave the
name “animal chinoidin.”” Subsequently, the same investigators
found this substance in all organs and tissues of the body, but most
abundantly in the nerves. These observations have been confirmed
by others, and solutions showing this fluorescence give precipitates
with the general alkaloidal reagents, but no one has as yet succeeded
in isolating the basic substance supposed to be present. Indeed, it
is not positively known that the body to which this reaction is due
is a bacterial product, although this is the most likely assumption.
It has been suggested that its presence might be due to the growth
of certain fluorescing bacteria.

In 1868, Bergmann and Schmiedeberg reported that they had
obtained from putrid yeast and from decomposed blood a poisonous
substance in the form of a sulphate to which they gave the name
“gepsin.” According to these observers the sulphate of ¢ sepsin”
forms in needle-shaped crystals, and small doses (0.01 gram), dis-
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solved in water and injected intravenously into dogs, cause vomiting
and bloody diarrhcea; while post-mortem examination shows ecchy-
moses in the stomach and intestines. It was then believed that the
« putrid poison” of Panum had been isolated, and that it was iden-
tical with “sepsin.’”’ However, further investigations showed that
this was not true, and it is by no means certain that the poisonous
effects obtained by Bergmann and Schmiedeberg were due to the
crystals seen by them in their preparation, inasmuch as these crystals
were never completely isolated.

Recently Levy, working under Schmiedeberg’s directions, has
made further study of putrid yeast, in which he found bacilli re-
sembling those of mouse septicemia and the proteus vulgaris.
were treated with intravenous injections of liquefied gelatin cultures
of the proteus, and symptoms similar to those formerly attributed to
“gepsin ” followed. The cultures were precipitated with absolute
alcohol, and the resulting albuminous precipitate caused the same
symptoms as the cultures in mice, rabbits and dogs. Levy also in-
vestigated cases of meat poisoning due to infection with the proteus.
The keeper of a restaurant and some of his guests suffered from a
most violent purging, which in the case of the host terminated
fatally. In the vomited matter, in the stools, and in the bottom of
the ice-box in which the meat was kept, the proteus was found, and
cultures of it produced the symptoms of sepsin poisoning in animals,
Levy concludes that the proteus is the generator of sepsin. If this
conclusion be correct, it follows that the effects observed by Berg-
mann and Schmiedeberg were not due to the crystals obtained by
them, but to other substances from which the crystals had not been
separated.

In 1869 Zilzer and Sonnenschein obtained from decomposing
meat extracts a nitrogenous base which, both in its chemical reac-
tions and physiological effects, resembles atropin and hyoscyamin.
When injected under the skin of animals this substance produces
dilatation of the pupils, paralysis of the muscles of the intestines, and
acceleration of the heart beat; but its action is uncertain and incon-
stant. A similar substance has been obtained from the bodies of
those who have died from typhoid fever, and it is possible that the
belladonna-like delirium which frequently characterizes the later
stage of this disease is due to the ante-mortem generation of this or a
similar poison within the body.

During the eighth decade of the nineteenth century certain toxi-
cologists became interested in the alkaloidal reactions obtained some-
times in putrefying tissue. The most prominent of these was the
Italian, Selmi, who suggested the name ‘ptomain,” and whose re-
searches furnished us with valuable information, and, what is prob-
ably of more importance, gave an impetus to the study of the
chemistry of putrefactive changes, which has been productive of
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much good. Selmi showed that ptomains could be obtained (1)
by extracting acidified solutions of putrid material with ether; (2)
by extracting alkaline solutions with ether; (3) by extracting alka-
line solutions with chloroform ; (4) by extracting alkaline solutions
with amylic alcohol ; and (5), that there yet remain in the solutions
of putrid matter ptomains that are not extracted by any of the above-
mentioned reagents. In this way he gave some idea of the great
number of alkaloidal bodies which might be formed among the
products of putrefaction, and the promising field thus discovered and
outlined was soon occupied by a busy host of chemists. In the sec-
ond place, he demonstrated the fact that many of the ptomains give
reactions similar to those observed with the vegetable alkaloids.
This led the toxicologist into investigations, the results of some ot
which we will ascertain further on. Selmi did not succeed in iso-
lating any putrefactive alkaloid, and all his physiological experiments
and chemical reactions were made with extracts. He remained
ignorant, except in a general way, of the composition of these bodies.
Nencki, in 1876, made the first ultimate analysis and determined the
first formula of a ptomain ; this was an isomer of collidin, which
will be described later.

Réorsch and Fassbender, in a case of suspected poisoning, obtained
a liquid which could be extracted from acid as well as alkaline solu-
tions by ether, and which gave all the general alkaloidal reactions ;
but they were unable to crystallize and isolate it. They believed that
this substance was derived from the liver, since fresh ox liver treated
in the same manner gave them an alkaloid which could be extracted
from ether as well as from acid or alkaline solution. In some of its
reactions this substance resembles digitalin. Gunning found a sim-
ilar body in liver sausage from which poisoning had occurred.

Schwanert, while examining the decomposing intestines, liver and
spleen of a child that had died suddenly, perceived a peculiar odor
and obtained by the Stas-Otto method (ether extract from alkaline
solution) small quantities of a base which was distinguished from
nicotin and coniin by its greater volatility and its odor. He sup-
posed that this substance was produced by deco