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CHAPTER 1

INTRODUCTION

The purpose of this writing is to state the essential facts of infection and
immunity accurately and simply, so that they may be understood by the
intelligent, non-professional man. The reduction and ultimate eradication
of unnecessary disease and the consequent prolongation of life with
improved health constitute a patriotic obligation which every citizen
should strive to appreciate and to do his part in its performance. The
further developments of medicine, both curative and preventive, depend on
scientific investigations. The public is the beneficiary and should in every
way encourage medical research. By the application of discoveries already
made, the burden of disease has been lightened, sickness has become less
frequent and less prolonged, a greater degree of health has been secured,
the efficiency of the individual and of the nation has been increased, and
life has been lengthened and made more enjoyable. The Federal
government and the states should sustain and promote scientific research.
That government is the best which secures for its citizens the greatest
freedom from disease, the highest degree of health and the longest life, and
that people which most fully secures the enjoyment of these blessings will
dominate the world. - Medicine consists of the application of scientific
discovery to the prevention and cure of disease. All else which may go
under the name of medicine is sham and fraud. Without advancement in
the physical, chemical, and biologic sciences, there can be no progressive
movement in medicine. Scientific knowledge is gained only by
observation and experiment. Before the time of Jenner, we are told by the
historian, 1t was unusual to meet in London one whose face was not
marked by smallpox. There was a popular belief that one who had cowpox
was immune to smallpox. Jenner put this belief to a scientific test. The
result was the discovery of vaccination, and this secured the abolition of
this disfigurement and a marked reduction in mortality. In 1849, a village
doctor, with a crude microscope, studied the blood of animals sick with
anthrax and compared 1t with that of healthy ones. He discovered the
anthrax bacillus. This work was extended by Davaine, Pasteur, Koch, and



others, and from this, the science of bacteriology has been developed. The
particulate causes of many infectious diseases have been recognized,
1solated, and their effects on animals demonstrated. Many of the mysteries
of contagion have been revealed and the conditions of the transmission of
disease made known. The fundamental principles of preventive medicine
have been developed into a science which is to-day the most potent factor
in the progress of civilization. Finlay suspected a certain mosquito to be
the carrier of the virus of yellow fever. Reed and his co-workers
demonstrated the truth of this theory, the work of Gorgas has freed Havana
from the pestilence, and the construction of the Panama Canal is an
accomplished fact. Laveran discovered Plasmodium malariae. Ross
studied its life history, and the fetters of a disease that has so long retarded
the progress of man, have been broken. Mitchell and Reichert investigated
the poisonous properties of snake venom. Sewall immunized animals with
it. Ehrlich studied the similar bodies, abrin, ricin and diphtheria toxin, and
von Behring and Roux gave the world antitoxin, the magical curative value
of which has greatly reduced the mortality from diphtheria. The
experiments of Villemin demonstrated the contagious nature of
tuberculosis, long suspected and frequently denied. The diligent research
of Koch resulted in the recognition and isolation of the causative agent,
and since this discovery the mortality of the Great White Plague in Europe
and the United States has been diminished more than half. It is, then,
within the range of sanity to look forward to the time when the former
“Captain of the hosts of death” will be known only by the fearful records
he once made in the history of man's struggle to be relieved from the
heavy tribute paid to infection. We boast of a great civilization, but this is
justified only within limits. Science more nearly dominates the world than
at any time in the past. Learning permeates the masses more deeply, but
credulity and 1gnorance are widely prevalent. In this country of nearly one
hundred millions, there are thousands whose greed impedes the progress of
the whole, tens of thousands whose ignorance retards their own growth,
and other thousands who live by crime and procreate their kind to feed on



generations to come. We have our schools, colleges, and universities,
while our almshouses, insane asylums, and penal institutions are full. In
our cities we see the palatial homes of the very rich, the splendid temples
of trade and commerce, the slums of want and poverty, and the homes,
both rich and squalid, of vice and crime. No nation in this condition can be
given a clean bill of health. Our hilltops are illuminated by the light of
knowledge, but our valleys are covered by the clouds of ignorance. We
have not emerged from the shadows of the dark ages. The historian of the
future will have no difficulty in convincing his readers that those who
lived at the beginning of the twentieth century were but slightly removed
from barbarism, as he will tell that the school, saloon, and house of
prostitution flourished in close proximity; that the capitalist worked his
employees under conditions which precluded soundness of body; that the
labor union man dynamited buildings; that while we sent missionaries to
convert the Moslem and the Buddhist, ten thousand murders were
committed annually in the midst of us, and that a large percentage of our
mortality was due to preventable disease. Evidently there 1s much to be
done before we pass out from the shadows of ignorance into the full light
of knowledge. In this great work for the betterment of the race the medical
profession has important duties to perform. I do not mean to imply that the
uplift of mankind devolves wholly on the medical man. The burdens are
too many and too diversified, the ascent 1s too steep and the pathways are
too rough for one profession to hope to reach unaided the high plateau we
seek. Moreover, other callings have no right, and should have no desire to
shirk the moral responsibilities which rest alike on all. But in past ages,
medical men have been the chief torch bearers of science, whose light 1s
the only one in which man may safely walk, and we must keep and
transmit this trust and honor to those who follow us. I know of no
scientific discovery, from the ignition of wood by friction to the
demonstration of the causes of infection and the restriction of disease,
which has not sooner or later assisted in the betterment of the race. It may
be added that nothing else has so aided man in his slow and halting



progress from the pestilential marshes of ignorance to the open uplands of
intelligence.

In so great a work as the eradication of preventable disease, all
intelligent people must cooperate. The law must support by proper
enactments, and these must be enforced with justice and intelligence; it
must recognize that the right to enjoy health is quite as sacred as that to
possess property; that to poison men in factories and mines, to pollute
drinking-water supplies, to adulterate foods, and to drug with nostrums, is
manslaughter. Religion must teach the sanctity of the body as well as that
of the soul, that ignorance 1s sin and knowledge virtue, that parenthood is
the holiest function performed by man, and that to transmit disease is an
unpardonable sin. The teacher must know hygiene as well as mathematics.
The capitalist must recognize that improvement in health and growth in
intelligence increase the efficiency of labor. There never has been a time
when scientific medicine has had so many and such efficient and
appreciative helpers as it has to-day. Our sanitary laws are for the most
part good, but their administration is weak, on account of ignorance. The
pulpits of the land are open, for the most part, to the sanitarian. The
respectable newspapers are most effective in the crusade against quackery
and disease. The philanthropist has learned that the advancement of
science confers the greatest and most lasting benefits on man.

There 1s a moral obligation to be intelligent. Ignorance is a vice and
when it results in injury to anyone, it becomes a crime, a moral, if not a
statutory one. To infect another with disease, either directly or indirectly,
as a result of 1ignorance, 1s an immoral act. The purpose of government is
to protect its citizens, and a government which fails to shelter its citizens
against infection is neither intelligent nor moral. To transmit disease of
body or mind to offspring is an unpardonable sin. In a reasonable sense it
1s worse than murder, because it projects suffering into the future
indefinitely.

That medicine has become a fundamental social service must be
evident. To return one incapacitated by illness or injury to the condition of



self-support, benefits not only the individual, but the community,
inasmuch as it increases its productive capacity. Infirmity is a direct
burden on the individual and scarcely less direct on the community.
Weakness in any part diminishes the strength of the whole. It 1s a fully
established principle in social economy that widespread intelligence and
growth in knowledge are beneficial to the state. It was in full recognition
of this that the framers of the ordinance of 1787 wrote into that immortal
document: “Religion, morality and knowledge being necessary to good
government and the happiness of mankind, schools and the means of
education shall forever be encouraged.” The territory of the Northwest, the
government of which was created in this ordinance, was at that time a vast
waste of forest and prairie, furnishing a scant and precarious subsistence
for savage tribes and attracting to its borders a few of the most hardy sons
of civilization. The knowledge, for whose growth and diffusion the wise
provision was made, has drained the malarial marshes, converted wild
prairie and tangled wood into fruitful orchards and fertile fields, dotted the
whole area with neat villages, reared great cities, linked all parts with
steam and electric roads, and provided comfortable homes and abundant
food for millions. The men who wrote the ordinance of 1787 left a great
inheritance which is temporarily in our possession. Let us write into this
great document: “Every ill which can be relieved shall be removed, and
every preventable disease shall be prevented.” The wisdom of our fathers
has secured for us a greater measure of health and a longer term of life; let
us do as well for those who are to possess this fair land in the next
generation. Let us live not only for ourselves and the present, but for the
greater and more intelligent life of the future. Not myself, but the truth that
in life I have spoken, Not myself, but the seed that in life I have sown
Shall pass into ages — all about me forgotten Save the truth I have spoken,
the things I have done. All things are relative and health is no exception.
With a greater degree of health among all, religion will become more
effective for good, morality will have a deeper significance and a wider
application, and knowledge will multiply and distribute its blessings more



widely. After the last epidemic of the plague in London, in 1665, the
deathrate, so far as it can be ascertained, fell to between seventy and eighty
per 1,000. During the next century it fell as low as fifty, but fluctuated
greatly with recurring epidemics of typhus and smallpox. In the nineteenth,
it gradually and quite constantly decreased and is now about fourteeen. In
1879-80, the first year in which the mortality statistics of the United States
possess sufficient accuracy to be of any value, the death-rate in the
registered area was 19.8; in 1912 it was 13.9 — a decrease of 30 per cent.
During the same time the mortality from typhoid fever has decreased 50
per cent.; that from scarlet fever 89 per cent.; that from diphtheria 84 per
cent.; that from tuberculosis 54 per cent. Hoffman states that had the
death-rate for tuberculosis in 1901 continued, there would have been
200,000 more deaths from this cause from that date to 1911 than actually
did occur, so that the actual saving of lives from death by tuberculosis
accomplished in that decennium averaged 20,000 a year. Preventive
medicine measures its successes by the number of lives saved, and 20,000
a year preserved from death from one disease 1s no small triumph. In the
last century the average of human life has been increased fifteen years and
this increase could be duplicated in the next twenty years if the facts we
now possess were effectively employed. Hoffman further states that the
addition to the material wealth of this country secured by the reduction of
deaths from tuberculosis within ten years amounts approximately to
6,200,000 years of human life, covering its most productive period.
Medicine discovered the facts which have made this great work possible
and has directed their application. With evidence of this kind before them,
will our lawmakers listen to those who demand recognition as practitioners
of medicine without proper qualifications? The following figures give the
death-rates from all causes and from each of certain infectious diseases in

the registered area of the United States since the census of the year of
1879-80:

Deaths per —Deaths per 100,000 from—N



Year 1,000 from Scarlet fever Typhoid fever Diphtheria Tuberculosis all
causes (all forms) 1879-80 19.8 54.0 34.0 112.6 326.2 1889-90 19.6 13.6
46.397.82267.4 1899 17.8 11.6 33.8 45.2 205.2 1900 17.6 10.2 35.943.3
201.9 1901 16.5 13.1 32.3 34.0 196.9 1902 15.9 12.6 34.3 30.8 184.5 1903
16.0 12.2 34.1 31.7 188.5 1904 16.5 10.8 31.7 28.3 200.7 1905 16.0 6.7
27.823.6192.3 1906 15.7 7.7 31.3 25.7 180.2 1907 16.0 10.0 29.5 23.6
178.5 1908 14.8 11.924.3 21.5167.6 1909 14.411.4 21.1 20.4 160.8 1910
15.011.623.521.4160.3 1911 14.2 8.8 21.0 18.9 158.9 1912 13.9 6.7
16.5 18.2 149.5

1913 34.1 8.7 17.9 18.8 147.6

Preventive medicine, still in its youth, has accomplished great things. As
I have stated, within the past thirty years in this country the mortality from
tuberculosis has been reduced more than half, and with scarlet fever and
diphtheria, the results have been more striking. Within the past ten years,
the average life has been increased four years. Great epidemics which once
devasted continents are no longer known in the more intelligent parts of
the world. In fact, it may be said that the death-rate 1s now an excellent
measure of intelligence. In 1911 the death-rate in London was 15 per
thousand, while that of Moscow was 27.3. Preventive medicine 1s the
keystone of the triumphal arch of modern civilization and its displacement
would precipitate mankind into relative barbarism. Should the health
administrators of any great commercial center fail, for even a few months,
to exercise the function of restricting disease, the history of the epidemics
of the middle ages might be repeated. Great things have been done, but
greater tasks lie before us, and their accomplishment depends on the
scientific wisdom of the medical profession and the intelligence of the
people. Without the harmonious adjustment of these forces the greatest
efficiency cannot be secured. While the mortality from tuberculosis has
been reduced half in the past thirty-five years, we must not assume that the
total eradication of this disease will be accomplished in the same number
of years. Only the more progressive members of the profession have taken
the initiative, and only the more intelligent members of the community



have responded. Intelligence and the sense of moral responsibility must
grow as the work proceeds. It remains for all who have the welfare of the
race at heart to plan wisely and carry forward courageously the campaign
against greed, ignorance and disease.

PART I IN FECTION



CHAPT ERII
HISTORICAL INTRODUCTION

The oldest and most persistent belief holds that disease 1s an infliction
imposed on man by some supernatural power. This doctrine was handed
down by tradition to the earliest civilizations, was incorporated in their
records and is held by many to-day. Some have attributed disease to evil
spirits and others have regarded it as a dispensation of their gods. The
Babylonians regarded disease “as the work of demons which swarmed in
the earth, air and water, and against which long litanies and incantations
were recited.” In the hand of the Jehovah of the Jews disease was a whip
of chastisement which fell at will on the chosen people or their enemies. “I
will put none of those diseases upon thee which I have brought upon the
Egyptians; for I am the Lord that healeth thee.” There 1s no book of the
middle ages down to the eighteenth century, describing an epidemic which
does not attribute it to the wrath of God. Job ascribed his own pains to the
“arrows of the Almighty.” Luther wrote that “pestilence, fever and other
severe diseases are naught else than the devil's work.” Cotton Mather
described disease as “flagellum Dei pro pecatis mundi.”

“The American Indian medicine man or the Asiatic Samoyed does his
best to frighten away the demons of disease by assuming a terrifying
aspect, covering himself with the skins of animals so as to resemble an
enormous beast walking on his hind legs, resorting to such demonstrations
as shouting, raving, slapping his hands or shaking a rattle, and pretending
(or endeavoring) to extract the active principle of the disease by sucking it
through a hollow tube. . . . We may smile at these phases of Shamanistic
procedure, but, except for the noise, they are not essentially different from
the mind-medicine or faithhealing of our own day. Both rely upon
psychotherapy and suggestion, and for a sick savage, the fantastic clamor
made about him might be conceivably as effective as the quieter methods
of Christian Science, to a modern nervous patient.” (Garrison.)



A doctrine quite as old, but with a smaller following at present, taught
that all the joys and ills of man are determined by the position of the
heavenly bodies. Even within the present generation there are those who
believe that famine, war and pestilence are determined by the spots on the
sun or by the juxtaposition of certain planets. Our great lexicographer,
Noah Webster, wrote a book to prove that epidemics are due to
earthquakes and other terrestrial disturbances. Hippocrates taught that
epidemics are due to a pestilential condition of the air. This theory
dominated the medical profession for more than two thousand years, and
still colors some of our conceptions of infection. Quite naturally, such a
theory is liable to many modifications. How does the air become
pestilential? This question has been answered in numberless ways. Some
say 1t 1s made so by evil spirits; by an angered God; by the influence of
heavenly bodies; by terrestrial disturbances; by prevailing winds; by
emanations from earth or water; etc. It is natural for man to believe in the
evil genius of the locality in which ills befall him. In 1898, intelligent
army officers told with bated breath that the word “Chickamauga” means
river of death. They believed that the epidemic of typhoid there prevalent
was due in part, at least, to the miasm of the locality and the disease was
called “Chickamauga fever.” The word malaria (mal aria) owes its origin
to this theory. In war, unburied bodies of men and animals were supposed
to fill the air with deadly decomposition products. It was fear of this that
secured burial of the numerous victims of the plague in the great epidemics
of the middle ages. This fear had, in part at least, a religious basis, and
burial was regarded not only as a necessary sanitary measure, but as a
compliance with a divine command. The unburied dead became a reproach
to the living; from the decomposing body noxious and fatal emanations
polluted the surrounding air, and with this threatening weapon, the dead
demanded the honor of Christian burial. Lowlands and swamps were
supposed to be places in which noxious vapors were generated and from
which they spread, poisoning the air of the surrounding country. These
localities were shunned, especially after sunset, and the fear of breathing
night air became well nigh universal. We now know that the real truth in



this belief was made plain by the discovery of the transmission of malaria
by mosquitos. The latest scientific support of the theory of miasm
appeared in the teachings of the great sanitarian of Munich, Pettenkoffer.
When he began his work in the Bavarian capital, about the middle of the
nineteenth century, that city was known as a hotbed of typhoid fever. Fecal
matter was deposited in shallow vaults and the drinking-water was taken
from shallow wells. The whole city was honeycombed with these privies
and wells, and the people were drinking strong infusions of their own
excrement. Pettenkoffer taught that the fecal matter undergoes a ripening
process in the soil and thereby becomes the cause of typhoid fever.
Responding to his teachings, the people of Munich introduced a complete
sewerage system and brought a pure drinkingwater from a distant
mountain lake. This resulted in the eradication of typhoid fever and
Pettenkoffer's theory was justified by the result. We now know that the
typhoid bacillus needs no ripening process during the interval which
elapses from its passage from the bowels of one to its entrance into the
alimentary canal of another. Pettenkoffer's theory did not assume that the
noxious agent in the fecal matter is a living organism, but rather held that
the ripening process consists of chemical changes. From this, there grew
up the idea of the de novo origin of typhoid fever. The fecal matter of
uninfected individuals was supposed to undergo ripening processes in the
soil and the products of these changes, finding their way into either water
or air, distributed the disease. This theory was not only plausible, but was
in accord with the then known facts. It found ready support, especially
among army medical officers. However healthy men appeared to be when
they went into camp, even in locations which could not have been
contaminated previously, after a few weeks, typhoid fever appeared and
spread in proportion to the filthiness of the camp and the inefficiency of
the methods of fecal disposal. Men of the highest intelligence and widest
experience became firm supporters of the de novo origin of typhoid fever
which they regarded as a filth disease. They believed that the disease was
spread by gases generated in any kind of filth, but more especially by those



developed in fecal matter. The theory of miasm was applied not only to
typhoid fever and malaria, but to all diseases, especially those appearing in
epidemic form. With sound sense, the Greek Father of Medicine said that
when a large number of people fall ill simultaneously the cause must be
sought 1n that which i1s common to all, and what can that be save the air
they breathe It was observed, however, that while the whole community
was breathing the same air, many remained well; some had eruptive
diseases; others diarrheal disturbances; and still others, respiratory
affections. This necessitated the division of men into groups according to
temperament. With the same factor in the air the result would vary with the
temperament of the individual. The study of the cholera epidemics of the
nineteenth century removed the last scientific support of the theory of
miasm. It had long been a matter of observation and record that epidemics
travel from east to west. This was noted before the Christian era. It was
frequently observed in classical times, and the cholera pandemics gave
opportunity for collecting exact data on this matter. It was found that
cholera, which is endemic about the delta of the Ganges, becomes
pandemic on the occasion of certain religious pilgrimages. The faithful
followers of Mohammed from all points of the compass gather at Mecca.
Some come from the home of cholera, bringing the infection in their
bodies. From their discharges others become infected, and as the great
concourse disperses, bands of returning pilgrims carry the infection with
them, and the disease widens its area. It travels just as fast and no faster
than man travels. It goes where he carries it and nowhere else. When an
individual drops the infection, some one else must pick it up and carry it
on or it ceases to spread. The general direction of the spread of infection
has always been from east to west because the great lines of human travel
have led from this point of the compass, but it was found in the study of
the cholera epidemics that whenever and wherever the paths of travel
deviated from the general direction, the infection showed the same
deviation. In other words, it became evident that infected man carried the
infection in his own body. However, when the pandemics spread over



Europe it was noticed that, while no place became infected unless visited
by some infected individual, the disease established itself in certain
localities and failed to do so in other places. This observation gave some
support to the theory of miasm. In some soils the seeds of the disease grew
and multiplied while in others they did not. When the watersupply of a
locality became infected, the disease spread among its consumers. Budd of
London was probably the first to detect the rdle of infected water in the
dissemination of Asiatic cholera. Finally the discovery of the specific
bacteria of cholera and other diseases removed the last support of the
theory of disease originating in miasmatic conditions of the atmosphere.
The “germ theory” of disease found lodgment in the brain of an occasional
genius many centuries ago. Just who first suggested it and when are not
casily determined, but the argument ran something as follows: Alexandria
was free from the plague. A ship from a port where it prevailed came with
sick on board. Those associated with the new arrivals acquired the disease
and it spread in an ever widening circle until it prevailed throughout the
city and extended in a similar manner to other countries. The disease must
be due to a poison of some kind. It cannot be a chemical poison, like
arsenic, but it must be a living thing which finds its way from the body of
the sick to those of the well where i1t grows and multiplies and in so doing
causes the symptoms of the disease and death. Thus, man's reason,
stimulated by exact observation, caused him to conclude that an epidemic
must be due to a contagium vivum. He might theorize concerning this
living thing, but he could not demonstrate its existence. It was too small
for him to see. In the first century of the Christian era Varro wrote that
there are swamps in which grow animals so small that they cannot be seen.
They enter the body through the mouth and nose and cause disease. Others
wrote to the same effect. Probably the first to see bacteria was the Dutch
scientist and lens maker, Leeuwenhoek, who near the end of the
seventeenth century described the “animalculae” which he found under his
microscope in the examination of tartar from the teeth and diarrheal stools.
In 1849 a village doctor on the Rhine, with a crude compound microscope,



saw rod-like bodies in the blood of animals sick with anthrax and failed to
find them in the blood of healthy animals. The science of bacteriology may
be said to owe its birth to these observations. Independently, this work was
continued by Brauel, Davaine and others, but the founder of exact and
systematic knowledge concerning the causal agents of disease was the
great Frenchman, Louis Pasteur.

Space permits only a brief and incomplete statement of the work of
Pasteur, and in doing this the chronological order will not be followed. He
overthrew the doctrine of spontaneous generation. Although Harvey, two
centuries earlier, had laid down the dictum, omne vivum ex vivo, there
were those who held that this does not hold for the lowest forms of life. As
Abel says, “Homer wrote of autochthonus men who sprang from the soil;
the sixteenth century saw recipes for the manufacture of mice and frogs,
and 1n later days, it was claimed that lower forms of animal life must have
developed spontaneously because the Bible makes no mention of their
having been taken into the ark by Noah.” It was essential to the
development of bacteriology, which depends so largely on sterilization, to
dispose of spontaneous generation and to show that lower, as well as
higher, forms of life breed true. This Pasteur did with the aid of Tyndall,
and others. He showed that fermentation 1s due to the growth of living
organisms, and that each kind of fermentation, like that in beer, wine and
milk, is due to specific organisms. Furthermore he showed that a
temperature high enough to kill these organisms arrests fermentation. By
this process, now known as pasteurization, he preserved beer, wine and
milk. Among this line he went further still and demonstrated that
putrefaction, like fermentation, 1s due to bacterial growth. Lister utilized
this discovery in the development of antiseptic surgery from which aseptic
surgery has come. If each kind of fermentation has its specific organism,
why may not each disease have its specific bacterial cause? Exposure to
smallpox does not develop typhoid fever. The answer to this question has
been given by the discovery of the specific causal agents of many diseases,
and when found and tested, their specificity is demonstrated. The anthrax
bacillus grown through a hundred generations and then inoculated into



susceptible animals induces anthrax still. Pasteur found that certain
specific bacteria can be so attenuated by unfavorable conditions of growth
that they will not develop the disease in susceptible animals, but do impart
to them immunity to infection with virulent strains. In this way he
prepared vaccines for chicken cholera, swine eryripelas and anthrax. He
also developed the successful treatment of hydrophobia, now used in every
part of the world.

The great German scientist, Koch, extended and developed the work of
Pasteur. His solid media and bacterial stains made the growth,
indentification and separation of bacteria comparatively easy. His untiring
labor led to the discovery of the specific bacteria of Asiatic cholera and
tuberculosis, and has placed in man's hands the possibility of completely
eradicating these and other infectious diseases.

The work so firmly established by Pasteur and Koch has been amplified
by many workers in many lands and has led already to marked reduction in
both morbidity and mortality from the infectious diseases. Much has been
accomplished 1n the attempt to lift the burden of unnecessary disease from
man, but greater tasks lie before us.

This article will be limited to the bacterial diseases and only the more
common of these can be included.



C HAPT ERIII

BACTERIA

Morphology. — Bacteria are microscopic, unicellular organisms which
appear in three fundamental forms. The spherical forms are known as
cocci and may be single, in chains or in bunches. The individuals may be
perfectly spherical, elliptical or lancet-shaped. The individual pus coccus
has a diameter of from 0.4 to 1 micron.* The cylindrical forms are known
as bacilli. Some have plane and others convex or rounded ends. Bacilli
differ greatly in length, the longest pathogenic bacillus, that of malignant
edema, being 9 microns, and the shortest, that of influenza, being 0.5 of a
micron. Growth is in the direction of the long axis and multiplication by
transverse fission. The shape of the spirilla is sufficiently indicated by the
name. Involution forms will not be discussed.

Spore Formation.—The only spore-forming pathogenic bacteria are
those of anthrax, symptomatic anthrax, tetanus and malignant edema. The
spores are of endogenous origin, are highly refractive to light, and resistant
to heat, and chemical disinfectants. No bacillus 1s known to form more
than two spores and this is practically confined to saprophytic organisms.
The appearance of two spores in an anthrax bacillus 1s rarely seen. The
purpose of spore formation is not multiplication but preservation; it is a
resting stage. Spore formation is a result of the concentration of the
nuclear substance. The spore may be formed 1n any part of the cell, but the
location in the same species 1s usually constant. In some bacteria the spore
does not exceed the diameter of the cell; in others it is larger. A large spore
located at one end of a bacillus gives it a “drum-stick’ appearance; when
in the middle, it forms a “spindle-shaped” organism. Untoward conditions,
such as scarcity of food, the presence of deleterious agents and an
accumulation of metabolic products, favor the development of spores.



* A micron 1s one thousandth of a millimeter and is the equivalent of
1/25,400 of an inch.

The bacterium passes into the resting state and awaits more favorable
conditions. When these arrive, whether it be days or years later, the spore
passes into the vegetative form and reproduction and multiplication begin
anew.

Multiplication.—When bacteria reach a certain size, which 1s fairly
constant in the species, the cells divide. In bacilli and vibrios fission occurs
at right angles to the long axis. In cocci the cleavage may occur in only
one plane forming streptococci; in two planes forming staphylococci; or in
three planes, forming sarcinae. The rapidity of multiplication and growth
to maturity varies with conditions. It has been estimated that if fission
occurs hourly without interruption, in forty-eight hours the descendants of
a single individual would number more than 200,000,000. However, such
a rate of multiplication can hardly occur since growth would be checked
by scarcity of food or by the accumulation of excreta from the bacteria
themselves. The rate of multiplication under most favorable conditions is
the best measure of the intensity of life processes, and in the case of
pathogenic bacteria, of virulence. The “generation period” is the time
interval between fissions in the same bacillus. This varies greatly with
varying conditions. Some of these conditions seem inherent in the strain
while others are more variable. Under most favorable conditions the
cholera bacillus has been found to divide about every half hour. When a
culture tube 1s inoculated there is a variable period during which there is
no multiplication, then fission begins. As the culture grows older the rate
of multiplication falls on account of the accumulation of metabolic
products. In infection the rate of multiplication is determined by the
number of bacteria introduced as well as by other conditions. However,
one strain of the same species may multiply a thousand times as fast as
another.



Antagonism.—As happens in all forms of life, the most destructive
agents to bacteria are other bacteria. It is fortunate that this is true, and
man and other animals profit greatly by the conflict continually being
waged between different species of bacteria. A drinking-water supply
becomes contaminated with the typhoid bacillus which flourishes for a few
days and is then completely destroyed by other bacteria. So true is this that
by the time the disease has developed among those who drink the water,
there are no longer typhoid bacilli in the water. The bacteriologic
examination of drinking-water after an epidemic has developed, is in the
large majority of instances, a useless procedure. A city's water-supply
should be examined daily in order to be of value. The weapons used in this
warfare among bacteria are many and varied. Some simply eat up the food
supply and the invaders die of starvation. Others produce waste products
which are harmful to other species. Anthrax bacilli planted in sterile
cholera cultures are greatly weakened. Sterile cultures of the pyocyaneus
dissolve anthrax bacilli. Some change the reaction of the common medium
by the development of acid or alkali and their enemies die. The
streptococcus kills the plague bacillus, and thus the conflict of nations and
races goes on among the unicellular organisms much as it does among the
lords of creation.

Symbiosis.—Some species form allied armies and contend against a
common enemy or overrun a foreign country. The pus bacteria are found
in many combinations and most men die from diseases in which these
cocci play an important part. After the tubercle bacillus has fed on one's
lungs for years and prepared the soil, some pus germ finds its way in
before death and contributes largely to its coming. The cancer cell opens
up ports of entry through which pus organisms enter. The lesions of
syphilis are plundered and looted by the hordes of cocci. Thus, as Mayo
has pointed out, sepsis plays an important role in the last acts of the three
great tragedies of life; tuberculosis, cancer and syphilis. Some pathogenic
bacteria receive aid from organisms which by themselves are harmless.
The tetanus bacillus 1s much more virulent when it enters the animal body



in company with certain saprophytes. When alone, the phagocytes speedily
fall on and devour it, while certain products of the growth of its friend
repel the phagocytes.

Capsules.—Some bacteria are surrounded by mucilaginous capsules.
When two or more individuals are attached, the capsule usually includes
the group, and when many are imbedded in one large capsule the whole is
known as a zooglia. The capsule is believed to be formed for protective
purposes, since many bacteria develop them only when in the animal or
when grown in animal fluids, secretions or excretions. The presence of
deleterious agents, such as arsenic, seems to favor the development of
capsules.

Flagella.—AIll bacteria show passive movements when suspended in
fluids and watched under the microscope. Such motion is known as
molecular or Brownian and is common to all finely divided particles when
suspended 1n fluid. Apart from this, certain bacteria are capable of active
motion, which is accomplished by the contractions of flagella or whips.
Those without flagella have no active motion. There may be only one whip
at one end, as in the cholera bacillus; a single whip at each end, as in many
saprophytic vibrios; a bunch of whips at one end as in certain large
saprophytic vibrios; and many whips distributed over the cell, as in the
typhoid bacillus. The flagella seem to be outgrowths from the ectoplasm
and they may be removed from certain bacteria by shaking and then
centrifuging, or by filtration through porcelain. Their presence favors
agglutination, which however, is not wholly dependent on them.

Oxygen Need.—Pasteur observed that some bacteria grow best when
supplied with oxygen, while others have their optimum growth when this
element is excluded. The former he designated as aerobic and the latter as
anaerobic. Further study has divided bacteria according to their need of
oxygen into the following classes:



1. Obligate aerobes are those which will not grow save in the presence
of free oxygen. This does not mean that they must have an abundant air-
supply, because some do grow when the oxygen tension 1s only one-
hundredth that of the air. Among the pathogenic bacteria, the plague and
influenza bacilli and the pneumococcus and gonococcus belong to this
group. An excess of oxygen may prove harmful to even the obligate
aerobes.

2. Facultative anaerobic bacteria are those that grow best in the presence
of oxygen, but may grow when this element 1s wholly excluded. Many
pathogenic organisms belong to this class, such as the cholera vibrio,
anthrax and typhoid bacillus and pus cocci.

3. Obligate anaerobes are bacteria which grow only in the absence of
free oxygen. In this group are the bacilli of tetanus, symptomatic anthrax
and malignant edema. These bacteria obtain their oxygen if they utilize
this element at all, from the combined oxygen in their

pabulum. Pasteur found that fermentation 1s due to obligate anaerobes and
he defined fermentation as life without oxygen. However, this does not
mean that all life without oxygen results in fermentation. The growth of
bacteria of this group is favored by the presence of reducing agents in the
medium. Anaerobic bacteria may grow in the presence of free oxygen
provided there are present aerobic organisms which absorb all the oxygen.
The development of tetanus is favored by puncture wounds, also by the
presence of aerobic bacteria. Structure.—In the higher plants and animals,
all cells capable of multiplication consist of protoplasm and nucleus. There
has been much controversy among bacteriologists concerning the structure
of the bacterial cell. Some say that this cell has no nucleus because, with
the analine dyes, it stains uniformly. Others say it is all nucleus because
the staining which it takes throughout is nuclear. These are the two
extremes, but most agree that the greater part of the bacterial cell consists
of nuclear material. Fats and waxes have been accumulated especially by



those organisms, as the tubercle bacillus, which have lived so long as
parasites. Food material, inorganic salts, ferments and various extractives
are present in the bacterial cell, but for the most part it 1s of nuclear
composition. Its chief function is to multiply, and this is accomplished in
the simplest possible way by nuclear division. Most authorities define
bacteria as low forms of plant life. The one characteristic and constant
constituent of the plant cell is cellulose. This certainly does not exist in the
pathogenic bacilli and bacteria are not plants. This seems certain unless we
radically change our conception of the plant cell. Bacteria may be more
properly defined as nuclei, probably protected by a protein ectoplasm. 1
and my students have devoted many years of work to this subject and we
have shown that chemically the greater part of the bacterial cell 1s nuclear
substance. It contains two carbohydrates, one of which has been located in
the nucleic acid group while the position of the other has not been
determined. It yields phosphorus and xanthin bases and when broken up
with acids or alkalies supplies mono-amino and diamino acids.
Chemically, bacteria are nucleoproteins. It has been assumed by some that,
chemically, bacteria are of simple strucure. This is pure assumption and
rests solely on the fact that, morphologically, bacteria are relatively
simple. Biologically and chemically their structure is as complicated as
that of the highest cells of the animal body. In common with all proteins,
bacterial cellular substance contains a powerful poison. This is true alike
of pathogenic and non-pathogenic bacteria and true of all proteins—
bacterial, vegetable and animal. In fact, bacteria in their essential parts are
living molecules, of definite chemical composition and structure. In
different species the molecular composition differs. As Benecke has
shown, the pyocyaneus requires for its growth, in addition to protein
substances, two elements, potassium and magnesium. The former cannot
be replaced by sodium or ammonium, nor the latter by calcium. The
tubercle bacillus needs glycerin in order to assimilate amino-acids,
carbohydrates and organic acids. Cramer found that the cholera bacillus
assimilates as much as 95 per cent of the nitrogen in alkaline bouillon, and
at most 3 per cent of that in Uschinsky's solution. The obligate parasites



feed only on the fluids and tissues of the animal body and some only on
some particular species of animal. The influenza bacillus grows only on
media containing hemoglobin or some chemically related body.
Metabolism.—Every living thing must feed, assimilate and eliminate. It
thrives and multiplies when food is abundant and conditions of life are
favorable. It hungers and dies when the food supply fails. These things are
as true of unicellular as of multicellular forms of life. All bacteria, even the
anaerobic, absorb oxygen and eliminate carbonic acid. In this gaseous
exchange more oxygen 1s absorbed than 1s eliminated in the form of
carbonic acid. This shows that some oxygen is used in nitrogen
metabolism. When the food supply is suddenly withdrawn in the midst of
rapid multiplication, the deathrate is great, and greater among the young
than among the older individuals. Fisher has shown that when a growth of
cholera bacilli twenty-four hours old 1s suddenly transferred to salt
solution, all the organisms die within thirty-six hours. With older cultures
some live bacilli are found much later and with a seven-day culture, some
will be found to be alive after fifty days. When the food supply is
gradually withdrawn the death-rate is not so high and the more hardy
individuals retain their vitality for months and even years, especially at
low temperature. The respiratory quotient remains constant in the same
species under 1dentical conditions and is a measure of rate of growth and
multiplication. All living cells must depend on the pabulum within their
reach. This must be digested or broken up into particles which will fit into
the bacterial molecule. This 1s accomplished by agents which we designate
as ferments or enzymes. Each species of bacteria elaborates its own
specific enzymes, the functions of which are to cut the pabulum into
proper blocks and to place these blocks in the structure of the cell. These
enzymes are specific in two senses. First, they are specific in origin; the
ferments produced by typhoid bacilli are not identical with those of
anthrax bacilli. Secondly, they are specific in their action. Given the same
pabulum, the shape and size of the blocks into which it is split differ with
the ferment acting on it. Besides, a given ferment cannot act on all



pabulum. What is food to one bacterium may be of no value to another.

Pathogenicity.—Why is 1t that one bacterium 1s capable of inducing
disease while another 1s harmless? The answer to this 1s quite clear. Some
bacteria can feed only on dead matter. Their ferments will not prepare the
fluid and tissues of the animal body for the sustenance of their cells; or it
may be that the ferments of the body cells digest these bacteria and prevent
their growth. These bacteria, which compose the great majority of existing
species are known as saprophytes. There are other bacteria which can
digest, absorb and eliminate the constituents of the fluids and tissues of the
animal body and which are not digested by the body cells. These are
parasites and their growth and reproduction in the body cause disease and
consequently such bacteria are said to be pathogenic. Such an organism
may be able to grow in one species of animal and not in others. It is
pathogenic only to those animals in which it can grow. It may be able to
grow 1n certain individuals of a species and not in others. To the man who
has had smallpox or has been properly vaccinated, the smallpox virus 1s
not pathogenic. Vaccination has developed in the body cells the function
of producing a ferment which digests smallpox virus and consequently this
cannot grow and multiply in the body of the vaccinated man.



C HAPTER IV

AVENUES OF INFECTION

The Skin. —While certain parasites, molds and fungi may be implanted
on a healthy skin by contact, either direct or indirect, there 1s no known
bacterium which will penetrate the healthy, unbroken cutaneous covering
of man under natural conditions. When pus bacteria are vigorously rubbed
into the skin, especially when incorporated in a salve, impetigo,
furunculosis and even abscess formation may result. Experimental
infection of the lower animals has been induced in a similar manner with
plague, glanders, anthrax, tuberculosis and recurrent fever. The plague
bacillus may penetrate the unbroken and unshaven skin of the guinea-pig
and cause general infection. The protection afforded by the skin' is wholly
mechanical. Infection through the skin may result: (a) from the bites of
animals, as rabies from the bite of the dog; (b) from the bites of insects, as
malaria and yellow fever, transmitted by mosquitoes, and plague and other
diseases transmitted by fleas and possibly by other insects; (c) from
wounds, as syphilis, tuberculosis, diphtheria, tetanus, pus infections, et
Cetera.

The Eye.—Local infection of the conjunctiva is a common accident.
Gonorrheal infection 1s the most common cause of ophthalmia
neonatorum. Primary anthrax, tuberculosis, diphtheria and syphilis in the
eye have been observed. Animals have been inoculated through normal
eyes with glanders, plague and rabies.

The Nose.—Notwithstanding the marked germicidal character of the
nasal secretions, this organ furnishes lodgment for many bacteria and is the
seat of primary glanders and leprosy. Flexner has induced poliomyelitis in
apes by inoculating the nasal mucosa with the filterable virus, and a
minimal quantity of a plague-bacillus culture placed in the nose of a rat
leads to general infection.



The Mouth.—The pavement epithelium of the normal mouth furnishes a
fairly good mechanical protection against the local introduction of bacteria
into the lymph and blood, but this cavity does not receive the sanitary
attention it should. Tartar 1s permitted to accumulate about the teeth and
cause atrophy of the gums. Particles of food lodge between and about the
teeth and furnish suitable material for the growth of bacteria. Carious teeth
are neglected and ports of entry are directly opened up. Normal saliva has
a distinct bactericidal action, but this is without practical effect on the
pneumococcus, the bacilli of diphtheria and tuberculosis, the spirochete of
syphilis and the organism of actinomycosis. The crypts of the tonsils offer
places for the lodgment and growth of bacteria, and from these localities
some of them find their way into the lymph and blood. Some hold that
tuberculosis frequently has its primary location in the tonsils from which it
passes through the lymph vessels to the apices of the lungs.

Many pathogenic bacteria pass through the nose and mouth without
causing local infection. It 1s not pleasant to state, but it is true that much
which 1s discharged from the bowels of one goes into the mouth of
another. This may be by short or long circuit, but the result 1s likely to be
unfortunate 1n either case. We drink water infected with typhoid
discharges and milk drawn with unclean hands, and polluted with the
excrement of man and beast. We enjoy fruits and vegetables from orchards
and gardens strewn with filth. We eat bread and meat handled without
gloves by baker and butcher, and for all of this we pay heavy toll, as is
shown by the morbidity and mortality statistics.

The Lungs.—There has been much discussion whether tuberculosis 1is
most frequently acquired by inhalation or by deglutition. Animals have
been experimentally infected by both of these ayenues by numerous
investigators from Villemin down to the present day, but the opponents of
the inhalation theory say that even when bacilli are drawn with the air
through the nose or mouth, they are deposited in the pharynx and are
swallowed. The reply to this is that colored bits of dust when inhaled may
be carried directly to the apices of the lungs where they may be



recognized. Furthermore, attention is called to the inhalation of coal dust
by miners and the resulting condition of the lungs, known as anthracosis.
The dog 1s quite readily infected with tuberculosis by inhalation, rarely or
not at all by feeding. The number of bacilli necessary to infect a guinea-pig
by inhalation is less than one one-thousandth of that necessary to infect by
feeding. When animals are infected by inhalation, the lesions can be
detected in the lungs long before they appear after feeding. The evidence
that infection does result from inhalation and that the primary seat of the
infection 1s in the apices of the lungs in the great majority of cases of
pulmonary tuberculosis seems to be indisputable. On the other hand, it 1s
equally certain that infection may develop by way of the intestinal tract.
The frequency with which primary tuberculosis due to the bovine bacillus,
occurs in the abdominal organs of children leaves no room to question.
The contention of Koch that infected milk might be neglected in our
attempts to eradicate tuberculosis 1s not supported by the results of the
most thorough study that has been devoted to it. There 1s probably no
avenue of infection which has not been traveled by the bacillus
tuberculosis. The Stomach.—There 1s probably no specific infectious
disease which develops primarily in the stomach. Indeed, the acid
secretion of this organ, while by no means affording constant or full
protection against intestinal infection, undoubtedly does much in this
direction. The ubiquitous pus germ does develop a gastric ulcer now and
then, but a more favored site for this process is in the duodenum. In the
intervals between digestion all kinds of harmful bacteria may pass the
portals of this viscus 1n safety and some of them make a successful
passage even when digestion 1s at its height. It 1s not wise to depend on the
gastric juice to sterilize our food. The Intestine.—There 1s general
agreement that the intestine of the infant is more permeable to bacteria
than that of the adult. Young guinea-pigs are easily infected with anthrax
by feeding, while adults are not. Even attenuated cultures will infect a
larger number of the young than virulent cultures will in adults. Like
results have been reached by experiments with tuberculosis. Platte fed



guinea-pigs a few days old and adults with tubercle bacilli, 80 per cent of
the former and 30 per cent of the latter became infected. Ficker found that
many bacteria easily penetrate the intestinal walls of suckling animals,
while they have no effect on adults. These facts correspond with
observations on the summer diarrheas of infants. Milk that proves highly
injurious to infants is without harmful effect on adults. In the fetus
digestion 1s wholly parenteral and i1t continues to be partially so during the
nursing period, and the intestinal walls of infants are more permeable to
both formed and unformed substances than are those of the adult.
According to von Behring, the great majority of cases of tuberculosis are
due to infection from milk in infancy. The bacilli are retained in the
lymphatic glands and invade other organs, especially the lungs, later in
life. Calmette teaches that in every period of life tuberculosis generally
enters the body through the intestinal walls where it leaves no lesion and
from which it travels to other organs. It has been shown that the tubercle
bacillus may pass through the intestinal walls without leaving any
recognizable lesion, but it is not so certain that this 1s the usual port of
entry. Even in the adult, the intestine seems to be the most vulnerable point
in bacterial invasion. It is the exclusive port of entry for cholera, dysentery
and typhoid. The most virulent cholera bacillus injected under the skin in
amounts which would fatally infect by the intestine, would be without
serious effect. The list of animal infections, which are essentially
intestinal, embraces anthrax, chicken cholera, the hemorrhagic
septicemias, hog cholera, and mouse typhoid. It is a noteworthy fact that in
experimental infection by feeding, larger numbers of bacilli must be
employed than can possibly be required in natural infection. It has been
inferred from this that in natural infection the intestinal conditions must be
especially favorable to the multiplication of the organisms. This has led to
the assumption that slight intestinal disturbances predispose to typhoid and
other intestinal infections. This was carefully investigated by the board
which studied typhoid fever among our soldiers in 1898, and was found to
be without support. Soldiers, who were frequently on sick report with



diagnoses of gastric catarrh, intestinal indigestion, etc., furnished actually
a smaller percentage of typhoid fever than those who had not been on sick
report for any cause. Moreover, many of the short and intermittent
disturbances, under a variety of diagnoses, were found by the Widal test to
be typhoid fever. Some have claimed that the normal intestine is not easily
traversed by bacteria, but the difficulty in this is to know when the
intestnial walls are in a healthy condition and when they may have
suffered slight injuries.

CHAPTER V
TUBERCULOSIS

History.—That the people of ancient Egypt were afflicted with
tuberculosis has been demonstrated by an examination of the bones of
mummies. We have no means of estimating the extent of this disease
among these people. The writings of the great Greek physician,
Hippocrates, show that he was quite familiar with various forms of
tuberculosis. The period of the Roman and Byzantine Empires added
nothing to the knowledge of the ancients on this subject. During the
seventeenth and eighteenth centuries there was much discussion
concerning tuberculosis, but no experimental investigation into its nature.

In the seventh decade of the nineteenth century, Villemin, who should
be regarded as the founder of modern knowledge of tuberculosis,
conducted a series of exact experiments which settled for all time disputes
concerning the contagiousness of this disease. He inoculated many and
varied animals 1n diverse ways with the sputum and other products from
tuberculous lesions in men and cattle, and in all developed tuberculosis.
He established not only the unity of the various tuberculous manifestations
in man but demonstrated the existence of tuberculosis in cattle. He went
further and showed that certain nodular diseases, which had been
confounded with tuberculosis, were distinct from it. He found that the
inoculation of animals with other than tuberculous products did not lead to



the development of this disease. He overthrew the theory of heredity in
this disease and established the fact that it does not result from colds or
other 1lls. He went so far as to suggest house infection as an important
factor in the dissemination of the disease. Men who tried to contradict the
findings of Villemin experimentally, confirmed him in practically every
detail.

In 1882, Koch, after long and patient studies succeeded in 1solating the
specific bacillus, growing it in pure culture, and demonstrating its
pathogenicity.

The Bacillus.—The specific causal agent of tuberculosis is a rodlike
organism whose length varies from one-fourth to one-half the diameter of
a red blood corpuscle (1.23 to 4.12 of a micron). It is slender and non-
motile. It was formerly believed that this, like other bacteria, should be
classed among microscopic plants, but the most exact chemical studies
have failed to show the presence of cellulose in their structure. This
organism does not take the ordinary basic aniline stains readily, but when
treated with certain stains, such as carbol-fuchsin, and heated, 1t stains
deeply and retains the color even after washing with dilute mineral acid.
For this reason it is known as an acid-fast bacillus and it has been found
that this group contains a number of micro-organisms whose relationship
has been a matter of great interest. By special staining, tubercle bacilli are
casily detected in sputum and other excretions from tubercular lesions.

There 1s still some discussion whether or not this bacillus forms spores.
The low temperature at which it is destroyed and the fact that it is speedily
killed by sunlight renders spore formation highly improbable. In old
cultures, branched forms are occasionally seen. The tubercle bacillus
contains large amounts of fat and wax and it is probable that these protect
this organism from the destructive action of the secretions of the body
cells. It has been a parasite for so long that it has developed this method of
protecting itself. It grows slowly both on artificial media and in the animal
body. It 1s not its purpose to kill its host but to feed on him as long as
possible. Unaided it seldom does kill, but the necrotic tissue caused by its



growth forms a suitable medium for the lodgment and growth of other
bacteria and tuberculosis usually terminates as the result of a mixed
infection. So long as the infection 1s unmixed, the progress of the disease
is slow. As a rule, there is no sputum until the infection becomes a mixed
one; consequently when one waits for a diagnosis of this disease until the
bacilli are found in the sputum, he waits too long. The physician of thirty
years ago believed tuberculosis an incurable disease, because at that time
he could not make a diagnosis until there was a troublesome cough with
much expectoration, marked emaciation and a long-continued hectic fever.
All patients that reached this stage died. After Koch’s discovery of the
bacillus, diagnosis had to await the detection of this organism in the
sputum. Again, it was too late. With

improved methods the disease can be recognized in most instances while it
is still an unmixed infection and amenable to proper treatment. The
behavior of the bacillus outside the animal body 1s a matter of great
importance in attempting the restriction of this disease. Fortunately, under
ordinary conditions, the tubercle bacillus does not multiply outside the
animal body. It 1s rapidly overgrown and starved out by saprophytic
organisms. It has been a parasite so long that the range of temperature at
which 1t will multiply 1s limited. Even in pure cultures, protected from
other organisms and provided with an abundance of suitable food, it grows
but slowly at a temperature only a few degrees below that of the body. It
needs oxygen and when the supply of this element 1s short, growth is slow.
However, the practical question is, How long will it retain vitality and
virulence outside the body? Multiplication as a saprophyte 1s under
ordinary conditions not at all probable, but how long will the organism
thrown off from the body in the sputum remain a source of danger? This
depends on many conditions. A mass of sputum deposited on a glass plate
and allowed to stand at ordinary room temperature and in diffuse light may
contain virulent bacilli for six months. When the sputum is spread on a
plate in a very thin layer and submitted to the direct sunlight, only a few
hours are necessary to destroy its virulence; when only placed near a



window, days are necessary, and sputum deposited on carpets, rugs,
bedding, handkerchiefs, clothing, etc., may retain its virulence for months.
Sputum on walks and floors dries and 1s scattered by winds and drafts and
may be inhaled or deposited on food. The fly may carry the organism to
food. Heat immediately kills the tubercle bacillus when suspended in water
or milk on boiling. Lower temperatures must be maintained for longer
periods of time. According to Forster the following Centigrade
temperatures must be continued for the periods mentioned in order to be
effective: 55 for four hours; 60 for one hour; 65 for fifteen minutes; 70 for
ten minute; 80 for five minute; 90 for two minutes; 95 for one minute.
Milk should be boiled at least three minutes to insure the destruction of
this bacillus. In thoroughly baked or roasted meat the bacilli are destroyed,
but in the rare portions they may retain their vitality. Dry heat must be
carried to a higher degree or continued for a longer time. Low
temperatures are without effect. On account of their fat and wax content
tubercle bacilli are highly resistant to disinfectants. Mercuric chlorid 1:500
and 5 per cent. phenol (carbolic acid) are not efficient in the sterilization of
sputum even when the contact continues for twenty-four hours. The
ordinary gaseous disinfection of rooms with formaldehyd is unreliable in
case of infection with this bacillus. Sputum from the tuberculous should be
burned.

The Bovine Bacillus.—It has been shown, largely through the work of
Theobald Smith, that the human and bovine tubercle bacilli are not
identical. They show certain well-marked and characteristic differences in
shape, size, rapidity and manner of growth, in response to stains and in
pathogenicity. Some years ago Koch announced that in the crusade against
tuberculosis in man we can afford to neglect milk as a causative agent.
This assertion led to much investigation into the resemblances and
differences between these varieties of the tubercle bacillus. With the
cultural and tinctorial differences we need not concern ourselves at
present.



Cattle are highly resistant to infection with the human variety. Cattle
have been fed for months with large quantities of the human bacillus
without developing an infection. Some of the material accumulates in the
mesenteric glands and undergoes calcification but the animal does not
develop tuberculosis. In ordinary infecting doses, intravenous injection is
without effect. With larger amounts the animal may be poisoned as might
result from similar treatment with any one of a number of foreign proteins.
The human bacilli when thus injected into a cow may live for months and
may be detected in the milk. Intraperitoneal injections are without effect
and the same is true of those given subcutaneously, except that large
quantities may cause a local inflammation and this may extend to
neighboring glands. Inhalation 1s without effect. It is safe to say that cattle
are free from the possibility of being infected with tuberculosis from man.

The guinea-pig is highly susceptible to both varieties, but the bovine
kills 1t quicker. The human variety is uncertain in its action on rabbits. If it
develops at all, it does so slowly and as a rule requires some weeks and
possibly months to cause death. On the other hand, this animal succumbs
in most instances in about three weeks to the bovine variety. Intravenous,
intraperitoneal, intraocular and subcutaneous inoculations result in
generalized fatal tuberculosis. Cattle, which as we have seen are highly
resistant to the human variety, succumb readily to the bovine, whatever the
method of inoculation. Calves fed on pure cultures or on the milk of
tuberculous cows speedily develop the disease, which usually begins in the
formation of ulcers in the upper intestine and extends to the mesenteric,
lymphatic and retropharyngeal glands. Infection may result from a single
feeding. Calves from tuberculous cows are free from infection, but one
nursing from the mother may infect. The inhalation of a very minute
portion (0.01 mg.) of a pure culture is followed by the development of
pulmonary tuberculosis. Sheep, hogs and goats are highly susceptible to
the bovine variety, much less so to the human. It seems safe to say that
tuberculosis among our domestic animals results generally from infection
with the bovine rather than the human variety. However, some facts need



to be stated. Tuberculosis is common among chickens and it is quite
natural to suppose that these animals become infected by picking up
human or bovine material, but experiments show that chickens are immune
to both these varieties. Feeding, intravenous and subcutaneous inoculations
of these varieties do not develop tuberculosis in chickens. The bacilli
retain their vitality in these fowls for a long time but fail to develop
tuberculosis in the hosts, as has been demonstrated by inoculation of
susceptible animals, such as the guinea-pig. Apes seem to be equally
susceptible to the human and bovine varieties. Having ascertained that our
domestic animals do not run great risk in being infected with the human
variety, let us see what danger there is to man from infection with the
bovine variety. Is it wise to follow the advice of Koch and neglect milk as
a factor in the causation of tuberculosis in man? This important question
has been investigated in this country by Park and Krumwiede, by an
English commission, by two German commissions, and by many
individuals 1n various parts of the world. In 1,441 deaths from tuberculosis
in man, the variety of the bacillus has been determined. In 117 of these
(8.1 per cent.) the bovine variety alone has been found. In seven cases (0.5
per cent.) the infection has been found to be a mixed one, both varieties
being present. This, however, does not tell the whole story. In pulmonary
tuberculosis in adults the bovine variety is rare (4 cases out of 732). In
tuberculosis of the bones and joints, at all ages, the bovine variety occurs
more frequently (5 cases out of 98). In meningeal tuberculosis at all ages
the frequency is still greater (3 cases out of 32). In general tuberculosis at
all ages there 1s a further increase (33 cases out of 172). In tuberculosis of
the glands of the neck, the proportion is still higher (45 cases out of 157).
In tuberculosis of the abdominal organs the presence of the bovine variety
reaches its highest point (30 cases out of 99). When we study the
proportion of the two varieties in adults and in children, we get more
practical information. In children 23.8 per cent of generalized tuberculosis,
40 per cent. of tuberculosis of the cervical glands and 49 per cent of
tuberculosis of the abdominal organs are due to infection with the bovine



variety. It is quite natural that the greater number of cases of bovine
tuberculosis should be found among children. These figures demonstrate
that the character of the milk cannot be neglected with safety in the
crusade against tuberculosis. At the same time, they show that the chief
source of infection in man is the human variety and that as a rule
tuberculosis is transferred from man to man. The Avian Type.—The
barnyard fowl is frequently tuberculous. Much of the poultry that comes to
market, when properly inspected, shows enlarged livers filled with
yellowish tuberculous nodules. This variety of the tubercle bacillus can be
distinguished morphologically and culturally from other forms. Chickens
are easily infected by feeding, developing intestinal and hepatic
tuberculosis and loss of weight. Intravenous injection, even of a minute
quantity, leads to rapid emaciation and death may result before
macroscopical changes are in evidence. In less rapid cases the liver shows
the characteristic enlargement and nodules. Intraperitoneal and
intramuscular inoculations are slower, but in time develop the disease.
Ducks and pigeons may be infected, but in nature the disease is much less
frequent in these than in chickens. The testimony concerning the
susceptibility of the guinea-pig to this variety of the tubercle bacillus is
conflicting. Evidently it is less than that shown by this animal to either the
human or bovine variety. Rabbits seem to be more susceptible, though
typical tubercular nodules are not always developed in these animals,
many dying from septicemia. Calves fed on the avian bacillus may develop
local tuberculosis in the intestine and mesenteric glands, but this seems to
have little effect on the growth and health of the animal. Subcutaneous
injections in cattle cause an inflammatory reaction which may extend to
neighboring glands, but fail to develop general tuberculosis. In the studies
of the varieties of tubercle bacilli found in man, already referred to, three
cases of infection with avian bacilli were found. However, it 1s not certain
that these people were not also infected with one of the other varieties. In
at least three other cases the avian bacillus has been found. That the flesh
of tuberculous fowls frequently comes to the table is beyond dispute. The



methods of cooking probably kill all the bacilli. Besides, the appearance of
the liver is so striking that this organ is removed before dressed fowl
comes under the eye of the consumer. No observant cook could overlook
so abnormal an organ as the liver in a well-developed case of tuberculosis
gallinaceus. The Piscidian Variety.—Fish, amphibians and reptiles are
susceptible to a form of tuberculosis due to a variety of the bacillus which
1s not capable of growth at the temperature of the body in mammalians
and, therefore, cannot be a source of infection in man. One would not
knowingly eat a tuberculous fish, but if he unknowingly does so,
tuberculosis will not result. Other Acid-Fast Bacilli—There are several
well-known and thoroughly studied saprophytic bacteria which have a
close resemblance to tubercle bacilli in their reactions towards certain
stains. They are not easily stained by ordinary dyes, but when thoroughly
stained with carbol-fuchsin or similar agents the color 1s not removed by
washing with dilute mineral acid. These organisms are classed with
tubercle bacilli as “acid-fast” organisms. These have been especially
studied by Moeller who has defined several species or varieties. One point
of interest is that they may be mistaken for tubercle bacilli. This is likely to
occur because one of them 1s found on timothy hay and is known as
“Moeller's timothy” bacillus and another 1s found in cow dung. So far as
they have been tested they are not pathogenic to any animal.

Whether or not all of these acid-fast organisms have been evolved from
a common ancestor 1s a fruitful field for theoretic discussion. No one has,
as yet, converted one of these into a pathogenic organism, though this has
been tried by frequent passage through animals. They may produce local
reactions which closely resemble those developed by inoculation with one
of the pathogenic types, but they do not cause general tuberculosis. That
their cellular structure 1s similar, chemically at least, to that of the virulent
types is shown by the following: (1) their similar behavior toward stains,
(2) their local effects, (3) animals sensitized to one of these saprophytic
forms are partially sensitized to the virulent types. Many attempts have
been made to convert one virulent type into another. The human and avian



types have been carried through many cows and the human and bovine
varieties have been carried through chickens. The results of this work have
been by no means uniform. Some investigators have convinced themselves
that transformation from one type to another is easily and quickly secured,
while another man, equally competent, repeats the work and is sure that
such a transformation never results. The conditions under which such work
must be done render mistakes easily possible and to obtain satisfactory and
convincing proof seems quite impossible. For instance, one man attempts
to carry the human type successively through many calves in order to
transform it into the bovine variety. At last he inoculates a calf and later
finds 1n that animal a typical bovine organism. The experimenter claims
that he has demonstrated a transformation, but his critic says the
tuberculosis found in the last calf is not a result of the inoculation, but is a
true bovine tuberculosis from a wholly different source. One of the most
convincing experiments in favor of a transformation in type is that of
Nocard. He placed a culture of the human type in a collodion sack and
introduced the sack into the abdominal cavity of a chicken; after some
weeks he transferred the sack to the abdominal cavity of a second chicken
and after another interval to a third. After this he found that the type had
been changed to avian. This has been repeated by two other investigators,
one of whom confirms and the other denies Nocard's claim. The solution
of the question concerning the relation of the saprophytic acid-fast bacilli
to the pathogenic, and of the different types of the latter to one another
must await future investigations. Avenues of Infection.—The most
important of these lies in the respiratory organs. The nose serves as a filter
and 1its secretion 1s germicidal. Besides, there is free exit for
accumulations, and the ease with which sneezing is induced by slight
irritation and air can be forced through it by blowing the nose, tends to
keep this cavity clean. The nose is seldom, probably never except in
wounds or abrasions of the mucous membrane, the seat of a primary
tuberculous infection. It may be secondarily involved in tuberculosis of the
lungs. Mouth breathing increases the chances of infection. The retronasal
pharynx 1s less easily kept clean and is more frequently the site of
infection, but this also 1s generally secondary. The tonsils frequently, even



in non-tuberculous persons, are found to contain tubercle bacilli. Whether
these glands do more than retain the bacilli 1s not known. The larynx 1s
more frequently the seat of primary infection, and 1s involved sooner or
later in about one-fourth the cases of pulmonary tuberculosis. Infection of
the trachea and large bronchi is rare. The primary seat of most cases of
pulmonary tuberculosis is in one of the apices of the lungs. This is due to
the fact that bacilli having reached these localities are not easily dislodged.
This is true of inhaled particles of any kind and when these are hard and
rough they cause slight wounds which form suitable places for the
entrance and growth of the bacilli. This accounts for the greater
susceptibility to tuberculosis of those engaged in dusty occupations,
especially marble cutters and steel filers. The next most favorable avenue
for tuberculous 1noculation is through the digestive organs. Carious teeth
provide a port of entry and the infection introduced 1n this manner finds its
way into the adjacent glands. Sore and raw gums due to deposits of tartar
and the fermentation of lodged particles of food, offer additional points of
entry not only for the tubercle bacillus but for other pathogenic organisms.
These facts emphasize the importance of oral hygiene, which is greatly
neglected in both children and adults. Tubercle bacilli have been detected
in carious teeth, in tartar and in the coating on the tongue. Demme reports
four childdren who were infected by a nurse who was accustomed to put
the spoonful of food to her lips and tongue in order to test its temperature
in feeding the children and I have seen a mother chew the food given her
children. The esophagus and stomach are seldom or never the sites of
tuberculous lesions. The food quickly passes the esophagus and the acidity
of the stomach contents protects that organ. In most cases of infection by
way of the alimentary tract the bacilli find lodgment in the small intestine,
through the walls of which they may pass without leaving a recognizable
lesion. There are three forms of tuberculous skin affection, tuberculosis
verrucosa, lupus and tuberculous ulcer. These may be due to scratching
with infected finger nails, cuts with infected knives or wounds with other
infected instruments. Tuberculosis of the skin 1s especially frequent among
butchers. A general infection may result through the skin. Several cases of
infection through the rite of circumcision have been reported and medical



students have been infected in dissecting tuberculous bodies and surgeons
in doing operations and making postmortems. In all these instances the
infection extends to the nearest lymph glands and then on to the next. The
point of entry may or may not show a lesion. Infection of the joints and
bones is always secondary. Sources of Infection.—The most abundant
source of infection is dried tuberculous sputum. So long as the sputum 1is
moist it 1s not distributed through the air. When deposited on sidewalks,
the sputum adheres to the feet or may cling to the clothing and in either
case 1s carried into the house where 1t becomes more dangerous. The
greatest danger is in closed rooms in which sputum has been deposited on
the floor. Cornet made the following experiment which illustrates how
infection may be spread. A carpet which had been contaminated with
infected sputum some days before was spread on a floor. Cages containing
48 guinea-pigs were placed at different levels in the room and the carpet
was vigorously swept with a broom until the room was filled with a cloud
of dust. Of the guinea-pigs exposed to this dust, all but one became
tuberculous. The same investigator sponged the walls of a room occupied
by a tuberculous patient who expectorated on the floor, and the material
absorbed by the sponge was injected into guinea-pigs with positive results.
Fliigge has called attention to the fact that in coughing, sneezing and even
in speaking the consumptive may eject an infected spray. Not only is there
immediate danger from the inhalation of the spray but subsequent danger
from the dried droplets which may fall on the floor or furniture. The
house-fly walks in sputum, eats it, and subsequently may feed on food, or
drink or even drown himself in milk. As we have seen, the milk of
tuberculous cows i1s a source of danger, especially to children. Cream and
butter from such milk may contain tubercle bacilli. There is less danger in
meat on account of the cooking, but meat when made into sausage is eaten
raw by some people. Tuberculosis is in no proper sense an inherited
disease. When the mother suffers from general tuberculosis, the placenta
may be involved and the child may be infected in utero. This 1s congenital,
not inherited, tuberculosis, and only a few cases of this are known.



PSEUDOTUBERCULOSIS

We are indebted for our knowledge of this disease largely to French
investigators who recognized it as early as 1883. It is designated a
tuberculosis because 1n its lesions, the histologic changes closely resemble,
though they are not identical with, those seen in true tuberculosis. It is
caused by wholly different bacilli, of which there are several varieties, and
none of these is acid-fast. They are easily stained, the stains are easily
washed out with dilute mineral acids and the bacilli are destroyed by
relatively weak disinfectants. Besides, the bacilli do not contain the large
amounts of fats and waxes found in true tubercle bacilli. The most
important manifestation of this disease 1s in sheep and it 1s said that 15 per
cent. of these animals in Australia and 10 per cent. in Argentina, as they
come to the market, are infected. The bacillus which infects sheep 1s a long
(1-3 microns), non-motile, non-liquefying organism which grows easily
and abundantly on gelatin, coagulated serum and agar, and in bouillon.
Unlike the tubercle bacillus, it produces a soluble toxin. An antitoxin has
been prepared which protects against the toxin but not against the bacillus,
and consequently, while of great scientific interest, i1s of no practical
importance in protection against infection. Sheep are supposed to acquire
the infection largely through feeding. As the disease is slowly progressive
and most sheep are slaughtered, the condition 1s usually not recognized
during life. This variety of the bacillus 1s pathogenic, not only to sheep but,
experimentally at least, to goats, rabbits, guinea-pigs and mice, but not to
chickens and pigeons. A second variety of this organism is pathogenic to
mice, especially to gray mice. It is not known to be pathogenic to any other
animal. Bouillon cultures of this variety become slightly cloudy and
deposit abundant coffin-lid crystals (ammoniomagnesium phosphate). A
third variety seems to be pathogenic to many rodents and may cause
epidemics in rabbits and guinea-pigs. This produces crystals in both
gelatin and bouillon cultures and does not elaborate a soluble toxin. A
fourth variety infects children and several cases have been reported by
French physicians. The cat 1s suspected as a carrier.



CHAPTE R VI
LEPROSY

History.—This disease prevailed among the Egyptians as early as 2,400
years before Christ. The records show that it existed in India and China at
least 1,000 years B. C. Whether the word leprosy as used in the Old
Testament was confined to this disease or included other loathsome
conditions, has been a matter of dispute among scholars and remains
without definite settlement. Some say that the Israelites became infected
with this disease in Egypt and the claim is made that on account of the
prevalence of this disease among them they were driven out of that
country. The Persian wars apparently led to its introduction into Greece,
and with the Roman subjugation of Greece it was diffused over Italy, in
parts of which it had existed long before this time. During the first and
second centuries of our era it became quite common 1n Italy and gradually
spread over the greater part of Europe. It had become so common and had
awakened so much apprehension in France in the sixth and seventh
centuries that the segregation of lepers was begun.

With the general scientific awakening of the fifteenth and sixteenth
centuries, more attention was given to the restriction of this disease. It 1s
said that the number of leprosaria in France reached 1,500 and that in the
whole of Europe it was as great as 19,000. Lepers were generally known
as Christ's poor, and the leprosaria were under the special care of the order
of St. Lazarus, and were directed by priests, who were themselves lepers.
The attempt was made, and it must have been on the whole successful, to
segregate all lepers in these institutions. When a leper went abroad he
wore a peculiar garb and at night he carried a bell. Recognized by these
signs he was shunned. During the seventeenth century the number of
lepers in Europe rapidly decreased until the disease practically
disappeared, “except on the fringe of the continent.” However, traces of it
have continued, especially in Norway and parts of Russia. It has continued



in Asia and Africa. Whether the North American Indians or the Aztecs of
Mexico were infected with this disease in pre-Columbian days is still a
matter of dispute, with the evidence clearly in favor of the negative side.
Leprosy was probably introduced into what 1s now the territory of the
United States by slaves from Africa in the last quarter of the eighteenth
century, and first appeared in Florida. Since that time and even up to the
present there are occasional fresh importations from Norway, China,
Russia and the islands of the Pacific.

Present Distribution.—This ancient disease 1s still distributed over all
tropical and temperate regions. There 1s no nation wholly free. There are
colonies or nurseries here and there and every century some seed from at
least one of these finds growth in some other locality. Some of these
nurseries have been in continuous existence since the dark ages. Such is
the colony at Bergen where, according to Hansen, there was leprosy as
early as the eleventh century and probably earlier. The seeds have never
been entirely destroyed and the number of lepers fluctuates with the
effectiveness of restriction. From 1836 to 1856 the number of lepers in
Bergen multiplied more than three times. This led to stricter regulations
and by 1907 the number had fallen to about two-thirds of what it was in
1836. From this nursery at Bergen, seed has been scattered to the
furthermost parts of the earth and daughter colonies have been established
in Russia and in the United States.

The guess as to the number of lepers now living runs from one to two
million. These are mere guesses and it 1s not probable that the exact
number of lepers in any country is known. Certainly we do not know how
many there are in the United States. According to Brinkenhoff there were,
in 1909, 146 officially reported cases, but this includes only 50 in
Louisiana where, according to Dwyer, there are at least 300. Pollitzer
makes the number 1n this country 530 and Ashmead thinks it reaches
3,000. The former 1s undoubtedly too low and the latter probably too high.
We should have a national leprosarium. To longer neglect to provide one



1s not only short-sighted but well-nigh criminal. It 1s true that state laws
provide that lepers shall be 1solated, but this is only on paper and without
the possibility of enforcement. Neither state nor nation has any provision
for the isolation of these unfortunates, and the way in which some of them
have been tossed from pillar to post is not a credit to our civilization. Even
in Louisiana where there is a state colony, isolation 1s not effectively
carried out. The Bacillus.—The bacillus discovered by Hansen of Bergen is
believed to be the specific cause of leprosy, although all the conditions
necessary to establish this fully have not been complied with. This
organism is a long (1.5-6 microns), slender (0.2-0.5 micron) rod, which is
acid-fast and belongs to the same group as the tubercle bacillus. It takes
fuchsin and similar stains more readily than the tubercle bacillus and loses
the stain more easily when washed with dilute mineral acid. However,
these differences are so slight and vary so much with different strains of
both organisms, that they do not give a means of positive differentiation.
The leprosy bacillus 1s oftener found in bundles and these are larger than
those of the tubercle bacillus. This is not always distinctive, however.
Much effort has been made to find some certain method by which the
microscopic distinction between the two organisms may be determined.
An expert in this work may distinguish these in many instances, but
ordinarily it is not easy. The bacillus of leprosy may be mistaken not only
for the tubercle bacillus, but it may be confounded with nonpathogenic
acid-fast organisms, such as the smegma bacillus. The leprosy organism
seems more truly parasitic than the tubercle bacillus and so far it has not
been grown satisfactorily on artificial media, unless the method of Clegg
be an exception. This American investigator uses a bouillon to which
amebas from dysenteric stools have been added. This preparation is
inoculated with leprosy tissue and some observers have succeeded in
obtaining a growth which at the last report had been carried to the tenth
generation. Attempts to inoculate the lower animals with leprosy material
have not been convincing. A number of men have submitted themselves to
this experiment and still the result is left in doubt. In several cases this test



has been negative. In others it has been positive, but in all of the latter the
tested individuals have been associated more or less intimately with lepers.
The Hawaiian convict, who had his choice between suffering the death
penalty and inoculation, developed local lesions but these soon
disappeared. For nearly two years he remained apparently well and then
developed the disease, of which he died after four years. This test cannot
be considered final, because the disease had affected some of his family.

The fact that the Hansen bacillus 1s found in all lepers, when a thorough
examination is made, must for the present be accepted as a justification of
the belief that it is the causal agent. However, many problems in the
etiology of this disease remain unsolved. This bacillus may be aided by
some other causal agent or it may be infective only in certain conditions or
states of health or in certain deviations from health. It seems safe to say
that the evidence available at present indicates that leprosy is a
transmissible disease, but that it requires more intimate contact for its
transmission than most of the other bacterial affections. Its history, even
when studied most superficially, indicates its contagiousness. Such a
colony as that at Bergen has brought it down continuously for at least eight
hundred years. When a leper finds his way into a region where the disease
has never been known, 1t slowly spreads. In this way, cases have
developed in Minnesota, Michigan, lowa and elsewhere in this country.
From Norway the disease has been transplanted to the Baltic provinces of
Russia, where the number at present is estimated at more than one

thousand. In Finland there 1s a leprosarium which was established in 1355
and 1n 1908 1t housed 87.

Avenues of Infection.—Supposing that the disease first manifests itself at
the site of inoculation, there 1s reason for believing that the bacillus finds
its entrance through wounds of the surface. It is a common observation in
leprous countries that those who go barefooted are more frequently
attacked than those who wear shoes, and that the first recognizable lesions
are on the feet. Two French physicians report that among 2,437 cases



under their observation in CochinChina, 526 were general from the start,
550 showed the first lesions on the feet, 420 on the hands, 321
simultaneously on feet and hands, and 337 on the face. It is an old belief
that infection frequently develops in the nose. Heiser found nasal
ulceration in 799 out of 1,200 cases and others have reported even larger
percentages. In recognizing this disease, one of the first things to do is to
stain the nasal secretion of the suspected person for the bacilli. Among the
healthy associated with lepers the bacilli are frequently found in the nose.
There 1s no reason for thinking that it develops from deep breathing in of
the bacillus, because the lungs are never primarily involved.

The possibility of the transmission of the disease through the agency of
insects has been considered, but its wide geographical distribution does not
render this view probable. The relation of fish diet to leprosy, so earnestly
advocated by the late Jonathan Hutchinson, has not found wide support.



CHAPTE R VII

ASIATIC CHOLERA

History.—We have no positive knowledge of Asiatic cholera before
1816. It 1s assumed by some that it had long existed in endemic form in the
region about the delta of the Ganges and it is reported to have appeared in
the Goa district (Portuguese Settlement) as early as 1543 and in the
Pondicherry (French Settlement) in 1768, but there is no positive
knowledge of these facts. In 1816 this infection began its first recorded
travels and reached countries so remote that it could be regarded as
pandemic. The time assigned by Haeser to the first great excursion of this
infection extended through seven years (1816-1823). It traveled slowly at
that time, before the general use of steam transportation, and did not get
beyond the confines of Asia and Africa. To the east and south it visited
Borneo, Java, the Philippines and China. To the west and north it spread
through Arabia, Persia, Syria, Egypt and Northern Africa. It lingered in
various localities for some years, after which it was known only 1n its
home until 1826 when the second visitation began. This continued for
eleven years, terminating, according to Hirsch, in 1837. This time it spread
over the greater part of Europe and America. It broke up into parties which
traveled different routes, some by sea and some by land. The faithful from
further India brought it to Mecca where it found ready but slow
transportation to all points of the compass. Nothing more was known of
the infection outside its own domicile until 1846. The third pandemic
reached the farthermost parts of the earth and lasted until 1862. It killed in
France alone, in 1853-54 nearly one hundred and fifty thousand and it
pursued the gold seeker on his way across the plains to California. The
fourth pandemic was well in evidence by 1864 and continued until 1875.
As the records show, it found 114,683 victims in Prussia alone on this trip.
The fifth pandemic began in 1883, spread over the eastern hemisphere and
reached New York harbor, but was refused admission. This time the
number of victims in European Russia alone is given at 800,000. The



notable outburst at Hamburg belongs to this period. In 1902 cholera for the
sixth time became pandemic. It was disseminated by 400,000 pilgrims

gathered together at Mecca. Since that time and up to the present it has
been found in various parts of Europe and has repeatedly reached

our own shores, but has not been permitted to gain a foothold.

In all these excursions, among all kinds and conditions of men, in every
degree of civilization, in the tropics and amid the snow and ice of northern
Russia, in the thronged city and in the emigrant's wagon, with high and
low, slave and master, wherever 1t has traveled, cholera has maintained its
individuality and has shown no modification in manner of attack or
variation in the symptoms induced in its victims. Its vehicle of transport
has been man's body and it has followed the lines of human travel, on foot,
on horse or camel, by stage or ox team, by steam, on land and sea. The
sick and dying have scattered its progeny around the world. The science of
preventive medicine is the only detective who can trace this criminal, the
only officer who can arrest it and the only executioner who may finally
remove it for all time from the earth.

The Bacillus—In 1883 the German government sent a commission with
the distinguished bacteriologist, Robert Koch, at its head, first to Egypt
and then to India to ascertain the cause of this disease. Many months were
spent in the study of the discharges of the sick, the postmortem
examination of the dead and the investigation of the food and drinking-
water of the infected. The result was the discovery of the infective agent,
and this has placed in man's hands the possibility of completely eradicating
this disease. The bacillus is a slightly curved rod, averaging about 1.5
micron in length and one-third this in breadth, but with many variations.
Frequently, many individuals are attached, end to end, forming something
like the letter S. It 1s known as the comma bacillus or the cholera vibrio. It
is distinguished from similar vibrios by having a single flagellum or whip



at one end. Its rapid motility in suspension i1s due to this whip. Sometimes
the form 1s ovoid, often much longer and shows a long whip. It is easily
recognized in the stools by an expert and the diagnosis in suspected cases
is easy and certain. It takes the ordinary basic stains easily and deeply, but
in order to stain the whip a mordant dye is desirable. It grows rapidly on
gelatine plates at 22 C. (71.6 F.), forming, within twentyfour hours,
colonies visible as small bright points. Under a low power the colonies
appear like fine bits of glass strewn over the gelatine. They are easily
distinguished from colonies of Bacterium coli, found in normal stools, by
their greater refraction. After forty-eight hours the gelatine under and
about the colony begins to liquefy, forming a small funnel or crater in the
bottom of which lies the colony. Old subcultures develop colonies on
gelatine plates which are less characteristic than those freshly obtained
from cholera stools. In gelatine stick cultures the bacillus grows along the
line and looks like a white thread. Liquefaction begins at the top and
extends downward forming a funnel-shaped depression. Colonies grown
on agar plates are also quite characteristic. On other media it grows
quickly, especially so in alkaline 1 per cent. peptone solution. The cholera
bacillus does not grow in the absence of air and consequently is known as
an obligate aerobe. The cholera bacillus grows most abundantly at or a few
degrees above body temperature and does not wholly cease to multiply
until the temperature is at or below 8 C. (46.4 F.). Freezing does not
destroy it and it retains its virulence after having been frozen in ice for
several days. It is quickly destroyed by drying. A drop of a bouillon
culture placed on glass and allowed to dry in the diffuse light of a room
shows no growth when placed in proper medium after two hours. When
exposed to direct sunlight life is destroyed in even less time. This indicates
that the bacillus does not form spores and that the disease is not air borne.
Boiling destroys the bacillus instantly; at 80 C. (176 F.) five minutes is
long enough to destroy its vitality and a temperature as low as 55 C. (131
F.) has the same effect after half an hour. It is also highly susceptible to
chemical agents. One per cent. carbolic acid, 1: 3,000,000 corrosive



sublimate and feebly acid solutions kill it within a few minutes. According
to Harding one part of chlorin to one million parts of water destroys the
bacillus within fifteen minutes. In distilled water 1t soon dies but in
ordinary drinking-water or tankwater, such as is used in India, it may
retain its vitality and virulence for weeks and even months. According to
Hankin the organism soon dies in the water of the Ganges, which is feebly
acid. How quickly it dies in stools depends on many conditions such as
dampness and light. No lower animal, however intimate the contact with
infected men may be, 1s known to develop cholera. This disease seems to
be, at least under natural conditions, confined exclusively to the human
species. Furthermore, no one has succeeded in inducing a true cholera in
an animal by inoculation. However, some of the attempts to accomplish
this purpose have been partially successful and are of sufficient interest to
justify brief review. Filter paper impregnated with cholera cultures fed to
mice induces diarrhea, but filter paper alone has the same effect. Large
quantities of cholera cultures fed to pigs cause death, but cultures of many
other bacteria produce like results. Nikali and Rietsch opened the
abdominal cavities of guinea-pigs, tied the bile duct in order to exclude the
bactericidal action of this fluid, and injected cholera cultures into the
duodenum. In the intestines of the recovered animals the cholera bacilli
multiplied and the epithelial lining of the intestines was found altered.
Other bacteria behave in a similar manner. Koch neutralized the stomach
contents with soda and then introduced cholera culture into this organ
through a tube. At the same time the animals were stupefied with opium
from which they soon recovered, but the next day became 1ll and died on
the second or third day in collapse. After death the intestine was found to
contain a colorless fluid consisting of a pure culture of the comma bacillus.
Like results may be secured with other vibrios. Indeed, Metschnikoff did
better in his experiments on rabbits with the Vibrio Massauah which is
known to be quite different from Koch's comma bacillus. He polluted the
teats of a mother rabbit with this culture and found that at least half of the
nursing young died of a choleraic diarrhea. Moreover, when the sick



young rabbits were placed in a cage with healthy fellows from another
litter, many of the latter became infected. Thomas injected cholera cultures
into the ear veins of rabbits. After a few days the animals died, and
inflammatory changes were found in the walls of the intestines and cholera
bacilli in the intestinal content. Many bacteria when injected intravenously
find their way into the intestine and may induce the same changes in the
intestinal walls. Cholera cultures injected into the abdominal cavities of
guinea-pigs cause a fatal peritonitis. Many saprophytic organisms will act
in the same way and quite as promptly. It is safe to say that all attempts to
induce genuine and distinctive Asiatic cholera in the lower animals, made
up to the present time, have failed, and that we know no animal susceptible
to this disease under either natural or experimental conditions. To man
alone belongs the function of serving as host, preserver and distributor of
the comma bacillus. Without man to supply warmth, shelter, food and
transportation, the cholera bacillus would soon disappear from the face of
the earth. Every man who goes into battle is not killed; likewise not every
man who swallows the cholera bacillus becomes infected and of the
infected all do not die. The cholera bacillus i1s highly susceptible to acids,
and the acidity of the stomach is a protective agency. But the acidity of the
stomach 1s widely variable among people and scarcely less so in the
individual from time to time. Infected drink, taken when the stomach 1s
empty and non-acid, is likely to carry its infection on into the alkaline
intestinal content. Bacilli protected by masses of food, difficult of
digestion, may also pass through. In the midst of cholera epidemics, many
harbor the bacillus and distribute it in their stools without being at all
affected by it. Others are only slightly 1ll and there 1s every degree of
gravity up to those in which the disease is fatal within a few hours. In
typical cases of cholera the bacillus does not find its way through the
intestinal walls. It multiplies so abundantly in the intestinal content that it
starves out all other bacteria and after death there 1s a pure culture in the
intestine. It not only grows abundantly, but its cells speedily die and in
doing so the poison contained in their structure is liberated, exerts its local



effects on the intestinal walls, is absorbed and produces the symptoms of
the disease, and death. In fact, cholera as an infection is limited to the
alimentary canal; as an intoxication it kills. In acute cholera the bacillus is
found only in the intestine and gallbladder after death. All other organs
and tissues are sterile. The intestine is converted into a great culture flask
from which the chemical poison, elaborated by the bacterial growth,
diffuses into the blood, while the water from the blood diffuses into the
flask. This results in the condensation of the circulating blood, the drying
out of the tissues, the suppression of urine, perspiration, saliva and even of
the tears. The cholera poison, irritating the intestinal wall, increases
peristalsis until it becomes most painful and leads to the ejection of large
volumes of rice-water stools. The constant nausea and vomiting render
even drinking quite impossible. Through mouth and anus the culture flask
1s discharged while it is constantly replenished by the withdrawal of water
from the blood and tissue. In the acute form, a few hours suffice to dry out
the tissues so thoroughly that death results. Several cases of laboratory
infection with the cholera bacillus have been reported. The first of these
occurred in Koch's laboratory in 1884. A careless worker infected himself.
Dr. Oergel of Hamburg died from accidental infection with the cholera
bacillus. Some halfdozen additional laboratory infections have been
reported. Besides these accidental infections, several have intentionally
swallowed cultures. The most notable instance of this kind were the
Munich professors, Pettenkoffer and Emerich. They alkalized their
stomachs and then drank the dilute cultures. The former suffered only a
severe diarrhea, but the other passed into the algid stage with suppression
of urine and barely escaped with his life. A similar instance occurred in
Paris under the observation of Metschnikoff. It has been observed in these
cases that the period of incubation is short, from twenty-four to forty-eight
hours. The cholera poison, on which much work, ending in diverse and
even contradictory conclusions, has been done, is probably the protein
poison found in all proteins. Ordinarily this poison is without effect when
given by mouth on account of the slowness with which it passes the



intestinal wall, but with the lumen of the intestine filled with an abundant
cholera culture, the walls are so injured that the poison 1s rapidly absorbed.
The cholera poison is not more active than that obtainable from other
bacteria, both pathogenic and non-pathogenic, also from other proteins
both vegetable and animal. Sources of Infection.—Every case of cholera
means that some one has swallowed bacilli which have come from the
stools of some one else. The route may have been quite short and direct or
may have been long and circuitous. The bacilli bred in the intestine of one
individual may find their way into the mouth of another, or many
generations of bacilli may lie between the two subjects. In all instances,
the connection is sure and certain. This disease spreads in no other way.
The only infected discharges from the cholera patient are those that come
from the alimentary canal. The vomited matter may contain virulent bacilli
but this is rarely the case on account of the great susceptibility of the
organism to acid solutions. Practically the only infectious discharge is the
stool. Among filthy people the stool may go quite directly to the mouth by
the hands. Mothers often infect their children in this way and sometimes it
1s transferred from child to parent.

This contact infection 1s illustrated in the voyage of the Carlo R. which
sailed from Naples, Aug. 1, 1893, for Brazil, with 1,472 steerage
passengers. The ship's water was not infected. On the outward trip cholera
appeared. On reaching South America the vessel was not permitted to dock
and was compelled to return. The double voyage occupied two months and
during this time there were 141 deaths among the steerage passengers.
Scarcely less direct 1s the transference from soiled clothing or bedding or
when the infected stools are deposited on fruits and plants which are
subsequently eaten. The less cleanly people are, the more liable to harbor
this disease.

Before the discovery of the bacillus, Pettenkoffer had observed that, in
its European visitations, this infection spared certain localities. These were
relatively clean places, such as would not afford opportunity for contact
infection. The great outbreaks, such as that at Hamburg in 1892, are due to



infection of the general water-supply. At that time Hamburg used the
unfiltered water from the Elbe. At first there were a few cases among those
employed about the wharves. Finally the pollution extended up the river
and reached the city water-supply. The first case was recognized early in
August and the explosion came on the 20th of the same month and by the
31st the number of new cases per day reached one thousand. Hamburg and
Altoona are one city, but separated administratively. On one side of the
street the houses are in Hamburg and on the other in Altoona. The latter
had a separate and uninfected water-supply and was free from the disease
except among those who drank from the Hamburg Water.

Certain cities 1n Italy, notably Naples and Genoa, have in recent years
been mildly infected and the disease has been kept alive by contact
infection, but their water-supplies being free from pollution, severe
outbreaks have not developed. Suspected persons and their families and
neighbors should be tested by an examination of their stools and kept
under observation so long as these contain the bacilli. A convalescent may
carry the organism in his intestine and expel it in his feces for sixty days
after recovery. Many who do not develop the disease carry the bacilli and
distribute them 1in their stools.



CHAPTER VIII

TYPHOID FEVER

History—In his writings on epidemics, Hippocrates (fifth century B. C.)
describes certain continued fevers with moderate disturbances of the
bowels, much wasting and delirium, lasting sometimes forty days, and
recovering rarely by crisis, more frequently irregularly. These can hardly
be other than cases of typhoid fever. Galen observed similar cases and
described them under the names “hemitritacus” (used by Hippocrates) and
“febris semitertiana.” These names were used for centuries. In the
seventeenth century Spigelius writing under the title “De Febre
Semitertiana” reports necropsies in which spots and sloughs were observed
in the intestine. Similar lesions were found and reported by other Italian
physicians. Near the middle of the same century an English physician,
Willis, made necropsies and observed like changes in the intestine. About
the same time, the father of English medicine, Sydenham, described a
fever lasting from fourteen to thirty days with a tendency to diarrhea,
delirium and epistaxis.

In the eighteenth century many contributions to the knowledge of this
disease were made. Morgagni described the intestinal ulcers, perforations,
and enlarged mesenteric glands and spleen. Tissot of Lausanne gave a
good description of the disease as did Huxham of England. The latter's
picture is sketched in the following words:

The patient at first grows listless and feels slight chills and sudors with
uncertain flushes of heat and a kind of weariness all over. This 1s always
attended by a heaviness and dejection of spirit. A nausea and disrelish of
everything soon follow. Though a kind of lucid interval of several hours
intervenes, yet the symptoms return with aggravation, especially towards
night; the head grows more heavy, the heat is greater, the pulse quicker; a
great torpor or obtuse pain affects the head and is commonly succeeded by



some degree of delirtum. In this condition the patient often continues five
or six days, seeming not very sick; about the seventh or eighth day the
giddiness, pain or heaviness of the head becomes much greater, often
delirium appears with universal tremors and muttering, the tongue grows
often very dry, often very thin stools are discharged; now, nature sinks
apace; the pulse may be said to tremble and flutter rather than to beat; the
sick man becomes quite insensible; and the delirium ends in a profound
coma; and that soon in an eternal sleep.

Up to the nineteenth century all the continued fevers with delirium were
known under the general name “typhus,” which means smoky or cloudy,
and refers to the mental state. Early in the seventeenth century some of the
more observant physicians began to suspect that two quite distinct diseases
were included under the diagnosis of typhus and on this point there grew
up a discussion which continued for two hundred years. In order to gain
knowledge to settle this question, necropsies were frequently resorted to
and most minute and exact studies of the lesions were made. In a medical
way the dispute became partially at least an international one. French
physicians, led especially by Bretonneau of Tours, held that in their
necropsies they found, quite usually, lesions, inflammatory and ulcerative,
in the 1leum, while British physicians for the most part failed to find such
changes.

The great clinicians of Paris in the early part of the nineteenth century
were Trousseau and Louis and these were earnest in presenting their
views. At that time many of the brighter young medical men of this
country went to Paris to continue their studies. There they heard the
lectures and saw the necropsies. Stopping in Great Britain in their visits to
and from Paris, they heard lectures and saw necropsies. In France ulcers
were found in the intestines; in England they were not. In this country
some necropsies revealed intestinal lesions while others did not. It soon
became evident that there were two distinct diseases, differing not only in
the lesions found after death but in onset, progress, and in other respects.
The old name, typhus, was retained for the form without intestinal lesions



and the new term “typhoid” given to that with such lesions. Louis selected
the new name, and 1n giving it he said: “I have long searched for a word to
express the anatomical character of this disease which would not be
disagreeable to the ear, and having failed to find such an one, I have
adopted the expression affection typhoide, as being at least free from
inconveniences.” Bretonneau had used the designation “dothinenterie”
meaning pustule in the intestine. The word “typhoid” 1s unfortunate and
not so good as the English designation “Enteric fever.” The Germans know
it as “Abdominal typhus.” Gerhard of Philadelphia is generally given the
credit of finally settling the dispute concerning the duality of the old
typhus. Valliex wrote in 1839: “Gerhard established for the first time the
very important fact that there can exist, and that there do exist, at the same
time in the same country two diseases that may be clearly distinguished
and in which one can predict during life the lesions which will be found
after death. These diseases are typhoid fever and the true typhus.” Early in
our civil war, medical officers reported fevers which in their opinion
differed from typhoid fever as seen in the north. The first board, appointed
(1861) to investigate this matter, reported that “the fever prevalent among
the soldiers was bilious remittent fever, which, not having been controlled
in 1ts primary stage, has assumed that adynamic type which is present in
enteric fever.” A second board was convened (1862) for the purpose of
revising the sick report. Major Woodward, the chief of this board, insisted
that “the prevailing fevers of the army of the Potomac were hybrid forms,
resulting from the combined influences of malarial poisoning and of the
causes of typhoid fever,” and he insisted that they should be reported as
“typhomalarial fever.” This designation became official July 1, 1862, and
from that time to June 30, 1866, 57,400 cases, with 5,360 deaths. were
reported under this name. While Woodward's designation of the disease
was adopted, his understanding of its nature was quite generally ignored.
He believed it to be a hybrid resulting from coincident malarial and
typhoid infections while the greater part of the profession understood it to
be a severe form of malarial infection. In Woodward's opinion
typhomalaria was quite as severe and fatal as typhoid, because it was
typhoid in one already infected with malaria or vice versa. He also



believed that a trace of scurvy, often unrecognizable until typhoid
infection developed rendered the latter more grave. The majority of
physicians and the laity regarded typho-malaria as a severe malaria, but
much less grave than typhoid; the new term took a part of the sting out of
the diagnosis of typhoid and many a practitioner in the kindness of his
heart, in his desire to spare patients and friends, found the compound word
a welcome subterfuge. With the mobilization of troops in the war with
Spain (1898) the same fever spread rapidly through the camps, small and
large, north and south of the Mason and Dixon line, and was recorded on
sick reports under a multitude of names, chiefly malaria, but often typho-
malaria and many other designations hitherto and subsequently unused.
The board of medical officers appointed to investigate, employing
scientific methods of diagnosis, soon showed that malaria was very
infrequent and that more than 99 per cent of the cases were typhoid.
Among nearly 20,000 cases, 12 of coincident malarial and typhoid
infection were found and even in these the malarial manifestations were
suppressed during the course of the typhoid. A man already malarial is not
immune to typhoid or vice versa, but even in coincident infection there is
no peculiar or characteristic symptom complex. It follows that “typho-
malaria” in any sense 1s a misnomer and should not be used.

Malaria is not the only infection which may be coincident with typhoid.
Cases, though few in number, have been reported in which typhoid has
been coincident with the following: Malta fever, recurrent fever, anthrax,
Asiatic cholera, diphtheria, miliary tuberculosis, scarlet fever, and both
amebic and bacterial dysentery. These facts simply show that the above
mentioned infections establish no immunity to typhoid nor does this
disease protect the individual against other bacterial invasions. Of more
importance are the secondary infections which may develop in typhoid.
The intestinal lesions open ports of entry especially for pus-producing
bacteria, which may develop abscesses in various parts of the body, and
these are slow to heal and difficult to reach.

The Bacillus.—In 1880 Eberth discovered short, motile bacilli in the



spleen and mesenteric glands of those dead from typhoid fever. Four years
later Gaftky isolated this organism and secured pure cultures. An almost
endless amount of research has been devoted to the Bacillus typhosus with
the hope of finding easy means of sure recognition under all conditions.
There is an extensive group of bacilli with the typical typhoid at one
extreme and the typical colon bacillus at the other and with many
intermediate varieties. It is easy enough to distinguish the extremes, but it
still remains quite impossible to locate exactly every member of this
group. The colon bacillus is a normal dweller in the intestinal tract and
causes trouble only when it finds its way into some place where it has no
business. Normal feces contain colon bacilli in great numbers. When the
typhoid bacillus finds its way into man's intestinal tract it 1s likely to
develop typhoid fever. The stool of the typhoid victim is laden with the
Bacillus typhosus. Between the extremes of the typho-colon group, there
are two varieties of the B. typhosus, Paratyphus A and B, B. enteritidis,
mouse typhoid, dysentery bacilli and B. fecalis alcaligenes. A typical
typhoid bacillus 1s highly motile; it does not coagulate milk; it does not
redden litmus milk; 1t forms blue colonies on plates of gelatine colored
with litmus; when grown in whey colored with litmus it produces only a
slight cloudiness and at most only slightly reddens the medium; when
grown 1n fermentation tubes in a solution containing grape sugar it
develops no gas; when grown 1n agar colored with neutral red it does not
change the color or develop any gas; when grown in peptone solutions or
bouillon it does not develop indol. A typical colon bacillus is non-motile;
it does coagulate milk; i1t reddens litmus milk; it forms red colonies on
plates of gelatine colored with litmus; when grown in whey colored with
litmus, 1t produces a marked cloudiness and deeply reddens the medium;
when grown in fermentation tubes in solutions of grape sugar, it develops
gas abundantly; when grown in agar colored with neutral red 1t does
develop gas and changes the color; when grown in peptone solution or
bouillon it develops indol. It will be seen from these facts that it is easy to
distinguish between a typical typhoid and a typical colon bacillus, but



there are varieties of each which may contradict any one of these
statements, while the intermediate organisms differ from one another and
in their own varieties. It follows that only an expert in this line is fitted to
locate exactly the members of this large group of organisms. However,
with proper training one becomes quite expert and the identification of
typhoid bacilli in the stools and urine of suspected cases becomes less
difficult than one would suppose from the above statements. The
recognition of this organism in drinking water remains so difficult in spite
of all the work that has been done that it 1s seldom attempted and the
fitness of a water for drinking purposes is determined by the number of
colon bacilli in a given volume of the water. This is easily done by
counting the number of red colonies which develop on litmus gelatine
plates or on gelatine containing some other color affected by the colon
bacillus in a similar manner. The number of red colonies developing on
such plates 1s taken as an indication of the extent to which the water carries
fecal contamination. If fecal matter from healthy people finds its way into
the water that from those infected with the typhoid bacillus may, and the
only safe procedure is to condemn all waters bearing fecal matter. This
does not mean that the colon bacillus 1n any of its varieties will cause
typhoid fever.

Nothing like typhoid exists so far as we know 1n any of the lower
animals. Moreover, with the possible exceptions to follow, all attempts to
induce a chronic fever with the typhoid lesions in animals by inoculation
with the specific bacillus have failed. Injected in large enough doses it
kills, but without infection. The dead bacillus does the same thing. This
shows that the cellular substance contains a poison, but this 1s true of all
bacteria, both pathogenic and non-pathogenic. Grinbaum claims to have
developed typhoid fever in a chimpanzee and Weinberg reports positive
results with apes infected with certain intestinal parasites, which inflict on
the mucous membrane wounds through which the bacillus find entrance.
While our domestic animals do not become infected with this bacillus,
they may bear it from place to place on their bodies or distribute it in their



excretions. Several cases of accidental laboratory infection and a few
acquired intentionally have occurred. These demonstrate the pathogenicity
of the bacillus for man.

Sources of Infection.—lIt 1s true of typhoid fever, as it is of Asiatic
cholera, that every case of infection is due to the transference of the fecal
matter of the infected either by a short or a long circuit, to the alimentary
canal of another, There 1s, however, this important difference; cholera is
widely disseminated only at certain times and in certain places, while
typhoid 1s well-nigh ubiquitous. Up to the present time there 1s no part of
the world absolutely free from this disease for any great length of time. In
one sense typhoid is a filth disease inasmuch as it is scattered through the
excretions of the human body, especially in the urine and feces. No
wonder that it was thought that typhoid may originate de novo. Now, we
know that this is not true, but until the discovery of the causal agent this
truth was difficult of demonstration. It follows from what has been said
that the prevalence of typhoid in any community is largely determined by
the personal cleanliness of the inhabitants and largely by the method of
disposing of human excreta. In the past typhoid has been the most
destructive disease in armies, miners' camps, exploring parties and
wherever the disposal of fecal matter has been primitive and imperfect.
The dissemination of this disease among our soldiers in 1898 was
thoroughly investigated, and some of the conclusions may be not only of
interest but of value to civilians. During the Spanish war of 1898 every
regiment constituting the first, second, third, fourth, fifth and seventh army
corps developed typhoid. This includes all the soldiers assembled in that
war except those who went to the Philippines and consequently were not
investigated by the board. More than 90 per cent of the volunteer
regiments developed typhoid within eight weeks after going into camp.
The disease developed in certain of the regular regiments within from
three to five weeks after going into camp. These facts negative an old
claim that sudden change from civilian to military life favors the



development of this disease. The disease became epidemic in small and
large camps, in those in the north as well as in those in the south. It had
been held that simply bringing large numbers of men together was enough
in and of itself to cause a typhoid epidemic. Some had argued that change
of climate alone caused the disease. At that time typhoid was so widely
and abundantly distributed in this country, the chances were that whenever
and wherever one thousand or more men should be brought together, an
average of four in this number would reach the camp already infected.
Those who came with the infection would scatter the seeds before the
disease in them would be recognized. The number of cases in the different
camps varied directly with the methods of disposing of the excretions. The
disease was disseminated by contact, by flies and by water. Contact
infection was the most important factor. The grounds were covered in
some places with feces. The men tracked this infected matter into their
tents, soiled the floors, blankets, clothing, and tents. Men were detailed to
act as orderlies at the hospitals where they handled bed pans and otherwise
polluted their clothing and person, and then returned to their mess tents
and handled food for themselves and passed it to their neighbors without
even washing their hands. It was estimated that in some regiments at least
60 per cent. of the cases were contracted through lack of personal
cleanliness and the consequent pollution of clothing, bedding, tentage,
food, etc. Flies served as carriers of the infection. They swarmed over
infected matter in the latrines and then visited and fed on the food prepared
for the soldiers at the mess tents. In some instances when lime had recently
been spread over the fecal matter in the latrines, flies with their feet
whitened with lime were seen on the food. Flies carry the bacilli on their
bodies mechanically and pollute what they subsequently touch and they eat
infected matter, swallowing the bacilli, which they subsequently deposit
with their own excretions. In some camps the watersupply was
contaminated by the natural drainage from the infected earth. At
Jacksonville, Fla., it was probable that infection through inhalation was a
minor factor in the spread of the disease. Change of location did not rid the



soldiers of the infection, because they carried it with them, in their
intestines, on their hands, in their clothing, blankets and tentage. They
even transported the infection with them to Cuba and Porto Rico. These
are fair samples of the dissemination of typhoid not only in military but in
civil life, for the difference 1s only one of degree. Every village is a small
camp and every city a larger one. Typhoid in the past was more prevalent
in military than in civil life because in our more permanent homes we
dispose of our excreta more effectively. Had we not learned to do so,
urban life would have remained impossible as it once was. It must not be
inferred from the above brief account of typhoid in 1898 that our soldiers
were less cleanly or more ignorant than those of other nations. When the
Franco-German war began, every corps of the German army was infected
with typhoid and the second division of the eleventh corps was at that time
suffering from a marked epidemic of this disease. The infection was not
confined to the Prussians, but extended to every contingent of the German
army. The seeds of the disease carried with them rapidly bore fruit,
especially among the troops besieging Metz and later at Paris. Within less
than two months after war was proclaimed typhoid had extended so
extensively among certain divisions of the German troops, notably in the
eleventh corps of the Prussian soldiers and in the Wurtemberg division,
that more than 15 per cent of these commands were sick of this disease.
The total number of cases among the under officers and men in the
German army during the Franco-German war amounted to 73,396, which
was equivalent to 9.31 per cent. of the average strength. The invasion of
France began about the middle of July, 1870. During the second half of
this month the total number of cases in the German army was 345, less
than the average for preceding years of peace. In August the number
perceptibly increased, amounting to 2.6 per thousand, but not enough to
cause apprehension, and up to September it could not be said that there
was an unusual prevalence of the disease. Early in this month 