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PREFACE

Abraham Jacobi once said that pediatrics was the specialty of the gen-
eral practitioner. It is not a narrow specialty, for it deals not with a single
organ or set of organs but with the entire body.

[t is with this view in mind that this set of monographs has been pre-
pared. The present volume, which deals with the communicable diseases
of children, is not written for the specialist but for the practicing physician.
Theoretical and unproved explanations of the etiology and pathogenesis of
some of these disorders have been omitted. The idea is to provide an every-
day, useful and dependable book which can be consulted when the occasion
arises and the salient facts found without reading several pages of discus-
sion of theories, The main emphasis is placed on practical points, not on
theoretical dissertation.

(ne point needs to be emphasized: A child is not an adult in minia-
ture—a small edition of an adult. The general practitioner who holds this
beliet and treats his children accordingly makes a very serious mistake.
The contrast between the young child and the adult is perhaps not so strik-
ing as that of the caterpillar and the butterfly or the tadpole and the frog,
but there are mental, physical and physiological differences which are almost
as great. Shakespeare recognized these differences when he wrote of the
seven ages of man. They must be accepted and understood by a physician
1f he expects to treat children in an intelligent and sympathetic manner.

Imagine if you can a baby projected to the size of a man and you have
a monstrosity with a head one-fourth the size of its body and with the
arms and legs out of all proportion. The internal organs show a similar
contrast. In the first five vears of life the heart nearly quadruples its
weight, due to the development of the heart muscles. Tt is of the utmost
importance that this rapidly growing heart be protected from strain and
overexertion, and especially from the toxic effects and byproducts of the
communicable disease of early childhood. This is one of the reasons why
over 2 per cent of all children reaching school age have some defect of the
heart muscles or valves of the heart. The brain, for example, has a chemical
composition quite different from the adult; its weight in relation to the
entire body 1s 14 per cent, while in an adult it is 212 per cent. The higher
percentage in the child is due to the large proportion of water. The brain
cells differ materially from those in the mature brain and the nerve trunks
are not connected and can not function properly. In fact, the entire nervous

system, including the brain, is in a rudimentary and undeveloped state.
w
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This is one of the reasons why very slight fever or disease toxins give rise
to violent and severe reactions, such as convulsions and delirium. Minor
ailments in the child upset the entire organism more completely than in
the adult.

A golden rule for all physicians who are called to attend sick children
is to treat the child and not necessarily the disease.

The difference between the child and the adult must also be borne in
mind when prescribing drugs. The dose is not calculated by reducing the
adult dose proportionately. The very great activity of cell life and growth,
the more rapid circulation of the lvmph and blood streams and the greater
excitability of the vasomotor system in the child lead to a more rapid
absorption of drugs.

A child, when he reaches school age, enters into the social life of the
community and comes into contact with other children. This opens the
door for contracting the so-called children’s diseases which are discussed in
this volume. Diseases caused hy microorganisms are called infectious. The
process by which they are transmitted is known as infection, and the mode
of transmission as contagion. These terms are synonymous for all prac-
tical purposes, but the word “communicable’” is now in general use to de-
scribe all diseases that can be communicated directly or indirectly from one
person to another.

The syllabus giving our present knowledge of the nature and methods
of control of communicable diseases prepared by a committee of the Ameri-
can Public Health Association and approved by the United States Public
Health Service has been added to each chapter. A brief synopsis of the
public health law requirements and the duties of the physician attending
cases of communicable disease has been included in the discussion of each
disease. The statistical tables were prepared from the official records of
the New York State Department of Health by Dr. Joseph V. DePorte,
Director of the Division of Vital Statistics, and Miss Parkhurst, Research
Assistant. The author has received valuable aid and assistance from Mr.
Burt Rickards of the Division of Public Health Education of the New York
State Department of IHealth, and Dr. Marion Collins, in the compilation
and preparation of this volume. Dr. William E. Lawson, Physician in
Charge, Albany Hospital Tuberculosis Sanitarium, with the assistance of
Drs. H. Dunham Hunt and John K. Degan wrote the chapter on tubercu-
losis. Dr. Edward S. Godfrey, Jr., Director of the Division of Com-
municable Diseases and an epidemologist of international repute, has written
an introductory chapter dealing with the responsibility of the attending
physician in cases of communicable diseases not alone to the patient but

to the community.
Henry L. K. Suaw.



PUBLISHERS’ ANNOUNCEMENT

The publishers take pleasure in presenting to the medical profession the
series of monographs of which this volume forms a unit.

The many inquiries which reached them proved, in advance of publica-
tion, that the work should be in monographic form and clinical in its
presentation.

The series when completed will, they helieve, be the most useful for the
audience for whom it is written, the general practitioner of medicine, that
has been presented in its particular field.

The authors are all men of wide experience and, in the main, teachers.
The combination makes the work authoritative and of the utmost service
in a field which has been often termed a “therapeutic specialty.”
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INFECTIOUS DISEASES OF INFANCY
AND CHILDHOOD

CHAPTER I

INTRODUCTION

EDWARD 5. GODFREY, JR.

The phrase “the practicing physician constitutes the first line of defense
in the control of communicable disease” has become a banality and yet when
a medical practitioner seeks enlightenment of his duties and responsibilities to
local and state governments not infrequently he is met by hazy generaliza-
tions. He is nearly always reminded of his legal obligation to report to the
constituted authorities any communicable disease occurring in his practice
and of his obligation to teach his clientele how to avoid the ills that beset
mankind. The first of these is often an irksome duty and is apt to be
especially so if it is not clear to him just what purpose is served by his fulfill-
ing it; the second is a large order, for all that he can hope to inculcate
are a few general principles, giving particular directions only in particular
cases.

It is important for all concerned therefore that a physician should have
a clear understanding of the principles which guide health authorities and
that the advice which he dispenses be based upon sound doctrine. It should
be remembered that public health administration as well as medicine 1s an
advancing science and that as knowledge increases rules and regulations are
apt to change, to have a sounder reason for their existence and to become
less rule-of-thumb.

In the main these changes tend toward simplification, the elimination of
useless procedures and restrictions and the substitution of investigation and
instruction for the exercise of police power. The passing of terminal fumiga-
tion and the “air-tight” domestic quarantine are instances in point. Other
time-honored customs are also undergoing a critical scrutiny and it is not
improbable that some of them will be modified or discarded as their value is
more accurately evaluated. Tt behooves the practitioner then to keep in
touch with these advances, to be open-minded and willing to form his opinion

on the facts rather than to retain his prejudices. He can do a great amount
1



2 INTRODUCTION

of harm by uninformed criticism of a health department, just as he can do a
great amount of good by proper criticism of unsound practices.

The general practitioner is becoming more necessary than he ever has
been before in the task of securing further reductions in the morbidity and
mortality rates of the communicable diseases. The routes of infection
which expose large numbers of people to these diseases are being cut to
comparatively negligible proportions. Water supplies are more carefully
chosen as to sources and are filtered or chlorinated, or both, to assure the
ahsence of possible infection; milk is now more carefully inspected, and as
the role of the carrier is better appreciated, a greater and greater proportion
of it is being pasteurized. The diseases commonly spread from person to
person, however, can be reached by no such thoroughgoing wholesale
methods. It 1s people who must be dealt with, and although we may deal
with them in the mass we have to remember that the mass is but a collection
of individuals. The average intelligent individual of to-day, while he reads
the “health columns,” listens to health lectures or radio talks and looks at
health movies, usually asks his doctor’s opinion before making up his mind
as to the truth or reasonableness of what he has heard or read. If there is
general professional agreement, public opinion is formed accordingly and this
is the great moving force in public health work of to-day in civilized com-
munities,

It is becoming more apparent as time goes on that the attending physician
must largely abandon the passive attitude he has been wont to take in the
past and assume the aggressive. He must give advice where it is not sought
and so far as he can with decency and decorum, urge the value of services
he is able to render but of which his patients are unaware. The most impor
tant of these services is probably his ability to immunize, actively or passively,
against several of the common communicable diseases of childhood.

At this point it may be well to consider briefly some of the more salient
features of infection and immunity. Infection, or perhaps one may better
say clinical infection, is the result of the overcoming of the bodily defenses
by an invading pathogenic microorganism. The fact frequently lost sight
of is that there is a quantitative as well as a qualitative aspect to the phenome-
non. Although with a few exceptions the factors cannot be measured with
precision yet the amount, as well as the degree of virulence, of the invader is
a determinant on the one hand just as is the degree of resistance or immunity
on the other.

The virulence of an organism may depend either upon the quantity of
toxin it is able to produce or upon the rapidity with which it is able to
multiply in the body as well as upon its ability to penetrate the body’s de-
fenses. Most bacteria have a special athnity for the cells of certain parts of
the body and in some instances produce their characteristic disease only when
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they succeed in reaching and in multiplying in such a focus. Thus the
meningococcus though a not uncommon inhabitant of the nasopharynx com-
monly causes no symptoms whatever while confined to that locality. Let it
penetrate to the meninges, however, and a very serious illness results. Some
bacteria while they have a preference for certain tissues may proliferate
under conditions favorable to them in any part of the body. The streptococ-
cus and tubercle bacilli may be cited as examples.

The ability of the pathogenic organism to multiply with a certain degree
of rapidity is essential to the production of disease. In any case multiplica-
tion must exceed the natural rate of death, but the number must also develop
faster than the increase in the specific defenses called into action by the
presence of the organism, else clinical infection cannot result. Bacteria may
develop more rapidly than the bodily defenses are able to kill them and
vet because the body can form substances that neutralize the toxic products
of bacterial growth faster than the organisms form them the so-called “‘car-
rier condition’ results. The ability of an organism to gain entrance into and
multiply in the body may be spoken of as its invasive power. It is different
from, and may be entirely independent of, its virulence.

Virulence depends upon the organism’s ability to develop products which
are toxic to the tissues. Such toxins may be freely secreted and excreted by
the organism or they may result only from disintegration of the cell. The
former are designated as “exotoxins” or “true” toxins. They are extra-
cellular and soluble and usually give rise to symptoms only aiter a period
of incubation. The toxins of diphtheria and tetanus are the best known
examples of exotoxins. The toxic products of most organisms can only be
obtained by extraction or the disintegration of the cell, such toxins being
designated in consequence as endotoxins, Much less is known about the
“endotoxins” than the “exotoxins” and it is disputed that the former are
specific products of the cell, Vaughan claiming that they are simply cleavage
products of the protein of the cell protoplasm. His claim is that the differ-
ences in the clinical manifestations associated with different organisms are
due to their differing predilections for certain tissues. He invites attention,
for example, to the difficulty of differentiating meningitis caused by the
pneumococcus from that caused by the meningococcus, without an examina-
tion of the spinal fluid. According to this theory, the specificity of the
bacterial cell lies in a non-toxic fraction of the protein molecule and it is
this fraction which gives specificity to the immunity resulting from an attack
of a given disease or following the injection of a given bacterial vaccine.
The virulence of an organism that does not form exotoxins then appears to
lie in its ability to proliferate with great rapidity. Thus a streptococcus is
said to be virulent because it is able to grow so rapidly as to overwhelm with
its disintegration products the defenses it encounters in a number of different
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individuals. With a single individual it might properly be questioned
whether a severe infection was due to virulence in the parasite or lack of
resistance in the host.  The plague bacillus is virulent probably because
comparatively few people have built up any specific defense against it.

The defenses of the body against infection are general and specific. The
former are usually what we mean when we speak of one’s “resistance.”
They operate with more or less efficiency against all infections.  With the
exception of the mechanical resistance offered by the uninjured healthy skin
and mucous membrane and the mechanical, and for some organisms at least,
the chemical effects of the secretions, the factors in resistance are probably
for the most part specific. This specific resistance is what we commonly
think of when we speak of “immunity” and is dependent upon the presence
of certain ferments in the body fluids and upon the ability of certain cells
to ingest and destroy mvading organisms (phagocytosis). In part the
latter is non-specific and to some extent it is dependent upon the non-specific
as well as the specific opsonins in the blood. Opsonin is the name applied to
substances in the blood which so act on a bacterium as to prepare it for
phagocytosis.

While the general “resistance” of the body may constitute the principal
defense against everyday infections and be an important factor in recovery
from the specific infectious diseases, it is the specific substances in the
body fluids which are mainly concerned in immunity. General “good health”
has never proven a reliable defense against specific infections, although there
is little doubt that it favors recovery once infection has been contracted.
This is especially true in the common infectious diseases of childhood.

The specific immune substances fall into two general classes: First, those
that are antitoxic and, second, those that are antibacterial. There is an
important difference in the relationship between the exotoxins and their
antitoxins as compared with the relationship of the endotoxins and the
substances which neutralize them. Antitoxins combine with the correspond-
ing toxins in (approximately) a multiple scale. Thus if one part of serum
will neutralize one part of toxin, one hundred parts of antitoxin will neu-
tralize approximately one hundred parts of toxin. No such scale obtains,
however, in relation to the endotoxins. While a certain small amount of an
immune serum may neutralize a certain small amount of a toxic filtrate,
double the amount of serum will not neutralize double the amount of filtrate.
The amount of serum must increase much more rapidly than the amount
of filtrate and at a certain point neutralization becomes impossible no matter
how much serum is added.

The immune substances of the body are conveniently grouped and spoken
of as antibodies and except for the antitoxins and perhaps the precipitins
they are for the most part antibacterial. Besides those mentioned, they in-
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clude the agglutinins, the opsonins and the bacteriolysins, the first having
the property of clumping bacteria, the second of preparing them for phago-
cytosis and the third of causing their dissolution. These are all for the most
part specific for the homologous antigen, or antibody producer, although they
exhibit their properties in a lessened degree for closely allied species. For
example, the injection of killed typhoid organisms will produce not only
agelutinins for the typhoid bacillus but also in smaller amounts for the para-
typhoid bacilli A and B.

An antigen, as just mentioned, is an antibody producer. If a protein 1s
injected into an animal body it will stimulate the body to produce antibodies
to that protein if the dose emploved 1s not so large as to cause death. The
injection of diphtheria toxin stimulates the body to form antitoxin, the
injection of typhoid bacilli stimulates the formation of typhoid antibodies.
Living bacteria may be used as well as killed ones but as there would be
difficulty in determining a dosage that would with certainty not cause a
clinical infection, killed cultures are chosen. The immunity which people
acquire “‘naturally” to many kinds of infection in the course of human
existence 1s probably mainly due to their contact with antigens in doses so
small as to produce only subcelinical infections. Such contact also presumably
increases the amount of non-specific and group antibodies and raises the
immunity to infections allied to those with which they come in contact.

It cannot be too strongly emphasized that resistance and immunity, and,
conversely, susceptibility are relative terms and that instances of absolute
immunity under all circumstances are very few. Pasteur's experiment of
placing in water a hen which is naturally immune to anthrax, thus rendering
her susceptible to that disease, is a classical example of the relativity of
immunity. Unusually virulent or large doses of infection or entrance by
an exceptionally favorable route may overcome all but the most absolute of
immunities. The dosage as well as the virulence of the infecting organisms
is likewise an important factor in the severity of the subsequent clinical
manifestations. The latter point is very apt to he overlooked and not
improbably is a very important factor in determining the severity of an
attack of measles and possibly of other infections.

Immunity has been classified as natural and acquired. Natural immunity
1s that which is inherent in the species or race. Species immunity is quite
marked for certain infections, such as the immunity of birds and carnivorous
animals to anthrax. The factors are not well understood but diet and
body temperature appear to be important. Racial immunity while quite
marked for some infections in certain varieties of lower animals is less
marked in human beings. A relative immunity is to be noticed, however,
in those races that have been exposed to a disease for many generations as
compared with those into which the disease has recently been introduced.
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Tuberculosis and measles are the classical examples usually cited to illus-
trate this immunity. So far as the latter is concerned it may be pointed
out that immunity to the disease 1s still very rare even among the races that
have been in contact with it for centuries and that the high mortalities
reported among aborigines have been due almost entirely to the unintelligent
care of the sick. It is worth remembering that in the Fiji Islands epidemic
the whole population of a village was often taken sick at the same time so
that each one had to care for himself; that as a result many died of actual
starvation rather than the disease; that for the most part they treated them-
selves in the worst possible way and that the mortality in those few cases
coming under the care of European physicians was but a small fraction of
that among the untreated. In estimating the racial susceptibility to tuber-
culosis of aborigines it must likewise be remembered that their social cus-
toms and living conditions are such as to favor the spread of the disease
among even a relatively immune people. There is need of great caution,
therefore, in forming a conclusion as to racial immunity or susceptibility.

A certain amount of natural immunity is of course inherent in every
one, else none could survive. In so far as it is specific, it is probably entirely
passive, is dependerit upon the antibodies elaborated by the mother and is
usually quite effective against any ordinary dose of infection. A well-
known example of this type of immunity is the immunity of babies to
diphtheria and measles during the first few months of life. Non-specific
natural immunity is probably only effective against small doses of the less
virulent organisms and thus forms the base from which an acquired specific
immunity may be built up with or without recognizable symptoms. This
acquired natural immunity is active; that is, the cells of the individual’s own
body elaborate the immune substances—are active in their production. In
contrast to passive immunity, which lasts only for a few weeks or a few
months at most, active immunity may endure for years or even for a life-
time. Active immunity, as the result of an attack of the disease, has been
recognized for centuries and as the result of an attack of a modified or closely
allied disease, since the time of Jenner. Immunity may also be acquired
artificially, and like the natural it may be either passive and evanescent or
active and enduring. The former is exemplified in the administration of
diphtheria antitoxin to the intimate contacts with a diphtheria case. This
immunity is immediate. Artificial active immunity i1s exemplified in that
resulting from the injection of diphtheria toxin-antitoxin mixture.

It is in his ability to confer immunity upon his clientele that the physician
has one of his greatest opportunities to assist in reducing the incidence of, and
mortality from, communicable disease. He should know the possibilities
and the limitations of substances advocated as prophylactics, urge only those
that are backed by adequately controlled experience and for which there is
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likely to be need, and leave experiment to those who are in a position to
carry it on with adequate controls. There is even less need for his heeding
the brochures of the “biological house” than there is for prescribing drugs
because of clever advertising. These prophylactics are, as a rule, susceptible
to controlled experiment and unless there is general agreement among
qualified investigators the product should be regarded as still in the experi-
mental stage,

This is not to say that a physician is unwarranted in refusing to use an
antitoxin or a vaccine under any circumstances because there is still doubt
as to its exact value. No harm can come from advocating whooping-cough
vaccine in the presence of the disease in the family or in the immediate
neighborhood. He would not be justified, however, in recommending it as
a routine as he would and should recommend vaccination against smallpox
and inoculation with toxin-antitoxin against diphtheria. The two latter are
quite certain to produce an immunity that will prove effective for several
vears against even heavy doses of infection. They materially modify the
disease if the dose is unusually heavy and give a partial protection against
ordinary doses even after so-called “complete” protection has gone. These
prophylactics should be given in very early life for several reasons. Smallpox
vaccination produces less reaction in infancy than later, and if performed
by modern methods leaves a small scar which 1s scarcely visible in adult life.
There 1s also not so great an opportunity for infecting the wound as there
is after the runabout or even the crawling stage is reached and subsequent
vaccinations do not produce the discomfort and possibly the temporary
incapacity that primary vaccinations often do in the older child and adult.
A child may be safely vaccinated on the leg hefore she has begun to crawl
and creep—a practice that is not to be recommended at any later time. The
physician must bear in mind that the type of smallpox prevalent to-day in
Western Europe and the United States is almost never fatal, seldom per-
manently disfiguring and usually causes but little discomfort. We must be
very certain, therefore, that our preventive therapy is correspondingly mild.
The physician should remember too that the fanatical objections to vac-
cination have some foundation in practices common in former years and
that while these practices may once have been unavoidable there is no excuse
for them to-day. It is the physician to-day using a technic recognized as
legitimate only ten or twelve years ago who is apt to bring discredit on
the practice.

Inoculation against diphtheria with toxin-antitoxin should be done in
infancy hecause it is during the first few years of life that diphtheria is
most liable to kill. Despite the great benefit that may be expected from
the early use of antitoxin in adequate doses, the fact remains that from one-
sixth to one-fifth of the children who contract diphtheria before they are
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five years old, die of it. It is immaterial to say that they could have been
saved had this or that been done. Mistakes are being made every day by
parents and physicians in judging the significance of the early symptoms.
There would be few occasions for such mistakes if every infant were given
toxin-antitoxin between the sixth and the ninth month aitter birth.

Aside from the duty of the physician to see that the family contacts of
a case of smallpox or diphtheria are promptly immunized by vaccination
in the one case and a prophylactic dose of antitoxin in the other, he has a
further duty that is quite as important and almost as likely to save sickness
or death. The importance of dosage of infection must be emphasized so
that the family will keep a sick child isolated. If a child s known to have
been exposed to measles or whooping-cough it is usually thought that all
the damage that can be done has been done. Such a belief, if it is to be
acted upon, should be supported by good evidence. As a matter of fact,
there is good reason for believing that so far as measles is concerned dosage
of infection is a very important factor in determining the severity of the
primary disease. A child exposed once for but a brief period and at some
distance will ordinarily have but a mild attack or escape clinical infection;
one exposed day after day to massive doses at short distances will have a
severe or perhaps a “malignant” infection. It seems reasonable to believe
that a similar relationship exists in other diseases and that isolation of the
sick should be insisted upon even though an effective exposure has probably
already taken place. Such isolation is the duty of the attending physician
quite independent of any law or of any further measures that may be taken
by the health department to protect others outside the family.

This brings us to the duty of the physician to report to the health depart-
ment diseases classed as notifiable. The question i1s often asked: “If I see
to it that the patient is isolated, that no one leaves the premises who can
carry the infection, why should T make a report? The health department
can do no more than I have done except possibly to put up a placard.”
Placarding, which is often looked upon as one of the most important func-
tions of the health department, is probably one of the least useful. It often
is merely a gesture in response to the demand that, if the physician takes
the trouble to report; the health officer must do something about it. The
placard is an easy and not very intelligent way of “doing something.” It
15 time-honored, respectable and impresses the laity. If it is all that a bealth
department can do either for lack of funds or time or intelligence, it is per-
haps better than nothing. There are better reasons for requiring reports,
however, and they may not involve restricting or advertising the affected
family at all.

et us suppose that a child has developed whooping-cough or measles.
He got it from some other case or carrier of that disease and he probably
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has given it to some one else before he has been isolated. The source to
which he was exposed may have caused other cases which in turn may be
exposing still other susceptibles. The tracing of other possible cases is
usually much more important than the strictest of “quarantines” for the
known case. In smallpox such contacts should be vaccinated or held under
observation ; in diphtheria it may be advisable to give a prophylactic dose
of antitoxin, or an atypical case may be recognized and properly treated
before the toxin has heen bound by the tissues. In measles the neighbor-
hood may be canvassed and the parents of possibly exposed children warned
of its danger to the very young so that they will be put to bed and placed
under competent care from the onset of the fever, or convalescent serum
may be given to poor risks that have been definitely exposed. Something
of the same kind may be found feasible in whooping-cough and scarlet
fever ; diseases in which the case fatality rates are still high in the first few
years of life.

The pediatrist and general practitioner share with the health officer
the opportunity to advance our knowledge of the occurrence of the infectious
diseases of children through observing, recording, collecting and tabulating
certain rather simple facts. The observing and recording are the functions
of the practitioner ; the collecting and tabulating that of the health officer.
It also devolves upon the latter to analyze and interpret the tabulated figures,
although every one is free to draw his own conclusions once the facts have
been assembled in an intelligible set of tables.

Of course any practitioner in the course of time can collect and tabulate
his own recorded observations, but these are apt to be of less value than
those received from varied sources because of the likelihood of their being
more or less one-sided. Infectious diseases among the rich differ quite
decidedly from the same diseases among the poor. They are more likely to
be fatal among the latter, partly due to the earlier age at which they are
attacked, partly to the less favorable environment and to the less prompt and
less intelligent care which they receive when taken sick. Few if any
physicians have practices which represent a true cross section of the com-
munity. He is almost sure to have a preponderance of cases from one
class or another as compared with the relative number of persons of that
class in the community. His experience will be colored accordingly.

It is important, therefore, that the physician report even for the report’s
sake and that he be not too urgent in his demands that the health depart-
ment “‘do something about it.”



CHAPTER II
SCARLET FEVER

Definition.—Scarlet fever is an acute communicable disease occurring
most frequently in the first decade of life. It is characterized by sudden
onset, vomiting, sore-throat, fever. These symptoms are shortly followed
by a generalized scarlet cutaneous eruption, after the subsidence of which
desquamation occurs,

Synonyms.—Scarlatina, Scharlach, la scarlatine,

Historical.—There can be no question that the disease has existed
from time immemorial but it was not clearly differentiated until 16576, when
Sydenham applied the term scarlet fever to distinguish it from other fevers
characterized by a rash. Up to that time measles, diphtheria and scarlet
fever had been grouped as one disease. A remarkably accurate description
of this latter disease was written in 1730 by a Boston physician named
Douglass. The title of his pamphlet was “The Practical History of a New
Epidemical Eruption Miliary Fever with an Angina Ulcusculosa Which Pre-
vailed in Boston, New England, in the Years 1735 and 1736.”" Bartlett in
1810 claimed that this treatise was the first real contribution of America
to the medical literature of the world. Weaver found that Douglass was
born in Scotland in 1695 and settled in Boston in 1720, where he died in
1752. He recognized the epidemic character of the disease and traced the
course of an epidemic in Boston and through New England. Boston at
that time had a population of about twelve thousand and of these about
four thousand contracted the disease. The mortality rate was not very
high as only one in thirty-five died, which compares very favorably with the
mortality rate of the present day. He recognized the principal symptoms
as well as the complications and described mild as well as severe cases.
Benjamin Rush studied an epidemic in Philadelphia in 1783 and since that
time a vast number of articles have appeared in medical literature describing
epidemics, theories regarding the cause of the disease, its pathology, etc.
There was much confusion between scarlet fever and diphtheria which was
not cleared until the recognition of the Klebs-Liffler bacillus and a ready
method of its bacteriological diagnosis of diphtheria had been introduced
and made available to the general practitioners of medicine,

Etiology.—Children are much more susceptible to scarlet fever than

adults but there is a natural immunity to this disease in a large number of
10
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persons. Possibly less than hali who are exposed will contract scarlet
fever. That members of certain families are more susceptible than others
is proved by the fact that during an epidemic in which most of the cases
are extremely mild all the children in these susceptible families may develop
severe cases.

Age~—Infants under one vear of age are seldom infected but this may
be due to the fact that they are not exposed to such an extent as older
children. When yvoung infants contract scarlet fever the mortality is very
high. Statistics show that about one-half of all cases occur in children from
three to seven vears of age. After the tenth year the susceptibility declines
and adults rarely contract the disease.

Occurrence.—Epidemics are more frequent in the winter and early
spring. The lowest incidence is in midsummer. Cases occurring during the
winter months are apt to be more severe. This seasonal variation is undoubt-
edly due to closer indoor association and greater opportunity for exposure.
Older children who may be exposed in school carry the infection back to
their homes and infect younger brothers and sisters. In winter also there
is liable to be more crowding and less ventilation in homes, schools, theaters
and churches. At this season colds and catarrhal affections of the throat
and nose are frequent and this undoubtedly increases susceptibility to
infection.

Race—There seems to be a racial immunity among negroes, for the
official United States Census Statistics show that the mortality 1s much less
among the black than the white population. Dublin, from the Metropolitan
Life Insurance Company statistics, found that the death rate among the
colored race was about one-fourth that of the white.

Bacteriology.— There is no question but that scarlet fever is caused by
a specific organism or virus. DBy analogy to other communicable diseases
whose specific organism is known, scarlet fever must be transmitted by
contact with carriers or individuals i1l with the disease. Up to this date there
has been no definite and positive identification of this organism. There
has been a tremendous amount of investigation and research work, the his-
tory and description of which would fill volumes. The role of hemolytic
streptococei has been studied for many vears and almost all observers have
been impressed by the constant presence of this type of organism in the
throat and often in the blood stream. Maer, in 1899, isolated over thirty
different strains of streptococci from blood taken from fatal cases of scarlet
fever. Many recent observers have obtained toxins from streptococci grown
from cultures taken from the throats of scarlet fever patients. These toxins
have been neutralized by convalescent serum. The streptococei belong to a
distinct biologic group known as “f-hemolytic.” Dick and Dick claim to
have been able to reproduce the disease in humans by inoculations of this
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streptococcus.  The claim is made that the scarlet fever streptococcus differs
from those obtained from other diseases. Hektoen, who has made a care-
ful study of the bacteriology, is doubtful whether a definite and positive
result has been found. Nevertheless great advance has been made in the
past five years and it is not unwarranted to hope that in a short time we shall
have the same control over scarlet fever as we now have over diphtheria.
Epidemiology.—\ith our recognition of the presence of the infective
agent in the secretions and excretions of cases of scarlet fever we can
determine the wavs and manner by which it may spread. Not alone from
our knowledge of the bacteriology but from clinical experiences there can
be no question that the infecting agent of scarlet fever is present in the
secretions from the respiratory tract, discharges from the middle ear, mastoid
and from suppurating glands. The old belief that the disease was spread
from the desquamated scales of the skin has been discarded. Healthy
carriers play an important part in the spread of scarlet fever. Toys, cloth-
ing, books, bedding, etc., when contaminated by discharges of infected
persons may be occasionally responsible for the dissemination of this dis-
ease. The domestic fly and perhaps other insects may carry the disease to sus-
ceptible persons. The only food which seems to convey scarlet fever is milk.
A large number of widespread epidemics have been found to have been
caused in this manner. Such outbreaks have been studied with great care
and the role of the infected milk has been defmitely and thoroughly proved.
A scarlet fever patient, convalescent or carrier handling milk may readily
infect it either during the milking or the bottling process. There is absolutely
no reason to believe that air can carry dry germs in a virulent form, for
drying rapidly kills bacteria. Close contact with a patient seems to be neces-
sary in order to become infected. It is extremely doubtful if the infecting
agent can be transmitted by a third unaffected person. The tenacity of the
virulence is variable and it seems capable of living a long time, for instances
have been reported where it was capable of infecting healthy Hllfiﬂ'E[lfih]CJ
persons after 133 days. It is difficult to destroy and resists most attempts
of popular methods of disinfection. The period of highest infectiveness is
just before the onset of acute symptoms. It is capable of being spread for
months if there is a persistent discharge from the ears or nose. The mode
of entrance of the germ is not definitely known, but a large amount of
evidence points to the upper respiratory tract, especially the tonsils. From
here it spreads through the entire system. In surgical scarlet fever the
infecting agent enters through the open wound. :
Pathology.—There are no gross pathological lesions found in scarlet
fever and very little is found postmortem which is characteristic of the
disease. The skin shows an acute dermatitis with areas of erythema and
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minute hemorrhages. This dermatitis is followed by death of the affected
skin, which results in dequamation. The mucous membrane of the nose,
mouth and throat shows a catarrhal inflammation which may be so severe
as to become membranous or even gangrenous with destruction of the under-
lying tissues. The inflammation may extend to the middle ear, nasal sinuses,
mastoid cells and even the meninges. The lymph-nodes in the region of
the neck are frequently enlarged and may go on to suppuration. The
axillary glands and those in the groin are also enlarged. This hyperplasia of
the lymph glands i1s more marked and frequent in children. The visceral
lesions are degenerations due to the action of the toxin, those in the kidney
being of great importance. In the early stage there 1s simple degeneration
and it may later develop into an interstitial nephritis. A true glomerulo-
nephritis may develop in the third or fourth week. The cells of the con-
voluted tubules undergo destruction and desquamation. There may be
complete recovery from these lesions or it may develop into a chronic
nephritis, It 1s remarkable how some patients whose kidneys were thus
permanently injured have lived many years without any discomfort or
symptoms of chronic nephritis.

SYMPTOMS

The symptoms of a typical case of scarlet fever are: Sudden onset,
sore-throat and vomiting, rapid rise of temperature, early appearance of an
erythematous rash, enlargement of the cervical lymph-nodes, and a peculiar
appearance of the tongue. Dut scarlet fever presents more variations in its
manifestations than any other eruptive fever.

Incubation Period.—The incubation period is short, the majority of
cases developing in from two to five days after exposure. Cases showing
symptoms twenty-four hours after exposure are occasionally seen. On the
other hand, symptoms so rarely develop in the second week after exposure
that eight da‘}'s is considered the limit of liability of attack. In cases reported
as occurring two weeks after exposure some more recent avenue of exposure
has doubtless been overlooked.

The Onset.—The prodromal stage is short and is likely to be overlooked,
especially in children. An unexplained attack of severe vomiting usually
marks the beginning of the disease. This symptom, which seldom persists
beyond the first day except in toxic cases, is almost constant in young chil-
dren but may be absent in older children and adults. Chilliness or rigor may
be present at the onset and in young children a convulsion is not uncommon.
Diarrhea occurs at times.

Sore-throat is a constant and early symptom without which a diagnosis
should not be made. This is accompanied by a rapid rise in temperature
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and the usual subjective accompaniments of fever; prostration and muscle
pains are noted.

The Temperature.—The temperature rises rapidly from the onset and
may, within thirty-six hours, attain its maximum of 100° to 104° or
105° F., depending upon the severity of the attack. The highest point is
commonly at the height of the eruption and it continues high with slight or
moderate remissions until the eruption begins to fade, then falls in a stairlike
manner, reaching the normal level in a week to ten days. A variation in this
characteristic curve 1s usually an indication of complications. Very mild
cases are almost apyretic. In hospital and private practice the initial rise is
not often observed as usually the temperature is almost at its peak when the
patient is first seen.

Pulse and Respiration.—The pulse is accelerated out of proportion to
the elevation of the temperature. A rate of 130 to 140 is common and one
mounting to 160 in a young child does not necessarily mean a bad prognosis.
Respiration 1s little affected.

The Eruption.—The eruption usually appears within twenty-four hours
of the initial vomiting, but it may appear as early as twelve hours or it may
be delayed in rare cases to the fourth or fifth day. It is usually well de-
veloped by the second day, continues from four to six days and then sub-
sides gradually. It begins on the sides and the front of the neck and spreads
rapidly downward. When fully developed 1t is most marked on the neck,
back and chest, particularly in the axillary region, the abdomen, groin, the
inner surface of the thighs and the buttocks. The typical eruption does not
usually invade the face, but when it is involved it is limited to the bridge of
the nose, the temples and the forehead. The cheeks are deeply flushed and
the area around the mouth becomes dead white which gives the striking and
characteristic picture of circumoral pallor. Viewed from a distance and in
bright daylight the patient presents the picture of flushed cheeks, marked
paleness about the mouth and the body painted a bright red. Close examina-
tion shows the rash to consist of minute points of bright red upon a
hyperemic skin. In places they become confluent, forming bright red areas,
while if the puncte are widely separated the skin may be normal in color
between them. The skin in brunettes becomes a dusky red and in negroes it
is rather bluish. There may be papules of sufficient elevation to impart to the
fingers a sensation of roughness resembling goose-flesh. Tiny vesicles may
be observed especially in front of the axilla and on the abdomen. Below
the knees and elbows and involving the hands a blotchy appearance resem-
bling measles is sometimes seen. Petechial areas, even in mild cases, are
sometimes present, often upon the dorsum of the feet or any area subject to
pressure.,

Special diagnostic signs for the eruption have been described, many of
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them of little value. The efflorescence fades upon pressure, due to its
hyperemic character, but immediately reappears except in cases where the
circulation is feeble, when the outline of the hand remains for some time.
The rose-colored linear exanthemata, two to four in number on the anterior
surface of the elbow, designated as Pastia’s sign, are nearly always present
and are of diagnostic importance.

The great varation in the time of the appearance of the eruption and
its distribution renders diagnosis difficult. That scarlet fever may be present
without any noticeable rash appears evident from the number of cases of
sore-throat which are coincident with an epidemic of scarlet fever. Occa-
sionally the rash appears only on the lower part of the body. The eruption
may spread rapidly downward from the chin and involve the lower extremi-
ties by the end of the first twenty-four hours or the courte may be much
slower and that on the upper part may begin to fade before it has reached its
height on the lower part of the body. The eruption usually lasts from four
to five days and a yellow staining often remains after the eruption fades.
Slight eruptions which last less than twenty-four hours are probably not
scarlet fever,

The Tongue.—The progressive changes that take place in the appear-
ance of the tongue are of great diagnostic importance. Nicoll describes
these as follows: “At the end of the first day of the disease the tongue is
covered with a grayish white coating, and on the second day the tip and
edges begin to shed their coating and present a red boundary line to the
white center. The coating is now pierced by numerous red swollen papillz.
During the third day the process of desquamation continues; on the fifth and
sixth day it is practically complete, except usually for a slight remaining
coating in the back median line, and there is presented the typical strawberry
or cat's tongue, brilhantly red, dotted with swollen and protruding papillz.
These gradually subside, leaving a smooth, glazed tongue with little or no
coating, comparable in appearance to raw beef, after which the normal
coating returns. The appearance of the strawberry tongue may be delayed,
and in many cases the evolutionary process is not so definitely or clearly
marked as has been described.”

The Throat.—The primary lesion of scarlet fever is in the throat and
without some inflammatory changes there the diagnosis cannot be made.
There is, however, no typical scarlet fever throat. All grades of inflamma-
tion from moderate pharyngitis to a membranous or even necrotic process
are possible. Early in the disease inspection of the throat reveals redness
and swelling of the palate, uvula and tonsils. Usually the uvula is red and
edematous and upon the reddened palate puncte of darker red, charac-
teristic in appearance, are discernible before the rash has appeared upon
the skin. The tonsils are swollen and exhibit spots of creamy or grayish
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exudate due to the streptococcic involvement. There may be few subjective
symptoms, or on the other hand the changes may be so marked as to con-
stitute the chief element of suffering. Pain on swallowing, tenderness behind
the angle of the jaw and enlargement of the cervical lymph-nodes are usual.

The Desquamation.—lollowing the disappearance of the eruption,
usually at the end of the first week, desquamation begins.  As already noted,
the process begins on the sides of the tongue. On the skin the cuticle is
first shed from the sides of the neck and the ear lobes in the form of powdery
scales. The miliary vesicles become centers of areas of desquamation which
spread centrifugally to form irregularly rounded patches with rounded
margins. The scales may be powdery or of considerable size. The process
proceeds downward over the chest and back. Upon the hands the first
break is seen at the free margins of the nails. The skin of the fingers and
palms is shed in large thick masses and may even be cast off as a complete
glove. The feet are involved later. The entire process extends over a
period of three weeks or longer, and occasionally a second desquamation
follows the first.

Other Symptoms.—Cases of moderate severity at times show marked
restlessness and even a mild delirium at night. This is not of particularly
grave significance. The wrine, which during the febrile period is scanty and
dark-colored, may show a trace of albumin and a few blood-cells and casts
even in the absence of actual nephritis. The blood shows a marked poly-
morphonuclear leukocytosis, 15,000 to 30,000, which attains its maximum
at the height of the rash. The [lymph-nodes of the axillze and groin as
well as those of the cervical region are almost always enlarged.

TYPES OF THE DISEASE

The diverse manifestations of scarlet fever make a description of the
usual types desirable. Cases range in severity from those so mild as to leave
diagnosis in doubt until desquamation begins to those so overwhelming in
toxemia that death terminates the case before the characteristic symptoms
of the disease have time to develop.

Ordinary Type.—The usual case of moderate severity is ushered in by
a rapid rise in temperature, vomiting without apparent cause, soreness and
congestion of the throat. The temperature climbs to 104° to 1057 F. in
the first twenty-four hours, while the pulse rate runs from 120 to 160. The
throat becomes red and edematous and a punctate eruption spreads over
the soft and hard palate. The tongue is heavily coated, except at the edges
which are bright red and show enlarged papillie. By the second day the
eruption is well developed on the neck and chest, the cheeks are flushed
and the area around the mouth is white. As the disease progresses the
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eruption spreads downward. The lymph-nodes of the axillie and groin are
palpable by the second or third day. The temperature falls a little daily
until the normal level is reached in a week or ten days. The tongue
desquamates, the rash fades and the cuticle is shed from above downward.
The patient 1s left weak and anemic, and still subject to late complications,
hut 1f these do not intervene he rapidly regains health.

Mild Type.—Cases which are without doubt scarlet fever hut are so
mild as to be likely to escape detection were it not for the history of exposure
are frequently observed in connection with other cases in a family or institu-
tion. In such cases the rash is so poorly developed as to be difficult to
recognize, but it persists for at least twenty-four hours. The throat may
show only a mild pharyngitis, the temperature be but slightly elevated,
although it may reach 101° or 102° I'. for a short time, and the pulse be
more rapid than should be expected from the temperature. In due time
a desquamation confirms the picture of scarlet fever.

Toxic Cases.—The classification of toxic, septic and malignant scarlet
fever is largely one of the degree of an intense septicemia. A severe
toxemia may be inferred to be an individual response to the infection rather
than due to an especially virulent organism since toxic cases occur during
the prevalence of a mild epidemic. In the so-called malignant cases the
patient is overwhelmed by the toxemia before the typical symptoms of
scarlet fever have time to develop. There are chills, intense headaches,
frequent vomiting and a severe diarrhea. The fever is high, the pulse rapid
and thready, but the rash is not typical as the entire skin appears congested
and bluish and petechiz are observed in various parts of the body. Convul-
sions and delirium in children are the rule. Death terminates the case in
from twenty-four to thirty-six hours after the temperature has reached an
extremely high level.

Septic Scarlet Fever.—This type owes its characteristics to the asso-
ciated organisms, usually hemolytic streptococei. These organisms, which
are commonly present in the throats of scarlet fever patients, develop marked
virulence in some cases. A conspicuous swelling begins in the tonsils which
show patches of grayish white or yvellow exudate. Culture of these patches
reveals various types of streptococei. The surrounding tissues of the
pharynx are swollen and red and an intense inflammation involves all the
glands” and tissues of the neck which become tense and swollen. As the
disease progresses the pharynx and nasopharynx become ulcerated and a
mucopurulent, often bloody secretion is discharged from the nose and
throat. The pain in the throat is so intense as to interfere both with breath-
ing and swallowing. From the throat, extension of the infection to the
middle ear and mastoid takes place early in the disease.

The eruption in this type does not differ from the usual case of scarlet
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fever, but secondary rashes sometimes appear. The temperature 1s high and
remains so while the throat involvement lasts. There 15 a marked leukocy-
tosis and blood cultures may show streptococei.  This septic type i1s more
liable to affect children than adults. The picture is that of a child critically
ill, and restless or delirious. Death may be due directly to general septicemia,
failure of the circulation or a secondary bronchopneumonia,

Surgical Scarlet Fever.—Cases of apparent scarlet fever which follow
closelv upon some mechanical injury such as burns, lacerations, vaccinations
and delivery occur in hospitals and private practice. Some of these cases
are pure coincidences, others may have rashes due to toxic substances
absorbed from wounds, to chemical agents used as antiseptics or they may
be produced by bacteria which are not the organisms of scarlet fever.
Excluding all such doubtiul cases there still remains a residue which develops
the typical symptoms of scarlet fever, sore-throat, leukocytosis, fever and
subsequent desquamation as well as the typical rash. The mechanism of
the infection i1s conjectural, but it seems probable that the organisms gain
a foothold through the weakened resistance of the injured skin or mucous
membrane. These cases scem to bhe especially likely to follow operations
on the nose or throat or for cleft-palate.

DIAGNOSIS AND DIFFERENTIAL DIAGNOSIS

Diagnosis of the typical case of scarlet fever presents few difficulties.
The symptom-complex consists of sudden onset with sore-throat and vomit-
ing, rapid rise of temperature and a disproportionate acceleration of the
pulse, the early appearance of an eryvthematous rash and the peculiar appear-
ance of the tongue. However, many atypical cases of scarlet fever occur
and other conditions resemble scarlet fever so closely that the experienced
physician at times encounters difficulties and is forced to a careful weighing
of evidence of history, symptoms, appearance and clinical course.

In measles the catarrhal svmptoms predominate in the eves, nose and
bronchi, while the throat is little affected. The strawberry tongue is absent,
but the eruption of Koplik's spots on the buccal mucous membrane can he
detected before the rash appears. The later appearance of the rash (usually
the fourth day) and its papular and blotchy character aids in the differentia-
tion. In many places it is surrounded by areas of healthy skin and the area
around the mouth is not spared. There is no leukocytosis,

In rubella the incubation period is longer, the invasion is mild without
vomiting, the throat is only slightly sore and the catarrhal symptoms are
usually slight. The postcervical glands are enlarged. The rash appears
first on the face, is commonly fleeting and consists of discrete rose-red spots.
The desquamation is negligible. There is no leukocytosis.
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Diphtheria may be suspected on account of the false membrane which
forms in severe cases of scarlet fever or conversely diphtheria may suggest
scarlet fever when it is accompanied by an erythema. Furthermore the
two diseases are sometimes coexistent. The false membrane of diphtheria
is thick, grayish white and firmly adherent, throat cultures show the presence
of diphtheria bacilli and the rash is transient. The strawberry tongue does
not occur in diphtheria.

Acute follicular tonsillitis begins abruptly with a high temperature but
the tongue is not red and papillated and if an eryvthema occurs it is limited,
transient without punctation and is not followed by desquamation.

Septicemia may be accompanied by an erythematous rash but there are
also evidences of local suppuration and the fauces and tonsils are not
swollen.

Ervthema scarlatiniform is a condition of unknown origin but probably
related to a disturbance of the gastro-intestinal tract. The eruption is
irregularly distributed, is erythematous, but not scarlatiniform in appearance
throughout. There may be an initial chill and slight fever but on the whole
the constitutional symptoms are mild. There is usually a history of a
previous attack. There is early and profuse desquamation.

Drug eruptions such as those caused by quinin, copaiba, the various coal
tar products and antitoxic sera are not usually generalized and are not
associated with sore-throat and strawberry tongue. Erythemas associated
with a digestive disturbance in young children are often very suggestive of
scarlet fever, except for the transient nature of the rash.

Skin Blanching Test.—Shultz and Charlton in 1918 described an
intradermal test which has proved to have undoubted value in the diagnosis
of scarlet fever. They found that if the serum of a person convalescent
from scarlet fever was injected into the skin of a patient with acute scarlet
fever it would produce a small area of blanching or local cure at the site of
injection. This phenomenon did not occur when the suspected rash was
due to causes other than scarlet fever,

There is no question but that many cases of streptococeus infection asso-
ciated with sore-throat have been diagnosed and treated as scarlet fever by
experienced physicians. The blanching test affords a means of arriving
at a definite diagnosis. While it is not an absolutely dependable test, yet
it is of great diagnostic value in many doubtful cases.

The technic of the test is simple and the serum can be obtained from
many state health laboratories as well as from commercial houses. From
Y2 to 1 cc. of serum is injected intracutaneously where the rash is well
marked. The injection is made in the same manner as the Schick test
but is given in the skin of the chest, abdominal wall or thigh. The white
area appears in a few hours and may persist until the general rash fades.
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COMPLICATIONS

Were it not for the possible complications, a simple case of scarlet fever
would not be feared and dreaded. Complications follow or accompany fully
40 per cent of all cases of scarlet fever.

Adenitis.—There is some enlargement of the cervical lymph-nodes in
every case of scarlet fever. In severe cases the swelling is more pronounced
and may terminate in suppuration, associated with a secondary rise in tem-
perature. The glands enlarge while the throat is still inflamed and may not
develop until a week or ten days after the onset of the disease. [f an
abscess forms it may break spontaneously if not incised or may perforate into
the pharynx. Suppuration occurs in about 3 per cent of cases. The infec-
tion may pass into the tissues surrounding the glands and cause great
swelling and induration of the neck and cervical tissues. The ears are
surrounded by the mass of swelling and the eves are swollen and edematous.
There is general sepsis and the tissue shows a diffuse necrosis with no
formation of pus.

Otitis media and Mastoid.—The middle ear is infected in a large
percentage of cases, and infection 1s especially frequent in young children.
It is usually present in cases in which there is a marked involvement of the
throat. The frequency of this infection varies in different epidemics. It
most often appears about the end of the first week but it may not be seen
until late in convalescence. The attending physician should make a daily
inspection of the ear-drums and on the first appearance of a bulging mem-
brane he should make an early incision. The discharge is at first muco-
purulent, later purulent, and is liable to continue for weeks or even months.
As a rule both ears are affected. There 1s usually no permanent impairment
of hearing but when it occurs in young children deaf-mutism may result.
In these cases the ossicles and tympanic membrane are destroyed. Of cases
of deaf-mutism about one in ten results from otitis following scarlet fever.
The mastoid is involved in a small percentage of cases secondary to otitis
media and should be suspected if there is pain and tenderness back of the ear.

Kidneys.—A transient albuminuria is present in a large number of
cases especially when the fever is high. Tt is the result of the temperature
and does not necessarily mean that the kidneys are involved. This albumin-
uria occurs during the height of the acute symptoms and casts and blood
may be found in the urine which should be examined daily during the acute
stage of the disease and at least once a week for the following month.
Nephritis is one of the most frequent complications of scarlet fever in
young children. It appears most frequently from the second to fourth week,
is usually an acute diffuse condition with more or less involvement of the
glomeruli of the kidneys, and is called postscarlatinal nephritis. The onset
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is usually abrupt with a rise in temperature, sometimes convulsions, vomit-
ing, and suppression of urine, with or without dropsy. It may, on the other
hand, be gradual with increasing anasarca. The urine is diminished in
quantity, dark in color and contains blood, albumin and casts of all varieties.
Later the color becomes lighter and there is less blood and the amount of
albumin and casts is diminished. Edema is present in most of the cases
and the patient becomes anemic. The systolic blood-pressure is increased.
Headache is a frequent symptom. A severe attack of postscarlatinal
nephritis may follow a mild attack of scarlet fever. Some authorities believe
the onset of nephritis is dependent in some degree on the diet and that
children who are kept on a mild diet are less apt to have involvement of the
kidneys. Catching cold and exposure to drafts during convalescence are
probable factors in producing the condition.

The course of the nephritis depends on the age, constitution and the
treatment the child receives. The symptoms may only last a few days and
the case terminate in a quick and complete recovery. Permanent recovery is
the rule even when the nephritis lasts several weeks for it 1s rare to have
the kidneys permanently damaged as a result of this complication. The
most dangerous symptom is uremia which may develop rapidly with or
without suppression of urine. Death nearly always results from the con-
vulsions caused by uremia. A small percentage of the cases becomes chronic.
Children who have had postscarlatinal nephritis are more susceptible in
later life to affections of the kidneys.

Arthritis.—FPains in the joints are not at all infrequent and vary in
different epidemics. They may occur during the eruptive stage or in the
second or third week. Arthritis is infrequent in children under four vears
of age. In this it resembles acute articular rheumatism but the endocardium
is very rarely affected. The joints of the hand, wrist, elbow or knee are
most frequently involved, and usually several joints are attacked simul-
taneously. There is a rise in temperature preceding or accompanying the
joint pains. The joints are swollen and tender on motion and on touch.
The condition may last only a few days or may be prolonged for several
days. Blood cultures in a series of these cases were sterile. The chronic
cases may result in permanent disuse of one or more joints from thickening
and ankylosis. Acute enlargement of the joints may be of septic origin and
go on to suppuration. The large joints are generally the ones involved
and the lesions are apt to be multiple.

Heart.—Heart murmurs are frequently heard during the acute stage
of scarlet fever. These are purely functional and disappear entirely during
convalescence. In the septic cases a true endo- or peri-carditis is apt to
develop with a fatal termination. Permanent injury to the endocardium
even in cases associated with arthritis is rare. Pericarditis is occasionally
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met with. The murmurs heard in the acute stage are the result of myocardi-
tis but they disappear after a few days of rest in bed.

Lungs.—The lungs are rarely involved in scarlet fever. Broncho-
pneumonia is only found in septic cases or long-continued illness which 1is
the result of other complications. In this respect scarlet fever differs from
measles. Pleurisy with serous effusion may occur in voung children but
in older children the effusion is more frequently purulent in character.

Digestive System.—Vomiting is a characteristic symptom of the onset
of scarlet fever and it may persist for several davs. Complications on the
part of the alimentary tract are not common or characteristic of the disease.
Diarrhea 1s more frequent than constipation. The tongue at first 1s coated
but in a few days becomes shiny red with enlarged papillze, the so-called
strawberry tongue. There may be an ulcerative stomatitis with bleeding
gumns and loosening of the teeth. In rare conditions, more especially in
institutions and asylums, this stomatitis may develop into gangrene involv-
ing the mucous membrane of the cheek. This is more frequent after measles.

Blood.—A secondary anemia is present in all of the severe cases and
lasts well into convalescence. There is reduction of 20 to 30 per cent in
the hemoglobin and about a million in the red cells. A leukocytosis is
present which is most marked in the first week of the disease. This may
reach to twenty-five or thirty thousand. During this stage the eosinophils
are decreased while the polymorphonuclear neutrophils are increased.  After
the first week the percentage of eosinophils increases. In malignant cases
there may be no leukocytosis and no increase in the eosinophils. The blood
findings are of value in diagnosis. TFatal hemorrhages from eroded blood-
vessels in the neck, ear, nose and throat have been reported.

Scarlet fever may be complicated by other infectious diseases, for any
one or more of the communicable diseases may appear in the course of the
disease. The most frequent is diphtheria. It may be of the nasal type or
involve the throat or larynx. It is a dangerous complication and may escape
recognition as the discovery of its presence is only possible by culture and
the finding of the Klebs-Loffler hacillus. Every case of scarlet fever in
which a membrane is present should be cultured. The rapidly extending
use of toxin-antitoxin will reduce the danger of this complication. Prompt
recognition and use of antitoxin is necessary to prevent death by diphtheria
and general septicemia.

Measles complicating scarlet fever is a serious condition especially in
infectious disease hospitals and children’s institutions. When it develops
in a child already weakened from scarlet fever the danger from broncho-
pneumonia is greatly increased.

Cases complicated with German measles, chickenpox, smallpox, erysipelas
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and typhoid fever have been reported. The symptoms are a combination
of both diseases, although one may develop while the other is subsiding.
Recurrences.—Authentic instances of relapses shortly after the first
attack have heen reported. This refers to cases appearing within four or
five weeks. These relapses most frequently occur during desquamation
and are accompanied by vomiting, fever and a new eruption. They are
comparable to relapses occurring in typhoid fever. Second attacks of scarlet
fever rarely if ever occur, as one attack generally affords immunity for life.

PROGNOSIS

The chief dangers in connection with scarlet fever lie in the complica-
tions. The mortality in simple cases beyond the age of infancy is very low
although it varies in different epidemics. Simple cases may later develop
serious and even fatal complications, so it is extremely difficult to foretell
the outcome. No one can predict that complications will not develop until
desquamation has ceased and at least four weeks have passed. In epidemics
of the mild type the mortality may be as low as 4 per cent, while in others
of a more malignant type it may reach as high as 40 per cent. The mortality
in infants is higher than in older children. It is also liable to be higher in
hospitals and institutions for children. It is higher among the poorer
classes where there is more crowding than with the well-to-do.

Death i1s almost certain in the septic or malignant cases. Bronchopneu-
monia in young children i1s liable to prove fatal. The coexistence of
diphtheria renders recovery less likely.

The following tables are of interest in considering the prognosis of
scarlet fever. DBoth the mortality and morbidity figures show a diminution
in the summer months and a marked increase during the winter months
when children come in close contact in the schools.

TapLe [.—MortaviTy FroM Scarrer Fever 18 New Yorg State PER 100,000 PoPULATION
FROM 1015 TO 1625, ACCORDING To MoNTHS

Year Jan. | Feb. | Mar. | April| May | June | July | Aug. | Sept. | Oct. | Nov. | Dec.
1015, cc-----] 55 | 66 | 62 | B4 |voiz | 61 [L26 | 1a 4 1.3 9 | 1.4
0BG .| 27 1.6 | 31 34 | 2z 1.8 I.3 .5 3 I.I 1.6 1.8
LT sl T 22 | g1 [ O (S 22 | 23 B B 1.4 1.0 3.I
QI8 ] BB 42 | 4.3 4.6 | 3.0 3.1 1.8 B8 B 22 | I3 21
I0I0. o vosn .| 4:3 3.2 | 55 32 | 31 2.2 1.0 M| s 1.4 1.8 25
020, .0.00-.]| 4.3 fi. 35 | 40 | 46 | 41 | 27 | 20 | 27 | 33 | 44 | 97
1920........| 120 |08 |1z | 107 | 84 5.4 | 20 1.6 | 1.5 20 | 48 | 44
1082, .oisna ] GG 7.5 | 8.z 73 | 48 | 40 | 1.9 .o | 1.4 2. 2.0 2.8
08 cviq vea| 30 | &3 | 30 e3 | 3.0 2.3 1.5 0 o 1.4 1.6 2.8
1924, cenenee| 30 | 40 | 41 48 | 3.1 1.0 o i B G | 1.7 1.8
1028 ... il =8 [l T () e 1.3 4 .5 3 0 =l Ty
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TaprLe II.—MorpipiTy FROM SCARLET Feveir 1N New Yorg StTAaTeE PER 100,000 PopuLATion
FROM 1015 TO 1925, ACCORDING To MOoNTHS

Year | Jan. | Feb. tMarch| April | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec.
1915. . ... 212.0| 243.7 | 207.4| 208.5| 245.6| 176.5| 803 | 410 | 303 | 74.7| 108.3] 133.6
191h. . ... 154.1 | 164.0| 184.8| 181.0| 161.7| 110,0| 624 | 230 | 285 | 535| 8o.z| 1183
DT s 168.0| 210.8| 260.1 | 201.7 | 202.0| 120.7| 660 | 32.1 | 524 | 04.2| 143.6] 151.2
0T8. . I154.0| 150.2| 160.7| vhos| 1219 70| s508| 345 | 400 | 681 5.4 | 05.1
1919. . ... 124.8| 162.2| 177.4| 145.7| 138.3| B6.1| 507 | 326 | 64.3 | 103.3| 1380 182.
1020. . ... 184.0 | 166.1 | 175.5] 166.1 | 165.2]| 1206| 610 | 433 | 567 | 1101 | 104.0| 200.4
1021, ..., 434.7| 468.5] 4048 3181 | 2488] 104.0| 650 | 51.8 | Br.z | 140.0| 2266 | 286.5
1922, ..., 313.7 | 1460 330.0| 274.5| 268.5| 136.7 | 67.7 | 407 | 72.8 | 123.4| 106.5| 223.7
1 268.3 | 208.0| 310.7 | 273.3| 2495 172.2| 742 | 458 | 580 | o78| 1827 | 290.4
; {11 [ 205.0| 317.0| 335.6| 325.0| 250.3| 174.3| 735 | 370 | 480 | olLo| 1624| 242.3
e | 267.3] 334.8| 332.3| 315.7] 25248)| 1330| B23 | 2B7 | 378 | 767 1161 158.3

TapLe III.—Mortarity Rates 18 Scarter Fever pEr o000 Popurnation 18 THE UUNITED
StatEs REcisTrRATION AREA AND IN Rurar axp Urpan Sections oF New YorRE STATE

United States . r . - il
Vaar chi-:trﬁtinn- MNew York ktw"iﬂrk Slat::, Exclu-
r‘;ren State City sive of )
: New York City
T L O e i 3.6 4.2 5.6 2.6
T 1L e 3.3 1.8 1.8 L7
PEE ol e o S L 4.2 2.6 2.2 2.9
TR L ety e st ik 3.0 2.0 3.2 2.5
TEREGL < sen e e 2.8 2.6 2, 28
TR o s s s e e 4.0 4.3 3.0 4.8
') 0 R O BN o 5.3 6.3 6.8 57
R A bz i It 35 4.1 3.8 4.5
L e e e 3.5 2.5 1.0 3.3
AT | s T e S 2.3 1.4 3.3
e R - 1.6 1.3 20

TapLe IV.—MortaLity BaTE 18 ScariLEr FEVER PER 100,000 PoPULATION FROM 1015 To 1024
AcCCorRDING TO AGE

Number Rate Per Cent of All Cases
Age, Years

1015 1924 1015 1024 1015 1924
{1057 O | 18 11 . 4.7 . b
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T B R 33 20 3.0 a1 1. I.1
15 and over ......... 44 50) ] 7 Jg o
Torar ALl Aces .... 415 254 4.2 2 3 2
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TREATMENT

Prevention.—Every effort should be made to prevent the spread of
scarlet fever and each case must be isolated and quarantined until all danger
of infection is passed. Young children are more susceptible and greater
protection should be afforded them. As the disease is transmissible before
the appearance of the rash every suspected case should be at once separated
from other members of the family. A mild case requires as rigid isolation
as a severe one. Children who have come in contact with a case of scarlet
fever should be carefully observed, viewed as suspects, and kept from min-
gling with other children until the period of incubation has passed. If
proper isolation cannot be secured at home the child should be removed
to a contagious hospital. In cities where such hospitals exist this 1s the
best and safest procedure even though a suitable quarantine can be secured
in the home. When the child is treated at home a room with connecting
bathroom should be arranged so that no one except the nurse or attendant
shall have access to them. The entire top floor, if possible, should be used.
This separates the child from other members of the family, and removes
him from the noises in the house. The room must be well ventilated and
during warm weather the windows should be screened to exclude flies and
other insects. All unnecessary rugs, furniture, hangings, pictures, etc.,
should be removed so as to facilitate proper cleansing of the room during
and after the sickness.

A time-honored practice is to hang a sheet in the doorway saturated or
sprayed with a disinfectant solution such as 35 per cent carbolic acid, or a
1:1,000 solution of bichlorid of mercury. This, of course, does not destroy
the virus, as the disease is not spread through the air or by flying scales
from the desquamation but it serves a useful purpose in reminding the
attendants and other members of the family that a communicable disease
is in their midst.

The attending physician should wear a washable gown which fastens
around the neck and reaches the floor. Ile should put on a washable cap.
On leaving the room after removing the gown and cap he should wash his
hands and face and disinfect his stethoscope, auriscope and other instru-
ments used in the sick room.

The nurse should wear wash dresses and a washable covering for her
hair and should be quarantined with the patient and not mingle with other
members of the household. She should gargle her throat and spray her
nose with normal salt solution and should take her meals in the sick room or
an anteroom, after disinfecting her hands, face and neck with a 50 per
cent solution of alcohol.

The food for the sick room should be brought to the door and left for
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the nurse to take in. All dishes and utensils as well as the bedclothing, etc.,
should be soaked mn a 5 per cent carbolic acid or 1:1,000 bichlorid solution
before being removed from the sick room.

The discharges from the nose, throat, ears and suppurating lymph-nodes
should be collected on gauze or paper and immediately burned.

The duration of quarantine varies in different cases. It should con-
tinue as long as there is any discharge from the nose, throat, ears, mastoid or
suppurating glands. The danger of infection comes from these discharges
and not from the desquamation. The Sanitary Code of the New York
State Department of Health defines the minimum period of isolation in
scarlet fever to be “until thirty days after the development of the disease
and until all discharges from the nose, ears and throat or suppurating
glands have ceased.” After the quarantine is raised the room should be
thoroughly aired and cleansed. Sunlight, fresh air and soap and water are
the hest and most effective disinfectants. In many cities departments of
health no longer fumigate or disinfect the sick rooms after scarlet fever,
but insist on cleansing and airing the premises. The use of formalin or
sulphur lamps gives a sense of false security which is very liable to lead
to neglect in cleansing, washing and airing the rooms. The patient should
receive a disinfecting bath of bichlorid 1 :1,000 and his hair should be weil
shampooed and rinsed with the same solution. He should have his nose
and throat sprayed with normal salt solution and should then be removed
to another room and dressed in fresh clothing.

When there is any suspicion that the case was contracted through
milk the sources of the milk supply should be investigated and all milk
should be pasteurized.

The prevention of the spread of scarlet fever in the schools is an impor-
tant and difficult problem. The simplest solution would seem to be to close
the schools, but this is not feasible as it interferes with the education of
the children without sufficient protection to warrant such a drastic pro-
cedure. It 1s practical, however, to close a class room for ten days in which
a member has come down with scarlet fever and to treat as suspects all
children who were in close contact with the child. When schools are closed
the scholars, some of whom may already be infected, are more likely to
mingle with others in various parts of the city and with vounger children
who do not go to school.

The test described by Dick and Dick in 1924 known as the Dick test
furnishes a simple means of determining susceptibility to scarlet fever and
gives rise to hopes that this disease can be controlled by early preventive
methods and by immunizing susceptible children during an outbreak of
scarlet fever. This test in its application and reaction is similar to the
Schick test for susceptibility to diphtheria. The technic is also similar as
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D. Strongly positive (++ 1 [Yick reaction in normal child after twenty-four hours.
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. Positive () Dick reaction in normal rh.l I after twenty-four hours. To right is the faded

pigmented spot nl the positive reaction after seven days.
7. Positive {==) Dick reaction in normal 1..|.||]l'| after twenty-four hours.
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the required dilution of the scarlet fever toxin is introduced intradermally.
The patient contracts a local attack of the disease after the injection which
is confined to a small area around the point of injection. The toxin in
proper dilutions to make the test can be procured from departments of
health and commercial laboratories. The toxin used for the control test
should be boiled for at least twenty minutes to avoid pseudoreactions. A
positive reaction 1s indicated by a slight redness of the skin from two to
three centimeters in diameter with shght swelling. It occurs in persons
who have not had scarlet fever but who are susceptible to it. It is also
present during the first few days of an attack of scarlet fever. This test
has already proved very valuable in the control of scarlet fever in schools.
The usual procedure during an epidemic is to give the Dick test to all the
scholars and either remove or keep under observation those who show a
positive reaction.

Active immunization was made possible by the work of Dick and Dick
and 1s analogous in its technic to the injections of toxin-antitoxin for the
active immunization against diphtheria. The injections of the diluted toxin
are given intramuscularly in the triceps muscle. Three injections at inter-
vals of one week are administered. A slight reaction both local and general
may follow the first injection. The duration of the mmmunity is as yet
unknown. The present consensus is that it lasts at least eighteen months
and probably longer.

Passive immunization by doses of scarlet fever antitoxin is advocated
by some authorities and decried by others. The immunity is only temporary
and corresponds to that following a prophylactic injection of diphtheria anti-
toxin. The dangers are from the secondary serum sickness and severe
reaction may result. Park feels that on account of these severe reactions
and the fact that only about 10 per cent of exposed persons develop the
disease the general use of this form of immunization is still open to question.

As a great amount of research work 1s being carried out in hospitals
and laboratories in this country and Europe it is not improbable that in the
near future the problem of immunization against scarlet fever will be solved.

General Treatment.—Confinement is necessary even in the mild type
of scarlet fever. This should be for at least ten days for the mild and three
weeks for the more severe cases in order to lessen the danger of post-
scarlatinal nephritis. The patient should be in a sunny well-ventilated room,
the temperature of which should not be over 60° to 65° F. There is no
objection to a daily bath even during the eruptive stage, but this must be
done with care to avoid any danger of chilling especially during the con-
valescent stage. It is a good plan to give a daily oil rub with carbolic acid
5 grains to one ounce of olive oil, as this will relieve the itching. Formerly
it was used to disinfect the skin and prevent the scales from the skin from
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getting into the air but this is not necessary as the scales have been found
to be harmless. The throat, nose and ears should be carefully inspected
each day and the urine examined every second day for at least three weeks.
If there is a membrane on the tonsils a culture from the throat should be
examined for diphtheria bacilli.

The diet should consist entirely of fluids during the first week or for
as long as there 1s any fever. In some hospitals milk and water only are
given in the first week. Water should be given frequently and in liberal
quantities. When the temperature falls the diet can be increased to include
soups, cereals, stewed fruits, toast and bread and butter. Nitrogenous foods
should be avoided until the fourth week in order to relieve the kidneys.
Eggs, therefore, are not advisable in any form until after the fourth week.
There is no objection to orange or grapeiruit juice. Rectal or forced feed-
ing may be necessary when the child refuses to swallow on account of
sore-throat.

The itching of the skin can be relieved by the carbolic o1l rub above
mentioned, or by a solution of bicarbonate of soda, one dram to a pint, or
by the use of talcum powder.

A simple redness of the throat requires no special treatment. In the
more severe forms of tonsillitis the throat should be swabbed as gargling
is not efficacious even if the child is old enough to do it thoroughly. Peroxid
of hydrogen diluted one-hali and swabbed over the tonsils is useful in
cleansing these throats. It can be followed by applying any one of the
following: Mercurochrome 2 per cent solution: gentian violet 1 per cent
solution ; permanganate of potash 1:40; nitrate of silver 2 to 4 per cent;
argyrol 20 per cent; or a mixture of tincture of ferric chlorid 1 part, glycerin
1 part, water 2 parts. The external application of ice around the throat
and the sucking of small pieces of ice help to relieve the pain and reduce the
inflammation. In young as well as older children the use of a hot normal
salt solution for douching the nostrils and throat i1s of decided benefit. Two
or three quarts of hot normal saline solution in a douche bag are elevated
about 2 feet above the patient’s head. The end of the rubber tube is placed
in one nostril and the fluid allowed to flow gently into the nose. This
should be done in both nostrils and with the mouth open. The child soon
gets used to this procedure and even welcomes it on account of the relief
it affords.

The temperature does not require special treatment unless it produces
general symptoms. A temperature of 104° F. for two or three days should
not cause alarm. The fever is best reduced by hydrotherapeutic measures.
If the temperature reaches 105° F., or over, cold packs give rapid relief.
Sponging with cool water (83° F.) with alcohol is recommended. In
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hyperpyrexia with cerebral symptoms the use of ice is indicated. Ice-caps
applied to the head may quiet restlessness. Very young children object to
cold applications or ice on the head.

Antipyretic drugs may be necessary to relieve not only the fever but

the restlessness. Antipyrin, phenacetin and aspirin in small doses—1 grain

for a child one yvear of age—are useful.

For the insomnia, allonal, amytal, etc., in 2-grain doses at might will give
several hours sleep.

Stimulants may be necessary in cases in which there is cardiac weak-
ness indicated by a weak, rapid, irregular heart and coldness and cyanosis
of the hands and feet. Alcohol in the form of whisky or brandy is most
valuable in these cases. Children in this condition can tolerate large doses,
for example, with a child of two vears give 12 to I ounce in twenty-
four hours. Camphor oil given hypodermically is powerful and a rapid
heart stimulant. Adrenalin hypodermically is of value in extreme cases.
Caffein and digitalis are invaluable but their action is slower. Strychnin
is a useful tonic and stimulant. A child of five vears could take % grain of
strychnin, 5 drops of the tincture of digitalis or 12 grain of caffein.

Treatment of Complications.—.1denitis.—The use of ice gives much
relief and lessens the chances of suppuration. The ordinary rubber tonsillitis
ice-bags filled with finely cracked ice can be readily applied around the neck
with very slight discomfort to the child. Pigs’ bladders can be used for this
purpose. Painting the skin over the glands with iodin does not hasten their
resolution but irritates and burns the skin. The use of iodex, mercurial
ointment or ichthyvol is of questionable benefit. These glands, even without
ice or other treatment, will resolve without breaking down. When they
soften and show evidence of pus the use of poultices and hot applications
are indicated to hasten suppuration. An incision should not be made until
the gland has thoroughly broken down so all the pus can be evacuated at the
time of operation; otherwise the gland will discharge for some time and
produce finally an ugly and disfiguring scar. In severe cases of cellulitis in
septic cases prompt incisions should be made both in the gland and sur-
rounding tissues without waiting for the formation of pus.

Ears.—Paracentesis should be performed at the first sign of bulging.
Otitis is accompanied by pain and rise in temperature. When the internal
ear is congested hot douches of horic acid (4 per cent) are of benefit. At
least a quart of water as hot as can be horne should be used every two or
three hours. After the irrigations two drops of the following prescription
should be instilled in the congested ear.

B Pheno]l ..oeeocens el rY e oty i
Liq. Epineph. (1:1,000)..... 31
e ol S S ORISR
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A

After incision of the drum of a spontaneous rupture the canal must be
kept clean and clear. After the irrigations the canal is dried with sterile
cotton swabs and a thin gauze ear wick inserted which should reach the
hottom of the canal. The object is to keep the canal dry and sterile. As the
gauze wicks become soiled, fresh ones are inserted.

There is always a danger of involvement of the mastoid cells in purulent
otitis and when syvmptoms of mastoiditis appear prompt surgical procedures
are indicated.

Nephritis.—A careful watch should be made throughout the attack for
signs of kidney involvement, but no treatment is necessary for the simple
albuminuria during the febrile period.  True nephritis, one of the
most dangerous complications of scarlet fever, usually does not appear
until after the second week. Ixposure to cold is claimed by some to be the
active cause and all such exposure must be avoided during the course of
the disease. Careful attention to the diet has already been mentioned.
Urotropin in small doses is claimed by some to have value in preventing
nephritis. When the urine is scanty and highly colored with albumin and
casts, hot baths and compresses over the kidneys are useful in relieving the
strain on the kidneys and promoting excretion from other organs. Acetate
or citrate of potash mav be given. The bowels should be made to move
freely by saline laxatives and enemata. Only a mild diet should be offered
and the child should be kept in bed. An account of the total amount of
urine excreted as well as the fluid intake should be kept by the nurse. When
the secretion becomes very scanty active measures should be taken to avoid
uremia. High colon irrigations of hot water, dry or wet cups over the
kidneys or prolonged hot baths may afford relief. Venesection or lumbar
punctures are of value in relieving convulsions, and hypodermic injections
of morphin and atropin are indicated in this condition. If there is much
dropsy the fluid intake should be reduced. 1In the late stage when the
nephritis becomes subacute or chronie, tonics are indicated.  Basham’s mix-
ture 1s useful as it combines iron with a cathartic. The diet can be expanded
at this time but salt should not be used 1f therc is any edema. The anemia
can he treated with tonics containing iron in some form.

Specific Treatment.—The close relationship between certain strains
of streptococci and scarlet fever led many investigators to study methods
of preparing antitoxins of various kinds. Paul Moser in 1902 in Vienna
prepared a specific antitoxin from the blood of horses into which blood
obtained from the heart of fatal cases of scarlet fever had been injected.

Moser isolated about thirty different strains of streptococei from the
blood of scarlet fever patients, so his serum was polyvalent. He reported
excellent results in the severe type of cases. No further attempt to produce
an antitoxin was made until 1923 when Dochez obtained a serum by inject-
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ing animals subcutaneously with agar containing the streptococci. Dick
and Ihck in 1924 injected sterile streptococeus filtrates into horses and later
separated an antitoxin from their serum by the method of chemical precipita-
tion used in the preparation of diphtheria antitoxin, The therapeutic action
of the antitoxin is due to its capacity to neutralize scarlatinal toxin. Obser-
vations with this serum at the Willard Parker Hospital proved that it had
antitoxin value but did not protect against secondary complications such as
infected ears, kidneys, glands, etc.

The serum can be obtained from several commercial houses. Each unit
represents the amount of antitoxin required to neutralize one hundred skin-
test doses of toxin. The dosage depends on the size of the child and the
severity of the attack. It is injected intramuscularly and intravenously but
not subcutaneously. The earlier it is administered the greater is the benefit.

The following quotations from a circular prepared by the Division of
Laboratories and Research of the New York State Department of Health
is of interest in a discussion of the serum treatment of scarlet fever:

Antistreptococcus serum is prepared and tested in this laboratory. The value
of the serum in the treatment of scarlet fever has been demonstrated. If admin-
istered early in the course of the disease it effects striking improvement even
though the toxemia may be marked. Cases in which septic complications have
already developed yield less readily to treatment. The general use of the serum
for prophylaxis is open to question owing to the temporary nature of the passive
mmunity induced, the not infrequent occurrence of serum sickness and the
possibility of inducing hypersusceptibility to later injections of horse serum.
There may, however, be special circumstances in which its use as a preventive
may be of value.

Distribution of Antistreptococcus Serum.—The serum is distributed for
therapeutic use in 3o00-unit packages, the volume contained in each package
varving from 10 to 20 c.c. depending upon the antitoxic potency of the material,
The antitoxic value of the serum is based on the neutralization of toxin as
determined by intracutaneous tests on goats confirmed by similar tests on
persons. According to the unit value adopted, which is that suggested at an
informal conference in Washington in 1923, one unit of antitoxin neutralizes
one hundred skin test doses of toximn.

Serum in packages containing 1500 units (5 to 10 c.c.) can be obtained from
the State Laboratory on special request, for the passive immunization of persons
whom the intracutaneous test has shown to be susceptible to scarlet fever,

Adwministration of Serum.—LEarly administration of the serum is essential.
Usually one dose, if sufficiently large, is adequate. A second dose or even a
third dose may be required if toxic symptoms recur. Satisfactory results are
reported with intramuscular injections, but in severe cases intravenous injections
may be preferable. For intravenous injection the dosage may be reduced.

A desensitizing, subcutaneous injection of from 0.2 to 0.4 c.c. of the serum
should usually be given about two hours before the therapeutic dose; always,
when the intravenous method is to be used. Under ordinary circumstances
3000 units of serum is usually sufficient. IFor very young children the doses
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may be somewhat reduced. In extremely toxic cases it may be advisable to give
for the initial dose from Gooo to 8000 units and to divide the dose giving part
intravenously and the remainder intramuscularly.

The use of antitoxin should be reserved for cases of the severe or septic
type as the serum reactions may cause more inconvenience and trouble than
the disease itself. It i1s better to give one large dose, as repetition seems
to have no effect.

PUBLIC HEALTH REGULATIONS

The attending physician is required by law to report promptly every
case of scarlet fever to the health officer.  When no physician is in attendance
the head of the household must report at once to the health officer that the
person is or may be affected with scarlet fever. A penalty may be imposed
for neglecting to do this. If the child is attending school the prinecipal
should be notified so that the parents of other children who have been
exposed may be informed. In some cities the health authorities permnt
other children in the family to be sent tc live with adult friends during
the period of isolation and to return to school after one week's observation,
if well. If they remain at home even though they do not come in contact
with the patient they must be excluded from school until one week after the
quarantine is raised. The minimum period of isolation in New York State
is thirty days after the development of the disease and until all discharges
from the nose, ears and throat, or suppurating glands have ceased. Disin-
fection of all articles which have come in contact with the patient and of all
articles soiled by the discharges from nose, throat, ears, bowels and kidneys
is required by the health authorities. The sick room and premises must be
thoroughly cleansed when the patient is released.

The résumé of the present status of scarlet fever as given by the Com-
mittee on Standard Regulations for the Control of Communicable Diseases
follows:

1. InFECTIOUS AGENT.—SIreptococcus scarlatineg.

2. SoURCE oF INFeEcTION.—Discharges from the nose, throat, ears, abscesses
or wound surfaces, and articles freshly soiled therewith. The nose and throat
discharges of carriers may also spread the disease.

3. Mobe oF Traxsmission.—Directly by personal contact with an infected
person ; indirectly by articles freshly soiled with discharges of an infected person,
or through contaminated milk, or milk products.

4. Incuearion Periop.—Two to seven days, usually three or four days.

5. PEriop or CommunicapiLity.—Three weeks from the onset of the dis-
ease, without regard to the stage or extent of desquamation, and only after all
abnormal discharges have ceased and all open sores or wounds have healed.
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6. Mernops oF CONTROL

(@)

(b)

The infected individual and his environment

1. Recognition of the Disease—DBy clinical symptoms.

2. Isolation.—In home or hospital, maintained in each case until
the end of the period of infectivity. 1f medical inspection is not
available, isolation for twenty-eight days from onset.

3. Tmmunization—Exposed susceptibles as determined by the Dick
test may be actively immunized by scarlet fever toxin.

4. Quarantine.—LExclusion of exposed children and teachers from
school, and food handlers from their work, until seven days have
elapsed sice last exposed to a recogmzed case.

5. Concurrent Disinfection—Of all articles which have been in
contact with a patient and all articles soiled with discharges of
the patient.

6. Terminal Disinfection—Thorough cleaning.

General measures

1. Daily examination of exposed children and of other possibly
exposed persons for a week after last exposure

2. 5chools should not be closed where dailv observation of the
children by a physician or nurse can be provided for.

3. In school and institutional outbreaks immunization of all exposed
children with scarlet fever toxin may be advisable.

4. Lducation as to special danger of exposing young children to
those exhibiting acute catarrhal symptoms of any kind.

5. Pasteurization of milk supply.



CHAPTER III
MEASLES

Definition.—Measles is a specific, highly communicable disease occur-
ring in epidemics. It is more widely prevalent than any other eruptive fever
and one to which human beings are universally susceptible, few persons
reaching adult life without having contracted it. It i1s characterized by
catarrhal symptoms of the eyes, nose and throat, fever and a typical erup-
tion located on the mucous membranes and on the skin.

Synonym.—Rubeola, morbilli; la rougeole; Masern, Flecken: morbilli,
rosalia ; serempion.

HISTORY

While measles is perhaps the commonest infectious disease of childhood,
vet very little was written about it by the ancient writers of medicine. The
first description seems to have been made by Rhazes, an Arabian physician
of the ninth century. He, in common with the medical opinion of that time,
regarded measles as a variety of smallpox. In a chapter on the diagnosis
of smallpox and measles, he says: “There is not in the measles so much
pain in the back as in the Small Pox; nor in the Small Pox so much anxiety
and naseau as in the Measles, unless the Small Pox be of a bad sort: and
this shows that the Measles come from a very bilious blood.”

Thomas Phaer, whom Ruhrih names “The Father of English Pedi-
atrics,” lived in the early part of the sixteenth century and also described
smallpox and measles as the same disease, but referred to its recognition by
the early Greek writers. A quotation from his book is of interest in this
connection. ‘“This disease is common and familier, called of ye grekes by
the general name of exanthemata, and of plinie, papule et pitiute erupcinoes,
notwithstanding ve cosent of writers, hath obteined a distinctio of it in
i1 kindes ; that is to saye, varioli the measles, and morhilli called of us the
small pockes. They bee bothe of one nature, and procede of one cause,
savinge that the small pockes of the inflammacion of bloude myugled with
cholere.” Nothing better or more to the point has been written by modern
authorities than his remarks on treatment of measles. *““The beste and most
sure help in this case, is not to meddle with anye kynde of medicines, but to
let nature worke her operacion, notwythestandynge yf they be to slowe in
commyng oute,”

34
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Sydenham, in the seventeenth century, was the first to claim that measles
was a clinical entity and separate from smallpox.

Our modern conception of the disease from a clinical and epidemiological
viewpoint dates from a series of investigations made by Panum in 1846 dur-
ing an epidemic in the I'arce Islands where there had been no cases since
an epidemic in 1781. Panum’s work and conclusions were accepted by
medical authorities and, in 1875, an epidemic, so severe and extensive as
to cut off all communication with the outside world, broke out in the same
islands and gave an excellent opportunity to observe the development and
spread of measles.

ETIOLOGY

The specific cause or organism responsible for measles has not yet been
identified so as to be universally accepted. A number of investigators have
been able to produce measles experimentally by injecting blood of measles
patients and also their nasal and buccal secretions into monkeys and have
produced an identical disease with catarrhal respiratory and eruptive symp-
toms. IHektoen has been able to produce the same symptoms in human beings
with similar injections of blood. Hermann advocates active immunization
in very yvoung infants by injecting the nasal mucous discharge of measles
patients one to two days before the appearance of the eruption and claims
favorable results.

It is of practical interest in this connection to note that in all of the
experimental work the nasal and buccal secretions had to be taken two or
three days before the appearance of the eruption and the blood injections
eighteen to twenty-four hours before the eruption in order to be effective. In
no instance were the attempts successful from material obtained two or more
days after the eruption. All attempts to produce the disease by inoculation
of desquamated scales have failed.

At the present time a vast amount of investigation concerning the
etiology of measles 1s being carried on and it would seem that the coniusion
will soon be cleared. Many and various types of bacteria and protozoa have
been obtained from the blood and nasal secretions by different observers
and each has claimed their organism to be the essential cause of measles.
Goldberger and Anderson discovered a filtrable virus which was capable of
producing measles in monkeys. This was obtained from the blood and can
only be found one day before the eruption. It resists drying and freezing
for twenty-four hours and is destroved by exposure to a temperature of
55° C. for fifteen minutes.

Tunnicliff describes a diplococcus which she found in the blood and
nasal secretions during the preéruptive stage.

IFerry and Fisher claim to have isolated a streptococcus in pure culture
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irom the blood of patients in the early stages of measles. They call this
organism Streptococcus morbilli.  I'rom these cultures they claim to have
prepared a measles toxin and antitoxin which will give specific skin reactions
in individuals who are not immune to measles, this reaction being absent in
persons known to be immune to measles.  Their description of this organism
is as follows: "It is a medium sized, Gram-positive, acrobic streptococcus
occurring in long chains in liquid medium and in chains of varying length
on solid medium, which produces a small colony with a green halo on
blood agar X X X. It is characterized by its production of an extracellular
toxin specific to measles.”

It now seems probable the Streptococcus morlilli and the Tunnicliff
diplococcus are the same organism and different cultural methods are respon-
sible for a few variations.

SUSCEPTIBILITY

Very voung infants are relatively unsusceptible, especially if they are
breast-fed. They become more susceptible after the sixth month and there is
no infectious disease in which there is less natural immunity than in measles.
Very few adults ever escape the disease unless they live in isolated rural
sections. In the second FFaroe Islands epidemic the only persons who escaped
were those who had had measles during the first epidemic of sixty-five years
before. It is possible for a person to pass through several exposures and
later contract the disease. Holt records an epidemic in an institution where
there were sixty-two children over two years of age. Five were protected
by a previous attack and fifty-five of the remaining fifty-seven came down
with the disease. In the same institution there were a number of young
infants and although directly exposed not a single infant under six months of
age came down with the disease.

It can be stated definitely that one attack of measles renders the indi-
vidual immune to subsequent infection. There are exceptions to this state-
ment but, while second attacks undoubtedly do occur, they are extremely
rare. Patients and parents often report having had several attacks of
measles but in some cases they must be considered as errors in diagnosis.
The appearance of a rash with catarrhal conditions is not sufficient to make
a positive diagnosis. The presence of the enanthem and Koplik's spots are
necessary to make a diagnosis of measles.

Predisposition.—. g¢.—Measles is rare in young infants and babies
under six months of age when exposed usually fail to contract the disease.
There are authentic instances of measles in the newborn on record but they
can be regarded as one of the curiosities of medicine (usually the mothers
have measles at the time or soon after birth of the child). The largest num-
ber of cases appear between the first and sixth year of life. This is largely



EPIDEMICS 37

due to the universal presence of the disease and general exposure and the
immunity conferred by one attack. In the Faroe Islands epidemic where
there had been no cases for sixty-five years all ages were equally affected.
While young children are most susceptible vet persons of all ages who have
never had measles mayv contract the disease.

Ser.—There seems to be no sex predisposition to measles and it attacks
both sexes with equal frequencv. The mortality statistics in New York
State show that the death rate is higher among males than females (see Table
IX, page 52).

Season.—Measles occurs in all seasons but is more common during the
winter and spring months. The opening of the kindergartens and schools
may account for the epidemics in October and the close contact in the schools
is responsible for the frequency of cases during the winter and spring
months.

Housing. —Measles is epidemic in the large cities where living conditions
bring the population in close contact. The mortality rate is higher in the
cities where crowded conditions prevail in the poorer districts. It was in
Glasgow, for example, that the death rate was greatest where a family occu-
pied one room, and least where over three rooms were occupied by a family.
Isolated and rural communities may be free from the disease for many
vears but when it does occur it will attack all susceptible persons and a pan-
demic takes place. At the military camps in this country during the World
War nearly all the cases of measles were in the country recruits, while only
a few occurred among those from the large cities.

EPIDEMICS

Measles shows a tendency to appear in epidemics at certain intervals.
Epidemics have appeared in New York City at intervals of two years for
the past thirty vears. This has been shown to occur in other parts of the
country and in Europe.

The case fatality rate varies in different epidemics although there has
been a distinct tendency for the mortality rate to fall during the past thirty
vears. The periodicity may be due to the disease having attacked all sus-
ceptible children in the community, burning itself out and recurring when
a fresh supply of susceptibles are available. When the epidemics are widely
separated, as for instance in the Faroce Islands, the disease attacks both
young and old and the mortality is high. It is very doubtful if it is
desirable to increase the intervals between epidemics over a maximum of
five years.

It is most desirable and necessary to prevent the disease from attacking:
children under three years of age.
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PATHOLOGY

Measles has no characteristic pathologic changes with the exception of
the eruption on the skin and mucous membranes. ‘T'he tatal cases are the
result of complications and sequele. The appearance of the skin is the result
of a superficial inflammation with round-cell infltration about its hair-
follicles, sweat-glands, sebaceous glands and capillaries.  The swelling, which
is most marked on the face, is due to edema and exudation characteristic
of inflammation. This infiltration causes the papular elevation so charac-
teristic of the eruption of measles. These skin lesions are not present after
death unless hemorrhages have taken place and left a staining and a mottled
appearance of the skin. After the eruption has faded the superficial layer
of the epidermis will desquamate in fine branny scales and the exudate is
absorbed.

The mucous membranes are involved in a similar manner as the skin.
The conjunctivae, nasal, pharyngeal, laryngeal, tracheal and bronchial mucous
membranes show a catarrhal inflammation which varies in intensity with
the severity of the infection. The submucosa is more deeply involved than
in other infectious catarrhs and the extravascular infiltration is greater. The
buccal mucous membrane shows small areas of fatty degenerations which
were described by Koplik and bear his name,

The catarrhal inflammation extends down to the alveol of the lungs, in
severe cases causing bronchopneumeonia.

The lesion in the pharynx may become membranous in severe cases
instead of catarrhal.

The lymphatic glands are involved in the severe cases and the super-
ficial lymph-nodes are palpable and the lymphoid tissue of the nasopharynx
and intestinal tract are swollen.

The spleen is often slightly enlarged as the result of congestion. The
liver may show focal necroses. The heart may present inflammatory
changes involving the endocardium. The kidneys are not so frequently
involved as in scarlet fever,

The bacteria found in the respiratory lesions are staphylococcei, pneumo-
cocel and influenza bacilli, usually in association, rarely one variety alone.

The condition in the lungs and lymph-nodes seems to be favorable for
the development of tuberculosis.

SYMPTOMS

Period of Incubation.—This embraces the interval between the initial
infection and the appearance of fever and catarrhal symptoms. There are
no objective or subjective symptoms during this period. Hermann found
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a definite loss of weight during the latter part of this period. In ninety-six
children over eight months of age he found an average loss of over 5 ounces,
while in thirty-three infants under eight months there was an average gain
of 2 ounces. He explains this on the ground that the course of the disease
is much milder mn young infants and their appetite and sleep are not so
greatly disturbed.

The length of this period averages between eleven and fourteen days.
Hermann found it was between nine and twelve days in 82 per cent of the
cases,

In 144 cases studied by Holt when the period of incubation could be
definitely traced it was:

Days Cases
1 e i - e =
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TEIF e e B 19
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These figures coincide with those obtained by other authors. IHektoen
observed in cases experimentally produced in human beings that the average
interval between inoculation and the initial rise of temperature was seven
or eight days. In monkeys this period averages eleven days. The time
Letween the exposure and the appearance of the rash can be stated as two
weeks in the great majority of cases,

Period of Invasion.—This is sometimes called the catarrhal stage or
the prodromal period. It extends from the initial rise in temperature and
the appearance of the characteristic eruption.

The fever is the first and most frequent symptom. The onset is apt to
be slow and nsidious and the temperature may have to be taken every four
hours in order to detect it. It usually rises to 100° or 101° on the first
day. In a majority of the cases it gradually increases each day until 104°
or 105° is reached with the appearance of the eruption. In other cases it
may rise the first day to 102° and then fall to normal for a couple of days,
with an abrupt rise to 104° or over when the rash appears. It may remain
about 100” or even be unnoticed until the appearance of the rash. The
temperature curve in a normal uncomplicated case presents a gradual rise
with morning remissions until the rash breaks out and then an abrupt fall.
Instead of a fall by crisis there may be a slower descent and a fall by lysis.

Hyperpyrexia as high as 110° F. has been reported. The temperature
lasts on an average one week.

Catarrhal symptoms of the mucous membranes of the upper respiratory
tract are characteristic of the period of invasion. The eyes become con-
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gested and watery. There is marked photophobia and a tendency for the
lids to stick together. The caruncle at the inner canthus of the eyes is
swollen and red, and small bluish-white spots are frequently observed.
Sneezing is frequent and is accompanied with a mucopurulent nasal dis-
charge. There is a dry, harsh cough which may be incessant and the voice
is hoarse as a result of the catarrhal condition of the throat and larynx. The
face, especially about the eyes, becomes swollen and puffy and the child
appears to have ari acute coryza.

The tonsils and pharynx are swollen and there is frequently some pain
on swallowing which may have something to do with the loss of appetite.
The peritonsillar lymph-nodes are enlarged and tender. The lymphoid
tissue on each side of the uvula is often swollen,

Hermann has described a condition of the tonsils which he considers
typical of measles and found in about half of the cases. The tonsillar spots
as he describes them are spots or streaks which vary in size, number, shape
and color. There may be only two or three or a large number. The color
depends on the thickness of the exudate and varies from a grayish blue to a
white. They vary in size from the point to the head of a pin. They are
seen only in the early stage of invasion and disappear after twenty-four to
forty-eight hours. They usually appear before the Koplik spots.  He calls
them “tonsillar spots.”

The appearance of the rash on the mucous membranes i1s termed “enan-
them,” and this is one of the most important diagnostic points. This
enanthem is caused by the same virus which is responsible for the changes
on the skin. The enanthem appears before the exanthem, probably on
account of the greater blood supply and the character of the tissues. The
mucous membrane of the mouth is involved several days before eruption.
The hard palate shows very early in the stage of invasion a number of
small and irregular bright red spots which are shghtly raised above the
level of the mucous membrane. They vary in size from the head of a pin
to the head of a pencil. They are also seen on the mucous membranes of
the cheeks, especially about the angle of the jaws. Not infrequently small
hemorrhagic spots appear on the hard palate.

Koplik's Spots—These are different from the enanthem and consist
of bluish-white specks on a red base seen on the mucous membrane of the
cheeks most frequently opposite the upper molars and on the inside of the
lips. They are found one to four days before the eruption on the skin.
The original description by Koplik is as follows: *“If we look in the mouth
at this period (of invasion), we see a redness of the fauces; perhaps not in
all cases, a few spots on the soft palate. On the buccal mucous membrane
and inside the lips we invariably see a distinct eruption which consists of
small red spots of a bright red color. In the center of each spot there is
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noted, in strong daylight, a minute, bluish-white speck. These red spots,
with accompanying specks of a bluish-white color, are absolutely pathognd-
monic of beginning measles and when seen can be relied upon as a fore-
runner of the eruption. No one has to my knowledge called attention to
the pathognomonic nature of these small white spots. Sometimes only a
few red spots with this central bluish point may exist, six or more; in
marked cases they may cover the whole inside of the buecal mucous mem-
brane. . . . The eruption just described is of greatest value at the very onset

of the disease—the invasion. As the skin eruption begins to appear and
spreads, the eruption on the mucous membrane becomes diffuse and the
characters of the discrete eruption disappear and lose themselves in an
intense general redness.”

Thece spots can be seen on careful observation in over go per cent of
all cases of measles and are now generally accepted as pathogenic of the
disease. They are never seen in other conditions. They vary in number
from two or three to an innumerable number. A strong light, preferably
direct sunlight, is necessary to detect them., The mouth should be opened
widely and the cheek pressed out with a spoon or tongue stick. They must
be differentiated from trauma of the mucous membrane, stomatitis, food
débris and air bubbles,

IKoplik's spots disappear when the skin eruption is at its height. The
gums are usually reddened and slightly swollen and are frequently covered
with a bluish-white deposit which gives them the appearance of having
been touched with a silver nitrate solution. It may cover a large area of the
gums or only a small portion,

Preéruptive Rashes.—These are not infrequent and may be misleading,
so the possibility of such rashes must be borne in mind so as to avoid errors
in diagnosis. They may appear as early as the first day of the stage of the
invasion. The types most commonly seen are scarlatiniform, urticaria or
erythematous. They will be discussed more “fully under diagnosis.

The Blood.—There is a moderate leukocytosis in the latter part of the
period of incubation, which is followed by a leukopenia during the invasion
and eruptive stage. A daily leukocyte count may be of diagnostic value.
Hecker found that there is a reduction in the relative percentage of the
lymphocytes as early as six days before the appearance of the rash.

When a decided leukocytosis 1s found after the eruption it may indicate
some complication,

The constitutional symptoms during this period, besides the fever which
has been described, are headache, drowsiness, pains in the back and legs.
Diarrhea is uncommon and constipation is the rule. Vomiting is not the
rule, although it may be troublesome in children who have a tendency to
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acidosis. Severe epistaxis occurs in a small percentage of cases. The onset
may be very mild and may be unrecognized until the rash appears. The mild
cases are most frequently seen in infants and young children.

The duration of this period varies from one to ten days but is usually
from three to four days. It is shorter the younger the child.

Holt studied 270 cases and found the stage of invasion, 1. ., from the
beginning of the catarrh until the appearance of the rash, as follows:

Days Cases
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Period of Eruption.—T7he Evanthem.—About the time of the appear-
ance of the eruption the child becomes apathetic, wants to be left undis-
turbed and takes no interest in his surroundings. The temperature is high
with a corresponding increase in the pulse and respiration. The catarrhal
symptoms increase, especially the conjunctivitis and coryza. There is no
appetite and if food is forced it will be vomited. The tongue is coated and
the breath is foul. The tongue may show areas of redness and the papille
may be prominent, giving it an appearance similar to that observed in scarlet
fever. The laryngitis becomes more severe and the cough more persistent
and troublesome. Not infrequently a diffuse bronchitis develops.

The eruption is first seen on the face, back of the ears, at the border of
the hair, on the cheeks and around the mouth and nose. It shows a predilec-
tion for the face where it after becomes confluent and accompanied by a
marked swelling, making a marked change in the appearance of the patient.
It extends over the neck and down the back and trunk and then the arms.
The palms of the hands may show a marked rash before it appears on the
back of the hands and arms. The thighs and legs are last affected. [t fades
in about the same order as its appearance. It reaches its full development
in two to three days and disappears in from three to five days, according to
its intensity, and may leave a pigmentation behind which may take two
weeks or more to disappear. The rash appears first as small, darkish red
macules which are slightly elevated and look like fleabites. They vary in
size from that of a pinhead to a bean, and are oval, round or irregular in
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shape. They frequently coalesce and become confluent, especially over the
face, and on the body assume crescent-shaped form with healthy skin in the
center. The margin is usually sharply defined and the raised edwes are
palpable and the surface has a velvety feel. During the first twentyv-four
hours the skin lesions increase rapidly in number. They disappear on deep
pressure unless small hemorrhages have taken place in and about the lesion.
This may occur in cases of no great severity and the hemorrhagic form does
not necessarily imply a bad prognosis,

The eruption fades from the face after twenty-four hours and slowly
disappears about the time it 1s at its highest development on the extremities.
It often leaves a brownish discoloration which remains for about a week
and 1s valuable in diagnosis even after the acute attack has subsided. In
hemorrhagic measles the blood stains pass through the sequence of colors
seen in extravasated blood. Holt found the hemorrhagic type in about 3
per cent of his cases. This is the form spoken of by the older writers as
“black measles.” Hemorrhages may take place from the mucous mem-
branes, especially of the nose, stomach and urinary tract. The measles
assume a port wine color and do not disappear on pressure. This type of
eruption is more frequent on the body and forearms.

Measles with a hemorrhagic rash must not be confused with the hemor-
rhagic type just described.

The rash often presents many variations from the typical textbook de-
scription. It may be very faint and show little elevation and only last one
or two days. This is the usual type in very young and nursing infants and
in weak, debilitated children. It may also consist of minute spots which
closely resemble the rash of scarlet fever. Papular and vesicular forms of
the rash may occur. This is most frequent over the chest and back in the
parts where the sweating is more profuse.

The rash may fade betore it has fully developed or take on a cyanotic
nue. This is due to some circulatory disturbance and may be the onset of a
pulmonary complication or profound toxemia. With an improvement in
the heart action and the peripheral circulation the rash will reappear. This
“striking in"" of the rash i1s viewed with alarm by the laity. The first appear-
ance of the rash may be on some parts of the body, not the face, and later
spread over the body and face. Hermann reports having seen a recurrence
of the eruption a week after the original eruption. Recurrences may be
considered reinfections similar to relapses in typhoid fever and are accom-
panied with a new rise of temperature.

There is a fine branlike desquamation which begins as soon as the rash
has subsided and is first noticed on the face and neck. It never appears as
large flakes or scales as in scarlet fever, and is often so slight as to escape
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notice. It is most marked in cases in which there has been a profuse eruption
and usually lasts about a week. No one has been able to demonstrate that
this desquamation is infectious or contains the virus. During desquamation
the patient feels quite well although the cough may be troublesome and the
eves remain sensitive to light. A distinct and characteristic odor can be
noticed in a number of cases at the height of the eruption.

The lymph-nodes are usually slightly enlarged in this stage, especially
those of the axilla and the cervical and inguinal regions.

The urine is highly colored and scanty and shows a high specific gravity.
Albumin is present in severe cases with a high temperature. Ividence of
acidosis—diacetic acid and acetone—is quite frequent and the diazo-reaction
is positive. These changes may be present in other infectious diseases and
are not significant of measles alone.

The stages of eruption and desquamation average about a week or ten
days in duration. The patient feels so well after the rash disappears that
it 1s difhcult to keep him under control. Care has to be taken to avoid
taking cold, as the child is more susceptible to respiratory infections.

CLINICAL VARIETIES

Mild Form.—This is seen in infants less than five months of age. The
fever is never high and the catarrhal symptoms are slight and may be
absent. The rash is discrete and never confluent, and the duration is short.
This type of the disease 15 now irequently observed in children to whom
convalescent blood-serum has been administered, and is called a modified type
of measles. Hermann found a much longer period of incubation in these
cases which he attributes to diminished susceptibility on the part of young
infants and inoculated children.

The diagnosis in these cases is difficult without the presence of an
epidemic or the history of exposure or of inoculation.

Moderate Form.—This form presents the usual type of the disease
with the gradual onset, catarrhal symptoms and fever. It is usually found
in children over three years of age. The entire duration is usually about
a week.

Severe Form.—The age and condition of the child influence the
severity of the disease. It may start in as a mild form and on account
of the previous state of health, unhygienic surroundings, improper treat-
ment, etc., it may become serious and assume septic form. The fatality rate
of the infection varies in different epidemics and in different localities. It
may appear as an overwhelming infection from the start. In remote and
isolated regions where the disease has not appeared in many vears it is
apt to be very severe with a high mortality.
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COMPLICATIONS AND SEQUELZE

The most frequent and most important complication of measles is the
involvement of the respiratory tract. Bronchopneumonia is the cause of
almost all of the deaths that occur in measles. The frequency and mortality
from pneumonia are greater in children under three years of age. It occurs
more frequently among children in institutions than in private homes. Holt
reports that bronchopneumonia occurred in about 40 per cent of three hun-
dred children affected in two institution epidemics and 70 per cent of those
who had pneumonia died. It is more common in the winter months and
usually appears when the eruption is at its height or just commencing to
fade.

Bronchopneumonia is more apt to develop in children who are bundled
up during the period of invasion in superheated, darkened and unventilated
rooms, which are deemed necessary by many ignorant persons to “bring
out” the rash.

Lobar pneumonia is less common and found usually in older children
and may be followed by empyema.

Pneumonia is to be suspected if the temperature continues high after
the full appearance of the rash.

Bronchitis is present in nearly all the cases. It is not dangerous unless
it extends to the smaller bronchi and causes a capillary bronchitis which is
indistinguishable from bronchopneumonia. Tuberculosis is not an uncom-
mon sequela of measles among children who have latent tuberculous processes
or live in a tuberculosis environment. In young children this occurs in the
form of tuberculous adenitis, miliary tuberculosis or tuberculous meningitis.
Von Pirquet observed that in such cases where the skin reaction had been
positive it became negative.

The Larynx.—Catarrhal laryngitis accompanies almost all of the cases,
especially in children who are subject to croup. Membranous croup is a
cause of a small percentage of deaths among institutional cases. The mem-
brane may be due to a streptococcus infection. True Klebs-Liffler infection
may occur and is a very serious complication. In an institution epidemic of
sixty-five children a fatal streptococcus membranous croup occurred in
seven children.

Throat.—Inflammation and redness of the throat are as characteristic
of the disease as the eruption on the skin. The tonsils, uvula, palate and
pharynx are swollen and congested. The tonsillar crypts show a white
exudate in a small proportion of the cases. True diphtheria may occur but
the membrane is characteristic. The throat symptoms are not as severe as
in scarlet fever but in severe cases associated with streptococcus infection
they may cause death from general sepsis.
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Mouth.—The gums are not infrequently inflamed and in children who
are below par or confined in institutions an ulcerative stomatitis may develop.
This i1s more apt to occur in children with carious teeth and when the
resistance is low the ulcerative process progresses and a gangrenous stoma-
titis may result. A number of cases of noma of the cheeks have been
reported as a complication of measles occurring in institutions. In an out-
break in the Albany Orphan Asylum four cases of noma of the cheek
occurred and in two the vulva was involved. The Klebs-Loftler bacilli,
Vincent’s bacilli and the spirochetes have all been found in gangrenous
stomatitis. This is nearly always fatal.

Digestive System.—Active vomiting accompanies many cases of
measles, especially in the preéruptive stage. This is often accompanied with
acetone and diacetic acid in the urine.

Diarrhea is very frequent and is more common in certain epidemics and
during the summer months. There may be severe abhdominal pain and the
stools are blood-tinged and filled with mucus. These symptoms appear at
the height of the eruption and may last for two or three weeks. Cases of
ileocolitis may in the summer months show a higher mortality than the
pulmonary complications.

Nose.—The swelling of the mucous membrane of the nose interferes
with breathing in young infants and makes nursing and bottle feeding diffi-
cult. There may be a copious nasal discharge which may cause excoriation
or even eczema of the upper lip. Cases of diphtheritic rhinitis have been
reported.

Ears.
to the middle ear through the eustachian tubes. The temperature rises and
the child suffers a great deal of pain and loses sleep and appetite. The
frequency varies in different epidemics and occurs in from 1 to 15 per cent
of the cases. DBoth ears are generally involved and a few cases develop
mastoid. The ear-drums are congested and there is a slight bulging, If
it is a simple catarrhal inflammation it may disappear spontaneously. If
the fever persists a paracentesis should be done at once which will give
immediate relief.

Kidneys.—Albumin is present in the urine in cases of moderate severity
with a high temperature. True nephritis 15 rare in contradistinction to its
frequency after scarlet fever. A few cases have been reported in the
literature.

Heart.—The heart is rarely affected although cases of endocarditis
and pericarditis have been reported. When it does occur it may leave a
permanent lesion of one of the valves. Mpyocarditis is an accompaniment
of septic infections.

The inflammation of the nasopharynx not infrequently extends
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Skin.

previous chronic eczema or psoriasis may show a temporary improvement

An obstinate eczema may be associated with measles although

during an attack of measles. Impetigo, herpes facialis and urticaria are
sometimes associated with the measles rash and in children who are in
poor physical condition furunculosis may develop. Small nodules of a
reddish-brown coldr with a necrotic center covered with a scale called tuber-
culides are occasionally seen in children with tuberculosis.

Nervous System.—Delirium occurs in children with high temperatures
or a severe infection and in nervous and neurotic children. It has no special
significance. Convulsions at the onset are rare but later on they are more
commaon in connection with a high fever. They are present when complica-
tions associated with bronchopneumonia, otitis and meningitis affect very
young children. It is not at all uncommon during the height of the disease
for the children to be dull and apathetic.

Meningitis due to the tubercle bacillus, pneumococcus and meningococcus
have been observed. Acute encephalitis has developed as a sequela of
measles.

Mental disturbances occasionally follow an attack of measles but are
usually of a temporary character.

Association with Other Diseases.—Measles may be complicated by
diphtheria, which makes the condition more serious, especially if it involves
the larynx. This occurs more frequently among institutional children.
Whooping-cough 1s a much more frequent complication and epidemics of
measles and whooping-cough may occur together or follow each other. This
is a dangerous combination as both diseases have a tendency to affect the
respiratory tract.

When scarlet fever and measles occur together the diagnosis may be
difficult as scarlatiniform prodromal rashes in measles are not uncommon.
The characteristic symptoms of each must be present, for the course of each
disease is not interfered with.

Measles and chickenpox may occur at the same time.

Comby reported that of twenty-three children in whom whooping-cough
followed measles the mortality was 43 per cent, of fifteen where scarlet
fever followed measles 33 per cent died, and of fifteen in whom diphtheria
followed measles there was a mortality of 13 per cent.

There seems to be a close relationship between measles and tuberculosis.
In children with a latent tuberculosis or who are in a pretuberculous stage,
measles may activate the process. Miliary or pulmonary tuberculosis may
follow an attack of measles. Tuberculous adenitis, especially of the cervical
lymph-nodes, may develop and tuberculosis of the joints and bones may
appear as a late development. Von Pirquet found that the skin tuberculin
test which had been positive becomes negative during an attack of measles
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DIAGNOSIS

It is not possible to diagnose measles or any of the eruptive diseases
of childhood by the appearance of the rash alone. It is now universally
accepted that measles cannot be present unless the characteristic changes in
the mouth are present. Koplik's spots are present in over 9o per cent of
the cases and are found in no other condition. The enanthem over the
palate and mucous membrane of the mouth, the appearance of the gums
and tonsils taken in conjunction with the Koplik’s spots make the diagnosis
certain, The presence of an epidemic and a history of possible exposure ten
to fourteen days previous are helpful in making diagnosis.

Differential Diagnosis.—Scarlet Fever.—This may be difficult without
a history of exposure during the period of invasion. Measles may be
ushered in by vomiting and fever and a rosecla similar to scarlet fever may
appear. This rash is not so marked over the face, and the white skin sur-
rounding the mouth 1s not in evidence. The tongue may show in measles a
striking similarity to that of scarlet fever. The pulse in measles is not so
rapid and the Koplik's spots and the macular enanthem over the palate and
mucous membrane of the mouth are never present in scarlet fever. The
catarrhal symptoms and cough are distinctive of measles. The blood-picture
is different. After a few days the typical morhilliform rash appears.
Measles will attack practically all susceptible children who come in contact
with a case, while scarlet fever only infects about 25 per cent who are
exposed.

German Measles—For many vears rubella and measles were considered
the same disease. The differential diagnosis may be difficult 1f the child 1s
seen first in the stage of eruption or if it 1s a very mild or modified type of
measles. The appearances in the mouth are absent in German measles and
the fever and catarrhal symptoms are less marked. The rash in German
measles 15 more discrete and more pink in color and the chain of enlarged
lymph-nodes appears earlier and is more marked than in measles. The
presence of typical measles in the family or close associates is of assistance
in reaching a diagnosis.

Influensa—In the stage of invasion there is a great similarity in the
catarrhal symptoms, but with the appearance of the mouth, the presence of
Koplik's spots and the breaking out of the characteristic rash the diagnosis
will be plain.

Skin Diseases.—The constitutional subjective symptoms of measles and
the characteristic changes in the mouth are absent in skin lesions which bear
an objective similarity to the rash of measles. Skin rashes of intestinal
origin are often mistaken for measles, especially in infants, but the other
signs of the disease must be present in order to make a diagnosis.
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Antitoxin and Drug Rashes—The urticaria following the injection of
serum may present the appearance of measles. A measles-like rash occa-
sionally follows vaccination. An eruption like that of measles may follow the
use of drugs in certain individuals. Those most likely to produce such a
rash are antipyrin, quinin, chloral, iodids and cubebs. In these cases the
absence of catarrhal and oral symptoms and the history of the case make
the diagnosis simple.

PROGNOSIS

Many factors enter into the problem of prognosis. It is generally admit-
ted that the morbidity figures are inaccurate, as a very large percentage of
cases are not reported or recorded. The mortality records are more reliable
although fatal cases may be reported as pneumonia which were primarily
caused by measles. The principal factors are the age of the patient, the
season of the year, the previous physical condition of the patient, the hous-
ing and hygienic conditions, the character of the epidemic, whether the
cases are treated at home or in an institution and whether it occurs in the
country districts or in large cities,

The general death rate based on 100,000 population in the United States
death registration area, in New York State, in New York City and in the
State of New York exclusive of the City of New York is shown in the
following table prepared under the direction of DePorte of the New York
State Department of Health.

TanLe V.—Deatn Rate rroM MEASLES PER 100,000 PorvurLation xn Uwxitep Srates Deatn
Recisteation Area, NEw YorK STATE, 1015-1025

LUnited States " . ; > New }ork
Ve Rei ; New York New York State Exclu-
edar EL[STT:-HI.DI'I :"itﬂ.tl! Cit}' .'i-i'lr'ﬂ Ef
Area New York City
R et R 5.4 8.5 12.1 4.6
) g e A S O 1.1 0.3 0.2 9.3
1) b e e S S e 14.3 2.0 1.4 T3
(13 ¢ e e T 10.8 12.5 14.4 104
L e R R e e 30 3.4 3-8 2.0
L P S o i e 2.8 10.5 13.00 7.0
v SR NS LN R e 4.3 3.0 2.0 5.0
Ly R e = A 4-3 10.7 17.0 34
el T R P R e 10.8 0.0 4.2 8.1
Tt L Y 6. 87 43
{7 RS SR R Ly S b 2.5 2.2 2.0

The death rate of measles in the United States registration area varies
from 3.9 to 14.3 per 100,000 population. The mortality varies in different
vears and the highest point occurred in 1917 in the registration area, in 1918
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in New York State and in 1922 in New York City. [t is interesting to note
that the mortality rate 1s higher in New York State every other year.

In terms of per cent it appears that measles is responsible for less than
1 per cent of all deaths in the United States.

The rural and urban death rates were separated in New York State for
the years 1924 and 1925, as shown in the following:

DeaTH RATE FOr MEASLES PER 100,000 PorPUuLATION IN NEW YORK STATE

Year Rural Urban
1024 . oo cnnn 5 R AT B 4.8
o1 S Pl st ol o 3.9

The higher rate in the cities cannot be due to a more virulent infection
but is no doubt influenced by the crowded and unhygienic surroundings with
a great tendency to pneumonia. The ages of those attacked 1s lower.

Holt gives the following table of the mortality from measles in an insti-
tution for children :

Age CASES MorTaLiTY, Per Cent
Garzampnths - occiini i viaeiaes 42 33
TR ey et T e e e e e s 5T 50
T T e T 27 an
e e e 20 14

The effect of the season of the year is shown in the following table
which shows the largest number of deaths occurred in the months of March,
April and May and the lowest mortality in the summer and fall months.
The reported morbidity is even lower proportionately. Some of the most
fatal institution outbreaks have occurred in the summer. This table also
shows the jump in mortality every other year.

TarLE VI.—MortavLity ¥roa Measies 1n New YorE STATE PER 100,000 PoPULATION FROM
1915 To 1025 AccorpinG To MoxTus

Year | Jan. | Feb. Mnrchl April | May | June| July | Aug. | Sept. | Oct. | Now,

Dee,
1OI5. oo o | 37 72 | 150 | 184 | 200 | T4 | 6ua 30 | 30 4.4 | 6.1
g1h.....| 87 | 1z 16.4 | 20.3 | 10.5 | 10.06 0.8 4.7 2.2 1.8 5.3 | 35
5,0 o S Br | 1Ly 86 | 141 | 170 | 1B0 | 115 4.4 2.8 1.5 2300 =4
18, .... 130 | 1.1 | 20.1 | 35.2 | 21.0 | 15.5 84 | 43 2.5 2.6 1.2 1.3
110, . ... 2.1 2.1 3.0 5.7 =2 3.8 2.5 1.3 B 1.0 28 | 8o
1920, . ... 149 | 27.2 | 182 | 21.4 | 15.4 0.3 5.2 2.6 1.4 23 36 | 30
EOST: - Bo 0.5 75 | 4.8 47 | 4.6 3.0 1.2 3 4 .3.|] =8
IO s 60 | 127 | 204 | 281 | 300 | 17.7 4.8 2.1 .5 5 1.1 2.8
1023. . ... 40 | 4.8 50 | 00 | 146 | 11.6 7.0 2.7 8 g | 38 | 64
1024. . ... 8.0 gy | 173 | 100 | 132 B0 2.5 7 o 3 2 7
TGEE .4 0 1.5 20 | 4.4 5.6 31 1.2 I.0 5 20 | s.
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Age is an important factor in the prognosis. The great majority of
deaths occur in children under three years of age. After that age the deaths
from measles are very few. The serious complications, especially that of
bronchopneumonia, are rare in children over four vears of age. The follow-
ing table gives the death rate for measles per 100,000 population in New
York State for the ten-year period, 1915 to 1924. It shows the total
reported deaths for all ages as well as by year periods, the mortality rate
per 100,000 deaths of these cases and also the percentage rate of all causes
by age groups.

TasLe VIL—DeatH RATE 1x MEASLES PER 100,000 PoruLation 18 NEw YorK STATE FROM
1015 To 1024, ACCORDING TO AcE

Number Rate Per Cent of All Cases
Age, Years

1915 1924 1915 1924 1915 1924
LUnder fa e e | 201 197 Bq.0 Byiz B 1.2
s e o e : 305 205 1061 138.0 fi.0 0.6
T b A R R 125 106 63.1 48.3 fi.1 7.0
R i e 49 43 25.2 19.5 3.8 4.7
| T LA e 20 15 10.7 7.0 2.2 1.0
o TS e e s 48 54 5.4 5.1 1.8 2.1
i R R S | 10 3 1.2 3 6 2

15 and over ......... 23 28 3 .4 02 .02
Torar AL AGEs .. 844 741 5 35_-_ ﬁ-.;_ i b .5

While the morbidity statistics are not entirely reliable yet they are of
interest. Table VIII shows the reported number of cases of measles per
100,000 population in the State of New York by months and by years. By
comparing this with Table VI it will be seen that the number of cases are
greater every other year and correspond with the higher mortality rates of
the same year. By far the largest number of cases are reported in the
winter and spring months,

TasLe VIIL—Morpipity ¥romM MEeaspies 18 New Yorg StaTE PER 100,000 PopuLaTion
FROM 1015 TO 1925, AccorminGg o MowmTHS

Year | Jan. | Feb. Marchl April | May | June| July | Aug. | Sept. | Oct. | Nov. | Dec.
TOAG: o ains 308.3| 465.3| 708.7| 1272.3| 1466.5| 1336.5| so7.7| 148.5| 75.3 | 1558 415.7| 6383
1916..... 750.0| 025.3 | 1201.4] 1432.5| 1414.6] 1166.0| 614.5]| 126.5| 420 | 46.8| 1:18.8| 216.0
TEL T s 394.3| 645.1| or18.0 1136.4] 1362.0 1140.8] 420.0| 110.9| 63.1 | 1184 271.0] 636.2
I0I8. . ... 803.0 |1002.7 | 1572.3 :?65.=r 1658.1| g11.7| 55400 153.0| 54.3 | O7.4| 51.2] 406
I010. .. .. Bo.g4| 117.7| 1648 243.2| 3505 267.3] 141.3] 402| 250 | 74.4| 186.6| 508.7
1020 -~ . 1234.2 |1354-4 | 1215.1] 1220.2| 1243.0| 1056.4] 400.5| 134.4 | 50.2 | 137.0| 372.2| 534.5
I02T. +sss 737.2| 810.3| O94.0! 574.9] so7.ol 443.8] 173.0| Go.5| 317 | 34.2| Bs5.8] 168
1922.....| 315.0| 708.3 | 1000.5| 1378.6| 1468.0] B43.1| 3230| 66.4| 20.3 | s07| 8r.1| 1901
1023, ... 4o0.1 | 525.0| 6700 B74.5| 1477.7| 1360.5| 526.0| 125.8| 7o.1 | 181.2| 371.0]| 5217
1024. ... . Bz0.1 |1138.5 | 16100 1587.1 1144.1] 781.5| 28p0| s56.2| 222 | s530| 60.0| oo
1025. ... 107.7 | 184.1| 276.9] 354.7| 387.2| 414.7| 147.5| 49.4| 314 | 1226| 327.5| 770.2
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The influence of sex in the mortality from measles 1s very slight although
the mortality 1s slightly greater among the males. This 1s shown in the
following table :

TasLe IX.—Dearn Rate 1v MEASLES PER 100,000 PorviaTion 18 NEW YORE STATE FROM
1915 To 1024, ACCORMNG To SEX

Year MhMale Female
1o R S ey e W P 0.0 i
T e e e 0.0 8.8
T e D 0. B.0
TETED e wde  a aa  F eeres 3.2 12.0
1) e R d e R o A e e i e 35 3.4
TN e e e D el 11.0 10.0
1 o e e e R e e 3.0 3.0
T e 1.3 101
L o e o e et D o i e b e B I 6.3 5.8
L e e e e e 7.1 .4

The presence of complications, especially on the part of the respiratory
system, renders the prognosis more unfavorable. Cases in which the erup-
tion is cyanotic in color are indistinet and slow in appearance ; the prognosis
is not so good as such cases are often associated with disturbance of the
heart or lungs. The height of the temperature has a bearing on the prog-
nosis as is shown in the following table from Holt, showing the height of
temperature and the mortality in 161 hospital cases:

Higuest TeMrERATURE, CASES MeorTALITY,
Degrees Fahrenheit S Per Cent
B N T s i fi 0
L L s e S 14 7
L T e S R 40 16
T G SR R e R e ) (i1 40
TEREITE TR (100 oy A o e R e L et 27 8o
TREATMENT

Prophylaxis.—Measles is such a common disease that with the laity at
least familiarity breeds contempt. They have come to look upon it as such
a mild disease that its prevention is considered of slight importance: as
every child will contract it sooner or later the sooner it is over the better.
It is seldom justifiable to expose children unnecessarily to measles. It is
the duty of every physician to prevent disease both in the interest of his
patient and as a measure of public health and to employ every means to
this end. While measles rarely seriously affects strong robust children,
vet in infants, young children and delicate children it may and often is
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serious and even fatal and every possible means should be employed to
protect them from infection.

This is especially true with children in institutions and those predis-
posed to tuberculosis.

The extreme contagiousness for several days betore the appearance of
the eruption and in many cases before a diagnosis is made, the lack of
precise knowledge of the infective agent and the almost universal suscepti-
bility all tend to make the problem of prevention more difficult to solve.
The chief measures employed at the present time are: (1) Isolation of both
suspected and active cases, (2) quarantine of exposed susceptible children,
and (3) protective inoculation of exposed children.

[solation in the Home.—When a child comes down with measles he
should be confined in a room from which other members of the family can
be excluded. No one but those actually nursing and caring for the child
should be allowed to enter this room. If possible, the sick room should be
on the top floor. Strict isolation is not necessary after the rash has disap-
peared and the temperature has been normal for a couple of days, This is
usually about five days. Such isolation is also of great benefit to the
patient as it will greatly lessen any chances of his being infected with
bacteria such as pneumococci, streptococel, ete., which would be apt to pro-
duce dangerous complications in his weakened condition. All cases should
be reported at once to the health officer so that exposed children can be
traced and watched. A placard on the door, especially in the tenement dis-
tricts of cities, warns other persons of the presence of the disease and per-
haps prevents other children from coming in contact with the children of the
affected family. The study of measles in monkeys has shown that measles
cannot be transmitted through milk, water, or food, and chronic carriers
have not been demonstrated. As the disease is transmitted by direct contact
from person to person during the early stages the actual source of infection
is not recognized until after the transmission of the disease has occurred.
Authorities are agreed that measles is not transmissible during the period of
incubation but that it is most contagious in the period of invasion or prodro-
mal period. It is contagious in the stage of eruption. That it is not con-
tagious during the periods of desquamation and convalescence is the generally
accepted view. When measles occurs in a family all susceptible persons
should be quarantined for at least two weeks after the last exposure. This
means keeping the children strictly away from other children. It is not
necessary to restrict the activities of members of the family who have had
measles or to exclude from the house visitors who have had measles. A
second attack is most uncommon. The mother and nurse should take every
precaution not to carry the disease to others, although this is a very rare
occurrence. To avoid the possibility, however, they should wear a gown
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to avoid contamination of the clothes. The attending physician should scrub
his hands with soap and water after coming in contact with a case of
measles and refrain from coming in contact with susceptible children imme-
diately after seeing a case of measles. No elaborate measures to disinfect
the room, clothing or other articles at the end of isolation i1s necessary.
The virus of measles rapidly loses its virulence and does not cling to objects.
The sick room should be thoroughly scrubbed and then aired for twenty-
four hours. A few hours of exposure to the air and sunlight with open
windows will make it safe for occupancy.

Schools and Kindergartens—\When measles breaks out in a community
the question of the schools in that locality immediately arises. Ruhrih
believes that in order to protect the younger children the schools should
be closed at the beginning of an epidemic in order to prevent the transmission
of the disease by the older children who attend school to the younger ones
at home. This meets with objections from school authorities on account of
the loss of time involved.

The hest method is to keep an accurate record of the illnesses of all
pupils on file so as to know who are susceptible and who are immune.
Parents should be notified when a case is reported and susceptible children
excluded from school until fourteen days after the occurrence of the first
case. Prompt action is necessary as soon as the first case develops, for only
a few seconds’ exposure will transmit the disease and it will spread with
great rapidity and soon be hevond control.  The exclusion of all susceptibles
is a surer and safer method than the daily inspection ot pupils for the first
signs of measles. This would not mean closing the schools, as a very large
proportion of the pupils will be found to have had the disease. It may be
advisable and desirable in the presence of an epidemic to close the kinder-
garten or first grade.

Hospitals and Institutions—\When a case of measles breaks out in a
hospital or institution all the children in the ward should be isolated and
no new patients or children admitted, for at least eighteen or twenty-one
days after the appearance of the last case. Absolute security cannot be
assumed until three weeks have elapsed without the appearance of new cases.

Hospital epidemics are often attended with a high mortality and every
means should be taken to prevent spread; rigid cleanliness and technic must
be employed both by nurses and physicians.

When proper provision cannot be obtained in the home it is a wise plan
to send the child to a hospital for contagious diseases if such is available,

Protective Inoculation.—The greatest advance in recent vears in the
prevention of measles has been in the production of immunity. The use
of serum obtained from the blood of patients convalescing from measles has
been used as a prophylactic agent for about ten years. Degwitz reported
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a series of one thousand susceptible children who were moculated and the
results showed that 85 per cent of those injected did not develop measles.
Von Torday reviewed two thousand cases in 1923 which had been injected
and found that over 97 per cent escaped the disease. Recent literature con-
tains many references on the favorable results obtained by such inoculation.
For example, Toomey injected 389 patients in hospitals and children’s in-
stitutions in Cleveland with from 3 to 10 c.c. of measles convalescent serum
intramuscularly. Only twenty-one of these patients or 5 per cent contracted
measles, thirteen before and eight after the usual incubation period of four-
teen days, and the disease was very mild and attenuated in all of the injected
cases. The method of taking blood from the donor is as follows: One week
to ten days after the appearance of the eruption the blood is withdrawn
from the median vein by inserting a 15 gauge Luer needle and allowing the
blood to run directly into a 500 c.c. sterile bottle containing 20 c.c. of a 23
per cent solution of sodium citrate with a small quantity of tricresol as a
preservative. The bottle should be shaken while the blood is being drawn
off. The dose is 5 c.c. and it has been shown there are no advantages in
larger doses. Park thinks it should be doubled for older children or when
given late.

The blood of persons who have had the disease contains a certain amount
of antibodies but not in the same amount as the convalescent case. When
the serum is not available 20 or 30 c.c. of blood obtained from the parents
can be injected directly into the buttocks of the young child and a temporary
immunity can be obtained. Owing to the technical difficulties and the pain
resulting from so large injections, this procedure is justifiable only in ex-
ceptional cases. The duration of this passive immunity is from three to six
weeks. This shortness of protection limits the use of the serum to infants
and delicate children who are not in fit physical condition to stand any
illness.

A review of injected children who developed measles shows that under
ordinary conditions it occurs in an extremely mild form in which many of
the symptoms are absent and the temperature falls quickly. A favorable
feature of this modified type of measles in injected children is that it seems
to afford a permanent immunity, while those children who entirely escape
after the injection are liable to contract measles during a later exposure.

It has been shown that the chances of preventing the disease are greater
if the contact is not continued and the serum is injected not later than five
days after the first exposure.

The injection of convalescent measles serum can be said to afford a
temporary immunity against measles, but on account of the difficulty in
obtaining the serum and the shortness of protection its use must be limited
to very young children and to hospitals and children’s institutions.
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Active Immunization by Inoculation of the Virus of Measles.—Her-
mann advocated active immunization of young infants by inoculation of
the infectious material on the nasal mucous membranes. The method fol-
lowed is to obtain the nasal mucous discharge of patients coming down with
measles in the stage of invasion one to two days before the appearance of
the eruption, and mix it with a small quantity of normal salt solution. This
is then centrifuged to remove bacteria and other extraneous material and
a little tricresol added as a preservative. A few drops of this are applied
to the nasal mucous membranes of the infant to be immunized. Only
healthy infants between four and five months of age are inoculated, as they
are relatively immune if their mothers have had measles. A reaction con-
sisting of a slight fever appears from the eighth to the sixteenth day and
occasionally a few spots on the face and body. In all his inoculations he
has not had any infant exhibit any unfavorable symptoms. He believes the
immunity will last several years and tide the child over the dangerous period.

Ferry and Fisher prepared an antitoxin by injecting horses and rabbits
with measles toxin obtained from the so-called Streptococcus morbilli. This
antitoxin is concentrated and refined by the usual methods and they have
been able to concentrate this measles antitoxin several times as high in
neutralizing power as the measles convalescent serum.

Tunnicliff was able to develop an immune goat serum which has been
very successfully employed as a prophylactic. Its great advantage lies
in the question of supply, for it can be made available for use at any time
and in greater quantities than is possible in respect to human convalescent
serum. Tunnicliff and Hoyne after an exhaustive trial which included tests
by well-known pediatricians in various parts of the country found that if
inoculated within four days aiter exposure protection against infection was
obtained in g7 per cent of the cases. The duration of this passive immunity
is the same as with human serum, but it is valuable in preventing measles
in young and delicate children and in stopping an epidemic in hospitals
and institutions where the mortality may be high and the inconvenience and
expense may be great.

Prevention of measles in young children can be accomplished with the
hearty cooperation of parents, physicians and health officers. The public
must be made to realize that measles in children under three vears of age
is a dangerous disease and that over 75 per cent of the deaths irom measles
occur in children of that age period. Godfrey advocates a card catalogue of
all children under three vears of age by the health officer, the object being
to notify each family when an epidemic appears and emphasize the danger
of measles to children under three years of age. The parents should be
informed that the outhbreak will last from two to six months, and during
this period they should keep these young children to themselves as much
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as possible and avoid all public gatherings and conveyvances. They should
play only with children known to have had measles. 1i one of the older
children contracts the disease the baby should be at once 1solated. When
an older child is known to have been exposed the baby should be kept away
from lim for at least cighteen days. In the crowded tenement districts
the problem i1s more difficult and here it is advisable for the health officer
to try and have the young and delicate children who have been exposed given
inoculations of immune serum.

General Treatment.—The management of a case of measles should
be carried on so as to give comfort to the patient. Measles is a self-limited
disease and as yet no specific treatment has been discovered. Symptoms,
complications and emergencies must be treated as they arise.

There are so many deep-rooted superstitions in the management of
measles that it is difficult to convince parents that the little patients should
be treated with common sense and a consideration for the comfort of the
child. A child with measles should be kept in bed until two days after the
rash and fever have disappeared. The bed should be screened to protect the
child from draft and bright sunlight. It is not necessary to have the room
dark and the windows closed. The room should be ventilated with plenty
of fresh air. The temperature of the room should not be over 707 IF. and
drafts and cold air are to be avoided. The child should not be bundled up
in woolen sheets and an excess of coverings. There i1s no objection to
bathing the child each day with lukewarm water, care being taken to avoid
undue exposure. The nightgown should open up in front so as to permit an
easy examination of the chest.

The itching and burning of the skin can be relieved by sponging with
alcohol or a bicarbonate of soda solution. Talcum powder can be freely
dusted over the skin. Inunction of carbolized vaselin or some mentholated
ointment often gives relief.

The bowels should move each day and simple laxatives, such as citrate of
magnesia, milk of magnesia, cascara, etc., may be used. It may be necessary
to inject a suppository or give a low enema.

The diet should be light and plenty of fluid 1s desirable. Children show
a distaste for food and it is very foolish to force food early in the disease.
Water either plain or carbonated should be given freely and there is no
objection to giving lemonade, orangeade, ginger ale, grape juice, etc. In the
acute stage fluid is more indicated than food. Milk may be used in any form
unless it causes vomiting or distention. Later on, eggs, broths, cereals,
scraped beef and simple desserts can be given.

The eyes should be protected if there is any conjunctivitis. Iced cloths
can be placed over the eyes and the eyes kept clean by the frequent use of
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boric acid solution. If the conjunctivitis is severe a drop of a 10 per cent
solution of argyrol or 1 per cent solution of mercurochrome should be in-
stilled in the eves three times a day. The simple ointment of white vaselin
or 1 per cent vellow oxid of mercury should be applied to the lids. The
eves should be carefully watched for several days after the attack.

The care of the mouth is important. It should be cleansed after eating
with some simple mouth wash of normal salt solution. [f sprue appears
the buccal mucous membrane should be painted with a 3 per cent solution of
nitrate of silver. lior ulcerative stomatitis a mouth wash of 2 per cent
solution of chlorate of potash should be used and the gums painted with a
weak solution of 1odin.

The nose can be irrigated with a fairly normal hot salt solution or a
simple antiseptic spray. After the irrigation a few drops of mineral oil
or some oil spray should be applied to remove crusts and to keep the nares
open. If the congestion is severe and it is difficult to breathe, relief can be
obtained by the application of adrenalin. Steaming with benzoin or creosote
soothes the irritation in laryngitis and trachitis. [f stenosis appears diph-
theria antitoxin should be administered in large doses without waiting for
the results of a bacteriological examination. Antispasmodics such as anti-
pyrin, sodium bromid, benzol benzoinate, etc., may be given.

The cough of measles is characteristic and due to pharyngeal irritation,
For its relief small doses of paregoric or codein are indicated. It is not
advisable to use cough syrups as they are apt to cause fermentation and
upset the stomach. The use of barbituric acid derivations, known under
the trade names of allonal, amytal, etc., gives prompt and effective relief for
this type of cough.

Diarrhea is often a troublesome symptom and can be controlled by
cutting down the food or limiting it to boiled milk, toast, rice, etc. Hot
fomentations over the abdomen are indicated if there is pain or distention,
A preliminary dose of castor oil followed by six hours of starvation is
generally all that is necessary to relieve this condition. If there is much
muctus with tenesmus, colon flushings with bicarbonate of soda will be
helpful. It may be necessary to use bismuth and opium to overcome the
frequent stools.

The temperature can be controlled by the use of cold packs and ice to
the head. Antipyretic drugs should be avoided but small doses of aspirin
and phenacetin are often of decided benefit.

Nervous symptoms which accompany severe infections are treated as
they arise. Convulsions are held in check by luminal, chloral and bromid,
and relief often results from a lumbar puncture. Convulsions are often
associated with hyperpyrexia which should be controlled with cold com-
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presses. This will relieve the delirium and mental excitement as well as
the stupor and coma which accompany some of the severe cases. The use
of cold compresses and ice applications does not increase the lability to pneu-
monia nor retard the appearance of the eruption.

Cold extremities, feeble pulse and cyanosis associated with high tem-
perature should be treated with hot applications or mustard pack, although
ice should be placed on the head.

Acute bronchitis is relieved with steam inhalations and simple expec-
torants such as ammonium chlorid or ipecac. In order to diminish the
chances of pneumonia, patients should be kept in bed as long as there are
any physical signs in the chest. The treatment of bronchopneumonia asso-
ciated with measles is the same as in other conditions. When cases of
pneumonia occur in a hospital or imstitution they should be separated from
the uncomplicated cases. The microdrganisms most frequently involved
in pneumonia complicating measles are the pneumococcus, streptococcus
hemolyticus, and the influenza bacillus.  As these are found in the mouth
and are communicable, it is a wise plan to insist on systematic disinfection
of the nose and mouth.

PUBLIC HEALTH REGULATIONS

The Sanitary Code established by the Public Health Council of the State
of New York contains several ordinances relating to measles: “It shall be
the duty of every physician to report to the local health officer within whose
jurisdiction such patient is, the full name, age and address of every person
affected with measles within twenty-four hours from the time the case is
first seen by him. Such report shall be by telephone or telegram when
practicable, and shall also be made in writing.”

Superintendents or persons in charge of hospitals, institutions or dis-
pensaries are also required to report all cases of measles admitted occurring
therein.  School-teachers where no physician is in attendance must report
to the principal all facts relating to the illness and physical condition of
any child under their jurisdiction who appears to be affected with a disease
presumably communicable, and the principal shall report the facts to the
local health officer and send the child home. The same is required by the
head of a household, proprietor or keeper of any hotel, boarding house, or
lodging house as well as by visiting nurses and public health nurses and
persons in charge of labor or other camps, and by the master of any ship
lying within the jurisdiction of the state. This applies only when no physi-
cian is in attendance and applies to all communicable diseases.

When the physician diagnoses a case of measles he must “secure such
isolation of the patient or take such other action as is required by the



60 MEASLES

special rules and regulations which from iime to time may be issued by the
local health authorities or by the State Department of Health.”

It 1s not necessary to quarantine adults as “when a person affected with
a communicable disease is properly isolated on the premises except in cases
of smallpox, adult members of the family or household who do not come in
contact with the patient or with his secretions or excretions, unless forbidden
by the health officer, may continue their usual vocation, provided such voca-
tions do not bring them into contact with children nor require that they shall
handle food or food products intended for sale.”

No patient with measles can be carried or removed from or to any hotel,
hoarding house, lodging house or any dwelling without the permission of
the local health officer.

The physician or nurse or other necessary attendant upon a case of
measles after attendance upon the case shall take precautions and practice
measures of cleansing or disinfection of his person and garments to prevent
the conveyance to others of infective material from the patient.

The code states in regard to exposure of persons affected with measles:
“No person shall permit any child, minor or other person under his charge
affected with measles to associate with others than his attendants. No per-
son affected with measles shall expose himself in such manner as to cause
or contribute to, promote or render liable their spread.” It also prohibits
“the visiting, association or contact of any child, minor or other person
under his charge with any person affected with measles.”

Provision is made for the exclusion from public, private and Sunday
school, or any public or private gathering, of any child suffering from a
communicable disease. “Such exclusion shall be for such time and under
such conditions as may be prescribed by the local health authorities.” This
may be also applied to members or inmates of a household where a case of
measles is present or has occurred within fifteen days. No child affected
with measles or that has been exposed to measles within fifteen days i1s per-
mitted to come in contact with or visit any child who has not had such
disease or any child in attendance at school,

The maximum period of incubation of measles is placed at fourteen days.
The minimum period of isolation for measles is stated as until at least five
days after the appearance of the rash.

The attending physician should be familiar with these regulations so he
can be in a position to advise the family and to conduct the case in accord-
ance with requirements of the public health law.

The American Public Health Association adopted at its annual meeting
in 1926 a set of standards for the control of communicable diseases. Those
in regard to measles are as follows:
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1. InrEcriovs AGENT.—Unknown.

2. SoURCE oF INrFeEcTion.~—DBuccal and nasal secretions of an infected
individual.

3. Mobpe or Tranxssission.—Directly from person to person; indirectly
through articles freshly soiled with the buccal and nasal discharges of an infected
individual, The most easily transmitted of all communicable diseases.

4. Ixcupation PEriop.—About 10 days.

5. Pertop or Communicapiriry.—During the period of catarrhal symptoms
and until the cessation of abnormal mucous membrane secretions—minimum
period of nine days; from four days before to five davs after the appearance
of the rash.

6. Mernops oF CoNTROL

(a) The infected individual and his environment
1. Recognition of the Disease.—Clinical symptoms. Special atten-
tion to rise of temperature, Koplik spots and catarrhal symptoms in
exposed individuals.
2. [Isolation—During period of communicability.
3. fmmunization.—By the use of the serum or whole blood of con-
valescent measles patients, or of any healthy adults who have had
measles, given within five days after exposure to a known case of
measles, the attack in the exposed person may be averted in a high
percentage of instances; if not averted, the disease is modified.
Given later, but at a time prior to the clinical onset of the disease,
convalescent, serum usually modifies the severity of the attack and
the patient acquires the usual lasting immunity to the disease.
4. Quarantine—Exclusion of exposed susceptible school children
and teachers from school until 14 days from last exposure. This
applies to exposure in the household. Exclusion of exposed sus-
ceptible children from all public gatherings for the same period.
5. Concwrrent Disinfection.—All articles soiled with the secretions
of the nose and throat.
6. Termmal Disinfection.—Thorough cleaning.

() General measures

1. Daily examination of exposed children and of other possibly
exposed persons. This examunation should include record of the
body temperature. A nonimmune exposed individual exhibiting a
rise of temperature of 0.5° C. or more should be promptly isolated
pending diagnosis.

2. Schools should not be closed or classes discontinued where daily
observation of the children by a physician or nurse is provided for.
3. Education as to special danger of exposing young children to
those exhibiting acute catarrhal symptoms of any kind.

4. In mstitutional outbreaks immunization with convalescent serum
of all minor inmates who have not had measles is of value in
checking the spread of infection and in reducing mortality.



CHAPTER TV
GERMAN MEASLES

Definition.—German measles is an acute, specific, communicable dis-
ease characterized by a short invasion with mild indefinite symptoms last-
ing but a few hours and followed by a characteristic eruption. The constitu-
tional symptoms are mild and the disease 1s of short duration.

Synonyms.— Rubella, Rotheln, rubeola.

History.—The first detailed description of rubella is found in an article
written by a German named Wagner in 18335, which no doubt explains its
popular name. Wagner’s belief that it constituted a distinet clinical entity
was not accepted by the medical profession and there was miuch bitter con-
troversy over this question. Many authors believed it to be a new and
mild form of measles, some confused it with scarlet fever, while others
considered it a hyvbrid of measles and of scarlet fever. The term rubella is
found in earlier writers, but its identity was not established until 1881,

The question of its classification was fully discussed at the International
Congress of Medicine which was held in London in 1881. The proof there
presented by the most distinguished authorities of FEurope and the United
States removed any doubt of its existence as a separate and distinct disease.

Etiology.—CGerman measles is communicable without any doubt, but
less so than measles or scarlet fever. The character of the contagion is
unknown ; also similar methods and media which were used with some suc-
cess by Tunnicliff in measles were without any result in this disease. Tt can-
not be inoculated into monkeys as 1s the case in measles, and no one has
succeeded in cultivating any organism from the blood.

The susceptibility is not high and it is estimated that only about 3o per
cent of children exposed will contract the disease. This varies, however, in
different epidemics. The absence of severe catarrhal symptoms with cough-
ing and sneezing and the very short period of invasion may account for its
slight contagiousness. Most observers claim that infection is more apt to
take place in closed rooms than in the open air. This belief is strengthened
by the fact that epidemics usually prevail in winter or spring when children
are compelled to spend much of their time indoors. Reports of epidemics in
orphan asylums and institutions where children are closely quartered show
that it spreads quite rapidly. Ashley calls attention to a peculiarity of this

disease, in that if an individual who resides in a community where German
bz
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measles is prevalent goes to another, while in the stage of incubation, and
comes in contact with others he will suffer from an ordinary attack and no
further cases will occur in the new locality. One attack usually confers
immunity for life, although second attacks have been reported.

It can be stated positively as a fact that an attack of German measles
does not protect from an attack of measles or scarlet fever, nor does an
attack of measles or scarlet fever furnish any immunity from German
measles. This is the consensus of opinion after fifty vears of careful
observation. There are instances where children, during a short period,
have had measles, German measles and scarlet fever. When a case of Ger-
man measles appears in a school or institution it will breed true.

Age.—As in other communicable diseases there seems to be a natural
immunity against German measles in mmfants under six months of age.
The age of greatest susceptibility is in children from four to ten years of
age. This is a little later than that of measles. Adults of all ages may
contract this disease and a case has been reported in a woman of seventy-
three.

Mode of Infection—~This is a contact disease and is not carried by
a third person or by articles of clothing or inanimate objects. The contact
must be intimate. The contagion is probably contained in the discharges
from the nose and throat and may be transmitted by coughing, talking or
sneezing. The consensus of opinion is that it is contagious only in the
stage of invasion and after the appearance of the eruption it cannot be
spread.

Symptoms.—FPeriod of Incubation.—This has been placed by different
authors as ranging from ten to twentyv-one days, while the average duration
appears to be about fourteen davs. The patients show no symptoms during
this period. A prodromal rash lasting from a few hours to two or three
days has been observed by some writers. No one has ever seen Koplik's
spots either in the prodromal or eruptive stages of the disease.

Period of Invasion.—This is very short and in many cases is absent.
The symptoms are a vague malaise, loss of appetite, slight discomfort in
swallowing and very mild catarrhal symptoms. During this period the
disease is undoubtedly communicable. The enlargement of the cervical
and occipital lymph-nodes which is so characteristic of the disease first
appears in this period and is accompanied by a slight rise in temperature.
The Iymph-nodes most frequently affected are the postcervical group. They
may reach the size of a hazel nut and may be slightly tender to the touch.
They are present on hoth sides of the neck and form a chain extending the
length of the neck and are plainly visible when the patient turns his head to
one side. The other lymph-nodes, namely, axillary, epitrochlear and
inguinal, may also bte involved but not with the same constancy as the
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postcervical and occipital. They first appear before the eruption and may
last several days after the disappearance of the rash. Klaatsch, in writing
of the enlarged lymph-nodes, said: “This symptom i1s so constant that
one could make a diagnosis in the dark by means of the sense of touch
provided he knew there had been an acute infectious exanthem present.”

There may be a slight rise in temperature a day before the appearance
of the rash, but it is more often absent than present.

Period of Eruption—In a majority of cases the first symptom is the
rash. It is the eruption that first calls attention to the disease. This erup-
tion appears first on the face, especially on the bridge of the nose and the
upper lips and spreads downward very rapidly. It is seen as an enanthem
on the mucous membrane of the mouth and palate, but it does not show
the distinctive enanthem of measles but consists of very minute bright-red
spots. On the extremities the eruption is generally on the flexor surfaces.
The eruption may spread over the entire body and extremities within twenty-
four hours. It fades first on the face after two or three dayvs and then
over the rest of the body, and the entire period of eruption does not last
over three or four days. The color and character of the rash vary in
the same and in different epidemics. It most commonly bears some resem-
blance to measles with discrete maculopapules and the term “rubella mor-
billosa™ has been applied to these cases. Another group of cases shows a
very fine pale-red punctate rash which may appear confluent over the face
and looks like scarlet fever. These cases have been called “rubella scar-
latinosa™ and some question has been raised as to their proper classification.

There is no question but that the character oi the eruption in rubella
is subject to considerable variation. It is very seldom that one sees a
patient with the entire eruption at the same time, as the rash may have
faded on one part of the body and fully developed on another. The fading
of the rash leaves behind it a very slight pale brownish discoloration. There
may be a slight itching of the skin during the eruption. The eruption is
usually not followed by desquamation, although it has been observed in
some cases. It is usually very slight and discovered only on close examina-
tion, but it is sometimes found in large flakes. There is a little fever when
the eruption appears, but this rarely rises over 102° I', and returns to normal
after two or three days with morning remissions.

Complications.—These are rare and some of those reported may have
been connected with other diseases. There may be some soreness of the
joints but it is mild and only lasts for a few days, Cases of nephritis fol-
lowing German measles have been reported. Cardiac complications do not
occur. Second attacks are very rare.

A rather unusual and atypical epidemic of German measles was studied
by the writer in 19o1. This occurred in a small village of about four
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hundred inhabitants. Nearly one-half of the population contracted the
disease. The majority of the patients were adults and out of 147 cases of
which the local physician kept a record 81 or 60 per cent were in persons
over twenty years of age. No child under twelve months developed the
disease. In one family the father, mother and four children had the disease,
while an eight months baby escaped. The period of incubation averaged
nineteen days. One patient went to her home some miles distant and after
a few days came down with the disease. Iixactly twentv-one dayvs later her
sister came down with the same rash. The onset was sudden and in the more
severe cases was attended by feelings of malaise, headache, sore-throat and
slight fever. There was no sneezing, coughing or redness of the conjunctivie
in any of the cases.

Enlargement of the lymph glands was a constant manifestation of the
disease in every instance. The chain of lymph-nodes situated along the
posterior border of the sternocleidomastoid muscles were invariably palpable,
In severe cases those of the groin and axilla were enlarged. They showed
no tendency to suppurate or break down, although they could be felt in
some cases for several weeks after the attack. The glands were enlarged
even in the mildest cases where the only symptom was a faint rash. The
pulse was not rapid and the highest temperature observed was 102.5° I'. The
urine was examined in over a hundred cases and in several in which desqua-
mation had occurred, and in no instance was any albumin detected. No
complications on the part of the Kidneys were observed. The skin lesions
on superficial examination looked like those of scarlet fever, as the color was
bright red with a fine rash. Closer examination revealed a macular quality
which was not wholly lost over areas where the eruption was apparently
fully confluent. There was a greater intensity in spots with fading to a
lighter hue between them. Over other areas the mottled appearance was
pronounced, showing spaces of clear or but slightly congested skin. In some
instances there was more dullness of color, an approach toward the tint
of measles, and the contrast was appreciable between these types in members
of the same family seen side by side. There was not the punctate redness
so characteristic of scarlet fever. Its behavior on pressure was different
from that in scarlet fever; instead of the prolonged blanching with red
puncta of deeply congested papillee which characterizes the scarlatinal rash,
there was uniform but transient blanching on pressure.

The duration of the active skin lesion was about a week. The eruption
was universal. The eruption was followed by a fine branlike desquaniation
but in a number of cases where the rash had been intense there was flaky
desquamation of the hands and feet. In no case was there any desquama-
tion of the tongue producing the characteristic strawberry tongue of scarlet
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fever. Not a single death occurred and the benign quality of the epidemic
was remarkable as so many persons were affected and some were severely 1ll.

The endemic character of this outbreak was very remarkable. No attempt
was made to quarantine the individual patients or the village as a whole,
vet only a few isolated cases appeared in the neighboring towns. There
were several instances of persons who left the village during the epidemic
and came down with the disease in distant parts, sometimes communicating
it to their immediate associates, yet in no instance did it spread where thus
transplanted.

Diagnosis.—This may be difficult in sporadic cases, and mistakes can
easily be made as it so closely resembles mild measles in an abortive form
or even mild cases of scarlet fever. A diagnosis can usually be made with-
out difficulty during an epidemic.

Measles.—The absence of prodromal catarrhal symptoms, high fever in
the stage of invasion, incessant hard dry cough and especially the absence of
the Koplik spots on the buccal mucous membrane and on the gums would
rule out a diagnosis of measles. In measles the lymph-nodes are not enlarged
in chains as in rubella. These diseases breed true and an atypical case of
measles would spread measles and no other disease to other susceptible
children. The period of invasion i1s much longer in measles and the incuba-
tion is shorter. The urine in measles gives the diazo-reaction, while in Ger-
man measles this is absent. In measles in the prodromal stage there is a
lymphopenia, while in measles there is a lymphocytosis. A history of a
previous attack of measles practically rules out a second one. This is often
an aid in diagnosis if it can be confirmed, as very often in early childhood
a rash from indigestion or anaphylaxis is often called measles.

Scarlet Fever—Even though the eruption may at first glance look like
scarlet fever no one is justified in making a diagnosis of any of the exan-
themata on the appearance of the rash alone. The other symptoms are more
characteristic. No one should confuse this disease with scarlet fever when
it is found that there was no sudden onset with vomiting, sore-throat, straw-
berry tongue, rapid pulse and high fever. The chain of enlarged cervical
lymph-nodes, small and not painful and easily rolled about under the fingers,
18 never present in scarlet fever. The rash in rubella very rarely desqua-
mates in large flakes or as completely as in scarlet fever. Many complications
follow scarlet fever, especially on the part of the kidneys and heart, and
scarlet fever not infrequently ends fatally.

Antitoxin rashes, drug eruptions and reflex skin lesions from the in-
testinal tract may closely simulate the eruption of German measles. The
history of the case and the absence of enlarged lymph-nodes and the course
of the eruption would clear up the diagnosis.
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Prognosis.—The course of this disease is invariably towards complete
and uncomplicated recovery. There have been no authentic cases that have
ended fatally from the effects of the disease.

Treatment.—/revention.—The health department regulations classify
German measles as a communicable disease and require it to be reported.
Patients with this disease are excluded from school and public gatherings.
(Juarantine and isolation are not required, however, as it is less communicable
and less dangerous than measles or scarlet fever. Isolation in the home is
desirable in order to prevent its spread. The greatest detriment lies in the
amount of time lost from school on account of the two weeks period of
exclusion required by the health authorities. This disease is difficult to
isolate as the patient does not feel ill or uncomfiortable and the rash disap-
pears in a few days. The long period of incubation and the short stage of
invasion make it almost impossible to control. A physician is only called in
a small proportion of the cases and then only to give advice because the
parents fear it may be a case of scarlet fever or measles.

General Treatment.—In most cases none is required. Rest in bed dur-
ing the appearance of the rash is desirable. A mouth wash and spraying
the nose with a normal salt solution is of benefit when there are catarrhal
symptoms. A light diet should be given when fever is present The en-
larged lymph-nodes require no treatment, as they are not painful and never
suppurate. Individual symptoms can be treated as they arise.

Public Health Regulations.—(erman measles is a communicable dis-
ease and as such must be reported to the local health officer. In many places
it is not strictly quarantined but children suffering from the disease are
excluded from school until recovery and disinfection of person and at least
seven days from onset. The New York State Department of Health provides
that no person affected with German measles shall be permitted to come in
contact with or to visit any child who has not had such disease or any child
in attendance at school.

The Committee on Standard Regulations for the Control of Com-
municable Diseases of the American Public Health Association summarizes
German measles as follows :

1. InrecTiOUS AGENT.—Unknown.

2. Sourcek oF INrECTION . —Secretions of the mouth and possibly of the nose.

3. Mope or Traxsmission —By direct contact with the patient or with
articles freshly soiled with the discharges from the nose or throat of the patient.

4. Imcupation Periop.—From fourteen to twenty-one days.
5. Periop or CommunicaBiLity.—Eight days from onset of the disease.
6. MEeTnons oF CoNTROL

(@) The infected individual and his environment
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1. Recogmtion of the Discase—Clinical symptoms.

2. [Isolation—Separation of the patient from nonimmune children,
and exclusion of the patient from school and public places for the
period of presumed infectivity.

3. fmmuwmsation—None,

4. Quarantine.—None.

5. Concurrent Disinfection—Discharges irom the nose and throat
of the patient and articles soiled by discharges.

6. Terminal Disinfection—Airing and cleaning.

(b)) General measures—None,
Note—The reason for attempting to control this disease is that it may be

confused with scarlet fever during its early stages ; each person having symptoms
of the disease should therefore be placed under the care of a physician and the
case should be reported to the local department of health.



CHAPTER V
CHICKENPOX

Chickenpox is one of the acute exanthematous diseases common to
children. It is highly contagious. It is characterized by an eruption first
macular and rapidly becoming vesicular. These tend to occur in crops and
dry in a few days leaving a crust or scab, There is usually a slight fever
which begins with the first appearance of the rash. One attack generally
affords immunity for life, and serious or severe complications are very rare,

Synonyms.—Varicella, variola notha, variola spuria; Varicellen, Wind-
blattern, Wasserpocken, Schafpocken: la varicelle, la vérolette; ravaglione,
morviglione,

HISTORY

The chief interest in the history of this disease lies in the controversy
concerning its identity and relationship with smallpox. Most of the early
writers were convinced that varicella was a mild form of variola and that
both had a common origin. Hebra believed them to be the same disease and
classified them according to severity. All cases terminating in three weeks
were varicella, four weeks or over were variola.

It would seem from available data of medieval medicine that Vidus
Vidius in 1626 recognized the clinical picture of chickenpox and differen-
tiated it from smallpox. Vidius named the disease crystalli. Heberden
wrote an excellent description of chickenpox in 1767 in which he said:
“The chickenpox comes on without much fever. In the beginning the erup-
tion resembles the true smallpox but the pustules increase faster and sooner
go off. They likewise vary considerably in size and are seldom very
numerous. On the first day they are red:; on the second day they have
watery heads: on the third day they become yellow or often being broken,
they subside; on the fourth or day following they are covered with a thin
scab.” He further states: “The crust covers the pocks on the fifth day,
at which time those of the smallpox are not at the height of their sup-
puration.”

It was not until the introduction of vaccination that chickenpox became
generally recognized and its identity established.

Notwithstanding all this clinical proof a rather bitter controversy

appeared in the medical literature which did not abate until after 1870 when
69



0 CHICKENPOX

there was a widespread epidemic of smallpox in Germany. This afforded
an excellent opportunity to settle the dispute. It was proved at this time (1)
that inoculation with varicella produced only varicella; (2) that varicella
cannot produce variola and vice versa, and (3) that varicella does not
protect against variola and variola does not protect against varicella.

ETIOLOGY

The specific organism causing this disease has not vet been demon-
strated.  Several Italian investigators believe it is a filtrable anaérobic
organism. Direct experimental inoculation from the clear and opaque fluids
in the vesicles has given unsatisfactory and unreliable results. This is in
direct contradistinction to smallpox which is very readily inoculated. The
inoculation of one has never succeeded in causing the other. It is a well
established fact that vaccination against smallpox i1s practically always suc-
cessful, but it affords no protection whatever agamst cluckenpox.

The infective organism is short-lived and apparently remains active for
only a short time on clothing and other articles. Direct exposure seems to
be necessary and it is doubtful if it is carried by a third person or through
the air. The contagion probably enters the body through the upper air
passages. It is extremely contagious, especially in young children, but it
can readily be controlled by isolation. The duration of the infective period
1s not definitely known, nor has it definitely been determined if the infection
exists in the scabs as in smallpox. For this reason it is wise to isolate the
patient until the skin is free of the scabs.

Age.—This is essentially a disease of childhood. It does occur, but
not frequently, in adults. This may be on account of the great majority of
adults having had the disease in their youth. Cases in very voung infants
have been reported, but as a rule it is rare under six months of age.

Season.—While chickenpox is seen at all seasons of the vear, vet it is
more prevalent in the fall on account of attendance at school. In the large
cities it exists sporadically throughout the whole year, but epidemics occur
at frequent and irregular intervals,

Race.—Susceptibility of certain races has not been observed. Both the
Negro, Mongolian and Caucasian races take the disease with equal facility.

PATHOLOGY

Unna excised one of the vesicles on the second day of its appearance
and found that it was tent-shaped with the central point at the summit. The
pathology of the vesicle differed in several points from one he studied from
a case of smallpox. Studies of the lesion in different stages show the inflam-
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matory processes are of the same nature, differing only in intensity and
duration. The lateral walls rise from a broad base towards the apex and
are divided by cellular partitions, The fluid is confined in these cellular
partitions. These partitions or septa join in the covering or roof and not
in the center of the base as in smallpox. Moreover, the septa are not as
strong as those in the vesicles of smallpox. If the fluid is thrown out in
large amount the septa are either absorbed by pressure or disappear from
rupture. This explains why some of the vesicles appear unilocular and
others multilocular.

The fluid of the vesicles is at first clear. It contains fibrin and coagulates
when removed. It contains a few epithelial cells. It becomes turbid if
infected by bacteria.

The cutis shows a marked dilation of the blood-vessels with a consider-
able enlargement and multilocation of the cells about the vessels. The base
of the vesicle is concave and extends down to the level of the papillz which
are somewhat swollen and project slightly into the cavity.

The active destructive process is quickly followed by repair, and the
absence of scarring or pitting is due to the superficial position of the vesicle,
the absence of suppuration and the rapid repair of the lesion. If the fluid
becomes infected or if the lesion is deep enough to involve the papille and
the true skin, cicatrices will result. The more the infection the greater is
the scar.

Blood.—There have been a few studies on the blood and this shows
nothing characteristic. There is a slight leukocytosis with a slight increase
in the number ot eosinophils.

SYMPTOMS

Period of Incubation.—Different observers have assigned widely
rariant limits to this period. Schamberg regards fourteen to seventeen
davys as the usual period, although he has seen cases in which three weeks
passed after exposure before the rash appeared. It is safe to state the limits
from ten to twenty-one days. Schamberg relates the case of a physician’s
daughter who was isolated in a room in the upper story of her home on
account of fever and sore-throat with an exudate. The next day the char-
acteristic rash of chickenpox appeared. Her eight-year-old brother played
with her the day before she was isolated and two days before the appear-
ance of chickenpox. Sixteen days after playing with his sister who had
been strictly isolated and quarantined he came down with chickenpox.
This not only gave an accurate period of incubation but proved very con-
clusively that chickenpox is contagious at least two days before the clinical
symptoms of the disease appear. This is analogous to the other exanthemata.
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Period of Invasion.—In the vast majority of cases of chickenpox the
eruption i1s the first sign of the disease and the rash i1s not preceded by a
prodromal illness. Mothers usually state that the first symptom to attract
their attention was the rash.

There may be some mild constitutional symptoms, such as malaise and
a slight temperature. These may vary in duration from a few hours to
two or three days. The child may appear restless and slightly feverish the
night before the rash appears. Adults, on the other hand, are very apt to
have a well-defined series of prodromal symptoms, such as chilliness, fever,
nausea, loss of appetite, backache, etc. These symptoms may precede the
appearance of the eruption by two or three days.

Several observers have reported a prodromal erythema which resembled
scarlet fever, but this is exceedingly rare.

Period of Eruption.—The eruption is usually the first symptom. There
is nearly always a slight rise in temperature with the appearance of the
rash. It may be trifling and of short duration or in the more severe cases
it may last for several dayvs and rise as high as 104" IF. The child’s general
condition is so little disturbed that it is difficult to keep the patient in bed.
The nights may be restless and there may be a loss of appetite and a feeling
of general indisposition.

The eruption first appears on the face and back as small macules and
papules; in a few hours it is seen all over and n all parts of the body. The
macules either remain small and disappear or enlarge and form papules
about the size of a pea. These develop into vesicles in a short time. A
characteristic feature is that all stages of the eruption—macule, papule and
vesicle—may be seen at the same time on the patient. Huebner likens the
appearance of the back to an astronomical map where irregular stars of
various sizes are situated close together. After a few days the fluid con-
tents of the vesicles are absorbed and a vellowish brown scab remains. This
usually falls off in a few days without leaving any scar. As a rule the erup-
tion causes very slight inconvenience, but sometimes it causes great discom-
fort and is accompanied with itching,

The location of the rash is characteristic. It is most frequent on the
trunk and only occasionally in the palms of the hands or soles of the feet
as in smallpox. It is found very frequently in the mouth, on the tonsils,
gums, pharynx and hard palate. Tt is not at all uncommon in the scalp and
on the mucous membranes, not only of the mouth but about the genitals. In
the mouth they look like small canker ulcers or aphthous stomatitis. They
seem to give very little pain as the children seldom complain on chewing
and swallowing. The eruption in the mouth or exanthem does not develop
into vesicles as it seems to develop more quickly in the mouth than in the
skin. The vesicles may appear on the eyelid or on either the ocular or
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palpebral conjunctiva. Cases are on record where the cornea was involved.
These eye involvements cause much pain and suffering and may leave a
corneal clouding.

The eruption is found more frequently on the genitalia of girls. It is
rare to have any trouble with boys, but vulvitis and painful urination are
not infrequent in girls. There is also the danger of infection through
scratching or uncleanliness. This results in ulcers, necrosis, lvmphadenitis
or even a general septicemia. Cases have been reported where the eruption
appeared in the larynx and trachea. Symptoms developed similar to eroup—
hoarse and stridulent coughs, cyanosis and dyspnea.  Several of the reported
cases resulted fatally. There have been no cases reported in which the
chickenpox eruption appeared on the mucous membrane of the stomach or
intestines. The eruption may all come out in one day, but as a rule it
appears in crops on different days. There may be a distinct pause after
which a new crop of vesicles appears. The eruption may be especially
profuse under bandages, about the genital region. The pressure of the
clothing, garters, ete., causes an irritation which results in a thicker crop
of wesicles. This local irritation may cause the disease to run a much
longer and more severe course than otherwise would be the case. One case
15 on record where the parents gave the child a mustard bath in the prodromal
stage. \When the eruption appeared it was very severe and there were over
five hundred vesicles which became confluent and suppurated. Such exten-
sive confluent eruptions are not frequent, although in nearly every case a
few vesicles become confluent.

The number of vesicles is very variable. There are cases seen during
epidemics in which only one or more vesicles can be found. On the other
hand there may be as many as six or seven hundred.

The size of the vesicles varies greatly. They range from that of a
pinhead to a surface as large as a silver dollar. When these vesicles become
infected with pyogenic bacteria from scratching, constitutional disturbance,
or when the disease is protracted, there may be destruction of the skin with
permanent scarring. It is difficult or impossible to tell these scars from
those the result of smallpox. The number of these scars, however, is not
great and they have a tendency to decrease in size as the child grows older.

The duration of the disease after the first appearance of the eruption
until the scabs fall off varies from five to fourteen days. The duration of
the individual lesions of chickenpox is brief and only three days elapse as a
rule from the time the vesicle appears until it dries up and forms a crust. If,
however, the vesicle becomes infected with pyogenic bacteria the lesion may
take a long time to heal and may even lead to a gangrenous ulecer.

Second attacks have been reported, but most of them have occurred
within three weeks after the first attack and should be considered a relapse,
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not a second attack. In an epidemic of chickenpox occurring in St. Mar-
garet’'s Hospital for Babies where sixty-one babies had the disease, four
of them came down with a well-marked eruption quite as intense as the
primary rash within two weeks after the baby had apparently recovered.
There is no reliable record of a case developing after a year from the first
attack in which there could be no doubt as to the diagnosis in both attacks.
It would seem, therefore, to be an established fact that one attack of chicken-
pox affords immunity for life.

COMPLICATIONS AND SEQUELZAE

On account of the mildness of this disease and the benign course it
usually follows many authors pay slight attention to any possible dangers.
Nevertheless, complications may and do occur which are sometimes fatal.
The vesicles if ruptured may become the point of entrance for pyogenic
and pathogenic organisms. Most of the complications arise from such
infection.

A number of cases of nephritis developing in the course of chickenpox
have been reported. While this is a rare complication yet it is a serious
one and its possibility should be borne in mind. This generally appears in
the first two weeks of the disease. While it 1s seldom severe, vet several
cases of fatal nephritis have been reported. Acute hemorrhagic nephritis
has been observed. Nephritis is usually mild and not associated with
marked constitutional symptoms or change in kidney function. The urine
contains casts. The presence of albumin without casts is much more
frequent than in nephritis. Cerf classified the kidney involvement in chick-
enpox as follows: (1) Latent nephritis in which there are no symptoms,
and albuminuria is only discovered when looked for: (2) light nephritis
in which there is marked albuminuria and some edema but no severe symp-
toms, and (3) severe nephritis with fever, marked albuminuria, anuria,
cramps, uremia, gastro-intestinal symptoms, etc. The occurrence of
nephritis varies in different epidemics. It develops after the vesicles have
dried up, and a severe attack may follow a light attack of chickenpox.

Secondary infections with the vesicle as the point of entrance of pus-
forming bacteria are among the more frequent complications of this dis-
ease. These occur most often among children in poor sanitary surround-
ings; but the disease is no respecter of persons. Scratching and uncleanli-
ness are the commonest causes. They are seen n the regions soiled by urine
and feces in uncleanly children. The lesions are pustular and may resemble
impetigo. Boils, abscesses and erysipelas may result from this infection.
The neighboring lymph glands may become involved and enlarged and even
undergo suppuration. A general pyemia may result with a fatal termina-



DIAGNOSIS -

tion. A number of cases of thrombosis with severe general symptoms have
heen reported.

There 1s a serious complication, the result of infection, known as varicella
gangrenosa.  This is most frequent in weak, debilitated infants. The vesicle
becomes enlarged and an ulcer develops which mav become as large as a
saucer. There are severe general symptoms with high fever; the patient
rapidly sinks and a fatal termination is the rule.

Arthritis may occur during the eruptive fever or later. It usually
affects several joints, but only one joint may be affected. IFrom the cases
reported of this complication there may be a simple synovitis or a severe
suppurative form. The suppurative form may be the result of pvemia or
extension of infection through the lymphatics from a neighboring site of
infection. The prognosis of the synovitis form is good, but the suppurative
cases usually terminate fatally.

The nervous system is less apt to be involved than in any of the other
infectious diseases. Cases of chorea, paraplegia, multiple sclerosis and
encephalitis have been reported as following chickenpox.

Bronchitis and bronchopneumonia have been reported as complications
of chickenpox, but they are rare and their association with this disease may
have been accidental.

Occurrence with Other Infectious Diseases.—This not infrequently
happens. The diseases most commonly involved are measles, scarlet fever,
diphtheria and smallpox. These may develop in children suffering from
chickenpox, or the attack of chickenpox may occur during the convalescence
of any of these diseases. Such double infections are not rare, as none of
the communicable diseases of children afford immunity to each other in the
same manner as cowpox does to smallpox. The writer has observed measles
and chickenpox occur in the same patient at the same time.

Cases have been reported where an attack of chickenpox has followed
one of smallpox. Schamberg reported an outbreak of chickenpox among
thirty-three children convalescent from smallpox. Smallpox and chicken-
pox may actually exist at the same time, which adds somewhat to the diffi-
culties of diagnosis in severe cases. The writer attempted to vaccinate
several children suffering from chickenpox, using a vesicle as a point of
entry for the virus, but in no case did a positive vaccination result.

DIAGNOSIS

In the vast majority of cases there is no difficulty in making a diagnosis.
There are a number of skin disorders that may be confusing on first
examination, but watching the course of the disease for a few days will
usually clear up the diagnosis. Among these skin diseases may be men-
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tioned impetigo, pemphigus, drug eruptions, furunculosis, urticaria, heat
Pemphigus of the newborn has been confused with
chickenpox, but the longer duration of the pemphigus eruption and the
occurrence of chickenpox in other members of the family bear on the
diagnosis.

11 chickenpox is not seen in the first stages and the vesicles are infected
In the latter disease
the mucous membranes are not involved nor do the lesions appear simul-
taneously in all parts of the body in impetigo. There are no constitutional
symptoms ; the pustules spread from one spot to another and are generally
seen on the face. Chickenpox runs a much shorter course and the lesions
disappear without local treatment. The appearance of chickenpox in other
members of the family or the development of later ones in contact cases two
weeks after exposure are mmportant points in arriving at a diagnosis in
difficult cases.

The chief diagnostic difficulty is to differentiate it from smallpox.,
purposes of comparison the differences between smallpox and chickenpox

dermatitis, acne, etc.

it presents many similarities to impetigo contagiosa.

1:1}1’

may be summarized as follows:

Chickenpox
Incubation fourteen to
days.
Affects any age but chiefly young
children.
Practically no period of invasion.

twenty-one

Very slight or no constitutional symp-
toms, except in rare cases.

Eruption appears on all parts of the
body but is most profuse over cov-
ered surfaces.

Eruption commences as macules which
may become vesicular within a few
hours. The lesions vary in size,

No secondary rise in temperature.

Lesions are superficial and the base is
not infiltrated.

Vesicles are unilocular and collapse
readily and do not become umbili-
cated.

Eruption comes out in crops on alter-
nate or successive days and the
lesions may be seen in all stages of
development at the same time,

Smallpox

Incubation ten to twenty days.
Occurs mostly in adults.

Definite period of invasion of three
days’ duration.

Fever and constitutional symptoms
usually severe and characteristic.
Eruption most profuse over face and
hands and over exposed surfaces.

Eruption begins as firm shotlike pap-
ules which slowly evolve into vesi-
cles and then pustules. The lesions
are uniform in size.

Secondary rise in temperature with the
appearance of pustules.

Lesions are deep-seated and the base
15 infiltrated.

Vesicles are generally multilocular and
do not collapse and are often um-
bilicated.

Eruption comes out without interrup-
tion in twenty-four or forty-eight
hours. ILesions show a uniform
development.
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Chickenpox Smallpox
Lesions usually last from two to four Lesions last from ten to twelve days
days terminating in soft, friable terminating in dense, firm crusts.
crusts.
Disease is not influenced by smallpox  Vaccination affords immunity. Is not
or vaccination. influenced by chickenpox.,

Tyzzer believes a positive differential diagnosis can be made from a study
of the contents of the vesicles. In chickenpox the vesicles contain large
multinucleated cells which are not present in smallpox.

In a doubtful case the inoculation of the contents of the vesicle in the
cornea of a rabbit will determine whether it is smallpox or chickenpox or
other skin disorders. 1 the case is one of smallpox the characteristic reaction
will take place within twenty-four hours and the test is negative to the con-
tents of vesicles from other diseases.

Of course in every doubtful or suspicious case the child should be at
once vaccinated.

PROGNOSIS

This is one of the mildest of acute infectious diseases of children, and
while children occasionally die from the complications, none do from the
disease itself. The septic cases are serious, but the gangrenous cases are
dangerous and are usually fatal. A general impairment of health and
lowering of resistance may result from chickenpox and this may predispose
to tuberculosis.

TREATMENT

Prophylaxis.—There is no object in strictly quarantining a child with
chickenpox unless there are other children in the household, institution or
vicinity who are weak, undernourished or suffering from some other disease.
[t 1s a wise plan to allow healthy, vigorous children to take it. Those who
arrive at adult age without ever having chickenpox are apt to contract it at
inappropriate times and under embarrassing conditions.

Several investigators have claimed excellent results from prophylactic
inoculations and vaccinations. These are only justifiable in exceptional
circumstances or in children’s hospitals and institutions. These procedures
must be done during the earliest part of the incubation period in order
to be effective. Hess has found that immunity to chickenpox can be obtained
by intravenous injection of the contents of the vesicles.

General Treatment.—The child should be kept in bed during the erup-
tive stage and as long as there is any fever. In the great majority of cases
no treatment is necessary. As soon as the vesicles dry and an examination
of the urine shows that the kidneys are not involved, the child can leave the
sick room. The temperature is usually so slight that no medication is
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indicated. Cold compresses to the head and sponging the body with cool
water is all that 1s necessary.

The itching which may be annoying may be allayed by lukewarm baths
followed by a liberal dusting of some simple unscented powder. Sponging
with a solution of bicarbonate of soda, 1 dram to a pint, 1s often effective,
Relief can be obtained by rubbing each lesion with a small portion of car-
bolized vaselin. If the itching is severe it may be necessary to use small
doses of antipyrin, phenacetin, allonal or amytal.

It is essential that the finger nails be closely trimmed and that the hands
be kept clean. Some form of restraint, such as Hand-1-Hold mits or keep-
ing the arms stiff with splints, etc., should be used with infants and very
voung children to prevent scratching.

[esions in the mouth and ulcers in the throat should be subjected to
antiseptic mouth washes, such as boric acid solutions, lavoris, glycothymolin,
etc. The teeth should be cleansed with a soft cloth, and the use of the
toothbrush should be prohibited. It may be necessary to touch the ulcers
with a nitrate of silver pencil or a 2 per cent solution of mercurochrome.

Special care must be taken in washing the genital region, and powder
should be applied to the parts, or if there is any inflammation some soothing
ointment, such as cold eream, zine oxid or boric acid, should be used.

Daily baths may be given in the mild cases, but care must be taken not
to rub or irritate the skin, and very hot water should not be used. The
skin can be dried by gentle patting.

Abscesses, enlarged glands and infections of the skin are treated accord-
ing to the generally accepted surgical principles.

A simple diet avoiding rich and too sweet foods should be given, and
care taken to insure a daily movement of the bowels. If the child does not
pick up and recover his strength he should be carefully examined to deter-
mine, if possible, the underlying cause. A change of climate or special treat-
ment may be advisable.

PUBLIC HEALTH REGULATIONS

The Sanitary Code of the New York State Department of IHealth in-
cludes chickenpox among the diseases that must be reported to the local
and state health officials and forbids any person sick with the disease to
attend any public, private or Sunday school, or any public or private gather-
ing of children, “for such time and under such conditions as may be pre-
scribed by the local health authorities, not inconsistent with the provisions
of this code or the special rules and regulations of the State Department of
Health.” This also applies to children who live in a house where there is or
has been a case of chickenpox within fifteen days. It does not, however,
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apply to adult members of the family who do not come in contact with the
patient or with their excretions and secretions, unless their business voca-
tions bring them in close contact with children and require that they handle
food or food products intended for sale.

Without permission of the health officer no child with chickenpox can
be taken to or removed from any hotel, boarding house, lodging house
or other dwelling or removed from any vessel to the shore.

The health authorities place twenty-one days as the maximum period
of incubation, and the minimum period of isolation is designated “until
twelve days after the appearance of the eruption and until the crusts have
fallen and the scars are completely healed.”

A child suffering from chickenpox should not return to school until all
scabs have fallen off and not until at least twelve days from the onset. If
the patient remains isolated at home other children in the household are
excluded until termination of quarantine if they have not had the disease.
I they have had the disease they can continue at school.

Chickenpox is summarized by the Committee on Standard Regulations
for the Control of Communicable Diseases of the American Public Health
Association as follows:

1. InrFECTIOUS AGENT.—Unknown.

2. Sovrce oF InrFecTioN.—The infectious agent is presumably present in
the lesions of the skin and of the mucous membranes; the latter appearing early
and rupturing as soon as they appear, render the disease communicable early,
that 1s, before the exanthem is in evidence.

3. Moot oF Traxsmission.—Directly from person to person; indirectly
through articles freshly soiled by discharges from an infected individual.

4. Incuparion Perion.—Two to three weeks.

5. Periop or ComamuNicapiLiTy.—Until the primary scabs bave disap-
peared from the mucous membranes and the skin.

6. MEernops oF CoNTROL

(a) The infected individual and his environment
1. Recognition of the Disease—Clinical symptoms. The chief
public health importance of this disease is that cases thought to he
chickenpox in persons over 15 years of age, or at any age during
an epidemic of smallpox, are to be investigated to eliminate the
possibility of their being smallpox.
2. [solation.—Exclusion of patient from school, and prevention of
contact with nonimmune persons.
3. fmmunization—None,
4. Quarantine—None.
5. Concurrent disinfection of articles soiled by discharges from
lesions.
6. Terminal Disinfection.—Thorough cleaning.

(b) General measures—None.



CHAFPTRER VI
SMALLPOX

Definition.—5Smallpox 1s an acute and highly communicable disease
ushered in by an acute onset with fever which lasts from two to four days
when the eruption appears on the face, trunk and extremities, which passes
through distinct stages of papule, vesicle and pustule with the formation of
a scab, which, when it drops off, leaves a distinctive scar.

Synonyms.—Variola; la variole: Pocken, Blattern; vajuolo; viruelas.

HISTORY

This is one of the oldest diseases of which we have record. It is
stated to have existed in China over a thousand years before the Christian
era. IRecords are said to have been discovered in India showing that this
disease had existed from time immemorial. Hippocrates, who lived about
four hundred vears before Christ, deseribed vesicular and pustular eruptions
which are believed to relate to smallpox. There can be little doubt but that
it was a great scourge in the first century,

The term variola was first mentioned by Bishop Marius of Lausanne
in a description of an extensive epidemic of smallpox that swept through
France and Italy in the latter part of the sixth century. The early writers
confused smallpox and measles. An Arab physician, Rhazes, who lived in
Bagdad about A.p. goo, wrote a “Treatise on the Small-Pox and Measles”
which contained perhaps the first accurate description of smallpox. He
states that the “eruption of Small-Pox is preceded by a continued fever,
pain in the back, itching in the nose and terrors in sleep.” He must have
recognized distinct differences between the two diseases when he writes
“except that there is not in the measles so much pain of the back as in the
Small-Pox ; nor in the Small-Pox so much anxiety and nausea as in the
Measles.”

Metlinger who wrote perhaps the first book for physicians on the diseases
of children in Germany in 1473 gave an excellent description of smallpox
in children but classified measles or eruptions with the smallpox. The term
smallpox was first used in order to distinguish the disease from syphilis
which was popularly ecalled pox or large pox.

The disease appeared as a plague in England about the tenth century

when devastating epidemics occurred where “many died of small pokkes
80
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both men, women and children.” Hirsch states that smallpox was intro-
duced into the West Indies shortly after the discovery of America. An
epidemic occurred in Boston in 1649. Lord Macaulay in describing the
ravages of smallpox in England in the seventeenth century wrote “that
disease over which science has achieved a succession of glorious and benefi-
cent victories, was then the most terrible of all ministers of death. The
smallpox was always present filling the church yards with corpses, torment-
ing with constant fears all whom it had not yet stricken, leaving on those
whose lives it spared the hideous traces of its power, turning the babe
into a changeling at which the mother shuddered, and making the eyes
and checks of a betrothed maiden objects of horror to the lover.”

The practice of inoculation may have been extensively used in China
over a thousand years ago, for ancient writers describe “sowing the small-
pox” by introducing the scabs from a sick person into the nostrils of
healthy individuals. The first authentic description of its use comes from
the pen of Lady Mary Montagu, wife of the British Ambassador to Turkey.
It was in general use in Turkey in 1674. Zabdial Boylston of Boston was
the first to perform inoculation in this country in 1721 which was about the
time it was introduced in England. Lady Montagu had her children
inoculated and this procedure was rather extensively practiced in England
up to the discovery of vaccination. An extract from one of Lady Mon-
tagu's letters describes the technic as well as the modified attack of smallpox :

. . . Apropos of distempers, I am going to tell you a thing that will make
you wish yourself here. The smallpox, so fatal and so general amongst us,
is here entirely harmless by the invention of engrafting, which is the term they
give it. There 15 a set of old women who make it their business to perform
the operation, every autumn in the month of September, when the great heat is
abated. [Deople send to each other to know 1f any of their family has a mind
to have the smallpox ; they make parties for this purpose, and when they are met
(commonly fifteen or sixteen together) the old woman comes in with a nutshell
of the best sort of smallpox and asks what vein you please to have opened.
She immediately rips open that you offer to her with a large needle (which
gives no more pain than a common scratch) and puts into the vein as much
matter as can lie upon the head of her needle, and after that binds up the little
wound with a hollow bit of shell, and i this manner opens four or hive veins.
. . . The children or young patients play together all the rest of the day and
are in perfect health to the eighth. Then the fever begins to seize them and
they keep their beds two days, very seldom three. They have very rarely above
twenty or thirty on their faces (sic) which never mark, and in eight days’ time
they are all well as before their illness. Where they are wounded there remain
running sores during the distemper, which I do not doubt is a great relief to it.
Every year thousands undergo this operation, and the French Ambassador says,
pleasantly, that they take the smallpox here by way of diversion, as they take
the waters in other countries. There is no example of anyone that has died
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from it, and you may well believe that 1 am satisfied of the safety of this
experiment, since | intend to try it on my dear little son. .

Smallpox was a great disease scourge the world over before the intro-
duction of vaccination. To-day it has been so entirely eliminated that we
can scarcely realize the havoc it wrought in the human race. It was so
prevalent that every one was expected to have it some time or other. The
mortality in England during the eighteenth century as revealed in the “Bills
of Mortality” shows that smallpox caused about one-twelfth of all deaths.
It also revealed the almost unbelievable fact that of all the deaths in children
- . under five years of age one-
| half were the result of small-
pox. There was an historic
epidemic of smallpox in Bos-
ton in 1752. The popula-
tion was 15,684, of which
number 5,998 had previously
had smallpox. Nearly two
thousand people fled from the
city to avoid infection. Dur-
ing the epidemic 5,545 con-
tracted the disease, while
2,124 were inoculated with
it. The population at the end

of the epidemic consisted al-
most entirely of persons who
had survived an attack of
smallpox.

PATHOLOGY

The skin lesions may
cover the entire body or there
may be only a few isolated
spots. They usually appear
Fic. .—SmaLLrox, on the skin and also on the

Skin lesions are most numerous on the face and muecous membrane of the
hands and are fewest on the trunk.

mouth, pharynx and larynx.
They are most numerous on the face and hands and are fewest on the trunk.
The specific lesion is a focal degeneration of the stratified epithelium of the
skin accompanied by serous exudation which, when fully developed, forms
a characteristic multilocular pustule or pock. The skin lesion at first 1s a
degeneration of the cells in the lower layers of the epidermis which is accom-
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panied with a serous exudation which is contained in a reticulum formed
by the degenerated cells.  As the exudate increases the spaces of reticulum
enlarge until the fibers rupture and form one cavity as the exudate hecomes
purulent, Recovery begins when this purulent exudate is absorbed and the
lesion dries up and there is regeneration of the epidermis. This takes about
two weeks. These lesions on the skin may be accompanied by hemorrhage,
edema and cellular infiltration. The lesions on the mucous membranes differ
in that the degenerative epithelial cells are cast off, as there is no horny re-
straining layer and the vesicle within the epidermis is rarely seen and it never
develops into a pustule,

Many variations from the usual type are seen and there are several
rather distinct types of the disease, from the abortive and mild form known
as varioloid to the most severe hemorrhagic forms. The lesions of these
various types show differences according to the character and extent of the
eruption.

Mononuclear basophilic cells are found in the blood-forming organs
such as the bone marrow, lymph-nodes and spleen. These become phagocytic
and pass into the blood stream. They cause cellular infiltration in the
testicles, kidneys, adrenals and liver. In the testicles they may produce a
focal necrosis from pressure and thrombosis. The toxins produce focal
degeneration in the blood-forming organs and may become diffuse in the
liver, kidneys and testicles. This degeneration is due to toxins, not bac-
teria. Bacterial infection of the skin lesions occurs in nearly all of the
severe cases, and the action of their toxins is probably responsible for acute
degeneration of the liver and kidneys seen in severe cases. These bac-
terial infections are responsible for the complications of boils, cellulitis, etc.

ETIOLOGY

The organism which is responsible for smallpox is not definitely known,
but it is now thought to be due to certain bodies found in the pustules
known as the Cytorrhiyctes variole. Renault in 1881 thought they were
parasites. Guarmier: described them in 1892 as parasitic protozoa. They
were found after experimental inoculation in the cornea of affected rabbits.
Councilman and his associates in this country have confirmed the views
of Guarnieri. Their presence 1s of diagnostic importance to differentiate
between variola and vaccinia.

Other investigators believe that these bodies are not protozoa but are
products of specific action of the diseased cells which surround the causative
organism.

A number of bacteria, such as Staphvlococcus albus and awreus and the
Streptococcus pyogenes, are found in the pustules.
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Age.—This i1s a disease to which voung infants are very susceptible.
Numerous instances of fetal infection have been reported. The earliest on
record was of a fetus after four and a half months of pregnancy. The
writer had a case in an infant three weeks of age whose birth occurred in a
hospital where a case of smallpox had erroneously been diagnosed as chick-
enpox. After its discovery the mother with other patients was vacecinated,
but the baby was not. She had a moderately severe attack and recovered.
The susceptibility does not diminish with age, and exposed and unvac-
cinated adults will contract the disease. A case of a man eighty-nine years
of age has been reported.

Individual and Race Immunity—There are apparently some individuals
who seem to be naturally immune to smallpox as i1s the case in other
infectious diseases, but this number is probably small. A person who
escapes one exposure may contract the disease at another time. One
attack affords immunity for life. Cases of second attacks are exceedingly
rare and reported instances may have been due to mistakes in diagnosis.
Smallpox may coexist with other infectious diseases. There is a prevalent
impression that the negro race is more susceptible, but this may be explained
by the fact that this race is not so generally protected by vaccination as the
white race.

Seasonal.—In this country most of the cases occur during the winter
months, while in England the disease prevails equally in all seasons. It is
said that in tropical countries the worst cases occur during the hot weather.

The morbidity rates in New York State from 1915 to 19235 inclusive
as shown in Table X show no seasonal incidence of cases. There appears
to be a marked increase in the number of cases every two or three years
but they are just as frequent in the winter months as in the summer. The
mortality rate is very low in comparison with the number of cases reported.
The striking point in Table XTI is that practically all of the deaths occurred
outside of New York City where vaccination was enforced by a most
efficient department of health.

TasLe X.—Moreipity rroM SamaALLPoX 1IN NEw YorK STATE PER 100,000 PoPULATION FROM
1515 To 1023, Accormxc To MoxTHS
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Infective Period.—This disease is most contagious in the stage of
invasion when the symptoms first appear, and lasts until the last scab has
fallen off. The dry scabs contain the infectious material and are a source
of danger. It is not communicable during the stage of incubation. The
infectious agent may remain in cadavers for a long length of time and
medical students have contracted smallpox in the dissecting rooms and
morgue in this way.

Mode of Transmission.—The vast majority of cases are contracted
from persons having the disease. As it is most contagious in the period
of invasion even before the appearance of the rash, the possibilities of trans-
mission to other individuals are very great. The disease may be so mild as
to be unrecognized, vet such cases are as contagious as the more severe
attacks. The contagion can also be carried through the body discharges of
persons suffering from smallpox. Tt has been shown to have been carried
on the clothing and by means of articles which have been in close contact
with a patient. Flies and other insects can spread the contagion when they
have been in contact with the patient’s body or discharges. It can also be
transmitted by a third person, so that nurses and physicians who are taking
care of smallpox cases must use every precaution and surgical cleanliness.

It is believed that the virus enters the body through the mouth and nose.

It is improbable that this disease can be carried through the air and there
is no trustworthy evidence to support this view.

SYMPTOMS

Period of Incubation.—This includes the interval between the entrance
to the body of the virus of smallpox and the first tangible evidence of its
presence by certain clinical symptoms. It is the period between the plant-
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ing of the seed and the appearance of its growth and fertility in the soil.
This period has been determined with a considerable degree of accuracy
and it has been found to be from ten to twelve days in the cases which have
been carefully studied. There are rare instances on record where the incu-
bation period has been prolonged to twenty days. There are no signs of
disease in this period and the child plays and goes to school as usual and
no one suspects a dread disease is developing. It 1s the lull before a storm.
Towards the end of this period the child may complain of headache, lassitude
and perhaps a slight sore-throat.

Period of Invasion.—This is the initial stage of the disease and is
usually ushered in abruptly with a chill or convulsion in young children. The
first symptom is a chill which may be severe enough to cause the teeth to
chatter. At the same time the temperature rises rapidly, ranging from 102"
. to 106° I, and in some cases as high as 107" Y. Young children often
have a convulsion instead of the chill. The elevation of temperature is
sudden, and rises rapidly from normal to a high degree. Profuse sweating
is apt to follow the chill. The pulse is rapid and corresponds with the tem-
perature curve. The respirations increase with the fever and in normal and
uncomplicated cases the three wital signs, fever, pulse and respiration,
increase in the same ratio.

Headache usually follows the chill and may be very severe. DBackache
is a prominent symptom and occurs in nearly all the cases and is considered
a diagnostic sign. It is found much more regularly in smallpox than in any
of the other infectious diseases.

The head is flushed and the carotids visibly flushing. The prostration
may be intense and out of all proportion to the length of the illness. The
tongue is coated and the breath offensive, and vomiting 1s a irequent symp-
tom in children. This vomiting may be severe and persisting and may
continue for a couple of days. There is gastric pain and tenderness in the
severe cases. The bowels are usually constipated. The entire body be-
comes tender, the muscles are sore to the touch and the knees ache. 1f the
child attempts to sit up he will complain of vertigo.

Prodromal rashes which simulate measles and scarlet fever are not
infrequent and make it difficult in sporadic cases to make a correct diagnosis.

The duration of the period of invasion is from two to four days and in
many cases the fever becomes lower and a general improvement in all the
symptoms takes place.

Period of Eruption.—Three or four days after the abrupt onset and
when the symptoms have abated somewhat an eruption appears on the
face and forehead and rapidly spreads to the scalp, arms and forearms. It
shows early on the genitals and more slowly on the trunk and lower ex-



SYMPTOMS &7

!

tremities. No portion of the body is exempt, and many lesions are seen at
the sites of the hair-follicles, sebaceous and sweat glands. In rare cases
the eruption is first noted on the trunk or extremities.

The eruption at first is macular and the spots may be so faint as almost
to escape notice. At first they are from the head of a pin to a pea in size,
The lesions rapidly increase in number and size and pass into the papular
stage. These are slightly elevated and give a characteristic “shotty” sensa-
tion on palpation. At this time the child appears much better, the fever
diminishes and' the headache and backache disappear. The papules increase
in number and become confluent in severe cases.

On the third day of eruption the papules begin to fill with fluid and
become vesicles in twenty-four to thirty-six hours. Some papules become
vesicular before the general eruption and are diagnostic of smallpox. By
the fifth day all the papules have become vesicular and have about the size
and shape of a split pea. These vesicles are hard and firm to the touch,
even more so than the papules from which they developed. The color is
pink at first with a small areola of the same color surrounding it. As the
amount of exudation increases the vesicle takes on a shiny opalescent hue
somewhat like a pearl and gives a most distinctive appearance.

The contents of the vesicles become milky after the fifth day and a
central depression in each lesion appears. The lesion becomes flattened with
a dipping down in the center. This is called “umbilication.” The periphery
of the vesicle frequently presents a bulging appearance and is typical and
characteristic of the disease. Umbilication does not take place in all the
lesions and in mild cases it is absent altogether.

The contents of the vesicles continue to become more turbid until they
are purulent. This is largely due to an increased exudation of leukocytes.
The lesions now become larger and more globular and the umbilication dis-
appears as the fluid breaks down the vertical partitions and forms one
cavity. This occurs on about the eighth day of the eruption. The pustules
remain intact unless scratched or broken. The color is yellowish-white like
ordinary pus. The areola becomes darker red in color and swollen and
raised. This swelling and redness may be so extensive on the face and
scalp as to render the features of the patient completely unrecognizable. The
loose tissue around the evelids becomes edematous and so puffed as to com-
pletely close the eyes. This gives the child a revolting appearance, and a
patient in this stage presents a horrible spectacle. The inflammation of
the face and scalp is exceedingly painful and the patient dreads the pressure
of the pillow on his scalp and the bedclothes on his bady. Schamberg made
a count of the number of lesions in one of his patients suffering from semi-
confluent smallpox. The results were as follows:
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He estimated that each pustule at the height of its development con-
tained about three drops of pus, so that this patient must have carried
about 5 quarts of pus in his skin. He has seen severe cases in adults having
over forty thousand pustules. No wonder this disease is so fatal and was
regarded with such horror when it was rampant. The fear exists even to
this day when it is no longer a pestilence.

The patients in this purulent stage have a pungent and offensive odor
which pervades the sick room and even the entire house.

The symptoms again become severe and distressing in the suppurative
stage. The fever which abated with the appearance of the exanthem again
begins to rise. This is termed the secondary or suppurative fever. While
it may not equal the initial rise, vet it may reach as high as 104° F. This
fever usually commences on the fifth or sixth day of the eruption and
generally continues for three or four days, although in severe cases it is of
much longer duration. The pulse and respiration in uncomplicated cases
correspond with the temperature curve. The pain and discomfort are very
great on account of the soreness of the skin and the pressure on the sensitive
and inflamed pustules caused by lying or moving in bed. This causes sleep-
lessness and restlessness. The mental symptoms may he very pronounced,
and delirium 1s not at all uncommon. There mayv be delusions and other
signs of acute mental disturbance, and the patients have to he continually
watched.

The mucous membranes are involved at the same time as the skin, and
the enanthem may be observed before the exanthem, as is the case in measles,
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[t bears direct relation to the severity of the eruption on the skin. The
lesions do not develop into papules, vesicles and pustules as on the skin, but
may turn into superficial ulceration as is seen in aphthe. The tongue is
often involved and becomes swollen and sore, making it difficult to talk and
eat. The throat is very sore in a large majority of the cases and is so
inflamed that the child cannot take solid food. The enanthem appears on
the mucous membrane of the nose and causes inflammation and the forma-
tion of crusts that make it difficult to breathe. This is especially distressing
in nursing infants who have difficulty in nursing and taking the bottle on
account of the impossibility of breathing through the nostrils.

The larynx often becomes inflamed in young children and they become
croupy, and cases of sudden death from edema of the glottis have been
reported. It 1s necessary in some cases to resort to intubation or even
tracheotomy to prevent asphyxia. Acute dilation of the heart and collapse
are noted at this stage.

Period of Desiccation.—This is first shown by the subsidence of the
skin inflammation and the drying up of the pustules with the formation of
scabs. This usually takes place about the eleventh or twelfth day of the
eruption, while in mild cases it appears earlier. This desiccation does not
occur simultaneously over all portions of the body but follows the sequence
observed when the eruption first appeared. If the pustule has not been
broken it will dry in the form of vellowish crusts. If they rupture, the
centers will dry and sink in, giving a craterlike appearance to the lesion.
This is called secondary umbilication. This differs from the primary umbili-
cation in that it is larger, more craterlike and occurs at a later stage of the
eruption. This 1s seen most often and most typically on the dorsal surfaces
of the hands. The adherence of the scabs varies according to the involve-
ment of the true skin. Where the pustule is merely superficial and not
extending into the cutis the scab is easily detached, showing merely a red-
dened area of the skin. Those which extend into the cutis take longer to
fall off or desquamate and leave the characteristic pitting or pock mark.
This stage is accompanied by intense itching and it is hard to restrain a
child from scratching and clawing the skin. This leads to bleeding and
infection of the skin and subcutaneous tissue with pvogenic bacteria. Some
of the pock marks are undoubtedly the result of such injuries. For some
time after the desquamation the pock will be pigmented, and it is several
months before the color of the skin returns to normal.

Now comes the period of convalescence when there is a marked improve-
ment in the general condition of the little patient. The appetite returns,
the weight increases and the child wants to be up and doing. At this time
one can determine the extent of injury to the skin—whether the child will
be deeply pock-marked for life or has escaped such disfigurement.
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CLINICAL VARIETIES

Smallpox shows several distinct types which differ mainly in regard to
severity and extent of eruption. Cases of true smallpox have been reported
where there were but two or three papules present, while others may have
a most profuse eruption covering the skin of the entire body. DBetween
these two extremes there may occur intermediate forms. These may be
classified as follows:

I. Hemorrhagic—including variola purpurica and pustular hemor-
rhagic variola
II. Confluent variola
[II. Discrete variola—including varioloid

I. Hemorrhagic Form.—This is the most severe and fatal of all
forms of smallpox. The hemorrhages may appear as petechize during the
stage of invasion, or small ecchymoses in the base or between the lesions.
The vesicles may contain bloody fluid. The causative factor appears to exist
in the individual's blood stream or blood-vessels. During the stage of
invasion it differs little from other types until the petechize spots appear
about the time the eruption is due. Hemorrhages occur in the mucous mem-
branes and often in the conjunctivie. The most dangerous and most malig-
nant form is known as variola purpurica. The initial symptoms are very
severe, especially the vomiting which is persistent and distressing. Purpura
spots appear in the skin which later may enlarge and coalesce. This gives
the face a dusky red and swollen appearance. The hemorrhages into the
conjunctivae are so profuse that the patient is unable to completely close
his eves. As the disease progresses the discoloration of the skin deepens
and darkens so that this form is popularly known as black smallpox. These
cases invariably terminate in death and the course is usually rapid and it
rarely lasts over three or four days after the appearance of the eruption.

The pustular hemorrhagic form is less fatal and it 1s characterized by
the hemorrhages taking place in the vesicles or pustules. If this takes place
early in the disease the outlook is unfavorable. This may be limited in
certain localities or extend over the entire body. This form 1s more apt
to develop in old and debilitated persons and those addicted to alcohol.

II. Confluent Variola.—This is next in severity and danger to the
hemorrhagic forms. The invasion is severe with persistent vomiting and
nausea, severe headache and backache, high fever and convulsions or
diarrhea. The high and continued fever is a prominent symptom. The
eruption is profuse, especially on the face and arms, and the skin burns and
itches. The coalescence of the lesions is often observed in the papular stage,
but i1s more marked and more extensive when the pustules develop. They
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may form large blebs filled with pus and when this exudes on the skin it
produces a disgusting and disagreeable odor. The face and hands become
swollen and edematous and the patient is unrecognizable. The suppurative
process extends into the true skin and the crusts are much slower in drop-
ping off. The disfigurement from the pitting is permanent. The constitu-
tional symptoms during the pustular stage are severe and the fever again
rises to a high degree. Many complications, such as cellulitis, empyema,
keratitis, etc., are apt to develop. The mortality is high, but varies in
different epidemics. The average mortality 1s about 50 per cent. When
recovery results the convalescence is slow and tedious and is often com-
plicated by the development of boils and abscesses.

I[II. Discrete Variola.—This includes the mild forms of smallpox.
In some of these cases the initial symptoms during the stage of invasion
may be as severe as in the confluent form. This applies to the headache,
vomiting, backache and high temperature. The fever in the mild cases
drops to about normal before the appearance of the eruption. The lesions
do not tend to coalesce and are few in number compared with the confluent
tyvpe.

The term wariolotd is given to a mild form of smallpox which may occur
in vaccinated persons in whom complete immunity was not established. The
term is erroneous, as it 1s not a disease simply bearing resemblance to variola
but 1s true smallpox, and unprotected persons who come in contact with
these cases will develop true variola. These patients have very slight initial
symptoms and may show only a single lesion on the skin. It is possible to
go through the initial stage with a chill, fever, headache, backache, nausea
and vomiting but remain free from eruption. To this mild form of the
disease the term “variola sine exanthemate” has been given.

When the eruption appears it is milder in its course, exhibits many
variations and is of shorter duration. The lesions become abortive and dry
up early and as a rule do not extend into the true skin and do not leave a
permanent scar.

There have been reported in recent years in different parts of the United
States epidemics of mild and abortive cases of smallpox. The usual pre-
cautions not being taken on account of the mild character of the disease, the
affection showed a tendency to spread all over the country. The cases retain
their mild character and do not revert back to severe forms of smallpox.
There is very little constitutional disturbance and there i1s no mortality.
The period of incubation averages fourteen days, which is two or three
days longer than smallpox. The symptoms in the stage of invasion are so
mild that it is difficult to keep the child confined to his hed. The eruption
is discrete but in some cases is rather copious and may be severe enough to
become confluent on the face and to leave permanent pock marks. The
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cycle of the eruption is shorter than in severe smallpox. The smallpox virus
appears to be attenuated in virulence. The disease occurs exclusively among
the unvaccinated and unprotected. One vaccination, no matter when per-
formed, 11 it was successful will protect the individual. It is very contagious
to unvaccinated persons. It is known by different names in different sections
of the country as Cuban itch, elephant itch, impetigo contagiosa, etc.

A similar if not identical disease occurs in Africa and is called alastrim.
This disease has a mortality of about 2 per cent and vaccination protects
against alastrim. Rucker of the United States Public Health Service claims
it is a mild form of smallpox and that under certain conditions it might
regain its virulence and cause a highly {fatal type of smallpox with much
disfigurement. Alastrim i1s found in Egypt, the Soudan and the West
Indies.

Smallpox in the Pregnant Woman.—The symptoms and course of
smallpox are influenced by the state of pregnancy. The disease runs a
more severe course and the mortality is high. Abortions and premature
births occur in a large percentage of the cases and add tc the gravity of the
prognosis. This takes place in the majority of cases before the fifth day
of eruption. The high mortality is shown in the figures of Schamberg,
where twenty died out of twenty-seven cases in pregnant women who had
never been vaccinated, giving a mortality of over 74 per cent. Of eighty-
five women who had been vaccinated at some previous time fourteen died,
showing a mortality of 16 per cent. This mortality varies in different
epidemics but 1s always high.

Smallpox in the Fetus.—There are a few cases in the literature where
mothers who had been protected by vaceination and never suffered from
smallpox gave birth to babies with signs of smallpox. The mothers had
been, however, exposed to variola. It would seem that the virus did not
attack the immune tissues of the mother but may have reached the blood
of the fetus and there multiplied. Mothers, on the other hand, who may
develop variola at the end of pregnancy may give birth to a healthy infant
who, unless immediately vaccinated, will develop the disease later. These
infants seem, however, difficult to inoculate with vaccine virus. The writer
observed a case of true variola in an infant whose mother did not have
variola but who had been successfully vaccinated. The mother and infant
were exposed at the maternity hospital to a case of smallpox that had been
erroneously diagnosed as chickenpox. The baby was vaccinated but it did
not “take” and a few days after came down with variola. There have been
a number of similar cases recorded.

Smallpox may be communicated through the blood stream of the mother
to the fetus in utero at any time after the fourth month. In the early months
the fetus usually dies and the mother aborts. There have been cases in
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which the fetus survived the attack and was born with typical smallpox
scars. Lynn reports the case of a woman who became ill from smallpox
in the eighth month of her pregnancy. One month later she gave birth to
a baby who was covered with the eruption, and inoculation from the lesions
resulted in typical variola. The fetus may die as a result of the mother’s
illness and be aborted without showing any signs of smallpox,

COMPLICATIONS AND SEQUELZE

Boils and Abscesses.—Infection of the skin lesions with pyogenic
organisms furnishes the most frequent complication. Few cases escape the
discomfort of a crop of boils. These are usually superficial but may be
very numerous. They develop most irequently after the pustules begin
to dry up, which is after the twentieth day of the disease. Larger abscesses
may develop in the deeper layers of the skin and are accompanied by cellulitis
of the surrounding skin, and this may go on to gangrene. They may occur
on any part of the body but are most frequently found on the scalp, face,
arms and legs.

Carbuncles are sometimes seen during convalescence from this disease.
Infection from streptococei is sometimes observed and causes high tem-
perature accompanied by cellulitis which is often fatal. DBed-sores may add
to the discomfort of the patient in severe cases and in debilitated patients.
These are often the results of uncleanliness and pressure and can be avoided
by skillful nursing.

The eruption which appears on the mucous membranes, called the enan-
them, may become ulcerous and when they appear on the larynx in young
children a spasm or edema of the larynx and glottis may develop which may
lead to sudden death. The eveballs are involved in severe cases with a
resulting keratitis, perforation of the cornea, iritis, or hemorrhages in the
conjunctivie and even into the retina. The kidneys are frequently involved.
Albuminuria is nearly always present in the early stages. It has but little
significance unless complicated with an acute nephritis. There may be fatty
degeneration of the liver and of the heart muscle in the more severe cases.
The brain is congested and the autopsy reveals encephalitis in cases with
marked delirium and mental disturbance. Inflammatory areas in the spinal
cord resulting in paraplegia and other forms of myelitis have been observed.

DIAGNOSIS

In moderately severe cases this disease can be easily recognized during
the pustular stage. In mild and atypical forms the diagnosis is not so
easy. It is more difficult to diagnose in the initial stage before the appear-
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ance of the rash, and as it is most contagious at that period it is important to
make a correct diagnosis. The presence of an epidemic and of a known
exposure will simplify matters. The mild cases and those modified by vac-
cination present great difficulties in diagnosis. Smallpox in a vaccinated
person (varioloid) may be unrecognized, as there may only be a single
papule present, but nevertheless such a case could transmit smallpox to an
unvaccinated person. Unless there is a history of exposure it is not possible
to make a positive diagnosis before the appearance of the rash. The exist-
ence of an illness with fever, backache, headache, vomiting, ete., preceding the
eruption by several days should be considered very suspicious of smallpox.

Differential Diagnosis.—/nfluenza.—Practically all of the symptoms
in the stage of invasion are duplicated in influenza. In the absence of an
epidemic of smallpox the diagnostic sign would be an absence of rash by
the fourth day. If no rash appears it would point to influenza.

The diseases which might be confused with smallpox after the eruption
appears are measles, scarlet fever, chickenpox, roseola, acne, impetigo, etc.

Measles —A measle-like prodromal rash sometimes appears in smallpox.
There are no catarrhal symptoms and no Koplik spots are present. In
the early days of medicine these two diseases were often confused and were
grouped together by many writers of that time. Cases of measles occurring
during an outbreak of smallpox are not infrequently sent to smallpox hos-
pitals. The course of the temperature differs. In smallpox the temperature
is highest at the onset of the symptoms and falls with the appearance of
the rash. In measles it starts lower and rises with the outbreak of the
eruption. There is a soft and velvety touch to the eruption of measles, while
the papules in smallpox have a hard and shotty feel and in the course of
twenty-four hours the measles rash becomes more diffuse and flatter while
that of smallpox hecomes more discrete and elevated.

Scarlet Fever—The early occurrence of sore-throat and the distinctive
strawberry tongue would point to scarlet fever even though a scarlatiniform
prodromal rash i1s sometimes observed in smallpox which 1s accompanied by
vomiting and high fever. The appearance of firm, hard papules and a little
later the vesicles would remove all doubt of the diagnosis.

Chickenpox.—This is perhaps one of the most important diseases to be
differentiated from smallpox, especially the mild cases in which there are
no severe symptoms in the preéruptive stage. In chickenpox the papules do
not have a shotty sensation and there is no secondary fever with the appear-
ance of the pustules. The rash in smallpox is more abundant on the face and
extremities and is most scanty over the chest and abdomen. It favors ex-
posed portions of the body and is present on the palms of the hands in
smallpox, while the opposite is true in chickenpox. The evolution of the
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lesions takes about eight days in smallpox and three days in chickenpox.
The lesions tend to become umbilicated in smallpox and rarely so in chicken-
pox. There is very slight temperature in chickenpox and the course is
short, and vaccination has absolutely no influence in modifying or preventing
chickenpox.

Roseola.—A peculiar rash, possessing some similarity to smallpox, is
sometimes seen in connection with vaccination but is distinguished hy the
fact that it always follows vaceination and is more macular than papular.
It is never preceded by a high temperature or the symptoms observed in the
stage of invasion in cases of smallpox.

Acne.—While the lesions on the face in mild cases of smallpox may
bear some resemblance to acne, yet the ahsence of prodromal symptoms, or
history of exposure and the progressive evolution of the lesions, would
quickly clear up any doubt as to the diagnosis.

Severe pustular eczema of the face at first glance might suggest small-
pox, but the history of the illness and the absence of lesions of the hody
and extremities would make the diagnosis clear.

Impetigo contagiosa is very frequent in children and shows various types
of lesion. It may first appear as a papule which soon becomes vesicular and
pustular. They enlarge and often appear in groups without previous symp-
toms. Crusts form in a few days and the favorite location is ahout the
mouth, chin and hands. There are no constitutional symptoms and no char-
acteristic sequence or situation of the skin lesions as in smallpox.

PROGNOSIS

This depends on whether the patient has been vaccinated, the number
of pustules, especially on the face and hands. The hemorrhagic and con-
fluent types are the most virulent and few infants and young children re-
cover from these severe forms. The age of the patient is important, as the
mortality is very high in young persons. Children who are not protected by
vaccination are very susceptible to contagion and are very likely to contract
the more severe types of the disease. The virulence of the prevailing form
of smallpox in an epidemic affects the prognosis. The characteristic pitting
or scarring occurs in the severe cases and it cannot be avoided by any kind
of treatment.

Nothing perhaps is so striking in the history of medicine as the effect
of vaccination on the mortality from smallpox. For the past ten years the
number of deaths each year from smallpox in the State and City of New
York with over twelve million population averaged slightly over one death
a vear. A century and a half ago smallpox was the most frequent cause of
death in young children. To-day, thanks to vaccination, it is negligible.
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TREATMENT

Prophylaxis.—The first and most important step in prevention is vac-
cination. All contacts and every person who resides in the vicinity of a
case of smallpox should be vaccinated at once. This procedure is required by
law in several states. It is an established scientific fact that vaccination will
gffectively prevent the spread of smallpox. It is incomprehensible that in
spite of this procedure smallpox is allowed to continue in civilized countries.

Fic. 2—VACCINATION.

Three children of one family, the two older children protected by vaccination, while the
unvaccinated baby contracted the discase.

Many people are opposed to compulsory vaccination on the grounds that it
interferes with personal rights and liberty. The antivaccination adherents
make all sorts of absurd and erroneous claims of dangers from inoculation
of syphilis, tuberculosis and other diseases. This, of course, is impossible
with the use of sterile bovine lymph. The technic and course of vaccination
are described in a chapter devoted to that subject.

If vaccination of every child was made compulsory with revaccination
as circumstances required there would be no need for other means of pre-
vention. Municipalities and school authorities should furnish free vaccina-
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tion to all children whose parents cannot afford to pay the services of a
physician.

Sir William Osler some years ago made the following challenge: “I will
go into the next severe epidemic with ten selected vaccinated persons and
ten unvaccinated persons. [ should prefer to choose the latter—three mem-
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I'1G. 3.—V ACCINATION.
Two infants in an institution, one protected (right) against smallpox.

bers of parliament, three antivaccination doctors if they could be found, and
four antivaccination propagandists. And T will make the promise neither
to jeer nor to jibe when they catch the disease, but to look after them as
brothers, and for the four or five who are certain to die I will try and arrange
the funerals with all the pomp and ceremony of an antivaccination demon-
stration.”
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Notification.—Smallpox is a reportable disease and under the health
laws of a number of states failure to notify the health officer of the existence
of such a case is punishable by a fine. Lf a physician 1s in any doubt the
opinion of some one familiar with the disease should be obtained.  To report
and quarantine a case as smallpox in which there has been an error in
diagnosis is subjecting the household to much annoyance, inconvenience and
Unnecessary expense.

Isolation.—Ivery case should be isolated either in the home or at a
special hospital. General hospitals cannot take care of cases of smallpox.
Popular fear about smallpox has not been entirely effaced and so smallpox
hospitals are available in most of the cities in this country. Unfortunately,
the term “pest-house,” which is a relic of the dark ages, is given these hos-
pitals. Smallpox hospitals should be made available in any community
where an outbreak of smallpox occurs. Such a hospital must be sanitary,
with modern conveniences, and made as comfortable as possible for the
patient. An ambulance should be part of the equipment and used only for
smallpox patients and should he distinctively marked so the public may
know the character of the disease it conveys. All nurses, servants and other
employvees must be vaccinated or revaccinated before entering upon duty.

If the child is to be treated at home a rigid and strict room quarantine
must be enforced. A room with private bath separated from other parts
of the house is desirable. Patients who live in small apartments or small
houses are best cared for in a hospital. Needless furniture, such as uphol-
stered chairs, carpets and draperies, should be removed. There should be
ample ventilation. The attendants and nurses, who must be freshly vac-
cinated, should wear clothing that can be boiled, disinfected and laundered.
Caps to cover the hair should be worn in the sick room. All discharges from
the patient should be received in vessels containing chlorid of lime or car-
bolic acid. Discharges from the nose and throat should be received on old
cloths or paper napkins and burned at once. Nothing should leave the
sick room without previous disinfection. Visitors should not be allowed,
but if they do go into the room they must take the same precautions as the
nurses,

Physicians should be extremely careful not to carry the virus on their
clothing or hands. The attending physician should have a long gown and
cap which are hung in the open air between visits and should be frequently
sterilized. It is a safe plan to wear rubber overshoes to avoid carrying dust
or scabs which may be on the floor. These are kept with the gown. The
hands and face should be washed after leaving the room and the hands held
for a few moments in a disinfecting fluid such as bichlorid 1:10,000, car-
bolic acid 1 :40, or lysol one dram to a pint. A physician should be vac-
cinated before taking charge of a case, If he is immune he will suffer no
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inconvenience. A physician who frequently comes in contact with cases of
smallpox once told me he had been vaccinated over fifty times and it had
only “taken” twice,

Quarantine.—"The question of what to do with the other members of
the family when a case of smallpox occurs is a serious one. If the patient
remains at home they should be quarantined and if they decide to leave the
premises they should be vaccinated, change their clothing, take an antiseptic
bath, and disinfect the hair. They should be kept under close surveillance by
the health officer before they come in contact with others. Unless they are
success fully vaccinated within three days of first exposure they must be kept
under close watch for at least twenty days. If they are or have been suc-
cessfully vaccinated they can be allowed their liberty, if in the opinion of the
health officer it is wise to do so.

If the patient is removed to a hospital the room and house should be
thoroughly fumigated and aired. After this has been done the other mem-
bers of the household may be granted their ireedom. It is desirable for
them to be seen daily by a physician who should watch for symptoms of
smallpox as well as the course of the vaccination.

Disinfection.—At the end of the quarantine period when the patient has
entirely recovered his entire body should be washed and disinfected, his hair
and scalp shampooed in a 1:10,000 or 1:20,000 solution of bichlorid. After
this he puts on fresh undergarments and clothing which has not been exposed
to the infection, or, if exposed, has been disinfected. Everything that has
been in contact with the body of the patient should if possible be burned.

If this is not practicable they should be boiled or immersed in a disinfecting
solution for four hours. If the patient dies the hody had best be disposed of
by cremation, or placed at once in a metallic coffin hermetically sealed and
huried without delay, and strictly privately.

The sick room should be disinfected as outlined above and then thor-
oughly aired, and the floors, walls and woodwork scrubbed with soap and
water. The local and state health authorities have regulations regarding
cleansing and disinfection which must be carried out under their supervision.

Medical Treatment.—The hygienic care of smallpox patients adds much
to their comfort and chances of recovery. They should have fresh air in
abundance with a temperature of about 70° IF. Fresh air does not neces-
sarily mean cold air, and in winter the air of the room can be changed fre-
quently by opening the windows. The diet is of importance. During the
stage of invasion with fever, vomiting and no appetite the nourishment
should be liquid, such as broth, barley water, carbonated water, milk,
etc. The patient should take as much fluid as possible. When the fever
abates with the first appearance of the rash he should take as much nutritious
food as he can digest to strengthen him for the great drain and strain during
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the stage of suppuration. The diet should consist of milk, eggs, rare beef-
steak, chops, etc., with as many of the well-cooked and easily digested vege-
tables as possible.

During the stage of eruption when the pustules develop and the second
period of fever appears, a return to the liquid diet is necessary. The enan-
them in the mucous membrane of the mouth, tonsils and pharynx causes
great pain in chewing and swallowing. The appetite departs and it is difficult
to administer any nourishment. The nurse should attempt to have him take
small amounts of food every two hours. Milk can be given as plain, pep-
tonized, buttermilk or lactic acid milk, junket, cooked with cereals, milk
punch, custard, blancmange, etc. Iggs may be given cooked or raw in milk,
etc. Alcohol should be used sparingly if at all in children. The diet can be
greatly increased during convalescence. When the appetite fails to return,
tonics containing strychnin and iron can be used.

Fever—The best means of reducing fever in both the initial and sup-
purative stages is by means of cold sponging, the cold pack or by cold baths.
This treatment is of benefit in controlling the delirium and mental symptoms
which often accompany the high fever.

Pain.—The hackache and headache in the initial stage are very severe
and it 1s often necessary to resort to anodynes.  Of these, antipyrin, phenace-
tin with or without codein, or even morphin may be necessary. Allonal is a
safe anodyne for use in children. Local applications of counterirritants or
heat should be avoided, as the eruption is always worse over such areas.
Ice-packs or cold applications over the head often relieve the pain in the
head. Children do not take opiates with the same degree of safety as adults,
but in the painful stage of suppuration there is nothing so effective or so
satisfactory as small doses of morphin,

The throat is a source of great discomfort and pain and it 1s very difficult
to treat with applications or gargles, but argyrol or mercurochrome applied
through the nose reaches the throat. Demulcent drinks, such as flaxseed tea
sweetened and flavored with orange juice, are very soothing. When the
inflammation reaches the larynx the use of inhalants 1s indicated. Steam
vapor reduces the spasm. Compound tincture of benzoin, a dram to the
pint, is helpful. If edema of the glottis develops the child is apt to suffocate
unless a tracheotomy is performed.

The Eyes—The frequent use of a boric acid evewash in the early stages
may prevent severe inflammation. White vaselin can be applied to the eye-
lids to prevent their sticking together. A few drops of a 10 per cent solution
of argyrol or a 1 per cent solution of mercurochrome instilled i the eyes
three or four times a day is indicated when there is much conjunctivitis, If
an ulcer appears on the cornea, atropin should be instilled if the ulceration
is central. If on the periphery, a drop of eserin sulphate, 14 grain to the
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ounce, should be used. The yellow oxid of mercury ointment should be used
to prevent the denuded cornea from forming adhesions. The treatment of
the eyes when involved must not be neglected and should be carried on both
by day and night so as to prevent any permanent injury to the sight.

The Eruption.—The local application of antiseptics has been employed
for many years. Ointments and greasy preparations should be avoided in
the early stages. The itching and irritation is best allayed by wet compresses
of boric acid, Dakin’s solution, ete. Dusting powders are objectionable on
account of their tendency to form crusts under which the suppuration is apt
to extend. Compresses soaked in ice water and glycerin relieve the itching.
Painting the confluent parts with a freshly diluted tincture of iodin is said
to lessen the tendency of abscess formation and cellulitis. Spraying the
lesions with ether and a 1 :5,000 solution of bichlorid has been recommended.
The objects to be attained are to relieve the burning and itching, overcome
the offensive odor, keep the skin clean, lessen the tendency to infection and
prevent scarring.

For the itching, sponging with a weak carbolic solution, 1 :40, is sufficient
in many cases. Spraying with alcohol with the addition of 1 per cent menthol
is soothing.

Baths can be employed to prevent infection. Water containing I :20,000
bichlorid is effective, and it has the added value of reducing the temperature
and quieting the delirium. Various antiseptics have been recommended, such
as carbolic acid, creolin 1:3500, alum 1:5 per cent, and potassium perman-
ganate 1 per cent.

Many methods have been employed to prevent the scarring, but Scham-
berg savs he has tried all of the much-vaunted measures without encouraging
results. He obtained the best results by the application of pure or diluted
tincture of iodin on the face twice a day. A hard parchment-like mask is
formed which begins to crack and peel off. IHe then applies weak carbolized
vaselin. The claim is that this treatment tends to shrink the pustules, to
hasten decrustation, destroy the offensive odor and to some extent lessen
the pitting. There is not so great liability to secondary pyogenic infection
of the skin.

Potassium permanganate can be applied locally over the lesions and it is
claimed to accomplish the same results as iodin.

No internal medication has any effect in modifying the course of the
eruption.

The use of red light to exclude some of the chemical rays of light was
strongly urged by Finsen of Denmark, but it has not given the results
claimed by him. Ruhrith calls attention to the fact that the red light treat-
ment was advocated by John of Gaddesden, a celebrated physician of the
fourteenth century, who advised the use of red bedclothing, red bed curtains,
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gargling of the throat with mulberry wine and the sucking of red pome-
granates.

PUBLIC HEALTH REGULATIONS

Every physician must report at once to the local health officer every
case of smallpox that comes to his attention within twenty-four hours from
the time the case is first seen by him. This report to contain the full name,
age and address. He must give detailed instruction to the nurse or other
person in attendance in regard to the disinfection and disposal of the dis-
charges from the nose, mouth and ears of the patient. [t is the duty of the
health officer 1f a suitable hospital is available to remove or cause to be re-
moved such case promptly thereto. FEvery inmate of the household where
such case occurs, and every person who has had contact with such case, or
with his secretions or excretions, shall be either vaccinated within three days
of his first exposure to the disease or placed under quarantine, and when vac-
cinated, the name and address of such inmate or other person shall be taken
and such inmate or other person shall be kept under daily observation by the
health officer. If no hospital 1s available the patient must be isolated and
every member of the household shall be vaccinated or strictly quarantined
until discharged by the local health officer. The minimum period of isolation
is fourteen days after the development of the disease and until scabs have all
separated and the scars completely healed.

Children must be excluded from school if the patient remains isolated at
home until twenty days after the quarantine has been raised or s2ven days
after successful vaccination and after disinfection of person if removed from
quarantined premises,

If the patient goes to a hospital or children leave home when the disease
is discovered no non-immune child shall be permitted to return to school
until twenty-one days after removal or seven days after successful vaccmna-
tion. An immune child is permitted to return to school.

The brief synopsis of the present status of smallpox as prepared by the
committee of the American Public Health Association follows :

1. INfFECTIOUS AGENT.—Unknown.

2. Sourck oF INFEcTION.—Lesions of the mucous membranes and skin of
infected persons.

3. Mobe or Transmission.—By direct personal contact: by articles soiled
with discharges from lesions. The virus may be present in all body discharges,
including feces and urine. It may be carried by flies.

4. Incusatiox Periob.—Eight to sixteen days. (Cases with incubation
period of twenty-one days are reported.)

5. Pertop oF ComMmunicaBiLiTy.—From first symptoms to disappearance
of all scabs and crusts.
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6. MEeTHODS OF CONTROL

(a)

(b)

The infected individual and his environment

1. Kecognition of the Discase—Climical symptoms. Tests for
immunity may prove useful.

2. [Isolation.—Hospital isolation in screened wards, free from
vermin, until the period of infectivity is over.

3. Tmmunization.—\Vaccination,

4. Quarantine —Isolation of all contacts until vaccinated with virus
of full potency. Daily medical observation of all recently vaccinated
contacts until height of reaction is passed, if vaccination was per-
formed within twenty-four hours of first exposure, otherwise for
sixteen days from last exposure.

5. Concurrent Disinfection of All Discharges—No article to leave
the surroundings of the patient without boiling or equally effective
disinfections.

6. Terminal Disinfection.—Thorough cleaning and disinfection of
premises.

General measures

(General vaccination in infancy, revaccination of children on entering
school, and of entire population when the disease appears in a
severe form.



CHAPTER VII
VACCINIA AND VACCINATION

Definition.—Vaccinia is a disease that does not occur in human beings
except after inoculation. It is an acute specific disease characterized by the
appearance, at the point or points of insertion, of the specific virus of a skin
lesion which appears first as a papule, then becomes vesicular, later a pustule
and terminates in desiccation, leaving a permanent scar. This may be
attended with a slight constitutional disturbance for a few days after the
appearance of the papule. The great importance of this disease is the fact
that it protects the individual from smallpox and confers an immunity for an
indefinite length of time.

Synonyms.—Cowpox, kinepox ; la vaccine ; Impfpocken, Schutzblattern ;
vaccinia,

HISTORY

A tremendous array of articles and books has been written on this sub-
ject. Prior to the introduction of cowpox inoculation by Jenner in 1798
a number of writers advocated and practiced preventive inoculation against
smallpox by means of virus taken from human beings suffering from small-
pox. This was called wariolation. While the inoculated persons generally
had a mild attack of the disease, vet it was sometimes fatal and was con-
tagious to others. It is interesting to note that on account of the dangers
attending such inoculations the process of variolation was prohibited by the
English Parliament and its employment declared a felony in 1740.

The fame of recogmzing that inoculation with cowpox prevented a man
from contracting smallpox when exposed is universally accorded to Sir
Edward Jenner. Several observers had noted this fact prior to Jenner's
discovery and had successfully employed inoculation. It is of interest to
note that the first authentic record of such inoculation was performed by a
farmer in 1774 on his wife and two young children. That an infection with
cowpox protected the person from smallpox seemed to be more generally
accredited among the laity than the medical profession. Jenner, while a
medical student, started on his long series of investigations because of a
chance remark by a farmer’s daughter that she couldn’t get smallpox because
she had had cowpox. He made his first inoculation on a country boy, James
Phipps, in 1796, and two years later submitted his observations to the Royal
Society of Physicians, but the paper was refused “lest it should lessen the
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reputation he had already gained.” He then published the paper as a pamph-
let entitled “An inquiry into the causes and effects of variole vaccine.”

This pamphlet has brought everlasting fame to the author but even to
this day there is bitter and bigoted antagonism to a simple procedure which
has saved millions of lives and untold suffering among all peoples of the
world. The practice of vaccination was introduced into many countries
within a few years after the appearance of this pamphlet. To-day there is
not a civilized or semi-civilized country in the world where this procedure is
not only practiced but made obligatory by the authorities.

The extent of the ravages of smallpox and its high mortality are dis-
cussed in the chapter on smallpox. Statistics prove beyond any shadow of
doubt the efficacy of vaccination. Before Germany established compulsory
vaccination 66.5 of every 1,000 deaths were due to smallpox, and after the
use of vaccination this fell to 7.5 per 1,000 deaths. This applies only to the
mortality, and the morbidity figures are even more convincing. [Epidemics
in countries where there is strict compulsory vaccination are now unknown,
but in England and in our own country where vaccination is not strictly
enforced and the whims of conscientious objectors are respected, sporadic
outbreaks occur at irregular intervals and the victims almost invariably are
persons who have never been successfully vaccinated. A striking instance
occurred some years ago in the practice of the writer when an outbreak of
smallpox occurred in a small orphan asylum. There were forty-nine children
under four vears of age in this institution and only one had been vaccinated.
The disease spread and the vaccinated child was the only one who escaped.
There were fourteen adult attendants who had the care of the children and
charge of the building. Of these all but one had been vaccinated. The
unvaccinated nurse had a severe attack and all the others escaped. So the
child and the adults who were protected by vaccination did not contract small-
pox, and all the children and the one adult who had not been protected by
vaccination came down with the disease.

The records of the Surgeon General’s office show that the mortality rate
for smallpox among the soldiers in the Union troops was 37.2 per cent and
vaccination was not given to all the soldiers. During the World War vac-
cination was made obligatory, and presumably every soldier was vaccinated.
The mortality rate for smallpox was negligible.

VACCINE VIRUS

The germ or specific organism which produces vaccinia has not been
definitely identified. It probably does not belong to the class of micro-
organisms known as bacteria. Some authorities believe that the active agent
in the virus i1s filtrable, others that 1t is not. It is possible, as some claim,
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that it helongs to the class of protozoa. The vaccine virus, obtained from
the vaccinia lesion when in the vesicle stage, is popularly known as lymph.
This has a slightly alkaline reaction and contains epithelial cells, leukocytes
and the as vet unidentified parasitic organism. This organism can also be
obtained from the scab of a person who has been successfully vaceinated. Up
to the past twenty-five vears this was the source of the virus and the
family physician usually had one or more scales in his possession taken from
children whom he knew were healthy. At that time the human virus was
considered to be better than that obtained from the cow or calf. There is no
doubt but that in rare instances certain diseases and skin disorders could
be transmitted by human virus and it was impossible to procure it under
aseptic technic or to keep it sterile.

In view of these dangers the United States Government took control of
the production of vaccine virus. It was found that the virus obtained from
the vesicles produced after inoculation on healthy yvoung calves was the
safest and best. Human virus 1s no longer used. The Government allows
the use only of young calves that are carefully examined and kept in quaran-
tine for two weeks. They are then moculated on the tender skin of the
groin and belly under the strictest surgical precautions. When the vesicles
appear the lesion 1s curetted and mixed with a 30 per cent solution of
glycerin. It is then kept in cold storage, often helow the freezing point,
from two to twelve months, free from exposure to air and light. A bac-
teriologic examination is made every two to three weeks and when there are
no bacteria present it is considered to be “ripe” and safe to use. In the
meantime the calf from which the virus was taken is killed and a careful
autopsy made to determine if it was free from all disease. The virus is
injected into guinea-pigs to find if it i1s free from all pathogenic germs.
Small ivory points are dipped into the material and allowed to dry, and the
points then carefully protected or a small portion is drawn into capillary tubes
which are immediately sealed. The virus is ready for use,

Attempts are now being made to produce a sterile virus, and Noguchi at
the Rockefeller Institute has been able to grow it successfully on media
prepared from the testicle tissue of bulls. The laboratory of the New York
State Department of Health has prepared some very potent virus by this
means. The next step in the production of vaccine virus will undoubtedly
be its sterile preparation in the laboratory and not in the stable as is now
the case.

TIME OF VACCINATION

The vaccination laws of Germany require infants to be vaccinated in
the first year of life unless the child is ill or in poor health. Vaccination of
infants 1s attended with less general reaction than in older children. This
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affords protection to young infants and this is important, as when smallpox
was prevalent the greatest number of cases occurred in young children.
When smallpox appears in a locality all infants as well as young children
should be vaccinated at once without any exceptions. I the smallpox is
not prevalent and the child is poorly nourished or suffering from some
constitutional disorder or skin disease it is best to postpone vaccination until
he 1s 1n better physical condition. The writer had a case of smallpox in a
three weeks old mmfant who contracted it 1in a maternity hospital from a
patient thought to have chickenpox. When the diagnosis was established all
the newborn infants were vaccinated without any bad effects.

TECHNIC

The process of vaccination should be considered a minor surgical opera-
tion and the strictest asepsis must be observed. The skin should be carefully
and thoroughly cleansed. The

area is washed with green soap
and water with some friction
in order to dilate the capil-
laries. The arm is then dried
with sterile gauze or absorbent
cotton. Some physicians scrub
the =kin with alcohol and then
pour a little ether over the
area.

The leit arm 1s the classic
and favorite site for vaccina-
tion. The place usuvally se-
lected for the introduction of
the virus is at the insertion of

the deltoid muscle. There is Fic. 4—VACCINATION.

a2 ILL'*-'HIE{..;’ on the part of many ) ."._ru[mnrmrv method with needle through drop
mothers that a scar on the arm  ©

1s disfiguring and they object to this site for cosmetic reasons. A vaccina-
tion scar need not be large enough to disfigure and it should be considered
a mark of honor—not of disgrace. A lesion on the inside of the leg may
hecome irritated from the use of the leg from walking, or infected from
the friction of the clothes and other irritations. Many physicians refuse to
vaccinate on the leg on account of these severe reactions. Persons who insist
on being vaccinated on the leg should be kept in bed from the time the papule
appears until the formation of the scab in order to guard against a severe

reaction. 2
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The needle or scarifier should be sterilized by heat, or dipped in aleohol.
Some manufacturers provide ivory or glass points which are sterile and
require no further attention,

When everything is in

readiness the skin of the arm
is made tense by grasping the
inner side of the arm with the
left hand. The epidermis 1s
gently scratched without going
through the true skin and
causing bleeding. A scratch
not longer than an eighth of
an inch is sufficient. It is most
important not to bring blood,
as it may wash away the lymph
and prevent absorption. It is

claimed by some observers that

Fic. 5.—VACCINATION. a deep scarification is more
Small scar affording immunity after acupunc-

i o likely to be followed by a
r¢ methnodd, o

greater degree of mflamma-
tion. A blunt mmstrument, such as a jeweler's screwdriver or a Pirquet
scarifier, is very convenient as it will remove the epidermis without bruising
the tissue and causing bleed-
ing. It makes a very small
point of entry, which results

i a small scar which 15 mvis-
ible at a short distance. Some
physicians vaccinate by an in-
tradermal puncture with a hy-
podermic needle, employing a
technic similar to making a
Schick test for diphtheria.
The United States Army
method requires three long
parallel scratches at least one
inch in length.

It is quite essential to rub
the wvirus thoroughly in the

p 16, 6—VACCINATION.
scarified area. I'he ]}"l'tllf'h Small scar which does not disfigure and affords

should then be allowed to dry complete immunity.

on the arm by exposure to the air.
J. P. Leake of the United States Public Health Service has suggested
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what he terms the “pressure” method and his deseription and directions as
outlined in the United States Public Health Reports for January, 1927, are
as follows:

A simple method is a shallow, tangential pricking of the cleansed but not
irritated skin with a needle, through a drop of smallpox vaccine,  covering an
area not greater than one-eighth imch (3 mm.) in diameter. This gives little
chance of accidental infection and the eruption is typical. The eedle, which
should be new, sharp and sterile, is not thrust into the skin but %is held quite
parallel or tangential to it, with the forefinger and middle finger of the right
hand above the needle and the thumb below, the needle pointing to the operator’s
left. The needle should be crosswise of the arm, so that the thumb of the
operator 1s not impeded by hitting the skin. The side of the needle point is then
pressed into the drop about thirty times within five seconds, the needle being
lifted clear of the skin each time. This rapid to and fro motion of lifting the
needle and pressing it against the skin should be quite perpendicular to the skin
and needle, and not in the direction of the needle. In this way the elasticity
of the skin will pull a fraction of an inch of the epidermis over the point of the
needle at each pressure so that the vaccme is carried into the deeper layer of
epithelial cells, where multiplication takes place most easily. If the skin has not
been unduly rubbed in cleansing, and if the motion is entirely perpendicular to
the needle, no signs of bleeding will occur and all evidence of the punctures -
will fade out in less than six hours. lmmediately atter the punctures have been
made the remaining virus is wiped off the skin with sterile gauze and the sleeve
15 pulled down, the whole operation of puncturing and wiping taking less than
ten seconds. With strong vaccine a single pressure not infrequently gives a
“take.” Only six pricks or punctures were formerly advocated. Comparative
tests showed this to be inferior to the scratch method in the percentage of
successful “takes.” DBy the use of thirty pricks, this difficulty has been overcome
and the percentage of “takes” is as high as with any other safe method.

The disadvantages of this method, which it shares with some other methods,
are, first, that without demonstration and practice the technic of applying the
proper pressure may not easily be acquired, and, second, that without due care
an area larger than one-eighth inch (3 mm.) in diameter may be covered by the
insertion. In regard to the first point, the difficulty is usually that the needle is
not pressed in the right direction or that the pressure is not firm enough.
Provided the needle is held quite tangential to the curve of the arm, and the
direction of motion is quite perpendicular to the needle, it is difficult to malke
the rapid pressure too firmly. In regard to the second point, motion from the
wrist with the arm held rigid is usually more accurate than whole arm motion.

The advantages of the method are its mildness and painlessness, the fact
that it is more rapid than any other effective and safe method, the fact that no
control site is necessary since the evidence of trauma due to the operation has
disappeared before the first observation for an early reaction i1s made, and the
fact that the virus is wiped off immediately, so that the uselessness of a dressing
is obvious to the person vaccinated.

Thomas and Bull gave this a thorough trial on the students of Lehigh
University and have adopted it as the most efficacious and most satisfactory
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method. It can be performed more rapidly and with less discomfort to the
patient and it does not require the use of any dressing following the vac-
cination.

The after care is tmportant. Nearly all of the “bad arms” and infec-
tions are the result of neglicence and improper care. The consensus of
opinion is opposed to the use of “shields” of any tform or shape. These
constrict the capillary eirculation around the wound and keep the lesion too
warm and too moist, making an excellent incubator for the growth of bac-
teria. The simplest and the
safest dressing is several thick-
nesses of sterile gauze used as
a covering. This can be held
in place by one or two narrow
strips of adhesive plaster ap-
plied at least an mch distant
from the point of vaccination.
The gauze should simply cover
the lesion and not go clear
around the arm. Like any
other wound, proper care and
surgical cleanliness must be
followed until the wound is
entirely healed.

Fi6. 7—Vaccixarion. The vesicle should be pro-
Old-time scar (3.2 X 28 cm.) from buichery
done about 1904 by “cross hatch™ method.

tected from injury, especially
from scratching. The finger
nails are sure to carry infection. If the itching is unbearable at night the
application of a 50 per cent solution of alcohol over the inflamed area, but
not over the lesion, or a small ice-bag placed over the point of vaccination
will give relief. Gentle rubbing at a httle distance from the lesion will give
comfort.

The vaccination sore and the blister should be kept dry. If not, the
fluid from the vesicle will adhere to the gauze and the scab will be torn off
with its removal. When this occurs the wound can be washed with boric
acid solution and thoroughly dried with sterile cotton, and boric acid dusting
powder applied. It is a wise procedure to change the gauze dressing very
gently each day and keep the wound dry with the use of an unscented sterile
dusting powder.

The scab should be allowed to fall off. This happens when the surface
under the scab has healed. If it is torn off it exposes a raw surface which is
apt to become infected and the period of inflammation is prolonged and the
resulting scar 1s larger.
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SYMPTOMS AND COURSE OF VACCINIA

The length of time between the introduction of the virus and the first
local symptoms depends somewhat on the virus, its source and its prepara-
tion. Ior two to three days after vaccination nothing is observed except
the slight abrasion of the skin by the inoculation instrument, and it may be
ten days before any redness i1s detected about the site of inoculation. This
redness increases in size and color, and a distinet round hard papule appears.
After a couple of days this papule becomes vesicular and this is usually
observed along the margin of the moculated area. The vesicle or vesicles
increase in size and contain clear watery lymph. The vesicle becomes more
elevated and reaches its height about the eighth day. The center hecomes
depressed or umbilicated and the periphery bulges and is more prominent.
Jenner gave an accurate description of the vesicle “which has an appearance
not unlike a grain of wheat with a cleft or indentation in the center.”

At this time there appears a distinct inflammatory circle around the
vesicle. This is called the areola and often extends for several inches around
the lesion, gradually merging into the normal skin.  This areola has been
attributed to the reaction of the antibodies to the growth of the vaccine
organisms. The lymph-ncdes in the vicinity of the lesion and in the axilla
are frequently enlarged and may be quite painful.

There are generally some constitutional symptoms about this time. Slight
chills occur with a little elevation of temperature, the sleep is disturbed and
restless and there is apt to be loss of appetite and malaise. These symp-
toms rarely last over a dayv or two. One cannot describe these symptoms
more accurately or vividly than Jenner, who said: “On the seventh day he
(a boy eight vears of age) complained of uneasiness in the axilla, and on
the ninth day he became a little chilly, lost his appetite and had a slight
headache. During the whole of this day he was perceptibly indisposed and
spent the night with some degree of restlessness, hut on the following day
he was perfectly well.” The severity of these symptoms varies in different
children and may be negligille or very severe.

On about the twelfth day after the appearance of the papule the lesion
begins to fade and the contents become purulent. The scab formation starts
in the center and the areola becomes smaller and shades off into two or
three circles which vary from a pale pink to a deep red in color.

The surrounding tissue becomes normal about the fifteenth day of the
lesion and desiccation is completed. The scab itself may not fall off for a
week or two later.

The lesion passes through the stages of papules, vesicles, umbilication
and pustules.

The dried crust is hard and of dark mahogany color and quite rough on
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its surface. After it falls off the scar appears at first smooth and red, and
after a few months becomes paler than the surrounding skin. It is usually
pitted and has the appearance of being punched out with a sharp die. The
center may become clevated and even keloid in character. Such scars re-
main red for a long time.

A slight leukocytosis appears three or four days after vaccination, which
asts about five days. A secondary increase in the number of white cells is
found from two to three weeks after vaccination, which lasts about a week
unless some complication arises.

False or Spurious Vaccination.—This occasionally occurs, and may
lead to some confusion. It may appear in several forms. In one the papule
appears on the second or third day and may develop into a small vesicle and
quickly dries up and does not leave a scar. It never shows the umbilication
or the scab formation.  Another form is known as the raspberry excrescence
on account of its appearance. The lesion is slightly raised, bright red in
color and never goes on to the vesicular stage. It looks like a small capillary
nevus and may remain in this condition for several weeks. No areola forms
around the lesion and it is not followed by a scar.

Insusceptibility to Vaccinia.—Some people claim they have been vac-
cinated a number of times and it has never taken. There may be some
cases of natural immunity against vaccinia, but they are very unusual. It
is possible that a person may be immune at one time but later develop a
susceptibility to vaccinia. The reasons why a vaccination did not take may
be on account of faulty technic or impotent vacecine. If the first vaccination
is not successiul it should be repeated two or three times.

REVACCINATION

Immunity after vaccination may in a few cases last throughout life, but
in the vast majority of cases it does not last more than ten vears. Jenner at
first believed that one successful vaccination protected for life, but changed
this view later as his experience increased. There 1s no question but that the
protective power of vaccination diminishes with the lapse of time. A wise
plan is to vaccinate in early childhood and again at puberty. The popular
ilea of vaccinating every seven years is not scientific. In the presence of
an epidemic or after exposure vaccination should be done at once. Many
physicians believe that when a vaccination takes the person is susceptible to
smallpox and that when it does not take he is immune. It is not safe to
rely on this and after exposure to smallpox vaccination should be repeated
if it fails to take.

The condition of the scar gives some indication of the protection of the
individual. A good excavated scar in a person shows he is well protected.
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It is claimed by the advocates of multiple inoculation, that is three or more
scarifications, that the increased number of scars will prolong immunity.
The size of the scar is believed by some to be indicative of the degree of
protection. None of these theories have been successfully proved, and it is
the character of the scar rather than the number or size that is important,

COMPLICATIONS

Any open wound presents possible dangers of infection. Besides, vac-
cinia is gn infections disease and there is always the possibility of systemic
involvement even in the mildest diseases of this character. But the claims
of the antivaccinationists are grossly exaggerated and distorted in the effort
to create public sentiment against this humane and harmless procedure. We
know that an insect bite or a pinprick will open the way for an infection
which may result fatally. It is quite probable among the millions of persons
throughout the world that there are some in whom the vaccination preceded
some illness with which it had absolutely no connection. Such instances are
greedily seized upon by the enemies of vaccination and given wide publicity.
Tuberculosis, skin diseases and syphilis may show their initial symptoms
shortly after a person has been vaccinated, and yet the vaccination is blamed
by ignorant persons. Vaccination only protects against smallpox, not against
any other disease or disorder.

Infection of the lesion can be avoided by proper care, and as the lymph
now used is bovine prepared under Government supervision and control,
the dangers are very slight. It can be absolutely stated that the infections
and fatalities which occasionally occur after vaccination are avoidable and
preventable.

Tetanus.—This is one of the most important infections. No one denies
that it may and does occur, but its occurrence is rare. Cases of tetanus after
toy pistol wounds greatly outnumber those from wvaccination. In ten years
only forty-one authentic cases of tetanus were found in over thirty-one
million vaccinations. In the year 1910 there were 1,373 deaths from tetanus
in the United States registration area and of these there were only sixteen,
or about 1 per cent, which were claimed to have been the result of miection
through the vaccination wound. John I. Anderson, formerly of the United
States Public Health Service, inoculated monkeys and guinea-pigs with
vaccine virus which had been contaminated by tetanus bacilli and found it
to be impossible to communicate tetanus in that manner.

Tuberculosis.—It is almost impossible to introduce tuberculosis through
a small and superficial skin abrasion. No case of a tuberculous node on the
site of a vaccination lesion has ever been reported. It is extremely doubtiul
if any form of tuberculosis has ever been inoculated in this manner, and it
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has never been proved that the reaction of vaccination has ever made active
a latent tuberculosis. The glycerin which is used as the vehicle for the lymph
has the property of destroying bacteria.

Skin Diseases.—These are usually the result of local infection through
the wound, and the most dangerous are the streptococens infections which
used to be classified as erysipelas. The most common skin involvement is
impetigo and this may spread and be transferred by the fingers to other parts
of the body. A number of cases are on record, when a nurse or adult has
had multiple vaccinations, on the face, in the nose, etc., from a scratch of a
child whose nails were contaminated from a lesion on his own arm or by
carelessness on the part of the adult. Eczema, urticaria, furunculosis may
occur with vacciation or be lighted up by it, but are not in any way due to
the virus of vaccinia. The modern aseptic technic and the strict preparation
of the lymph have greatly reduced the number of infections.

PUBLIC HEALTH LAWS

Vaccination is a public health measure and is for the protection of man-
kind from the scourge of smallpox. In the United States each state enacts
its own vaccination laws, and the opposition of the antivaccinationists and
the strong political pressure they are able to exert in different states make
a uniform nation-wide law impossible. The Government regulates the pro-
duction of the virus and has a slight control over vaccination through the
regulation of interstate traffic. Vaccination is compulsory before entering
all branches of military service and in the Government civil appointments.

The Public Health Law of the State of New York can be cited as an
example of present-day legislation concerning vaccination :

§ 310. Vaccination of schoel children

1. A child or person not vaccinated shall not be admitted or received into
a school in a city of the first or second class. The board, officers or other person
having charge, management or control of such school shall cause this provision
of law to be enforced. The board of health or other board, commission or
officers of such city having jurisdiction of the enforcement of this chapter
therein shall provide, at the expense of the city for the vaccination of all pupils
of such school whose parents or guardian do not provide vaccination for them.

2. Whenever smallpox exists in any other city or school district, or in the
vicinity thereof, and the state commissioner of health shall certify in writing
to the school authorities in charge of any school or schools in such city or
district, it shall become the duty of such school authorities to exclude from such
schools every child or person who does not furnish a certificate from a duly
licensed physician to the effect that he has successfully vaccinated such child
or person with vaccine virus in the usual manner or that such child or person
shows evidence by scar of a successful previous vaccination. Whenever school
authorities having the charge, management and control of schools in a district
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or city cause this provision of law to be enforced, the local hoard of health
shall provide for the vaccination of all children whose parents or guardian do
not provide such vaccmation.

§ 311. Paccination how made ; reports

I. No person shall perform vaccination for the prevention of smallpox who
is not a regularly licensed physician under the laws of the state. Vaccination
shall be performed in such mamner only as shall be prescribed by the state
commissioner of health.

2. No physician shall use vaccine virus for the prevention of smallpox unless
siich vaccine virus 1s produced under license issued by the secretary of the
treasury of the United States or under a certificate of approval issued by the
state commissioner of health, and such vaccine virus shall then be used only
within the period of time specified by the expiration date.

3. LEvery physician performing a vaccination shall within ten days make a
report to the local health officer upon a form furnished by the state commissioner
of health setting forth the full name and age of the person vaccinated and, if
such person is a minor, the name and address of his parents, the date of
vaccination, the date of previous successful vaccination if possible, the name
of the maker of the vacceine virus, the lot or batch number of such vaccine virus
and whether upon reéxamination after a proper interval such vaccination was
found to be successful or non-successful.

Sherman gives the following résumé of the regulations concerning
vaccination in different countries;:

England —The first vaccination act, which was passed in 1840, made the
operation of vaccination entirely voluntary. In this law inoculation with small-
pox, or variolation, was forbidden and made a penal offense. In 1853 a com-
pulsory vaccination law was enacted which required that all infants should be
vaccinated with human lymph before three months of age. In 1867, an act was
passed enjoining and encouraging revaccination. In 1898, bovine vaccine virus
was designated to take the place of human virus; domiciliary vaccination was
designated in place of vaccination stations: the period of infantile vaccination
was changed to the age of three to six months; and the so-called “conscientious
objector” clause was included.

France.—In 1902, a law was enacted compelling vaccination during first year
of life and revaccination both at 11 and 21 years of age. Three inoculations
were deemed necessary for successful vaccination ; the use of bovine virus was
advised. All conscripts to the army were revaccinated.

Germany.—In 1874, a law was passed compelling vaccination during the
first or second year of life and revaccination at 13 years of age. This law
required that the abraded area for vaccination should equal one-half of a square
inch. Two inoculations were necessary, and inspection was required between
the sixth and ninth day after the operation. Smallpox has thereby been virtually
eradicated and epidemics are unknown.

Austria—The earliest regulations which were introduced in 1808 amounted
to but little. In 1900 indirect compulsion was enforced. Now all must be
vaccinated before they enter schools, offices, public institutions or military
service. As regards schools, however, the law can easily be evaded.
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Russia.—Vaccination has never been made compulsory by a national act,
but has, however, been in force indirectly, since without successful vaccination,
one. is forbidden entrance to schools, universities, civil or military service.
Russia is a badly vaccinated country generally, and smallpox epidemics are
not uncommon.

Ttaly—Compulsory vaccination within six months of birth was required by
law in 1888. If the primary vaccination fails, revaccination is obligatory within
one vear. These laws are strictly enforced.

Switzerland.—In 16 cantons, vaccination is compulsory, while in the remain-
ing nine, it is discretionary. In these nine cantons, however, it is enforced
indirectly, being necessary before entrance to school or official life. Revaccina-
tions between 12 and 13 vears is obligatory.

Norway.—Vaccination is not compulsory by law, but is compelled indirectly
through school, university, army and navy regulations.

Sweden—Compulsory vaccination by the end of the second year with six
to eight vesicles, is enforced.



CHAPTER VIII
WHOOPING-COUGH

Definition.—\Whooping-cough is an acute, highly contagious disease
characterized by recurring attacks of spasmodic cough. The cough is of
reflex origin and is a series of explosive efforts to dislodge an irritant in
the trachea. Each paroxysm ends with a prolonged and peculiar inspiration
causing a whoop and the expulsion of mucus.

Synonyms.—Pertussis, hooping cough, chin cough; Keuchhusten, Stiel-
chausten ; coqueluche ; tossferina ; pertossa.

HISTORY

No mention of this disease is to be found in the writings of our ancient
medical forebears. The distinctive cough seemed not to attract their atten-
tion, or else the disease as we now recognize it did not exist. The first
reference to this cough forming a distinctive clinical entity is found in the
works of Baillon or Ballonius, a French physician who was born in Paris
in 1538. He has been called the first epidemiologist of modern times. One
of his most important contributions is the description of whooping-cough
which appeared in 1578 when he was forty years of age. John Ruhrih
in his Pediatrics of the Past refers to him as a remarkable character who
deserves to be rescued from the comparative oblivion into which he seems
to have fallen. A few extracts from his account of the disease are well
worth reading to-day and may take away some of the conceit we may possess
of the present-day monopoly of clinical medicine. “Especially that common
cough, which is generally called quinta or quintana. Its symptoms are
serious. The lung is so irritated that, in its attempt by every effort to cast
forth the cause of the trouble, it can neither admit breath nor easily give it
forth again. The sick person seems to swell up and as if about to strangle
holds his breath clinging in the midst of his jaws. . . . for they are free
from this annoyance of coughing sometimes for the space of four or five
hours, then the paroxysm of coughing returns. Very frequently the belly
happens to be upset. I have not yet read any author who writes about this
cough.”

Thomas Sydenham in 1670 mentioned the immense relief of venesection
in infants in “pertussis or the whooping cough.” An almost unknown

11y
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Swedish physician, Nils Rosen von Rosenstein, published a volume of
lectures on children’s diseases about 1766 in which appears the following:
“The hooping cough, like the smallpox, measles and the venereal disease,
never appeared in Europe originally, but was transported thither from other
parts of the world by means of merchandise, seamen and animals; it was
a new disease to our ancestors in Europe, and probably was conveyed to
them from Africa or the East Indies, where it was noted before. Its first
appearance in Sweden cannot be determined with any certainty; but in
France it began in the year 1414. It 1s likewise observable that the hooping
cough always appears as an epidemical disease. . . . I knew the hooping
cough conveyed from a patient to two other children by means of an emis-
sary. I have even myself carried it from one house to another undesignedly.
A person who has once had the hooping cough is as secure from the danger
of catching that disorder as those who have had the smallpox and measles
are with regard to those respective diseases. During my practice [ never
found or heard of any one who has been infected with the hooping cough
more than once. . . . for the disease is both tedious and severe. When it is
left to the course of nature alone to be worked out, it will commonly last
eleven or twelve weeks, nay frequently half a year. What is still worse the
disease is very dangerous and often fatal.”

Few modern writers have contributed any important facts about whoop-
ing cough since the descriptions quoted above. This disease has received
much study and many theories of its causation have been advanced. There
is not space to outline these theories, some of which were fantastic and the
object of much controversy. No light was shed upon these disputed theories
until 1906 when the specific organism was discovered by two French scien-
tists—DBordet and Gengou. The work of these men has been confirmed by
a large number of investigators,

ETIOLOGY

To-day no one questions the rdle of the Dordet-Gengou bhacillus as the
specific etiologic factor in whooping-cough. This organism is a small,
short, oval, non-mabile bacillus which resembles the influenza bacillus in
several points, It varies in size and is found usually singly or in pairs and
rarely in short chains. It is Gram-negative and with appropriate stains
bipolar staining. It is aérobic and facultative anacrobic. It grows best on
the medium used by Bordet and Gengou, namely, glycerin, potato and blood
agar, but will grow on other media when transplanted. This organism was
first described in 1900 but a full report containing an intensive study was
published in 1906.

This organism, which is also known as the Bacillus pertussis, is present
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in large numbers between the cilia of the epithelium lining the trachea and
bronchi. It 1s difficult to obtain the organism in the first mass of mucus
brought up after the paroxysm of coughing. The later mucus is more apt to
contain it, as it develops chiefly in the lower respiratory tract. It is most
abundant in the early or catarrhal stage of the disease and is rarely found
after the typical paroxysms or whoop appears. Smears are very unreliable
and only cultures on the medium referred to above are to be depended upon.
Chievitz and Meyer recommend opening a Petri dish contamning the proper
medium in front of the child’s mouth when he is coughing as a simple method
of obtaining the specific organism. In practically all cases there is a mixed
infection usually with the influenza bacillus, hemolytic streptococcus, pneumo-
coccus and staphylococcus. The methods of identification of the specific
organism from the sputum will be discussed under diagnosis.

Predisposition.—The greatest susceptibility is found among young
children from six months to five years of age. No age is immune and
newborn babies if exposed to the disease are very apt to contract it. The
writer has records of four infants under three weeks of age who contracted
the disease from mothers who were in the catarrhal stage of the disease at
the time of birth. It may occur at all ages and is not uncommonly seen in
old age. It is generally agreed, however, that one attack confers immunity.
Reported instances of second or third attacks can be explained by errdrs in
diagnosis, and one not infrequently finds one of the parents develops a
paroxysmal cough while their children are in the midst of an attack which
is simply a sympathetic or nervous cough and is not contagious. There can
be no question as to the great susceptibility of young children to whooping-
cough and it is only equaled by that of measles. Biedert reported that of 401
children exposed during an epidemic in a village in Germany 366 or 91 per
cent contracted the disease,

The disease is spread chiefly from droplets from the mouth and nasal
spray from coughing, speaking or sneezing. Close proximity to the patient
15 not necessary and the infective distance has been placed at 5 feet by some
observers. This contact can take place out of doors as well as inside the
house. There is no question but that the disease may be carried by a third
person or by articles which have been contaminated by the secretions of the
throat and nose after coughing. Pencils, spoons, toys, cups, dishes, towels,
handkerchiefs or any article recently soiled by a patient are often the means
of transmitting the infection. The disease can only be spread in the early
stage when the Bordet-Gengou bacillus is present in large numbers in the
sputum,

The disease occurs most frequently in the winter months and early
spring. It is world wide in its distribution. No country, race or climate
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seems to be immune. It is a noteworthy fact that the negro has a much
higher mortality than the white race.

Sewr.—All the statistics of this disease in different cities, in different
countries and in different years show that girls are more susceptible than
boys both in the number of cases and in the number of deaths. This 1s the
only infectious disease in which there is such a marked and constant pre-
doninance of cases among girls. No satisfactory explanation has been
advanced. Some attribute it to certain anatomical differences in the throat
and larynx, while others believe it is due to the greater susceptibility of the
nervous system in the female. The incidence of cases among girls is 356
per cent as compared to 44 per cent in boys. Mortality statistics on whoop-
ing-cough covering a period of twenty-nine years show 108 deaths in girls
to 100 in boys in the first year of life, 114 deaths in girls to 100 in boys in
the second year, and this ratio increases as the age advances.

PATHOLOGY

Mallory of Boston who has made a number of investigations on the
pathology of this disease claims that the specific lesion is the presence of the
Bordet-Gengou bacillus between the cilize of the cells of the trachea and
bronchi. There is a catarrhal inflammation of varyving intensity affecting
the mucous membranes of the upper air passages. If the attack has been
protracted the lungs will show various degrees of emphysema. Other lesions
of the lungs and bronchi are due to complications, the most frequent and
dangerous of which is bronchopneumonia. If the child dies during a par-
oxysm the brain is congested and may show many punctate hemorrhages.
The same conditions are found if the child dies during a convulsion.

SYMPTOMS

The course of the disease can be conveniently divided into three distinct
stages: The catarrhal, or stage of invasion; the paroxysmal, or spasmodic
stage; the stage of decline or defervescence. Atypical cases are found
as in any well-defined disease and these different stages may not be sharply
defined.

Incubation.—It is difficult to determine the exact duration of the period
of incubation. The onset is very gradual and the early symptoms unnoticed.
In cases where a careful watch has been observed this period seems to be
from seven to fourteen days. It is comparatively safe to assume that if,
after a direct exposure, the child does not develop a cold or a cough the
probabilities are strong that the disease has not been contracted.

The period of infectivity is not definitely settled. The bacilli can only be
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found in the sputum during the early stage of the disease, although there is
plenty of clinical proof to show that children in the paroxysmal stage transmit
the disease. It should be borne in mind that the catarrhal stage 1s the most
contagious and that after the whoop 1s well established the infectivity rapidly
diminishes.

The Catarrhal Stage.—The onset of this first stage is gradual and
usually starts as ordinary cold with a coryza and cough with the palate and
pharynx slightly reddened. There may also be a slight remittent fever,
The eves may be congested. The cough is dry and irritable and is much
worse at night. This gradually increases in frequency and severity instead
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of abating as in an ordinary cold. All physical siens of bronchitis are
absent. In a few days attacks of coughing come on in paroxysms which at
first are mild and only occur two or three times a day. They become more
frequent and intense until the typical whoop develops which marks the
beginning of. the paroxysmal stage. Abt states that in the later period of
the catarrhal stage the children tend to become less active and physically
quieter because they learn that activity produces more frequent and more
severe coughing spells, This first stage, therefore, is characterized by symp-
toms of a mild grade of respiratory catarrh involving the eyes, nose, pharynx
and larynx often accompanied with a slight fever. This stage usually lasts
from seven to fourteen days, although individual cases show considerable
variation.
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The Paroxysmal Stage.—This second stage is ushered in when the
cough is so severe that the child loses his breath, becomes blue in the face and
the typical and characteristic whoop is heard. The catarrhal symptoms dis-
appear and between the attacks of coughing the child appears normal and in
good health. A child can usually tell when a paroxysm of coughing is com-
ing. He will run to his mother or seize some object for support. Older chil-
dren often describe a sensation of choking or of a sense of constriction about
the chest. The terror of some children preceding or during one of these
attacks is distressing. A series of ten to fifteen short explosive coughs come
on in such rapid succession that the child cannot catch his breath between
them. The eyves water and seem to protrude, the face becomes congested and
purple and the tongue puffed and bluish. Then a sudden rush of air through
the narrow glottis produces a lond and crowing sound known as a whoop.
Immediately there is a repetition of the cough followed by another whoop.
In a severe paroxysm lasting from two to five minutes a child may whoop
a number of times until a small amount of thick and sticky mucus is
expelled. Epistaxis sometimes occurs with a severe paroxysm, but usually
this is not severe or dangerous. Vomiting is almost certain to occur in young
children, especially if food has been taken recently. Involuntary evacuation
of the bowels or bladder often occurs during an attack. These attacks are
more frequent at night and occur more often in a close room than in the open
air. The number varies according to the severity of the case from five to
fifty in twenty-four hours. They may be induced or increased in frequency
by taking food, overeating or drinking, crying, coughing, sneezing, emotional
disturbances such as fright or anger, or even by hearing some one else cough.
Children are prostrated after a severe attack and are hardly able to stand
alone. Death from asphyxia during an attack rarely occurs, although it may
result from a cerebral hemorrhage.

There are mild cases in which no characteristic whoop develops, but the
cough comes in paroxysms and is spasmodic in character. The cough con-
tinues until the mucus is expelled and the congested face and watery eyes
are typical of whooping-cough. If bronchopneumonia develops the char-
acter of the cough will change and the whoop often disappears only to
reappear when the pneumonia clears up.

Observers are not in unity regarding the seat of the irritation which
produces the cough. Some claim it is the nose, others the trachea, the
larynx or the bronchi. Tt is very possible it may vary in different cases.
Laryngoscopic examinations made during the disease reveal a swollen and
congested larynx. A collection of mucus can be seen in the trachea or on
the posterior laryngeal wall just before the attack begins. It is claimed that
this collection of mucus is the exciting cause of the paroxysm which con-
tinues until this is dislodged.
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Between attacks the cough may be absent and the child appears well and
happy. Hemorrhages in the conjunctivae or in the skin may result from the
severity of the cough. LExamination of the chest during a paroxysm may
show a temporary emphysema but between attacks there are no physical
signs in uncomplicated cases. The duration of the attacks varies from a few
seconds to five or ten minutes and the number varies from five to over fifty
in twenty-four hours,

The average duration of this stage is about six weeks and may last twelve
weeks. It increases in intensity for the first few weeks, remains stationary
for one or two weeks and then gradually shades into the next stage. After
it has entirely ceased the whoop may return with violence with a cold or
attack of bronchitis. In some children the whoop returns with every cold
for six months or a year after the original attack. This is not a relapse of
the whooping-cough and is not contagious to susceptible persons. The stage
of decline or third stage of the disease is characterized by a diminution in
the number and severity of the attacks. The whoop disappears and the cough
resembles that of a slight bronchitis. If any fever develops it is a symptom
of some complication. The cough can revert to the paroxysmal character
if the child catches cold or is emotionally excited. The whoop may return
months after the cough has entirely disappeared. This stage ordinarily lasts
from one to three weeks,

Atypical Forms.—In widespread local epidemics or in institutions where
there is an outbreak of whooping-cough it is not at all rare to find cases
with severe paroxysmal cough without the distinctive whoop. These cases
are sometimes very difficult to recognize and keep under control and probably
are responsible for spreading the infection. Some cases are accompanied by
attacks of sneezing throughout the course. The catarrhal stage may be so
slight that it is not recognized and the paroxysms seem to appear at the
outset of the disease. This is more apt to be the case in very young infants,

The average duration of the disease in uncomplicated cases varies between
eight and twelve weeks. Various factors can prolong each of the several
stages. Not only climatic conditions but careless conduct in the management
and treatment, severity of the infection, the constitution of the child and
especially complicating diseases may prolong the attack many weeks. The
season of the vear when the illness sets in often influences the course, as it is
shorter during the dry, warm months and longer during the winter months.
The attack may be aborted by the early dose of vaccines.

COMPLICATIONS

These may be accounted for by the mechanical effects of the severe cough-
ing and the lesions that may be caused by them directly and depend largely
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on the intense venous congestion which accompanies the paroxysm. Hemor-
rhages of the mucous membranes of the nose, mouth, bronchi, etc., are all
the effects of increased pressure. Epistaxis is the most frequent form, but
is rarely severe enough to require local treatment. In young children bleeding
from the mouth 15 often due to biting the tongue during a paroxysm. In
hemorrhages into the conjunctivie there 1s often a preceding conjunctivitis,
Small hemorrhages into the cellular tissue around the eye sometimes give
an appearance of an ordinary black eye. Multiple hemorrhages in the skin
may occur and intracranial hemorrhages have been reported severe enough
to produce death. They may result in paralysis, depending on the location
and extent of the hemorrhage.

The most serious as well as the most frequent complications are those
connected with the respiratory system, The most frequent cause of death is
bronchopneumonia and is the most feared complication among young chil-
dren. This generally begins as a bronchitis and extends rapidly until a
capillary bronchitis with patches of consolidation result. The onset is apt
to be insidious and the physical signs may be obscure in the early stages, but
a rise in temperature is always to be looked upon with suspicion until the
source can be explained. Young infants are especially susceptible to pul-
monary complications, and few babies under six months of age escape. The
physical signs of bronchopneumonia in whooping-cough present no peculiari-
ties, although relapses are more common.

The emphysema which usually accompanies it causes an increase in the
number of respirations out of proportion to the rise in temperature,
Vesicular emphysema is present in most of the cases coming to autopsy.
Cases have been reported of subcutaneous emphysema resulting from the
rupture of air blebs which form on the surface of the lung, and the air
finally is forced in the cellular tissue of the neck and even entire body. In
such cases the skin crackles on pressure and produces a sensation like an air
cushion.

Enlargement of the bronchial lymph-nodes in the mediastinum is found
in a large proportion of the cases. The majority of these fortunately is a
simple adenitis, although many of them become tuberculous and constitute a
distinct menace to life. Whooping-cough may bring out a latent tuberculosis.
Or they may develop after all the symptoms of whooping-cough have dis-
appeared. The enlargement of these glands is responsible for the prolonga-
tion of the cough in many cases. The lungs may be the seat of active
tuberculous processes. Quite a number of tuberculous children date their
infection back to whooping-cough. This predisposition to tuberculosis which
whooping-cough often leaves in its wake is one of the most serious results
of whooping-cough.

On the part of the digestive system the commonest complication is that
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of vomiting. This is a mechanical effect of the severe coughing. While it
1s a distressing symptom at any time, it is especially so in young infants as it
seriously interferes with the nutrition of the child. The mere taking of food
will start a paroxysm of coughing and this is accompanied with the vomit-
ing. The impaired nutrition which follows makes the child an easier victim
to pneumonia.

Diarrhea is a very frequent complication in infants, especially during the
summer months. This may only be an occasional symptom, but it may
become severe and prolonged and result in the development of ileocolitis.
Ulcer of the frenum of the tongue is very frequent. This is a result of
the protrusion of the tongue over the sharp edges of the lower incisors during
a paroxysm of coughing.

Anorexia is a very frequent and disturbing complication. The children
have no appetite and cannot be coaxed into eating. Forcing food sets up a
paroxysm of coughing and does more harm than good. These children will
not starve, but they lose in weight and their resistance to infection and other
complications is diminished. After the disease has run its course children
are very apt to develop an enormous appetite and seem to want to make up
for the lost food.

Nervous System.—The most frequent among the complications of the
nervous system are convulsions. They are more apt to occur in young
infants, especially if they are rachitic. They are more common in severe
attacks, but may occur in mild cases which have given no cause for anxiety.
These convulsions are nearly always multiple, rarely appearing singly., They
are especially to be dreaded if the child has bronchopneumonia. If the con-
vulsion lasts steadily for over an hour an intracranial lesion should be
suspected. This may be due to meningeal or cortical hemorrhages, enceph-
alitis, hemorrhagic effusion or embolism. The symptoms appear under the
usual types of cerebral paralysis, as monoplegias, hemiplegias, diplegias,
etc. There may be disturbances of sight, speech and hearing.

Sudden blindness as a result of hemorrhages into the anterior chamber or
retinal detachment is not infrequent in very severe cases. The visual power
returns usually in a few days or weeks. The transient symptoms probably
are the effect of circulatory changes that occur in the brain during the
paroxysm, while those of longer duration may be the result of meningeal
hemorrhage. Disturbances of hearing due to a complicating otitis media or
a direct lesion of the central nervous system are not common.

Circulatory System.—Diseases of the heart, such as endocarditis, myo-
carditis or pericarditis are rare. Medical literature contains some references
to damage of the heart from whooping-cough, and Ledbetter and White
made a careful study of the literature and also of a series of hospital cases
and found no evidence to show that whooping-cough has a damaging effect
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on the heart. Cardiac failure does not appear to oeccur during the paroxysms
of whooping-cough which may, however, produce a temporary mechanical
strain, especially on the right side of the heart. Umbilical or inguinal hernia
may in rare instances result from the sudden and greatly increased abdominal
pressure during the paroxysms. These are uncommon complications.

Whooping-cough is often found associated with other acute infectious
diseases. Measles are apt to occur after whooping-cough, as is chickenpox,
This may be due to a lowered resistance as a result of the long strain during
an attack of whooping-cough.

The Blood.—Increase of the white cells occurs in the early stages of
the catarrhal stage. This leukocytosis is more marked in very young chil-
dren and there may be three times as many white blood-corpuscles as in the
normal condition. As a rule this leukocytosis is of the lymphatic variety and
the lymphocytes may constitute 60 per cent of the total number of white
cells.

Regan and Tolstonkov made an extensive study of the chemistry of the
blood in whooping-cough and found there was a constant diminution of the
total inorganic phosphorus associated with a lowering of the hydrogen ion
concentration of the blood. These changes occur early in the course of the
disease and suggest an acidosis of an uncompensated type. There is, as a
result, the accumulation or increased concentration of free carbon dioxid in
the blood. These laboratory findings, according to the authors, explain the
prominent symptoms of whooping-cough, namely, paroxysms, vomiting, and
convulsions. They found that alkalis administered early may abort the
disease and shorten its course. In other words, if the acid base unbalance is
corrected the clinical symptoms will be quickly ameliorated.

Urine.—A transient albuminuria is not uncommon in the catarrhal stage.
It may be accompanied with a few hyalin casts. This is no doubt the result
of circulatory changes in the kidneys. Acute nephritis is very rare. There
15 also a transient glycosuria in about 10 per cent of all cases, the explanation
heing that the glycogenic function is lowered in whooping-cough.

DIAGNOSIS

The diagnosis of whooping-cough is not always a simple matter, espe-
cially in the early stage. As this is the period of greatest contagion, an early
diagnosis is necessary to prevent the spread of the disease. The paroxysmal
stage in atypical cases renders no difficulties in the way of diagnosis. A
very simple and often useful method of inducing a paroxysm of coughing
is to press a finger firmly over the trachea in the suprasternal notch. If
whooping-cough is present the child will immediately have a typical paroxysm
ending in the whoop. Introducing a tongue depressor way back to the
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pharynx will often start a paroxysm, as will tickling or irritating the nasal
mucous membrane or the external auditory canal.

Neurath enumerates the positive data which can be taken into considera-
tion for a diagnosis of whooping-cough. This was written before the
positive identification of the Bordet-Gengou bacillus which if detected verifies
the diagnosis in the very early stage.

1. Typical paroxysms of coughing after a period of catarrhal
symptoms. The cough sets in with spasmodic expirations after a
few intervening crowing inspirations (the whoop) terminating with
the production of a tenacious glairy mucus.

2. The cough is more frequent at night. It may, however, be
caused by hearing and seeing a paroxysm in another child.

3. The clinical examination reveals no signs in the lungs to
account for the severe and violent coughing.

4. The great increase in the number of leukocytes.

5. History of exposure to infection, the same disease in mem-
bers of the family and the existence of an epidemic.

6. FFailure of medical treatment and the use of antispasmodics
while the disease is on the ascent.

The bacteriologic diagnosis of whooping-cough 1s of great value. It is
now generally admitted that the Bordet-Gengou bacillus is found in the
largest numbers in the catarrhal stage. Young children swallow their sputum
and it is difficult to obtain specimens. The method of using Petri dishes to
catch the organism during a cough has been referred to before. This has been
appropriately called the “cough-sowing” method. Meyer obtained positive
cultures in g70 out of 1,106 cases. There were 73 per cent positive findings
during the catarrhal stage, 57 per cent in the first week of the paroxysmal
stage and only g per cent after the fourth week, When the bacteriological
technic is improved no doubt simple diagnostic methods will be made avail-
able to the general practitioner, such as are now in use for the identification
of the Klebs-Lofiler bacillus in diphtheria.

Several recent observers report their belief that cases of whooping-cough
are rarely positive culturally after four weeks and that the contagious stage
of the disease is practically restricted to the catarrhal stage. A few years
ago the French Minister of Public Instruction issued an order permitting
children with whooping-cough to return to school after they had whooped a
month.

The intradermal inoculation of pertussis vaccine has been recommended
for diagnostic purposes. It is claimed that this offers a valuable means of

early diagnosis,
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I'riedlander and Wagner made a careful investigation into the value of
the complement fixation test in diagnosis. This method was employed by
Bordet and Gengou and verified by many investigators. The summary and
conclusions of Iriedlander’s study are:

1. The most reliable antigen for complement fixation tests in
whooping-cough is obtained by autolyzing an aqueous emulsion of
twenty-four to forty-eight hours’ growth of the Bordet-Gengou
bacillus for eighteen to twenty-hour hours at 56° IY. and shaking for
several hours.

2. An active serum may give non-specific reactions. A negative
reaction given by active serum is stronger evidence of the lack of an
infection than is a negative reaction by an inactive serum.

3. For fixation one-half hour in the water-bath or one hour in
the incubator is absolutely reliable. Fixation at room temperature is
unsatisfactory.

4. About 40 per cent of whooping-cough cases have given a
positive reaction with antigens of the Bordet-Gengou bacillus when
inactive serum was used. The highest percentage of positives is
given by the convalescent vaccinated cases.

5. A 4+, +4+-+, or ++4+4-4 reaction by inactive serum
with an antigen of Bordet-Gengou bacillus is diagnostic of whooping-
cough. A -+ or -+ reaction is suspicious and a negative reaction has
little significance.

They conclude that the complement fixation tests in serum from 1171 cases
of whooping-cough or suspected whooping-cough support the theory that
the Bordet-Gengou bacillus is the etiological factor of the disease. The
complement fixation test may be of value in the diagnosis of positive cases
of pertussis. Very recently attempts have been made to diagnose whooping-
cough in the early stages by means of the agglutination test. \When the
organism can be obtained in the first few weeks by the use of the Petri dish
method or direct swabbing it is possible to make a diagnosis in the early
catarrhal stage. A dilution of not less than 1: 200 is necessary for a posi-
tive diagnosis by the agglutination test. Krumwiede and others found two
serologic groups of the Bordet-Gengou bacillus by agglutination and agglu-
tin absorption methods which they termed A and B. It is hoped that before
many years this procedure can be simplified and made dependable, as it
affords a means of making a positive diagnosis in the catarrhal stage.

While the cough ending with a whoop is characteristic, a similar cough
with a similar ending may occur in other conditions. In gertain cases of
influenza there may be a cough identical to that of whooping-cough and the
differentiation can only be made from examination of the blood and sputum
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and the course of the disease. A similar cough can result from irritation
of the pressure of enlarged tracheal or bronchial lvmph-nodes on the pneumo-
gastric or recurrent laryngeal nerves. A foreign body in the air passages
may give rise to a spasmodic cough. The x-ray will help to clear up the
diagnosis as will the course of the disease. In these conditions there is a
prolonged duration of the cough and there are no distinct stages as in
whooping-cough. Attacks of ordinary bronchitis in young infants not
infrequently have more or less of a spasmodic character with a more or less
typical whoop. A nervous or hysterical irritation cough may closely simulate
the typical paroxysms of whooping-cough. Parents of nervous temperament
may have this cough while their children are in the midst of the disease and
whooping-cough may erroneously be diagnosed. In these cases the cough
is not liable to ocecur at night. Reflex coughs from enlarged tonsils and
adenoids may be difficult to distinguish at first from wheoping-cough.

The examination of the blood is of great value in making a diagnosis in
the catarrhal stage. The white blood-cells may be increased two or three
times* the normal, that is, from 20,000 to 30,000. The white cell-count
reached 176,000 on the sixteenth day of whooping-cough in an eighteen-
months-old infant. The lymphocytes are greatly increased at the expense
of the polymorphonuclear neutrophils and may form 6o to 80 per cent of
the total leukocvtes. No other non-febrile affections of the respiratory tract
show such an increase. Other possibilities for the leukocytosis must be
searched for, such as pyelitis, infections, etc. The theory has been advanced
that the white cells are forced into the blood stream mechanically by the force
of the paroxysm,

The discovery of the specific organism has opened new channels of
diagnosis. The Boston Commission for the Study of Whooping Cough
advises the examination of cultures from suspected cases. The technic is
simply to have the patient cough on to an open plate containing the medium
and sending it to a laboratory for growth and examination similar to the
common method of taking cultures in suspected cases of diphtheria. They
claim that carriers, second cases and suspected cases without whooping may
be recognized by this method. As the disease progresses there is a corre-
sponding decline in the percentage of positive cultures. They suggest that
the existing quarantine methods he changed so that the quarantine is lifted
only by release cultures as is done in diphtheria.

PROGNOSIS

This is a disease which kills over twenty-five thousand children each year
in the United States. In the first two years of life it is more fatal than any
of the communicable diseases of childhood. It is a serious and dangerous



130 WHOOPING-COUGH

disease in young infants. The age of the child is the most important factor
in the prognosis of whooping-cough. Nearly two-thirds of the deaths from
whooping-cough occur in the first year of life. This is the result of the
complications of bronchopneumonia, digestive disturbances and convulsions
which are particularly fatal conditions in young infants. Tew infants with
a complication of bronchopneumonia survive. The environment, season and
social status of the parents are all concerned in the prognosis. Among the
poor, especially in the crowded sections of our cities, and in institutions,
such as foundling and orphan asylums, the mortality is high. Overcrowding,
insufficient air, improper hygiene, poor food and unintelligent care are im-
portant factors in course and termination of the disease. The preceding
physical condition of the child has an important bearing on the prognosis.
The prognosis is better in summer than in winter because the child can be
out of doors and have plenty of fresh air, and bronchopneumonia is less
frequent in the summer months. The prognosis is bad in children who have
a latent tuberculosis or a predisposition to it.  Whooping-cough is a frequent
predisposing cause of generalized tuberculosis. It is not so good in children
subject to bronchitis or asthma or who have active rickets. The number of
paroxysms may be an index of the severity of the disease. According to
Rousseau over sixty attacks a day constitute a bad prognosis. Long inter-
vals free from attacks with good physical condition are the signs of a
favorable normal course of the disease.

The accompanying tables, compiled from the statistics of the New York
State Department of Health, are of interest in comparing the morbidity and
mortality month by month for eleven vears. There seems to be no uni-
formity in the seasonal prevalence, although there are fewer cases in the
summer months. Here the children are out of doors and do not come in as
close contact as in the winter months when they are in school. Tt is difficult
to explain why the percentage of deaths in the summer months is so high.
There is practically no difference in the mortality rate between the cities

TavLe XI[.—Morpiprry rrov Waoorixe-CovsH rer 100000 Porvration i New Yorr
STATE, 1915 TO 1025, Accompixeg 1o MoxTHS
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1925.....| 154.1| 162.5| 1630 173.6 | 145.8| 140.2| 1456| 17005| O4.1| 04.3| 0904|1332
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Tame XIIL.—Morratity FroM Waoorine-Couen rer 100,000 Porvration 18 New Yorg
STATE FROM 1015 To 19235, Accorpixe To MonTHS

Year Jan. | Feb. |March| April| May
TOT5 i 5.1 =8 B 0.5 B.2
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5 e e e I oF o -
15 and over ......... 0 5 I .1 01 e
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and the country districts. The age incidence as seen in Table XV demon-
strates the very high mortality in young children. There are practically no
deaths in children over ten vears of age.

PROPHYLAXIS

Prevention is of the utmost importance where young infants are con-
cerned as well as delicate children and children who have a predisposition to
tuberculosis. Unnecessary exposure is never justifiable. It is a mistaken
idea that a child might as well contract whooping-cough at one time as
another. The vounger the child the more serious is the disease, and the
longer it 1s avoided the greater is the ease of recovery. It is very difficult
to control whooping-cough, as many cases in the early stages are never
diagnosed and never are under medical supervision. There are many cases
so mild that they are unrecognized. The only chance of preventing the
spread to others in the early and most contagious stage depends upon a
thoughtful and intelligent mother who isolates her child if he suffers from a
cold. If parents would observe the Golden Rule when their children contract
whooping-cough its spread would be greatly curtailed. This means that a
child with suspected whooping-cough should be kept away from school,
Sunday school, moving picture shows or any place of public assemblage.
He should not be allowed on the street unless accompanied by a responsible
person who is able to keep the child from contact with children who have
not had the disease.

A physician is required by law to report promptly to the local health
officer all cases of whooping-cough which he is called upon to treat. Later
on when the case has fully recovered he should so inform the health officer.
When a case is discovered in school the child should be at once excluded
from school and the health authorities notified by either the school physician
or nurse. In this way the younger children at home can be sent to some
other home unoccupied by children or kept away from the infected child.

The quarantine period is from six to eight weeks, although the time limit
varies in different cities. The quarantine should not be raised until at least
three weeks after the whoop develops. The method used by the Health
Department of Chicago i1s excellent. They quarantine the child in the house
or yard for the first two weeks, then allow him the freedom of the streets
the next three weeks, provided the child is with an attendant and wears
around the arm a yellow band bearing the words “whooping-cough” in black
letters.

As the disease may possibly be carried by a third person, all persons
coming in contact with the affected child should observe due caution. This
applies to nurses and physicians as well as members of the family,
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The prophylactic use of pertussis vaccine warrants its use in every case
of exposure, especially of young children and in children’s institutions. The
vaccine is employed both as a prophylactic and a therapeutic agent and its use
will be referred to under specific treatment.

Herrman recommends hospital care of young children with whooping-
cough. This can be easily accomplished in institutions and it lessens the
chances of the epidemic spreading, for the children are under strict control
as long as the disease is contagious.

It is not necessary to disinfect or fumigate the rooms occupied by the
child, as is done in some of the other diseases. A careful general cleansing
is sufficient.

TREATMENT

Probably in no other disease have there been so many sure cures and
superstitions as in whooping-cough. There must have been at least nine
hundred and ninety-nine positive “remedies,” which means that we have no
sure cure. While most of these remedies have little or no influence on the
course of the disease, yet their administration is a great comfiort to the
parents and have therefore some value.

- The general management is important and this includes general hygienic
measures which tend to improve the health and condition of the child. Most
of the cases in older children require nothing more.

Fresh air is an important aid in the treatment. It is a well-recognized fact
that fewer paroxysms occur in the daytime when the children are out of doors
than at night or when they are indoors. Fresh air treatment where all chance
of chilling is avoided usually brings about an improvement. Older children
with whooping-cough may go out in all seasons, except on stormy or windy
days. Young and delicate infants should be more carefully protected, but
should be given all the fresh air—both day and night—possible. The two-
room system should be employed in such cases, one of which is thoroughly
aired while the sick child remains in the other. The much-vaunted change
of air 1s of value only if it 1s equivalent to an improvement of the climatic
conditions. During the summer months a warm place at the seashore is
beneficial and a sea voyage is of great help. Here we have a dust free, fresh
atmosphere. Fresh air is not a synonym for cold air, and the child’s room
should have plenty of fresh air with a temperature of 65° to 70° F. The
rooms should be frequently changed, aired and cleaned. The clothing should
be warm but not heavy or in excess. They should be clothed for indoors and
when they go out of doors necessary extra wraps or a sweater should be
put on and removed when returning to the house. Cotton knitted underwear
is better than woolen as it absorbs the perspiration more readily and can be
sterilized by boiling without shrinking or injuring the garment. The bed-
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ding at night during winter should be warmed, as cold sheets are apt to bring
on paroxysms of coughing when the child comes in contact with them. The
clothes should be fastened so that suspenders, strings, bands or binders do
not interfere with the respiratory function and the mechanism of coughing.
There is no objection to a daily bath and sponge bath at night, provided
precautions are taken to avoid exposure. Herrman strongly recommends
keeping children with whooping-cough in bed. The bed should be kept in
the open air during the daytime. Children treated this way do not have so
many paroxysms and do not suffer from digestive troubles and are less hikely
to lose weight. \hen the child is in bed there is less stimulation of the
nervous system. The diet should be light but nutritious. It necessarily
varies with each individual case and taste. In young infants the chance of
recovery is increased if fortunate enough to be breast-fed. The milk formula
must be adapted to the digestive needs of the infant. When there is much
vomiting the use of thick cereal gruels is of advantage, as they are often
retained when a fluid milk 1s vomited. The feeding 1s similar to that em-
ployed in pylorospasm. A milk diet is often well borne in older children
when the vomiting is severe. Small quantities of food given at frequent
intervals are retained better than three large meals a day, for copious meals
are apt to excite coughing, and this may account for the distaste for food.
When a meal is lost after an attack of coughing another can be given at once.
The best time to administen food is after a paroxysm. Regulation of the
diet is an important therapeutic measure, as it is so closely concerned with
nutrition.

A daily movement of the bowels should be obtained and this can be
accomplished by simple remedies such as mineral oil, milk of magnesia or
aromatic cascara. The use of laxatives or low enemata will prevent disten-
tion of the bowels. Abdominal distention may increase the frequency of the
paroxysms and should be avoided. In some children milk will cause disten-
tion, and when it is discontinued the distention disappears. Any medication
that causes disturbance of the stomach or intestine should be discontinued.

Local applications in the nose, pharynx on larynx by means of swabs or
sprays were widely used many years ago. They are not in general favor at
the present time. They should never be used for small children. Solutions
of resorcin 3 per cent, quinin 10 per cent or bichlorid 1 per cent have been
recommended. Cocain should never be locally applied for children. In-
sufflations of orthoform, borie acid and quinin in the nasopharynx and larynx
find favor in the hands of some physicians. Inhalations are of much more
value. They relieve the spasm, modify the catarrhal symptoms, allay the
bronchitis and facilitate the expulsion of the mucus. They are said to
diminish the number and the severity of the paroxysms. They possibly have
some use as antiseptics, Among the drugs used in this manner may be
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mentioned creosote, formalin, 1 per cent solution of carbolic acid, oil of
turpentine, benzol, etc. These substances can be used on cotton in a respira-
tor or steam atomizer, or vaporized over an alcohol lamp.  Steam medicated
with the oil of eucalyptus or compound tincture of benzoin is of value,
especially in cases complicated by bronchitis or bronchopneumonia. Chloro-
form should be used for convulsions or when the paroxysms are frequent and
of great severity. In cases in which asphyxia occurs, intubation, such as is
used in diphtheria may be employed with distinet benefit. There are several
proprietary remedies used externally as inunctions or in the form of plasters
which are of very doubtful efficiency. The rectal administration of quinin
has proved of value in the treatment of some cases of whooping-cough.

Internal Medication.—All sort and kinds of medicines have been recom-
mended. This natural mode of administration is more popular and more
successful than local applications. Any remedy seems to have a transitory
success and leads to a frequent change of prescription, but it is doubtful if
any of the internal remedies lead to any safe, sure and lasting benefit. Holt
stated that in his experience of the innumerable drugs which have been
recommended for this disease there are only two which possess undoubted
advantages over all the others, namely, belladonna and antipyrin. Belladonna
should be started with a small dose and cautiously increased. It is surprising
how tolerant young children are of this drug. For an infant one year of age
the first dose should be 4 minim of the fluid extract every four hours. The
interval is then increased to two hours and then the dose to ¥4 grain. If
atropin is used, one drop of a 1: 1,000 solution is given every two hours,
increasing to two or even three drops. The belladonna can be given until
the physiological signs appear, such as dilation of the pupils and flushing of
the skin. Antipyrin is a safer and more satisfactory remedy. Young infants
can take relatively large doses with safety. IFor example, an infant a year
old can take 2 grains every two or three hours. Bromid of soda can be
combined with the antipyrin and it increases its antispasmodic effect. The
following prescription is recommended :

1 Antiper. © oo >
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One-half teaspoon in a little water every two or three hours.

Luminal in the powder form or as an elixir benefits some children. A
vear-old infant can take !4 grain every three hours. Quinin is an old-fash-
ioned remedy which is still a favorite with many physicians, and is used very
generally in Germany. One grain of the sulphate of quinin can be given to
a child one yean of age every three hours. It is a disagreeable drug to admin-
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ister, but there are a number of derivatives which are easier to take. Quinin
preparations are best given in full doses for three days, then in half doses for
six days and then discontinued for a few days. The quinin can be combined
with belladonna.

If the paroxysms are so severe at night as to disturh sleep it may be
advisable to use small doses of opiates, such as codein, paregorie, chloral,
allonal, amytal or trional. Too long or indiscriminate use of these drugs
should be avoided. While it is doubtful if any drug shortens the length of
the disease, they will reduce the number and severity of the paroxysms and
have therefore decided value. It is a wise plan to use the antipyrin and
bromid of soda for a week, then try belladonna or quinin the next week.
In a mild case with not more than ten paroxysms a day and where there is
no vomiting and no mmpairment of the general health there is no use in
giving any drug except a single dose of codein or antipyrin at bedtime.

senzyl benzoate is a new antispasmodic drug which has proved helpful
in the hands of some physicians. It is used in a 20 per cent solution and
the only objection to its use is its unpleasant taste.

Intramuscular injections of ether first came into nopularity in the treat-
ment of whooping-cough about five years ago and its benefits have heen
attested to by a great many clinicians. Pollock of New Orleans treated 107
cases ranging in age from two months to nine years by this method. In
eight of these pneumonia had set in before the treatment and one after the
injections. The other injections were given to all cases, including those with
pneumonia. The dose was from 14 to 2 c.c.,, depending on the weight, age
and severity of the attack. The injections are made deep into the muscle of
the buttocks behind the middle of a vertical line drawn from the great
trochanter to the crest of the ileum. The sulphuric ether used ordinarily for
anesthesia is used and is taken directly from the can and injected deep into
the gluteal region. These injections do not cause any more pain than the
injection of vaccine. The pain, which is burning in character, disappears in
a couple of minutes. The odor of ether can be detected in the breath within
thirty minutes of the injection and this lasts from four to six hours. These
injections are given every other day for six to eight doses. Tow of New
York who employed this treatment reports that fifty out of sixty-one children
treated, or 82 per cent, were decidedly benefited in that the number
of paroxysms were reduced and their severity lessened, they slept better,
the appetite improved and there was not so much vomiting. Eleven of s
cases or & per cent were not aided. The effect of the ether is due to its
antiseptic and antitoxic effect as well as its antispasmodic and narcotic
properties.

From the successful experience of so many physicians in this country
and in Europe it would seem that this mode of treatment deserves wider
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use. The earlier the treatment is commenced the more likely is the pos-
sibility of a successful result.

The use of the x-ray has been recommended and it can with safety be
used in conjunction with other moades of treatment. The claims of its
enthusiastic introducers have not been entirely corroborated and the treat-
ment is still in the experimental stage. [t seems that the Iymphocytosis dis-
appears after one or two exposures and the action of the x-ray on the
bronchial lymph-nodes. The treatment is usually one to three exposures at
two to three day intervals with a tube distance of 28 or 14 inches. The
dosage is 4 milliamperes with 2 milligram aluminum filter and 7 inch spark
gap.

Quite recently the use of ultraviolet rays has been employed with some
success in the treatment of whooping-cough, This is done by exposing the
chest, back and front, for five minutes every two or three days and regulated
according to the skin reaction. The paroxysms are reduced in severity and
number, but the duration of the disease as a whole is not shortened. Con-
centrated ultraviolet rays either from the sun or Kromayer lamp direct
in the pharynx have been used with benefit in some cases.

Specific Vaccine Treatment.—There is no question but that the great-
est and most promising advance in the treatment of whooping-cough has
been in the use of vaccines both as a curative and a preventive measure.
This treatment was made possible by the discovery of the specific organism
of whooping-cough—the Bordet-Gengou bacillus.  Much work has heen
and is being done along these lines, and while the vaccines do not cure all
cases at once they undoubtedly do shorten the paroxysmal stage and diminish
the severity and frequency of the attacks. The vaccines prepared from the
pure culture of the Bordet-Gengou bacillus are to be preferred to the mixed
vaccines. Undoubtedly there are several strains or types of Bordet-Gengou
bacilli, so the vaccine should be polyvalent in the sense of containing the
different types. The mixed vaccines prepared by some of the biclogical
laboratories contain besides the DBordet-Gengou bacilli, Micrococcus
catarrhalis, Staphylococcus awrens, Staphvlococeus  pyogenes, Bacillus
infliuenze, and some have in addition the four types of pneumococci. A
veritable shotgun mixture. The weight of evidence after fifteen years of
investigation 1s that the reaction following the use of the Bordet-Gengou
vaccine is specific and that there is no advantage in the mixed vaccines,
nor is it essential that it must be freshly prepared as advised by some authors
in order to obtain the best results. Park, as a result of experimental work
on animals, came to the conclusion that as far as antibody response was
concerned there is no appreciable difference between freshly prepared vac-
cines and that stored for a few months. When whooping-cough breaks out
in an orphan asylum or institution for infants it would be advisable to pre-
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pare an autogenous vaccine from the first cases to be used for immunizing
and treating the other children.

Prophylaxis—There is very positive evidence that this vaccine will
immunize children aganst this disease, and when a child has been defimitely
exposed, is the only means of prevention. The writer reported in 1916 the
results of the use of vaccines prepared from pure cultures of the Bordet-
Gengou bacillus in an institution for infants.  In four different epidemics of
whooping-cough 164 children were exposed and only 7 per cent of these
children contracted the disease. Before the vaccines were used it was found
impracticable to quarantine each case, and over 6o per cent of the children
came down with whooping-cough. These results have been confirmed by
different clinicians both in this country and abroad. Similan results have
been obtained in private practice, and it 15 most hkely, if the vaccines
are injected promptly and in sufficient dose, to prevent the occurrence of the
disease in a child or children who have been definitely exposed in school or
from other children in the family or neighborhood. The vaccine is injected
with a sterile hypodermic needle and syringe subcutaneously. The site of
injection should be cleansed with soap and water and disinfected with alcohol
or with tincture of iodin applied to the dry surface. For prophylactic use
three injections should be given two to three davs apart. The dosage now
given 1s larger than was formerly advised. For a year-old infant it is best to
use two thousand million the first dose, four thousand million the second
and six thousand million for the third dose. No severe reactions result from
giving these large doses, although a small percentage of cases may have
sore arms for a few hours. Febrile reactions are very rare.

Therapeutic Injections.—The same technic is used as mentioned above
in regard to prophylactic injections, and the same dosage should be given.
Four to six injections should be administered, the last two being eight
thousand million and sixteen thousand million. The earlier in the course
of the disease the vaccines are given the greater improvement will be
noticed and the number and severity of the attacks will be reduced and the
duration of the disease shortened.

Complications.—The treatment of complications requires no special
discussion. Bronchopneumonia is treated according to approved modern
methods. The use of the vaccines or the injection of ether would not inter-
fere with the usual treatment. Plenty of fresh—not cold—air 1s indicated
and it may be advisable to control the cough with opiates. The heart should
be stimulated and small doses of strophanthus are less liable to upset the
stomach in young children than digitalis. A tight abdominal binder gives
great relief in controlling vomiting in whooping-cough. Special belts for
this purpose are on the market, or a wide stockinette bandage may be
wrapped around the abdomen tightly from the pelvis to the sternum.
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PUBLIC HEALTH REGULATIONS

Whooping-cough is a reportable disease and every case must be reported
promptly to the local health officer. No quarantine is required in New York
State but a child having the disease is not permitted to attend any private,
public or Sunday school or any public or private gathering for at least
eight weeks after the development of the disease or until one week after the
last characteristic cough. Regulations differ in various city and state depart-
ments of health. Ohio, for example, prescribes isolation of the patient for
a period of at least two weeks from the development of the characteristic
cough. The patient is permitted “to go into the streets when under the
ohservation of a responsible person, providing he wears in plain view on the
upper left arm a band on which there shall be printed the words “Whooping
Cough’ in letters not less than one inch in height.”

The school authorities in New York State exclude all children suffering
from whooping-cough for eight weeks from the onset or until one week
after the last characteristic cough. Other children of the same household
who have never had the disease are excluded until the termination of quaran-
tine and fourteen days from the date of complete isolation of the patient.
This period is extended if a cough develops. Children who have had whoop-
ing-cough are permitted to attend school even though exposed at home. If
the other children in the same household are sent away when the disease is
discovered and have never had whooping-cough, they are excluded from
school for two weeks after the removal or longer if a cold or cough develops.

The résumé of the principal features of whooping-cough as given by the
Committee on Control of Communicable Diseases by the American Public
Health Association is as follows:

1. InrecTioUs AcExT.—Pertussis bacillus of Bordet and Gengou, Hemo-
philus pertussis.

2. SOURCE oF INrFECTION—Discharges from the laryngeal and bronchial
mucous membranes of infected persons (rarely also of infected dogs and cats,
which are known to be susceptible ).

3. MobE or Transmission.—Contact with an infected person or animal or
with articles freshly soiled with the discharges of such persons or animals.

4. Incupation Perion.—Commonly seven days, almost uniformly within
ten days.

5. Perion orF CommunicapiLity.—Particularly communicable in the early
catarrhal stages before the characteristic whoop makes a clinical diagnosis
possible. The catarrhal stage occupies from seven to fourteen days. After the
characteristic whoop has appeared the communicable period continues certainly
for three weeks. Even if the spasmodic cough with whoop persists longer than
this it is most unlikely that the infecting organism can be isolated from the
discharges. The communicable stage must be considered to extend from seven
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days after exposure to an infected individual to three weeks after the develop-
ment of the characteristic whoop.
6. MerHop oF CoONTROL

(a)

(b)

The infected individual and his environment

1. Kecognition of the Disease.—Clinical symptoms, supported by a
differential leukocyte count, and confirmed where possible by bac-
teriological examination of bronchial secretions. A positive diag-
nosis may be made by bacteriological examination of laryngeal
discharges as early as one week before the development of the
characteristic whoop.

2, Isolation—Separation of the patient from susceptible children,
and exclusion of the patient from school and public places for the
period of presumed infectivity,

3. ITmmunization—Use of prophylactic vaccination recommended
by some observers. Not effective in all cases.

4. QQuarantine —Limited to the exclusion of nonimmune children
from school and public gatherings for ten days after their last
exposure to a recognized case.

5. Concurrent Disinfection—Discharges from the nose and throat
of the patient and articles soiled with such discharges.

6. Terminal Disinfection.—Cleaning of the premises used by the
patient.

(eneral measures

Education in habits of personal cleanliness and in the dangers of
association or contact with those showing catarrhal svmptoms with
cough.



CHAPTER IX

MUMPFS

Definition.—Mumps is a specific communicable disease characterized
by swelling and tenderness of one or more of the salivary glands, usually
the parotids, accompanied with fever and mild constitutional symptoms,

Synonyms.—Parotitis epidemica; Ziegenpeter, Bauerwetzel: les orei-
llons ; orecchioni, stranguglioni,

History.—This disease was recognized and described by medical writ-
ers of antiquity. A classical description appears in the writings of Hip-
pocrates who lived in Greece from 460 to 370 p.c. In describing an epidemic
he had observed in Thasos he wrote: “Ardent fevers occurred in a few
instances, and these very mild, being rarely attended with hemorrhage, and
never proving fatal. Swellings appeared about the ears, in many on either
side, and in the greatest number on both sides, being unaccompanied hy
fever so as not to confine the patient to bed; in all cases they disappeared
without giving trouble, neither did any of them come to suppuration as is
common in swellings from other causes. They were of a lax, large, diffuse
character, without inflammation or pain, and they went away without any
critical sign. They seized children, adults and mostly those who were
engaged in the exercizes of the palestra and gyvmnasium, but seldom attacked
women. Many had dry coughs without expectoration and accompanied with
hoarseness of voice. In some instances earlier, and in others later, inflam-
mations with pain seized sometimes one of the testicles, sometimes hoth ;
some of these were accompanied with fever and some not; the greater part
were attended with much suffering. In other respects they were free of
disease so as not to require medical assistance’” (Ruhrih, Pediatrics of the
Past).

So through the ages description of mumps appears in many medical
writings. The contagious nature was recognized by the Arabian physician
Rhazes. Chalmers of Charleston, South Carolina, in 1744 was the first
to describe an epidemic of mumps in this country. Many humorous refer-
ences to this disease appear in the literature of past ages showing that the
laity has long recognized the benign nature of mumps.

Etiology.—This disease is not confined to any one race or climate of
the world. Epidemics have been observed on every continent on this globe.
It appears to be more prevalent during the winter months in this temperate
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climate. This may be explained on the ground that houses are better ven-
tilated in summer than in winter. It occurs most frequently in children be-
tween the ages of five and twelve, the time when they are grouped together
in school. It is rare in very voung children, although cases have been
reported in babies three weeks and seven months of age. At the other
extreme of life this disease has occurred in a woman of eighty-four and
a man ninety-nine vears old. Ipidemics are more common where young
people come into close contact, as in school, college or in military service.
Epidemics are particularly frequent in institutions, prisons, etc., where large
numbers of young persons are crowded together. During the World War
soldiers coming from rural districts who had never had mumps contracted
the disease in camp. There were nearly two hundred thousand cases treated
in the various camps in the year 1918. In spite of the frequency among the
soldiers in camp vet there is no special predisposition on the part of males.
It occurs as frequently in girls’ schools as in the boys.

The epidemics spread slowly and can be limited to one group of indi-
viduals, provided they are kept from mingling with others. This can be
accomplished in a school or institution. It was impossible to control in the
army, as the troops were continually on the move. In a city an outbreak
may continue for several vears with cases developing from time to time.
It may be associated with other contagious diseases.

Transmission.—This disease is spread by direct contact and transmit-
ted from person to person probably through the saliva. There is a possibility
of indirect transmission where a third person may spread the contagion if
his hands or clothing have been contaminated with the virus. There has
been no proof of the existence of healthy mumps carriers, although this may
be possible. Transmission by fomites or inanimate objects is rare, although
cases have been reported where such a condition seemed to explain an out-
break of the disease, as for example a person contracting the disease after
sleeping in a bed that had previously been occupied by a patient with mumps.
It is not known how long the mumps virus can remain active in the saliva
after it has left the body or how long it can resist drying. There is no
evidence to show that it can be transmitted by means of milk, water or food.

The disease may be contracted from a person hefore the development of
any symptoms. One of my patients, a young school girl, went to spend her
Christmas vacation in Boston and three davs after her return home received
word that a child in the family in which she was visiting came down with
mumps two days after her departure. The girl was sent to school and
careful watch was kept to observe any signs of illness or swelling,
developed about three weeks later. Three weeks after this several cases
developed among her classmates and mumps was not stamped out of the
school for several months, The period of infectiveness which begins several

which
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days before the onset of the parotid swelling continues while the swelling
lasts. Some instances have been reported where it was contagious for
six weeks after the attack. As we have no method or means to determine
whether a patient is capable of transmitting the disease, 1t would seem safe
to quarantine for at least two weeks after the swelling has disappeared.
This is not difficult to control with young children when the parents
cooperate. ‘The susceptibility is not so great as in measles and only from
25 to 50 per cent of children who are exposed will contract the disease.
Barthez and Saun¢ reported an outbreak in a boys’ school where 540 were
exposed and 230 came down with the disease. One attack appears to
insure immunity from future attacks. Occasional second attacks have been
recorded and among the 230 cases observed by Barthez and Sauné there was
a history of a previous attack in thirty cases.

Hess injected serum obtained from patients who had recovered from
mumps in twenty children who were exposed to the disease and none of
them contracted it. While this is a very small number of cases, vet it proves
that the blood contains immunizing properties.

Bacteriology.—A number of organisms have been investigated in hunt-
ing for the specific organism of mumps. The earlier workers attempted to
isolate ordinary non-filtrable bacteria. They were sought in the saliva,
blood and parotid glands. The most complete study at that time was made
by Laveran and Catrin in 1893. They isolated an organism in pure culture
from the saliva, the blood, the testicle and puncture of the swollen parotid

glands. This was a Gram-negative micrococcus occurring in pairs.  Attempts
to reproduce the disease by inoculation in animals were unsuccessful. A
number of other observers found different organisms, but were not able
to inoculate or infect animals so they developed symptoms of mumps.
Granata i 1go8 approached the subject from a different angle and
obtained saliva from patients with mumps and passed it through a filter
and inoculated it into rabbits by injections into the Blood, parotid glands and
subcutaneous tissues. This proved successiul. Iurther studies with this
filtrable virus have been made by Martha Wollstein on cats as they are
quite susceptible to mumps. She used mouth washings of patients suffering
from mumps which were filtered through a Berkefeld filter. It was found
that the virus was detected most readily in the saliva during the first three
days of the disease and never after the ninth. Tts presence was also detected
in the blood. It was also demonstrated that the serum of cats who had
recovered from the disease when injected into normal cats prevented them
from developing the disease from inoculations of the virus. These observa-
tions of Wollstein prove that mumps is caused by a filtrable virus which
can be obtained from the saliva and blood of patients with the disease and
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this virus can reproduce the symptoms when injected in the parotid gland
of cats and monkeys. Domestic anmimals sometimes catch the disease by
close contact with persons suffering from it. A young man in my practice
came down with mumps and his dog developed parotitis exactly eighteen
days after exposure.

Pathology.—The parotid gland is the one most frequently affected and
it becomes greatly enlarged and of a deep pink color which is a decided
contrast to the pale yellow of the normal gland. According to Virchow
the inflammation is confimed to the intra-acinous and periacinous tissue, while
the glandular canals and epithelium remain normal.

The most recent and valuable contribution to the pathology of this
disease is by Martha Wollstein. Her work was on inoculated or experimental
cases. Lhe mmoculated gland was found moister than the uninoculated gland
and on section showed a gray cloudy appearance from the swelling of the
acini. This was found in either the inoculated parotid, submaxillary or
sublingual glands. These areas of cellular infiltration are always multiple
but are more pronounced in some parts of the gland than in others. The
adjacent lymph-nodes were usually congested but not enlarged. The infiltra-
tion was most intense about the secretory ducts which were sometimes dilated
and the epithelium swollen and clouded. This is shown at the opening of
Steno's duct which projects a short distance beyvond the surface of the
mucous membrane. Cowie described this appearance as characteristic of
the disease. The orifice of the duct is pale and edematous, while there is a
bright red central spot. Minute hemorrhagic points are often seen surround-
ing the duct.

The same microscopic changes were found in the testicle which may be
greatly enlarged.,

Symptoms.—FPeriod of Incubation.—There is considerable difference of
opinion among authorities regarding the length of incubation. It is usually
long and the average is from eighteen to twenty-one days. Variations are
recorded in from three to twenty-five cases. The Commission of the Clinical
Society of London made a study of this disease in 1892 and placed the
average incubation period at twenty-one days. There appears in the litera-
ture undoubted cases of mumps developing five weeks after exposure.
There is a possibility of a second exposure in these cases of apparent long

exposure.
Omne attack usually gives immunity and second attacks are rare, although
they do occasionally occur. .

Onset.—Shight prodromal symptoms are often present although their
significance 1s not realized until after the gland becomes swollen. There may
be slight indisposition and malaise several days before the swelling. The
child becomes cross and cranky and loses his appetite and does not care to
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play. It has been shown that the disease is contagious before the character-
istic enlargement of the parotid.

In most cases the first and striking symptom is the swelling in the region
of the parotid gland. This is usually accompanied by fever which may be
preceded with a chill.  The child feels sick and vertigo is a distressing
symptom in some cases, while in others there are vomiting and diarrhea.
Nosebleed occurs in some cases. The appetite goes and older children often
complain of headache. There may be severe nervous symptoms with symp-
toms of meningeal irritation.

The Salivary Glands.—The parotids are involved in the great majority
of cases. The parotids may be free and only the submaxillary affected,
Cases in which only the sublingual gland was swollen have been reported.
All three glands may be affected at the same time, although this is rare.

When the parotid is affected one or both sides may be involved. The
left gland is more often affected at first than the right. Sometimes both
glands are swollen at the same time. When it starts in one gland it usually
spreads to the other in two to seven days. The swelling increases rapidly
and its extent varies in different patients. It remains stationary for two or
three days and then gradually subsides so that the gland appears normal
after a week or ten days, but it may be palpable for three weeks or longer.
The swellings disfigure the face of the child. The size of the swelling is
subject to great fluctuations and it may be so large as to make the child
unrecognizable. It usually gives the child a grotesque appearance. The
swelling causes inconvenience in opening the mouth and in eating and
chewing. In mild cases there is no sensitiveness on pressure, but where the
swelling is intense it may be very painful. The swollen parotid gland is
seen along the ramus of the jaw in front of the auricle of the ear. It
extends over the cheeks, and the lobule of the ear which the swelling
pushes out is in the center of the swelling. This position of the lobule of
the ear is pathognomonic of a swollen parotid. In enlargement of the
parotid gland the small fossa just below the ear and behind the angle of
the jaw is obliterated. This is an important diagnostic point. The swell-
ing may exceed these boundaries and spread upwards and downwards. The
swelling of the submaxillary or lingual glands extends down the neck as far
as the clavicle and may entirely obliterate the normal curve of the neck.

The swelling feels rather boggy at the onset, but later becomes firm
and tense. There may be a decided erythema over the surface. The skin is
tense and shiny. The gland itself feels doughy or tensely elastic.

Pharyny—Very often there is a slight redness of the pharynx and in
severe cases the uvula and tonsils may be edematous and cause considerable
difficulty in swallowing. The buccal mucous membrane may be slightly
congested at the onset, but the distinctive feature is the orifice of Steno's
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duct on the affected side which is edematous and slightly protruding with
a reddened orifice and often surrounded by a ring of deeper redness. 1f the
swelling 1s great it may press the tonsils inwards and interfere with swallow-
ing. There have been fatal cases of edema of the larynx.

Saliva.—The saliva is normal in composition. That is, there is no
change in its digestive ferments. It may be normal in quantity or secreted
in great excess or may be greatly diminished. When the saliva is diminished
the mouth is dry and mastication is difficult. On the other hand, if secreted
in large amounts 1t tends to collect in the mouth and overflow, especially 1t
swallowing 1s painful. The lymph-nodes which drain the parotid and maxil-
lary glands may be enlarged, showing the virus enters the Ilvmphatic system
and from there to the blood stream. Many cells are seen in the saliva such
as lymphocytes and polynuclears, and in later stages of the disease epithelium
and casts are present. When the swelling subsides these cellular elements
disappear and the saliva returns to normal.

General Symptoms.—Llever 1s present i most of the cases, but there
is no characteristic or typical curve. There is a slight initial rise which
lasts two or three days unless a new gland 1s mvolved, when it will again
rise. If the temperature rises during convalescence it indicates either a
relapse, which is rare, or complications. The pulse remains slow and does
not keep the normal ratio with a rise in temperature. Roux believes this
bradycardia i1s entirely of nervous origin.

The amount of pain and discomfort depends on the extent of the swell-
ing. There is very slight or no pain in a large number of cases. The pain
may be intense, especially in persons of nervous temperament. Mastication
may cause pain and there 1s a time-honored tradition that persons suffering
from mumps are not able to eat sour articles, such as pickles, etc. This is
not so in many cases, but in some patients the sight or mention of lemons or
pickles will cause quite severe pain.

Prostration may be very marked in severe cases even hefore the appear-
ance of complications.

Abdominal pain and slight digestive disturbances may occur. Rare cases
of so-called abdominal mumps have been reported in which there is acute
abdominal pain with vomiting with the pain localized over the umbilicus.
Starr attributes this to appendicitis which he believes is not an infrequent
complication of mumps.

The blood has been studied by many observers. There is a slight
leukocytosis 1n all cases. This 15 due chiefly to an increase in the lympho-
cytes. Cultures of the blood have always given negative results. Fehling
summarizes the blood-picture as follows: There is a slight increase in
the number of leukocytes and there is a lvmphocytosis which is both relative
and absolute. This lymphocytosis is present on the first day of the disease
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and persists for about two weeks. The blood changes are of distinct diag-
nostic value in differentiating mumps from other inflammatory swellings of
the salivary glands. He found that the occurrence of orchitis did not
invariably alter the blood-picture.

The duration of the swelling in mumps varies from one to six days
in the mild cases, to two or three weeks in the severe cases. The course may
be greatly prolonged by complications. The parotid gland may resolve very
slowly and may even persist for months, Wollstein observed a case in a
soldier in which the parotid glands were enlarged for six months and whose
mouth washings carried active virus for five and a half months,

Relapses are very rare and have been estimated to occur in from 1 to 6
per cent of all cases. Second attacks may take place but they are most
uncommaon,

Complications.—These may vary in number and in severity in different
epidemics. The great diversity of the complications is due to the fact that
the virus reaches the blood stream through the lymphatics and is carried
to glands in different parts of the body.

Orchitis.—This is not a common complication in young boys although
after puberty it constitutes the most ifrequent and the most painful com-
plication. It is usually preceded by a rise in temperature and a chill with a
great deal of pain. The swelling is usually on one side, although both
testicles may be involved. At times one becomes enlarged after the swelling
has subsided on the other side. The swelling lasts from three to six days
and then slowly subsides. The testicle may become atrophied after the
swelling. This atrophy is incomplete and the testicle remains only one-half
its original size or it may completely atrophy. Cases have been reported
in which the epididymis was involved and the testicle remained normal. It is
generally believed that keeping boys with mumps strictly in bed will lessen
the probability of this complication.

FPancreatitis —The pancreas is affected in a small percentage of cases
and the symptoms are those of an acute pancreatitis. There is severe
abdominal pain with vomiting, nausea and diarrhea. The vomiting may
be severe enough to cause hematemesis. The attack generally develops at
the end of the first week of the disease and usually lasts about a week. Un-
digested fat is found in the stools of patients with this complication.

Nephritis.—Albumin can he detected in the urine in many cases during
the febrile period, as is the case in other communicable diseases of childhood.
A number of observers have found involvement of the kidneys with hema-
turia, suppressed urine and edema. This nephritis does not last more than
a couple of weeks and its course as a rule is benign. A few cases in which
a chronic nephritis and death resulted have been reported, but they are
extremely rare. The prognosis is usually good in these cases.
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Heart.—Iindocarditis and pericarditis are complications which may
occur and a few have been reported, but they are not nearly so frequent as
in other infectious diseases. The pulse may become slow and intermittent.

Respiratory System.—The inflammation in the mouth and tonsils may
extend down the respiratory tract and cause pneumonia. These are infec-
tions which are not caused by the virus of mumps but the attack of mumps
may lower the patient’s resistance so that such infections can spread.
IEdema of the tonsils and larynx are direct complications of mumps and
edema of the larynx may prove fatal.

Nervous System.—Meningeal symptoms appear occasionally and have
been described by a number of authors. Symptoms on the part of the
nervous system are more marked in some epidemics, while in others no
such symptoms are observed. Mumps meningitis occurs in children as well
as adults. Cases of true meningitis must be differentiated from those in
which meningitis symptoms are present but no organic lesion or inflammation
of the brain, the so-called meningismus.

Roux, in summarizing his experience, says: “(1) Meningeal symp-
toms are frequent but typical meningitis is rare. (2) This usually occurs at
the height of the disease and sometimes before. (3) There is usually a
marked lymphocytosis in the cerebrospinal fluid. (4) There is usually rapid
subsidence of the symptoms.”

In fatal cases of true meningitis the surface of the brain was found
edematous and the sulei filled with a semifibrinous exudate. Cultures
invariably proved sterile as did the spinal fluid. In cases presenting focal
symptoms, such as twitchings, paralyses, aphasia, hemiplegia, etc., an
encephalitis occurred in addition to the meningitis.

The cranial nerves are sometimes involved. This may be the result of
pressure from the swollen glands, or the result of absorbed toxin. Those
most frequently enlarged are the facial, auditory and subpetrosal nerves,
FFacial paralysis is usually unilateral and comes on towards the end of the
swelling and recovery is always complete.  When the subpetrosal nerve is
affected there will be a paralysis of the soft palate. Cases of poliomyelitis
following mumps have been reported as well as of ascending myelitis,

Polyneuritis involving the peripheral nerves has been noted by several
authors. Joffroy had a case of complete flaccid paralysis of all the extremi-
ties coming on the twentieth day of the disease accompanied with diminution
of the cutaneous sensibility and loss of the deep reflexes. This case made
a complete recovery.

The cerebrospinal fluid in cases in which there were no symptoms of
meningitis showed a relative lymphocytosis, while in the meningeal cases it
contains a great increase in the number of lymphoeytes. The fluid is sterile
on bacteriologic examination.
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The Ear—The auditory nerve is sometimes affected in mumps, causing
a sudden and sometimes permanent deafness which is one of the most
distressing complications of this disease. [t may occur at any stage of the
disease. Hubbard, who made an extensive study of this subject, claims that
from 3 to 5 per cent of the deaf-mutes in this country is due to this com-
plication of mumps. The lesion appears to be in the labyrinth and the
middle ear is not involved.

The Evyes—The eyves are occasionally affected and the most serious
lesion is optic neuritis, leading in a few months to permanent blindness. The
optic nerve atrophies as a result of the toxin of mumps. Congestion of the
retinal vessels may lead to temporary disturbances of vision. Conjunctivitis,
keratitis and iritis have been observed as complications of mumps. Ruhrah
has seen cases of chemosis and edema of the face in which the diagnosis of
mumps could have been overlooked on account of the swelling and disfigure-
ment of the face, obscuring the swelling of the parotids.

From the foregoing it is apparent that there are many and diverse com-
plications of mumps and that while the disease in itseli is rarely serious, vet
the complications and sequelie may be dangerous. These complications
vary in different epidemics. In one, abdominal symptoms may predominate,
while in others symptoms on the part of the nervous system are more
frequent. The imflammation of the salivary glands in mumps while often
intense and very severe rarely if ever goes on to the point of suppuration.

Diagnosis.—When mumps is epidemic the diagnosis is simple. The
swelling of the face in which the tip of the lobe of the ear is the central
point is sufficient to justify a diagnosis, even though a history of direct
exposure cannot be obtained. Cowie claims the appearance around Steno’s
duct is characteristic of mumps and is not found in any other form of
parotitis. The duct sign was found in 96 per cent of the cases that he or
his associates had under observation. The changes in the orifice of the duct
have been described on page 144.

Confusion in diagnosis is possible when the submaxillary or sublingual
glands are enlarged and the parotids normal in size. The history of the
case, the presence of an epidemic and the course of the disease shed light on
the condition.

Enlargement of the cervical lymph-nodes may cause difficulty at the
onset. IHere the lobe of the ear is not in the center of the swelling which
does not as a rule extend to the face. The swelling is down on the neck and
a finger tip can be placed in the fossa just behind the angle of the jaw, which
is not possible when the parotid gland is enlarged. Lymphadenitis runs a
much longer course and goes on to suppuration in a majority of the cases.
The blood-count will be of help. In mumps there will be a slight Ilympho-
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cytosis present, while in adenitis there will be a marked leukocytosis with
the polynuclears predominating.

A secondary parotitis can be differentiated by the primary infection and
the absence of an epidemic of mumps. Here again the blood-picture will
aid in diagnosis. These cases do not run the short typical course and
suppuration is not infrequent. This condition sometinies occurs after septic
infections and pyemia. A secondary parotitis may follow surgical operations
in other parts of the body. It also occurs following or during infectious
diseases.

Primary purulent parotitis has been described by many authors. DBret-
schneider made an exhaustive study of the subject and found it most frequent
in poorly nourished children and in premature infants. In almost all of the
cases pus could be squeezed out of Steno’s duct by pressure on the gland.
This is a fatal disease and the mortality in his cases was 69 per cent,

Prognosis.—The prognosis is good in the vast majority of cases and
is especially good in young children. The disease itself is seli-limited and
short in duration. The complications which may assume various forms
constitute the danger and fatalities. The sequele of blindness, deafness and
complete atrophy of the testicles are the most serious, but fortunately are
infrequent in early childhood. An uncomplicated case of mumps never ends
in suppuration. If it does occur it is a result of secondary infection which
should be avoided and which should not be attributed to mumps.

Treatment.—Preventive—Isolation and quarantine are necessary to
prevent the spread of this disease. It must be borne in mind that mumps can
be communicated two or three days before the appearance of the character-
istic swelling. This renders the task of prevention more difficult. The
Sanitary Code of the New York State Department of Health gives twenty-
one days as the maximum period of incubation and the minimum period of
isolation as “two weeks after the appearance of the disease and one week
after the disappearance of the swelling.” Health regulations in other states
do not allow patients to mingle with others until four weeks after the onset
of the disease. Very few infections take place after this period. It is a safe
rule to isolate children between the second and third week after exposure
and not allow them to attend school and keep them under observation, There
can be no danger if they attend school for two weeks after exposure. Other
children in the family who have had mumps can attend school with safety to
others.

Protective—Hess made some very valuable and interesting experiments
in the immunity of mumps. There was an epidemic of mumps in the New
York Hebrew Infant Asylum which involved one hundred children. The
next year there was a similar epidemic of eighty cases and not one who had
contracted the disease in the previous year was infected. Hess attempted to
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immunize susceptible and exposed children with blood from children con-
valescing from the disease. le used 6 to 8 c.c. of blood drawn from the
median vein and mjected intramuscularly. e obtained the blood from
three groups of donors, one who was just recovering from the disease, some
from patients who had entirely recovered and some from patients who had
had the disease several years before. Not one of the inoculated children
came down with mumps, although exposed, and other children in the same
ward did. There were no local or constitutional reactions.

Medicinal —The treatment of mumps is very simple and its course is
not influenced by any drugs or treatment known at the present time. The
indications for treatment in uncomplicated cases are to relieve pain and to
make the child more comfortable. Rest in bed for at least a week i1s neces-
sary and is the most important treatment. The food should be liquid or
soft so that it can be easily swallowed without mastication. Acids and highly
seasoned food should be avoided. Milk, custards, junket, eggnog, etc., are
easily taken. Children enjoy taking fluids through a straw or glass tube
and this is a very useful procedure when there is difficulty in opening the
jaw.

A simple saline cathartic can be given at the onset of the disease. Chil-
dren as a rule take citrate of magnesia or milk of magnesia without difficulty.
A mouth wash is necessary, as it is often impossible to cleanse the teeth. If
the mouth is dry owing to a lack of saliva, glycerin should be added to the
mouth wash. Dobell's solution, Seiler’s solution, listerine, alcohol, lavoris,
etc., when sufficiently diluted make excellent mouth washes. There may be
excessive salivation and this can be relieved by full doses of atropin.

The amount of pain in the gland varies with different patients. Many
do not complain of pain, while others suffer intensely. Heat gives relief in
some cases and a hot water bottle or electric heater is a great comfort. Other
patients find ice applications more effective in relieving the pain. Local
applications of hot camphorated oil, belladonna ointment, lead and opium
wash all tend to relieve the pain.

Internally the use of antipyrin, allonal or codein will make the patient
more comfortable. The treatment of orchitis is important. The patient must
remain absolutely quiet in bed with the testicle supported by a jock strap
and cotton. Ice applications give the greatest relief. The usual course of
this complication is from six to nine days.

Lumbar puncture should be used in cases of meningeal symptoms.

For edema of the glottis the only relief is a prompt tracheotomy. When
the throat and uvula become edematous the tissues should be scarified with
a sharp knife.

Public Health Regulations.—Mumps is a reportable disease and the
local health officer must be notified at once. Strict quarantine is not required
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in New York State but the child should be isolated for two weeks after the
appearance of the disease and one week after disappearance of the swelling.
The patient is excluded from school for this period.

The present status of mumps is outlined in the following report of a
special committee of the American Public Health Association :

1. InrecTiOUs AGENT.—Unknown.

2. SouRCE oF INrFECTION.—Secretions of the mouth and possibly of the nose.

3. Mope oF Traxsmission.-—Dy direct contact with an infected person or
with articles freshly soiled with the discharges from the nose or throat of such
infected person.

4. Incusation Periop—From twelve to twenty-six days. The most com-
mon period, eighteen days, accepted as usual. A period of twenty-one days is
not UNCOMMOoN.

5. Perion or Communicasinity.—Unknown, but assumed to persist until
the parotid gland has returned to its normal size.

6. MEeTHODS 0F CONTROL
(@) The infected individual and his environment

1. Recognition of the Disease—Inflammation of Stenson’s duct
may be of assistance in recognizing the early stage of the disease.
The diagnosis is usually made on swelling of the parotid gland.

2. [solation—Separation of the patient from nonimmune children
and exclusion of the patient from school and public places for the
period of presumed infectivity. (See 5.)

3. Jmmunization—None.

4. Quarantine—None. lixposed susceptible persons should be
regularly inspected for the onset, the presence of mitial symptoms
of the disease, such as fever, or swelling or pain of the parotid or
adjacent lyvmph glands, for three weeks from the date of last
exposure,

5. Concurrent Disinfection—All articles soiled with the discharges
from the nose and throat of the patient.

6. Terminal Disinfection.—None,

(b) General measures—None,
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DIPHTHERIA

Diphtheria is an acute infectious disease caused by the diphtheria bacillus
and characterized by a local fibrinous exudate, usually upon a mucous mem-
brane, with intense local inflammation and a general toxemia.

HISTORY

Diphtheria, described by the ancients, is an important subject of research
at the present time and its study has led to epoch-making discoveries in
medical science. Egyptian or Syrian ulcer is described by Aretzeus (second
century ) in a clinical picture which may be recognized as diphtheria. The
accounts of severe epidemics in Spain during the seventeenth century, given
with admirable detail, to which the terms morbus suffocans or garrotillo were
applied, show that they were dealing with a severe form of epidemic diph-
theria. These early Spanish writers recognized the epidemic nature of the
disease, the difficulty in swallowing, the membrane in the throat and the
glandular enlargements. At the same time the term male in canno was
applied to similar severe epidemics in Ttaly and Sicily. During the eighteenth
century epidemics of throat inflammations were described in England, France
and America. In 1771, Bard, professor of the practice of physic in King's
College (now Columbia University), in a notable memoir described the
disease as angina suffocativa, considered it of an infective nature and ad-
vised removal of the unaffected children when a case occurred in a family.
[n some of the descriptions of the epidemic throat inflammations, mention of
scarlet rashes and severe throat ulceration indicate that scarlet fever was
not differentiated from diphtheria.

The foundation of modern knowledge was laid by Bretonneau (1778-
1862), who in 1826 published a book of 540 pages, Des inflammations
speciales du tissu muquex et en particulier de la diphthérite, which was a
complete clinical deseription of the disease. IHe established a differential
diagnosis of throat inflammations and originated the term diphthérite to
represent his conception of the specificity of the pellicular exudate of the
affected part. His final publication in 1838 uses the term “diphthérie.”
During the half century which followed, other investigators took exception
to his work, but it was placed upon an irrefutable basis by Loffler in 1884,
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Following Bretonneau, experimental and pathological work was con-
tinued actively, but the next great contribution was made by Klebs and
Loffler in 1883 and 1884, In 1883 Klebs announced with confidence that
small bacilli, stamning irregularly with methylene-blue, were the causative
factors in diphtheria. The next year his assistant, Lofiler, published his
epoch-making work which stimulated immense activity in the whole field
of bacteriology. He isolated the bacillus described by Klebs, did extensive
animal experimentation, perfected the LifHer's methylene-blue stain and
the blood-serum medium, noted puzzling phenomena which further work on
immunity has elucidated, and laid broad outlines for succeeding research.
His conservative conclusions were that it could not be disproved that the
bacillus described by Klebs was the causative factor in diphtheria, but that
further mvestigation should be made of the chemical poison which con-
stitutes an important factor in the pathogenesis.

Roux and Yersin ( 1888-18¢g0) whose discovery of the toxin of diph-
theria was a brilliant scientific achievement, confirmed Léftler’s work. Nearly
coincident with this, Behring and I'rinkel (18g0) published the results of
their experiments to produce an artificial immunity to diphtheria and its
toxin, Their ability to produce immune serum against tetanus, and Behring's
diphtheria antitoxin opened the field of serum therapy. To Behring belongs
the credit of the discovery of diphtheria antitoxin,

Following this began the therapeutic use of antitoxin, which called for a
standardization of the preparations. Ehrlich, whose unit of antitoxin is in
general use, did notable work in establishing such standards.

In 1913 Schick applied to man the method of demonstration of individual
natural immunity which has been useful in the prevention of diphtheria.
Research in diphtheria is still an active field of scientific endeavor.

ETIOLOGY

The causative organism of diphtheria is Bacillus diphtheric or the
Klebs-Loffler bacillus. The more descriptive name Corynebacterivm diph-
therice has been accepted by the Society of American Bacteriologists. It is
highly infectious, endemic and epidemic, but its incidence is influenced by
several factors in which age and natural immunity play an impertant part.

Age and Natural Immunity.—Children under six months of age retain
a passive immunity transmitted from their mother’s blood. Determination
of immunity by the Schick test has demonstrated that city children have
a greater immunity than those living in the country. Zingher believes that
this is due to a natural antitoxin built up through repeated transient
infections on the part of children living in crowded quarters.

Park estimates the age table of susceptibility as follows:
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TapLe XVI—Ace TABLE 0F SUSCEPTIRILITY T0o DIPHTHERIA AS IxDICATED BY THE PosiTive
Scuick DirutHERIA-ToxiN Starn Test
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Age Country, Per Cent City, Per Cent
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The ages of fatal cases as reported to the New York State Department
of Health in 1915 to 1524 show that two-thirds of all fatal cases occur in
children under five years of age.

Tane XVII.—Dears REate From IMPHTHERIA PER 100,000 PorvrLation iw NEw York
STATE FROM 1915 TO 1024, ACCORDING TO AGE

Number Rate Per Cent of All Cases
Apge, Years

1015 1024 1915 10924 1415 1924

o Tk s bt 186 72 163.0 30.8 B -4
T R 300 o 212.7 2.0 7.5 6.4
L e ! 2068 144 135.2 65.6 13.2 0.6
- I DR | 21q 142 112.5 64.5 17.0 15.6
e e R 180 138 101.1 . 04.5 21.1 17.4

EIOOET ettt aie i omen 1258 B0g4
T T e R . 3066 268 40,0 25.5 13.4 10.4
Y 03 s G iy 46 8.1 4.8 3.0 2.5
ISand over........-.- [ il 75 1.1 0 5 | o
Toral AL Aces. .. 1770 1083 17.0 0.8 1.2 B

Deacon made a study of 31,028 cases and 2,458 deaths from diphtheria
reported to the Michigan Department of Health. He found that one-half
of the cases were less than nine years of age, with the average at eight years
and eleven months, One-half of the deaths occurred at four years and eight
months. The highest single vear of age for all cases was the sixth, and the
highest single year for deaths was the third. The group under one year of
age gave only 0.7 per cent of the cases, but furnished 5.5 per cent of the
deaths. This group showed a fatality rate of 61.9 per cent. This rate is
reduced to 34.7 per cent for the one-year group and to 21.4 per cent for the
two-year group.

The mortality statistics relating to diphtheria in New York State for
the ten-year period 1915-1925 show that there are approximately twice as
many deaths in the cities as in the country districts. There has also been a
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marked decrease in the number of deaths since 1922, both in the urban and
rural communities, but the ratio of deaths between the city and the country
remain the same,

TapLe XVIIL—Deata Rate Fromr DIPHTHERIA PER 100000 PoruLation vor UsITED STATES
Dearn Recisteation Area oF NEw YoRE STATE FROM 1015 TO 1023

. ; New York
- Lmt".'(_i f_‘"“.'wﬁ New York New York | State Exclu-
Year Registration Sate City e
Area New York City
o i R e D e 15.7 17.0) 24.5 10.5
BOTD s S 14.5 15.2 19.4 0L 5
BT o e e D e ol 1.0 17.3 21.4 12.0
g i o e e E e ey - 13.0 17.4 22.7 I1.2
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(o b e e T e el 15.3 1.2 18.5 17.8
10t e e R 17.7 1.1 15.7 10.5
IR S 14.6 13.5 5.2 11.60
| R P T 12.1 0.3 0.0 8.0
02 S e e e 0.4 12.2 i
RS R e o B e e e 0.0 I1.2 0.4

Individual susceptibility is an important factor in the spread of the
disease. Persons may harbor in their throats diphtheria bacilli of a virulent
type without contracting the disease, and many who are exposed escape.
For those who are susceptible one attack does not confer lasting immunity.

Season.—There is a sharp increase in the number of cases in the fall,
which is referable to the assemblage of the children in schools.

Table XIX gives the number of cases reported in New York State
according to months and shows a much larger number of cases in the
winter months when the children are congested in schools, etc, and a
sharp decrease of cases in the summer months. This is also seen in the
fatal cases.

TasLe XIX.—Morpipity rroM DireTHERIA PER 100,000 PorvLation 1x New York State
FROM 1015 TO 1025, AccorpixG 1o MoxtHs

Year | Jan. | Feb. |Mareh{ April] May | June | July | Aug. | Sept. | Oct. | Nov. | Dee.
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Tapie XX —Mortarity FroM DirnToHERIA PER 100,000 Porvuramion ix New Yorg State
FROM 1015 To 1025, Accorping 1o MoxtHS
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Year Jan. | Feb. |March| April] May | June | July | Aug. | Sept. | Oct. | Nov. | Dec.
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Sex has practically no influence in the death rate, as is shown in Table
XXI. There i1s a slight predisposition among boys who come into closer
contact in their games, etc., than do the girls.

Tapre XX[.—DeaTH RATE FroM DMIPHTHERIA PER 100,000 PorvLatioN 18 NEw YorRK STATE
FROM IQIS5 TO I{_}.'E_*l.. :‘LQZ{I‘]RIJI.\'{E Tik SEH

Year Male Female
T G A et e el s ot 1.1 17.0
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LT R e e e M il e e 10.2 15.0
0 R e e e T e Bl A A 20.8 6.0
L e e e e e 10.3 7.2
e R I 16.7 15.5
e e g b L e 14.1 13.1
o e e R Qb 0.3 0.3
D L e 10.5 0.2

Mode of Transmission.—The most important modes of transmission
are: (1) Directly from person to person through the local discharges. All
contacts, including doctors and nurses, need to exercise the greatest precau-
tion against receiving infecting material on their persons. (2) Recently in-
fected articles may carry the microorganisms. Toys, pencils, handkerchiefs,
drinking cups, and other articles that have been in the mouth or to the nose
of a diphtheria case may be a source of infection. (3) Atypical cases of
tonsillitis, otorrhea, and the so-called “larval cases” may harbor virulent
diphtheria bacilli. (4) Healthy carriers who have not had the disease but
who have been in contact with it may retain the organism in their throats.
(5) Healthy persons who have not been exposed to diphtheria sometimes
carry virulent bacilli in their throats. (6) Epidemics have been traced to
milk, either through contamination or, rarely, through diphtheritic lesions
on the cow's udder. The presence of diphtheria bacilli in animals is

extremely rare.
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BACTERIOLOGY

The diphtheria bacillus i1s a non-motile, non-flagellated, non-spore-form-
ing aérobe. [t will grow under anaérobic conditions in the presence of suit-
able carbohydrates. It is killed by boiling it about one minute, but it is
resistant to cold and will withstand freezing. It is easily killed by chemical
disinfectants in the strengths customarily employed, but is resistant to the
effects of drying and light, 11 it 1s protected by a film of mucus or membrane.

The bacilli are slender, straight or slightly curved rods from one to six
micra in length. They are usually clubbed at one or both ends. They occur
singly or in pairs, and when paired may lie side by side or at an angle, but
never in chains. This is because the diphtheria bacillus “snaps™ in dividing
instead of slipping or sliding apart as apparently all species of bacteria except
the diphtheria group do. They exhibit a number of morphological variations
which have not been correlated with such biological variations as virulence,
toxicity, etc. They stain with aqueous aniline dyes. Stained with Ldffler’s
methylene-blue the important diagnostie points of banding, chromatic polar
bodies and irregular staining are demonstrated.

They grow readily upon most of the richer laboratory media, but develop
most readily upon those that have a meat infusion for their basis. The one
most widely used is Loftler’s blood-serum medium upon which the bacilli
develop minute grayish-white glistening colonies within twenty-four hours.
These rapidly outstrip the accompanying streptococci colonies.  The medium
has almost selective powers for the diphtheria bacilli.

For diagnosis, cultures from suspected throats and noses are taken on
Loffler’s blood-serum medium and incubated at 37° C. for twelve to eighteen
hours. At the end of that time Loffler’s methylene-blue stain will demon-
strate the irregular staining and characteristic morphology of the Klebs-
Loftler bacillus. The polar bodies may be shown by the Neisser stain. Occa-
sionally it is possible to make a bacteriological diagnosis without a culture
by means of a microscopical examination of a direct smear from the throat
stained in the usual way.

The diphtheria bacillus through its toxins is pathogenic for the ordinary
laboratory animals, except rats and mice. Dogs, cats, fowl, rabbits and
guinea-pigs, are susceptible. These animals, however, are not a source of
infection, as the disease occurs in them rarely. A few cases have been
reported of diphtheria in cats and dogs. Injection of a broth culture in
guinea-pigs produces nephritic symptoms, congestion of lungs, liver, spleen
and kidneys. A severe congestion of the suprarenals is pathognomonic of
diphtheritic intoxication.

There is a wide variation in the virulence of different strains of the
bacilli, the determination of which is sometimes of great importance when
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diphtheria-like organisms are isolated from atypical cases or from supposed
diphtheria carriers. Public health laboratories which serve the physician for
diagnosis are usually equipped to make a virulence test. One method is by
the subcutaneous injection of 2 c.c. of a forty-eight-hour broth or ascitic
broth culture into a normal guinea-pig. This dose will kill the animal in
from three to five days if the culture is virulent. A\ control injection is
made into another pig of the same weight which has previously received a
protecting dose of antitoxin. “In our opinion the evidence clearly supports
the view that a strain non-virulent to guinea pigs is non-virulent to man
and that a strain virulent to guinea pigs in whatever degree is virulent to
man, but not necessarily in the same degree. This information derived
from guinea pigs may be applied safely to the study of diphtheria in man.”
( Diphtheria Medical Research Council, page 323. )

B. diphtherie produces an exotoxin which accounts for the severe sys-
temic reaction when the microorganisms are limited to the local lesion. When
grown upon the ordinary nutrient broth it produces a soluble toxin which
retains its potency even in a sterile filtrate, A meat infusion broth with the
addition of 1 to 2 per cent peptone, slightly alkaline in reaction, at a tem-
perature of 37° C. with free access of oxygen furnishes a satisfactory
medium for toxin production. The maximum vield of toxin is obtained after
five to eight days. Careiul research has not yet revealed its chemical com-
position. In fluid form it is destroved by a temperature of 58° to 60° C,
It deteriorates by exposure to air and hight. Different strains vary markedly
in their toxin production.

The introduction of toxin into a susceptible animal stimulates the pro-
duction of antitoxin which remains in the blood-serum and retains its
power to neutralize toxin for some months. This is the basis of the com-
mercial production of antitoxin. Horses are commonly used, as they develop
a large amount of antitoxin and endure the frequent bleeding very well.
Successive subcutanecus mjections of toxin in ascending doses are made at
intervals of from five days to a week until the blood-serum contains a satis-
factory amount of antitoxin. By giving a three months’ resting period after
nine months of immunization, horses may furnish antitoxin for several
years.

To obtain the serum a sharp cannula is introduced into the jugular vein
and from 5 to 8 liters of blood are withdrawn under aseptic conditions. The
bleeding may be repeated as often as once a month.  The serum 1s allowed to
separate, is refined and concentrated and then standardized as to units per
cubic centimeter. All of the antitoxin products on the market are tested at
intervals for potency and purity by the United States Public Health Serv-
ice. Many public health departments furnish it without charge for prophy-
lactic and therapeutic use,



160 DIPHTHERIA

The Schick Test.—The fact that some persons may be in contact with
diphtheria and still not contract the disease 1s due to antitoxin having de-
veloped in their own blood.  5Schick in 1913 published a description of a
simple clinical test by which the presence or absence of antitoxin may be
demonstrated. Minute quantities of diphtheria toxin produce an irritant
effect when njected imtracutaneously. If the subject possesses sufficient
natural antitoxin to protect him from the disease, that amount will neutralize
the toxin injected and no irritation will occur. If not, a positive reaction will
occur within from twenty-four to ninety-six hours.

Park states that over a million tests made in the past thirteen vears have
proved without doubt that Schick developed an accurate and reliable test for
the presence or absence of diphtheria toxin in the body. This simple test
has given us much valuable information about susceptibility to diphtheria
and pointed out some practical and workable methods for the control of the
disease. /A positive reaction to a Schick test indicates that the person is
susceptible to diphtheria. The technic of this test which has been named
after its discoverer will be discussed later.

PATHOLOGY

In order to have an understanding of the tissue injury produced by
infection with the diphtheria bacillus, one must keep in mind the powerful
soluble toxin which it elaborates and diffuses through the blood stream, as
well as the local injury it produces. In this production of exotoxin it is
paralleled only by tetanus bacillus which produces a powerful systemic effect
but has little power to produce local lesions.

Local Effects.—The most frequent sites of infection are the tonsils,
epiglottis, larynx and uvula. The characteristic lesions are those occurring
upon a mucous membrane. I'rom two to five days after they gain a foothold
upon the mucosa they have multiplied until grayish spots are visible upon an
intensely congested base. These enlarge, thicken and coalesce to form an
elevated, grayish pseudomembrane which is quite adherent to the underlving
tissue. When the pseudomembrane is peeled off it leaves a bleeding surface
upon which a new false membrane quickly forms, The first step is in the
destruction of the superficial cells of the mucosa which undergo degenera-
tion and necrosis. From the structures below, an inflammatory exudate is
poured out which permeates the dead cells and spreads upon the surface.
The formation of fibrin in the exudate both upon the surface and among
the dead cells forms the organized false membrane. Numerous leukocytes
are poured out and there is some hemorrhage. The further accumulation
of leukocytes between the exudate and the deeper tissues leads to a digestion
of the fibrin and the final separation of the membrane. “[ase of detachment



Prare II—True DireThHERITIC MEMBRAXE

A.—Severe pharyngeal diphtheria (fatal case).

B.—Typical tonsillar diphtheria.

C.—Pseudodiphtheria. The specimen is seen from behind, the larynx and trachea
having been laid open, and shows an extensive membrane involving the epiglottis and the
entire lower pharynx, but extending into the larynx only a short distance. It is also
seen upon the posterior surface of the uvula and soit palate, the tonsils being only partially
covered, The color of the membrane is not characteristic of pseudodiphtheria, as the
same appearance is often seen in true diphtheria, particularly of the septic type.
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depends apparently to a large extent upon the variety of epithelium involved
in the pathological process. Where this epithelium is of a stratified squamous
character the false membrane offers some considerable resistance to foreible
removal, whereas in mucous membranes covered with stratified ciliated
columnar epithelium the attachment is much less tenacious, the false mem-
brane being easily detached, or, indeed, spontaneously expelled from the
body in the form of a partial or complete cast of the affected part.” ( Diph-
theria Medical Research Council, page 217.)

In fatal cases the membrane may become very extensive and a dirty green
or gray with a characteristic odor. The parts may even become gangrenous.
The nose may be entirely blocked by the membrane, or it may extend into the
trachea, bronchi and bronchioles.

The enlargement of the cereical glands may be considered as a part of the
local effect, and is roughly proportionate to the severity of the infection.

The lungs are involved in about 6c per cent of the cases (131 out of 220
Boston cases of Councilman). DBronchopneumonia with serous, cellular,
fibrinous or hemorrhagic exudate is characteristic. This occurs by direct
extension from the laryngeal involvement, and in many cases is due to strep-
tococcl which pass into the bronchi.

Distant Effects.—The remote sequele of the infection which is attrib-
utable to the toxin carried by the blood stream are often of graver import
than the local effects. The heart and nervous system show the greatest dam-
age, but the liver, kidneys and adrenals share in the injury. On the other
hand, individuals with a small amount of antitoxin in their blood may develop
diphtheria but be protected by the antitoxin from the severe toxic effects.
Death may take place at the height of the toxemia, evidently from the effect
upon the heart and circulation.

The heart may be seriously affected both early and late in the disease.
Both the muscle-fibers and the interstitial tissues may be involved, but no
characteristic lesion has been found. Patty degeneration of the myocardium
15 a frequent occurrence. Romberg in 1891 advanced the theory that a
logical explanation of the circulatory disturbances was the assumption of a
paralysis of the vasomotor center with a resulting splanchnic congestion at
the expense of the rest of the body. Other investigators have considered
damage to the special conducting area of the heart. Sudden death may be
due to degenerative changes in the vagus.

The liver 1s the seat of cloudy swelling, and, at times, large or small
areas of focal necrosis.

The kidnevs show the changes common to other severe infections. The
nephritis may range from cloudy swelling to a severe acute type. The paren-
chymatous changes are more severe than the interstitial.  Albuminuria is
common.
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The adrenals rarely show gross lesions in man, but in animals they are
characteristic, a fact that has led to detailed histological studies with con-
tradictory results. The Medical Research Council concludes (page 222)
that the main action of diphtheria toxin is on the heart, aided by serious
damage to various organs which contribute to the maintenance of the cir-
culation, and that no doubt the vasomotor centers and the chromaffin tissues
are involved in the damage.

The Nervous System.—DParalysis occurs in about 20 per cent of all
cases of diphtheria. The nerves associated with the paralvzed areas show
degenerative changes, the fibers are swollen, and the medullary sheath filled
with fine or coarse granules, while the axis cylinder may persist for some
time before degeneration. The ganglion-cells usually escape serious injury,
which accounts for the complete recovery which may be expected. The
nerves which supply the palate and larynx, those of the extrinsic muscles
of the eye, and the muscles of accommodation suffer especially. Walsh
considers that while paresis of the muscles of accommodation and generalized
peripheral neuritis are probably due to a hematogenous intoxication of
the nervous system, there are distinct local paralyses corresponding with
the site of the infection which ascend as a perineural lymphatic intoxication
to the corresponding cramal or spinal ganghon-cells. The paralysis is,
therefore, of central origin, but is distributed according to the source of
the toxin.

SYMPTOMS AND CLINICAL COURSE

Diphtheria may range in severity from cases so mild as to pass for a
catarrhal pharyngitis to malignant cases in which the child is in exiremis
within the first twenty-four hours. The symptoms may remain purely local
in their manifestations, or there may be severe systemic disturbances. In
general the extent of the membrane is an index to the amount of systemic
toxemia, but the location of the membrane in the larynx where the blood
supply is relatively poor gives rise to less toxemia than pharyngeal diph-
theria where the toxin can Le absorbed from the highly vascular mucous
membrane. The prompt administration of antitoxin aborts the course of the
disease to such a degree that the practitioner rarely sees the dramatic
advanced cases common a few decades ago, except where the child has been
deprived of appropriate treatment through the ignorance of its parents or
through the willful neglect practiced by some of the healing cults.

The onset occurs from one to five days after exposure, or possibly it may
be delaved to seven days. After a preliminary feeling of malaise and a
slight sore-throat the temperature gradually rises until it reaches a maximum
of 103" to 104° F. The membrane appears in the throat and the
cervical glands become enlarged. This may be a marked feature of the
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disease. On the other hand, the physician frequently sees an abrupt onset
with vomiting, headache, chilliness and a temperature that climbs rapidly
to 103° to 104° F. within the first twenty-four hours. In young children
convulsions may be a feature of the 