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“I AM AT THIS MOMENT
DEAF IN THE LARS,

HOARSE IN THE THROAT,
RED IN THE NOSE,

GRLEN IN THE GILLS,

DAMP IN THL LYLS,
TWITCHY IN THE JOINTS,
AND FRACTIOUS IN TEMPER
FROM 4 MOST INTOLLCRABLE
AND OPPRESSIVE COLD.”

CHARLES DICKENS

From the Presidential Address delivered by John H Dingle before
the American of Pennsyl-
vamia, Apnil 15, 1958 In The Collected Letters of Charles Dickens,
Vol 1, p 92, Chapman and Hall, Ltd, London, 18380







FOREWORD

It has been my good fortune to know Dr. John Adams for
the past 15 years Being mutually interested, we have had
many pleasant and serious discussions and correspondence
concerning acute respiratory infections. In spite of the rapid
advancement of knowledge concerning these so-called minor
diseases, they cantinue to account for approumately 50 per
cent of all cases of total and disabling illness and are the prin-
cipal cause of absentecism from play, school, work, and mili-
tary training. Acute respiratory discase continues to be a
major cause of death in infants and children and both primary
and contributing cause of death in older age groups

Dr Adams 1s qualified especially to bring together and cor-
relate the many advances i knowledge of the etiology, patho-
geness, prevention, and management of acute respiratory in-
fections Respiratory and other infectrons as related to the field
of pediatrics have been his major nterest for over 20 years.
Tt 1s ymportant to pownt out that Dr Adams has included a
number of entities (viral, bacterral, and fungal) which are
not ordinarily thought to produce or have an acute respiratory
phase in pathogenesis As many of the new agents associated
with respiratory infections are now known to be wviruses for
which there 1s as yet no specific treatment, medical manage-
ment, particularly 1n the care of infants and children, becomes
important. The chapters on basic concepts, anatomic and
physiologic aspects of acute respiratory disease and pneumonia
as a basis for medical management are clear and essential.

vit



vii Foreword

This volume will be of major interest to all those concerned
with the total problem of respiratory discase and its solution
Great effort has gone into the preparation of this monograph
which fulfills an important nced for bringing together current
information so essential to the intelligent practice of medicine
as it relates to new virus diseases and related entities.

Clayton G. Loosli, M.D., Ph.D.

Dean, Unisversity of Southern
Califorma School of Medicine,
Los Angeles



PREFACE

Recent outstanding contributions to our fundamental
knowledge of acute respiatory tract infections, especially
those caused by newly discovered viruses, have been numerous.
Accordingly, the practicing physician, who 1s called upon
daily to treat these ubiquitous diseases of man, should no
longer be content with diagnoses such as “tonstllitis,” “the
flu,” or “the virus that is going around.” The intelligent man-
agement of his patient’s illness is dependent upon accurate
dragnosis. To this end the following chapters are designed to
inform the reader of the epidemiologic and chinical features of
the vanous influenza-like diseases, with emphasis on etiologic
diagnoss, rather than anatomig, as a basis for wise therapy.

In modern chinical medicine there are an increasing num-
ber of diagnostic tests for virus and rickettsial diseases. How-
ever, 1n spite of these new procedures, the practicing physician
must become well acquamnted with the clinical features of
these diseases as entities with a specific etiology. Epidemiology,
pathog and clinical p and signs of disease are
the most essential features for an initial working diagnosis,
Confirmation of the inmtial 1mpresstons in many instances will
have to come from the laboratory

Influenza, the prototype resprratory disease of viral origin,
1s dealt with m iderable detail Emph d are its epi-
demic features, the various types and strains, the potential for

y bacterial p ions, the pathology of the un-
complicated disease, the high mortality in infancy and old
x




X Preface

age, and the possible relationship to sudden unexpected deaths
in the early months of life. Also discussed are the new myro-
viruses, the para-influenza viruses (hemadsorption and croup-
associated), as well as other respiratory viruses and the dis-
eases which they cause.

The new adenovirus infections are presented in detail, with
cmphasis on the clinical diagnosis of the various types of in-
fection, their prevention, and their relationship to the general
problem of common respiratory discase.

A separate chapter is devoted to discases caused by the
newly named enteroviruses, which include the two large groups
of Coxsachie_viruses (A and B), the polioviruses, and the
recently discovered ECHO (Enteric Cytopathogenic Human
Orphan) viruses. Although these groups of viruses are re-
nowned for their ctiologic role in many of the ascptic menngi-
tides, the practitioner must be aware that in cach of these
groups, including the polioviruses, there are distinct symptoms
and signs of respiratory tract infection, and these may be the
sole clinical mamfestations of iliness

Several chapters deal with entities such as nfectious mono-
nucleosis, Q fever, and psittacosis. wheremn resprratory symp-
toms and signs are often the predomenant feature Scarlet fever,
diphthersa, and pertussis are discussed 1 a chapter devoted
to bacterial nfections of the respiratory passages, and em-
phasis 1s grven o group A besa hemolsie streptocoicus as the
major causc of primary pharyngitis due to bacteria

A review of the pneumonias encompasses recent hnow ledge
of grant cell plasma celi and atypial
pncumonia  The latter undoubtedly represents part of the
spectrum of most of the diseases discussed 1n thrs book A s
tion is mncluded on pneumonta s ¢ cause of sudden unexpectcd
death 1in infants

The respreatory aspects of certain fungal nfections. such as
cocesdiordomycosts and histoplasmosns, are mncluded There o




Preface xi
also a brief discussion of primary tuberculosis, which, in its
milder manifestations, might well be considered 2 mild, mod-
erate, or severe “cold.”

A chapter has been devoted to the common cold as a possi-
ble entity, even though we recognize that every disease under
discussion in this book at some time in 1ts development may
mimic the symptoms and signs of what people (patients and
doctors) call “colds ” Also included is a brief discussion of
allergic rhinitis and its relationship to the common cold.

The author wishes to extend his appreciation to Clayton
Loosh for critically reviewing the manuscript and writing the
Foreword to this book David Imagawa, an esteemed friend
and colleague, has contributed immeasurably over the years
to the studies which have made this volume a reality.

IMA,
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Chapter One

INTRODUCTION AND
BASIC CONCEPTS

INTRODUCTION

Resprratory diseases are the commonest illnesses of man,
and as such account for a major responsibility of all practic-
ing physicians Although there 1s still a great deal to be learned
about common respiratory tract infections, 1n the past 5 to 10
years alone, several new groups of virus diseases have been
delineated Many of the newly discovered viruses are known
to be responsible for respiratory dis-
eases Several surveys now indicate clearly that respiratory
mfections constitute the commonest cause of illness m man
and the bacterial, fungal, and viral agents known to cause
these diseases still account for a relatively small percentage of
them Dingle and Feller (1956) found 66 per cent of all 1ll-
nesses are respiratory and about 95 per cent of these are un-
known etiologically Their data from ten years of intensive
study of families 1n Cleveland indicate that approximately
40 per cent of all ilinesses can be classified as common colds
on clinieal grounds, Evans (1958}, 1n a study of 710 uni-
versity students sick enough to be admutted to the infirmary
with acute respiratory illnesses, stated that approximately 10

1




” . .
2 Newer Virus Diseases

per cent were due to bacteria and 10 per cent were due ta
viruses. leaving 80 per cent with unknown conditions, The
great majority of the bacterial causcs were attributed to
streptococci, and mfluenza accounted for most of the vieal
illnesses identified in his study.

The sulfonamide drugs and antibiotics have markedly re-
duced many of the tragic consequences of acute respiratory
disease such as secondary pneumonia. ottis media, and mas-
toiditis; however, the primary illnesses still remain virtually
untouched in incidence and severity. Many might still ques-
tion the over-all significance of the common respiratory dis-
eases, and when compared with the pestilences and infections
which swept away our ancestors, such as smallpox, typhus,
and ycllow fever, they do seem insigmificant However, their
mportance cannot always be measured directly since we are
more aware than ever of their basic role as precursors of seri-
ous drsease. The significance of primary respiratory mfectton
in the pathogenesis of diseases such as bactenial meningatis,
acute epiglotutis, and pncumontas of various types is yet to be
determined fully. We are, however, familiar with the fact that
“of the legion of bacteral species in man's external and inter-
nal environment, only comparatively few ever cause dinease™
(Andrewes, 1958) This did not at first appear to be the case
with viruses which must muluply within cells Research has
been directed at pathogenests and cause of disease, and when
a virus was found, an etiologic relationship was frequently
considered to be assocrated.

Recent research employing tissue culture methods has re-
sealed many new viruses. but a direct assocration with disease
15 not always posstble Awareness of these facts 1s essential for
the proper evaluation of the patient’s sliness Latent viruses
may be responsible for mapparent discase of no disease at all
The baby who 1s brought to the physician from o fanuly which
has recently experienced a common respiratory divease may
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be suffering or dying from acute Hemophilus influenzae
(bacillus), a type B meningitis. Is the illness unrelated to the
current family epidemic? In the present state of our knowledge
we must conclude that the family epidemic of acute respiratory
disease probably played a most sigmficant pathogenic role in
the infant's 1llness. Such a mortality is rarely attributed to the
primary illness, yet its significance cannot be overlooked as a
basic factor in the infant’s serious disease or demise.

Because the pracutioner is called upon daily to diagnose
and treat common acute respiratory diseases, 1t is imperative
that he equip himself to do a better job The widespread and
almost indiscriminate use of drugs (antibiotics, in particular)
for most of these infections 1s not indicated Although, as yet,
we do not have a quick and easy way to make an accurate
diagnosis of most of the pil 'y tract i
we do have knowledge that the majority of these illnesses are
not pnimanly due to bactena for which anuibiotics are readily
available. When complications are evident or even highly
suspected, wise choice of an antibfotic can usually be made.

The problem, therefore, 1s not a simple one which can be
resolved with a diagnosis of “tonsillitis™ or “nasopharyngitis,”
probably due to a “virus.” Rather, an etiologic approach to
the dagnosis should be made on the basis of a good history
and physical examination backed up by laboratory tests and a
thorough knowledge of the various possibiities These are,
mdeed, many and complex and require a knowledge of epi-
demiology, etiology, and pathogenesis of common respiratory
diseases No criticism 1s 1ntended but rather a plea for a serious
and more scientific approach to these common everyday
problems

Brief examples of the chinical approach to an etiologic diag-
nosis might be cited Influenza 1s an epidemic virus disease
occurring 1n the winter months as a rule It is characterized by
chinical features such as sudden onset of fever, sore throat,

oy



4 Newer Virus Diseases

myalgia, and acute pharyngitis without exudate. A diagnosis
of “the flu” outside of an epidemic is almost bound to be -
correct, whereas during an epidemic, such a diagnosis of any
acute respiratory illness has about an 80 per cent chance of
being correct. Many city, county, and state laboratories arc
now equipped to confirm the diagnosis. Coxsackie A infections
usually occur in the summer months, and many of these may
be distinguished by vesicular lesions in the pharyngeal areas.
Adenovirus infections may also occur in epidemics and have
been described as causing typical pharyngoconjunctival fever.
Common exudative or follicular tonsillitis may be due to one
of the adenoviruses. The majorty of these illnesses are not
“strep throats,” but may occasionally become plicated by
a streptococcal infection. However, when the characteristics
of streptococcal discase are evident, such as dirty gray con-
fluent membranes on the tonsils with hugh fever and leuhocy-
tosis, a nose and throat culture followed by penicillin is defi-
nitely indicated. These shetchy descriptions are only samples
of the clinical approach to the problem All of these conditions
are presented 1n detail 1n the following chapters m which fur-
ther diagnostic and chinieal pathologic features are outlined

BASIC CONCLEPTS

Clinical Spectrum

It is most essential that an appreciation of the clinieal spec-
trum of discases of the resprratory passages be made an intt
mate part of our thinkmg. It is defimtely known that the
influenza viruses, the adenoviruses, the polioviruses, and others
may mfect man and causc no symptoms whatsoever They
may produce a mild illness which 1s commonly referred to as
2 cold” or “the flu” or more serious discasc, when such duag-
noses as “bronchitis™ or a “touch of preumoma™ may be made
In certain highly susceptible individuals, any of the ctiologic
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agents mentioned previously may produce serious disease or
death. Primary tuberculosis was probably one of the first
respiratory diseases to alert the physician to the importance
of the clinical spectrum It 1s well recogmized that most imtial
tuberculous infections are mild or inapparent and may be dis-
covered months or years later as a result of a positive tuber-
culin skin test The more severe forms of tuberculosis are often
the result of advancing nfection such as ademtis, pleurisy,
mihary, or meningeal disease, These will serve to emphasize
the spectrum of 1llness which 1s also determined by many fac-
tors such as age, race, infect-
ing dose, and general hy-
giene. SPECTRUM OF DISEASE
In Figure 1, a graphic re- Deathy
presentation of the spectrum
of disease 1s depicted. The Chcal
wavy section runmng hori- Iliness
zontally across the lower part
of the graph represents what
might be called a reticular
zone, or area of awareness,
above which we can recog-
mze 1llness, below or 1
which we cannot by ordinary Figure 1. Graph illustrates the
clincal means The course Sipedl s of e The s
of disease 1s visualized as be-  area of mapparent infection into the
ganing below the arca of chmeal area where discase may be
mamfest by mild, moderate, or severe
awareness, such as “incuba-  sipns and symptoms The develop-
tton period,” and traversing  mentat lines lead either to recovery or
on to death
along the developmental Iine
to nse above the surface
and manifest iself as mild, moderate, or severe illness, end-
ng 1n death if recovery or a remission does not occur The
course of disease may termimate with complete recovery below

‘Moderote

a
Inapparegt Niness
or Latency.
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myalgia, and acute pharyngitis without exudate. A diagnosis
of “the flu” outside of an epidemic is almost bound to be in-
correct, whereas during an epidemic, such a diagnosis of any
acute respiratory iliness has about an 80 per cent chance of
being correct. Many city, county, and state laboratories are
now equipped to confirm the diagnosis. Coxsackie A infections
usually occur in the summer months, and many of these may
be distinguished by vesicular lesions in the pharyngeal areas.
Adenovirus infections may also occur in epidemics and hase
been described as causing typical pharyngoconjunctiva) fever.
Common exudative or follicular tonsillitis may be due to one
of the adenoviruses. The majority of these illnesses are not
“strep throats,” but may occasionally become complicated by
a streptococcal infection, However, when the characteristics
of streptococcal disease are evident, such as dirty gray con-
fluent membranes on the tonsils with high fever and leubocy-
tosis, a nose and throat culture followed by pemeillin is defi-
nitely indicated. These sketchy descriptions are only samples
of the clinical approach to the problem. All of these conditions
are presented n detail in the followng chapters in which fur-
ther diagnostic and chnical pathologic features are outlined.

BASIC CONCEPTS

Clinical Spectrum

It 1s most essential that an appreciation of the clmnical spec-
trum of diseases of the respiratory passages be made an mnti-
mate part of our thinking It 1s defintely known that the
influenza viruses, the adenoviruses, the poltoviruses, and others
may nfect man and cause no symptoms whatsoever They
may produce a mild illness which 1s commonly referred to as
“3 cold” or “the flu” or more serious discase, When such dig-
noses as “bronchiss” or a “touch of pneumonia™ may be made
In certain highly susceptible individuals, any of the etwlogic
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agents mentioned previously may produce serious disease or
death. Primary tuberculosis was probably one of the first
respuratory diseases to alert the physician to the importance
of the clinical speetrum 1t 15 well recognized that most initial
tuberculous nfections are mild or inapparent and may be dis-
covered months or years later as a result of a positrve tuber-
culin skin test, The more severe forms of tuberculosis are often
the result of advancing infection such as adenitis, pleurisy,
miliary, or meningeal disease. These will serve to emphasize
the spectrum of illness which is also determined by many fac-
tors such as age, race, snfect-
mg dose, and general hy-
giene,

In Figure 1, a graphic re-
presentation of the spectrum
ot disease is depicted The
wavy section running hon-
zontally across the lower part
of the graph represents what
mught be called a reticular
zone, or area of awareness,

SPECTRUM OF DISEASE
Death

Clinica)

liness
‘Moderote

above which we can recog-
mze 1llness, below or 1n
which we cannot by ordinary
climeal mesns. The course
of disease 15 visualrzed as be-
ginning below the area of
awareness, such as “mcuba-
tion period,” and traversing
along the developmental line
to nse above the surface

Inopporept Hliness
or Lotehcy.

Figure 1. Graph
clintcal spectrum of disease The de-
velopmental line traverses from the
arca of napparént infection into the
chimcal area where disease may be
mamifest by mild, moderate, or severe

iustrates  the

signs and symptoms The develope
mental Jines lead either 1o recorery o
on 1o death

and mamfest nself as mild, moderate, or severe illness, end-
1ng m death 1f recovery or a renussion does not occur The
course of disease may terminate with complete recovery below
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the Jevel of clinical awarencss or a “latent mfection™ may
persist. Andrewes (1958) defines these infections as “inap-
parent infections which are chromc with some measure of
equilibrium established between host and parasite.” Such a
situation might be represented by a positive tuberculin de-
veloping m a patient without chnical signs of illness, but a
latent infection persists which may some day become active,
at which tme the course of disease would cross into the area
of awareness and proceed to a clinical tllness of varying degree.

It is not improbable to consider that other diseases proceed
n a similar fashion, manifesting various phases of the spec-
trum of disease. Sufficient evidence is available to mdicate
that influenza may be mapparent, mild, or severe and rarcly
leads to death Latency is not readily apparent in this disease
although a carrier state has been reported. Poliomyelins would
appear to offer another example of a well-established discase
with a broad clinical spectrum, the major portion of which
may actually reside in the subchnical area

Virus Research

Andrewes (1954-55) points out the great strides which
have been made 1 virology by the development of new meth-
ods of investigation such as the use of suckling mice, by
which too! Dalldorf and associates (1949) discovered whole
new groups of viral agents now known as Coxsackie viruses
These viruses are vitally important in diseases of man, and
tremendous strides 1n our understanding of these discases have
been made by many mvestigators since their discovery 10
years ago. We now recognize that they not only produce var-

Iustrate (1) mormal
Figure 2. Two photomtcrographs are shown to il

tissue culture cclls as they appear when staned, and (2) c)xopamugmc‘is,
which occurs when the culture 15 infected with viruses The cells are Hela
cells, and the cytopathology 1s produced by the measles virus The stain n

hematoxylm and eosin
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ious forms of acute respiratory and enteric discase but they
may also cause meningitis and myocarditis. The suckling
mouse has made possible highly significant research into the
etiology of mouse leukemra which would appear to be viral in
origin (Gross, 1950). Outstanding advances were made by
the adaption of tissue culture methods to practical viral re-
search when Enders, Weller, and Robbins (1949) cultivated
the poliomyelitis virus in tissues other than those of the nery-
ous system. In addition, they showed that the destructine
effects in culture tubes could be used to quantitate viruses and
antibodies, and thus the development of effective vaccines
was made possible.

In Figure 3, unstained photomicrographs illustrate the ap-
pearance of normal tissue culture and cytopathogenesis as 1t
is seen in culture tubes which are followed daily m the
Jaboratory.

The discovery of the adenoviruses by Rowe, Hucbner,
Gilmore, Parrott, and Ward (1953) in tonsils and adenords
removed at operation was the direct result of new tissue cul-
ture methods At the same time Hilleman and Werner (1954)
discovered that these identical viruses were etrologically re-
sponsible for acute respiratory disease n fuman beings These
advances, including the production of successful adenovirus
vaccines, are discussed in detail tn Chapter Three.

Latency

The concept of latency in virus diseases 15 becomtng rec-
ogmzed mcreasingly and has real significance for the chmcran
Many siruses are being solated by numerous laboratortes

Figure 3. Two photomcrographs of tissue culture cells as they appear
1n the fest tube unsnuned The upper picture (1) shows n‘nrmal m,“,‘ .'imf
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10 Newer Virus Discases

equipped to do virology, and consequently an evaluation of
such isolations by the clinician will be necessary. Many of the
adenoviruses were isolated from adenoid and tonsil tissues re-
moved from essentially well children, and the jsolation rates
have been much higher than the incidence of acute diseasc
due to those agents among such children. Evans (1958) stud-
ied third-grade school children for the prevalence of adeno-
virus infectton and concluded that less than | child in 100
contracted clinical illness associated with an adenovirus dur-
mg a particular respiratory season. He also found a rate of
about 1 per cent among unversity students studied over a
four-year period. The high incidence among military recruis
is dufficult to understand unless it can be explained by intimate
associatron in military camps.

Latency implies that the parasite and host have learned to
evist together and many viral infections are known to cust
unobserved in thetr natural host, In the instance of herpes
simplex tafections certain events, such as fever, menstruation,
excesstve sunshine, or trauma to the lips, may activate an -
apparent or latent infection, and lesions will then appear in
the mouth and on the lips or skin areas which have been ex-
posed or injured.

In the experimental laboratory, latency in ammat viruses
may be revealed by the stmple procedure of passage of organ
suspensions such as bram or lung from one animal to another
Vrral infections seem to appear spontancously but undoubtedly
represent the phenomenon of latency 1 which the quiet rela-
tionship established by the parasite and host is upset This fact
has placed some real limitations on the use of mice 1n par-
nicular for 1solation studies

The fact that many different types of enteroviruses have
now been 1solated from the stools of apparently well individ-
uals may represent another example of latency to which the
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clhinician must be alert, A new problem arises with viruses
which is similar in many ways to the old problem with bac-
teria, that of deciding whether or not the isolated agent is re-
sponstble for the patient’s illness. The fact remains that many
bacterial and viral agents revealed by various culture methods
may not be involved directly 1n the patient’s iliness. Special
antibody tests comparing early and late serum samples are
usually necessary for a more definitive answer. Unfortunately
these are often impractical or unobtainable, and the true dag-
nosis may remain unproved. Therefore, the clinician must
constantly be on guard and extremely cautious in his interpre-
tation of what may appear at first glance to be an obvious ex-
planation for his patient’s 1llness. The primary 1llness represents
the greatest challenge, whereas the secondary complication
may dominate the clinical picture and a diagnosis 1s readily
explained on the basis of the findings caused by the secondary
mvader

Age Factors

It 1s particularly important that we recognize age differ-
ences, which are frequently related to the seventy of disease,
especially when seen 1 a family epidemic Many infections
occur much more severely in prematurely born babies or in-
fants than 1n older children or adults. We are also aware that
Certamn  so- called childhood diseases such as chickenpox,
measles, and p yehtis may fest t Ives m very
severe form 1n adult patients We know little of the basic fac-
tors underlymng these differences, which we can only recognize
as bemng related to age. Expenmentally, newborn mice are
found to be highly susceptible to certam typss of infections
such as those due to Coxsackie viruses, whereas older amimals
are found to be resistant In the case of polioviruses newborn
mice are less susceptible than older ammals
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Secondary Infection

Ie if important clinically to recognize what is primary and
what is secondary in respiratory tract infections. The occur-
rence of mixed infections cannot be overemphasized, and the
actual symptomatology which the patient exhibits may be
more related to the secondary complicating organisms than to
the primary agent. Complications may occur in concert with or
follow very closely behind the primary 1ilness. This fact has
led to a great deal of confusion for many years. Epidemics
may vary from community to community or within families
in a community, as a result of varying secondary complicat-
ing organisms Man is now recognized as a common carrier
of many bacteria, and we are gradually becoming aware of the
importance of fungal as well as viral agents which apparently
have established a symbiotic relationship between the host
and parasite,

It 1s concewvable that almost any sequence of events might
occur to imitiate chnical disease, However, most recent studies
reveal that the majority of primary respiratory tract infections
are probably due to viruses. These are considered to be air-
borne and highly contagious for the susceptible mdividual,
this is most obvious at times of influenza and measles epi-
demics In the case of certam of the new adenovirus infections.
highly epidemic characteristics have been manifested in new
recruits 1n the mihtary population Conceivably epidemics
could occur 1n institutions such as schools and industry In
the now-classic study of ilinesses 1n familics which 1s going on
i Cleveland under the direction of John H  Dingle, the
etologic agents responsible for most of thc common res-
piratery diseases are considered t0 be nonbacterial. The mza-
sles virus and varous types of mfluenza viruses have been
recognized for many years as the cause of primary respiratory
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tract infections which may commonly be complicated by
various bacterial organisms.

Pathogenesis

The pathogenesis of acute respiratory disease is not com-
pletely understood, but 1t would seem illogicat to continue to
refer to upper and lower respiratory tract infections A divid-
g line would be difficult to determine 1n most patients, and a
thorough chinical appraisal often reveals that even mild in-
fections are not confined to the upper respiratory passages
Cough, a common symptom of nuld respiratory tract disease,
usually indicates some trritation 1n the middle or lower respira-
tory passages. Experimental studies have clearly established
the fact that the basic mechanism in the development of pneu-
moma is aspiration (Robertson, 1943). Infectious material
from the upper respiratory tract may be aspirated and thus
produce disease lower down n the pulmonary tree The lung,
which is an mternal organ, 1s constantly exposed to outside
ar, Sticky mucus 1n the respiratory passages undoubtedly
catches many organisms which the ciba in turn move out of
the pulmonary tree The conjunctiva may be considered a
common portal of entry, and tears are known to have a ugh
lysozyme content, which 15 bactertostatic. They likewise serve
to nd the conyunctiva of many of the organtsms that come n
contact with 1t. The epsglottis is an important defense organ,
but incomplete 1 1ts function during chilling or anesthesia
Mucous secretions wn the lower respiratory passages combine
with cough and cilia as essential mechanisms for elimmating
foreign material Phagocytosis and lymphatic dramz\ge 1n the
lower parts of the pull y tree are sig)
of defense The lungs which are normally sterile are undoubt-
edly kept so by the various mechanisms that have just been
referred to
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. Many factors underlie the development of respiratory tract
infections, and probably one of the most important 1s the de-
gree of specific immunity. It might be further defined as vary-
ing susceptibility of the host. Factors which make up the host
defenses are mfluenced by environmental stressing sttuations
such as fatigue, chilling, psychogenic disturbances, and ob-
vious exposure to discase. A combination of agents, therefore,
as well as host factors, plays an important role in the patho-
genesis or development of respiratory tract infections

Evidence indicates that congestion and irritation resulting
from infections in the respiratory passages may interfere with
elimination, and thus favor the development of secondary in-
fections. Following obstruction and congestion as well as local
xrritation produced by primary respiratory disease, secondary
involvement in the form of bactersal infection of the sinuses,
mner ears, lymphatics and their glands, and the lower pul-
monary passages occuyrs. The escape of bactersal-laden fluids
past the epiglottic barrier plays a much more 1mportant role
mn the inception of pulmonary disease than does the mhala-
tion of fective droplets. In primary epidemic respiratory dis-
ease, air-borne nfection is recognized 1 influenza (Loosli,
Robertson, and Puck, 1943), and would appear 1o be the out-
standing factor in the spread of measles and many other re-
spiratory virus diseases A lateral body-section roentgenogram
of an infant 1s shown 1 Frgure 4, to illustrate the angle of
drainage that obtams when the patient 15 placed in the prone
posttion This position 1s advocated 1n order to mimmize the
dangers of aspiration, to prevent pncumonia, and to (reat
cough related to dramage m the postpharyngeal area

The chmician 1s faced with the problem of treatment and
prevention and 1s constantly ntrigucd by the wdea that anu-
biotics may be the answer 1o the problem However, the use
of anubiotics and chemotherapeutic agents 1 the treatment
of measles has been shown by Wemnstein (1955) not to reduce
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the incid, of dary complications, but they may even
be increased as a result of the emergence of certain antibiotic-
tesistant organisms. Organisms such as the influenza bacillus

Figure 4, A body-section roentgenogram of an infant 1 the pronc posi-
tion Jllustrating the stope of the man respiratory passages This posttion is
advocated to prevent aspiration, to promote dramage, and to ameliorate
vough due o obstruction caused by the accumulation of exudate

have been the primary complicating orgamisms rather than
the st and occus 5o ly recognized
prior to the days of specific therapy Certamly a critical ap-
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praisal of the routine prophylactic use of antibiotics in com-
mon respiratory disease is necessary, and at the present time
the writer does not favor their routine use in the majority of
these nfections, unless indications are apparent, at which ttme
a wise choice of therapeutic agents should be made.

Virus Interference Phenomenon

The phenomenon of virus interference may have important
implications for the clinician. In general the phenomenon of
interference is manifested when a virus capable of cavsing ill-
ness or death fails to do so when inoculated along with or fol-
lowing a second virus which by itself fails to produce symp-
toms. An example of interference cited by Burnet and Lind
(1954) occurs when two influenza strains are inoculated into
mouse brain. One virus which is capable of producing death
m a very high dilution will fail to do so except at very concen-
trated strength, and weaker concentrations of what might be
an otherwise fatal infection may be prevented entirely by the
presence of 2 nonpathogenic virus. Vilches and Hirst (1947)
showed that nonneurotropic mnfluenza viruses would aiso pro-
tect against one strain of a completely unrelated virus, that
caustng western equine encephalitis. It 1s indeed remarkable.
according to Burnet (1955), how readily the multuplication
of a highly adapted strain of western equine encephaiitis virus
can be whibited 1n the mouse bramn by the prior injection of
such unrelated pathogens as influenza viruses

The growth of mfluenza viruses in the allantoic cavity of
the chick embryo provides an excellent situatton for the study
of interference It a large dose of undiluted virus 1s mactivated
by ultraviolet irradiation and wnjected mnto the allantoic cavity
subsequent 1noculation of a small dose of active virus of any
type will produce no demonstrable ev wdence of 1nfection
Killed virus. heated to 56 C for 30 mumnutes. 1s equaily effec-
tive as an interfering agent The implications for the physteran
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are complex indeed, and although double infection in an ani-
mal 1s recognized, clnically 1t 1s rare to see a patient who is
suffering from one virus disease become acutely involved by
another. This would seem like a logical or opportune time to
attack, but the phenomenon of virus interference may be a
most significant mechanism of nature to minimize or prevent
double, triple, or more 1nfections.

Burnet (1955) points out that 1t is of no great interest
if a second virus cannot multiply in a cell that has suffered
lethal damage from the first. It is, however, important when
the interfering virus enters and iniates the process of multi-
plication in the cell, fails to damage it, and yet after an ap-
propriate pertod renders 1t insusceptible to action of the second
challenging virus Burnet (1955) emphasizes that this may
well be the central problem of virology:

‘What determines why a virus “potentially”™ capable of imtiating
a process of multiplication that can go on to complete necrosis of
the cell will, under some circumstances, produce no overt patho-
logical changes whatever? It scems only reasonable to believe that
this fallure to continue the imitiated process 1s a type of atto-
and that 1ts interp would almost

provide an nterpretation of nterference 1n general

Y

The ¢hinician and epidemiologist are tempted to ask the
virologist what the possible relationship of the interference
phenomenon might be to the changing pattern of epidemiol-
ogy The appearance of several forms of aseptic meningitss,
assuming epidemic proportions at a time when poliomyelitis
15 normally the predommant 1llness, 1s of extreme 1nterest and
mportance to the chinician Have we failed to diagnose these
diseases 1n the past, or merely referred to them as nonparalytic
pohiomyelitis, or were they formerly interfered with 1 some
manner and now are freer to produce recogmzable epidemmc
disease?
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Diagnosis (Basic Considerations)

. A {unher basic concept that deserves more emphasis is the
vital importance to the clinician and student of medicing of
an accurate diagnosis based primarily on etiology. Vague ana-
tomic terms, such as tonsillitis and bronchitis, provide little
help toward an intelligent approach to treatment and prog-
nosis. It is now clear that lerally dozens of different agents
may cause acute tonsillitis, all the way from rare causes such
as Fasteurella (bacternum) tularensis, reported by Hughes and
Etteldorf (1957) as the cause of oropharyngeal tularemia, to
beta hemolytic streptococcus and possibly other bacteria, and
thence to the almost innumerable vira] agents now recognized
as primary etiologic factors 1n common respiratory diseases.

Certain basie laboratory approaches exist for diagnosis and
can be Disted as: (1) examination of infected tssues for
pathologic alterations, (2) isolation and identification of the
infecting agent, (3) determmation of nses in antibody uter
during the course of illness which indicate the presence of
specific disease, and (4) detection of viral antigens in lesions,
such as is now being accomplished by means of fluorescein-

Iabeled antibodies 1n clinical specimens. The nature of the dis-
ease may determine largely which method of diagnosis 1s best
sutted to the particular pattent Microscopic methods are of
Irmited value but may be employed in the casc of vaccima or
other viral mfections, 1n the examimnation of spinal flud and
unnary sedtment as well as pharyngeal smears. Confirmation
15 often necessary scrologically or through the isolation of the
causative agent These procedures are time consuming and are
usually not as available or pracucal as serologic methods
Serologic tests as a rule find far greater usefulness than either
the microscopic or 1solation approach Serologic methods arc

of Iittle use when the ctiology is unknown, 1 which case nola-

tion methods would be more valuable Inasmuch as an cti-
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ologic diagnosis of these common respiratory tract infections
is hughly ad d, as 10 terms, 1t is neces-
sary that laboratory methods be employed in addition to -
creased clmical knowledge of these diseases.
A paramount consideration in the diagnostic evaluation of
a patient with a possible viral infection is the fact that the same
clinical syndrome may be caused by many different agents
Aseptic menmingitis, for example, is caused by polioviruses,
mumps, herpes, and lymphocytic chonomeningius viruses,
many different types of leptospira, and certain Coxsackie and
ECHO viruses. Likewise influenza-like illnesses may be pro-
duced by three different types of influenza, varrous other
myxoviruses, psittacosts, Raft Valley fever, dengue fever,
adenoviruses, and fectious mononucleosis
An additional complicating factor 1n etologic diagnosis 15
the relative ease wath which viruses may be 1solated As pointed
out previously, mere 1solation does not always establish the
agent as the causal factor in the patient’s illness Viruses per-
sist 1n human hosts for long pertods of time, and the 1solation
of such agents as herpes, pohoviruses, and ECHO and Cox-
sackie viruses does not necessarily indicate that the virus s
responsible for the patient’s 1llness A consistent climeal and
d ! pattern 1s 1 1n 1 the relation-
shtp of the 1solated agent to the disease Different viruses, hav-
ng the same seasonal and geographic occurrence as polio-
myelitis and encephalitis viruses, may cause mapparent as
well as chnical disease In one season, one patient may have
tnapparent mfection with one virus and clmical mfectron with
another Aseptic menmgitis may be caused by erther agent,
and only by antibody studies with both agents can one estab-
bsh a true diag Further d fliculties are en-
countered when rare dual infections occur, as may happen with
polioviruses, Coxsackie or ECHO viruses Inasmuch as two
viruses have been isolated from the same stool samples of
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paralytic patients and antibody rises to two agents have been
demonstrated, the poliovirus is usually held responsible al-
though the possible role of Coxsackie and ECHO viruses may
be in some way related. Serologic studies are therefore neces-
sary when multiple viruses are isolated. The Covsackie and
ECHO viruses were originally isolated in poliomyelitis stool
surveys, and their interrelationships have not as yet been fully
worked out.

The complement fixation test is the mainstay of the virus
diagnostic laboratory, largely because it is relatively simple
and economical. These tests are available for a Jarge number
of viral diseases: influenza A and B, Newcastle disease, herpes
simplex, Colorado tick fever and other arborviruses, the en-
tire adenovirus group, and poliomyelitis. It is most significant
when a fourfold or greater rise in titer occurs. The principle of
the complement fixation test 1s based on the presence of &
thermolabile substance which is removed or inactivated by
heating and then a known amount of complement may be
added in the form of fresh guinea pig serum. Virus plus comple-
ment is added to senial dilutions of the serum to be tested. An
indicator system consists of a mixture of sheep erythrocytes
and antibody to sheep cells which is known as hemolysin The
occurrence ot nonoccurrence of hemolysis wmdicates whether
antibody to the virus or antigen used in the test is present n
the serum

Collection of Specimens and Laboratory 'rocedures

In order to facilitate the isolation of viruses, the proper col-
lection of appropriate materials 1s essenttal The noculation
of susceptible ammals, egg embryos, or suitable tissue cultires
depends tn farge part on the agents that are bewg dooked far
[n the laboratory the mocutum 1s prepared by filtration or dif-
ferential centrifugation, or by the use of bactericidal drugs m
order to ehmnate bactenia. The carlier i the iliness specimens
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are obtained the more chance there is of an isolation. Most
viruses may be preserved by freezing, and collections at the
bedside are often placed immediately m  wide-mouthed
Thermos jars containing pieces of solid carbon dioxide or dry
ice, in which state the virus may be preserved for travel and for
fong periods of time prior to inoculation. Temperatures of be-
tween ~20° and ~70° C should be employed from the time of
coltection until inocutation.

The main laboratory ammals used in virus isolation nclude
mice, hams:ers, cotton rats, guinea plgs rabbuts, and monheys.
O 1y, one- 1o two-day-old mice are employed, par-
ucularly when Coxsackie wiruses are being looked for. Tissue
culture methods are avaiable in many laboratories, and cells
may be maintained m simple test tube cultures, 1 1o 2 ml of

nutrient Rud d salt solufions and various
growth factors are employed to provide nourishment to the
cells Cells may then be d under the mi

through the glass wall of the test tube each day with the low
power objective The cytopathogenic effect referred to pre-
wiously (Figs 2 and 3) occurs when virus begins to destroy
tissue This effect can be intubited by specific immune serum
and provides an excellent neutrabzation test It also mokes
possible typing of polioviruses and quantitating the amount
of antibody. In addsion to animal and tissue cultures, chick
embryos are used particularly for the isolation of influenza
viruses  Further d of diag 7 15 pre-
sented 1n specific chapters that follow

Classification of Acute Respiratory Disenses

Tt would be difficult, if not impossible, to attempt to classify
the widely varied and complex causes of respiratory disease,
and therefore an attempt will be made only to group these
diseases and enologic agents mto fauly large categories to
provide a sort of working di di: The




22
of this book, t

with the infl

Newer Virus Diseases

would serve as a

basic outline, but a tabular presentation with a few more de-
tails, including the etiologic agent when known, is shown in

the accompanying Table 1.

Table 1

ACUTE RESPIRATORY DISEASES

DISCAST
Epidemic influenza

Para-influenza I, 2,
Ginfantile croup)

and 3

ETIOLOGY:
Myvoriruses Influenzac A,B,and C

Para-influenzae 1, 2, and 3
(hemadsorption viruses)
(croup-assoctated {CA]

Adenovirus
Acute respiratory disease (ARD)

Keratoconuncuvitis
Acute follicular conpunctivitis
Phuryngoconjunctrval fever

Exudatie tonsdliis and or
pharyngites

Virus pneumomna n ifants and
adults

Enteric virus diseases

Vesicular pharyngitis
Acute pharyngitis
Poliomyvehtss

virus)
4d s Types 1-24

Adenosirpses, types 4 and 7,
also 3 and 14

Adenoviruses, type 8, aho 3
and 7a

Adenoyiruses, 1ypes 3, 6, Ta,
9, and 10

Adenoviruses, types 3, Ta,
Id.abo 1, 2.5, and 6

Adenosirines types 1, 2.3,
and 3

Adenoviruses types Ta, 4,
and 7, also 1 and 3

Emerpvirsises Covsachie A and B
MITUSCy
Polioytrses types 1, 2, and

3
ECHO viruses types -2
(HE sirus)
Coxsachic A viruses
Coxsackie A and B viruses

Poliortruses, types 1, 2, and



Intreduction and Basic Concepts 23

‘Table 1 (Continued)
ACUTE RESPIRATORY DISEASES

DISEASE:

Respiratory lncss in infants
Resprratory-entenc disease
Measles (rubeola)

German measles (rubella)
Psuttacosis

Q fever
Leptospirosis

Tuberculosis

Scarlet fever and streptococcal
pharyogius
Diphtheria

Pertussts

Coccidioidomycosts
Histoplasmosts

Monihasis

OTHER RESPIRATORY DISEASES
Lymphoeytic choriomemngitis
Infectious mononucleosts
Acute

LTIOLOGY .
ECHO virus, type 20 JV-1)
Reoviruses, types 1,2, and 3
Rubeola virus
Rubella virus

Psittacosis-ornithosts group
of viruses
Ruckettsta Coxiella burneti
Spirochete  Leptospira icterohae-
morrhagiae
L. canicola
L pomona and 4 other types

Bacteria M)ycobacterium tuberculo-
sis

A bous
Group A beta hemolyne
streptococeus

Corynebacterium  diphthe-

Bordetella  pertussts  and
paraperiussis

Fungus Coccidioides immis
Histoplasma capsulatum
Candida albicans

L C M wirus
Undetermied
1

Respiratory tract infections

Primary atypical pneumonia

I H and 2060 viruses, re-
spiratory syncytial virus
(RS), the Coe virus, and
“U” or Uppsala virus

PAP virus
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Chapter Tio

ANATOMIC AND
PHYSIOLOGIC

ASPECTS OF ACUTE
RESPIRATORY DISEASE
AND PNEUMONIA IN
RELATION TO MANAGEMENT

INTRODUCTION

There 15 no ume 1n the practice of medicine when we need
to apply our knowledge of anatomy and physiology more than
at the bedside of a patient acutely 1l with pneumoma This
applies at all ages, but certamly it 1s highly critical 1n ifancy
The baby's lung 1s Iike the baby's hand—it s there 1n all its
parts, but 1s absolutely small This stmple fact presents many
problems No attempt wil be made to present the subject from
the point of view of the anatomsst or phystologst. but rather
from one clinician to another. What phases of these basic sub-
Jects can we use at the bedside of the sick patient? The physi-
ologic aspects of some of the commonest symptoms, such as
cough, dyspnea. cyanoss, and chest patn will be discussed

26
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PHYSIOLOGY

The primary function of the pulmonary system is one of
ventilation In order to do this job well, there must be no ob-
struction to the ingress and egress of air. The secondary func-
tion of the lung is to maintain proper tensions of carbon
droxide and oxygen which control to some extent the acid-base
balance of the blood. This latter phase will not concern us
appreciably as little or no significant deviation of acid-base
equilibrium octurs in the blood of most patients with pneu-
monia. Most of the problems relate to ventilation, as the
function of all of the organs and tissues of the body depends on
oxygen Ventilation in the case of human beings means that
arr * must move in and out of the lung, leaving behind its
oxygen, which 1s only about one-fifth of the total volume—~the
remainder of the air must be moved out to make room for
the next load contamng oxygen to move 1n. This latter process
takes time and i the case of oxygen lack or air hunger, the
respiratory rate is stepped up and respirations become rapid
and shallow 1n an attempt to get sufficien. oxygen to the blood
and tissues

ANATOVIY

The lung of the newborn mfant 1s not a mimature of the
adult lung, according to Engel (1947) and Looslt (1959).
The respiratory umts with their small, shallow alveoh are
ncompletely developed The elastic fiber system, too, so m-

* Content of mspired anr 15 as follows

Nitrogen (N.) 7903% 596 45
Oxygen (0.) 2093% 15825
Carbon diouide (CO ) 004z 030
Agueous vapor 500

76009 mm Hg
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portant in lung function, is incompletely developed in the
newborn. After birth the lung grows by the formation of new
respiratory units (Engel, 1947) and the individual enlarge-
ment of the alveolar ducts, sacs, and alveoli (Loosli, 1959).

The knowledge of the finer structure of the respiratory sys-
tem which conducts the interchange of gases is most impor-
tant if we are to appreciate fully what goes on in the presence
of disease The actual ventilation takes placc at the respiratory
bronchiole and beyond. The tracheobronchial tree functions
primarily as a tube for conveying gases. It also serves to elimi-
nate foreign materials from the lower pulmonary tree by means
of its secretions and ciliary action, The secretion prevents dry-
ing of the delicate membranes lining the air passages.

The respiratory bronchioles with the alveolar ducts, the
alveolar sacs, and pulmonary alveoli make up the primary
umt. Approximately half a dozen alveolar ducts arise from
respiratory bronchioles, from which alveolar sacs come off and
form from two to three alveoli One of the most critical areas
is the structure of the alveolar wall where the actual exchange
of gases takes place With ordinary light magmfication the
alveolar wall separating the air from the capillary lumima is
extremely thin and appears to consist only of the capillary
lining cells with the surrounding conncctive ussuc fibers and
ground substance (Loosli, 1938). Electron microscomc stug-
1es by Low (1953), Policard (1956), and others have revealed
the alveolar wall to have three layers consisung of 1) capsl-
lary endothehum, (2) bascment membrane, and {3) oyto-
plasmic layer of cells covering the surface of the alveolt (see
Fig. 5, p. 30) The angn of the cells giving 11se to this cyto-
plasmuc layer 1s sull a subject of stndy

The relauonship of the alveolar membrane to capilfary 1
essential not oaly for an understanding of the iochermical
aspects af respiration but also for appreciating the symptoms
and signs of disease which alter the character of this layer,
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thus interfering with the flow of vital substances There is a
generous distribution of lymphatics which drain the lower pul-
monary units and appear to be important clinically in that
absorption from these areas may cause the high fever so char-
acteristic of pneumonia, The tracheobronchial tree, which is
lined with columnar epithelial and secreting cells, allows for
very little absorptions this accounts for the afebrile nature of
patients with bronchitis per s¢ When the patient has a fever
we must look for infl 1n the upper ges or in the
most peripheral areas of the pulmonary system.

VENTILATION

The ventilating process is essenttally a passive one, the
ngress and egress of arr depending pnmnnly upon pressure
differences existing between atmospheric and intrap
air. These differences are produced by expansion and comrav
tion of the thoracic cage. With each nspiration the ribs move
upward, increasing the Jateral diameter of the chest, the
diaphragm descends, and the sternum 15 elevated. The unequal
enlargement of the thoracic cavity allows for less expansion
tn the apical areas than occurs in the lower portion of the
lung. With normal breathing, of course, maximum gaseous ex~
change does not take place, and only about one eighth of the
total potential aerating ability occurs at any one time, This
normal exchange 1s referred to as tidal arr and amounts to
approximately 500 cc durning queet breathing in the adult
The mspiratory reserve 1s that amount which we can nhale
1 addition to the tidal air 1f we make a maximal inspiratory
effort This 1s approxmmately 1500 cc over the tidal air. The
expiratory reserve 1s the quantity a person can blow off fol-
lowing tidal expiration, and 1s stmilar to the “mspiratory
reserve” 1n amount—about 1500 cc An addstional 1500 cc
of residual air remarns following a maximal expiratory effort.
The vital capacity s the sum of the tidal, inspiratory, and ex-

o
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piratory resecves and totals approxunately 3500 ce. Functional
ressdual air refers to the amount remawung m the lungs at
the end of normal expi which nchudes the expi y
reserve plus vesidual air In Figure 6 the vatious compartments
have been duagrammed simply 10 show therr rejationship m
pulmonary actwity

Oxygen 15 transported in the body by the sntravascular
flnds and celivlar elements, the most important compenent
of which 1s hemoglobun in the ecrythrocytes Qrdinary satura-
tion is approsimately 95 per cent [t s affected directly by
the tension of axygen, carbon dioxide, the temperature, and
pH, all of whuch are concerncd n the chemical seaction of
hemoglobin with oxygen Tt 1s this loose chemcal assperation
that aflows the red cells ta pich up oOxygen in the lungs and
dispose of a1 1n tissue capitfanzes An exchange of CO: ovcurs
m between the tissue capslarses and the ussues themselves, in
which arca the CO- tension 1s 46 mm Hg as compared with
40 mm Hg actessal tenston 10 the lungs When hemoglobia 1s
oxygenated, the acxdsty ncreases, Which i rurn enhances its
affinsty for CO. This factor 55 important tn mAMMmng a
continnous oxygen-carbon dipnide exchange

Before gomg wto sy fogy, a few of
normaley rught be helpful Normal breathing 1s refersed to as
epnea and 1 smply made up of an actne mspwanon and a
passtve expiration  With exercise of exertion the gaseous vol-
ume of exchange sncreases, this increase 1s called i perpnea
Tachy priea represents an inerease 1 the respiratory rate alone.
with mncreases of volumetric exchange The remporary respira-

[ —

Frgure 8. Flectron microwopic photograph of normat aduit fung of mas
showng the structure of the aheolar wall x 29500 (1) Alvealar space.
L2t evioplasmic covermg §3) basement membrane, (43 capilary emdo-
thetiom (5) capilary space 161 red bload cell {Courtesy of Drs Clavion
G Y00Mr and Richard F Haker Unneresity of Southern Cablornta School
of Medicge |
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tory arrest that often follows hyperventilation is called apnea.

The most serious disturbance in respiratory thythm has
bee.n called Cheyne-Stokes respiration, which consists of a
series of respiratory efforts, progressively increasing both in

INSPIRATORY RESERVE
1500 e

VITAL
TOTAL CAPACITY
LUNG
CAPACITY EXPIRATORY RESERVE
1500 ¢c
FUNCTIONAL
RESIDUAL

RESIDUAL
1500 ¢¢

MININAL

Figure 6, Diagrammatic representation of the various campariments of
a1t 1n the normal process of pulmonary ventilation (Medwcal Niustration
Service, Veterans Admimstration Hospatal, Long Beach, Calfornts )

rate and volume, with a passive expiratory phase This ¢ycle
diminishes to the pomnt of apnea and aithough it may occur
naturally, 1t ordinarily indicates serious discase Certain drugs
and dlinesses, such as congestive heart failure, renal diease.
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increased intracranial pressure, pneumonia, and bronchial
asthma may be responsible for this type of breathing. Biot's
respiration is characterized by hyperpnea and apnea which
occur irregularly

DYSPNEA

This term refers to difficult or labored respirations regard-
less of whether or not the patient is conscious of his own dif-
ficulty. Tt is caused by any disturbance—mechanical, chemical,
or nervous—in the control of breathing The commonest,
simplest form follows exercise and usually implies varying
degrees of hypoxia It 1s extremely important clmically to
evaluate dyspnea as 1t is probably the earliest sign of oxygen
deficiency, preceding more obvious signs such as cyanosis. In
any particular case, dyspnea may be of a neurogemc nature
and be wholly functional such as the type which may be
related to severe pan in a visceral organ or an extremity In-
creases in pulse and respiratory rate may be the first indrca-
tions of impending hypoxia

Disease in the resplratory passages may obstruct the normal
Such obstructions, as a
rulc, are due to pathologic swellings, growths, and possible
foreign bodies A barrier may result from fluid as seen
pulmonary edema, from vartous forms of exudate as occur 1
assocration with pneumoma, and from chronic changes as
seen in pulmonary fibrosis The extrapulmonary causes of
hypoxic hypoxia, which rarely must be differentiated, are
various forms of congenital heart disease in which there 1s a
venoartenial shunt preventing sufficient aeration of circulating
erythrocytes

coucn

The lungs are relatively silent organs, but one of the earliest
and most valuable symptoms may be cough which is produced
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by closure of the glottis with a subsequent forceful expiratory
effort. Sensitive points are found in the tracheal bifurcation
::'nd in laryngeal areas almost anywhere along the epithelial
lining of the bronchial tree, Particles are moved out of the
respiratory passages by ciliary activity, peristaltic movements,
and coughing, Air or fluid, particularly in the pleural areas,
often initiates the cough reflex, indicating their presence. In
acute inflammatory conditions such as pneumonia, cough is
imtiated by rritation and excess fluids which result from the
wnflammatery process. Drainage from the nasopharyngeal areas
will induce coughing, particularly when it passes the epiglottic
barrser.

Postural drainage has been found to be helpful in prevent-
ing upper respiratory mflammatory fluids from entering the
middle and lower pulmonary passages. One of the most effec-
trve ways to treat cough in infants is to place the baby in the
prone posttion, following which puddling of mucus often oc-
curs about the face There are many types of cough, but the
louder, rough coughs are usually associated with inflammation
m the pulmonary tree as opposed to the litle hacking types of
cough which are often on a neurotic basis Spasmodic cough-
mg 1s often charactensstic of pertussis, and a pamnful cough
may indicate pleuritis Wheezing 1s usually related to forceful
expiration,

CYANOSIS

This relates to the bluish-gray color of the shin wich oc-
curs n the presence of reduced hemoglobm It 1s the most
definste sndicator of hypoxic hypoxta and 1s not ordnarily
scen 1n anemic hypoxia due to nsufficient hemoglotin  The
bluwsh color s related directly to the absolutc amount of re-
duced hemoglobin 1n the capillary blood Climcally, then. we
may sec dyspnea without cyanosis and the oppostte atso may
obtain In general, heart disease and arteriovenous shunts
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may be associated with severe cyanosis with lutle dyspnea.
Ths sign will be discussed further in the following paragraphs
concerned with pneumonia.

CHEST PAIN

There are no pain fibers in the lung parenchyma or visceral
pleura. Pain is most commonly related to lesions which in-
volve parjetal pleura and is aggravated by deep respiratory
movements. As a rule, there 1s little relationship between
severity and the extent of the lesion. Central diaphragmatic
pleural pains may be referred to cervical 3, 4, and 5 in the
neck region, and peripheral diaphragmatic pamn may be re-
ferred to the abdomen and lumbar regions. In pneumonia,
patients commonly present acute abdominal findings suggest-
ing an acute surgical condition, Certain pains in the chest may
be related to myositis and neuritic conditions such as those
produced by the herpes zoster virus, Probably the commonest
forms of chest pain in adults are related to disease n the
coronary arteries One must be constantly aware of abdominal
conditions that may be referred to the chest, such as gallblad-
der disease.

PATHOLOGIC PHYSIOLOGY OF PNEUMONIA

In the carly stages of pulmonary inflammation, unoxy-
genated blood may reach the aorta, but following consolidation
of various areas litle blood 1s circulated through them The
advancing area of edema mnterferes with the normal diffusion
rates and shallow respirations follow. Bronchiolar obstruction
may lead quickly to hypoxia, with complete or partial obstruc-
tion of certam small passages, areas of atelectasts and emphy-
sema develop quickly. The blood then courses through capil-
laries 1n which no oxygen may be available In acute bronchi-
olitis 1n mfancy, air trapping with signs of overaeration and
depressed diaphragm 15 2 very common roentgen finding These
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Pabies are dyspneic and are ventilating very poorly. Cyanosis
is a common finding in pneumonia and is usually visible when
the oxygen saturation falls below 85 per cent. In the anemic
individual or in patients suffering from shock it may fal to
be a striking sign Other symptoms, such as delirium, tachy-
cardia, and dyspnea, should indicate the need for oxygen
Toxemia and hypoxia may stimulate proprioceptive reflexes in
the Jung which tend to increase the volume of breathing. Vital
capacity is sharply reduced, and total lung capacity and
functional residual air are also diminished.

OXYGEN THERAPY

The extreme value of increased oxygen intake in patients
with pneumoma has been shown to be beyond question for
many years. Atmospheres containing 50 per cent oxygen will
rawse artertal oxygen saturation to near normal levels and other
signs of improvement occur, such as slowing of the pulse, dis-
appearance of or dil hed cyanosis, d. son of debrium,
and lowered fever in many patients. Dyspnea may be partially
or completely relieved The primary purpose of oxygen therapy
1S t0 maintain or improve the function of the lung with re-
spect to the absorption of oxygen in order to prevent damage
to the vartous organ systems during the critical stages of dis-
ease In the presence of widespread pulmonary disease, such
as seen 1n nfants with bronchiolis, 1t 15 2 most valuable and
necessary therapy

Pulmonary capillaries are dependent for their oxygen sup-
ply on alveolar oxygen tenston. Poor ventilation in a splinted
area may lead to local hypovia and corresponding local edema
because of the ncreased permeability of lung endothehium in
the presence of a dimimshed supply of oxygen

When oxygen therapy has been decided upon, the method
of ad ration and cc anon of oxygen are vital con-
siderations Concentranon should be sufficient to overcome
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arterial hypoxia. This may become a matter of chinical judg-
ment which may best be determined by careful observation
and good nursing. Studies indtcate that arterial hypoxia may
be overcome in the majority of patients with pneumonia by an
atmosphere containing 50 per cent oxygen. However, higher
satnrations may be necessary in scverely ilt patrents, and a
careful watch of the oxygen concentration may be ifesaving
When high concentrations are required, Jong-continued use
of oxygen must be carefully watched and guarded against be-
cause of the dangers of irntating and toxic cffects referred to
as oxygen poisoning Oxygen tent concentrations of 70 per
cent as a rule may be continued for Jong pertods of tme.
Sumple, clear plastic oxygen tents have proved extremely use-
ful and valuable Oxygen therapy 1s frequently combined with
a humid atmasphere 1a the treatment of wfants with croup and
signs of laryngotracheobronchuitis. Oxygen, as a rule, may be
discontinued following the return of the temperature and
pulse rate to normal Constriction of the bronchtal tree may
occur in patients with various forms of atypical or virus pneu-
moma An element of bronch may be d. and
frequently the use of epinephrine (Adrenalin) followed by
steroid therapy may be hfesaving. The use of amnophyline
15 often followed by striking drmnutton in cough and dyspnea
Pulmonary funcuion studies will not reveal where or what
the lesion 1s or 1ts very eustence 1f 1t does not interfere with
funcion However, they provide an important complement to
the ustory, physical examsnation. and radrologtc, bacteriologic,
microscopic, and pathologic studies Although the primary
function of the lung 1s a smgular one, that of gascous exchange,
a number of processes are involved (1) Ventilation—this m-
cludes both volume and distribution of the air ventdating the
alveol A sufficient volume of mspired air must reach the
alveoh and this arr must be distributed evenly to hundreds
of millions of alveoh 1n the lungs (300.000,000) (2) Diffu-
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sion—the process by which O: and CO: pass across the
alveolar capillary membranes. (3) Pulmonary capillary blood
flow—which must be adequate in volume and must be drstrib-
uted evenly to all the ventilated alveoli, Mechanical factors
are of great importance because adequate pulmonary gas ex-
change is achieved only by the increased work of the respira-
tory musculature, and it is for the relief of this effort that
much of the therapy is directed.

The work required by the right ventricle in pumping blood
through a restricted pulmonary vascular bed may be of critical
importance. The value of Pulmonary function tests is great
indeed and will play an ever-increasing role in the adequate
management of the patient. They are as important to the prac-
tice of good medicine as hepatic, renal, cardrovascular, and
neuromuscular function tests not only in diagnosis but also
guiding therapy of patients with cardiopul hisorder.
Pulmonary function fests have proved to be invaluable m
establishing physical and measurable data in patients who have
suspected pulmonary disability,

MANAGEMENT OF ACUTE RESPIRATORY

TRACT INFECTIONS

The practical problem of the treatment of acute undifferen-
tiated respiratory disease, When to treat and what drug of
drugs to use, faces the practitioner daily. Unfortunately. these
important questions cannot be answered with a few conene
and well-chosen words; yet we must make therapeutic deci
stons 1f we are to practice good medicine In the next few
paragraphs an attempt will be made to summarize the problem
and to present a logical appraach to treatment

Every practical effort should be made to establish a w orh-
ing diagnosis. A mere guess that it sounds fike a “virus nfec-
tion,” “tonsilus,” or “flu™ 15 not as a rule suflicient to mtite
a logical program of treatment It may be imposble to do
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more than gucss and offer a \\mkmg dm"nosxs to lhc patient,
but a th h scientific approach to an etiologi
even though i ll be a guess, should be made. This does not mean
that we have to start drawing blood, making throat and stool
cultures for bacteria or viruses, but it does mean that we should
make the most of the practical clinical methods available to
all well-tramed physicians, We sometimes forget the impor-
tance of a good history and hurry through a cursory physical
examination, These interrelated chimical procedures form the
basts for a good working diagnosis which may or may not be
confirmed later 1n the laboratory. The history, besides reveal-
ing the prominent symptoms, should include epidemiology,
history of exposure to disease, recent famly sllnesses, and their
characteristics Nearly all of the acute respiratory ilinesses will
oceur 1n famuly epidemics, A story of previous illnesses in the
patient and past preventive measures 1s essential Physical ex-
amination should be thorough because 1t provides a sound
base for future observattons, 1t rules 1n or out complications
which may or may not require immediate treatment, and 1t in-
dicates further diagnostic procedures which may or may not
need to be performed

The most fundamental aid to a logical approach to diagnosis
and treatment 1s a thorough workig knowledge of the eu-
ologic possibilities and the diseases caused by them. It 15
important to remember and constantly keep 1 mind that
bactena account for a relanvely small part of all primary re-
spiratory tract nfections The group A beta hemolytic strep-
tococcus 15 the only common cause of acute nasopharyngitis
due to bacteria, There are just two very practical steps to take
when the history and physical exammation suggest that this
orgamsm might be responsible for the patient’s illness The
white blood count 15 nearly always elevated above 12,000
cells with an increase 1n polymorphonuclear cells A stmple
nose and throat culture will go a long way toward establishing
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a practical working diagnosis. Penicillin is the drug of choice,
but in case of sensitivity another suitable antibiotic should be
selected. The dose will depend an the physician’s judgment;
the age and severity of 1liness usually determine the method
of admunistration. If the diagnosis is well established, at least
ten days of therapy are indicated.

By far the commonest causes of acute respiratory diseases
are nonbacterial and for all practical purposes must be con-
sidered as presumably viral. This fact alone puts a high pre-
mium on a practical working diagnosis, because if no evidence
of a bacterial infection or complication exsts specific drugs
should not be given. When bacteria are causing discase it will
usually be obvious by the symptoms and signs, at which time
a wise decision may be made regarding therapy. Prevention
of complications may rarely be a prime consideration, but
emergence of antibiotic-resistant organtsms can cause compli-
cations in treated patients with mcreasing facinty, and we
should not delude ourselves or our pauents about the possi-
bility of prevention Routine usc of antibiotics or sulfonamudes
15 not recommended for prevention of complications, Rather,
early detection of comphlications 1s preferable

With rare exceptions, there 1s no specific therapy for most
of the nonbactenial causes of acute respratory disease Put-
tacosis or ornithosts may cause an illness distinguishable
from many that are caused by other primary respiratory
viruses This disease should be treated with the tetracyclne
drugs or penterllin m lacge doses Q fever may cause an Jeute
influenza-like 1Mness which should also be treated with tetracy-
cline or chloramphenicol if the diagnosts 15 clearly ¢stablished
and the patient 1s severely ill Other known bactenal and siral
causes must be considered 1n the differential diagnosis These
rarely include fungal infections such as coccidiordomycosts.

hustoplasmosis, and leptospirosts.
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The next logical step toward an etiologic approach to drag-
nosis and treatment is an acquaintance with the new viruses
that are rapidly filing in the large gaps n our etiofogic hnowl-
edge of respiratory tract infections. The nfluenza viruses, A,
B, and C, the new myxoviruses which cause para-influenzae 1,
2, and 3, the new adenoviruses, and the enteroviruses are all

ponsible for varying of acute respiratory disease.
Nearly all of these viruses are characterized by these tendency
to produce epidemics either in an institution or the family.
Adenoviruses cause typical exudative tonsillitis, pharyngocon-
junctival fever, acute respiratory disease (ARD), epidemc
heratoconjunctivitis, and simple folhicular conjuncuvitis. The
newly named enteroviruses may cause acute respiratory tract
infection; they include Coxsackic groups A and B, polio-
viruses, and ECHO viruses. These latter diseases occur com-
monly in the summer months Vesicular pharyngitis or her-
pangina is caused by several of the Coxsackte A viruses and
may usually be diag d by the c} 1stic app e of
gray vesicular lesions in the pharyngeal areas Polioviruses
may cayse mild respiratory disease, and a few of the new
ECHO viruses have also been shown to be etiologically related
to acute respiratory drseasc. None of these diseases responds
to any known antibrotic,

In the Jast analysis, great climcal judgment is required as
the overwhelming mayority of the respiratory ilinesses which
We are called upon daily to diagnose and treat defy dingnosis
early and usually do not require specific treatment If, how-
ever, we evaluate our patients critically, approach the drag-
nosis etiologically, and give specific treatment only when we
have an indication, we shall be offering an mvaluable service
to those who call upon us for help S William Osler aptly
said over a half century ago “One of the first duties of the
Physician 1s to educate the masses not to take medicine "




Chapter Three

MYXOYIRUS INFECTIONS,
INCLUDING INFLUENZA AND
OTHER NEW RESPIRATORY
VIRUS DISEASES

Proposals of the International Nomenclature Committee
concerning the classification of viruses were made at the Inter-
national Microbiological Conference held in Rome (1953).
An acceptable compromise was sought between Linpacan and
non-Linnaean binomuals, and the latter was decided upon for
the time being. Ammal viruses would be known by group
names and carry the suffix “-virus.” and thus no agtempt at
classifying would be made 1n advance of adequate knowledge
The genenic (or equivalent) level would be the term wsed for
various groups of viruses, such as polioviruses

THE MYXOVIRUS GROUP

The myxovirus group, as formulated 1n 1935, includes the
followtng members. M. influcnzne-A, influenzae-B, mfluenzacs
C. mulnfornus, pesns galhs, paronndss, all having a special
affimty for certamn wuctns, Scveral gew viruses have cofne 10
tight recently with charactenstics which render them appro-

.44
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priate for inclusion in the myxovirus group. These are the
hemadsorption viruses (types I and 2) and the croup-asso-
ciated (CA) virus, which will be referred to in the future as
M. parg-influenzae 1, 2, and 3 (scc classification, pp. 22, 23).
A bruef description of the group includes morphology of the
viruses that take the form of spheres, ranging 1n size from 60
10 200 mp (see Fig. 7). They are very stable at =76° C, These
viruses adsorb onto the surface of red blood cells of fowls and
some b causing aggluti of the cells The ad-
sorption and hemaggiutination may be inhibited by certain
mucoproteins, and distinct antigencity of various members of
the groups can be shown by complement-fixation, hemag-
glutinati ibii and ion tests

Natural transmission 1s by means of secretions of the re-
spiratory tract of infected hosts. The virus inhabits the respira-
tory passages of mammals or birds 1 which generalized
infections occur with viremia, Infections may be inapparent
or overt because of acute inflammation of the respiratory tract.
This group of viruses will mfect the amniotic cavity of fertile
hen's egps, and after adaptanon produce transmissible pnen-
moma 1n mice and hamsters The following discussion will be
limited to the influenzas A, B, and C and the para-influenzas,
types 1, 2, and 3 M snulriformis s referred to very briefly as
the cause of Newcastle disease

Epidemiology of Influenza

Although no one knows when pandemic influenza was first
recognized, Hirsch (1883) records the date as the year 1173
Stce then pandemics of mfluenza have occurred at iregular
mtervals, the most outstanding having occurred 1n 1918 The
most recent world experience with this disease occurred m
the last three months of 1957 and first three months of 1958,
and 1t 1s commonly referred to as Astan nfluenza. Although
pandemic 1nfluenza connotes a degree of seventy, technrcally
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it is concerned primanly with world-wide distnibution of this
illness, whereas epidemic or interpandemic infl may
refer to more locahized outbreaks, usually of a milder nature
Robert Johnson (1793) described the details of the influenza
epidemic of 1789 and called attention to the speed with
which jnfluenza spread from one locality to another. Although
the attack rate was high he referred 1o the mortality as low,
unless patients were treated injudiciously. It scems clear that

Johnson recognized the inf of but had
difficulty accounting for the rapid spread of this disease at a
time when travel was very limited He concluded that the drs-
ease “often does anse from some vicious quality of the air or
exhalation 1 it, as well as from a matter ansmg from the
body of a man labouring under dtsease "

The first pandemic to occur m the bacteriologic era was in
the years 18§9-90. I in this demi Ived the
whole world in a matter of a few months, occurmng 1 widely
scatfered areas at the same time Starting i European Russia
2and Stberia in early October, by November the epdemic was
prevalent over most of Europe and in December was wide-
spread in England and America This pandemuc, although not
carrying the high fatality rate which the world expertenced in
1918, according to Vaughn (1921) the 1889 pandemic was
rdentical with the 1918 disease 1 practically ail of its mam-
festattons Pfeiffer (1892-93) discovered an organism which
Iater became known as the infiuenza bacillus and was attnb-
uted by him and many other bacteriologrsts and chntcrans for
years as the cause of influenza.

The pandemic of 1918 still remains the most severe experi-

—————

Figure 7, An clectron mucroscopic picture of nfluenza virus, type A
showing the spherical shape of the mdiidual virus particles. which are
magmified approxmately 100,000 times (Courtesy of Dr Robley Williamys,

irus Laborataties, University of California, Berkeley )
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ence with this disease that world history has recorded. The
earliest manifestation of the disease was in Spamn, where it
appeared suddenly and subsided without leaving a trace after
running a brief course. In April, 1918, similar epidemics ap-
peared in England, France, and the United States, particularly
among military personnel An epidemic was also recorded
in the spring of 1918 in Japan and China, which was con-
sidered as a mild three-day fever. The spring epidemic was
recorded as the first wave and was mild compared to the case
fatality and severity of the second wave which occurred in
the fall of 1918, The second wave appeared in many parts
of the world at the same time. It spread rapidly in the military
camps and neighborng civilian cc ics and by October
was world-wide in its distribution, Although the majority of
the attacks of influenza were of a relatively mild nature as
experienced in the spring epidemics, two serious forms of the
disease made their appearance, The first of these was an iffness
characterized by a sudden onset with acute pulmonary mflam-
mation resulting 1n lung edema, cyanosts, and death mn a few
days The second type developed on the fourth or fifth day of
what appeared to be an ordmary 1ilness and took the form
of bronchopneumon:a resulting in death or a long convales-
cence.

Again, wide discrepancies n the epid logy appeared
Boston and Bombay had their epidemic peaks in the same
week, while New York, only a few hours by train from
Boston, did not have its peak until threc weeks later Expen-
ments set up to prove the contagiousness of influenza faled 1o
do so Human volunteers who were freavily exposed to panents
1 the acute phase of the disease farled 1o become il Tt s dif+
ficult to explain the fatlure of these transmisston experiments
other than to assume that the volunteers had a subchacal -
ness which provided suflicient immunity {0 protect them from
a challenge experience Shope (1958) emphasizes the tremen-
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dous amount of work which was put forth to prove or disprove
the importance of the influenza bacillus of Pfesfler as the
cause of influenza, and after years of work considerable doubt
still existed as ta its significance in this disease. Although many
workers consrdesed that a virus was probably responsible for
influenza, little evidence was gained in the 1918 experiences
10 prove thus contention The actual proof of the cause of
human influenza was not forthcaming untit the work of Smuth,
Andrewes, and Lardiaw in 1933,

Shope’s (1931} studies with swine influenza are extremely
important even today in the fundamental pathologic physiol-
ogy of this discase. Lewis and Shope {1931) found an or-
gasm i swine which they wdentified as the Hemophulius
influenzae bacillus suis. They were able to recover this organ-
ism consistently from sick swine, however, when presented
in pure culture to susceptible ammals no sllness occurred
Shope (1931 soon discovered that the bacillus was not the
sole canse of swine influenza and that a filterable agent was
responstble for a mild illoess which was true swine influenza.
When combined with the baciilus, the two agents acting in
concert produced the more sertous and fatal forms of swine
snfluenza

Fallowing the discovery of the human agent in 1933, a strih-
ing stmlarity with the swine agent was quichly demonsteated.
The hypothesis was then developed that there was a relauon-
ship of the swine wmftuenza of 1918 to the human pandemmc
disease, and although duect proof does not exist for the
causauve factors mn the pandemic of 1918, serologic tests
from patients sn later epidemics revealed that neutralizatton
of the swine influenza virus was possible, Shope (1936) feels
that one 1s warranted 1 speculating that the second wave of
the 1918 mfuenza pandemic had as one of its etiologic com-
ponents a virus that was serologically closelv related ar iden-
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virus that is similar to the type A human strains which we
now recognize as major factors in the etiology of this dis-
ease.

In discussing the immunologic relationships between the
first and second waves of various epidemics, Shope (1958)
pointed out that Navy personnel who survived an attack dur-
ing the spring epidemic 1n 1918 escaped mfection during the
second wave, He concluded that mild attacks early in the
year conferred immunity against the fatal type of the discase
which appeared later.

The most recent epidemic, now referred to as Asian in-
fluenza 1957, apparently started late m February of 1957
in southwest China, spreading to Yunnan Province in early
March, from which it spread throughout much of the Orient,
appearing 1n the United States by the middle of May Military
personnel arnving in this country apparently were responsible
for small civilian outbreaks which occurred duning the sum-
mer months particularly in camps and at conventions A wide
seeding took place throughout the Umted States as a result.
but the epidemic did not develop until early 1n October Asian
mnfluenza was found to be due to a type A wirus but gumite
distinct from any previous type A viruses which were readily
available, This indicated that the immumity 1n the world was
at a very low level, and theoretically the situation for a pan-
demte existed, The rapid spread m the Far East as well as
some mortality that occurred among young adults wn the early
phases of the ep d d that this epid should be
taken seriously The first wave mvolved most of the United
Gtates hetween October and the_latter part of December. at
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mately three days with few complications occurring, Although
a real mortality was associated with these mild epidemics, it
failed to stand out in any particulac locality, but did tend to
appear in certain age groups when large statistical surveys
were made. The national figures gathcred from 108 cities
throughout the United States showed a sharp increase in
mortality duning the epidemic period. This is strikingly illus-
trated in Figure 8, which clearly demonstrates the two phases

WEEKLY PNEUMONIA AND INFLUENZA DEATHS
(US, 108 Cies)
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of this past eprdemtc. Duning January, 1958, the mortality
and morbidity agan increased, reaching a peak 1n February
and dropping off again during March. This wave, mstead of
becoming more severe, was probably less severe than the
imtial one, but 1t did carry a surpnsingly high mortality It
was particularly striking among the very young and aged who
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may well have escaped infection in the first wave of the
epidemic. Surgeon General Burney said statisticians estimated
.belween 30 and 50 million Americans suffered Asian-variety
influenza and the death of upward of 78,000 could be directly
attributed to the disease. Eighty-five per cent of the deaths oc-
curred in individuals over 55 years of age.

A most heroic effort was made on the part of the govern-
ment, and with the cooperation of the pharmaceutical manu-
factyring concerns, vaccines made from the Asian strains of
nfluenza were used rather widely. There is some evidence that
the vaccine may have played a significant role in controlling
the severtty of thrs pandemic. The availabidity of anttbiotic
therapy also probably played a most significant role in con-
trolling or preventing the serious complicating forms of this
disease The common secondary invaders undoubtedly were
held 1n check by the rather widespread use of antibiotics.
Shope (1958) emphasizes that too hittle experience 1s as yet
avarable with respect to the Hemophilus influenzae bacillus;
should 1t become a common mvader m an epidemic of in-
fluenza, 1t 1s still questionable as to whether or not 1t could
be controlled adequately. A specific vaccine would appear to
be the most effective form of control for a particular epidemic
or pandemuc of infiuenza,

Herrmann and associates (1958) reported 23 deaths which
occurred 1n the vicimty of Denver, Colorado. during the height
of the last Asan mfluenza eprdemic, October 3-20. 1957
They emphasized that sudden death was a feature of the patients
whom they studied, although their sertes was small. as many o$
four tnfants were included 1n the first three months of life. and
for this hmyted age group this series represents an extremely
high mortality Only five or six patients were imohed it any
other 10-year pertod Another strrhing feature of this eptdemic
has been the occurrence of varying reports of encephalitts
which appeared 1o be closely allied to the eptdemic Although
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membranes was the most striking finding, occurring in 76.5
per cent of the juvenile patients. Miid conjunctivitis and rhini-
tis were also frequent symptoms. Conjunctivitis was recorded
in 38 per cent of the patients in the Boy Scout epidemic.
Over 20 per cent of the patients had abnormal chest findings
which were not necessarily related to the presence of changes
in the roentgenograms. Fever occurred in 95 per cent of the
patients with an average highest temperature of 39° C. In
an epidemic in infants and children due to type A influenza
virus, which occurred in 1943 (Adams et al., 1944), a high,
1regular fever was recorded as a constant finding in il of the
proved cases. Irregularity of fever was striking, mcluding a
biphasic type of temperature curve m many of the patients
If complications did not intervene, the febrile course often
terminated by crisis,

The chinrcal laboratory studies in the infant and children
series failed to reveal the presence of a lenkopenta except in
one patent The average total white count was 9000 per cubic
mulliliter at the tune of the acute onset of the discase 1n
Podosin and Felton's study (1958) on teen-age boys a normal
white count was recorded mn 63.5 per cent of the patients
Leukopema was found 1n about 20 per cent of the paticnts
studied. Roentgenograms of the chest were abrormal in 7 5 per
cent, Although the findings of ncreased bronchovascular
markings were frequent, these were not included among the
patients with abnormal findings, which were confined to pul-
monary infiltrations These ¢leared rapidly with no erious
sequelae A high incidence of bronchial asthma was found
this group of patients, all of whom had a previous history of
asthma The percentage of pulmonary complications was
greater i the asthmatic patients and their hosprtal stay was
prolonged

Loosli, Hamre, and Warner (1958) reported on eprdemi
Asian nfluenza n naval recruts The clinicat findmgs were
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those of epidemic influenza, symptoms accurring abruptly with
high fever, chiliness, malaise, headache, myaigia, mmld cough,
seratchy theoat, and mutd rhinitis, Occusionally patients com-
plained of nausex without diarrhea. Physical examination re-
vealed flushing of the skin over the face and chest with mild
conjunctivitis The throat was diffusely red and coughing was
not pronounced There were no abnormal pulmonary iadwgs.
The explosve spread of the nfectton among the recruit
population was dicated by she rapid daily inerease i admis-
sions for about a 16-day period, following which it pradually
dropped off. This was an vnusual epdemsic in that 1t oc-
curred m summer months in Saa Diepo from approximately
the muddle of June to the first week 1 July, 1957, The attack
rate was extremely hygh mvolving approumately 75 per cent
of the recrint population, which were etther admutted or treated
m the disp y for acute resp y lnesses from June §
10 July 5 The cause of thus epidemc was confirmed by throat
washings and blood studies Astan mfluenza virus was isoloted
from 57 per cent of the patients, and 80 per cent of the pasted
serdt showed fourfold or greater complement-fixing antibody
mes with the type A Japan 303 57 as anugen, indicating that
essenfally olf rises were due to this steawn

Labaratory Diaguosis

A final diagnosss of infl 1s dependent upon formation
which we must attain m the laboratory, where virus 1solations
and serologic respomses may be clearly demonstrated There
are Teany other diseases which can closely sirmlate infiuenza,
as we are attempting to pent out in this book, but 5t the same
time we recognize that dusing an epidemic the great majoriey
of patients who present the classic symptom picture are suffes-
1ng from influenza This fact has been demanstrated by blood
studied 1n the past, and although an ad 1
not clearly evident, it seems possible that the phcnomenon of

s
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virus interference may play a significant role. In the San Diego
study just referred to, 88 per cent of the patients had signifi-
cant changes in their serum to establish the diagnosis,

In the epidemic of Asian influenza, the importance of the
laboratory has been clearly demonstrated repeatedly. The
cause of the epidemic was defined early, and found to be due
to a new variant of the influenza virus, but definitely in the
category of type A. It was quickly learned from antibody
studies that the level of titer i the over-all populatton was
extremely Jow. This indicated early that world-wide spread
might be expected from this particular strain of virus. The
WHO (World Health Organization) program for influenra
responded quickly to this information, responsible mulitary
and public health service officials were alerted, and efforts
toward the production of a vaccine were started at once.

Jensen and Hogan (1958) reported that results of labora-
tory tests 1n July imndicated that strain A/Japan 305,57 was
useful for complement-fixation tests only and that the hemag-
glutimation-mnbition method was much less meamngful, How-
ever, following transfer of the wirus to ferrets, the “animal
Ime™ virus was much more sensitive to the antibody i the
hemagglutinationnhibation tests, This test may sound compls-
cated but actually 1t is a very stmple procedure stemming Irom
the fact that chicken red cells are agglutinated by influenza
virus  This agglutmation of red cells may be mhbited com-
pletely by antibodies mn the scrum of recovered patients,
whereas early in the illness the serum has no inhbiung effect.
Therefore, the hemagglutmation-mhibition test 1s a simple,
accurate way to determine whether the patient has had -
fluenza

The Iaboratory has been able to confirm that all type A
isolations obtained from various parts of the world since
June, 1957, were closely related to the onginal strams of
Astan nfluenza, and these appear to have replaced the pre-
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antigenic composttion of influenza viruses have occurred at
least three times at intervals of approximately 10 years,

Pathology

Although records of influenza epidemics date from the
tuelfth century, little is known of the pathologic changes
caused by the virus of influenza in man, MacCallum (1940)
stated 1n the seventh edition of his textbook of pathology that
*“no one died of influenza alone without secondary infection
with bacteria,” and after extensive studies he and his associates
reported that they were entirely uninformed as to the nature
of any changes 1n the internal organs which may result from
influgnza as such, The most characteristic clinicopathologic
feature in the proved epidemics of mfluenza in man has been
acute pharyngitis. Francis (1941) stated that the virus of in-
fluenza exerts its initial and primary effect on the epithelivm
of the upper respiratory tract This was also recogmzed by
Bloomfield and Harrop (1919) in recording studies from the
large pandemic of 1918. They reported- “Early mn the course
of the epidemic we noticed an unusval bright red appearance
to the throat 1n most patients.”

In 1946, Adams and associates reported the microscopic
pathologic changes of the acutely inflamed human pharynx in
an epidemic of proved mfluenza A mfection. At the time they
were unaware of any recorded pathologic changes in man in
the uncomplicated disease However, Francts and Stuart-Harris
(1938) described the nasal histologic changes accompanying
influenza infection n ferrets. A summary of therr findings 1»
as follows. “During the acute stage of infection the resprratory
epithelium of the nasal mucous membrane undergoes necrosts
with desquamation of the superficial cells and exudation into
the aur passages and an mnfl y reactton occurs m the
submucosa.” Influenza when artificially produced 1n the mouse
is primanily a pneumonic process, but the cetiular changes are
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consistent with those observed in human pharyngeal tissues
and exudate. The cellular exudate 1n the animals consisted of
about two-thirds small lear cells and one-third poly-
morphonuclear leukocytes, Nelson and Oliphant (1939) re-
corded damage to the bronchial epithelium with peribronchial
infiltration chiefly by small mononuclear cells. Straub (1937)
also expressed the belief that destruction of large portions of
the bronchial epithelium is the most conspi feature of
mice dying from influenza.

In studies (Adams et al,, 1946), swabbings of the pharynx
were made 1n varying stages of the disease in an epidemic of
proved influenza A snfection, Pharyngeal smear biopsies were
made by means of a dry cotton swab on a long applicator
which was thoroughly rubbed over the posterior and lateral
pharyngeal walls and promptly applied 1o glass shdes. Over
300 specimens were studied from young adults and children
suffering from acute influenza A infection. Control pharyngeal
smears were made in a simular manner from young adults and
children who were well at the time and also from mdwiduals
six months after the epidemic of influenza had ceased.

The pharynx appeared beefy red in the acute stage of the
disease at a time when many of the panents complamed of
sore throat, The pharyngeal tissues appeared hyperemic, and
oceastonally bleeding was ehieited by the swabbing procedure.
Large sheets of eprthelial cells were found as opposed to the
purulent type of exudate which is so commonly observed with
bacteria) nf of the respi y tract, A
exudate was the most singular pathologic change in the human
pharyngeal exudate Thus type of cellular tesponse 15 consistent
with the pathologic changes recorded in other types of viral
infecttons and of wfluenza m lower animals. Mclntosh and
Selbie (1937) found great increases m mononuclear cells 1n
the alveolar walls of mice and ferrets which they studied.
Francss and Stuact-Haros (1938), using Jarge doses of in-
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fluenza virus in ferrets, recorded a high degree of destruction
of the epithelium of the respiratory tract; the exudate was
chiefly polymorphonuclear. McCordock and Muckenfuss
(1933) found the reaction occurred in accordance with the
quantity of virus employed 1n experimental studies. The con-
centrated dose produced an acute hemorrhagic type of re-
sponse with necrosis, whereas the more diluted dose produced
a proliferative response with mononuclear cellular infiltration
Francis and Stuart-Harris (1938) called attention to mononu-
clear infiltrations during the stage of repair and regeneration
in ferret epithelium. Rivers (1928) similarly pointed out that
acute inflammations occur 1n many viral diseases and that, if
secondary infections do not intervene, the inflammatory proc-
ess 15 usually charactenized by infiltratzon of mononuclear cells.

In human betngs a mononuclear exudate, made up mostly of
small Jymphocytes, histiocytes, and plasma cells, varted greatly
in amount and was frequently mrxed with a few polymorpho-
nuclear cells, many of which were degenerating. Early n the
course of infection the mononuclear exudate frequently repre-
sented the predominant response. Thirty-five indviduals with
definite positive serologic responses were studied in detail in
order to attempt to quantitate the leukocytic reactions It was
found (Adams er al , 1946) that 24 (68 5 per cent) of these
pattents had a predominant mononuclear exudate The quanti-
tatnve evaluation of these smears was compared with the group
of control subjects, 17 per cent showed a predominant poly-
morphonuclear response with no controls showmg o mononu-
clear reaction The conclustons of these pathologie studies
tndicated that the most characteristic chimical pathologre fea-
ture of eprdemic influenza was acute pharyngitrs Although in-
creased destruction of pharyngeal epithehal tissues was definite
as compared with the contro} specimen, the smgle most -
portant pathologte feature of the pharyngeal exudate of these
patients with proved influenza was a mononuclear ¢xudate,
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parhicularly in the carly phases of the infection. When a
pol)morphonuclcar cxudate occurred n frequently presaged

dary bactersal infection. Finally it was
pcmtcd out that a study of pharyngeal smears is helpful in the
differential diagnosis of bacterial, fungal, and virus diseases
involving the human throat.

Studies of a simitar nature have confirmed the finding of 2
mononuclear exudate as the earljest pathologic change in the
acutely inflamed pharynx of the patient with influenza In 2
repost by Pierce and Hirsch (1958), nclusion bodes were
found 1n patients with influenza viral infections. In therr study
of coughed-up sputum specimens from 30 patents with in-
fiuenza, 26 were found te be postuve for celis containing nclu-
s1on bodres. In studies of influenza A infection that occurred m
an epid of infl m Mi in 1943 (Adams et al.,
1944), we were unable to find an increase 1n mclusion bodies
in the epithelial cells of the sputum and exudate from these
patents as opposed to controls However, increased numbers
of wclusion bodies occurred 1n presumably vieal mfections
proved not to be influenza i infants and also n a few older
mdividuals with primary atypical pneumonia. Prerce and
Hurseh (1958) concluded that sputum cytology was valuable
in the prompt differential diagnosts between viral and bactersal
respiratory snfections The same authors called attention, as we
did, to small and large mononuclear cells seen durtng the
mital influenza phase which changed when secondary bactenal
comphications oceurred, at which time the Jeuhocytic exudate
became pred; ty polymorph

Prevention

Davenport (1958a), director of the Commssion on In-
fluenza, Armed Forces Epsd ) ! Board, h d
the severe impact of Asian wfluenza upon this country At
the herght of the epidemic in mid-October, 1957, the United
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States National Health Survey, counting only patients con-
fined to bed one or more days, reported that almost 12.-
000,000 new cases occurred within one week, Approximately
three times the normal expected death rate from influenza and
pneumonia occurred at the peak of the epidemic (sec Fig. 8).

Vaccination appears to be the outstanding method for
control of human influenza. To date, researches in the field of
effective chemotherapy have failed to show much promise of
controlling influenza viral infections. Russian investigators
have claimed success with the inhalation of horse antiserum
which undoubtedly carrtes a high risk of sensitization to for-
eign protein. Russian workers have also employed Itving-virus
vaccmnes, produced from at d strains, ini ] by
inhalation. These vaccines had the disadvantage of produc-
g severe illness n children and had little protective effect
unless the antigenic strains prevalent in the eprdemic were
employed The polyvalent vaccine was also Jimited by inter-
ference between virus strains when given to human volunteers

Killed-virus vaccine given by the parenteral route has been
the mam method of prevention employed m the United States
Field trials which have been carried out since 1943 are re-
ported 1n Table 2 and show the various types of influenza.
including the 1957 Asian strains, the doses of vaccine that
have been employed, and the protection ratios mn the vafnious
studies. The Commussion states that the effectivencss of the
vaccine is clearly tlustrated, pointing out that tn the epidemic
of 1943, due to influenza A, at least 3 6 tumes as many cases
occurred among the unvaccinated as among the vacemated
persons An even hugher rate was accomplished with influenza
B. which had a protection ratio of almost 13 In 1947, with
the appearance of A-prime strains, the vaccine was found 0
be less effective When these strams were mtroduced mto the
vaceine good protection was aclueved. The experiences with
the Asian influenza vaccines have also shown effective protec-




Table 2*

PROTECTION AGAINST INILUENZA CONIERRED
BY VACCINES DEVELOTED AND TESTED BY FIELD
TRIAL UNDER DIRECTION OF
THE COMMISSION ON INTLUENZAS
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1943 A 5,000 HU 5806 113 196 5776 408 706 36
1945 B 5,000 HU 1,150 10 087 2,150 241 1121 129
1997 A 5I120HU 10328 743 719 7,615 616 809 1.1
1950 A* 300CCA 670 8 12 2082 78 37 31

1951 A’ 500CCA 2596 13 05 5228 105 200 4
1952 B 700 CCA 207 15 724 430 83 1932 27
1953 A’ 750 CCA 5994 57 095 5527 316 57 81
1953 A" 750 CCA 2616 16 061 4865 135 277 45
1955 B S0CCAAd; 2,000 43 22 2000 70 35 22
1957 A 750CCA 1,188 11 092 1216 62 51 55

1957 Asian 250CCA Mono 916 20 218 1448 55 379 17
1957 Astan 200CCA Mono 775 46 593 806 121 1501 25
1957 Asan  400CCAMono 649 12
400 CCA Poly 564 9 173 1238 65 525 3
1957 Avan  20DCCA Moo 1,865 62 332
750 CCA Mono 1,665 29 174 }"‘"’5 126 761 4y
1957 Asian 200 CCA Mono 1,080 43 398
750CCAPoly 1031 95 921 }‘-‘“ 3 162
without Asian
stramn
* By permusion from Afodern Altﬂlrln(, July 1, 1958, Minneapols, Min-
nesota, and Frederick M Davenport, M
t Attack rate for controls/attack rale lm— vaccinees,
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tion ratios, and it was most fortunate that these strains were
isolated sufliciently far in advance of the epidemic to make
possible the production of vaccine. Strains which became avail-
able in the spring of the year were in high production by fall
when the major phase of the epidemic occusred, Abont 10,-
000,000 doses of vaccine had been released for civilian use
fust two weeks before the epidemic peak of mid-October, 1957,
Davenport (1958b) points out that at present four fantilies
of influenza A and two of influenza B are recognized. There is
some evidence to suggest that the virus involved in the pan-
demic of 1890 was closely related to Asian influenza 1957--58.
If this indicates that the circle of antigenic varmation is clos-
ng, it is possible that polyvalent vaccines may become avail-
able and effective in prevenung future epidemics The Asian
vaccines, which were monaovalent and made from the specific
strains which Jater produced the epidemic in this country,
confirmed the high degree of protection that can result when
strains belonging to the same antigenic family are employed
in the vaccine Watch laboratories of the World Health Organ-
1zation encircle the globe and make it possible to obtain valu-
able eprdemologic information prompily from any place on
earth
The Influenza Commisston lists various indications for
which vaccimation may be performed To prevent death, vace
cine should be given to those with chronic debiitating discase
and to pregnant women, particularly during the last trimester
when the sk 1s greatest; also to the very young or old where
mortality is known to be high In order to present discase, vac-
cine 1s most effective 1n chiidren in whom the attack rate 15
heghest, approximately from five to nunc years of age In order
to prevent disruption of normal commugity function persons
concerned with health services, public safety, and publc
unfiies and transportation should be vaccmated Davenport
(1958b) also states that 1t 1s undemable that the homemaker
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must be protected to preserve the well-being of the fanuly unit.
When all these recommendations are put together, indications
are very broad 1ndeed and would call for an active vaccination
program.

The recommended dose of vaccine for adults is 400 CCA
(chicken cell agglutination) units of virus. For children 6 to
12 years, the dose may be divided and given on two occasions
a weck apart, Multiple intradermal doses may be given to
infants and preschool children. Smadel (1958) points out
that while the eflectiveness of the Asian vaccine has been truly
amazng it would be foolhardy to assume that the same situa-
tion might be obtained in the future. An interval of six months
between the time of the first strain isolations and the begin-
ming of the epidemic was most fortunate and allowed for pro-
ducton of large quantities of vaccine. However, 1f an epidemic
should begin 1n our own area it is inconceivable that large
quantities of vaccine could be made available quickly enough
1o be useful in | g the epidemic spread of infl
Salk and (1952) d ated ibody lesvels
which were higher and endured longer when influenza vaccine
was given intramuscularly as an emulsion in hght mmeral oil
These high levels are known to persist for years, and 1t 1s pos-
sible that by some such method of hyperimmunization future
control might be posstble.

Although influenza vaccines have been employed in civilian
and mulitary populations and have been shown to be effec-
tive 3n certain 1nfluenza eprdemics, there has never been wide
ctvihian acceptance largely due to changing types and strains
which have altered their effectiveness. However, when vaccines
can be p d and produced from the strains that
are causing the eptdemic, therr use will undoubtedly become
more acceptable and should serve to prevent many serious
complications and deaths from nfluenza

Abortion rates appear to be constderably increased at times
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of influenza epidemics, and this in itself would indicate a pos-
sible risk to the fetus in early pregnancy (Bland, 1919; Harris,
1919). Many studies now in progress should reveal in the near
future what the risk to the fetus is at such times. If a real haz-
ard is shown to exist, certainly immunization in this selected
group of patients would be highly indicated.

Treatment

Treatment consists primarily of general measures designed
to reduce fever, such as salicylate therapy, and, if necessary,
codeine to ease discomfort and the general aches complained
of by these patients. When evidence of complications appears,
such as roentgenographic shadows which indicate pneumonia
or evidence of onitis media and acute bacterial tonsillitis, anti-
biotics are indicated and frequently prove helpful. Home treat-
ment 1s considered preferable to hospital treagment where the
dangers of contact with resistant staphylococei are ever pres-
ent, In general, treatment should include bed rest and warm
clothing, the avoidance of drafts, a simple diet, and segrega-
tion from other ndividuals to whom the disease might be
transmitted.

Summary

Influenza 1s an acute infectious myxovirus discase which
primanily imvolves the respiratory passages. The incubation
period 1s one to two days, and iliness ts characterized by an
abrupt onset of chills, fever, sore throat, and general aches
and pawns, The course 15 usually of two- to four-days” duration
unless bacterial complications occur 1t ts difficult to diffesen-
tuate any single case of influenza from other acute respiratory
illnesses 1n the early stages, but groups of cases may fre-
quently be recognized from the distinct chinical manifestations
Influenza 1s easily recogmzed only when epidemics occur and
1n mulitary installattons. The symptomatology i scasoned per-
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sonnel as well as in recruits is considered highly characterstic
of eprdemic influenza.

The agents causing influcnza are specific viruses that exert
their primary pathologtc effcct 1n damaging the epithelial cells
of the respiratory tract. A characteristic mononuclear reactron
1 pharyngeal tissues is found carly in the infection, Virus can
readily be recovered from respiratory secretions during the
acute phase of the illness

Three distinct and possibly four or five immunologic types
of influenza viruses have been identified. Type A has been
associated with the most extensive and severe outbreaks. Type
B may also be assoctated with widespread epidemic disease
although epidemics of type B are often more localized and
sporadic Type C has been encountered primanly in sporadic
cases or limited outbreaks of mild iliness. A virus 1solated 1n
Japan from pneumonitis 1n mfants has been considered as a
type D influenza, and antibodies have been demonstrated in
the general population in Japan Serologic responses to types
A, B, and C are sharply type-specific with little or no evidences
of cross reachon Marked variation has been observed with
type A strains first recognized in 1947 and designated as A
prime. Vanation has also been recogmzed among type B
strains; however, type C strains to date appear to be homoge-
neous
D procedures include of the virus or

of greater ations (fourfold or more) of spe-
ofic antibody tn convalescent phase serum as compared to
samples taken durning the early or acute stage of llness Sero-
logic methods are simpler and therefore used routinely, how-
ever, by this method, diagnosis 1s often delayed unul the pa-
tient 15 well The techmque of 1solation and identification 1s
not difficult and can be performed in most bactertologic lab-
oratories. Prevention of influenza 1s well established by means
of killed-virus vaccines grown in embryonated chicken eggs

4
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Treatment is limited to rest and attention to symptom reltef as
well as a careful watch for complications; when they arise, 2
wise choice of antibiotics should be made and administered

OTHER MYXOVIRUS DISEASES

Parainfluenza, 1, 2, and 3 (HA Virus Infections
and Croup-Associated Infections)

Twoe new myxoviruses were isolated from children with
acuie respiratory ilinesses by means of the new hemadsorption
technique originally described by Vogel and Shelakov in
1957. Chanock and associates (1958), from the Iaboratories
of the National Institute of Allergy and Infectious Diseascs,
reported two new viruses shich they designated as hemadsorp-
uon viruses, types 1 and 2 These agents arc similar to in-
fluenza viruses, which are myxoviruses, but are clearly not
influenza A, B, or C They will be referred to as Af. para-
mfluenzae 1, 2, and 3,

Throat washings from patiznts ill with an acute resprratory
disease were sncubated in monkey hidney tissue cultures for
five days at which time¢ a 04 per cent guinea prg red celt
suspension was added and the mixture held at 4° C for 20
munutes Microscopic examination then revealed the adsosp-
tion of the red cells to the monkey hidney cells in the mono-
layer tissue culture. Although very little cytopathogenests may
have taken place, if virus of the hemadsorption type 15 present,
the guinea prg red cells are adsorbed to the fissue cells This
phenomenon can also be nhubited by specific antiserum. In
their original paper Chanock and assocates clearly established
that these newly discovered agents were not rclated to the
adenoviruses nor were they directly related to several othef
newly isolated agents from patients with acute respiratery
disease, The croup-associated (CA) virus first descnibed by
Chanock (1956) did not turn out to be one of the hemad-orp-
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tion agents but appears to be one of the myxoviruses, now
known as M. para-influenzae 2.

Hemadsorption virus type 1 (designated M. para-influenzae
3) was associated with acute febrile illnesses during an out-
break of respiratory disease in a nursery. The extent to which
this virus produces widespread disease is not known, but
Chanock and associates reported on throat swabs taken from
168 children with acute febrile respiratory illnesses and 82
control children without disease. Type 1 virus was isolated
from eight of those with illness descnibed as acute pharyngitis,
bronchiolitis, or pneumonia, and from none of the 82 controls
without respiratory disease. Type 1 adenovirus was also iso-
lated from one child at the onset of an acute respiratory 1ll-
ness on November 18 and from three children under similar
circumstances on November 21 and 22, and from 23 persons
on November 25 and 27. The investigators thus were able to
1sofate virus from demonstrated infections in 27 of 54 children
or 50 per cent,

In the middle of the fast epidemic on November 26 throat
swabs were collected from all 54 children From 18, type 1
virus was isolated Of the 26 not having ﬂlnesses, five isolations
of type 1 were ined, thus indi fi associa-
tion of the virus wath acute illness Enght of these children
were studied in detail and virus was 1solated from seven of
them Acute and ¢ sera were available from six
patients. all showed sigmficant antibody nises by the comple-
ment-fixation test There were slight temperature elevations
for approximately a three-day period. Nime patients were de-
scribed as having a cough, s1x with medium to fine rales, and
three had coarse breath sounds and rhonchn, with three n-
stances of outis media Rhinorrhea was prevalent and was
found 1n 13 of the pauents studied The ilinesses associated
with type 1 hemadsorption virus were characterized as mld
m spite of the fever and associated pulmonary findings
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lasted for two to three days. Type 2 virus was again recovered
from eight of the individuals. The authors conclude that type
2 virus can cause respiratory ilness in adults as well as the
previously established illness in small children. Although the
illnesses were mild, their mildness may have been related to
the fact that many of the volunteers had previous antibody and
also due to the fact that a small challenge dose was employed
It seems possible that this agent will now have to be assigned
a more prominent place in the differential diagnosis of com-
mon respiratory disease in both adults and in children, It 1s
apparent from the human volunteer study that the attack rate
was high even m individuals who had evidence of a previous
experience with the virus,

Another striking feature of this volunteer study is the cold-
like symptomatology characterized by rhinorchea, low-grade
fever, and few complaints of sore throat. It would appear at
this time that this agent is as close to a “common cold™ virus
as any that has yet been revealed and certainly probably rep-
resents one of the agents responsible for man's colds

Parainflwenza 2 Infection {Croup-Assuciated Yirus)

The report by Chanock in 1956 of a mxovirus wsolated
from 1nfants with croup appears to be unrelated to either type
1 or 2 hemadsorption agent, adenovirus, or to any of the in-
fluenza wiruses with which we arc acquainted The agent
wsolated was climeally associated with croup and was there-
fore named croup-associated (CA} virus. It appeurs to posess
all the properties required for classification in the m vorviris
group. and 1s now designated para-influenza 2 nfectron

My vovirus muftiformis, which may mfect man iy, de-
serves brief mention as 1t 1s closely related to influenza virus
and may cross-neutralize with mumps virus Newcastle dn-
ease virus causes conjunctuvitis, for the most part mdnid-
wals who work with infected birds, recovery 35 complete.
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Diagnosis may be confirmed by complement-fixation or by

hemagglutination-tnhibition tests similar to those described for

influenza. Afyxoviries pestis gallis causes fowl plague in many

species of birds, and has been adapted to produce fatal in-

fection 1n various mammals. Myxovirus parotitidis causes vari-

ous forms of mumps, parotitis, meningoencephalis. orchitis,
itis, and other plicati 1n man.

OTHER RESPIRATORY VIRUSES

Respiratory Syneytial (RS) Virus

A new virus was discovered by Morris, Blount, and Savage
(1956) as a result of a spontaneous respiratory infection m
a colony of chimpanzees. The new agent was designated as
chimpanzee coryza agent (CCA). When grown in tissue cul-
ture the virus was capable of infecting susceptible chimpan-
zees The first recovery from humans was made by Chanock,
Rozman, and Myers (1957), who were successful m isolat-
ing an agent from infants with croup and pneumonia which
proved to be indistinguishable from the CCA virus of chim-
panzees The cytopatinc effect produced by this agent
human hver and KB cell cultures was a typical syncytium
formation which accounts for the present name of respiratory
syncytial virus Chanock and Femnberg (1957), by means of
serologue tests, were able to incriminate mfection by this virus
1 9 of 13 children with pneumonia Further, Motris and co-
workers (1956) have obtained sxmllar evndencc by showing
that 13 per cent of {1 al

Teacted with a positive iter agawmst the respiratory syncytial
virus,

J. M, Vieus

In 1956, Price 1solated 20 strains of J H wirus from both
adults and children who were suffering from coryzal llnesses
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with mild sore throat and low-grade fevers. The isolation was
accomplished in monkey kidney tissues m which passage was
required before cytopathic effects occurred. Patients from
whom washings were taken for original isolations showed
titer rises in the convalescent serum, establishing the relation-
ship of the illness to the isolate. A vaccine was prepared from
monkey kidney cultures of J, H, virus which was successful
in preventing illness when individuals were challenged by the
virus Price reported 27 common cold-like illnesses in a
group of 50 vaccinated and 50 unvaccinated children,
Twenty-three illnesses occurred among the controls and only
3n the v 1 group. Subseq serologic studres re-
vealed that 20 of the 26 children had fourfold or greater
antibody rises n their serum. The extent of J. H virus is
not as yet known, and the significance of these studies will de-
pend on further clinical and cpidemiologic vesugations,
Nonetheless, a very important contribution has undoubtedly
been made.

2060 Virus

This respiratory virus was also recovered from persons with
mild resprratory illnesses and was first reported by Pelon
and assoctates (1957). Onginal 1solations were made from
nasopharyngeal washings from maval recrunts with mild re-
spiratory sllnesses Washings were noculated 10 monkey
hidney cultures, and following passage produced typical
cytopathic effects Neutralizing antibodies were found I
patients recovering from the iliness produced by 2060 virus.
and serologic surveys showed an increasing incidence 1 anti-
bodies assaciated with ncreasing age. Iliness was described
as coryzal with mild sore throat. cough, and Io“-g{adc fever
lasting threc to five days Successful complement-fiving and
hemagglutinating antigens have not as yet been produced
fromJ H or 2060 viruses.
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The Coe Virue

Four strains of an apparently new virus were recovered
from patients with mild pharyngitis or “common cold™ by
Lennette and co-workers (1958). By mzans of rarious im-
munologic tests, the Coe virus was determined to be a newly
recognized agent; the herpes simplex, adenovirus, Coxsackie
group A (types 1-19) and group B (1ypes 1-5), ECHO
viruses (types 1-19), myvoviruses, RS viruses, HA agents,
2060 and J. H, viruses all faled to be neutralized. Thus an-
other virus may be added to the growing list of viral agents

P etiologically for acute resp y illnesses.

Primary Atypical Prneumonia (PAP) Yirus

The successful isolation of an agent from primary atypical
pneumonia was first made in 1944 by Eaton, Meiklejohn, and
van Herick, A paper by Liu (1957) reported cight agents
from patients with primary atypical pneumonia which he
was successful in identifying by indirect fluorescemn-labeled
anttbody. The agents which he 1solated were found to be
antigenically related to the PAP virus oniginally isolated by
Eaton and associates (1944) as the cause of primary atypical
Pneumoma. Patients with primary atypical pneumonta demon-
strate a high percentage of cold hemagglutinins as well as
streptococcal MG agglutintns 1n their serum, distinguishing
this preumonta (PAP) from that found in assocration with
adenovirus infections and other forms of alyplcal or viral

2 These p are di d in greater deta)l
in Chapter Nine
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Chapter Four

THE ADENOVIRUS DISEASES

INTRODUCTION

Although the first adenoviruses were reported by Rowe,
uebner, Gilmore, Parrott, and Ward 1n 1953, 1n the next five
:ars more than a 150 reports of this family of viruses ap-
ared 1n the medical lterature There are more than 20
stinct human types of adenoviruses which have been charac-
rized; for some unexplained reason types 1 through 10 have
zen most frequently observed mn relation to disease and are
ow considered responsible for several chnical entities The
nginal discovery of these agents occurred as a result of at-
‘mpts to grow adenords and tonsils removed at operation 1n
ssue culture preparations in the hope that such cultures might
rovide switable media for respiratory virus isolation. Cells
ere found to grow out from the original fragments and after
-28 days pathologic changes began to take place in the
pithelial cells, which became rounded up and formed clumps
his destructive process 1s called cytopathogenesis The pre-
imably fected fluids were passed through fresh cultures of
denoids 1nto human embryonic tissues and also nto stramns
f human cancer cells known as HeLa cells. A similar type of
egeneration and destruction occurred 1n these llssues, and a

type of cy logy was

81
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Almost simultaneously, Hilleman and Werner (1954),
working in another laboratory, isolated an agent from new
recruits at Ft. Leonard Wood who were ill with acute Fespira-
tory disease (ARD). This agent was originally named RI67
(respiratory infection) and was definitely shown to be etiolog-
ically responsible for the illnesses of the patients. Epidemic
acute respiratory disease of military recruits called ARD was
originally described by the Respiratory Commission as a
“nonbacterial pharyngitis.” During World War II this disease
was differentiated from other resprratory ilnesses such as
those due to the mfluenza viruses and it was also shown to be
distinct from the “common cold” type of jliness. Acute and
convalescent sera from the erigmnal cases were preserved and
tested against the RI67 agent (now adenovirus, type 4), thus
establishing the etiology of ARD.

EPIDEMIOLOGY

The adenoviruses are widespread in human populations and
produce 1llness 1 all age groups. They have been reported
from many countries of the world. including all pasts of the
Untted States, Canada, England, Holland, Sweden, Russia.
and complement-fixing antibodics have been found in the ser2
of Egyptian children Intensive studres 1n the Washington.
D.C, area have shown neutrahizing antibodtes to be prevalent
1n many different age groups. Newborn infants have demonstra-
ble complement-fixing and neutralizing antibodies compar-
able to those of thewr mothers, Studies in the Cleveland Fanuly
Group (Jordan et al., 1956) wdicate that most detectable
antibodies are gone by six weehs of age and then are gradually
acquired during the next preschool years by a very high per-
centage of children More than half of the children tested be-
tween the ages of 6 and 12 months demonstrated neutrahzing
anubodies to at least one of the adenovirtses. wsually typs 1
or 2 The mewdence gradually sncreases with age. and neatly
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all adults have some antibody to at least one type. Seventy-
two per cent had antibodies to four or more of the six types
tested.

In the Cleveland Family Studies (Jordan et al, 1956)
selected patients with acute respiratory infections were studied
in order to determine the occurrence of respiratory disease
caused by adenoviruses. Evghteen per cent of the sclected cases
showed increases in titer of neutralizing antibody for one or
more of the types 1 to 7. They gathered evidence that sug-
gested that types 2 and 5 and also possibly 1 and 3 could pro-
duce nonbactertal pharyngitis. The commonest antibodies
found were against types 1, 2, and 3, which occurred in 35 to
50 per cent of adults and children Anubodies against types 4,
5, 6, and 7 were less prevalent, and they were unable to find
any evidence of antibodies against type 4 i children under 18
years of age.

Jordan and associates (1957) concluded from therr famuly
studies in Cleveland that although certain of the adenoviruses
are highly significant as causes of ARD in mihtary recrts
and certamn others are logically related to epidemic and
sporadic cases of nonbactenal pharyngitis, as a group these
agents account for but a small fraction of the respiratory 1ll-
nesses experienced in the civihan population They were able
to 1solate only 10 adenoviruses from 531 pharyngeal swabs

llected from indivi with respi y illnesses. Serum
specimens from these same patients during the same period
revealed only 1-5 per cent with significant mncreases in titer
to types 1 to 7. Evans (1958) has recorded a similar experi-
ence with health service students in Wisconsin suffering from
acute respiratory disease In his oniginal report from the Um-
versity of Wisconsin he found an average of 161 acute respira-
tory illnesses per 1000 students 1n a six-year period Respir-
atory infections were the single most important cause of
admission to the mfirmary accounting for a third of all admis-
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sions. January, February, and March were the months of
highest incidence, and nonbacterial respiratory infections out-
numbered the bacterial illnesses by five to one.

In an intensive study of 290 students admitted for acute
respiratory dsease, Evans (1957) was able to establish an
etiologic diagnosis of adenovirus infection in about 2 per cent.
He concluded that a diagnosis of adenovirus infection could
not be made on clinical grounds. Types 1, 3, and 4 were
isolated in his study,

Human volunteer studies incrimmated types 3 and 4 adeno-

viruses as producing clinically recognizable diseasc in suscepti-
ble volunteers Huebner and assocrates (1955) produced
pharyngoconjunctival fever in volunteers who were known 1o
have no pre-existing antibodies Hilleman, Werner, and
Stewart (1955) pointed out that the viruses of the original
RI farmly, winich wnclude some or all of the adenoviruses, may
be responsible for undifferentiated acute respiratory discase,
nonstreptococcal exudative pharyngttis, primary atypical pneu-
monia unassociated with cold agglutinins, pharyngoconjunc-
tval fever, ic lymphadenitis, and mapp infec-
tons.
It now seems to be well estabhshed that the adenovirus
infections represent one of the major causes of respiratoty dis-
case in yulitary recruts. Hilleman and associates (1955)
pointed out the immunologic heterogencity of the agents found
n military recruits, types 3, 4, and 7 being recorvered repeat-
edly from recrunts with acute respiratory ilineses mcluding
primary atypical pneurnoma Rowe and Huebner ( 1956) state
that the ctiology of many. if not the majority. of undlﬂ'cn‘fl'
tiated resprratory ilinesses tn spectal military populations still
rematns undetermined

Studies by Loosh, Tipton. Warner, Smuth, Johnston, and
Hamre (1958) have further confirmed that adentovirus wnfece
tions are a major cause of acute respiratory disease n miluary
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inductees. Thc) found 80 pcr cent o[ admissions from non-
studied P dmitted to the disp 'y March to May,
were due to euher type.3, 4, or 7 adenovirus. Dunng this
same period only 15 per cent of admissions from vaccinated
groups were due to adenoviruses. The vaccine which they used
appeared to be effective against all three types However, of
16 adenoviruises isolated after the second week from the vac-
cinated individuals, 15 were type 4. Antibody rises of signifi-
cance occurred in only one-third of the vaccinated individuals.

During 1954, localized in the Washi D.C,
area were studied, and infections were found to spread readily
to large portions of susceptibles in households, in summer day
camps, and on hospital floors In the epidemic which Parrott
(1957) described, swimming pools were suspected of con-
tributing to the spread of infection. Although the attack rate
appeared to be highest in school-ngc children in the summer
months, many infections occurred in preschool chlldrcn as
well as adults R pective logic studies indicated that
type 3 adenovirus was the cause of the epidemic 1n 1951,
designated as “Greeley disease” by Cockburn and associates
(1956).

LABORATORY FEATURES

Onginally there was considerable confusion with the terms-
nology as the adenoid-degenerating (AD) agent was revealed
to be associated with inflammations of the adenoid, pharyn-
geal, and conjunctival tissues. These agents were next desig-
nated as APC viruses Hilleman’s RI family group was also
shown to be 1dentical with the onginal isolations, A group of
virologists headed by Enders (1956) decided that these agents
should be called adenoviruses, and certain characteristics
were attributed to them All types grow only in tissue cultures
of certain human and simian cells and produce charactenstic
cytopathology 1n these cultures, They are nonpathogenic
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for the usual laboratory animals, are heat-labile and filterable,
and are resistant to antibiotics and ether. One striking and im-
portant characteristic is that they have group-specific but not
type-specific soluble complement-fixing antgens. Laboratory
diagnosis of the group by complement-fixation is compara-
twvely easy, but the diagnosis of specific types is still a tedious
labaratory procedure.

The size of the adenovirus particles in culture fluids has
been determined to be from 80 to 120 my in diameter. Intracel-
fular virus, which presents a crystaline-Tke pattern in the
nucler of Hel a cells, measures 65 myt in diameter (see Fig. 9).
Filtration studics indicate that the soluble antigen is not Jarger
than 26~40 my.

Certain strains of adenovirus have been isolated from
monkeys and have been designated as siman strains Comple-
ment-fixing antibodies have been found in the serum of
normal chimpanzees and guinea pigs, but none of these
strains, to the wrrter's knowledge, has been jsolated from
human sources, or vice versa,

The adenovirus infections result i a catarthal inflamma-
tion of the mucous membranes of the respiratory and ocular
systems accompanied by a follicular enlargement of submucous
and regional lymphoid tissues They have been isolated from
the intestinal tract and found in mesenteric Jymph nodes, but
the clinical picture which they present wn the intestnal teact 1s
not ¢learly defined as yet.

sctron microscope
m Crtol 2 35))
Yosk, New York
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CLINICAL FEATURES

Adenoviriis, type 3, is the cause of a chnical entity desig-
nated as pharyngoconjunctival fever. Parrott (1957) states
that the chief features of this disease are follicular conjunctivi-
tis, pharyngitis, and fever. These characteristics may occur
singly as well as in combination; in the epidemic which
Parrott reported asymptomatic infections were found to be rare
Fever was high even in the adult patients, persisting up to four
or five days A complaint of sore throat appeared to be greater
than the observable pharyngitis which was recorded as having
an incidence of 75 per cent in Parrott’s (1957) series. Conjunc-
tvitis alse appeared in 75 per cent of the patients and was
manifested by inflammation of both the bulbar and palpebral
conjunctiva. No subsequent corneal lestons developed in the
Washington outbreak, but corneal opacities were found as
sequelae in the cases described by Cochburn and associates

(1956).
Pharyngoconjunctival Fever (I’CF)

An epidemic of pharyngoconjunctival fever. proved to be
due to adenovirus type 3, occurred 1n a children’s camp during
the summer of 1955 and was reported tn detail by Sobel and
co-workers (1956). The chnscal picture dunng the first wave
of iliness in July was characterized by a very mild pharyngitis.
The pauents complamed of sore throat. and a fine pin-point
follicular tonsillitts was found on physical examunation Fevers
were mild. ranging from 37 8 to 383 C and lasted about
two days During the first wave no clear-cut diagnoss was
made, however, the following sigmificant statement appeared
tn the arucle, “Our main concern was whether the first wave
represented poliomyelits * The second wave of ilinese began
late 1n July and was charactenized by an iliness of greater
intensity, mvolving 62 per cent of the campers Chinyal fea-
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tures of this epidemic were outlined as follows* major com-

plaints were sore throat, headache, myalgia, eye discomfort,

and abdominal symptoms, Other frequent complaints included

mad;mu: stiffness and pain of nech, back, and leg muscles,
g & diagnosis of phalnis or poliomyelius.

Conjuncmms occusred m 80 per cent of the patients, usu-
ally without any discharge. Qccastonally the conjunctivitis was
unilateral and lasted a few days to two weeks. The nose be-
came obstructed during the course of the sliness, and a purylent
discharge developed in some pattents but no severe swusitis
occrred The tongue developed minor or marked hypertrophy
of the papillae as the iliness progressed, The anterior pillars
of the tonsils and soft palate became wnvolved with pin-point,
coarsely granular foliscles The tonsils were moderately in-
jected with occasional patches of whitish exudate. The eas-
drums were injected 1 one-third of the pattents, and cervical
adents was a common finding. Cough was present in only
one of {30 patients Abdominal symptoms occurred in 22 per
cent of the patients, and hepatomegaly and splenomegaly were
present 1 18 and 12 per cent, respectively Neuromuscular
findings also occursed sn 18 per cent of the patients Fever
persisted for an average of four and a half days at a level of
394° 10 40" C Antibiotics were used generously with no ap-
parent effect Bactenologie studies were negative, but virologic
studies revealed the true cause as adenovirus type 3, which
was 1solated from the conpunctiva, throat, and stool specimens
1n & of 10 subjects The solated agent was readily neutralized
by the convalescent sera of several of the patients.

A detaled description of this new epidemic disease, now
clearly described by many different authors, s presented to
iltustrate several of the main pomnis which concern us vitally
1 this book, This eprdemic sllness smight have been confused
with any number of acute respiratory sllnesses, ncluding in-
fluenza, Coxsackse virus infections, streptococeal pharyngitis,
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as primary pharyngitis, febrile common colds, tonsillitis, and
upper respiratory infections. Type 4 adenovirns was jsolated
fmn} most of the cases of nonstreptococcal pharyngitis and
febrile common colds, Type 7 adenovirus was found predoms-
nantly in cases of tonsillitis; it was aiso found frequently in
nonstreptococeal pharyngitis, febrile common colds, and less
frequently in primary atypical pneumonia and in bron-
chitis.

The study reported by Berge and assaciates {1955) of the
clinical laboratory findings of 45 hospitalized recruits with
adenovirus, types 4 and 7, indicates that 53 per cent had
exudale on the tonsils by the fourth day Cervical fymphadeno-
pathy occurred in 40 per cent and conjunctivitis in 51 per
cent, obstructive rhinitis in 76 per cent, pharyngitss m 38 per
cent, cough 1n 93 per cent, tracheal bronciutis m 67 per cent,
pneumonia 1 16 per cent, and abdomunal pam m 34 per cent.
This symptom picture (except for cough) 1s strikingly similar
to that described for pharyngoconjunctival fever as due most
commonly to type 3 adenovirus Most of the chimeal features
of adenovirus infections have been considered gnppe-like As
far as can be ascertamed from clincal detatl, st 15 possible
that influenza viruses are responsible for some of the tinzsses
which have been included under the term ARD

Keratoconjunctivitis

The classic form of epidenc keratoconjunctuvits { EKC)
occurs most frequently in individuals ="~ have had eye
trauma due to foreign badies and eti-' s refared 10

adenovirus type 8. 1 wor WS first | ‘fawets and
ctivits who

asociates (1956) f . 13 with *
were similar in a tothe p 1 . ghtp\‘,‘;\n}\
epidemic disease sting Wor R f

55 common in Jap* othe. . ‘{:

rare in the United  oceas
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been observed in defense industries, particularly in workers
exposed to frequent corneal trauma caused by foreign bodies
and arc-welding equipment $mall outbreaks have been traced
to ophthalmologic clinics where tonometers and certain eye
solutions were incniminated as vehicles of spread. Like fol-
Jrcular conjunctivitis, the infection rarely produces systemic
effects but may cause prolonged conjunctivitis and keratttis
The heratitic lesions show mvolvement of subepithelial tissues
and are grossly visible. Rarely keratitts may result 1 perma-
nent corneal opacities

‘The problem of differential diagnosis among the different
adenoviruses is certainly most difficult. As Huebner (1958)
points out, many of these illnesses, particularly as observed 1n
infants and young children, are not characterized by localizing
signs, and except for keratoconjunctivitis, each of the more
specific illnesses shown i1n Table 3 is known to be caused by
more than one type of adenovirus, Some adenoviruses, par-
ticularly types 3 and 7a, occur in several chinteally separable
entities

Huebner (1958) indicates that, with the exception of EKC
and pharyngoconjunctival fever in acute eprdemcs, the symp-
tomatology of adenovirus infections does not permt a chnical
dragnosis, Serum antibody rises which may be demonstrated
by complement-fixation or tissue culture neutralization tests
show whether an adenovirus infection may have occurred 1n
any particular patient. However, in order to establish a spectfic
infecting serotype, the virus must be isolated 1n tissue culture
and typed. The virus can be readily 1solated in tissue culture
from throat secretions and in cases with conjunctvitis from
conmunctival secrenons Like enteroviruses, polioviruses, and
ECHO and Coxsackie viruses, adenoviruses are resistant to
mactivation and are frequently found mn the stool Caution
must be exercised m the interpretation of the findmg, and
proof of infection estabhshed by serum antibody rises
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PREVENTION

Newer Virus Diseases

An adenovirus vaccine prepared in monhkey kidney tissue
cultures has been found useful in preventing acute respiratory

Table 3 *

CLINICAL SYNDROMES DUE TO ADENOVIRUSES

heE
Most Less
Disease Common  Common
Acute febrle 42,35 High endemic rates of
pharyngitis types 1, 2, and $ 0 -
fants, type 3, epsdemic,
more common during cold
months, similar to PCF
but wthout conjunctivits
Pharyngoconjunctnal  3,73,14  1,2,5,6  Epidemic i children, spo-
fever (PCF) radic i adufts, summer
epidemucs frequenily as-
sociated with swimmmg
Acute respiratory 4,7 ENES Eptdemic m military re.
disease (ARD} cruits, sporadic m cvilian
adults, fypes 3 and 7 m-
fections rare in chidren
Viros preumoma
In snfants 7a 13 Rare. occurs 1n hospital
nyrseries  may be f.uz}.
stmilar (o Goodpasture’s
inciusion body preumont
s
In adults 4.7 3 Assocuated  chiclly with
ARD, cold agplutinmy pot
developed
Acute follicular 3,72 2,6,9.10  Sporadic  adulis chiefly
conpunctivitis aflected
Fpudemic heratocon- 8 (classic 3, 7a(mild  Fpdemic  adults chicfly
cases) cases) affected, common 1 14

Junctrats (EKC )

pan_tare 11 Unted States

* By permission from Aodern Mediine July 1, 195% \hnncapehs
Mmpesota, and B ] Huebner
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cines significantly reduced the number of adenaviras infections
in the vaccinated group compared to the control group. In
nonstudied companies adenovirus infection accounted for 80
per cent of dispensary admissions, whereas 40 per cent of ad-
missions from the control group in the studied companics
were due to either type 3, 4, or 7 adenovirus while only 15 per
cent of the vaccinated groups were due to these agents Hille-
man and co-workers (1957) concluded that adenovirus, types
3, 4, and 7, when prepared in a formalin-hilled vaccine pro-
duced antibody levels as great as ordinarily occur after natural
infection. They state that the vaccine was safe and caused no
untoward reactions 1n man. A marked reduction in the inci-
dence of adenovirus-caused disease requuring hospitalzation
during the second through fifth week after vaccination was
clearly demonstrated During this period only one case of
serologically positive adenovirus infection was hospitalized
among 311 vaccinated recruits, in contrast to 61 cases among
313 controls in the same compames, This represented a 98 per
cent reduction n the expected incidence The vaccine appears
1o be specific aganst adenovirns disease and also acts antigeni-
cally by recall stimulation, There have been msufficient studies
10 the civilian population to permit any conclusions as yet %
ta 1ts value tn this group of patients

DIAGNOSIS

The laboratory diagnosis of adenovirus mfection depends
chiefly on two procedures. virus 1solation and the complement-
fixanon test Human cell cultures provide the most senume
and convemient ussue for the recovery of most of the known
types. The complement-fixation test, performed on catly
(acute) and late (convalescent) sera, provides a simple.
quick, and spectfic diagnostic procedure but yiclds no nforma-
tion as to the mfecting serofype Rowe and Huebntr (1956}
recommend that w order 1o detect all complement-fiung ant-
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by Goodpasture and co-workers (1939). Type 7a adenovirus
was isolated from the spinal fluid obtained the day before
death, and from brain and lung tissue at autopsy. It would
appear from the experience of the French workers that
adenovirus infections may be fatal in young children and
should be taken seriously. In special populations such as those
in the Hopital St. Vincent de Paul in Paris the authors raise
the question as to whether or not adenovirus vaccine should
be employed for protection against a severe epidemic dus to an
agent for which there 15 an effective vaccine. It would appear
to be a wise choice for them

SUMMARY

There are at least 20 serologically distinct types of adeno-
viruses having a common complement-fixing antigen and simi-
lar biologic properties, Types 1, 2, 3, and § have been found
most frequently 1 association with acute febrile pharyngitis
in young children and can be unmasked 10 nssue coltures of
adenoids and tonsus of most children undergoing tonsillectomy
and adenoidectomy. The type 3 virus occurs 1 both civilian
and military populations where 1t causes an entity described
as pharyngoconjunctival fever. Types 4 and 7 cause a signifi-
cant proportion of ARD and atypical pncumonia in mibtary
recrutts Types 3 and 7a have been 1solated frequently in as
sociation with conjunctivitts, and type § causes epidemic hera-
toconjunctiviis  Virus pneumonia in mfants has been showst
1o be due 1o types 7a, 1, and 3 As many as 7 different types
of adenoviruses have been associated with pharyngoconjunc
tival fever. which might be considercd the prototype tiness
duc to adenoviruses.
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evaluate the relationship of the enterovirus infections in the
over-all pxclurc of sespiratory dnscase it will be necessary to
d d and become acq d with the entire picture of
illness produced by these agents. This is a rapidly changing
field, and only in the last few years have we come to appre-
ciate the respiratory symptomatology that is frequently asso-
ciated with some of these 1nfections. It is important again that
we recognize the clinical spectrum of disease in order to diag-
nose and treat these protean illnesses
In the case of the symptom of diarrhea, Ramos-Alvarez
and Sabin (1954) raise the pertinent question of the etiologic
significance of the various viruses that are being recovered
from infants and children with diarrheal diseases They ind:-
cate that although polioviruses and cytopathogenic Coxsackie
viruses were recovered with the same frequency in both groups,
drarrheal and nondiarrheal, it is 1mpossible to be sure that
they were not responsible for the illness observed in the chil-
dren from whom they were jsolated. The reasons they give
for this are as follows: (1) all of these viruses are known to
produce a spectrum of clinical manifestations rangmng from
mapparent infections and minor illnesses to more severe dis-
ease with varying degrees of insolvement of the central ners-
ous system; (2) the drarrheal illness occurred concurrently
with an acute infection, as shown by the development of
b duning Te and (3) al-
though some of the patients 1n the control groups from whom
viruses were recovered may have had only napparent infec-
tions, they pomnt out that 1t 1s possible that others might have
had some 1llness with or without diarrhea subsequent to the
time of sampling Further details of the role of the ECHO
viruses 1n diarrhea and the etiology of diarrbea will be pre-
sented later in the section directly concerned with these agents
Although we recognize the wide variety of symptoms that
are related to the central nervous system (aseptic memngitis),




Chapter Five

THE ENTEROVIRUS DISEASES

INTRODUCTION

The Commuttee on Enteroviruses of the National Founda-
tron for Infannle Paralysis determined that this famiy of
viruses should mnclude the Coxsackie viruses, groups A and B.
the polioviruses, and the new ECHO (enteric cytopathogenie
human orphan) viruses. In this large famuly there are more
than 50 distinct viruses, including 3 types of polioviruses, 25
types of Coxsackie A, 5 types of Coxsackie B, and 25 or mor¢
types of ECHO viruses These agents arc all known to be mul-
tiplying at various times in the human intestnal tract fo 0
clear that the list 1s far from complete and m the near futuré
new types will undoubtedly be added

Although all of these agents appear to be closely allied
etiologrcally to aseptic menmingits, there 1s a wide vanety of
clinical manifestations winch are now being mmbumfl to
certamn of the enteroviruses Among the vaned manifestations.
evidence of acute respiratory diseasc has been clearly 1dentificd
with certam of the agents m all three of the major groups In
this chapter the Coxsachte viruses wiil be discussed separately
as well as pofiostrus and ECHO virus infections Emphasts
will be placed on the resprratory {catures, but m order t@
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m eflch group certain agents have been identified with acute
respiratory disease and the relationship between respiratory
and gastromtestinal symptoms produced by many of these
viruses is becoming clearer. The enteroviruses may produce
disease in the central nervous system, gastrointestinal tract,
and respiratory passages, and although they all cause aseptic
m_enmgm’s certain types have been predominantly associated
with gastrointestinal or respiratory symptomatology, inctuding
the development of severe interstitial pneumoanitis and death,

THE COXSACKIE VIRUS INFECTIONS

In 1949 Dalidorf and associates first reported on an va-
wdentified filterable agent 1solated from feces of children with
paralysis The onginal cases occurred in the town of Cox-
sackie, New York, in patients who appeared to be affircted
with poliomyehtis The viruses have continued to be called
the Coxsachie viruses and have since been found in all parts
of the world and associated with many different illnesses

Since the discovery of the Coxsackie group of viruses 3
great deal has been learned about them The famiiy is a farge
one, now reported to have 30 distinet types which fall inte
two groups, A and B, and as pointed out previously are onl)
part of a large family of enteroviruses The method of employ-
1ng newborn mice in the study of stoo] specimens was respon-
sible for the discovery of this new group of Coxsackic agents
When tissue cultures were added to the methods, addimonst
viruses were discovered, and Dalidorf pomnts out that different
techniques yield different results Any thorough suney of
stool specimens must now nclude not only antmal studics but
a rather wide variety of tissue culture cells.

The Coxsackie viruses readily infect and produce diseass
wa suckling mrce but do not cause disease 1n adnlg mice The)
are quite ssmifar to the polioviruses in ther general disinby-
tion. size. and resistance to physical agents and shey tend @
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viruses induce flaccid paralysis and degencration of muscles,
but fail to affect the central nervous system in suckling mice.
The group B agents tend to cause encephalomyelitis with focal
myositis, pancreatitis, and fat necrosis in suchling mice, Fig-
vre 10 illustrates Coxsackie A10 virus particles and crystals.

Clinically a distinction can be drawn between the groups,
the A types being frequently associated with vesicular pharyn-
gitis or herpangina whereas the B agents commonly cause
pleurodynia and aseptic meningitis. It is also clear that certain
of the A strains are responsible for aseptic ingi

The first clinical descriptions of herpangina or esicular
pharyngitis are attributed to Zahorsky (1920), who described
an acute febrile disease mn children characterized by tiny
vesicles on the pharynx and soft palate which later became
ulcerated The association between this entity and the group
A Coxsackie viruses s now well established.

Epidemiology

The agents are known to produce discase throughou{ the
world and occasionally almost reach pandemic proportions
In 1955 and 1956 large outbreaks occurred in Minnesota and
Towa and the following year 1n North Carolina. In 1955 group
A virus was common tn Italy as well as in much of western
Europe and Great Britain. An unusual epidemic prnduccq by
group A16 virus occurred m Toronto and was characterized
by aseptic meningitis, ulcerative Jesions in the mouth, and
vesiculated skin lesions with ulcers occurring on the fingers

Figure 10. (1) An electron micrograph of Cotsackic virs A 10, showing
parl:":ﬂ in square and hevagonal packing 1n different crystal rhnc:,l’;;’!:"’:
size 1s 27 mp, and the magnificaton s approvmately 60.000 . < iasd
micrograph of crystals of the same virus which measure nm;:;nnunu,
100 @ 1n therr maumum dameter (From Mattern, C F 7. a " 5“("":
H G [1956] Purification and crystalhization of Covsachse sius,

123 1037
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Coxsackie viruses have been found particularly during the
summer months in surveys of stool specimens from paticnts
with diarrhea as well as from normal subjects. It now appears
from various reports throughout the world that approximately
3-5 per cent of well individuals may harbor the Cotsackie
viruses. It is not clearly established whether these agents may
represent inapparent infection or may be present in the stoob
as a result of previous illness which may have been inapparent.
Patients with group A viruses who sufler from vestcular pha-
ryngitis have been known to excrete virus in the stool for
many days or weeks following recovery.

Coxsackse viruses are found predominantly during the sum-
mer and fall months and appear to correlate closely wuth the
ineidence of herpangina or vesicular pharyngitis Epidemio-
logic studies indicate that they primarily infect children and
that whole families may be involved, indicating the ugh infee-
uvity of the agent with spread from person to person. The
incubation period varies widely but averages four 1o five days
m most of the reported series.

Clinical Features

Of the first 19 types of Coxsackic A that have been defined.
types 2, 4. 5, 6, 8, and 10 have defimtely been dentificd with
vesicular pharyngitis. Several other reports mdicate that Cov
sackie A may cause acute pharyngitis without \cslculnr.fvrm;\-
tion Certain established isolations reveal a four-day incuby-
tion pertod with a clinical 1ilness characterized by dysplusud.
general aching, pharyngeal erythema, chest pans. Chl"i.‘dr;‘
acute pharyngitss, In a serics of children reported from Wash-
ington, D C . the onset of disease was sudden with fever aso-
ciated with most of the illnesses Although the fever tends l;
be low grade, averagmng 37.8" 10 389" C. n may rurc!.\ reac
406 C. The fever 1s usually of short duration, lasting e
to four days 1n most patienfs
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viruses, which are widely distributed throughout the world.
may produce disease in man without involving the central
nervous system Since the severe epidemic which occurred in
Minnesota in 1946 it has been apparent to this writer that
acute sore throat may be one of the chief complaints and a
striking clinical manifestation of poliomyelitis, In the 1946
epidemic it was shown that acute pharyngitis occurred in a
high percentage of children suffering from what was clinically
diagnosed as poliomyelitis. Grulee and Panos (1948) pomted
out that acute pharyngitis was one of the outstanding present-
g signs in patients who were treated at the University of
Minnesota Hospital,

As part of a study of illnesses in a group of Cleveland fam-
iltes, Jordan, Stevens, Katz, and Dingle (1956) reponted the
recognition of family epidemics of poliomyelitis and pleuro-
dyna duning a search for respiratory disease viruses This
paper has great ¢ in that 1t d rates that in four
different famulies an acute respiratory disease was taking place
which the families called “grippe.” In three of the familws
viruses were 1solated, and serum studues clearly indicated that
polioviruses were involved in the famiy emdemics. In lh.‘!
fourth famuly a Coxsackie B 3 agent was found to be responsi-
ble for the symptomatology of respiratory discase. It 15 a most
convmeing demonstration of the fact that palavirer 2nd
Coxsachte virus infections must be seriously considered in the
differential diagnosis of undifferenuated respiratory disease

The type 2 virus has been closely allied with acute respir-
tory disease 1 an epidemuc feported from the Childrens
Chnic of Bremen by Schall, Lennartz, and Hake (1956). 10
summary, they state that all of the chuldren 1n the solation
ward of a chinte for mfants became il with a mld fover amf
symptoms relating to the upper respiratory passages ‘Th?i
entificd the virus as polosiris of the Lansing type in 8
cases examined They characterized the epidennc by 3 rapid
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spreading and mild clinical symptoms. They pointed out the
difficulty in differentiating inapparent or abortive forms of
Helne-Medin disease. It is app that an epidemic involving
26 cases occurring largely in the infant age group produced 2
clinical picture of respiratory disease almost exclusively, Nearly
all of the patients were described chinically as having an acute
rhinopharyngitis with few other complications. The febrite
lnesses as recarded were low grade, and in only 2 few pa-
uents did the fever nise to 40° C. Neutrahzauon tests for ol
three types of virus were performed, and significant nises to
poliovirus type 2 were recorded with no positive findings for
types 1 or 3.

In a recent paper Sobef and co-workers ({936), describing
the details of an eprdennc of adenovirus type 3 commonly
designated as pharyng junctival fever, indicated on three
different occasions in thetr paper that the dagnosis of polio-
myeltus was seriously considered. The first wave of the epi-
demmc was characterized by mild illness with Jow-grade fever
and mild pharyngitis. They pointed out that stiff neck and back
were among the classic symptoms observed, it is no wonder
that they were disturbed about pohiomyehtss, The etiologe
approach to the disease, however, established the fact that
adenovirus type 3 was the causal factor and that none of the
three types of poliovirus was involved.

Salk (1958) has indicated that the widespread use of
poliomyelitss vaccines has altered the epidemiology of this
disease. A \l of the eprdemiologic features of polio-
myehtis may be necessary, particularly 1 hght of the large
family group of enteroviruses which now closely simulate each
other Dalldorf (1958), as pomnted out previously i this
chapter, indicated that there might be some mterference exist-
g between Coxsackie B and poliomyelitis viruses It seems
possible that the widespread wse of poho vaccine might ac-
count for the apparent merease it ECHO virus nfections as
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well as other forms of aseptic meningitis, particularly those
due to Coxsackie viruses.

The first evidence of the virus etiology in poliomyelttis was
presented as early as 1909, but only within the last 10 years
have we appreciated the three immunologic types as being re-
sponsible for most of the various epidemics as well as sporadic
cases of poliomyelitis Any of the previous small epidemic and
sporadic cases may well have been related to Coxsackic and
ECHO viruses.

Among the three types, type 1 has been the principal con-
tributor to the paralytic form of the disease, but infection is
readily produced by all three. Man undoubtedly is the pri-
mary host and principal reservoir of polioviruses with esvi-
dence that he also is responsible for the mfectious and con-
tagious nature of the disease. No intermedsate vectors have
been shown to be significant in 1ts transmission, The refation-
ship of bowel-excreted virus to oral-pharyngeal sources of
infection is not completely settled. In communities where
hygiene 1s such that sewage contamaton ts high, 1t 15 possible
that this may be the primary factor in its spread. Satk (1958)
indicates that n earker times and in regtons where personal
hygienic practices are not of the most modern type, exposure
probably occurs in infancy at a time when the baby may be
under the influcnce of maternal antibodics. with paralysts fare
and lifetime immunity resulting from infection With changing
hygienic habits it is possible that pharyngeal siruses may play
an important role in the spread of disease and that, as such,
control of pharyngeal excretion of virus may be greatly fe-
duced by the use of killed-virus vaccines. }

It is concewvable that the spread of virus may be dimunished
by effective vaccination and an even greater reduction f“ the
incidence of poliomyeliis may occur than could be atrributar

ble to the actual number of mdividuals saccinated. The oceur-
rence of secondary contact cases strongly favors the pharyngeal
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route as bemng highly significant in the transmission of infec-
tion, The virus persists in the pharynx for a matter of days,
whereas in the stool it may continue to be evident for weeks
or months This problem is still unsolved.

The blood stream is considered the principal pathogenic
mechanism by which poliovirus enters the cemral pervous sys-
tem, and it now appears evident that antibodies in the blood
wilt actually protect against the paralytic forms of the disease.,
Salk (1958) points out that a single dose of vaccine results in
greater type 1 antibody response in persons who have had a
prior natural type 2 infection than in patients who had prior
type 3 infection, He also indicates that prior type 2 infection
is Jess apt to be followed by paralysis when an individual 15
attacked by the type I virus Annubody production 15 related
directly to the amount of antigen njected, and by and large
the degree of perststence of these levels appears to be related
to the degree of potency of the primary agent as well as the
intensity of the booster doses, When a good antibedy level
has been induced 1t tends to persist.

A change 1n age incidence has occurred since the widespread
use of vaccination with increases in the group under five years
This would indicate a tendency to revert to the age group that
was first recognized in the early history of polwomyehitis and
from which it ganed the name of infantile paralysis. Salk
(1958) belteves this may be due to the fact that the amount
of virus 1n the community has been reduced as a result of vac-
cination programs He states that it 1s possible that killed-
virus vacaine does an fact have some cffect on the significant
mode of egress of vtrus from the infected indwidual

The quesnon of remforcing tmmunity with booster mocula-
tions will have 1o be settied in the future as the epidemiology
of the immunmized population becomes more clearly evident
The killed-virus vaccines of poliomyehtrs are now bemng em-
ployed m combmation with other immunizing agents n
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pediatric practice with good results. It is possible with further
study of the problem that when polyvalent respiratory vaccines
are considered in the future introduction of certain strains of
poliovirus may be indicated. Although the respiratory features
of this disease are limited, it is obvious that mild iliness may
occur which can closely simulate various respiratory diseases.
In the summer months particularly when a child has an acute
pharyngitis with low-grade fever and headache, the dragnoss
must be differentiated from Coxsackie, ECHO, and certain of
the adenovirus infections.

ECITO VIRUS INFECTIONS

ECHO (enteric cytopathogenic human orphan) vituses
were recognized when ftissue culture began to be used as a
common method for the isolation of polioviruses in stool spe-
cimens. Just as the Coxsackte viruses were discovered when a
new tool was mtroduced (the suckling mouse) the mtroduc-
tton of kidney tissue cultures revealed the naturally occurriag
vituses, now known as ECHO viruses, which are a part of the
large family of enteroviruses under discussion in this chapter
Some 24 or 25 distinct antigentc types are now recognized.
and Sabin (1958) indicates that many are waiting to join the
long list

The ECHO viruses produce a transitory mfection of the ali-
mentary tract and are constdered 1n no way comparable to
the enteric bacteria, which are hfclong residents of this area
The incidence of ECHO wviruscs in the stools of healthy hu-
mans 1s most prevalent during the summer n young children
and among large familics of the low-economic group Cestamn
of the 25 studied types of ECHO viruses, such as £, 10, and
20, appear to have a predilection for the respiratory [u“:lgf‘
and may dissemmate more extensively dunng the colder

months of the year .
The ECHO viruses all appear to share the following chara
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teristics: they are cytopathogeme for monkey and human cells
in tissue culture; they are not neutralized by the three types of
poliovirus antisera, nor by the antisera for the Coxsachie
viruses, some of which are now known to be cytopathogenic
for tissue culture; the ECHO wviruses do not cause disease n
infant mice as do the Coxsackie agents; they are neutralized
by human gamma globulin and individual human sera. A
group of infants admitted to an orph in Wash

D C., was studied in detail by workers at the National Insti-
tutes of Health (Cramblett er al., 1958) Among the group
studied, six infants were found to have suffered a recent infec-
tion with an ECHO virus. The agent was oniginally referred
to as JV-1 virus, and in each instance the illness appeared fo
be associated with muld respiratory symptoms.

According to Cramblett and associates (1958), the major
mantfestations were fever, coryza, mild erythema of the
pharynx and eardrums, as well as abnormal stools. The fevers
were moderately elevated for two days or less. Coryza, mani-
fested by shinorrhea, sneezing, and tratabulity, was preseat in
alf six infants and was the most outstanding symptom. Rhinor-
thea was profuse, serous in character, and later became pury-
lent, Cough was a strihing symptom m five of the six patients,
and erythema of the tonstlar fossac and pillars was also pres-
ent Myringitis was evident in the eardrums, which became
full, distorted, and complicated by purulent otitis media in one
pattent The stools of all patients were abnormal, with frank
drarrhea 1n four and frequency persisting no longer than two
days Some evidence of mild comunctiviis was present, with
crusting and discharge in a few patients. The cervical lymph
nodes appeared to be enlarged 1n four patients.

Laboratory studies revealed white blood counts between
6000 and 15,000 per millilter, with 2 predommnance of
lymphocytes m all of the patients except one. The sedimenta-
tion rate by the Westergren method was moderately elevated
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pediatric practice with good results, It 1s possible with ferthe
study of the problem that when polyvalent respiratory vaccine
are considered in the future introduction of certain straws o
pofiovirus may be indicated. Although the respiratory Ieature
of this disease are limited, it is obvious that mild illness may
occur which can closely simulate various respiratory diseases
In the summer months particularly when a child has an acute
pharyngitis with low-gtade fever and headache, the diagrods
must be differentiated from Coxsackie, ECHO, and certain of
the adenovirus infections,

ECHO VIRUS INFECTIONS

ECHO (enieric cytopathogenic human orphan) vicuses
were recognized when tissue culture began to be used a5 2
common method for the isolation of polioviruses in stool spe-
ctmens, Just as the Coxsackie viruses were discovered when 3
new tool was i{ntroduced (the suckling mouse) the introduc-
ton of kidney tissue cultures revealed the naturally ocevrsing
viruses, now known as ECHO viruses, which are a part of the
farge famuly of enteroviruses under discusston in this chapter.
Some 24 or 25 disunct antigenic types are now rccn;fﬂzt'\i.
aad Sabin (1958) indicates that many are waiting 10 join the
tong list.

The ECHO viruses produce a transitory mnfection of the ah-
mentiry wact and are considered 1n no way comparable 1o
the enteric bacterra, which are lifelong residents of this ared
The sncidence of ECHO viruses in the stoels of healihy -
mans 15 most prevalent duning the summer in young chilgrén
and among (arge famulies of the Jow-economic group Cenam
of the 25 studied types of ECHO viruses, such as §, 10, and
20, appear 1o have a predifection for the sespifatory passages
and may disscminate more extensnely duning the cnidet

months of the year . .
The ECHO viruses all appear 1o share the following chard
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tersstics: they are cytopathogenic for monkey and buman cells
in tisste culture; they are not netratized by the threz types of
poliovirus antisera, not by the antisera for the Covaaclis
viruses, some of which are now hnown to be tytepztbosenic
for wssue culture; the ECHO viruses do not cause dieexce iy
infant mice as do the Coxsachie agents; they are reverglized
by human gamma plobuhn and indnidunt human sery A
group of mfants admiited fo an orphanage n Waigmn
D.C., was studied in desail by workers at the Nagony !ns;x
wies of Health (Cramblett ef al, 1958). Aong 15e grey
studsed, six infants were found to have suffered 5 :@rxg.r i
tion with an ECHO virus The agent was ongumay, ;. 6o
to as JV-1 wirus, and in each instance the jliness g -::md
be assoctated with mild respiratory symptoms T to
According 1o Cramblett and associates (1938}, (he s
manifestations were fever, coryza, mild L‘x;; majer
pharynx and eardrums, as well as abnorma} ool Tk .0( the
wese moderately elevated for two days or fuyg s 2 feers
fested by rhinorrhea, sneezing, and irritaby Y, .

T W3S pracome
nd was the most outstan, Freens in
all sixanfants a st outs ding Serem B

. ) .
full, distorted, and comphicated by p\,mem;& *oh became
patient. The stools of all patients were - *ain one
drarrhea in four and frequency persistin Py *7h frank
days. Some evidence of mld conjuncivg “‘;:: 28 wo
crusting and drscharge in a few patients n‘\hnqm with
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. between
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in five of the patients, and the test for C-reactive protein was
positive in ane patient only, Paired sera from the patients failed
to demonstrate a rise in titer for antistreptolysin O, cold ag-
glutinins, or heterophil antibodies. Four of the six patients
showed abnormal chest roentgenograms with increase in
bronchovascular markings, hilar lymphadenopathy, and frank
pulmonary infiltration. Intense viral studies were cartied out
on this small group of patients, and material from throat swab-
blings was placed in HeLa cells and monkey Lidney cell cul-
tures. Rectal swabs were also inoculated into monkey kidney
cell cultures.

Specimens of serum from the patients were tested simul-
taneously. Al six patients yielded virus cytopathogenic for
monkey kidney cell cultures which appearcd to be different
from any previously isolated agents, The cytopathic effects
were similar to those produced by poligviruses and ECHO
viruses. The agent was not pathogenic for newbern mice, and
the complement-fixing antigen was absent for the adenoviruses
Cramblett and associates were able to conclude that the JV-I
agent was apparently a newly recognized virus which satisfied
the criteria for the ECHO group. Great significance must be
attached to this important contribution which clearly assoctales
an ECHO virus (type 20) with primary respiratory disease.

The spectrum of climical illness is not the same for alﬂ
ECHO viruses It 1s cqually clear that simuar chinical mani-
festations may be produced by a great vanicty of C{IOYOEIC
agents. Ramos-Alvarez and Sabin’s (1958) studtes carried out
10 Cincinnats on summer drarrheal disease of infants clearly
established the role of the ECHO viruses in this dlScﬂ‘C..Th‘)
hasten to point out, however, that summer charrheal discase
may be a consequence of transitory infection with 2 large
vaniety of enteropathic bacteria, viruses, or both.

The enteroviruses spread rapidly to other suscept
sviduals, particularly within a family or 2 communsty. it

ible indi-
58 Iy
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rarely sevese, and thus the hospitalized cases fail to reflect the
size of the epid In an epidemic in Milwaukee, only 14%
cases were hospitatized in a city of 740,000 inhabitants, but a
survey of the population indicated that 45,000 were ill with
a similar Mlness which was determined to be ECHO virus, type
9, in the hospital cases. When normal children under five were
surveyed entertc viruses were found three to six tmes more
commonly in the chifdren in the poorer districts of the oty
{Melnick, 1959).

The ECHO group of antizenicaliv relarart - - . A

L eass i vinGTen angd aduks according o Snbm
(1 958). A respicatory eateric iflness which was charactenzed
by fever persisting for two days or less, rhinorrhea for six to
mne days, serous discharge from the eyes, vomuting, and
watery, malodorous stools has been observed during the winter
months in wefants under two years of age in associaton with
ECHO virus, types 8 and 20 The latter was originally des.
1gnated as JV-1, and discussed in more detast m the preced-
ing paragraphs.

Although emphasis 15 bemng placed on the respiratory aspeet
of these viruses 1t 1s clear that there 15 a high incidence of
aseptic memngihis caused hy them with few or no pasalytic
manifestattons  Febrrle Mnesses occur with a lgh icidence
of yash, especiafly wn young infants, with or without a con-
comant aseptic memngss Dharrheal disease, too, m the
very young nfant 1s more than hkely due to vanious strains of
ECHO viruses and not assocrated with enteropath
bacteria

Diagnosis 1s accomplished readily by the wolation of the
vieus from stool or rectal swabs and cerebrospinal flud. Sey-
eral types, mecluding 2, 4, 5, 6, 9, and 14, have been re-
wovered from the spinat foid of patients with aseptic meningi-
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tis These isolations, as indicated previously, are most readily
accomplished in Aidney monolayer tissue culture from rhesus
and eynomolgus monkeys. HeLa and other human cell culture
lines have not been found suitable for primary isolations.

The symptom picture of ECHO virus, type 16, discase (Bos-
ton exanthem) has been summarized as follows: The age group
includes children and adults, with an incubation period of
four to five days; fevers range from 37.8° 1o 40° C, lasting
only one fo two days in patients without aseptic meningitis.
Mild sore throat, frequent abdominal pain, and rarely diarrhea
at the onset are the striking early symptoms, with vomiting oc-
curning only in patients with aseptic meningitis. An exanthe
matous rash is common in children and less common m tht
adults, usually appearing after defervescence and disappear-
ance of sy; The rash is lar and maculopapular,
pink- or salmon-colored, discrete 1 mm to 1 ¢m macules most
commonly appearing on the face, chest, and back and lafliﬂ.g
two to four days. The enanthemata may be single or muhlp‘lt.
rased, red or yellowsh-whte lestons on the soft palate, tonsils.
and uvula. This symptom and sign occurred jn 50 per cent 9f
the patents in the Pisburgh epidemic. Aseptic meningitis 8
rarely due to ECHO wirus, type 16, paralysis having occufwd
only 1n one sporadic case with no fatalities, Spinal fuid findings
revealed that the leukocytes were usually less than 50 and not
more than 100 with the white blood count m the pcriphm‘
blood being within normal imuts. St. Geme and co-workers
(1959) described 13 cases of rubelliform cxanthem due ©
ECHO virus. type 9, with fever, matasse, and gasteomtestnal
symptoms. Pharyngitis, conjunctivitis, and cervical adenitn
were recorded as occastonal physical findings

SUMMARY V

The ECHO viruses must now be considered Js major cl:\l::
logic agents in the production of diarrhea and varovs D~v_;\
human diseases These agents have now joned other nfecid
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agents as a cause of h and h Certain
of the ECHO viruses, types 8, 10, and 20, play a special role
in respiratory illnesses prevalent during the colder months of
the year. Many of the first 20 types of ECHO viruses have
been known to invade the human nervous system and produce
the syndrome of aseptic meningitis. According to Sabin
(1958), to date the ECHO viruses cannot be accused of caus-
ng persistent paralysis or encephalitic sequelae.

No disease entity has been described for many of the entero-
viruses, and many produce inapparent disease (Melnick,
1958). The disease entities caused by them are shown in the
accompanying Table 4.

Table 4¢
DISEASES ASSOCIATED WITH ENTEROVIRUSES

Polioviruses Paralysis (complete ro slight muscle weakaess)
Aseptic menimgius
febrile llness, particolarly during

the summer
Covsackie viruses, Herpangina (types 2, 4, 5, 6 8, 10)
group A febrile dlness, durtng
the summer

Aseptic meningites (types A-7, A-9)
Febrile illness wath rash (type A-9)

Covsackie viruses, Aseptic menmgitis
group B Pleurodynia (Borgholm disease)
- . 1e0-
ECHO wiruses NI IRV IR R T
the summer
Mild paralysis (?) (types & and 9) or encephialitts
(type 9)

Summer diarrhea of infants and children (type 18
and others)

* By permission of S Karger, Basel, 1958 (See reference under Berger.
E, and Melnick, J L [1958])
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found in the acute serum specimen. This, however, may be
obliterated by heating to 56° C for 30 minutes. Antibodics
do not exist in individuals living in dengue-free areas; thus the
finding of antibodies in such a patient recovering from an
acute iliness is presumptive evidence of infection,

Forty-seven distinct arborviruses have been classified into
groups A, B, and C with many of the agents falling into the
ungrouped classification. Group A includes the castern, Vene-
zuelan, and western equine encephalomyelitis, and group B
includes dengue, types 1 and 2, Japanese B, Russian spring-
summer, St. Louis, yellow fever and others, Colorado tick
fever, Ruft valley fever, and phlebotomus or sandfly lever still
remain in the uagrouped classification. The hemagglutiation-
inhsbition (HI) test has been found to be the most conclusne
for the detection of serologic overlaps in the arborviruses The
present grouping is based fundamentally on the behavior of
these agents and thewr immune sera 1 the HI test Viruses
which do not fall into any of the three groups (A, B. or C)
will be classified by the name of the virus rather than adding
further groups (Work, 1959)

PHLEBOTOMUS FEVER

This virus disease is charactenized by fever and severe
headache, with pawn in the eyes, conunctinal injection, malatse.
and leuhopenia The iilness has also been termed sandfly fever
because bitng msects belonging to the genns Culrondes have
been called sandiics. In Ntaly, the * ase s referred to as
pappataci fever Th | appea . « pecifically relared
to the nsects Phle heref me seems appro-

priate at the presen

Geogra hic dist this cgarded as jm-
ited areas Ile patasi |
an artic art * Afri
4 Phiet

A wee
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fever unlike dengue does not appear to invade new territories,
but large outbreaks have occurred among troops or immigrants
of countries free from the malady who have moved into in-
fected areas. Hospital admissions among the US. Army for
phlebotomus fever number about 12,000, but many other
fevers of unknown origin undoubtedly have been included.
Control measures must be directed against the wector DDT
sprays are eff against Phleb

In man, the bite of the sandfly pmduccs a small, itching
papule which persists up to five days. The incubation period is
approumately three to six days. Clinical manifestations con-
sist of headache, malase, nausea, fever, conjunctival injection,
photophobia, stiffness of the neck and back, abdominal pain.
and leuhopenia. Sore throat, epistaxis, chills, and profuse
sweating with weakness, especially during conval also
charactenze the iliness, The body temperature usually rises to
a peak within 24 or 48 hours and then begins to fall The
pulse rate 15 elevated sn proportion to the {ever, and brady-
cardia may be present at the end of the febrile period A rash
such as that seen in dengue fever does not oceur in phlebot-
omus fever Little 1s known regarding the basic pathologic
picture as na fatalittes araong uncomplicated cases have been
reported No specific treatment 15 avatlable

COLORADO TICK FEVER

Colorado tick fever 1s a muld febrile disease without rash
that 1s transmutted by a tick and caused by a virus of the arbor
group as yet unclassified or ungrouped in either A, B, or C
The virus 1s transmutted by the bite of the infected tick and 1s
present in the blood during the acute stage of illness No
pathotogy 1s known for this viral infection The mcubation
pertod 15 from four to six days, and the chmcal features are
characterized by a sudden onset with chills and aches, and
include the 1nfl ke p of headache, eye pain,
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backache, nausea, and vomiting, The fever is usually diphasic.
The white blood count may fall to leukopenic levels, but no
camplications have been recorded.

Specific complement-fixing antigens are available, and ant-
bodies appear during the second week of the disease and per-
sist for two or three years. The Weil-Felix reaction is negative.
The disease is limited 1o the areas inhabited by the wood tick
Dermacentor andersoni, they include Colorado, Oregon, Utah,
Idaho, Montana, and Wyoming. The wood tick is the true
reservoir of the virus, but it has also been isolated from dog
ticks collected on Long Island even though human cases have
not been known to occur jn that area. Control measures in-
clude search for ticks and their prompt removal from the body.

Complement-fixing and hemagglutination-inlibion anti-
body tests are both methods which have been employed to
confirm the diagnosis. Both types of antigens should be used
to rule out or confism fection. The hemagglutination-inhiby-
ton antibodies are the first to appear and may be present onc
week following the onset of illness. There is no specific treat-
ment for Colorado tick fever,
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Chapter Seven

MEASLES, DISTEMPER, AND
PRIMARY PNEUMONITIS
IN INFANTS

INTRODUCTION

The reason for including measles and distemper i the same
chapter 1s that a parallelism appears o exist between these
two virus diseases Although evidence for cross-infection tak-
ing place 1s still anecdotal, eprdemiologic and climeal features
of both diseases are quite similar, mcluding atmost identical
incubation periods in thewr natural hosts, man and dog The
pathologic picture, which has been studied n detarl, s like-
wise almost 1dentical, with the appearance of charactersti -
cluston bodies 1n the cytoplasm as well as in the nucleus of
mfected cells 1n both of these diseases Expenmentally some
evidence of cross-neutralizatton has been demonstrated in low
uter However, the natural viruses. as studeed in the laboratory.
have certain differences which as yet cannot be fully explamed

MEASLES (RUBEOLA)
Measles undoubtedly holds the number one poution as the
first acute primary resprratory disease of man hnown o be
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caused by a virus As early as 1759, Home transmitted the
disease directly from man to man by means of bandages
soaked in the blood of patients taken in the early stages of the
disease. Hektoen, in 19035, successfully transmitted measles
by subcutaneous inoculation of blood from patients, produc-
ing the typical disease with the correct incubation period Ani-
mal transmission experiments were successful in 1911, and
Plotz cultivated the virus of measles in tissue culture in 1938.
Further success was accomplished by Rake and Shaffer
(1939), who cultivated the virts in embryonated chicken
eggs. In 1954 Enders and Peebles propagated an agent from
patients with measles which produced a characteristic patho-
logic change in various tissue cultures. This contribution has
made 1t possible to study the virus from many points of view
and will undoubtedly lead to the development of successful
vaccines.

Epidemiology
A pattern of penodicity can be detected in the public
health records of which there are now a great many, indicating
a two- to threc-year interval between epidemics of measles.
Ahhough the same interval 1s seen in the epidemic pattern of
the pand nature of is more evident
than 1s the case n measles One community may have its
measles epidemic one year and a nearby community the fol-
lowing year, sparing the previously involved community al-
most completely This 1s not the pattern of epidemic influenza
The cause of periodicity 1s not clearly established as yet, but
most studies would favor the idea that epidemics are caused
by the accumulation of large new groups of susceptible chil-
dren A very high percentage of the population appears to ex-
Thibit frank measles, and second cases of measles are quite rare
Authentic second attacks are recorded in the world literature,
and a few mdividuals have been sard to have regular measles
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Further success was accomplished by Rake and Shaffer
(1939), who cultivated the virus 1n embryonated chicken
eggs In 1954 Enders and Peebles propagated an agent from
patients with measles which produced a characteristic patho-
logic change in various tissue cultures This contribution has
made 1t possible to study the virus from many points of view
and will undoubtedly lead to the development of successful
vaccines.

Epidemiology

A pattern of periodicity can be detected in the public
health records of which there are now a great many, indicating
a two- to three-year interval between epidemics of measles.
Although the same nterval 1s seen in the epidemic pattern of
infl the d nature of infl 1s more evident
than 1s the case 1n measles One community may have its
measles epidemic one year and a nearby community the fol-
lowing year, sparing the previously involved commumty al-
most completely This 13 not the pattern of epidemic influenza,

The cause of periodicity 1s not clearly established as yet, but
most studies would favor the idea that epidemucs are caused
by the accumulation of large new groups of susceptible chil-
dren A very high percentage of the population appears to ex-
tubst frank measles, and second cases of measles are quite rare,
Authentic second attacks are recorded in the world hterature,
and a few individuals have been said to have regular measles
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on many occasions Great interest is developing in the mecha-
nism for prolonged or lifetime immunity which appacently
exists in this disease,

Although the measurable titer of antibodies against measles
is not of a high order and waning of the titcr can be shown to
occur in a few months to a year, immunity appears o0 be as
solid as for any disease which we recognize. Sharp differences
in clinical severily are probably associated with the presence
of secondary complicating bacteria in the community. Serious
complications are now well controlled by the asailability of
antibiotics, and the rare complication of measles encephalins
remains by far the most serious problem that exists with mea-
sles today.

Some vanability tn the age incidence is recognized, largely
on the basts of the segregation of certain communities In the
large urban centers the age incidence is lower and most chil-
dren are involved with measles n the preschool years, whercas
1 the more rural communities children may escape an attack
of this disease until young adulthood. In World War [, the
bringing together of young men from rural commumbies 1c-
sufted in several serious measles epidemtcs Second attacks of
measles occur rarely, and many of these are probably related
to other exanthematous diseases.

Weller (1958) pownts out that there has been a rapid de-
velopment of our hnowledge regarding the causcs of many of
the exanthemata in the last five years, These diseases are ap-
pearmng afong with the rapid-fire discovery of many ncw virat
agents as a result of tissue culture methods Several of the
newly discovered enterc viruses cawse illnesses associated with
a rash. One of the first of these to be described way Hoston
exanthem. which 1s now recognized as due to ECHO wirus
type 16. Another ECHO virus, type 9, produces a charuacteriy
tc exanthem, particulatly 1 children, wheress older mdnnd-
uals and adults hase a rash much less frequently ft 5 abo
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possible that certain of the Coxsackie agents rarely produce a
rash. The German measles or rubella agent is not clearly
deﬁncd nnd infectious mononucleosis is another dlsease which

lly may have an t
in the realm of the unknown.

but etiologically remains

Clinical Features

The first symptoms of measles appear 10—12 days follow-
ing exposure, with the rash appearing almost exactly on the
fourteenth day when a clear-cut exposure is recognized. Mea-
sles is characterized by three stages: the first being the incuba-
tion period; the second, the prodromal period, at which time
an enanthem known commonly as Koplik’s spots occurs on
the buccal mucosal membranes. Conjunctivitis and a rising
temperature with running nose and cough make their appear-
ance dunng this stage. At the height of the illness and fever
(the final stage) a maculopapular rash erupts, appearing first
on the face and body and subsequently spreading to the arms
and hands with fading occurring in the areas where 1t first
appeared There are many commonly recognized features of
the measles rash which are almost pathognomonic. The blotchy
nature of this rash, when associated with Koplik’s spots and
signs of conjunctivitis, coryza, and cough, leaves httle doubt
in the cl ’s mind ding the d The centrifugal
progression of the rash 1s extremely important as drug erup-
tions and other confusing eruptions fail to spread and fade mn
the same manner as measles, which leaves behind a pigmenta-
tion with a branny desquamation constdered highly charac-
teristic

Koplik’s spots usually appear prior to the development of
the eruption and may develop many days before the appear-
ance of external rash. These spots are grayish-white with a
slightly red areola, occasionally they may be hemorrhagic
They appear first opposite the lower molars on the buccal
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mucous membranes but then spread throughout the mouth.
They may on occasion be confused with other cnanthemata,
including those seen in scarlet fever and rubella.

The clinical symptoms of coryza, cough, and conjunctivitis
gradually increase in severity throughout the prodromal period
and along with the fever reach a peak at the ume when the
body is nearly completely involved by the cxanthemata, The
fever frequently rises to 40°~30.6° C, and the blood picture
may show a relative lymphocytosis with leukopenia. Recovery
is often rapid and remarkable, and in a day or two a very sick
patient may appear well on the road to recovery. Complica-
trons in the past have been common and should always be
watched for closely. Convulsions may occur, ushering in the
complication of encephalitis.

In the differential diagnosis rubella is frequently confusing
but may be distinguished largely by the appearance of post-
cervical and postauricular Jymph nodes. The nodes frequently
appear in German measles prior to the onset of rash and may
be the chief complaint of the patent. German measkes or
rubella is further distinguished from regular measles by the
absence of striking resprratory symptoms, many patients et
hibiting nonc of the rhinorrheal, conjunctinal, or cough symp-
toms which are sa classic 1n rubcola.

In the chinical spectrum of disease, we have come to recog-
nize the presence of so-called atyprcal pneumonsa 1n a smail
aercentage of patients, and Dingle and associates on the Re-
ipiratory Commusston (1944} showed a close paraticihm be-

ween the ncidence of acute respiratory disease (ARD) and
iypical pneumonia When an epidemic of rubella mobed
he camp. they could demonstrate no wncrease m the incrdence
f atypical p strongly suggesoiy GYat s agent does
ot have a predilectton for the respiratory passages Because
f the rash, however, rubella 1s extremely importaat in differ-
nual considerations  Scarlet fever frequently muy be il
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ferentiated on the basis of the character and location of the
rash, which 15 increased in the bodily folds and is usually not
on the face where it occurs so characteristically in patents
with measles,

Exanthem subitum is characterized by a rash which appears
along wath the abrupt subsidence of fever, whereas in regular
measles we recogmze that the rash is maximum at the height
of the fever. Drug rashes may at times be dflicult to disun-
giush, but usually a history of intake is extremely helpful, A
Tustory of exposure 10 measles or some other illness should not
be forgotten as an important aid to the clinictan in making a
differential diagnosts.

The chief complications of this disease as pointed out are
encephalitss apd the occurrence of otitts media and pneumonia;
although the latter condrtions are frequently related to second-
ary bacterial organisms they may also be a part of the disease
self and caused by the virus, The measles virus has been
1solated from certain patients with grant cell pneumonia, with
and without rash, and it 15 important 10 remember that 1n
certain epid the of p a may be high
mdeed and related directly to the measles virus. The advent of
antibiotrcs has served to clarify the role of the secondary
Yacterial invader, but unfortunately rare 1ndividuals may st
die of an qverwhelming pulmonary mfection m spite of ade-
quate anttbiotic therapy. Many of these fatalities are undoubt-
edly related to the measles virus per se since a characterstic
preture of giant cell pneumonta with inclusion bodtes 15 almost
pathognomomnic of measles Giant cell preumonsa 15 discussed
in Chapter Nine in greater detail

The cause of measles encephalitss is still unknown but 1s
constdered by many to be directly related to the measles virus.
Although this virus has been difficult to obtan from patients
with encephalins, the methods of 1solation and study in the
past have not been as adequate as they are today Tt s possible,
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without a rash. Many second cases of measles occurring years
later have been mild and often associated with patients who
have had previous inoculations with gamma globulia. Stokes
(1959) suggests that 10 1o 20 times the ussal amounts of
gamma globulin will modify the discasc even when injected
in the prodromal stage and suggests that at least the dangers
of complications may be lessened. For the most part immunity
acquired following gamma globulin seems to be of a rather
permanent nature, Second cases of measles are extremely rare
even following modification procedures.

Treatment

Treatment of uncomplicated measles 1s largely confined to
the use of antipyretics and mild sedatives, which may include
codeine mixtures for the relref of severe cough Complete bed
rest and adequate fld intake are considered very helpful
Strong, bright light should be avoided, but otherwise no harm
is done from ordinary light and a much cheerier environment
may result. Comphcations should be watched for closely, and
treatment with appropriate antibiotics adminustered when inde-
cated. The routine use of antibrotics in the treatment of uncom-
plicated measles is not recommended even for prophylaus of
secondary complications Wetnstein (1955) was able (o show
that complications may not be prevented with any degree of
assurance by peniciliin but might even be increased when it s
employed routinely for presention The emergence of organ-
1sms such as Hemophifus influenzae (bacdlus) was the pot-
mary cause of bacterial complications mn his reported sertes
Certanly the faruliar incidence of streptococeal and paeumo-
coccal complications 1s reduced. and this may be fhughly desie-
able mn certam paticnts, However, as a rule such complecatons
may be treated promptly and cffectively when they arne
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CANINE DISTEMPER

Jenner in 1809 was probably the first to compare distem-
per with the nfectious fevers of man. Canine distemper has
been recognized in most countries of the world as a common
respiratory disease of dogs It was considered to be caused by
certain bacteria and Bactllus bronchisepticus m particular for
many years; but in 1905 Carré was able to transmit the dis-
ease by means of bacteria-free filtrates. The Freld Distemper
Council (Laidlaw and Dunkin) reported their studies on the
cause of distemper in 1926 and clearly confirmed that distem-
per was caused by a specific virus, Bacillus bronchisepticus
and other organisms were then recognized as secondary com-
plicating agents.

Many different strains of distemper were isolated by
Laidlaw and Dunhin {1926) but all were of a single type and
cross-immumzed against each other. They concluded that dis-
temper was transmitted by filter-passing agents which produced
no growth 1n ordinary culture media and “belonged to the class
of filter-passing viruses ” Evidence that the disease was first
transmitted to man was contributed by Nicollé (1931), who
reported that man might acquire the disease in 1napparent
forms In his experiments, man, monkeys, and dogs were
moculated at the same time with hnown strams of distemper
virus As the disease mamfested 1tsclf in expenimental animals,
materal taken from human beings at the same time produced
disease 1 normal puppies Nicollé interpreted his findings as
evidence of an wapparent infection 1in man and concluded
that man can serve as a reservoir of virus for animals, or vice
versa

There are many other observations on the transmission of
respiratory disease from man to dogs; one of the interesting
reports 1s that of Bryan in 1928, who was able to transmit an
mfection from himself to puppies which within 7 to 10 days
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“went down with the typical picture of canine distemper,™ He
presented evidence of cross-infection between 11 children, all
of !'\hom presented signs of an acute respiratory disease fol-
lowing contact with acute distemper. “House dog disease™ has
been described by Whitney (1943) as a pharsngolan ngo-
tracheitis which dogs contract from human beings.

Clinieally, disteraper is a highly contagious dinegse which
primarily invohes the respiratory passages. Puppies are highly
susceptible, and during epidemics there may be a high fatahuy
rate. Certain strains of virus appear to cause “hard pad dis-
ease,” which is often associated with clinical forms of distem-
per. Infectious material from dogs with “hard pad disease™
when transmitted to ferrets has produced a discase that chin-
ically and pathologically appears identical with canine dis-
temper. Montgomerie (1956) has indicated that there are
definite strain diferences between the “hard pad” agent and
the virus that causes distemper.

The symptomatology of the puppy or ferret with resprratony
distemper 1s simifar in many ways to the classic symptoms rec-
ognized in measles, coughing and sneezing being sinhang symp-
toms with runny nose and signs of conjunctviin A\ rash ¢
evident about the face and on the abdomen where w15 most
easily recognized. Encephaliis may be associated with the
disease as a comphcation and would appear to be a common
and serious form of the disease m puppres, particularly a1 umes
of epdernics. The exact incidence of encephaliis as a comph-
cauon of canme distemper s difficult to Jetermne but has
been estimated as high as 5 per cent

Vueri (1946} reported a 21-year-old patient sith transient
paralysis of facial muscles. diplopta, and nystagmus. with
stiff neck, hyperesthesia, and exaggerated refletes, alt of winch
developed follow ing ntimate contact with a dog suffering from
the phalitic form of d per. The author states that e
suspected that the iliness may have been related  some w3y

to canne distemper.
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'RIMARY PNEUMONITIS IN INFANTS

Our interest 1n presenting distemper is aroused by the pos-
sibility that one of man’s common respiratory diseases may be
closely related to canine distemper. In 1950 it was demon-
strated that serum from human beings was capable of neutral-
1zing experimental distemper in animals and in the chick
embryo. Prior to this discovery, however, a stking similanty
between the pathologic picture presented by distemper in fer-
rets and a respiratory disease of human beings was known.

An epidemic disease was first recognized among newborn
and prematurely born 1nfants in January, 1937. The clnical
features of cough and sneezing, which 1n many patients be-
came severe, leading to dyspnea, cyanosis, and death, were
uniformally observed in the original epidemic. Although the
febnile responses were 1n general low grade, many of the
patients had a high, spiking, bxphuslc type of fever curve, In
one j extreme was evident by the
fact that every baby developed varying degrees of acute re-
spiratory disease.

Attention was paturally directed to the severely 11l babies
with pneumonitis and bronchiolitis, but a review of the ep1-
demic features soon indicated that all of the babies were suf-
fering from acute respiratory disease which was mild 1n a few
patients Thorough bacteriologic studies were performed, and
no uniform organisms were found; although a few of the pa-
tients had some of the ngher types of pneumococci, these were
not associated with death At the time of the epidemic, a non-
bactersal disease was suspected, and fresh frozen lung speci-
mens were sent directly to Dr Thomas Francis, Jr, for in-
fluenza studies (1937). An influenza virus could not be
1dentified as the cause of the epidemic,

In the most severely 1ll patients, fine rales were heard over
the entire lung area but dullness was rarely elicited. Roent-
genographic studies revealed evidence of overaeration with flat
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qinphragms so characteristically seen in infants with bronchio-
litis.

Unique and umform pathologic findings were observed in
the Tungs of all of the babies who dicd. These consivted of
destructive and proliferative changes in the bronchial cpithe-
lium with peribronchial infiltration of mononuclear cells, The
epithelial cells lining the pulmonary tree contamed charac-
teristic cytoplasmic inclusion bodies which later were identificd
as being similar in ail respects to those found in other viral
diseascs, Green and Evans (1939) described the inclusions as
“identical to those seen in distemper.” They also painted out
the significance of vacuolization within the inclusion bodies
seen in the patients as well as those found in distemper, Giant
cells were recorded. particularly in the finer bronchioles in
many of the patients. These findmngs are discussed in greater
detarl in Chapter Nmne under “Giant Cell Pneumonia,” but
the relationship of grant cells seen in distemper and human
measles 1s indeed striking

The giant cells contamn charactenstic incluston bodtes which
may involve the nucleus as well as the cytoplasm The clawie
descaption of distemper as recorded by several authors ponts
out the interstitial pneumonta with peribronchial invohement
and infiltration of mononuclear cells. De Monbreun (1937)
describes mnclusion bodies as scen n the lungs of dogs with
distemper as follows.

In all cases, cytoplasmic incluston bodies were found 1a both
bronchtal and alveolar cells In some bronchi they are espectally
abundant They were situated 1 definite vacuoles und appeared
well defined, usually round to oval, sometimes clongated b acue-
fated acidophiic bodies miost often le between the nudeus and
the outer margin of the cell, but somenmes at the epposite poles

of the ccll

In the photomicrographs. Figure 1), typical cytoplasmic
1nelusion bodies are illustrated from a baby under one year of
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age with acute pneumonitis. The upper picture is made from
a pharyngeal smear and shows the typical bipolar position of
cytoplasmic bodies as well as several smatler inclusions, The
lower picture 15 from a smear of sediment from the urine
showing an epithelial cell with similar changes to those seen
in the pharyngeal smear.

Recent experimental studies reveal that pathologic changes
1 ammals and tissue cultures caused by distemper virus and
measles virus have many stmilarities Giant cell formation with
inclusion bodies is seen 1n the uncomplicated pathologic pic-
ture produced by these agents,

IMMUNOLOGIC STUDIES

Although the pathologic similarities between a human dis-
ease and distemper were striking, it was considered highly im-
portant to determine and compare the neutralizing properties
of distemper antiscrum with the serum from human subjects
In the early studies, chicken embryos were used in which the
successful cultivation of camine distemper virus was possible
(Haig, 1948). An exudative lesion was produced by the dis-
temper virus on the chorioallantoic membrane, and this lesion
was in turn neutralized specifically by certain samples of hu-
man serum Several lots of human gamma globulin were shown
1o have a lugh titer against the distemper virus Normal ferrets
were found to have no protective antibodies and died of dis-
temper when challenged Immune ferrets, however, demon-
strated antibody levels as high as 1:640 and successfully with-
stood a challenge of 100 minimum lethal doses (MLD) of
distemper virus

Samples of serum from adult human beings have also shown
protective titers as high as 1 640 (Imagawa et al, 1954)
Data from 100 random samples from human sources showed
that 44 per cent of sera had neutralizing substances at a titer
of less than 1 20 Thuters of 1 320 or greater were found in 20
per cent of the samples tested, and 9 per cent of sera showed
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diaphragms so characteristically seen in infants with bronchio-
litis.

Unique and uniform pathologic findings were observed in
the lungs of all of the babics who died. These consisted of
destructive and proliferative changes in the bronchial epithe-
lium with peribronchial infiltration of mononuclear cells. The
epithelial cells lining the pulmonary trec contained charac-
teristic cytoplasmic inclusion bodies which later were identified
as being similar in all respects to those found 1n other viral
diseases, Green and Evans (1939) described the inclusions as
“identical to those scen in distemper.” They also pointed out
the significance of vacuolization within the inclusion bodies
seen in the patients as well as those found in drstemper. Grant
cells were recorded, partrcularly in the finer bronchioles in
many of the patients, Thesc findings are discussed in greater
detai} in Chapter Nine under “Guant Cell Pneumonia,”™ but
the relationship of gant cells seen in distemper and human
measles is mdeed striking

The grant cells contain charactenistic inclusion bodtes which
may nvolve the nucleus as well as the cytoplasm The classic
description of distemper as recorded by several authors pomts
out the mterstitial pneumomia with peribronchial nvolvement
and infiltration of mononuclear cells De Monbreun (1937)
describes nclusion bodies as scen in the lungs of dogs with
distemper as follows

In all cases, cytoplasmic inclusion bodics were found both
bronchial and alveolar cells In some bronchi they are espeerally
abundant They were situated i defmte vacuoles and appeared
well defined, usually round te oval, sometmes clongated  Vacue-
lated acrdophilic bodies most often lie between the nucleus and
the outer margin of the cell, but sometimes at the opposte poles

of the cell

In the photomicrographs, Figure 11. typical €3 toplasmic
tncluston bodies are Hlustrated from a baby under onc year of
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age with acute pneumonius. The upper picture is made from
a pharyngeal smear and shows the typical bipolar position of
cytoplasmic bodies as well as several smaller inclusions. The
lower picture is from a smear of sediment from the urine
showing an epithelial cell with similar changes to those seen
1n the pharyngeal smear,

Recent experimental studies reveal that pathologic changes
in animals and tissue cultures caused by distemper virus and
measles virus have many similarities Giant cell formation with
incluston bodies is seen in the uncomplicated pathologic pic-
ture produced by these agents.

IIMUNOLOGIC STUDIES

Although the pathologic similanties between a human dis-
ease and distemper were striking, it was considered highly im-
portant to determine and compare the neutralizing properties
of distemper antiserum with the serum from human subjects
In the early studies, chicken embryos were used in which the
successful cultivation of camme distemper virus was possible
(Haig, 1948) An exudative lesion was produced by the dis-
temper virus on the chonoallantoic membrane, and this lesion
was i turn neutralized specifically by certain samples of hu-
man serum Several lots of human gamma globulin were shown
to have a hugh titer against the distemper virus, Normal ferrets
were found to have no protective antibodies and died of dis-
temper when challenged. Immune ferrets, however, demon-
strated antibody levels as high as 1:640 and successfully with-
stood a challenge of 100 rummum lethal doses (MLD) of
distemper virus

Samples of serum from adult human beings have also shown
protective titers as high as 1.640 (Imagawa et al., 1954)
Data from 100 random samples from human sources showed
that 44 per cent of sera had neutralizing substances at a titer
of less than 1 20 Titers of 1.320 or greater were found 1n 20
per cent of the samples tested, and 9 per cent of sera showed
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titers of 1:640. Serum samples from 12 normal premature
infants showed protective substances at 1:20 dilution but not
at 1:40, Karzon's studies (1955) on neutrahzing antibodies
against distemper revealed that normal newborns have a posi-
tive titer which disappears between 6 and 12 months of age
and 15 again acquired by children in the preschool and school
years, during which time the titers rise to levels comparable
to those found in adults and in the newborn.

Further reports by Carlstrom (1956 and 1957) clearly
demonstrate that children’s sera are capable of neutralizing
canine distemper virus Carlstrom employed mice in her neu-
tralization tests, and clear protection was evident from the
sera of older children and adults, but infants under four
years of age rarely showed antibodies with the exception of
the newly born. Prier, \Vnght, and Kalter (1956) demon-
strated d p h fixing bodies 1n human as
well as animal sera,

Measles (rubeola) and canine distemper must still be con-
sidered as distinct clinical entities, but certain relationships
exist between them As pointed out earlier 1n this chapter, the
incubation periods, which are well known 1n both diseases,
appear to be similar Both diseases are considered hughly con-
tagious and primanly affect the respiratory passages. The out-
standing symptoms and signs are those of fever, cough, coryza,
and conjunctivitis  Although 1t 1s difficult to compare the rash
1 human beings with that 1n animals, there 1s no doubt that a

Figure 11. These two photomicrographs are of epithelial cells The
upper cell (1) was taken from the pharyngeal area of a baby acutely il
with pneumonitis the lower cell (2) 15 from the vrinary tract of the same
baby, obtained from fresh urinary sediment They both lustrate typical
cytoplasmic inclusion bodies with two bodtes secn 1n the bipolar postions
with several other smalter bodies 1n each cell The stan 1s hematoxyhn
and eosin No virus was tsolated from thus patient who recovered without
complications (From Adams, J M, and Imagawa, D T [1955] Studies on
the etiology of a human respiratory disease In Good, R A., and Platou,
E S feds] Essavs on Pedatrics m Honor of Dr irvine McQnarrie, Lancet
Publications, Inc, Mimneapolis }
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Viremia was found in 100 per cent of the puppies between the
second and cighth days following inoculation and passage.
Experiments lihewise showed viremia in 100 per cent of the
animals, fever occurring 1 65 per cent and rash in 40 per
cent following passage from the initial experiment Antibodies
capable of neutralizing the measles virus were demonstrated.

The details of the pathologic comparison between distem-
per and measles have been presented in the literature and will
not be further elaborated here. However, the clinical finding of
Warthin-Finkeldey cells in the early stages of measles is com-
parable to giant cell formation caused by distemper infection
in ferrets Two such cells are shown in Figure 12 for com-
parison. A charactenstic clumping together of cells with
spider-like filaments extending between cells and the formation
of giant cells is considered highly characteristic of the patho-
logic changes in tssue culture produced by the measles virus
Guant cells 1n particular but also other cells contain charac-
teristic intranuclear as well as cytoplasmic inclusion bodies
Figure 13 1llustrates these changes in the lung of a child who
died of measles pneumonia

A study of the preimmunization serum in ferrets failed to
show any inhibition of the measles virus in tissue culture,
whereas serum from ferrets immunized with distemper virus
showed a protection 1n tissue culture 1n low titers ranging from
1-2 to 1.8 Attempts to protect ferrets immunized with pure
strains of measles virus from challenge by distemper were con-
sidered only partially successful Among the 20 experimental
ammals there were 8 survivors and 12 deaths, only 1 ammal
survived among 18 control ferrets The serum from the one
surviving control ferret which received only distemper virus
showed a nise i measles antibody from zero to 1:8. Experi-
ments with the mouse-adapted distemper virus mixed with
specific measles antiserum showed a sound protection but in
low titer Three hundred minimum lethal doses (MLD) of
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m dapted distemper virus and undduted meastes anti-
serum mittures were moculated mtracerebrally into one- to
two-day-old mice, The experimental ammals were completely
protected from the lethal effects of the virus demonstrated in
the control animals. Dilution studies at 1:4 reveal some pro-
tection as well (Adams and Imagawa, 1957).

Measles Immunization

In November, 1952, prior to the recognition of a relation-
ship between distemper and measles, a pilot vaccination study
was carried out with Jive distemper virus. This study was
initiated because of a possible relationship between acute re-
spiratory disease in humans and canine distemper. The finding
of specific antibodies in human beings against distemper indi-
cated a possible relationship to one of man’s respiratory 1ll-
nesses With these thoughts in mind 200 individuals were given
a specially prepared )ive distemper vaccine grown n chick
embryos. Two hundred additional subjects were given an in-
fluenza polyvalent vaccine prepared in eggs, and an avianized
stramn of mumps vaccine was given to 200 further subjects

The epidemtology of measles was well recorded in the nsti-
tution, and an epidemic occurred in March, April, and May
of 1952, six months prior to the administration of the vaccine
Although an epidemic of rubella occurred in 1953, no cases
of measles of any kind were reported during the year 1954,
The next epidemic of regular measles (rubeola) occurred in

Figure 12, These two photomicrographs ilfustrate giant cells The upper
cell (1) was seen 1n the pharyngeal smear of a child with regular measles
{rubeola) and shows typical cytoplasmic mcluston bodies with siriking
pleamorphism and the typical clear zone about cach hody This 15 a classic
Warthin-Finkeldey cel) In the lower prcture (2) the gaant cell was seen i
the pharyngeal smear from a ferret which was acutely il with distemper.
Incluston bodres contam small dark granules occasionally seen sn mclusion
bodies of this fype Arrows pomt to inclusion bodies (Adams J M,
Imagawa, D T, Chadwick, D L, Gates, E H., and Siem, R A [1958)
Relationship of measles and distemper, A A 4 J Dis, Child , 95 604 )
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the latter half of 1955, almost three years following the giving
of the vaccine

In the course of this epidemic approximately 11 per cent
of the patients in the institution were involved The patents
remaining in the institution who had previously been inocu-
lated in the late 1952 were s(udled for the mcidence of

measies Data were avanlable on app y 165 individual
in each of these threc groups; the results sho“ed that xhe
distemper-inoculated subjects had more than a threefold re-
duction in the incidence of measles when compared to the two
other control groups, in whom the incidence was similar to
that recorded in the institution Although the significance of
this degree of reduction 1s not apparent at the present time,
the fact that the challenge experience occurred almost three
years following but a single inoculation may indicate some
degree of protection. In order to follow up this possible means
of vaccination against measles, a program of immunization of
half of the new patients being admitted to another hospital has
been inaugurated, It may be possible following the next ep:-
demic of measles to determine the protective effect of a live
distemper vaccine prepared 1n eggs and inoculated subcuta-
neously. No untoward effects were observed from the use of
this vaccine 1n the 200 subjects previously inoculated in 1952,
Some muld local reactions were recorded which may well have

Figure 13. These two photomicrographs were made from lung sections
of & baby who died of measles (rubeola) The upper pictute (1) reveals a
large giant cell with about 15 to 20 nuclei, most of which show heavy
margimation and typical intranuclear inclusion bodies The other pleomarphic
bodies i the cytoplasm ar¢ typical cytoplasmic tnclusion bodies (From
Adams, J M, and Imagawa, D T [1956) Giant cell pneumonia, chinico-
pathologrc and expenimental studies, Pediarrics, 18 893 )

The lower picture (2) 15 from the same baby's lung and shows epithelial
<ells with smgle inclusion bodies 1 them, seen 1n the cytoplasm at one end
of the nucleus Arrows point to the nclusions Close mspeetion will reveal
vacuales, granules, and a slight halo about each body (From Adams, § M,
and Imagawa, D T [1957] The relationship of canine distemper to human
respuratory disease, Pediat Chn North America, 3 197 )
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been related to varying degrees of egg Sensitivity, but no
severe systemic reactions occurred.

SUMMARY

The clinical similarities between measles and distemper
have been compared as well as the epidemiologic features of
these two dsseases. The incubation periods appear to be almost
identical, and the pathologic findings have many features in
common, including the occurrence of intranuclear as well as
cytoplasmic incluston bodies in epithelial hning cells of the
lung Giant cell formation occurs in both diseases.

The measles virus has been readily adapted to various tis-
sue culture preparations wWhereas great difficulty has been
encounteted in attempts to adapt the distemper virus to these
same tissucs. Laboratory animals, however, may now he in-
fected by these viruses, and the intracerebral noculation of
muce has provided a common host in which 1o continue fur-
ther studies of the relationship Recently, distemper virus has
been grown in dog kidney ussue culture where 1t produces
mant cells stmilar to those seen m tissue cultures mfected with
measles virus.

Common antigetic components are apparently shared by
the viruses of measles and distemper. The final retationship
between canme distemper and human respicatory desease will
have to awat further studies 1n the laboratory

A preliminary immunization study with a single moculation
of live aviamzed distemper vicus has shown 2 shreefold re-
duction 1 the merdence of measles The sigmteance of this
finding can only be determined by further field studies which
are now m pfﬂgfﬂs\
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Chapter Eight

INFECTIOUS MONONUCLEOSIS,
ACUTE INFECTIOUS
LYMPHOCYTOSIS, AND
LYMPHOCYTIC CHORIOMENINGITIS

INFECTIOUS MONONUCLEOSIS

Because of tts name, attenuton has been directed to the
mononuclear elements of the blood as the essentral pathologie
alteravon of this disease; however, the prumary distarbance
appears ta be in the lymphocytic cells, The importance of in
fectious mc leosis as a resy y disease will be em-
phasized as neatly all of the recent reports yefer to the fre-
queney of acute pharyngitis with or without membrane mn this
disease The cervical lymph nodes are almost uniformly in-
solved, and it 1s evident that the differential diagnosss of seute
tonsillitis and cervical ademitis would be mcomplete withous
due consideranon for infectious mononuckeoss

The history of infecttous mononucleosts has been dnided
1nto four pertods by Houck §1949) These are chasactenzed
by the chinical description from 1885 to 1920, the period of
description of the blood changes from 1920 to 1932, the s
164
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troduction of the Paul and Bunnell heterophil antibody test,
1932 10 1944; and the final peried, pathologic description
which dates from 1944 1o the present time. Unfortunately, we
do not as yet know the exact cause of infections mononucleo-
sis, but 1t 18 categorically regarded to be a virus discase, pertod
five yet to be discovered

Clinieal and Epidemiologic Features

The communtcability of this disease is considered to be
fow, although epidemics occur, particularly s schools with
a dormutory type of housing The age group characteristically
seems to be the young adult, but older children may be in-
volved and no age group is exempt The sncubation pentod 15
approximately 11 days, aithough there is some vanability.
Fever, sore throat, and genesal malaise ase the outstanding
symptoms with enfasgement of lymph nodes, partcularly in
the cervical chata, dommating the physicat findings Not infre-
quently there may be 3 generalized lymphadenopathy, but
Intle pamn 1s complamed of and the nodes rarely suppurate
Lyaiph node enlargement may persist throughout the duration
of the diness; the spleen 15 palpable 1n about 50 per cent of the
patients, but this may not be evident during the first week of
Miness

A typical skin rash has been reporfed 1 as many as one-
fifth of the patients and appears usually from the fourth to
the tenth day of the disease The rash is descrihed as a macular
type of eruption which ts wmost prominent over the trunk and
may rarely assume a petechial or a vesicular appearance
Jaundice 1s occasionally associated with thus disease and indy-
cates hepatic mvalvement Certamly in many patients with
jaundice, wnfectious mononucleosrs should be seriously con-
sidered Differ 1 from mfec-
uous hepattis may be difficult, smasmuch as m the latter
dusease atypseal lymphocytes have been desersbed Liver -

N~
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volvement also occurs jn infectious monenucleosis as indicated
by marked disturbances in the fiver function tests with or
without the appearance of jaundice. A recent study revealed
84 per cent of children with infectious mononucleosis to have
disturbed liver function tests.

The central nervous system is infrequently imolved, and
the common symptomatology is related to headache, tiffness
of the neck, some blurring of vision, mental confusion. and,
rarely, convulsions, Spinal fluid changes are minimal with
increase in mononuciear cells (probably lymphocytes) and
protein. In addition to central nervous system and hepatic in-
volvement, the heart has also been described as being involved
m infectious mononucleosis. The relationship to rheumatic
fever is referred (o, and definite electrocardiographic changes
are recorded. These Jargely consist of abnormal T waves with
inversion, first pointed out by Longcope in 1922. The symp-
toms of cardiac involvement include fever, malaise. and pain
across the chest and shoulders. Electrocardiographic changes
may indrcate the presence of acute pericarditis Collections of
mononuclear cells and lymphocytes have been reported by
Allen and Kellner (1947) 1n heart muscle These findings
were subsequently confirmed by Brien (1947) and alo by
Custer and Smith (1948), who observed myocardial infiltca-
tions in si of erght autopsied patients. A 19-year-old girl who
died following rupture of the spleen from wnfectious monony-
cleosis showed focal collections of Iymphord cells 10 the heart.
described 1n 1950 by Kass and Robbins.

Splenic pathology reveals the smnuscs and pulp pached with
large. abnormal lymphocytes described as having o neoplastic
appearance. Smuth and Custer (1946) reported swhen cases of
rupture of the splcen with four deaths The spleens A}‘}‘u‘ﬁd
grossly enlarged and were soft and friable, The capsule showed
fileratton with mononuclear cells. The anthors caution the
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( 1923), belong in the Calegory of lymphocyrcs They hase
dnvideq these abnormgay cells into three types, In type |, the
Nucleys 5 oval or Iobulnred in shape and jg Usually eccentry.
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volvement also occurs in infectious mononucleosis as indicated
by marked disturbances in the liver function tests with or
without the appearance of jaundice. A recent study revealed
84 per cent of children with infectious mononucleosis to have
disturbed liver function tests,

The central nervous system is infrequently involved, and
the common symptomatology is related to headache, stiffness
of the neck, some blurring of vision, mental confusion, and.
rarely, convulsions. Spinal fluid changes are minimal with
increase in mononuclear cells (probably lymphocytes) and
protein. In addition to central nervous system and hepatic in-
volvement, the heart has also been described as bewng imolved
in mfectious mononucleosis. The relationship to rh i
fever is referred to, and definite electrocardiographte changes
are recorded. These largely consist of abnormal T wases with
inversion, first pointed out by Longcope in 1922, The symp-
toms of cardiac involvement mclude fever, malaise, and pain
across the chest and shoulders. Electrocardiographic changes
may indicate the presence of acute pericardins. Collections of
mononuclear cells and lymphocytes have been reported by
Allen and Keliner (1947) 1n heart muscle These findings
were subsequently confirmed by Brien (1947) and also by
Custer and Smith (1948}, who observed myocardial infiltra-
tions 1n six of eight autopsied patients A 19-year-old girl who
died followng rupture of the spleen from infectioty mononu-
cleosis showed focal collections of lymphoid cells in the heart,
described 1n 1950 by Kass and Robbins. i

Splenic pathology reveals the sinuses and pulp pached \\H.h
large, abnormal lymphocytes described as having a neoplastic
appearance. Stth and Custer (1946) reported seven cases of
rupture of the spleen with four deaths. The spleens amvcn:g
grossly enlarged and were soft and friable The capsule show
ifiltration with mononuclear cells, The authors sution the
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Paul and Bunnell (1932) test introduced by Barrett add ap-
preciably to the accuracy of this diagnostic procedure, The
differential absorption tests using guinea pig hidney and becf
red cells greatly enhance the specificity. A titer of at least
1 10 30 following absorption is considered necessary for 3
diagnosis of infectious mononucleosis. Abnormal lymphocytes
similar to those seen in infectious mononucleosis have been
found in Infectious hepatitis, primary atypical pncumonia,
German measles (rubella), brucellosis. and certain allergic
conditions. Sadusk (1941) reports that 15 per cent of pa-
tients with infectious mononucleosis may have a fale positive
complement-fixation test for syphilis. This appears during
the second week in the majority of cases and may become
negative within two weceks, It is reported to be higher in indi-
viduals who develop a rash than in those who do not have
an eruphon

Hoagland (1952), in reporting a serics of young adults
from West Point, emphasizes that 70 per cent of hr patients
complained of a sore throat. This was by far the commonest
complaint, with malaise and headache occurning in 35 10 45
per cent of the paticnts. Lymph node tenderness was 16+
corded 1 approximately 11 per cent. The findmg of lymph
node enlargement tn 100 per cent of fus patients 1s of particu-
lar significance 1n this present discussion, and he makes 2
strong point of the fact that 82 per cent of s patients ex-
hibited pharyngeal and tonsillar inflammation This way de-
scribed as severe i 40 per cent, moderate 1n 40 per cent. and
mld 1 the remainder of the mdnaduats Edema of the eyelids
was a charactersstic finding 1n the West Pomnt series, occurnng
1n 34 per cent of the subjects An cnanthem was deseribed m
three subjects, jaundice 1n two. and relatve bradseardia m
wo additional indraduals In the serses reported by Hoagland
(1952) there were no patients with a rash

The prognosis of infectious mononucleasis considered
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good, even in patients with serious organ involvement such
as liser and central nervous system. Weakness and fatigability,
however, may persist for many wecks, and occasionally for
many months Although the liver function tests may remain
abnormatl for extended periods of ime, there are as a rule no
sequelae of significance except for very rare cases of chromc
hepautis Fatalities have occurred m association with rupture
of the spleen in the course of the acute iltaess There is no
specific treatment other than to watch for secondary comphi-
cattons Bed rest in the acute febrile stages of the disease 15
considered ynportant, and this, as a rule, is a matter of two
or three weehs Acuvity may then be started on a gradua}
basis and governed largely by the patient’s faugability, Per-
sistently abnormal liner function tests do not indicate that
the pattent should be bedridden, provided he 1s free of other
symptoms.

ACUTE INFECTIOUS LYMPPHOCYTOSIS

Onginally this condition was considered to be closely
related fo infectious mononucleosss but m 194§ 1t was de-
scribed as a separate chimcal entity by C. H Smith, The chin-
scal disease i5 characterized by marked increase o the fotal
number of lymphecytes in the peripheral blood, and 0 some
patients this may be the only chical or Jaboratory mamfesta-
tion Howeser, fever and signs of acute respiratory disease,

fud bl ) it skin rashes, and memngoen-
cephalitis hase been closeu associated. An entire famuly of
s children presumably with this disease was suffering from
an sliness which the family described as “colds.” The eprdemic
nature of the illness m this particular family appeared to be
detinite  Qther epidemics have been described in institutions
as well as families sath a prediection for children The dis-
ease has been observed mn the Western Hemusphere as well as
in Europe
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Uinical Features

The symptomatolagy of this disease has been chatacteristi-
cally mild, and in epidemics individuals have been found
with high lymphocytic blood counts but with no signs of
illness. Sore throat, vomiting, irritability, abdominal pain,
and diarrhea have been the commoncst symptoms Meningo-
encephalytic signs have alsa been rarely recorded m associa-
tion with this ill-defined syndrome, Rashes of a morbillform
nature similar to those scen in infectious mononucleosis have
been observed. The commonest manifestations appear to be
those associated with mild respiratory disease. This is the main
reason for mcluding a brief discussion of this condition here.
The only characteristic clinical pathologic finding is that of
a high leukocytosis which may average 40,000 to 50,000
white blood cells per cubic milliltter and may reach as high
as 100,000 cells. Lymphocynce ceilular clements account for
the increases with percentages running as igh as 97 per cent.
No abnormality 15 recognized in these elements, and the
heterophtl agglutination test 1s negative, The diagnosis ts based
on chmeal mamfestations and must be differentiated from
infectious mononucleosis, lenkemia, pertussis, and rarely other
condittons in which the lymphocytes arc sharply mercased, In-
fectious mononucleosis may be differentiated by the serious
nature of the mfection as compared to acute jnfectious lym-
phocytosis and by the posive heterophil and abnormal
Iymphocytes winch are so characteristic.

In pertussis, the severity of the tllness as a rule correlutes
drrectly with the Jevel of she lymphocytic cell counts, those with
the highest counts representing the most severe cases Ab-
normafly high counts may persist for several weeks and rarely
may last for months The climical prcture of actte infections
Iymphocytosis is very benign, and no mortahty has been fe-
ported No spectfic treatment is indicated. and the prognous
1s umformly good
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The virus is known 1o occur naturalfy in several species in-
cluding the common house mouse, guinea pigs, monheys, and
dogs and has been isolated from nasal secretions, and excre-
tory and other material such as semen, urine, and feces of
animals. A great deal needs to be Iearned regarding the re-
spiratory manifestations of this disease, but preliminary evi-
dence would indicate that it may have a place in the broad
spectrum of the common respiratory diseases.
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glutination have been of value in helping to confirm the
diagnosis of primary atypical pneumonia.

With the advent of specific antipneumococcus serum, fol.
lowed quickly by the sulfonamides and antibiotics, it became
clear to many investigators that most of the bactenal pneu-
monias responded favorably to specific therapy. However, a
large number of patients with pneumonia failed to respond;
thesc were soon tabbed atypical pneumonia postulated to be
due to, or presumably due to, viruses. A long list of agents,
however, can be made and categorized as true virus pneu-
monia. When secn as individual cases differential diagnosis is
most difficult unless associated with some specific epidemic or
isolation of the causal agent 1s accomplished. Keefer and
Hewitt (1955) have recorded a list of pneumonias which they
consider to be due to viral agents. The list is as follows: in-
fluenza, smallpox, measles, chickenpoy, lymphocytic chorio-
meningitis, the psittacosis-lymphogranuloma venercum group.
ornithosis, SF virus disease, Kolmer's discase, Loussiana pneu-
monitis, Hlincis vicus, and meningopneumonitis To this list
we mught add the adenoviruses, other new my voviruses, and
perhaps some of the enteroviruses. It 1s obvious from this fong
Iist that these viral agents do not always produce pacumona
but may be responsible for mild respiratory discase, and there
1s good evidence as well to substantiate inapparent mfection
by many of these viruses

PRIMARY ATYPICAL PN

Specific features of pncumonra have been discussed pre-
viously m chapters dealing with the vanious entities. This dis-
cussion will be focused on the pracumonias destgnated a
primary atypical pncumoma still of unknown ctiology Al-
though there 1s evidence that viruses arc the major caual
factors n this syndrome, success 10 growing a definite agent
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from these patients has not been accomplished with regularity,
Primary atyprcal preumonia occurs sporadically and in epl-
demics, and maost frequently during the winter months at a
time when other respiratory diseases are also common. Dut-
g World War I{ 10 to 20 per cent of the patents with acute
respratory disease in military camps were found to have this
syndrome. Epidemics in colleges and other institutions were
akso recognized In 1937 we observed an epdemic of primary
pneumonitis in infants which was highly contagious, invelv-
ing evesy baby in the institution, but many of the patients
were only muldly ifl with coughing and sneezing, 11 is referred
to here only to emphasize the clinical spectrum which was
recognized at that time. In Chapter Seven, which 15 con-
cerned with measles and distemper, this disease has been dis-
cussed 1p some detail.

In the case of measles and many other known agents it is
clear that the same etwlogic agent is involved in the patients
with mild illnesses as w those who are severely ill and occa-
swnally die The Respiratory Commission dunng World
War If carnied out cxlenszve epidemiologic studxcs and very
early emp! the ip of mild respiratory disease
to the severe and widespread atyprcal p ias. In their
volunteer studies a group of 13 of 48 inoculated subjects de-
veloped preumonta, and 50 per cent of the remaining sub-
jects developed acute ilinesses of the respxratory system but
without evid of p ia. Further epidemiolagic studies

dieated that person-to-p i aceurs com-
monly, and 1 family eprdemics all degrees of mvolvement
may be seen

Incubation periods have been variable, from 7 to 14 days
Hilleman and assocates (1955} have studied large eprdenes
of adenovirus infectians, thesr studies have clearly demon-
strated the wide chinical spectrum with 80 per cent of the
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military population being involved, approximately one-half
of these having inapparent or mild illnesses, another 20 per
cent with severe iliness, and approximately 20 per cent requir-
ing hospitalization. In the latter group 15 per cent were diag-
nosed as having adenovirus pneumonitis. Undoubtedly many
of these were included in the earlier epidemics during Weorld
War I and were diagnosed primary atypical pneumonia

Etiology

No single clear-cut virus has been found to be responsible
for primary atypical pneumonia, and much of the confusion
lics in the fact that there are probably many agenss that pro-
duce this syndrome. As eacly as 1939, Stokes, Kenny, and
Shaw reported the isolation of a filterable agent from two
patients with pulmonary disease, but the agent was lost in
subsequent passage experiments Horsfall and  associates
(1943) isolated an agent from four patients which was passed
to the mongoose and chick embryo This agent was neutrahzed
by convalescent serum from recovered patients Eaton
Meiklcjohn, and van Herich (1944) likewise 1solated an
agent from the lung and sputum of patients which caused an
infection 1n cotton rats and hamsters as well as chick embryos.
They also demonstrated antibodics i the scrum of ?"""“""'
cent patients and the presence of positive cold agglutinins and
streptococcus MG agglutining

In 1946 the Comnussion on Acute Respiratory Phseases of
the Army Epidemiological Board carried out luman \OI.UH
teer studies with washings from patients with primary alnjlf-‘ﬂ
preumontst Seventy-five per cent of the moculated subjects
developed acute resprratory discase. About 25 per cont of
these had signs of ¢ whereas the 2 subjects
had varying forms of acute respiratory disease. They demon-
strated a nise 1n cold agglutimns m 17 of 21 volunteers, m
indnviduals with muld respiratory disease as well av preumona




Studies Of the patholog} of prim, ry Alypicay P €Umon,,
are Scanty aAlse o rclamely low monahlj, e his.
¢ Pathojo, Clure of Preun,, 12 s we recogmzcd
0d varjeg Ome g, h the of, ding agent ver,

e Timary nfiltry, S usugyy Mononyc, the ex.
tent o h filtratio, "M min,, peribronchml in-
Volvem, Ome Patientg ¢, {ensive, almose 5olidateq
Iestong Tation 5 T0sis of bro, chig, bronchxola
pithe, 3y be Clate, Tulent Nacioys
eXudate Peremyy edemy th chiofes
consutur TOmp, nt fealurc 1 0n wyy, he tersj
ta} DPreyp,, 1t 2 Often oy 'nd Nveo, L aregs
Which m ed vwyp Nug, i} 11 d smayp

Mounts of fib

nclyg,, n ent, S are fo, €rtain types
of preyy s eayg, d by kno s well 55 Unknowy, agents
N Figy, » Photo, icrogm RS are shy fang
Who g, om aq, us, t 1, pney, Proll!cram
hanges ay 21l b, Onchigle [ P bronch al
Monony,, eact typicat Cytopl,, 101 bog.
®as fou, d ):4 "Pithel;) i T TOnChiq, » shoy py m
hugher he Wer thy
arroy

€ form, ton of 8tant cqp Curred Toys Virg}
fecuon: the lupg 25 of the SPiratoy Dbas.
ges T, € are oy, crensucall in S Pney,
my and i Patienys |, th S asles; ¢, are poy,
elimte $0lationg of Tes 1r Patiens 0ut ragp
T Other aracterssyy, Signs of m, s Cartyy et af
195, Seclion of ths chapge, has been devoteq o giang



R
oo r iR PRCTS
Sy i

TN o eafe Ay



Prewmonias and Sudden Uncxpected Death m Injants 181

Clinieal Features

As a rule, the onset of primary atypical pneumonia is

1ze¢ by mild respiratory symg which are not as
abrupt as may occur in typical lobar pneumoma or influenza,
Signs of general malaise, fangue, and weakness usually domi-
nate the onset, and cough js nearly always present. In infants
cough may be mild or absent; some babies will go for hours
without demonstrating a cough. Sore throat, chest pam, and
abdominal discomfort are associated with prumary atyprcal
pneumonia. Cough is seldom productive, but sputum may be
streaked with bright red blood A certain proportion of pa-
tients complain of sore throat with sneezing and runming nose.
General malaise and muscle aching may be promment symp-
toms, but as a rule these symptoms are mulder than those com-
monly seen in influenza. Fever 1s usually present although in
infants afebrile courses have been prominent. Wide swings
m temperature are characteristic of this entity, and biphasic
curves are recognized Duration of fever is variable but ranges
from a few days to several weeks.

Red and dry throats are typrcal of these patients, who may
have few other findings to account for their disability, fever,
and general malase, It 15 estimated that fewer than one-half
of the patients demonstrate abnormal physical findings 1n the
tungs on the inxtial ination However, th h rep d
examinations frequently will reveal fine crepitant rales which
may change from time to time rather than remaining locahized.

——————

1

Fignre 14. These two lastrate the of
type 1 adenovirue pacumoma. The upper picture (1) shows 3 small bron-
¢hile with hyperplasa, and a monenuclear celfular exudate The lower
erctuze (2) dlustrates a high-power view of bronchiolar hnmg cells with
evidence of destructson and a typical cytoplasmic inclusion body at one end
of the nucleus, mdicated by the arrow, The latter finding 15 not typical as
the iclysian bodies sre usually mtramuclear. (Courtesy of Dr Werner
Henle, Unwversity of Penusylvania }




182 Newer Virus Diseases

Fine crackling rales associated with bronchiokitis are often
characteristic. Chest x-ray shadows are usually mottled or
ground glass in appearance but may actually involve only one
lobe in association with atelectasis which may appear fike
consolidation. A picturc of the x-ray of the lung from a child
with a diagnosis of atypical pneumonia is shown (Fig. 15),
with increased shadows of a ground-glass appearance on the
left side. This four-ycar-old child’s illness was diagnosed as

m of the chest of a four-ycarold child with
umoncs. tho rmm“nogr::dow on the Ieft sade with increased broncho-
Led on the jeft This child was exponed 10 2
m symples revealed a negstine tifer in the
Pt distemper i the wonsateent

pueumonta, showing a soft sl

sascular shadows, most mar
Parred sery

puppy with dintemper Parres

early serum sample, and a titer of 1 160 agas < n o

serum sample Influcnza uters and cold agglutiniae wers Acgatine
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pneumonitis and persisted with fever for five days Influenza
anttbody tests were negative as were the cold agglutinms.
However, neutralization tests in chick embryos revealed no

1i in the acule st and plete neutrahiza-
tion at 1*160 in the convalescent serum against canine dis-
temper virus

In infancy, the diaphragm tends to be low in association
with the viral types of bronchioltis and pneumonitis, often
with diminished infilizative shadows. Other laboratory tests
are of little value from the point of view of diagnosts. Sero-
logic studies, however, have been very helpful in differentiat-
ng primary atypical pneumonia from other forms of pnen-
monitis. Agglutinins 1 the patient’s serum occur 1 over half
of the cases, but there is a direct correlation with severity of
disease so that nearly afl of the severe 1ilnesses have positve
cold hemagglutination reactions, falling to as Jow as 20 per
cent 1n the milder illnesses This reaction varies from epidemic
to epidemuc, It 1s usually positve in the second week, and
titers may vary from 1 40 to 1:640. Titers rarely persist
longer than two months but may continue at high levels, par-
ticularty when convalescence is prolonged. Further serum
antibody studies with streptococcus MG agglutimins may also
be demonstrated in a high percentage of severely ill patients
This antibody correlates well with the patients who have cold
hemagglutination reactions. In the case of streptococcus MG,
agglutinin titers of 1 4 or higher are considered of diagnostic
sigmficance.

These two have been d ated (o be
separate and distinct and therefore unrelated Serologre evi-
dence would tend to incriminate the streptococcus MG which
15 one of the nonhemolytic strawns as a possible etrologic factar
in primary atypical pneumoma, However, frequent failures to
isolate the orgamsm from living patients as well as fatal cases,
volunteer studies m which disease has been produced with
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bacteria-free filtrates, and failure of patients to respond to
specific treatment such as penicillin have all argued strongly
against this organism as the etiologic agent,

Complications are not n and are associated with
secondary bacterial infections including all of the complica-
tions hnown to exist with bacterial diseases of the lung, such
as emphysema and lung abscess, Fractured ribs have been re-
ported due to violent coughing. Rarely, signs of central nen-
ous system disease have been associated with menmgoenceph-

alitis or polyneurtis.

Diagnosis
Diagnosis is based primarily on the chnical course, with
history and physical e. ion being the ding factors

supported by roentgenologic and serologic evidence just re-
ferred to in the preceding paragraphs. Bactenal pneumonias
are probably the most frequent diseases to be conadered in
the differential diagnosis. Certamly tuberculosts and fungal
infections as well as Q fever must be considered i all patients
with sporadic atypical pnenmoma. The psittacosss-ormthosis
group of wiruses produce a similar picture These are dis-
cussed 1 Chapter Ten

Treatment

The management of primary atypical pneumonia has been
almost entirely symptomatic and supportine with good nur-
ing care Keefer and Hewnt (1955) state that “the prompt
rc;pomc within 24-48 hours of symptoms and fever to
Aurcomycmn has provided very convincing, if not mnclumc“.
evidence of the effectneness of this agent m this disease
Similarly, chloramphenicol and oxytetracycline (Terramyon}
have been found effectne in many patients. Doses of 50
mg kilogram day given orally on a four 10 six hour schedule
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with a patchy distribution throughout both fungs, associated
frequently with pleurisy, with or without effusion. Signs of
pericarditis may also be associated with the pleurisy of rheu-
matic pneumonia. Dyspnea and orthopnea are conspicuous
symptoms and signs, and high irregular fevers which persist
for weeks are the usual pattern. The diagnosis is relatively
easy when associated with arthritis and other manifestations
of acute rheumatic fever,

Erythema multiforme exudativem is frequently associated
with pneumonitis and may actually lead to the patent's
demise. The bullous lesions of the conjunctiva, mouth, and
gemtals usually faciluate making the diagnosis, and signs of
prnimary atypical pneumonia should be looked for in these
patients. The etiology of the pneumonia in association with
erythema multiforme exudativum is unknown. Cold hemagplu-
timins, complement-fixation antibodies for psittacosis. and
search for herpes virus should be made, Drug sensitivity ap-
pears to play a role in many patients, particularly 1o barbitu-
rates and sulfonamides. Antibiotic therapy 1s usuaily recom-
mended, primarily for control of any possible secondary
nfection

Loeffler’s syndrome is unknown etiologreally and patho-
gencally. However, 1t 1s generally considered to be due to
an allergic conditon with pulmonary nfiltrations associated
with eosinophiha, and many different infestattons of a parasitic
nature have been incrimuinated, Von Meyenburg (1942) stud
ied three cases of accidental death and found foor of pcy-
momtis with cosinophils predommnating as the infiltraine celt
Symptomatology s not characteristic and may simulale many
fosms of atypical pacumonitis The dragnosts 1 usually {“-"d“'
by the blood eosinophulia and evidences of pulmonary infiltea-
tion. It 15 most frequently confused with tuberculosts which.
it has been pointed out, may be confused witlt coccrdiotdomy-
costs and other forms of atyptcal pncumonitis The caursc 1
benign, and the outlook excellent 1a most of these patients
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also called attention to the similar changes caused by dis-
temper virus and at the time suggested a possible relationship
between these two diseases. In 1956 this writer and co-worhers
reported clinicopathologic and experimental studics on giant
cell preumonia and reviewed the details of four patients, two
of whom died following measles and two other children who
died from pneumonitis apparently not related to typical mea.
sles, Figure 16 depicts typrcal examples of giant cell pneumo-
nia showing giant cells in bronchioles with a !
cellular reaction.

MacCarthy, Mitus, Cheatham, and Peebles (1958) re-
ported the isolation of measles virus from three patients who
had giant cell pneumonia with intranuclear and cytoplasmic
inclusion bodies, The diagnoses of these three children were
mucoviscidoss, leukemia, and Letterer-Siwe disease, None
of these children exhibited a rash or had any other
signs of measles during their illness. None gave a history
of having had measles previously. The cxperimental produc-
tion of gant cells i Jymph tissues was accomplished by
Gordor and Knighton 1n theee of four monkeys 1n Bombay
1 1941 Corbett 1n 1945 reviewed the distnbution of gant
cells 1 vanious body tssues and called attention to the
specific nature of the Warthin-Finkeldey cell, which may be
found 1n tonsillar and pharyngeal tissues n smears made on
patients prior to the onset of rash. Enders and Peebles (1954)
demonstrated characteristic giant cell formation n tissue culs
tures with human strams of measles virus The photomicro-
graphs of Figure 16 illustrate giant cell pneumonra t1) and

Figure 16, Two photomicrographs from different children showing :;:
classn histopathologs of grant cefl pneumonny Giant cells are showa in e
tumtna of the bronchy with a predominant mononuclesr nflimmatory
action i the exudare and in the pertbronchial areas ¢
and !magawa, I T [19%6) Guant cell preumonna, cling
expertmental studies Pedatrecs 18 383y

From Adams, § M.
opathplogis ard
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Warthin-Finkeldey cells (2); tissue culture preparations show-
ing giant cell formation are shown in Figure 2, Chapter One.
Stains such as the picro-Mallory have been used to bring out
inclusion bodies. Details of the staining procedure are given
in Appendix A.

Several reports in the literature (1913, 1930, 1939, 1952)
call attention fo giant cell pathology m association with
chronic pneumonic discase in children, the etiology of which
has been obscure, The formation of giant cells would appear
to be related to the duration of the pneumonia as many of the
recorded cases survived several weeks of iliness before death,
In an epidemic of primary pneumontis in infants referred to
previously in Chapter Seven, giant cells were found in approv-
mately one-thrd of the patients. However, the majority of the
deaths occurred in less than onc week, and no giant cells
were found i patents who died suddenly and unexpectedly.

In experimental studies on animals inoculated with distem-
per virus no giant cells could be found prior to the thirteenth
day following inoculation. Both giant cells and nclusion
badies were found readily from the thirteenth day on The im-
portance of the time factor is also indicaled by nswe coltuse
studies. We were able to conclude from our chmeal and ex-
perimental studtes that giant cell formation with or without
inclusion bodies may occur as a result of mfection by severat
different viruses

Tzanck (1948), Blank and assoctates (1951), and Weller
(1953) demonstrated grant cell formation by herpes ssmplet,
herpes zoster, and sancella viruses. Giant cell formation oc-
curs i tissue ctltures that have been moculated with adeno-
viruses These viruses may also produce distinct intranuclear
incluston bodies Guant cell production in the Jung “m}h\
appear to be a rather general viral phenomenon not peculiar
to any one virus
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INTERSTITIAL PLASMA CELL PNEUVIONIA

This pneumonic process, which is largely confined to in-
fants from one to six months of age, particularly those which
have been prematurely born, will be discussed very briefly.
There is an apparent geographic distribution as most of these
cases have been reported from central and northern European
countries, allhough rare instances now have been dlscovercd
m the Western Hemisphere. The etiologic factor 1s
by many to be the parasite Pneumocystis carinii. Gadjusek
(1957) reviewed the world literature and presented evidence
for the parasitic etiology of this disease. The pulmonary in-
filtration as seen microscopically 1s ch 1zed by
clear cells which have been classified as plasma cells, histio-
cytes, and possibly intermedrate forms, depending in part on
the histologist and stains which he employed The lungs ap~
pear typically pale gray and bluish-white with a
appearance.

The clinical picture 15 one of insidious onset, often pre-
ceded by mild respiratory symptoms or diarrhea A long in-
cubation period is characteristic, extending from two to five
weeks Loss of weght and appetite with marked apathy char-
2ctenized the symptom picture prior to the onset of ncreased
respiratory rate Hyperpnea 1s a typical feature with rates from
50 to 100 per minute Cough and fever may be inconsprcuous
m most of these patients On physical examination widely
scattered finc rales are common with evidence of increased
aeration and scattered infiltrative areas as seen roentgenolog-
1cally

The fatality rate at the present time 15 considered to be
high, as most of the cases have been diagnosed at autopsy
No specific therapy 1s recognized for these patients with plasma
cell pneumonsa
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SUDDEN AND UNEXPECTED DEATH IN INFANCY

This clinical diagnosis refers to deaths in infants in whom
there was no real sign of iliness prior to death or if an illness
was present it was so mild that there was never occasion for
alarm and therefore the term “unexpected” is used along with
“sudden death.” There are many known causes of sudden
death in infancy, and these are listed only, as they do not ap-
ply directly to the problem at hand. Asphyxia, hemorrhage,
congenital malformations, particularly of the heart, various
forms of suffocation, poisoning, and acute infection may all
be causal lactors. It is the acute infections with which we are
primarily concerned here, as the great bulk of the evidence in
the hterature pomnts directly to the respiratory passages as
the primary site of disease in these babies who are often
found dead unexpectedly in their cribs.

The condition spoken of as status thymolymphaticus re-
ferred to enlargement of thymus and lymphoid tissues which
were thought to obstruct breathing and produce sudden
death 1n infancy. This theory was never cstablished and 1» no
longer held by climeians or pathologists since careful post-
mortem studies failed to reveal pathologtc lestons consistent
with this diagnosis

At the Conference on Sudden Death tn Infants held i
1949 it was pomted out that in the Umted States a farge
number of babies under one year of age dic of what 15 classie
fied as “accidental mechanicat suffocation ™ This dms“(‘:“
was given 1n 1947 for 1663 infants, with an addironal 929
under one year of age attnbuted 1o thymus pathology  An-
other large group of over 4000 are classified among the un-
known causes and may wcll include many of the babues about
whom we are at present concerned. A rather charnmcnﬂ;c
age group is typical of these patients; the curve cuses «harl‘s
after one month, reaching its peak at about two months, an
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dropping thereafter to almost negligible figures by one year
of age.

The history is frequently a simple one: A previously well
baby, usually between the ages of two and five months who
may have had 2 recent mild cold, is suddenly discovered by
the family to be dead in its cnb, In the excitement of finding
the baby dead, the immediate circumstances are often not
carefully observed, and the first impulse js to consider that
the baby might have smothered. Unless a thorough autopsy
is performed, this may be the conclusion of the coroner, and
the cause of death frequently is recorded as accidental me-
chameal suffocation Bain (1950) comments:

The story docs not end here. The parents develop a great sense
of guilt which can disturb their own lives for years. Sometimes gc-
cusations of one parent about the carelessness of the other lead to
quarrels and break-up of the home. Occastonally authorities,
friends or neighbors may imply intentional neglect or even
homicide. The social and emotional repercussions of such an
“accident” are therefore widespread and of great importance

Great reliance has been placed on the pathologist and hts
findings in the search for the possible cause of death n
these babies Werne and Garrow (1947) pointed out that in
about one-quarter of the patients the etwlogic reasons for
the death may be found by the pathologist These mclude
congenital cardiac disease, ndxopnthlc cardiac enlargement,
overwhelming p dutis, and other
such causes However, the great maJom) remain unexplained
by pathologic findings.

Werne and Garrow (1947) and Davison (1945) reported
Jarge sertes of babxcs carefully studied in which evidence for

g the y was the most
common finding A! the couference in 1949 Werne stated
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Pulmonary congestion is almost invariable and when eureme
Is often associated with extensive pleural hemorrhage. Pulmonary
edema in varying degrees 1s always scen and congestion and
edema often result in the presence of blood-tinged fluid in the
tracheo-bronchial tree.  Mic pically the most conspicuous
feature of lung sections is their diminished atr content as a result
of vascular engorgement and infiltration with mononuclear cells,
atelectasis and intra-alveolar hemorrhage, cdema and aheolar
cell accumulation.

Garrow and Wernc (1953) very carefully point out that signs
of strangulation are ot present in these babies who have
allegedly died from smothering or suffocation. They state
that the viscera and particularly the lungs arc relatively pate
m true asphyxia as contrasted to the extreme pulmonary :m.d
visceral congestion observed in babies found dead in their
cnbs  Petechiae are inconspicuous in infants with genuine
asphyxial death and vary in infants who were thought to hawe
smothered. They state that microscopic scctions of the lungs
in genune acute asphyxia are virtually normal in contrast to
the changes seen in infants found dead of what 1s believed to
be a fulmmating infection.

In 1943, this wniter reported three cases of sudden d“:llh of
mfants duc to pneumona, diffuse hemorrhagie congcslmn.ol
the lungs was the most striking finding. Mononuclear cell in-
fileration found pertbronchially was evident in all cases. ayd
the exudate n the bronchal trce contained many cpithelial
cells, mononuclear cells, and virtually no evidence. of poly-
morphonuclear leuhocytes or bacteria The photomicrograph
(see Fig. 17 (1]} tllustrates one of the small bronchioles with

: unerpectedly
Figure 17. Photommicrographs from a baby who way r\mrx‘e ﬁ":'\?'"h

Pronch
dead m ts enbd  The wupper picture 1) shows a

cellular debris, penbronchial and alveolar infiltrabon with ','y"i"‘lﬁ"ﬁfﬂ?e'
cells and edema I the lower picture (2). the exudate i the ‘mam :lm’:dm!
ts shown with simall cytoplasmic inclivion bodies in epithehial el

by the arrows
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peribronchial infilrations and obvious signs of hemorthage
and edema. It was pointed out that the pathologic pulmanary
reaction was similar to that reported in experimental virus
pneumonia and to the pathologic picture described in infants
dying of an acute resptratory pneumonitis in whom cytoplas-
mic inclusion bodies were found. None was found in these
three infants, and it was presumed that they may have died
100 soon for the formation of inclusion bodies.

Recently our attention has been directed to the sudden and
unexpected death of 2 10-month-old infant in whom the
pathologic findings were similar to those just previously out-
lined However, with special stains such as the picro-Mallory,
we have been able for the first time to find charactenstic
cytoplasmuc inclusion bodies in a patient with this syndrome
These are shown in the photomicrograph, Figore 17 {2).

It 1s of jnterest to speculate further as to the possible causes
of death in babies found dead in their cibs A combination
of several factors might be involved, and the characteristc
age group leads one, first of all, to postulate that immunity of
lack of tmmunity may be an important factor n the apparent
susceptibility of these babies to infection. Passine antibodies
are rapudly lost in the first few weeks and months of Ife. and
1t has been postulated that these babics may be agamma-
globulinemic. Howerer, blood globulin studies fase fuled o
reveal this possible relationship, Properdin levels have ako
been determined on these pauents and found 1o be normal
There are, howeser, many acute primary respirstory diseases
1 which antibodies may be mumimal or lacking 1 these babues

The characteristic age group further would suggest the
possibility of develop on the part of the pul-
monary system The baby’s lung is small at burth and prows
ke his hand from a tiny struciure to a large one The mf.m:
lung has small bronchioles. and the problem of p.l\\ﬂhF? “
air may become a very real one, particularly the presense
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of an acute obstruction produced by infection. As pointed out
many years ago, the first signs of virus pathology may be
edema and congestion of tissues which lead to a sharp reduc-
tion in the size of the small bronchiolar system of infants.
Poiseuilie’s law states that the velocity of the flow in a tube
is proportional to the cross-sectional area of the tube, which
means that §f the diameter is reduced by a haif, the velocity
of flow is decreased sixteenfold. It would seem possible from
the fundamental laws of physics that the effort required to
ventilate tubes that are sharply reduced in diameter might
very quickly become excessive and rapidly lead to hypouc
hypoxia and death. A great deal of study in the past to dis-
cover possible infectious agents, such as bactena or viruses,
has been carried out with extremely disapponting results
Howerer, new methads far virus 1solation may soon be re-
warding m this most difficult and complex problem
Stowens (1957), 1n wrting about the problem of sudden
unexpected death in infancy, feported on 200 deaths which
were discovered in a series of 5000 pediatric deaths, or ap-
proumately 4 per cent of the total He states that 148 or
16.3 per cent of the deaths were sudden and unexpected.
making this the third commonest cause 1n the age group one
1o five months Acute nfection accounted for 44 per cent
and congenutal malformations 26 per cent. In the selection of
cases he included only infants who were ostensibly well unul
the last moment they were scen alive He states further that
spectfically omutted from che study were those cases tn which
there was a history of “smffles™ or “Joose bowels,™ since such
mmnor symptoms are precursors of many infectious diseases
which may run a fulminant course He proposed the hypothesss
that death 1n these patents 1s the result of a generahzed
d d through the ACIYOUS §yS-
tem In his summary, however, the statememt appears that
“only the Jungs show any alterauon from the normal. the
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changes consisting of generalized overexpansion of the alveoh
and pulmonary edema. No inflammation was found.”
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Chapter Ten

Q FEVER, PSITTACOSIS,
AND LEPTOSPIRQSIS

Q FEVER

Q fever is an acute febrle disease which must be con-
sdered m the differential diagnosis of any nfluenza-like 11
ness. The discase 1s characterized by sudden onset of fever
with general malaise, muscular aching, and severe headache
Cough occurs in a certam percentage of panents. and there
are few physical findings of pulmonary disease, most of the
changes bemng di d by By of the chest
Unbike other mckettsial diseases, Q feves produces no rash
and fasls to show agglutinins with the proteus orgamisms in
the Weil-Felix reaction The organism responsible for thus re-
speatary chisease 13 Coxtella burnesi which may be isolated
from patients by ammal inoculation with the blood of sick
indwiduals. Diagnosis can fusther be established by the
demonstration of a nswg tter by complement-fixaton or
fickettstal agglutimating anttbodies early m the course of con-
valescence The agglutmation test 1s considered to be supertor
10 the complement-fixation test by several workers as it be-
comes positive earlier in the course of disease Complement-
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fixing antibodies appear during the second week of illness and
reach their peak by the end of the third week.

Clinical Features

Most of the clinical studies have been made on miltary
personnel and severat of these stem from Itafy as a result of
epidemics among military personnel stationed there during
World War II. An incubation period of from 14 to 26 days
with an average of 19 days is customary, followed by rapid
onset of headache and feverishness, with loss of appetite,
Early in the illness, respiratory symptoms are not common,
and fever and headache may be the most prominent symp-
toms. The incubation period may occasionally be brief—from
I to 10 days. The majority of patients have fever for three
1o six days. Mild dry coughs develop in most of the patients;
many complain of pain in the chest, at which time physical
examnation may reveal abnormal breath sounds and dull-
ness. Evidence of pulmonary involvement can be demonstrated
most readily by means of roentgenograms of the chest, and
these are positve 1 the great majority of pavents with Q
fever. Exen the mildly Hl will often show evidences of pul+
monary nfiltration with localized shadows being somewhat
charactetistic of the fllness. The shadows are often lmm(‘:
gencous and have a ground-glass appearance The “snowbal
shadow has been said to be charactenistic of the infiltraton a3
demonstrated on the x-ray film of the chest.

There are few dugnostic ards since the white blood count
and differential count are essentially normal with shight in
creases in the erythrocyte sedimentation rate During the
carly stages of the patient’s ilncss the differenual diagnoss
may imohe any of the mfluenza-hike discases The pulmonaty
findings develop late mn the first week at which ume the dif-
ferential dragnoss ingludes the bactenal pneumontas, p({mm
atypical preumonta, psittacoss, and other diseases such a8
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volved approximately 30 employecs of the plant. They state
that the diseasc was characterized by an acute respiratory 1ll-
ness which was generally referred to as the “flu” or “grippe.”
The clinical spectrum of iliness was revealed by study of the
blood of employees which showed that 67 of the individuals
had positive reactions against Q fever.

Monagahan and Brueckmann (1958) reported that ant-
biotic therapy proved successful in treating Q fever. Outetra-
cycline was the most effective of several antibiotics tried and
was used extensively in their series. Doses of 1 to 2 gm were
given daily in divided doscs with favorable clinical responses
occurring in about 45 hours, The average length of treatment
required in their series was 4.4 days. Penicillin did not ap-
pear to alter the course of discase. No other therapy is eflec-
tive, but general supportive and symptomatic measures majy
be very helpful. No relapses occurred following therapy, and
they state that convalescence was about what could be ex-
pected in any influenza-like iliness.

PSITTACOSIS

This discase, commonly referred to as pstttacosis b{musc
of its early recognition 1n psittacine birds, 15 an acute infoe:
tious discase of many different species of birds and is com-
municable to man at all ages. As a rule, it 1s 2 mild or inap-
parent infection but may result 1 sesere iliness with 3 hugh
mortality. The mfective agent belongs to the 1y mphogranulom3
venereum group of agents which arc mtermediate bc'l“t‘('"
the nichettstae and viruses. The ctiologic agent 15 coccoid elé:
mentary bodies known as Miyagananella psuacn This prnu;;
of agents has been 1solated from the respiratory passages @
healthy and diseased mammals, and 1t 15 now apparent that 3
person-to-person communicability evsts These agents may
be nonavian and responsible for direct human diease
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The earliest descriptions of this influenza-like disease which
¢ be directly attributable to sick birds was recorded by
Ruter in 1880; however, it was not until about 1930 that
interest throughout the world was stimulated by the demon-
stration of human cases that were discovered in more than a
dozen different countries. At that time, South American par-
fots were shown to be the primary source of infection, Levin.
thal, Coles, and Lillic (1930) almost simultancously dis-
Cosered the coccoid bodies, and their etiologic retationship
%as pomted out by Bedson and Bland in 1932. The disease
35 induced in monkeys by Ruvers and Derry (1931), and a
mouse test was devised for isolation of virus from sputum of
patients, Hilleman in 1945 demonstrated the antigenic rela-
tionship of certain avian and nonawian strains. Psutacosis is
#idely distributed in birds, and 1t 1s now apparent that healthy
fow] will harbor the organisms and shed infectious agents
Meyer (1942) states that enzootic psittacosis is constantly
Present in parakeet aviaries as well as 1 pigeon- and duck-
breeding establishments.

There are now over @ hundred infections that have been
atinbuted 1o pigeons, ducks, and chickens Winter eprdemics
of the disease predomnate, but cases have been known to
occur throughout the year. A higher mcidence 1s recorded
%0omen who tend to be bird fanciers and engage in breeding
of birds. Transmussion occurs by air, handling of sick or
dead birds, or by the excreta from such birds which may be
actively or fatently infected. and by wounds created by bites.
The disease has been transmtted from person 1o person; the
Tespiratory passages are considered the main poftal of entry.
An epidemic in Lowsiana in 1943 produced eight deaths and
19 recognized infections among nursing attendants. Dunng
the 10-year pesiod from 1940 to 1949, 77 cases with seven
deaths weve recosded 1w Caltfornta  However, federal and
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state control measures have resulted in diminishing the spread
of infection, and because of these excellent control measures
the disease is now rarely diagnosed in California.

Pulmonary changes in man and monkey are distinguished
by patchy consolidations which appear microscopically as
cellular infiltration of the aveolar walls and proliferative
changes in the lining cells of the aveoli. In the fully de-
veloped lesions, the exudate reveals many desquamated epi-
thehial and phagocytic cells with characteristic cytoplasmic
elementary bodies. Hepatic cells reveal focal necrosis and
contain typical elementary bodies of psittacosis, The spleen
may be enlarged and engorged; hemorrhagic thrombi may be
found in the adrenal glands. Congestion and edema of brain
tissue have been described with capillaries showing prolifera-
tive and degencrative changes.

Clinical Features

A history of exposure 1o sick birds 1s helpful but not neces-
sary when considering the etiology of acute respiratory disease.
The onset of discase is abrupt with anorevia, sore lhrfm.
headache, backache, photophobia, and chills as the priacipal
symptoms As tn Q fever, a nonproductise cough may de-
velop 1n a few days, and fever may continue fo be elevated
nto the second or third week of iliness. The pulse in pait-
tacosis. as 1 typhod fever, may be relatnely slow with mild
imncreases 1n respiratory rate. The physical signs are those of
consolidation, which tends to shift and spread from onc ared
to another Physical findings are often scanty as compared
with the densitics seen 1n the scout film of the chest The
cubation period vares between 7 and 15 days

In paucnts with typhoidal symptoms and refatnely slow
pulse and respiratory rates, puittacosts should be scrioush
considered The white count may be normal or low Influenza
and atyprcal pneumonia due to other viral agents should e
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logic standpoint, apparently healthy birds are frequently of
greater importance than visibly sick birds.

LEPTOSPIROSIS

This disease may manifest itself primarily with fever and
suffusion of the conjunctiva. In its mild forms it js frequently
confused with common respiratory discases due to many
other causes. The common types of leptospira are Leptospira
icterohaemorrhagiae, transmitted by rats, L. canicola, trans-
mitted by dogs, and L, pomona, found in cattle and swine,
Ingestion of contaminated materials, food, and water may
cause disease in humans, with an incubation period of ene 10
two weeks. Clinical features nclude the common symptoms
and signs of headache, vomiting, and muscular aches with
suffusion of the conjunctiva, Jaundice may be present in less
than 10 per cent of the patients and is not a striking or reh-
able sign. Albuminuria, however, 1s a common finding and
may be most helpful in pointing the way 10 the correct dag-
nosts. The kwdneys, liner, muscle, conjunctiva, and meninges
are the main sites of inflammation.

Spirochetes are readily cultured from one drop of blood.
and the diagnosis may be confirmed by the appearance of
specific antbodies; aggluunation and complement-fisation
tests are available in many laboratories. No specific treat-
ment js known,
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ondary bacterial invasion. It is important to emphasize that
with the advent of antibiotics and other specific antibacterial
agents it is now evident that there are many nonbactersal
causes of cervical adenitis and otitis media as well as lower
pulmonary disease. This means that great chnical judgment
is required 1n the use of specific drugs if one is to reserve their
use mainly to infections caused by bacteria. The presence of
cervical adenitis and otitis media does not necessarify indicate
bacterial disease. However, they do represent extension of
diseasc from the nasopharyngeal passage and may in them-
selves be strong indications for the use of antibacterial drugs

STREPTOCOCCAL INFECTIONS

The group A streptococcus is the commonest bacterium
that mvades the respiratory passages. Group specificity s de-
termined by the reaction of the polysaccharide in the strep-
tococcal orgamsm with specific antisera. Although the ma-
jonty of human infections are caused by group A streptococel.
certain organisms of groups C and G may rarely infect hu-
man beings Type-specific M protein is the surface antigen of
group A streptococci and is responsible for the subtypes of
group A which now number more than 40, 1t 15 this same an-
tigen that may interfere with phagocytosts and probably i
primarily responstble for the mnvastveness of group A strepio-
cocet Type-spectfic anubody against M protem s the prunaty
factor m immunity to streptocoecal mfection Thus, man may
be infected by several different types of streptococet of the
group A classification, and evidence for nfection by the same
type in the same mdivadual s rare mdeed "

Erythrogenic toxn 1s considered responaible for the rasl
1 scarlet fever, but there are many antigenic extraccilular
substances. such as streptolysin O, streptoknase, hyaturany
dase. and desoxynbonuclease, hnown to be chhamlcd}b;\‘
hemolytic streptococct. Therefore, 1t 1s important (0 establhs
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Scarlet fever is more common in the age group 3 10 10
years, at which time a more localized type of infection oc-
curs. Tonsillitis and pharyngitis are the prominent physical
findings, usually without exudate. The papular erythematous
eruption so characteristic of scarlet fever is a most helpfu!
diagnostic sign. Rash appears on the body and is increased in
the folds, rarely involving the face as is so characteristic with
the lar-papular ¢ruption of les. Flushing, however,
is common with circumoral pallor. The papular eruption.
which feels rough prior to the onset of erythema, is particu-
larly helpful in highly pigmented individuals. An enanthem
appears over the palate and is often petechial in character.
The mucous membranes are intensely red and scarlet in color,
and the tongue presents typical strawberry characteristics with
desquamation and swollen papillae.

There are many important and serious complications as«-
ciated with streptococcal infections, the great majority of
which may be prevented by early and effective treatment
Studies by Powers and Boisvert (1944) show a marked d:-
crease 1n the incidence of suppurative complications follow-
ing the ntroduction of specific therapy. There 1s also cvidence
that the nonsuppurative sequelae may be prevented by ade-
quate treatment of the primary illness. The main nonsuppura-
tive discases are rheumatic fever and acute glomerular nephrt-
tis. which appear to be commoner 1n older cinidren and adults
than in the earlier age groups.

Evidence for a clinical spectrum 1n streptococcal tnfec-
tions has been presented by Rammelkamp (1955) in which
he indicates that the diagnostic error as the result of culture
and serologic studics has been nearly 20 per cent The com:
mon use of serologtc tests now indicates that a wide spectrum
evists 1n streptococcal infections. Proven infectionsn the C! lcu}i
land Family Studics amounted to about 2.5 per cent o; i‘h
of the respreatory ilinesses Evans (1958) has recorded as hig
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as 10 per cent in health service studies at the University of
Wisconsin, but many of thesc diagnoses were based on cultural
findings. In epidemics these percentages have been greatly -
creased. The studies reported by the Commission on Acute
Respiratory Discases during World War 11 showed that
exudative tonsilltis was not caused by the hemolytic strep-
tococcus in the majority of instances but was ronbacterial
in nature. They were able to establish that 1n only about 56
per cent of the pattents :n whom an organism was cultured
was there true evidence for jnvasion by the streptococcus as
demonstrated by antistreptolysin titer rises Pharyngits due to
many other causes with exudate must be differentiated from
streptococeal pharyngitis, These include infecttous mono-
nucleosis in which the membrane may appear similar to that
caused by streptococci or diphthersa bacilli; herpes simplex
and Vincent’s angina nfections may also present an exuda-
tive pharyngitis In nonbactenal exudative pharyngitis (adeno-
virs mfection) a white pin-point type of rash 1s usually lo-
cahzed on the tonsils, but overlapping symptomatology such
as cervical adenitis makes differential diagnosis at times ex-
tremely difficult. The white count is usually normal, and fre-
quently no streptococcr may be 1solated on culture

Diagnosis

The total leukocyte count 1s usually elevated above 12,000
cells per mulliltter with an increase in the polymorphonuclear
cells. In most other di lved 1n the 1 ding-
nosis this striking elevation 1s not a common accompantment
In addition to the elevated leukocyte count, a throat culture
may be most helpful 1 arnving at an etiologic dragnosss,
These cultures can be made sumply and read by any physi-
Gian with very little expenience 1n the field of clinical bac-
teriology A prompt moculation of the culture following the
swabbing of the patient’s nose and throat into infusion agar
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containing 5 per cent sheep blood will usually yield excellent
results. The group A streptococei produce a clear zone of
hemolysis which is easily distinguished from the greenish,
incomplete type of hemolysis caused by other types of strep-
tococci on sheep blood agar. Schmidt and Rammelbamp
(1957) recommend applying the culture fo one side of the
medium with streaking of the plate and also suggest stabbing
into the agar with the Joop as some hemolytic streptococci
produced better hemolysis under reduced oxygen tension.

A new medium for culture of the beta hemolytic streptocos-
cus has recently been developed by Rantz and associats
{1959): it contains maltose and nucleic acid as well as some
neomycin The zone of hemolysis is intensified by this medium
and aids in rapid identification They also recommend the use
of swabs with Dacron tips instead of cotton tips as they are
less absorbent and give better results. Hollinger (1959) re-
ported recently on the use of filter paper strips for shipping
cultures to the Iaboratory. .

It should be emphasized that the mere finding of hemolytic
streptococct on throat cultures docs not establish the diagnosis
unequnocally Certmn hemolytic organisms of groups C, D,
and G may occasionally be found in the human pharynv. and
C and G have also been found to cause pharyngitis in man
The arrier state 15 not uncommon and may occur even 1n the
presence of other mfections Organisms hase also been shown
10 be present for wecks and months 1n people who have been
madequately treated

1f 1n doubt the pathogenic characterssucs of the organ
should be determined. but most important 1s the demonstra-
tion of increases mn streptococcal antibody when early and
late specimens are compared. A twofold rise 1n the antrstrep-
tolyun O uter 15 sufficient evidence to establish fection
Heavy and predommmant growths provide a sery pracuical
mcan—s of assuring the dragnosts, and when thew are 2w

rsmt
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ciated with the typical syndrome litile doubt should remain
as o the indicattons for therapy. When only a few colomes
are found, the streptococcus may not be responsible for the
patient’s jllness,

Treatment and Prevention

Schmidt and Rammelkamp (1957) indicate that there are
three main purposes in employing specific therapy. fiest,
amehoration of symptoms; second, prevention of suppurative

pli and third, eradication of the orgamsm. The
sulfonamide drugs Timit the activity of the group A strepto-
cocci, patients are frequently impfoved, and complications
are undoubtedly reduced. However, they cannot be relred
upon to eradicate the organisms from the nasopharyngeal
aress, and a carricr state often follows their use McCarty
(1954) reported detection of certam stramns of group A
streptococeus that were resistant to the sulfonamides. How-
ever, with the introd of p thn, erad of the
organism has been possible, and little evidence of resistant
strains has been forthcoming, Penicillin therefore remains the
drug of choice for the treatment of group A streptococcal 1n-
fections. A mumimum of 10 days of treatment is advocated m
order to prevent lications and to
the organisms

In the face of comphications, cultures and sensitity tests
will indicate the need for further antibiotic therapy Vartous

‘parations of penicithin are eff: , and although parenteral
routes give more assurance of adequate dosage, oral admn
istration may be employed. Oral doses recommended are
250,000 units three times a day for 10 days In the presence
of penicillin sensitwity the broad-spectrum antibiotics afe
fighly effective in treating streptococceal infections. The treat-
ment of rheumatic fever and glomerular nephritis will not be
discussed here, but preventive measures indicate that adequate

pp v
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treatment of streptococeal infections with complete cradica-
tion of the organism is effective in reducing or preventing these
nonsuppurative complications. Schmidt and Remmelkamp
(1957) recommend continuous prophylaxis for hfe with
sulfonamides or antibiotics in order to provide protection to
known rheumatic individuals. These same recommendations
are made for individuals with chronic nephritis in whom the
risk of recurrent infection is considered high.

DIPHTIIERIA
Epidemiolog;

Diphtheria is caused by Corynebacterium diphtheriae and
is characterized by a membranous Iesion on the tonath.
pharynx, and adjacent tissues. Although not commoniy scen
in everyday practice today, the alert physician must think
about this serious disease, particularly when faced with severe
toxenia and membranous exudative lestons. There is a con-
stant danger of becoming complacent about diphthera w hxfh
fortunately now may be listed among the rare infectious div
cases The disease, however, will occur in incompletely 1m-
munized individuals or where farlure to give booster inocula-
tions has allowed immumity to reach a low point The diseasé
15 sard to be rare m the first six months of Wfe, but this is based
on the fact that most mothers have transmutted immumity (©
their offspring The incidence of positive Schick tests amon?
adults 15 increasing, and we must become more aware of the
possibility of diphtheria occurning carly in mnfancy

The discase reaches its peak between the second and tifth
years, following which there 1 a dechne 1n the mcxdcnc‘:
However, an older age group 1s appearing, probahly as a re-
sult of extensive active immumization of infants and preschool
children The continued use of booster moculanons 15 1eD
important 1n preventne medicine
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Treatment

Diphtheria should be treated at once on the basis of clin-
ical grounds even before positive cultures are returned, since
any delay in therapy may Jead to irreversible changes which
may be prevented by the early administration of antiovin.
For illnesses of moderate severity 10,000~20,000 unuts of anti-
toxin are recommended; in the more severely imolved pa-
tient 20,000-40,000 units should be given intramuscularly
and intravenously. Neutrahzation of frec toxin only takes
place, and no effect occurs on that which is already bound
by the body cells, Antibiotic therapy may be of great value
in eradicating the organisms and in prevention of complica-
tions, Penicillin should be given in full therapeutic doves for
at least 10 days.

PERTUSSIS
Iuroduction

Whooping cough or pertussis stll occupics an important
position with respect to morbidity and mortahty 1n the first
vear of lfe, causing more deaths in this age group than
measles, scarlet fever, diphtheria, and poliomyehus togethes.
Inasmuch as we are concerned with the etiologic approach to
respreatory discases, a brief discusston of whooping cough 1<
warranted !

In the early stages of this disease there 15 no way clinrcatly
1o diffesentiate whooping cough from cough caused by many
ather etiologic ageats. Hemophelus influenzne organisms may
also be responsible for coughs and colds which are at tmes
indistinguishable from the tllness caused by Hordetells per
tussis and § parapertussis The discase 1 sestous 1n the first 1%
months of hife when most of the mortality occurs In this pe-
riod st must be differentiated from discases such as €yste
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fibrosts of the pancreas with pulmonary complications. Al-
though a high white count with a predominant lymphocytosis
may be helpful, specific nasopharyngeal cultures are invaluable
in making an accurate diagnosis in this disease.

Diagnosis and Treatment

Early diagnosis is important, particularly because early
treatment may do a great deal to decrease the sevenity and
mortality in infections caused by these orgamsms The
sevenity and duration of illness may be sharply affected by
antibiotic therapy, which should be presented to the patient
mn the early preparotysmal stages of the disease If we are
alerted to this condition and employ chnical bacteriologic
methods, it 1s possible that a great deal can be accomplished
n the management of patients with whooping cough The
broad-spectrum antibiotics, such as chloramphenicol and
ovytetracycline, have been used with some success mn early
pertussis. Specific antiserum, both human and rabbit, 1s avail-
able in concentrated gamma globulin preparations, in severely
sl infants ot in infants threatened by pertussis, daily doses of
antiserum may be lifesaving A high premwm 1s placed on
early diagnosis in order that specific antiserum 1n infants and
antibiotics 1n all patients may be employed at the earliest
possible moment. Felton (1957) emphasizes that effectne

prophylaxis 15 the ulimate key to the eradication of whooping
cough
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very fertile, agricultural areas. In spite of highly concentrated
endemic areas, shifts in population and travel habits hase
resulted in a wide dispersion of these discases which are now
recognized in almost all states in the Union. Emphasis iv be
ing placed on these two discases, which are known to be
caused by fangal agents, because they may be primary in-
vaders of the respiratory passages and produce mild illness 1n
man. They may readily be confused with mild, moderate, or
severe respiratory discase,

Physicians in the heart of the San Joaquin Valley state that
new fammlies coming to the area will acquire coccidioidomy.
cosis; a “flu-like” iliness, lasting but 2 few days, 1s the prin-
cwpal clinical manifestation. Because of a distinct and well-
established etiology in both of these discases, they will be
discussed as separate entities.

COCADIOINOMYCOSIS

This disease 1s caused by a spectfic fungus known a5
Coccidiaides immitis whose natural environment 15 the soil
where 1t appears as a fluffy mycelium growth of septate
hyphae. These hyphac are highly contagious and ate air-borae
1n the dry summer months, particularly 1n arcas of new hous-
g develog or where ¢ 1 501l 15 under (:‘ulln’a-
tion For the most part, C. immitis produces discase primarily
in the respiratory passages. The primary iliness follows ex-
posure to contanunated dust 1n one, two, or three ¥ cchs. The
patient becomes 21l with malaise, fow-grade fever. and covgh.
However, mfectton may be so mild that 60~70 per cent of the
patients escape clinical mamfestations and only by l(hc ap-
pearance of shin sensttivity 1s 1t possible to determine that
infection has taken place In many ways the sequence of grents
1s similar to that which is known to occur m pnmary tsber-
culosss It 1s varously estimated that 3040 per cent of c]:-
pased pauents who become snfected develop an afebsile o
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ness that has been called San Joaquin Valley fever, valley
fever, or descrt fever,

Clinical Features

Although fever and cough are the primary symptoms,
thoracic pain may develop in many patients who have more
severe manifestations The cough may be moderately pro-
ductive, and hemoptysis occasionally occurs in the acute stage
of the disease, but does not have the imphcations so com-
monly associated with this symptom in tuberculosss, In the
acute stages of valley fever physical examinabon is qute
unrevealing, although some findings may be present in ap-
protimately 25 per cent of the patients. When stucied roent-

logi 1 Y lidations and slight
are found in a minonty of the patients. Progressive and dis-
semmated granulomatous disease occurs 1n only a small per-
centage of patients. Failure to locahize with lymphatic and
hematogenous spread produces this catastrophic form of ill-
fess In about 0 25 per cent of white-skinned patients whereas
the incidence in dark-skimned patients may be 10-30 umes
as high,

Ortginally, both idiordomy and istopl
were considered to be highly fatal diseases as the earhiest de-
seuptions came from the autopsy table. However, m 1938
Dickson and Gufford described the primary form of the dis-
case and pointed out the bemign nature of thus fectron
Nearly every organ in the body may be mvolved 1n the dis-
Semunated form of the disease A fulminating course is evident
with sepsis and meningitis in the most severe cases Osteomyelt-
s, skin , and other extrapul y organs are
frequently involved in the chronic granulomatous type of in-
fection, The coccidioidin skin test may be negative during the
acute dissemunated form of this disease. However, serologic
tests as a rule are positive and have a great deal of prognostic

ally,
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very fertile, agricultural arcas. In spite of highly concentrated
endemic areas, shifts in population and teavel habits haye
resulted in a wide dispersion of these diseases which are now
recognized in almost all states in the Union, Emphast is be-
ing placed on these two diseases, which are hnown to ke
caused by fungal agents, because they may be primary in-
vaders of the respiratory passages and produce mild iliness in
man. They may readily be confused with mild, moderate. or
severe respiratory disease.

Physicians in the heart of the San Joaquin Valley state that
new families coming to the area will acquire coccidioidomy-
cosis; a “flu-like™ iliness, lasting but a few days, 1s the prn-
cipal chinical manifestation Because of a distinct and well-
established etiology in both of these diseases, they will be
discussed as separate entities.

COCCIDIOIDOMYCOSIS

This disease 1s caused by a speaific fungus hnown 35
Coceudiaides immitis whose natural environment is the soil
where 1t appears as a fluffy mycelium growth of septat
hyphae. These hyphae are highly contagrous and are ais-born¢
1n the dry summer months, particulatly in arcas of new hous-
ing develop or where i 1 soil 15 under c‘ulmm
tion For the most part, C. imminus produces discase primanly
i the resprratory passages. The primary illness follows €v-
posure to contammated dust 1n one, 1%o, of three weels. The
patient becomes 1l with malaise, low -grade fever, and cough.
However, fection may be so muld that 60-70 per cent of the
patients escape clnical manifestations and only by the 3p-
pearance of shin sensitivaty 1s 1t possble to determine that
infection has taken place. In many ways the sequence of cxents
15 stmilar to that which is known 1o occur in prumary T
culosis It 15 variously estmated that 300 per cent of c(';
posed pavents who become infected develop an afebnle
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ness that has been called San JYoaquin Valley fever, valley
fever, or desert fever,

Clinieal Features

Although fever and cough are the primary symptoms,
thoracic pain may develop in mony patients who have more
sevete manifestations. The cough may be moderately pro-
ductive, and hemoptysis occasionally occurs in the acute stage
of the disease, but does not have the implications so com-
monly associated with this symptom in tuberculosis In the
acute stages of valley fever physical exammation 1s quite
unrevealing, although some findings may be present in ap-
proximately 25 per cent of the patients. When studted roent-
genologically, pul Yy 1d: and shght effusions
are found in a mmonty of the patents Progressive and dis-
seminated granulomatous disease oceurs in only a small per-
centage of patients. Failure to localize with lymphatic and
hematogenous spread produces this catastrophic form of 1ll-
ness in about 0 25 per cent of white-skinned pattents whereas
the incidence in dark-skinned patients may be 10~30 times
as high.

Originally, both dioidomy and histopl
Were constdered to be highly fatal diseases as the earhest de-
Scriptions came from the autopsy table However, in 1938
Dickson and Giffard described the primary form of the dis-
€ase and pointed out the bemgn nature of this infection
Nearly every organ 1n the body may be mvolved m the dis-
Semunated form of the disease. A fulminating course 1s evident
with sepsis and meningitis m the most severe cases Osteomyel-
trs, skin i , and other exteapul y organs are
frequenﬂy involved in the chronic granulomatous type of in-
fection. The coccidioidin skin test may be negative duning the
acute disserminated form of this discase. However, serologtc
tests as 2 rule are posiaive and have a great deal of prognostic
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significance. The extensive form of the disease is usually asso-
ciated with high complement-fixation fiters. Rising titers are
viewed with alarm whereas the declining titees augur well for
a favorable outcome. Smith and co-workers (1946) studied
1351 primary infections and recorded a wide clinical spectrum
of involvement with approximately 40 per cent of the paticnts
presenting symptoms, whereas 60 per cent were symptom-
free. The latter group were detected by means of skin hyper-
sensitivity to coccidioidin and also by means of roentgeno-
graphic  studies, revealing pulmonary infiltrations of a
nontuberculous nature, No attempt will be made to present
details regarding the many different clinical pathologic les-
tures of this disease,

Treatment

The treatment of coccidioidomycosis 1s unsatisfactory o
date so far as specific therapy is concerned. Favorable reports
regarding the use of amphotericin B have been m?dc by
Littman and associates {1958), who used this drug intrase-
nously in patients with acute and chronic coccithoidal infec-
non. In the nondissemmating forms of coccidiordomycos
recovery is the rule and no therapy s necessary. Howeser,
therapy of a specific nature would be highly desirable i the
disseminated form of this disease. Until recently. prolonged
bed rest was the only treatment for these paticnts Ex'ccphf'ﬂ‘
occurred when surgical extrpation of pulmonary infection
could be accomphished. Littman and assoctates (1958) este
several unsuccessful therapeutic agents which have recened
chimical trial, the Jist is long and includes nearly all of the
antibrotics

Amphotencin B, an 2 s
1955 by Gold and associates (1956) This anubionc. firt
wolated mn Venezuela, 1s elaborated by a species of strep-
tomyces The imtravenous use of this medicanon produces

1 anitbi was wsolited 1
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ome tovic effects, particularly on the kidneys, but no such
flects are observed on the heart, liver, or neurologic system
Ylood lesels showed that the deug was absorbed poorly from
he gastrointestinal tract. This drug was employed with benefit
n patients who were severely ill with systemic forms of
occrdioidomycosis. Fortunately the great majority of pattents
nfected by this fungus recover without event and apparently
emain immune for the balance of therr lives.

HISTOPLASMOSIS

This primary respiratory tract infection, caused by Histo-
lasma capsulatum, is a widespread disease m the United
States with estimates of involvement as high as one-fifth of the
»opulatton. The extensive nature of this discase was not rec-
gnized until about 20 years ago when the occurrence of non-
uberculous pulmonary ealcifications in certam areas of the
“ountry was recognized. The 1mportance of fungi as patho-
enic agents for man has only recently been emphasized, and
such emphasis has resulted in part from the remarkable
*hanges in therapy that have occurred with the advent of an-
ithioties Histopl has now d a most pr
role, occurning with high frequency in certain densely popu-
lated areas of this country. The most concentrated areas, as
shown by skin sensitivity to histoplasmin, are the central
Mississtppi and Ohio River valleys However, sporadic cases
have been discovered in nearly every state of the Union, as
“ell as Canada and many foreign countries Travel and migra-
ions have undoubtedly accounted for the distribution of
pattents throughout the Umited States,

Furcolow (1958) points out that because histoplasmosts
mimics other diseases we have been slow to recognize its 1m-
portance 1n the over-all spectrum of illness. Even 1n its milder
forms, he draws attention to the fact that its differentiation
from common maladues, such as wnfluenza and unexplaned
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fever, was impossible until diagnostic aids such as the histo-
plasmin test became available. The long and widespread use
of the tuberculin test led many physicians to assume that
pulmonary calcifications were caused by tuberculosis. How-
ever, with the increased use of various skin tests, it became
apparent that many pulmonary calcifications were unrclated
to tuberculosis. By 1945, workers at Vanderbilt University
clearly demonstrated the wide clinical spectrum of histoplas-
mosis, pointing out that many pulmonary calcifications were
nontuberculous and that many patients with histoplasmosis
were indeed quite well. As in other discases, first impressions
were gained from the overwhelming dissemunating forms of
the disease that were studied at the autopsy table. Tt was nat-
ural to assume that this disease was uniformly fatal. Howeser,
the histoplasmin test quickly demonstrated that this diccase,
like coccidioidomycosis and tuberculosis, appears in inappar-
ent form in the majority of patients infected.

Clinicnl Features

It 15 known that many infections are acquired without
causing overt discase and that the milder forms are ch:u:.lr-
terized by an influenza-ike illness lasting but a few days. \\|Eh
malaise, fever, and slight cough or chest pain betng the classic
carly findings. These are similar to the first and carliest cha.
1cal manifestations of coccidiordomycosis. Although the pf'I}S-
scal exammation in these pattents is frequently unrc\tahflg.
an x-ray examimation will show nodular infiltratons u.hrch
usually caleify. These lestons may be widespread i patients
who recover, as shown 1n Figurc 18. .

In the moderately severe forms of this disease the illness.
deseribed as nfluenza-hke, may persist from 5 o0 15 days
and simulate atypical pneumonia with cough and chest pain
the promment symptoms. Hincsses of ths type have b¢m
common in the summer months, and often a history of having
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fever, was impossible until diagnostic aids such as the histo-
plasmin test became available. The long and widespread use
of the tuberculin test led many physicians to assume that
pulmonary calcifications were caused by tuberculosis. How-
ever, with the increased use of varjous skin tests, it became
apparent that many pulmonary calcifications were uarelated
to tuberculosis. By 1945, workers at Vanderbilt University
clearly demonstrated the wide chnical spectrum of histoplas-
mosis, pointing out that many pulmonary calcifications were
nontuberculous and that many patients with histoplasmosis
were indeed quite well. As in other diseascs, first impressions
were gained from the overwhelming disseminating forms of
the disease that were studied at the autopsy table. It was nat-
ural to assume that this disease was uniformly fatal. However,
the histoplasmin test quickly demonstrated that this disease,
Iike coccidioidomycosis and tuberculosis, appears in inappar-
ent form in the majority of paticnts infected.

Clinical Features

Tt is known that many mfections are acquired without
causing overt diseasc and that the milder forms are charac-
terized by an influenza-like illness lasting but a fow days, with
malasse, fever, and slight cough or chest pain being the clasuc
carly findings. These are similar to the first and carliest clin-
ical manifestations of coccidioidomycosis, Although the phys-
ical exammation in these patients is frequently unrevealing.
an x-ray exanunation will show nodular nfiltratons \\.thh
usually calcify. These lesions may be widespread wn patients
who recover, as shown in Figure 18.

In the moderately severe forms of this discase the illness,
described as nfluenza-ike, may persist from S to 15 days
and simulate atypical pneumonta with cough and chest pan
the promment symptoms. Hinesses of this type have been
common 1 the summer months, and often a history of having
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\mled farms or chicken coops is obtained Epidemics of
is have been ded, and Furcolow (1958)
slalcs that more than 30 epidemics of histoplasmosis involv-

Figure 18. A roentgenogram of the lungs of a child mustranng the
multiple areas of that occur 1n
was obtamed through the courtesy of Dr Amos Chrrstie, Vanderot Unie
versity, Nashville, Tenn, and 13 published by permussion from Irvine Mc-
Quarne, Brennemann's Practice of Pediatrics, W F Prior Co, Inc, Hagers-
town Md, 1957 )
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ing over 400 persons arc now described. These have occurred
primarily in the United States, but a few have been reparted
in South America, In epidemics the illness is characterized by
a wide clinical spectrum varying from inapparent and very
mild to extremely severe disease.

It has been emphasized that the most severcly ill patients
are those who have a history of heavy exposure. The charac-
teristic roentgenographic picture is one of nodular infiltra-
tion diffusely scattered throughout both lungs with hitar
Iymph node enlargement. In the disseminated form. enlarge-
ment of the liver and spleen, high fever, and prostration are
the outstanding symptoms This latter type of jllness occurs
in the very young, in contrast to the acute epidemic forms
which tend 10 occur in adults The onset is usually rapid but
may be insidious, The course, however, tends to be progres-
sne with fever and increasing signs of toxwcity, and with x-ray
findings characterized by fine infiltrations sesembhing thne
seen in mthary tuberculosis

Chronic forms of the disease are not common, and the
symptomatology 15 stmilar to chronic tuberculoss, with wden-
tical x-ray findings. The chronic form of the discase has my
ups and downs with ntermuttent, mflucnza-hike slfnesses A
fatal termination after many years of recurnng iliness w the
usual outcome for these patients,

The organism of histoplasmosss 1s found n the so) and may
be transmutted directly to man and ammals Infectton 15
thought to take place by direct inhalation from speafic areas
rather than being widely arr-borne The funpus appears to
grow most luxuriantly 1n morst shady areas and particularly
in enclosed areas such as chichen coops. pigeon FooNs. storm
cellars. stlos, and places 1 which humidily and temperature
conditions favor growth of fungs As 15 the case with coce
cidiordomycoss, the degree of iliness appears o be related
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directly to the number of organisms which the patient in-
hales.

Dragnostic features require a consideration of histoplas-
mosis in most influenza-like illnesses, particularly when
pulmonary lesions are present. Prolonged pulmonary ilinesses
extending beyond the influenza period of a few days should
strongly suggest this disease. Epidemics occur primarily in the
summer months, and the focal point may often be revealed by
the history. The disseminated forms of the disease are so
acute and overwhelming that they may well be confused with
such illnesses as leukemia or typhoid fever. Complement-
fixation and precipitin tests are invaluable in the diagnosis of
histoplasmosis, but four to six weeks may elapse before titers
rise or the skin test becomes positive, Serologic tests may be
positive only during the acute phase, and a nising uiter, as n
coccidiordomycosts, suggests a poor prognosis. The skin test
15 @ most valuable atd in the diagnosis of this disease, and 1ts
use must be interpreted with the same considerations that are
given to the tuberculin test.

ycosts and histop both cause granulo-
matous lestons with giant cell formation Atypical tubercle
formation occurs, and confluent tubercles may produce con-

Lid. which 15 seen in all three diseases.
Cal that closely r bles the changes seen 1n tuber-
culosts occurs, Histoplasmosis has been highly refractive to
treatment by drugs or antibtotics By means of tissue culture
methods a comparison of antifungal properties may be made,
1n vitro studies indicate that amphotericin B and candicidin
hold some therapeutic promse Reference was made earlier
to Littman’s (1958) favorable results from the intravenous
use of amphotericin B 1n the treatment of coccrdtoidomycosts
No treatment 1s required for the mulder acute forms of this
drsease, and the prognosis 1s very favorable 1n a great majority
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of the patients. the exceptions being the rare acute dissemi-
nated and some chronic forms of drsease,

PRDLARY TUBERCULOSIS

Many so-called childhood forms or primacy infection
caused by Mycobacterium tuberculosis undoubtedly simulate
undifferentiated respiratory discase and pass for a mild, mod-
erate, or severe “cold™ fasting varying periods of time. If it
were not for the tuberculin test, we might still be unaware of
the association of as serious a disease as tuberculosis with
wapparent and mild forms now recognized as part of the
clinical spectrum of tuberculosts, particularly in infants and
children. Recent papers have emphasized that the majority of
infections in children may go unrecognized clinically; only by
repeated tuberculin testing, history of exposure, and additonal
laboratory tests including roentgenographte studics have we
reahized the full significance of the milder forms of this pr-
mary illness. For these reasons, a bref discussion of tuber-
culosis 1s ntroduced at this tume because of the many simi-
larities between this disease and primary coccidiodomycoss,
histoplasmosis, and undifferenuated resprratory discase

Etiology

The tubercle bacillus 15 a slender, nonmotle rod, designated
as Micobacterium tuberculosis. There are several vancties
that are wdentificd by cultural and pathogeme characteriiis.
The human and bovine varicties are pathogenic for man and
are probably responsible for most of the tuberculosn which
we now recogmze The boving forms of the disease have been
remarkably well controlled in the Umted States by public
health measures such as perrodic tuberculin tesung of catle
and there subsequent climunation Pasteunzauon of mik has
undoubtedly played an important role m this pubhic heatth

achievement
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The Tuberculin Reaction

A positne shin reaction to tuberculin indicates that the
individual has been sensitized to the protein of the tubercle
bacillus. The test constitutes the most effective means avail-
able at the prescnt time for the separation of those persons
who have had a tuberculous infection from those who have
not. Although it has been used for many years to detect
tuberculosis, it has not been fully explorted for this purpose.
We have recently become aware of the importance of repeat-
ing tuberculin tests as a means of detecting early tuberculosis;
consequently, the natural history of this disease 15 becoming
better understood Converters presviously known to be nega-
tive have not only been found early in their disease but, by
repeated tests, have been found to revert 1n a surprisingly
high incidence. Interpretation of this finding 15 not fully
understood, but it may indtcate minimal infection 1n many indi-
viduals followed by what may be complete healing Multiple
tests with purified protein derivative do not appear to produce
a positise reaction per se, and may safely be employed for the
earliest detection of allergy to the protein of the tubercle
bacillus.

Reversal of tuberculin reaction may occur 1 a high per-
centage of individuals who develop a weakly positive reaction
This fact was recorded by Dahlstrom (1940) from the Phupps
Institute in a study in which he reported on the 1nstability of
the tuberculin reaction. Little evidence of chinical disease can
be found by careful searching in individuals with weakly
positive and hic study of the chest of
these same ndividuals shows a high percentage with normal
findings Reversal rates were highest in those with no x-ray
findings. The reversion of the tubercultn reaction was found
to occur in a matter of months 1n individuals with 2+ and
34 reactions but 1n decreasing frequency as the reaction -
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creased in intensity. There would appear to be a possible
relationship between the degree of reactivity and the extent of
the tuberculous infection. In ammals which have been in-
fected with tubercle bacilii and followed promptly by treat-
ment, the extent of diseasc can be sharply limited and
likewise the skin reactivity is held to a minimal degree cor-
relating with the extent of the pathologic lesions. Infected
animals that are untreated develop severe tuberculin reactions
If further study blishes a dircet relationship between the
degree of skin reactivity and the extent of the patient’s discase,
the tuberculin test will become an extremely aluable clnical
tool and may even be useful in followng the course of the
patient’s discase.

Clinical Features

No attempt will be made in this brief discussion o review
the many cltnical problems in tuberculosis. The mam purpose
of this discussion ts to call attention to the fact that primary
tuberculosis 1s probably one of the first diseases an which the
wide climcal spectrum of disease was first recogmeed Un-
doubtedly many mdniduals acquire their first infection wath-
out any knowledge of illness, or vague and ill-defined influ-
enza-hike symptoms occur that stmulate the “common cold ™
Cough and fow-grade fever may be the only symptomatelogy
recogmzed When a roentgenogram of the chiest 15 taken.
the chnicran 1s often surprised at the extent of the patients
drease, particularly when compared to the symptoms and
signs
In the first fection, mhalatton of the human type of
tubercle bacillus has been considercd the primary route of
infection. Howeser, prmary tnfections may anse 1 the n
testines 1 an apprectable number of cases, and particularhy
when unpasteurszed milk contammated with bovine or humasn
tubercle bacalt 15 consumed The childhood or first infee
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tion type of tuberculosis has been compared to the first sub-
cutaneous infections of the guinea pig which are followed by
Iymph node involvement and progressive disease. If the pig
1s infected subsequently, however, at a different site such as
the opposite leg, the infection will remain entirely or almost
entirely localized and rarely invade the proximal lymph nodes.
The first infectson type of tuberculosis has been described as
the acute type of disease, healing or progressing in a relatively
short time as opposed to the adult or reinfection type which
is much more stable and chronic. In the first infection an
exudative Jesion occurs with healing taking place by resolu-
tion or calcification. The reinfection type may caseate and
lead to cavitation or may heal with scar formation

Treatment

In the treatment of the primary infection there are several
important considerations, not the least of which is a thorough
search for the source of infection. Steps directed toward elim-
ination of further contact are extremely important in infants
and small children. Rest and adequate nutrition should be
supplied in the most pleasant surroundings available. Mimmal
asymptomatic nfections in children do not warrant specific
therapy, particularly if the source of infection has been
promptly eliminated However, if infection 1s known to be
early and the tuberculin reaction 1s moderate to marked,
specific therapy should be sertously constdered even n asymp-
tomatic patients The use of 1soniazid (INH) orally 1s aghly
recommended for the treatment of this type of early infection
If, however, there are signs of active infection, as can be
d

ated by physical and aphic
findings, vigorous therapy 1s indicated, includmg the use of
, sodium P 1 (PAS), and INH

The dosage program should be worked out after careful
evaluation of the chinical problem INH 1s administered orally
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tion type of tuberculosis has been pared to the first sub-
cutaneous infections of the guinea pig which are followed by
lymph node insolvement and progressive disease. If the pig
is infected subsequently, however, at a different site such as
the opposite leg, the infection will remain entirely or almost
entirely localized and rarely invade the proximal lymph nodes.
The first infection type of tuberculosis has been described as
the acute type of disease, healing or progressing in a relatvely
short ttme as opposed to the adult or remnfection type which
15 much more stable and chronic. In the first infection an
exudative lesion occurs with healing taking place by resolu-
tion or caleification. The reinfection type may caseate and
Iead to cavitation or may heal with scar formation.

Treatment

In the treatment of the primary infection there are several
important constderations, not the least of which 1s a thorough
search for the source of infecuon, Steps directed toward elim-
mation of further contact are extremely important in nfants
and small children. Rest and adequate nutntmn should be
supplied in the most pleasant sur d
asymptomatic infections 1n children do mot warrant specific
therapy, parllcu]arly if the source of mfection has been

d. However, if i ion is known to be
early and the tuberculin reaction 1s moderate to marked,
specific therapy should be seriously considered even in asymp-
tomatic panents. The use of 1somazid (INH) orally 1s highly
recommended for the treatment of this type of early mfection
If, however, there are signs of active infection, as can be

ated by physical e ion and hi
findings, vigorous therapy s indicated, including the use of
ycn, sodrum P- 'yl (PAS), and INH

The dosage program should be worked out after careful
evaluation of the clmical problem INH is admimstered orally
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with the total daily dose of 10 to 20 mg per kilogram of body
weight, This should be given in divided doses two or three
times per day. The daily oral dose of PAS is 500 mg per
kilogram divided into three or four doses. The total dose of
streptomycin of 10 to 20 mg per kilogram of body weight
may be employed intramuscularly daily for several weeks fol-
lowed by biweekly injections. Smith and Matsanions (1958)
have used adrenal corticosteroids simultancously with ade-
quate antituberculous drug therapy in children with pleural
effustons and report clinical and roentgenographic improve-
ment. Their treatment program is as follows: INH (20
mg/kg/24 hr) and PAS (0.5 gm/kg/24 hry for at least 2
year. prednisone (1.0 mg/kg/24 hr) for four to six wecks
with diminishing doses during the ensuing two weeks
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Chapter Thirteen

THE COMMON COLD
AND ALLERGIC RHINITIS

INTRODUCTION

In spite of the fact that the common cold represents the
commonest diness of man, its defimtion becomes almost a
personal matter, since 1t 35 an sllness with which we are all
intimately acquamted. The common cold per se s not a
serious disease, but because of sts ubiquitous and banal na-
ture 3t remains a problem that has been influenced very lintle
by the advances in scientific medicine Colds contribute tn no
small measure to the musertes of man and undoubtedly play
their most important role as precursors of senous disease.
We recognize that nearly all of man’s infectious diseases may
become chntcally manifest by symptoms that are often at-
tributed to “colds.” Specific infections, such as scarlet fever,
diphtheria, and whoopng cough. may all begn as a “kind of
cold.” Q fever, wnfluenza, or psittacosts and such diseases as
primary tub may late closely the P com-
plex of the common cold

We know too httle of the importance of this common dis-
ease and 1ts role m the pathogenesis of many serious and even
lalimg nfections Although conclusive proof s still lackung,

~s




248 Newer Virus Disease:

evidence is at hand which would tend to incriminate the com.
mon cold or onc of its cousins as being directly responsible
for the tragic and unexpected crib deaths in infancy. (See
Chapter Ninc.) Statements which one frequently sees 1n the
newspapers tend to minimize the importance of the common
cold with emphasis on the consequences. Such a clipping
reads as follows: “Then came the tragic years that Eleanor
Roosevelt recalls her ‘trial by fire.” Her husband's illness—firs!
dizgnosed as a cold—turned out to be infantile paralysis.
Another news item dated January 23, 1953, reads as fol-
lows: “The discase, not yet positively identified but which
starts much like a common cold and then kills its infant vic-
tims within a few hours, claimed its sixth victum {in one weck]
in Tacoma, Washimgton, yesterday.”

CLINICAL FEATURES

Definition of the common cold ts complicated by the fact
that certain chemical prritants, allergens, and vasomotor re-
sponses of the nasopharyngeal membranes are difficult indeed
to separate or differentiate from true mfectious colds In spite
of the difficulties and complexities the common cold may
simply defined as an acute nasopharyngitis of unknown etiol-
ogy. The pnimary symptoms include irntation and dryness of
the nasal passages, often associated with chiily scnsattons and
muscular aching The feching of congestion with sneezing i
frequently accompanied by a watcry discharge from the nose
Hoarseness and nasal voice are soon cvident, and the patient
complains of irntabulity, ttching of the eyes, loss of appetite.
and occasionally headache. These symptoms may persist from
a few hours to a weck, and many so-called colds scem (0 be
aborted with or without treatment 1n a matter of hours, The
patient frequently forgets the prodromal symptoms of a cold
because they often disappear as quuekly as they came, par
ticularly following a night of rest.






250 Newer Virus Diseases

common cold is not possible and indicates that we should
probably leave the definition to the patient who simply speaks
of a “head cold” or a “chest cold.”

ETIOLOGY AND LPIDEMIOLOGY

Tt is generally considercd that the common cold is an -
fectious disease and probably due to certain viruses and per-
haps even a single agent yet to be discovered, It is apparent
that colds may be transmitted, albeit with some difficulty,
from one indwvidual to another by means of bacteria-free
washings obtained from individuals suffering from acute colds.
These obscrvations date back to many investigators bepin-
ning with the classic studies of Kruse in 1914 and Foster 1
1917. The infectivity rate of human volunteers 15 often less
than 50 per cent of those subjected to challenge Elaborate
human volunteer studies have been carried out in meticulous
fashion by Andrewcs and associates at the Common Cold Re-
search Umit 1n the Harvard Hospital at Salisbury, England.
Andrewes (1950) states: “It is probably true that the de-
velopment of an overt cold 1n man 1s determned more by the
varying susceptibility of the person than by the degree of ¢v-
posure to the causal agent.” He reports the successful cultna-
won of an agent of the common cold i tissue cultures of
human embryonic lung. Filtrates from the tissue culture pro-
duced illnesses 1n 50 per cent of a group of human solunteers
Passage, howeser, from one ussuc culture to another reduced
infecuvity and after 10 passages only 10 per cent of the vol-
unteers could be infected The agent fmled to produce cyto-
pathogenesis 1n tissue culture, and no means other than the
noculation of human volunteers has been found to indicate
the presence of the virus

Over the years extensive studies of bacteria have been per-
formed 10 order to find a cause for common colds Many hase
been considered responsible, such as the pneumococcus and
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Hempohilus influenzae, which have been shown te ncrease
and be present in great numbers in the presence of the com-
mon cold. There is no doubt that bacteria contribute to the
continuing symptom prcture and may be much more responsi-
ble for the manifestations of discase than the primary agent
The common cold is world-wide 11 185 occurrence. although
probably less ubiquitous in the milder tropscal countries
Tsolated areas also appear to have a reduced incsdence except
when visited by outsiders. The Commission on Acute Respira-
mry Diseases has contributed a great deal of our epidemiologic
on the incd of respueatory diseases
They state that from one ta six eprsodes accur per year for
any mdwidual, varying of course with age and exposure Ia
Cleveland famifies, Badger and his associates (1953) found
an average of ten ilinesses per year, st of which were classi-
fied 25 resptratory
Age has been recognized for many years as an smpostant
over-all factor n the prevention of colds, and 1t has been
frequently stated that the only prevention for colds (s getting
older All pvestigators agree that the early years of fe are
correlated with the highest attack rate, which decreases dur-
g childhood 1o rather constant fevels m adult bife Reasons
for differences becatse of age are not clear but have been
thought to be due to smmunty It scems possible that foc
many of the commaon respiratory ilinesses smmumnty does play
an mmportant role with booster ilinesses of a very mild or
inapparent nature g tor
Immunty to colds may nm be absolutely related to the
feel of antibody, as human volunteer studies with the
hcmadsorpnon t)pe 2 agem revealed that a cold-like sllness
could be d m duals who had ble levels
of anubody 1 therr blood Some type of resistance o the
adengviruses 35 evident from the observation that second at-
tacks failed to vocur 1n persons found to be without speeific
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antibody at the time of exposure. Exposure undoubtediy plays
an important role as a single child in the family during the
preschool years has fewer colds than children in families with
school-age siblings,

The Cleveland Family Studies incriminate the school-age
child as the most frequent source of infection for the other
members of the family. Gold and Robbins (1957) point out
that the epidemic periods for colds correspond to the time
when school js in session and indoor crowding is at its height.
Increases in colds have been reported with changes in the
weather, particularly changes corvelated with severe cold. Paul
and Freese (1933} also reported that epidemics of colds oc-
curred aboard the jccbreaker Carnegic upon entering cold
ocean currents. Evidence to the contrary also is avarlable in
much of our literature. It 1s a fact that changes in temperature
affect all people at about the same time, but colds do not fol-
low this sudden epidemic pattern; rather they scem to radiate
from a focal point at times of epidemics.

The experimental transmission studies of Andrewes, Lose-
lock, and Sommerville (1951) present the most convincing
evidence with respect to environmental temperatures and their
effect upon the host with respeet to acquiring colds They
clearly showed differcnces with chilling and exposure <o far
as susceptibility of human volunteers was concerned  They
demonstrated, however, that intimatc contact s impuortant
and that direct contact in normal social exposure, such as
playing cards with people suffering from colds or durect con-
tamnation of the air, was sufficient to bring on infection One
can conclude that intimate and direct contact 15 pecessary 8
most nstances for a legitimate exposure (o be taken seriousdy
In therr study, subjects with colds were found fo be contagrous
as Jong as 24 (o 36 hours before the appearance of symptoms,
with contagiousness persisting for as long as seven days

Lutle 1s known regarding duration ol jmmunity, but a1
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probably of brief duration as shown by Dochez (1933) 1 ex-
perimental colds in chimpanzees. In the classic studies of
Pavl and Freese (1933) in Spitzbergen, 75 per cent of the
winter residents acquire respisatory disease within 30 days
after the arrival of the first boat 1 the spring and 90 per cent
experience at Jeast one cold by the end of the shppmng season.
Multiple colds were also experienced by natives, and the -
terval of second attacks varied from three 10 seven weeks.

The Commxsslon on Acute Respiratory Diseases (1947)

d in human vol studies that severe common
colds could be transmutted by mdividuals who had recemly
secovered, and 19 days following recovery a second challenge
revealed the same susceptibility as existed snitially The prob-
lem of immunity in the common cold 1s little understood, pri-
marily because we know so little about the actual agents re-
sponsidle for colds. Jackson, Dowhing, and Anderson (1958}
recorded studies on volunteers with infectious nasat secretions
cotlected from persons with colds They employed four ran-
dom matched groups of student nurses mn each expenment
and simultancously admuustered one of two secretrans Fifty-
o per cent of indwiduals receiving nasal secretions m buf-
fered salt solution developed colds The mfectious secretions
mixed with borted human gamma globulin farted to alter the
percentage of the volunteers who developed expenmental
colds When, however, the mfectious secretions were ncu-
bated with human gamma globuln, colds occurred i only
one-fifth as many subjects as in the groups just mentioned
Statsucally their studies were considered to be mghly sigmfi-
cant (P = 0.001)

Ina study reported m 1946 by Adams and Smith, 70 med-
ical students were studied throughout one resprratory sea-
son for the ds of y disease. Gamma
gobulin was administered at monthly intervals to one-half of
the group An wmtial dose of 6 ml of concentrated gamma

A~
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globulin was administered intramuscularly to cach student in
the experimental group. Thereafter, 4 ml of the same solu-
tion was given at monthly intervals; the subjects recening a
total of 30 ml in seven inoculations. The incidence of acute
respiratory disease was reduced 40 per cent in experimental
subjects as compared with the controls. The severity of iliness
was likewise significantly decreased in the experimental sub-
Jects as compared with their previous season’s experience.
The study of Jackson, Dowling, and Anderson (1958)
helps to confirm the possibility that for some colds at least
there may be immunity and hope of active immunization.

COMPLICATIONS

The complications of the cold are largely related
to the development of secondary infection in cavities such as
the muddle ear and stnuses, The continuing purulent naal
discharge associated with colds, particularly m infants and
children, may be caused by common bacteria such as pneu-
mococct and usually responds to antibiotics Little evidence
exists for the prevention of so-called sccondary infection by
the use of antibiotics. Although the common complicattons
due to pneumococcus and streptococcus may be ameliorated,
certain other types of organisms often take over and are re-
sponsible for complications. There 1s little reason to treat
uncomphcated colds with specific drugs. When sccondary in-
fection occurs, anubiotics may produce very gratifying results
Indiscriminate use should be avorded because of the poss
bihity of sensitizaton which 1s often unwarranted The prob-
lem of antibiotics 1s discussed further tn the following para-
graphs under treatment and prevention.

TREATMENT AND PREVENTION

No specific therapeutic measurcs are available for the treat-
ment of the prmary symptoms of the common colds How-
ever, inasmuch as many of these infections become quickly
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complicated or may occasionally be muluple, anubotics
should be employed when indicated. Diagnosts, therefore, be-
comes extremely important in such situations, and keen cha-
teal judgment may be required, The use of aspinn n the
proper dosage has been found 1o be helpful in many patients
Flavored aspirin is not recommended for children because of
the possible danger of poisoning. Dosage contro} ts extremely
important as salicylism may develop even from therapeutic
doses in certain individuals. Nose drops designed to reliese
congestion are sometimes helpful i nursing infants. and m
children they may have some value in preventing muddle
ear infecion Infants may need rehef in order to nurse
Humidity may be helpful, particularly ta infants with symp-
toms of croup in association with acute resprratory diness
No other drugs are recommended routinely except as the
physician may determine indications Rest and warm clothing
should be provided as welt as avordance of schoo! and travel
These measures not only have therapeutrc but prophylacuc
value as they reduce exposure of other susceptible tdrviduals

What is the evidence that tonsillectomy may prevent com-
mon recurrent respiratory disease” Studies which McCorhel
and associates (1955) conducted on the occurrence of respira-
tory tract infection in Cleveland families are very helpful m
this regard The illness rates 1n their two groups of children
three years and older with and without tonsils showed o real
differences The occurrence of respiratory infections before
and after tonsillectomy revealed that between 5 and 10 years
of age the attack rate of common resprratory disease during
the year before tonsillectomy and the year after was smlar
when these rates were corrected for age and season. They cite
the expericnce of chuldren af the same age who did not have
therr tonsils removed and showed that by comparson the
Operation did not matertally alter the average wctdence of
€ommon respiratory disease.

Although the discovery of the adenoviruses failed to pro-
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vide the hoped-for causal agents of common respiratory div-
ease, many new and recent virus isolations appear 1o offer
more hope that the etiology of the common cold is not com-
pletely obscure and may possibly be multiple,

Hope for control of colds is expressed by Ritchie (1958),
who places a great deal of emphasis on the usc of autogenous
vaceines made from the individual’s own nasopharyngeal
flora. The cold rate per month for the controls was five times
that of those who were vacci d. Ritchie concludes that the
patient’s own pharyngeal flora bear a much farger share of his
symptomatology than previously known. The use of autoge-
nous vaccines markedly reduced colds; also short-ternt therapy
by appropriate antibiotics reduced the incidence of colds

SUMMARY OF COMMON COLD

The common cold may be defined as a nuld but acute re-
spiratory tract infection primarily involving the mucous
membranes of the nose and throat. This common nfectious
disease 1s thought to be caused by filterable agents, most likely
viruses, that are transmitted by intimate contact between 19+
dwiduals. Very little tmmumty 15 produced by the agents of
the common cold, and age appears to be the mam factor i
the decreasing tncidence, The clineal signs of illness vary so
tremendously from one patient to another and also in the
same ndividual at different times that any sharp definion
of the common cold is fraught with many nsks. It i nereas-
sngly apparent that common acute resprratory disease may
have numerous agents responsible for it. Many of our known
viral agents may represent part of the answer 25 we are con-
stantly reminded by those who hnow that a clear defimuion of
the common cold 15 quute impossible The hypothesss of mulh-
ple etiology ts appealing from many points of view It tips well
110 the recognized spectrum of alness due 1o many dnﬂc’tcm
etiglogic agents bactersal and fungal as well as siral When
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ane considers the many immunologically distinct types of
agents now known and discussed previously in this book it is
not inconceivable that herein may hie part of the mystery of
the common cold. The answer will probably come piecemeal
Within the past few years these pieces have been coming in
very rapid succession—so fast, in fact, that time does not
permit an adequate evaluation of their relative importance n
this complex field of common respiratory disease

ALLERGIC RHINITIS
Definition

Again we are faced with the difficult problem of definition
A “cold in the head” is coryza, rhintis, or a sumple inflam-
mation of mucous membrane, and the term, coryza, ordinanly
designates acute rhinitis. The diagnosis of coryza or “head
cold” is frequently made when the patient has acute conges-
tion of the nasal mucous membranes. Rhinorrhea 1s a dis-
charge of thin nasal mucus and 1s frequently referred to as a
“cold.” The diagnosis of allergic rhinitis may often be con-
fused with infectious rhimitis As a consequence several fac-
tors are involved, such as allermic reactions of the nasal
mucosa, viral infections primanly in the nose, bactenal infec-
tions, and psychosomatic disturbances If we were to select a
vicus as the cause of the common cold 1t would be a question
of which one to select. Many known agents manifest them-
selves with symptoms and signs of a “cold ” Emotional dis-
turbances may lead to a flow of tears which may be associated
with nasal edema and discharge. If no shedding occurs, then
m[sal obstruction frequently leads to a diagnosis of “common
cold”

Allergte rhimtis mcludes both hay fever and perenmial
allergic disturbances which occur in certain seasons of the
¥Year during pollination These reactions are commonly asso-
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ciated with the warmest months of the year. With perennial
allergic rhinitis the causative allergen is not necessarily sea-
sonal and may commonly be diagnosed as a “cold.” The
inhalant allergens are apt to be in dust (house dust or occupa-
tional dust), or animal danders including feathers and wool
in garments and blankets. Face powder, molds, and other
substances also may be included in the inhalant group, In-
gestants, as a rule, are hmited to foods and drugs, Allergy to
bacteria has also been considered responsible for allergic
rhinopathy.

Confusion therefore commonly occurs as a result of mix-
tures of factors that are imposstble to separate. 1t is not incon-
cevable that allergy may produce a primary edema and
congestion which in turn may be followed by infections of
various sorts, which in turn may well respond to antibiotic or
other specific therapy, Antiallergic therapy m such suuations
may also give relicf.

Clinienl Features

In the uncomplicated allergic rhmitis the mucous men-
branes are not usually as red as those mmvolved tn the acute
and chronic conditions associated with nfections Secondary
infection, however, may occur along with the allergie condi-
tion at which tme the allergie problem may be overlooked of
mused  Symptoms such as itchmng n the nose leadng to
coryza are considered charactenistic of the sensory symptoms
assocrated with allergic rhinatis, A chronie, irtatne, wnpro-
ductine cough may depend upon the same sensony disturb-
ances m the larynx, trachea, or bronchi. A family history of
allergic manifestations would be most helpful, but on the
other hand the presence of alletgi. respiratory problems may
be unknown and a4 drsgnosss of smusitis or chronic bronchuts
domtnates the history. The chronicaty of the allergic problem
15 often prominent, and current of chronic penorbal edema



The Conunon Cold and Allergic Rhnitis 259

" with mouth. breathing may call artention for the first time to
allergic nasal obstruction and congestion.

Mucopurnlent dischasges may clexsly Jocate the child's dif-
ficulty in the nose or sinuses rather than in the tonsils or
adenaids, but excesses of lymphoid tssue are very common in
allergic children. Certain particular laboratory exammnations
are helpful in diagnosis but do not take the place of careful
chnical observations. Eosinophdlia in nasal secretions may
indwate the allergic nature of the reacuon. However, when
infection s superimposed, a neutrophiic exvdate usually
predominates, Fostnophtlia in the blood helps to confirm the
clinteal suspicion of allergy.

Skin tests are helpful 1n pointing to speeific aflergens but
are only feads to the offendets which may actually be absent:
negative tests do not exclude allergy, Clein (1954) ponts
out that the occurtence of chromc riumitis in nfants may be
related directly 1o allergy to cow’s milk There may be asso-
arated gastrotestinal Symptoms with pasal obstruction that
frequently interferes with breathing and nursing. A therapeutic
test of removal of the offending food (cow’s milk) may bniag
prompt relic Allergic thinitis mn the fiest year of hfe is con-
sidered to be rare.

The sole mamfestanton of alfergy may b\. recurtent, and
chiome sespy p and many diag are a-
tached 10 these pauems, such as allergic rhims, Fecurrent
resprratory disease, smusitis, vasomotor rhuntis, adepoids,
calds, “a vitgs,” etc Simple thickening of the mycous mem-
branes accurs and may commonly be shown i the roenigeno-
gram of sinuses Associated bronchitis with chronsc cough
Ieads to the syndrome atten referred 1o as smubmnc)uns

Recurvent laryngeal symp have been d as
promunent wamfestatsons of allergy, and allergic croup may
ble erther sy dic or the inf croup which

will as a rule respond to allergic management Such prob-
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lems demand careful evaluation of the child and his environ.
ment from the allergic standpoint,

The most common aural manifestations of allergy are re-
current and chronic otitis media which, according to Vaughan
(1957), result from the combination of infection jn the respira.
tory passage and a basic allergic dicorder. Brown (1954)
expressed the opinion that adenoid hypertrophy has Intle
or nothing to do with recurrent or chronic otitis media and
believes that measures directed at control of the reactive
changes in the nose and sinuses are indicated, In the presence
of chronic disease in the nose and sinuses, a dual attack on
allergy and infection may be strongly indicated. When pos-
sible, the examination of aural fluids may be most helpful
in the diagnosts of an allergic condition as opposed to chronic
infection. A predominance of cosmophilia in stained smears
would strongly suggest an allergic condition.

Treatment

Diagnosis and management often go hand in hand as
elimination of house dust. pollen, etc.. may play a prominent
role in the relief of the patient's symptoms and s often
highly significant diagnostically. Except tn early mfancy,
foods are considered of secondary importance but Vaughan
(1957) suggests that certamn highly allergic foods, such as
chocolate, eggs, and nuts, may be casily excluded from the
dict as well as those foods giving a positive shin reaction The
use of anubiotics when indicated may be combined with al-
lergic management with good result The first step should m-
clude antallergic measures which may bring prompt relicl of
the patient’s condiuon Hyposensitization 10 the pollens of
dust to which the patient has been shown to be sencitive should
be carried out when the preceding measures fail to give relicl.
Seasonal hay fever may respond to a combination of hypo-
sensibization and anihitamme therapy In nonscasonal al-
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(13) Differentiate in blue differentiator 3.5 min
(a) phosphotungstic acid 25 gm
(b) picric acid 2.5 gm
{c) 955 cthyl alcohol 100 ml
(d) distilled water 400 ml

(until fuchsin-colored cells are clear of blue and
hyalin and collagen are clear bluc)
(14) Wash quickly in distilled water

(15) 2% acetic acid in water 1 min
(16) 25 alcoholic acetic acid 14 min
(17) Absolute alcohol 14 min-3 min
(18) Xjylo! 5 min

(19) Cover slip

HEMATOXYLIN AND EOSIN
STAINING PROCEDURE

Fixation: 10% ncutral formalin
Run sections down to water
(1) Stain m Delaficld’s hematoxylin (diduted 1 §)
(2) Rinse 1n tap water
(3) Differenttate in 162 hydrochloric acid unul nuclear
structures are clear and cytoplasm s heht gray
(3) Stop acid action by dipping mto 177 ammonium hydroxde
(5) Runmng tap water 10 min

4 nn

(6) 507 cthyl alcoho! 3 min
(7) 70% cthyl alcoho! 3 min
(8) 957 cthyl alcohol 1 min

30 we

(9) Counterstamn with 147 alcoholic <olution of coun
(10) 95% cthyl alcohol, 2 changes to remove cxcess stun
(11) 1007 ethyl alcohot
(12) Xylol—100% cthy! alcohol (1.1}
(13) Xylo!

1 mn
3 mm
S mmn
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HEMATOXYLIN-SHORR STAINING PROCEDURE

Preparation of Shorr stain

(1) Ethyl alcohol, 50% 100 ml
(2) Bicbrich scarlet (water soluble) 05 gm
(3) Orange G 025 gm
(4) Fast green FCF 0075 gm
{5) Phosphotungsuie acid, cp 05 gm
(6) Phosphomolybdic actd, cp 05 gm
(7) Glacial acetic acid 10 mt
Procedure.
{1) Fix smear or impression while still wet i equal parts, ether
and 95% ethyl alcohol 1-2 mun
(2) 70% ethy! alcchol 3 mm
(3) Distilled water 3 min
(4) Hematoxylin (Delafield’s, diuted 1.5) 4 min

Dufferentiate in 1% hydrochlonie acid and stop acid
action in 15 ammomum hydroxide solution

(5) Runming tap water 10 mn
{6) Shorr stain 2 mm
(7} 70% ethyl alcohol; few dips to remove excess stain

(8) 95%, 100% ethyl alcohol 3 mum cach
{9) Xylol 5 mm

(10} Cover slip
In a properly prepared shde, the nucleus will be bluish purple,
the cyfoplasm pale green, and the mclusion bodies bright red

MACHIAVELLO'S STAINING PROCEDURE

Prepare the foltowing stock solutron

Basic fuchsin 0.25 grn 10 100 mi double distulled water
Citne acid 1 gm in 200 ml double distilled water
Methylene blue 1 gm 1w 100 m! double distilled water

After air drying smear or impression prepatation, fix by heat
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(1) Basic fuchsin (pass through filter paper in funnet) S min
(a) Drain off stain

(2) Citric acid solution; dip for a few seconds

(3) Wash thoroughly with tap water

(4) Methylene blue solution 20-30 sec

(5) Wash wuth tap water

(6) Air dry

In a properly prepared slide, most of the elementary bodies wilt
be stained bright red, other elements stain blue.
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MYCOTIC INFECTIONS

Actinomycosis:

Nocardiosis:

Histoplasmosis:
Coccidiidomycosis;
Moniliagis:

Cryptococcosts, aspergillosis,

geotnichosis or peniailfiosts

Blastomycosis and sporotricho-
s18°

Penicilhn,  1,000,000-2,000,-
000 units daily, or tetracycline
as suggested for psittaconis

Sulfadiazine, 4 gm daily, or
tetracycline as suggested  for
psittacosis

Amphotericin B, 05-1 mg per
kilogram daily, intravenously
slow 6-hr drip—230-60 days de-
pending on reaction

Amphotencin B (same as for
histoplasmosis)

Amphotericin B (same as for
histoplasmosts), or Mycostatin
for intestinal infection

Amphotericn B (should  be
tried as recommended abore
for histoplasmosis}

Potassium 1odide or 2-hydrovy -
sulbanudine 250 mg daly
250 or 500 cc of 57 deunre
mtrmvenously 1 stow drip, 3¢-
60 days, amphotericm B as out-
hoed above for hustoplasmosis
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THE REOVIRUSES

Recently Sabin (1959) reported a new group of vituses, the
reoiruses, formesly classified as ECHO, type 10. They are latger
than the iruses, measuring app nately 72 my, and are
clearly associated with respiratory and enteric iliness m human
bengs, chimpanaces, and monkeys The reoviruses produce lesions
 the bram, liver, and myocardium of newborn muce, and Sabm
Suggests that they must be considered as a potential cause of dis-
¢ase in the newly born

Three types have been dehincated, the prototype or “Lang” stram
s type 1, formerly ECHO, type 10 All of the stramns have a com-
mon complement-fixing antigen, but possess distinct differences

y i tf and h ! LiLT tests,

The original stratns were first psolated feom heaithy children i
Cincinnati, and quently from with
rhinuis, from a family wath entertis. and from children with diar-
thea The reoviruses must be mcluded m any systematic study of
the complex viral ettology of resprratory and enteric diseases

REFERENCE
Sabun, AL B (1959). Reovituses, Scrence, 1301387,
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