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PREFACE

uRInG the past 20 years knowledge of the virus diseases has

D grown at a rapidly increasing tempo Perbaps the dechming
impottance of bactenal mnfections has been a spur The Invention of
new technics and tools has provided new opportuniues Al sides of
the problem have been attacked, pathogenes:s, etrology , host resist-
ance and susceptibiity, the natural history of virus diseases, and
their connectsons with environment The advance has been typical
of qur times In tno respects, 1n the debt it owes to modemn technology
and fnstr and to a broadened concept of disease that has
come from studies of the distribution and mass occurrence of m
fection geographic and statisucal pathology

As a sesult, our understanding of the ancient virus diseases has
deepened ness sirus diseases hase been discovered, new relationships
and new biologic phenomena Therapy still lags but prevention has
taken several Jong stndes The advance has followed a defimte pat-
tern and we now perhaps have enough expesience to guide us more
directly in the future It 1s a8 tme of confidence, a confidence
tempered by the expectation that our parasitic foes may confound us
at times m the future as in the past but that our helplessness wilt
never beasgreat as it was 25 yearsago

It may well be that the stage 18 set for chinwmans and laboratery
workers in many hosprtals to inxestizate more tharoughly the sirus
diseaces they encounter The methods are retatnely simple, the major
hazards nell charted A cntical bacteriok with a hittle add \
equipment and a small 1colation unit should be able to undertake
chagnostic varology and the study of local problems with complete
proptiety

This book is intended as an introduction to the subject It is
growh incomplete in many respects but may proside a panorama
of the problems we face in the States as the author <ces them The
technicsl section Is intended to Introduce bactenologpsts and pathoto-
1t to the baue sirus procedures with emphasis on precautions in
handhing highly infectious agents and the snterpretation of restlts
The book as 1 whole is based on lectures and kaborators exescises
that hate been guven for some years 10 students in the Schont af
Medicine, Unhersity of Buffale
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vl Preface

Many wvirologists believe that hospital laboratories should Limit
th lves to 1! ( )l fixation) tests of virus mfec
tion, that the 1solation of viruses and expenimental virology belong
only 1 research institutions This may be good advice n 2 general
way but has two serious drawbacks Certain virus infections are best
diagnosed by solation of the etiologic agent, serologic tests being
cumbersome and impractical Secondly, the unusual and nstructive
cases are quite as likely to occur in one hospital as the next, outside
as well as within medical centers In any case, the author could not
agree 1n good conscience, having undertaken virus studies mn a
hospital laboratory and with no guidance other than a second hand
set of Roscoe Hyde's laboratory exercises and one agate mortar and
pestle It 15 hoped that the present suggestions have benefited from
the advances made since that time and that the beginner follow his
nose but keep one eye on the character of the diseases he may
mvestigate
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INTRODUCTION TO VIROLOGY



Boswell But of what use will my book be, Sir?
Johnson Never mind the use—do s'



I

THE NATURE OF VIRUSES AND
VIRUS DISEASES

mE STUDY of virus diseases has become the hiveliest and most

productive branch of microbiclogy durng recent years It is
already a large field that encompasses 2 wide vaniety of diseases and
disease producing agents There are reasons for behieving it will
continue to grow, that additional diseases will be recogmized as virus
nfections Many workers expect viruses may some day be incrims
nated as causative agents of human as well as lower animal neo
plasms and that some lesions we ascribe to degeneration or heredstary

factors may be due to pected virus ) we
may anticipate 1n the future to discover and descnbe the viruses
ble for various diseases, the causative agents of

which have not thus far been found

The word virus means poison Usage has hmited its meaning to
1nfectious poisons and lately to infectsous poisons of very small size
In the early days of ¢ logy all pic and p
agents of disease were called viruses When 1t was discovered that
some were small enough to pass through earthenware filters, they
were distinguished as filtrable viruses Now they are generally called
simply viruses Earthenware filters were onginally used 1n support
of the theory of biogenests to secure evidence that living agents of
disease do not anse from the environment but only from hving
predecessors The filter that retained bacteria also retained the power
to mfect Such demonstrations were frequently made in support of
the views of Pasteur Yet even in those early days of nucrobiology 1t
was at times noted that bacteriologically stenle filtrates were never
theless capable of inciting disease The first to do so was Iwanowska
who observed that the jurces of plants infected with tobacco mosaic
remained 1nfectious after passing through fine filters Five years later
Loeffler and Frosch discovered the same 15 true of the agent of foot
and mouth disease These observations did not senously disturb
bactenologic thought because the filtrates were 1n any case stenile by
bactenologic entena, they did not contain organisms that could be
cultivated in sterile media
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4 Introduction to Virology

But they were the beginning of virology which slowly and i
conspicuously developed 1n the shadow of bacterology until some
twenty years ago when 1t began to grow very rapidly In commemora
tion of the great debate regardmg biogenesis or heterogenesis and
the part that filters played 1n the 1dentsfication of viruses, 1t 15 worth
noting that the viruses themselves have reopened that old 1ssue
There now are those who consider the viruses to be midget microbes
and others who consider them unique chemical compounds capable
of rephcation when incorporated mnto the life of cells The evdence
for the second view comes from expertence with plant viruses which
can be purified and crystalhized to a degree wholly satisfactory to
chemists and which, after chemical mampulation, are still capable
of inducing the phenomena of growth and infection 1n plants Nothing
comparable has so far been demonstrated in the case of ammal
viruses which seem to be a rather chfferent order of things, but the
ancient dispute about spontaneous generation has been given a fresh
and unespected rebirth

Size 15 therefore a primary charactenstic of viruses They are very
small They are sufficiently smaller than bacteria, which we measure
m mucrons, that theiwr dimensions are customarily expressed in mil
microns Most animal viruses he between 10 and 400 my or 0 01 and
04 microns The viruses thus bridge the gap between bacterra and
large protein molecules and complete a biologic scale, evidence, per
haps, that no other group or lower order of nfectious agents remaimns
to be found

A more 1mportant charactenstic of viruses 1s that they multiply
and mamfest themselves only 1n cells, in susceptible iving cells This
15 quite as true of plant as ammal viruses It 15 true of the larger
viruses that approumate mn size the smaller bacteria They are auto
catalytic They are composed chiefly of nucleoprotein with small
amounts of lipide and carbohydrate The larger viruses seem to be
more complex chemically than the smaller ones but since we are
still too clumsy to punify completely the ammal viruses, we cannot
be sure

Obviously their relationship to cells 1s of outstanding 1mportance
to our understanding of them Some things are known We know 2
little about how some of them combime with cells Influenza virus,
for example, reacts specifically with a focal structure of the cell
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surface and destroys it (the receptor) probably through an enzyme
As proof heated virus can be shown to combine with the receptor but
not destroy 1t Very few viruses behave as influenza virus does and we
know nothing of how most of them combine with their host, but the
elegant studies of influenza virus have set a pattern of thought that
has been helpful in understanding the relationship between virus and
cell Some plant viruses seem to be ncapable of nvading or attach
ing themselves to cells Infection requires the delicate moculation
to the cell that only particular insects are capable of making

Sl less 1s known of the later phenomena of cellular infection
although the bactersal viruses have yielded fasainating evidence of a
unique hind of intracellular multrplication Shortly after bacterial
viruses penetrate the cell membrane an increase of nucleoprotein
occurs due only 1n part to increase 1 virus The virus body tempo-
ranly disappears from sight This stage 1s followed by the appear
ance of 50 to 100 mnute particles that then group to form a collec
tion of new adult virus forms It 1s a form of multiplication that
entails b of diffused el and that facil varia
tion Thus a cell infected with different stramns of a bactenal virus
can hatch hybrid descendants in numbers and proportions predict
able on the basis of chance recombmnation Something simlar 1s
beheved to be true of nfluenza virus although the evidence 1s less
complete

One mught say that a virus 1s incomplete 1n 2 biologic sense
the absence of a cell Thus the punfied virus we see i the electron
microscope 15 not necessanly morphologrcally complete for in the
form we see 1t outside the cel! 1t 1s biologically mcomplete In the
cell sts structure may be augmented by borrowed cellular com
ponents Only the study of infected cells can solve this old problem
We know of incomplete viruses mn another sense for certain viruses
eust at imes 1n a form antigemcally typical but unable to mfect or
induce disease Certain viruses also oceur as components of different
sizes the smaller as a rule being incapable of inciting disease

The obligate parasitism of viruses 1s of practical and theoretical
mportance Since the virus can only be demonstrated through its
effects on cells viruses are shown to exst only through the infection
of ammals or their tissues 1n culture The use of hving anmals com
plicates the study of viruses and at times leads ta error The »*er
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mental ammals may harbor native unsuspected viruses that are
stimulated to cause disease by the inoculation of test material The
ammals may sicken and die not as a result of inoculated mfection but
of activated latent infection, often to the complete confusion of the
expenmenter A notorious example 15 the occurrence of herpetic
encephalitis i domestic rabbits following mtracerebral moculation
In this case latent herpes virus ifection should be presumed to be
the catse until proven otherwise

Therr imtracellular location shields the viruses from humoral anty
bodies Treatment (but not necessartly prophylaxis) by immune
serum fails, the virus 1s at sk only when 1t 15 hberated and in
process of mfecting a new host cell The prolonged immunity to
certam virus infections may be due to this mechamsm The virus
slumbers for long periods within cells and only at times, through
the death of a cell 15 Iiberated to stimulate antibody formation and
remnfect a few contiguous cells Something of the kund may be true
of yellow fever and herpes

Because viruses take part mn the life of cells, 1t 15 not surprising
that they are frequently very particular 1n the kinds of cells they
parasitize A virus that causes oral warts i dogs has been mentsoned
as an extreme example It infects only the epithehal cells of dogs
and these only on the oral, mucosal epithelial yunction Thesr tropisms
determine host range, pathogenesis, and 1solation techmes Of recent
years the tropisms of many viruses have been modified by laboratory
mampulation and these experimental adaptations have made possible
important practical advances not only because the viruses could
then be worked with more easily but because, with adaptation, they
have often lost thewr pathogemwcity for man and become safe and
effective vaccines Alternate passage between the susceptible, natural
and the resistant, new host, alteration by prolonged transfer 1 the
laboratory, the use of a different experimental ammal, and the dis
covery of laile strains have all at times provided usefully modified
wiruses It should perhaps be noted 1n this connection that most isola
tions of human viruses 1n experimental animals entail some degree
of adaptation This 1s shown by a rapid change i pathogenicity for
the new host and increasing titer of infectivity

While some viruses grow extremely rapidly and quickly kill their
host cells, others are known to form a benign and enduning partner-
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ship The latter account for Jatent infections Possibly they explam
certam tumors 1t has been postulated that cancer cells may be such
an expresston of host parasite relationship the virus beconung an
integral whented feature of the abnormal the cancer cell

Because viruses hive withun cells the most charactenstic morpho
Togre effects of infection are within cells The best known Jesions are
the sacluston bodies which range from the coalesced virus colonies
charactersstic of vanola to the msigmficant Group-B clusions com
mon to many virus wnfections The electron mucroscope s now
widening our knowledge of the mternal morphology of animal cells
and promises to open a new field of micromorphology of which the
effects of virus infection may be a fascinating part Something s
already known of the responses of cells to different viruses and
there 15 promuse that characteristic structural changes may even
tually be assocrated with most virus infections

The sapd development of visclogy owes tvwch 10 theee techocal
discorertes made during the 1930s The fiest of these was the use
of the chicken embrye for the cultivation of vieuses The ariginal
methods, devised by Woodruff and Goodpasture for the growth of
pox viruses employed the vascular b of the egg Subse
quently the egg cavities have been more commonly used the tech
nies have bren sunplified and the use of the fertile egg extended
to many viruses The fertile egg 1s our least expensive experumental
host s free of confusing latent wfections and provides a large
banvest of many viruses

The second notenorthy advance was the wnvention of the ultea
centrifuge and sts apphcation to virology The early air turbine
madels ate currently gising way to electrically driven types The

fuge permuts the of viruses and estymations

af thess punty and the mass of indwndual particles Smatler and
wmtermediate models are now freely avalable and greatly expedite
experimental work

The third advance the mvention of the electran mucroscope, fol
towed the design of electromagnetic condensers capable of focusing
an electron heam switable for py While the visual
of viruses has i itself been of interest and value, the future ap-
phication of the snstrument 1o the study of virus infection promuses
to be stilt more wsteuctive

#
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The use of filters has become less important, possibly because
there has been little improvement 1 them In addition to the earth
enware and diatomaceous earth filters, ashestos pads of vanous
types and collodion membranes have been used The latter type
was exhaustively studied by Elford wha determined standard meth
ods for their preparation and formulas for calculating their mean
pore size and for estimating the diameter of virus particles that
passed through them Surpnsingly accurate and reproducible meas
urements are passible by means of collodron filters but 1t 15 becom
ing evident that Elford s formula for estimating the size of virus
partcles does not hold for the smaller viruses All of the filters cur
rently available share the disadvantage that a considerable part of
the virus activity 1s retained by the filter and thus lost

The viruses are as 2 class more stable and resistant to physical
agents than bacterta The smaller viruses, with the exception of
that of yellow fever, are especially hardy Poliomyehtis virus with
stands treatment with cresol, ether, a wide range of pH, lasts 1n
defimitely 1n 50 per cent glycerol, and 1s relatively resistant to heat
Possibly their stabiity as well as therr ntracellular location con
tributes to the ineffectiveness of therapy Many drugs that modiy
the metabolism of cells depress the growth of viruses within them
But the effect 15 limited and no practical therapeutic benefit has
been demonstrated thus far Control of virus diseases currently de-
pends on the prevention of infection, active immunization, and the
use of antisera under special circumstances

A considerable number of virus infections mterfere with one an
other to such an extent that the one alters the course of the other
Interferences also occur between bactenial and virus diseases but
not so strikingly as between certain virus mnfections In terms of the
simplest virus-cell relationships, combination of virus particle with
the cell wall, mutual exclusion 1 easily visuahzed Enough s Lnown
however, to make 1t hhely that there are other antagonisms be
tween viruses than competition for cell receptors Indeed some
viruses are thought to mtensify the effects of others The terfer
g action of one virus on mfection by another may be of epidemo
logic importance In the laboratory 1t 1s at times confused with
cross protection or cross immumty Interfering viruses are antt
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genucally different The immunity that one wduces to avother is
temporary in nature

Wedonot have s y and of vires
dizeases or a sound viTus nomenclature Most virologusts feel st ss
premature to attempt such a classification Since this book 15 m
tended to be as practical as possible, the virus diseases have been
grouped ding to symp of Whether better under
standing of the micromorphology of the virus diseases wikl provide
a suttable basic classification of them or more knowledge of the
viruses themselves wilt permit a reasonable grouping cannot be fore
told It 15 hoped that a chmeal classification may faciiutate the study
of human sdlnesses




1T
THE POXES AND THE RASHES

HE HISTORY of the pox, that s, the smallpox—syphilis was

once called the great pox—is a fascinating story Smallpox was
the first of the plagues to become controllable Jenner’s * vacema
tion 15 2 Jandmark in the listory of medicine The laboratory study
of smallpox broke fresh ground, too Goodpasture introduced mod
ern egg techmics m his mvestigation of pox virus and Parker and
Nye mn 1925 used vaccima virus m their poneer tissue culture ex
peniments The pox viruses are sufficiently well studied and under
stood to be successfully classified Twenty years ago Goodpasture
proposed the nomenclature that 1s now widely accepted He wrote
‘Owing to the fact that the virus class 1s so difficult of definttion,
1t has seemed to me of primary importance to correlate any small
group of virus diseases as spectfically as possible whenever the facts
warrant such an association” He proposed a genus Borreliota
Borrel discovered 50 years ago the specific granules of fowl pox
The suffix Goodpasture proposed was formed from the Greek letter
1ota the smallest of the letters, the term meanmg the little partcles
of Borrel Within the genus were mcluded four subspecies, varsolae
(the true poxes of ammals of which eight are known), molluscs,
the agent of moll , Borreliota m; tum, the
virus of rabbit myxomatosis, and the agent of fowl pox Borrelote
avum It 1s worth noting that the classification 1s largely based on
the charactenstics of the pathogenic agents The particles, or ele
mentary bodies, react characteristically to stamns and are quite unt
form 1 size and shape, bemng brich hike bodues 1n the range of 250
to 300 my 1n therr longest dimension Interestingly, other wirus
particles of similar appearance are the causative agents of chicken
pox and herpes zoster but these are smaller (200 to 220 my) One
35 reminded of the observation of Jacob Henle, long before modern
microbiology was established, that ke agents cause like diseases
Both the similanties and differences are mmportant and the differ
ences are reflected 1n the Jestons which m the case of chichenpox
and herpes, are ch 1zed by 1nt 1 )} bodies while
the pox viruses induce wmtracytoplasmic nclusions The gross [esions
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of the two also differ, being more pustular in the case of the poxes

The subspecies are not antigenically related but relationships
eust within the variolae as well as differences and these are borne
out 1n munor differences tn inclusion bodies lesions and of course,
host range and pathogemcity Recent have p d
substantial evidence on all these pomnts mncluding small but m
teresting differences between cowpox and vacaima virus W hether
the strain of vacama beng used 1n the immumzation of humans
has been altered by long maintenance 1n the laboratory or was dif
ferent when 1solated by Jenner 1s not known Indeed it 1s 1impossible
to establish that our vaccima strains are denived from their historic
prototypes We would like to think they are

Smallpox virus 15 so infrequently the cause of disease in the Umited
States that ope might assume 1t 1s of tnvial importance to the hos
pital virologist ‘This 15 true as a practical matter but it remams a
useful and instructive agent for experimentation and our knowledge
of the disease 1t causes has been so 1llumunatimg 1t should not be dis
regarded Moreover, we must all be always alert to the occurrence
of smallpox which 15 frequently introduced to this country and
could become so serious a problem if disregarded

Smallpox 1s not only one of the most important, longest known
and senous of the virus diseases 1t also illustrates certan features
of virus diseases as a class and important principles 1 the conguest
of a virus disease through medical observation and discovery The
story of smallpox 13 largely the story of Edward Jenner who one
hundred and fifty years ago introduced vacaination the prophylaxis
we still practice Prumtive peoples had learnied of the immunity con
ferred by one attack of smallpox The Chinese are said to have in
sufflated dried virus into their noses as an immumizing procedure,
and smallpox crusts have been sold on the market places i vanous
parts of the world for a great many years The method of immumza
tion by the direct noculation of smallpox virus mnto the shin, vane
lation, was introduced mto Great Butamn m 1718 by Lady Mary
Wortley Montague and was successfully prachced untit ]enncrs
observation of the efficacy of 1
2 modifted (cowpox) vrus for that of srm'h‘pav It had been noted
in rural areas of England that an expertence with cowpox appeared
to confer immumty agaunst smallpex  Jenner made of the observa
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tion a scientific medical procedure His work 1s of outstanding sig
mficance because he established standards of experimentation that
have seldom been excelled Jenner’s opportunity arose from the prac-
tice, current in England at the time, of variolation Individuals
underwent dermal moculation with smallpox virus as Protection
agamnst systemic infection The practice had the serous disadvan
tage that each variolated mdividual was a source of smallpox
fection and secondary cases sometimes followed Indeed variola
tion was commonly practiced 1n secret because 1t caused so much
alarm Jenner took advantage of the situation to determme that
patients who had been vaccinated became immune to variolation
and he methodically tested and verified that fact before recommend
ng vaccination as 2 smallpox preventive ‘I will build a rock,” he
said, and continued lus human expenimentation unhl the evidence
was incontrovertible It bas withstood the test of the 150 years
since Jenner's time with hittle or no modification

Smallpox was the great plague of the American Indian Vaccraa
tion was ntroduced mn North America by Benjamin Waterhouse
who had been encouraged by Jenner and who, 1n turn, mstructed
Thomas Jefferson Thomas Jefferson 1s said to have personally vac
cinated Indians while he was President of the Umted States (1801)
The control of vanola by vaccination remains an essential prophy
lactic and should be umversally practiced since smallpox 1s a con
tinuing menace that may only be met by the protection of individ
vals The smallpox rate n Mexico, for example, has in recent times
been as high as 150 cases per 100,000 population Smallpox 15 pert
odically and not infrequently mtroduced from foreign countries
New York City, in 1947, undertock the mass vaccnation of a large
segment of 1ts population when a single florid case of smallpox was
followed by secondary cases Smallpox was mtroduced mto Eng
land on 15 separate occastons 1n 1946 from Asatic countrres, largely
through sailors Paris had sumlar experiences at the same time which
are presumably no more than representative of the periodic threats
that are represented by the existence of large areas of nfection 10
many parts of the world and agamnst which our single protection 15
that of mass vaccination Russta has provided the most recent evi
dence of the effectiveness of vaccmnation since vaccination was in
frequently practiced there previous to 1919 It has been estunated
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that dunng the last 100 years § Q00 000 persons dred of smallpox
1 Russia and that the inststution of compulsory vacemation dunng
the past 15 years has prevented the development of more than
1000 000 cases, preserving more than & quarter of 2 mithon human
Tives

The variola virus 15 a brck ke body approxmately 200 to 250
by 300 to 320 mys 1n size It was first described an 1887 by Buist and
may be seen m good preparations with 3 hight microscope Paschen s
descrip 4 d more and the el v bodes,
winch are indeed the virus particles, are frequently cafled Paschen
bodies In the miected cell they are seen 1n colony formations (the

ytopl ) of d size which are known as
Guarmiers bodies The virus 1 very stable This has been recognized
for hundreds of years and made possible the early practice of varo-
lation and vaccination Swnce i was possible to preserve infechivity by
storing drsed crusts from vanola or vacaima lesions Crusts vemam
infectious »f kept 1 a stappered bottle for a year at room tempera
ture and may be Lept for much longer periods 1n the refrigeratar
Frozen, infected allantore membranes were found infectious after 15
years. The vesicle flusd stself remains active for 2 month when ex
posed 1o daylight and for nearly three months m the darh Cowpos
WItus on one occasion was found nsfective after storage mn the re
Itgerator for seven years and crusts stored 1 vacuo were snfective
after two years Thys is of cousse of great practical importance n
the spread of smallpox since infected clothing bedelothes and other
fomutes represent a serous hazard The virus 1s killed when heated
2 55°C for 30 munutes

The natural history of smallpox and ats pathogenesis mahe a
cohtrent accouny Followmng a rather long incubation peniod (12
days) constitutionat symptoms develop which persist for some days
and are then follgweqd by the charactenstic skin eruption This se-
quence of events s due to the pathogenesis of the disease which
catmences with a prmary lesion that in man is frequently of the
TeSpuatory organs and thus mophicates air borpe snfection as a
Common mode of transmssion, followed by multiphication of the
agent within the body and by spread through the blood until a
Bereral systemic infection ensues Virus may therefore at appropr
e periods in the early stages of smallpox be readily
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1n the blood stream The virus 1s there, however, only during the fiest
few days of illness and has been found as a rule n the more serious
cases The primary leston i the mouth or throat 15 a potential source
of infection by means of droplets and the pox lestons of the skin are
a continuous menace, as has been stated earlier

Climical recognition of smallpox 15 doubtless quite simple 1f two
important practical reservations are taken into account The first
of these 1s that the disease 1s so seldom seen many communities
that physicians have httle or no experience with 1t and are less dis
posed to consider the possibility m arriving at a diagnosts The sec
ond reservation depends on the fact that the disease 1n the vaccinated
that 15, the partially ymmune, presents particular difficulties It 15
also of considerable epidemiologic importance since the atypical cases
may be quite as infectious as the typical ones This form of the dis
ease mtroduced into an area mn which smallpox s rarely seen constt
tutes a trying problem It 1s believed that as immunmity wanes follow
Ing vaccination the persistence of an immumty to the typical skin
lesion lasts longer than systeruc immunity and that mdwiduals ex
posed at such times may experience a brief, febrile 1llness (vanola
swne eruptione) In some mdrviduals the disease 1s modified by a low
degree of persistent immumity to such an extent that only a few
atypical pox lesions occur, lestons which may easily be confused with
mild chickenpox or acne It should also be realized that extremely
severe cases are n themselves atypical Such cases may be predom:
nantly toxic or hemorrhagic m nature and the patient at tumes dies
before the appearance of skin lestons This 15 particularly true among
the elderly In this case the menace 1s not so great as m the milder
forms of atypical smallpox because the patient 1s sick enough to be
confined to his bed The mld ambulatory case 1s a greater threat

The onset of symptoms n smallpox 15 usually abrupt with chills
prostration, backache and fever The pams are at times so severe
that patients are tempted to throw themselves from the window
These mamfestations continue for several days and are charactenstic
only in the presence of other cases They are followed, once the
temperature falls, by the rash which begins as discrete papules on
the face but rapidly spreads to the extrermties and trunk It wmvolves
the palms of the hands and the soles of the feet as well as the mouth
and pharynx The lestons shortly become vesicular and by the tenth
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day, pustular The evolution of the pox reflects the immunologic
status of the patient and 1n the early days of vacanation this phe
nomenon was relied on to test the genuneness of shin reactions Thus
the practice was common of revaccinating If the second lesion was
sufficiently accelerated to catch up and mature with the first, 1t was
assumed that both were due to vacaima wirus and not pyogentc
bactena

The essential lesion, that 1s, the dermal lesion also occurs in the
esophagus and other portions of the gastromntestmal tract It consists
of lquef. and balleon d of epithelial cells the
former leading to multilocular vesicles and the latter to giant cells
Intranuclear inclusions occur in cells of the rete Malpighn and
eosinophilic Guarmen bodies form in the cytoplasm These as has
been mentioned, are in fact colomes of vaniola virus

Whie chimcal di 15 emmently factory under circum
stances 1 which the disease 1s commonly experienced 1t 15 quite
evident that the atypical cases which predominate in western coun
tries represent a difficult problem Fortunately, Iaboratory diagnosis
of smalipox has become very satisactory during recent years The
flnd from the vesicle for example can be used directly as antigen 1n
a complement fixation test Infectvity may be transferred to the
comnea of a rabbit (Paul’s test) The most satisfactory laboratory
procedure at present 15 the moculation of the chorioallantoic mem
brane of chicken embryos with matenal from the suspected lesions
Tdentification of the agent 1s then made by histologic study of the
membrane m which the el y bodies and ncll may be
found Direct hustologic examnation of smeats from sucpected skin
Testons may be undertaken and 1 the hands of expenenced investt
Rators 18 reliable and rapid The e y bodies are d
without dfficulty by the expenenced observer The method 1s par
tieularly effective during the early days of the disease when diagnosis
?. of Jtours:, of the greatest importance During later stages, tests

P g on the develop of antibodies are perhaps simpler n
some respects and surely more effectss e since the virus particles may
1o longer be found with regulanty Direct examunation 1s of hmited
stlue fn distingwishing between variola and vancella in which efe-
mentary bod:es al<o occur While 1t 18 doubtless true that the expert
may hazard ap ptive daff 1 d largely based on the
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profusion of elementary bodies 1n variola and therr scarcity 1n var
cella, 1t 15 clear that the similanties between the two are a severe
lumtation on the method of direct exammation Fortunately, the
serologic tests now available, in particular complement fixation re-
actions and the simpler flocculation test, may be relied upon to pro-
vide a specific diagnosis although netther will distinginsh between
vaccima and varola It 1s behieved that variola may be distinguished
from vateima i that the latter 1s capable of serial transfer i rabbuts
and that vacaima produces only cytoplasmic mclustons and not
nuclear ones under such circumstances Isolation of variola virus by
noculation of the chonoallantoic membrane of fertile hens’ eggs
15 briefly described 1n the second section of this volume One further
method which 15 chnical n nature has been recently endorsed It was
ongmally described 1n 1918 by Tieche and consists of producing an
allergic skin reaction through the introduction of the vanolous ma
tenial 1 an mndividual made allergic by repeated vaccinations The
lability of a switable individual1s of course, a sertous drawback

Tt 1s of interest in this regard to note that the term allergy was comed
by von Pirquet to describe the accelerated immune reaction 1n the
skin of vaccmated mdividuals when re-exposed to vaccinia virus

The control of smallpox rests on the effective use of the two obv
ous methods of recogmtion of cases and their quarantme and mass
1mmunization through vaccination Many studies have indicated the
umportance of revaccmation Populations exposed to a considerable
nisk should be revaccnated periodically ‘Thus, 1n a comprehensive
study 1n the Near East 1t was seen that recently vaccnated children
were with rare exceptions solidly immune to smallpox while aduits
had relatively lttle residual immumty Immumzation cannot be
delayed unti the exposure has occurred Under these circumstances
1t not only does not protect or modify the course of the disease butat
times seems to provohe a more severe attack than would otherwise
be expected However, mass vaccination or revaccination 15 recom
mended as an immedate prophylaus i the presence of a threatened
epidemic It 15 possible that gamma globuln could serve 2 useful
purpose m exposed mdividuals The methods of vaccmation are
generally known In North America, calf lymph 15 almost universally
employed as a source of vaccma virus although virus grown m tissue
culture and 1n eggs has been found y by workers
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There are three types of response to vaccine the primary take, an
arcelerated take or vaccinoid reaction, and the immune reaction
The first 13 1 all respects a typical pox lesion The second is an
immune response representing an allergic reaction to the virus It
appears rapidly and rushes through its cycle of development and 15
quite without the constitutional symptoms that frequently accompany
primary reactions Since mactive or killed virus can also induce an
immune reaction, such a response 15 not proof of reimmumzation It
1s necessary to know that the vaccine admunistered 1s iving thatas
that it 15 capable of causing primary reactions in nonimmune persons
Vaccnation should be practiced as superficially as possible, the pres
sure method being recommended The use of a subcutaneous route of
moculation, at ane time recommended as the method of choice for
tissue-culture vaccine, has the serious disadvantage that the degree
of response and thus the immune status of the individual cannot
be gauged

Vacamation does carry a small but defimte hazard When
5000000 of the residents of New York City were vaccmated m
1947 1n a campaign undertaken to protect the City agamst smallpox
that had been introduced from Mexico, postvacamal encephalitis
was reported 1n 49 mdividuals However, of the eight fatal cases,
tdne had charactenstic lesions post mortem and in four, death was
clearly due to other causes Of the patients who survived all but two
tecovered completely A rather simular expenience was reported from
Switzerland 1n 1946 In both cases, the level of immumty 1 the
Population seems to have been quite low Encephalomyelitis 15 also
known as a sequela of natural infections with both vanola and
cowpot

There 15 no it 'y for lipox but 1t 15 quite
evident 1n recent reports that the use of antibiotics and the control
of secondary nt, have § ly benefited many patients

The ulumate effect of such treatment on the mortality rate among
€ases remains 1o be determned

‘The experimental irologist will be interested i recent studies by
Dowme and his associates, which have shown that cowpox virus
0cturs 1n nature as a mixed population Downie recogmzed two types
of Yesions on ch 11 b a common h hagic one
which he called “typical * and a discrete white lesion The vanants
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could be separated by subculturing from isolated lesions and were
found to breed true. The experimental virologist will also find in
vaccinia an especially effective interfering agent, one capable of
modifying the evolution of a variety of other virus diseases. Whether
this is in part due to the slow evolution of vaccinia and therefore the
prolonged growth of large amounts of virus in many animals is not
known.



I
VIRUS DISEASES OF THE LIVER

HREE VIRUS Infections characteristicaly mvolve the hiver and

cause jaundice All three are ymportant common diseases we
bave Jearned much about within recent years Two of them mfectious
and serum hepatitss, are world wide 1n therr distnbution The third,
yellow fever, 1s at present effectisely quarantined sn South Amenca
and Afnez

Infectious hepatstss

Infectious hepatitss 1s an entenic infection The virus is a demzen
of the bowels of patients and carrrers Viremia s also present but
does not seem to be 1mp in the of which
commonly occurs by means of fingers and fomutes contamunated
with fecal virus or through the fouling of water or food The explo
sie outbreaks, the disease 15 also called epiudemic hepatis, pre-
sumably follow falure i sanstation the slowly developing or
slumbering epidemics and sporadic cases are more often due to
personal contact between infected and susceptible indniduals The
large epidemics parallel outbreaks of typhawd fever and dysentery
and simultanequs epidemics of dysentery and hepatitis have often
been encountered

Prevention 1s bloched chuefly by our mability to rdentify healthy
carners by the laboratory 1dentification of the vicus or of infection
Incontrast, the typhoid carrser can bedentified with cestainty Noth
Ing better wiustrates the value of laboratory aids in diagnosis n the
control of infectious disease than the contrast between our successful
controt of typhod fever and our complete [ulure to suppress tnfec
Lious hepatites

Infectious hepatitis 15 much hke poliomyehtis It, 100, 1s chuefly
8 dasease of chuldren Hepatitis occurs more commonly  the autumn
and winter months, later than poliom elitss or the entenc infections,
but this §s passibly due to the longer 1ncubation period The spread
o} Infectlon s not be much different seasanally froar that of dhe
others Most snfections, especally in the very young are subchnical,
fometeric, just ag most polomyehiis infections are nonparalytic.

19
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Only the occasional ictenc patient may indicate the nature of an
epidemic Both mfections seem to be pnmarily enterte and both are
thought to be most prevalent i the tropics where early mmmuntza
tion reduces the frequency of sichness Eprdemics of chnical hepa
titis and poliomyeltss are less frequent o the tropics than elsewhere
because infection, at an early age, 1s more common Symilarly, both
diseases show a hugher morbidity 1 the eountry than n aties and
the lowest rates 1n the largest aities, all presumably because of the
level of subclhimcal anfection durmg infancy Chnical disease in both
cases confers permanent ynmumty Both infections are world wide
It 15 possible that hepattis, hke poliomyeliss, 15 showing & shif
in age incidence for of recent years epid are being d
1n older people than formerly

Infectious hepatitis masqueraded for years behind the misleading
name catarrhal jaundice Bemng bemgn, there were few opportun-
ties to examine cases post mortem and 1t was postulated that the
1aundice was obstructive, due ta occlusion of the ampulla of Vater
by swelling of the mucosa or plugging of the lumen The first clue
to the true nature of the disease came from an observation of
Eppinger dunng the First World War He had an opportumty to
examune a number of battle casualties who had been convalescing
from “catarrhal jaundice” when killed, and found patches of
hepatitis Eppinger’s brief note attracted httle attention but durmg
the Second World War his observation was repeatedly confirmed and
Rich not only verified the p of a g | but
excluded lesions of the ampulla The disease, mfectious hepatitis,
1s unrelated to lestons of the bile ducts

1t has since been proven that mfectious hepatitis 15 caused by a
vicus The proof consists of the experimental transmussion of the
elintcal disease to human volunteers by the oral or parenteral iocn
lation of feces or blood of patients An expertmental host has not
been found although all of the common laboratory ammals and a
variety of exotic ones have been tested The human expenments
leave no doubt regardimg the nature of the agent but, bemng neces
sanly imuted 10 numbers and man bewng an unsahsfactory espen
mental antmal mn many other respects as well, they have left much
unsettled Most recently Henle and s colleagues cultivated an
agent 1n hver cell tissue cultures and later 1n eggs that induced some
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of the symptoms of hepatitis w volunteers Evidence was also
secured af active immunity to challenge and of the development of
an wnmune skin zezction to ultraviolet wradiated egg matenal con
taiming the agent Usnfortunately these promusing results have not
been confirmed of extended and we sull do not have a labotatory
adapted strawn of hepatius virus or certam proof of its cultivation
autstde of man

The virus is, of course, ressstant 1o sntestinal ferments It survives
heaung at 56°C for at least 30 minutes It 1s stable 1n the cold for
fong pertods and is somewhal resistant to chilonine Infectious water
that has been properly coagufated and filtered 15 mactn ated if the
chlorme concentration (free chlonne} reaches 3 part per million In
untreated, cold water the agent probably survives for vesy long
perieds of time Oln described & Swedish eprderuc 1n which lake
water seems to have remamed ifectious for months Infected wells
have been recognized by others

The persistence of virus 1a the feces after snfection 15 thought to
be quite variable byt the number of abservations 15 very small A
number of instances have been observed fn which carnage tasted
for more than a year although we might guestion whether infectsous
ar serum hepatitis nas present The smewdetion period vanes from
three to five weehs In etperimental infections it has usually been
three weeks

The chinical stgns of infection are anorexia and nausea, at times
wath vonutag, a8 slowly enlarging hiver with abnormal Liver function,
shght fever, and then, in some cases, the occurrence of jaundice with
symptoms of depression, clay.colored stools, and dark unne The
spleen is Irequently enlarged as are the postersor cenvical lymph
nodes Jaundice may be the first sign 1t 1 esumated that § per cent
of all cases become chrome Refapses are not infrequent Al of these
maatfestations have vaned widely at different imes and places

Serum and wfecuous hepatius are chimeally mdistingusshable but
the study of outbreaks has surgested thax there are munor differences
between them Serum hepatitis 1s more Ikely to begin inndiously with
httle or no fever or gastne symptoms duviog the presctenc stage
nfections hepativs begios more abruptly, wseally with 3 degree ot
twoof feser

A fulmunating form of infectious hepatitss has occurred at times
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among mihtary personnel In these outbreaks among young adults,
the prodromes have lasted for but two or three days and death fre
quently ensued without jaundice Outbreaks have also been de
seribed, as m Denmark, 1n which the course of the disease has stead
iy progressed to death m as many as two-thirds of all hospitalized
patients The Damish epidemrcs have chiefly affected women more
than 40 years of age The unusual severity of hepatitss 1 elderly
wornen has been noted elsewhere, the unusual circumstances that
predispased to the epidemic among women 1 Denmark are wholly
unhnown

Possibly one per cent of all cases of chimcal jaundice proceed to
chromic hepatitic cirrhosts Many mdividuals have been studied by
repeated Liver biopsy and the sequences 1 the hiver carefully docu
mented The relative importance of the virus of mfectious hepatihs
1n the causation of cirrhosis 1s not known but there seems no reason
to doubt that it 1s one of the causes

‘The penpheral blood early shows a moderate leucopema Later 1n
the disease abnormal mononuclear cells that simulate the Downey
cells of infectious mononucleosis make thewr appearance Cases of
mononucleosis with jaundice and hepafitis with mononucleosis are
reported from time to time and raise the question whether the two
diseases are related Until precise ettologic diagnosis 1s possible, this
and many other basic questions cannot be answered Myelits and
meningitis have complicated 1nfectious hepatitis at ttmes and there
1s some evidence that infection dunng the first trimester of pregnancy
may damage the embryo and cause congemtal defects

The hepatic lesion consists of 2 necrosis of the Liver cells that
begins 1n the center of the Iobule Regeneration, vanation in cell size,
mitotic figures, and vanous stages of degeneration may all be seen
Some degenerate cells appear to be pushed out from the cords
become rounded and resemble the Councilman bodies of yellow fever

Diagnosis rests heavily on chaical observation but 1s somewhat
aded by liver function tests The thymol turbidity and cephalin
cholesteral flocculation tests are useful Bihrubinuna reflects hepatic
damage of the kund that occurs in infectious hepatitis All of these
have value 1n anticipating the occurrence of jaundice and 10 J“dgﬂg
when a patient should be discharged from the hospital They ate also
useful in identifyng subclinical cases during an epidemc There are
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no speafic & dures Effecty T can
be provided exposed mdmiduals by the -ﬂar mjection of
human gamma globubn (001 mi per paund of body werght) Passive
fmmumty 18 effective up to one week before the onset of symptoms
Treatment cousrsts of the judicrous use of rest and a lugh calonc diet
lown ammat {at but nich in protesn

Serum hepatilss

Semm hepantis, a disease of gmwmg unportance, 1s chintcally

hable from ol j4 but 15 trapsmitted ex

ciuswely by the ijection of or contamination with the infected blood
of patients or carners Its ongin s a mystery Inats present form, 1t
seems to be & wholly artificial disease, one that could not exist with
ot the practice of parenteral therapy that was cceated with o by
the hypodermic needle The virus of serum hepatstts has nes er been
demonstrated m pauent s feces Our epidemucs are all man made

The meager differences between snfections and serum hepatitis
have been mentioned There 15 one more stnhing difference, the
meubatton persodd Serum hepatitis has a prolonged incubation, from
two to fise months Ajcoch trymng to match tihus with the unnatural
tr d that the long meub mught be due o the
fact that infection 15 by means of serum virs nuxtures, that the
setum tontawms antibody and that the mfecting woculum 1s threrefore
an ancompletely neutrahized dose of virus Prolonged mcubation 1s
charactenistic of serumn varys nuxtures tested experumentally 8y
cock’s supposition was that the viruses of serum and anfections hepa
titis are jdentical the one consprewous difference in the diseases bemng
due ta the mode of transmussion Since then some evidence has ac
cumulated that the two vicuses dilfer antsgemcally but the issue s by
0o means settled

Dutch observers report that in Indonesia where infectious hepa
s virus infection 15 presumably prevalent native troops are more
reastant than Dutch soldiers to serum bepatutis as shown by ther
refatiee freedom from synnge jaundice They appear to be smmune
to both viruses ‘This was mterpreted to mean that the two cross
Pprotect since the natne population had had no previous experience
with serum hepatitis vieus The ongin and pature of the virus oi
serum hepatitis can haedly be @ d from such errc
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evidence At present we simply do not know whether we are dealing
with one or several viruses

The two common ways of contracting serum jaundice are contam
nated syringes and the use of pocled plasma m the treatment of
shock and burns Of lesser frequency are infections acquired through
the handhng of contaminated blood by laboratory techmcians, phy
sicians, and nurses The frequency of mfection followmng the ad
nmumstration of plasma, especially pooled plasma, has at times been
very hugh In recent years more than 10 per cent of all recipients of
pooled plasma have been found to develop serum hepatitis Snee the
mcubation period 1s often very long and the onset remote from the
mjection of the plasma, the connection was unsuspected until plasma
was s0 extensively used during the Second World War On the basis
of data accumulated then 1t has been estimated that 0 35 per cent of
donors are infected At present, plasma 1s being irradiated with ultra
violet light, an early and limited tnal having suggested that such
treatment mactivates the virus of serum hepatitts The evidence 15
now quite convincing that irradiation at the energy levels so far used
15 meffective and many stances are known 1n which batches of
treated plasma have been the cause of disease The use of pooled
plasma should be reserved for g m which the d
need 15 crtical enough to justify the risk of imfection Human al
bumin, as separated by the cold ethanol method, is a safe substitute
and will presumably replace plasma 1n the treatment of shock unless
other substitutes or an effectively sterilized plasma 1s developed that
will replace both The danger of mfective plasma 15 multiphed when
many plasma samples are combined as was done durmg World War
II If the incidence of serum hepatitis virema 15 n the range of 0 25
to 05 per cent, 1t 1s evident that pools of fifty or 2 hundred bleedings
will frequently be mfectious Considerable protection 1s secured by
himiting the size of pools to ten bleedings and by excluding donors
with a history of jaundice, with abnormal liver function or those
from a community in which infectious jaundice 15 known to be pres
ent The blood of such individuals can safely be used for fraction
ation
The second form of serum hepatitis was first suspected by Swedish
physicians (Flaum, Malmros, and Persson) who noted an eprdemic
of jaundice among patients attending a diabetes clime Jaundice had
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been accepted in sypluhs chuwes for years where st was usually
ascnbed 1o the action of arsphenamine en the lner We Lnow now
that the delayed cases of jaundice are not due to the drug but to
needles and syringes cantanunated with the blood of hepatius virus
carners The changng of needles alone does not protect since blood
is commonly regurgitated into the hub of the syninge The d:mger B
seal and brief boting of and the
of Hagedorn needles in aleohel and simslar ptoccdures should be
seplaced by steam stenfization An alternatve good practice calls
for 10 minutes of active boiling of syninges and peedles Chemical
dismlectants are unrehable

Serum hepatitis 13 not contagieus, the virus has never been dem
onstrated m the feces or transferred by oral ssocwlation In these
sespects the nsk s smll ‘The survival and spread of the disease are
due to the prolonged g of {and viremua} and the
oppor(umues of transmussion we ourselses provide A number of
healthy wndndualy hase bees proven to be carriers for years In
them the virus apparently survives in an snnocent fashion much a3
herpes virus endures endlessly in 3ts human hosts

3 ellow fever

Sellow fever is the thurd of the hepatotropic varuses ellow ever
Is an snuient disease that had struck a biologic balance with its hosts
1 the wildernesses of South Amenca and Africa a balance that aas
vudely upset when the infection was transferred to the port cities of
the norld by the sea traffic of the 18th and 19th centurtes We our-
selves expenenced 95 epidemics of yellow fever before the turn of
the century some 500 000 cases occurred in our port cities

The story of the conquest of yellow Tever desenves 2 place i this
book for twe reasons First of alf it was the first great achievement
ot Amencan medicine Secondly, it taaches much of the nature of an
unusudly well studied virts disease and, therefore, of visology It
wevitobly iy also the story of Walter Reed who afier 15 yearsasan
army surgeon in frontier posts, learned bactenology from Wilham
Welch and became the Army’s most disttaguished student of wfec
wous distases Whien Reed went 1o Cuba to deal with yeflow Tevar his
sind was prepared by the experience of our Sparush War which kad
taught the importance of the fly in the transmission of typhold and
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the recent discovery of the man mosquito cycle of malana He also
knew that the homes of yellow fever patients did not become mn
fective for 15 to 20 days, suggesting an mtermediate meubation of
the agent m a vector

Much of the remamng evidence was close at hand for Carlos
Findlay had suspected the role of the mosquito for many years and
gladly provided mosquuto eggs and advice of great value But 1t was
Reed who transferred Findlay s theories mto substantial fact by
means of s well concerved and conclusive expetiments among
human volunteers Reed succeeded in proving not only that mos
quitoes transmitted the nfection but that direct physical contact
with patients does not do so He also established the filtrability—the
virus nature—of the agent and deterrined the mcubation period

The control of yellow fever in Cuba and Panama followed directly
from Reed s work and for a time 1t was hoped that if the remamning
centers of infection were dealt with the disease might be exterm:
nated The Rochefeller Foundation undertook to finush the job, at the
time considered to be simply a problem of mosquito control and
quarantine This effort was frustrated by the observation of ept
demucs of yellow fever i forested areas of South America in the eatly
1930s and the discovery that the disease exists in jungle animals
among which 1t 15 transmutted by arboreal mosquitoes {and pre-
sumably by other unrecognized means as well) Fortunately the
Foundation’s scientific studies meanwhile taught us much about
yellow fever beyond methods of controlling Aedes aegypls mos
quitoes Monkeys had been found to be susceptible and later the
virus was adapted to mice and, finally, to fertile eggs This sequence
of events, first, the proof of the nature of the causative agent, sec
ondly, the estabhishment of the disease in the laboratory, and, finally,
the cultation of a modified stram of the virus that affords a safe
means of artificial immunization, 1s a pattern that has domunated the
thought of virologists ever smce To which mught be added the dis
covery of an ammal reservorr of infection with secondary human
epidemics dependent upon a new opportumty for the virus to nvade
new ferritories

The symptoms of yellow fever 1 man appear suddenty or msidt
ously after several days of high fever Abdomunal pam, at ttmes with
vomuting 15 followed after one to three days by the appearance of
deepening jaundice which, m turn, 15 succeeded by a stage of reac
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tion, severe prostration, black vomstus, hemorrhages, and often death

The essential lesion of yellow fever consists of a hepatic necrosis
that charactenstically commences 1a the mud zone of the lobule It
15 2 highly ¢h fesion G } bodies, formed by
degeneration of the cytoplasm of hier cells, rounded and acidophslic
in nature, are thought to be pathognomonic of yellow fever They
ate sometimes extruded from the hepatic cords and engulfed by the
hupfler cells Somewhat sunilar bodies have been seen i infectious
hepatinis, whuch suggests that more caution may be required in
identifying Counailman bodies in the absence of other changes than
we haie fong beheved The hepauc lesion of yellow fever s suffi
ciently distinctive to have played an important past mx the study of
the disease among native populations for 1t was early learned that a
certam diagnosss conld be made {rom hver fragmeats taken with a
trocas Iniranuclear inclusion bodies eccur in one-fourth of the cases
They are sumilar to those of Ruft Valley fever The sntranuclear
Inclusiong are named for Magannos Torres, A poneer student of the
disease

The wirus which is one of the smallest, 15 mp 1 diameter, 18
unusually labde, being quckly destroyed by hea! It ean be pre-
senved for years in a {rozen state (yellow fever racame must be
similarly handled) ot desiceated wihile frozen Our Lnowledpe began
1o expand In 1928, when it was shown that the monkey 1s susceptible,
and has multiphed ragdly since Theiler adapted the virus 1o tissue
culture and mice This development fed by ditect steps to the per~
fection of a vaceine The adapted Asiby strain, afso known as 17D,
is used 24 a Ining vacone, having become nonpathogenic for man
following prolanged cultsvation in the laboratary

Much concern was oceasioned duning the Second World War when
a particular Jot of 17D vacune (Lot 467) caused jaundice tn one-
fourth of the 300 sndnaduals vacanated withat 1t was feared at that
time that the vacane stoaun had become pathogenie but 10y estigation
showed the fault lay m the human serum incorporated in the prepy
ration It contained serum hepatutis vsrus

Duagnosis dunng the acute phase may be venfied by the snoculy
tion of monkeys with padlent's bload, Neutrahzation and comple-
ment fixation tests of paim! serum specxmcns are xiso widely used
and entirely £ muce are much more
susceptible to yelfow tc\tr irus wmfection than adults

s
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VIRUS DISEASES OF THE RESPIRATORY TRACT

THE HODGEPODGE of acute contagious respiratory infections that
plague us every winter 13 due to viruses, chief of which are the
viruses of mnfluenza, acute respiratory diseases (ARD) or what the
Bntish call acute febrile catarrh, and the common cold 1t 15 usually
mmpossible to distingwsh these symptomatically but influenza and
ARD virus mfection can be proven by laboratory means The others
we lump as common colds, knowmg only that a virus (or viruses) 15
responsible, a virus that has not yet been tramed to laboratory use

We have Lnown that there 1s a common cold virus much longer
than we have known of 1nfiuenza virus but, not having discovered 2
susceptible laboratory ammal or perhaps how to infect laboratory
amimals, we know very little about 1t Nothing better illustrates the
importance of expertmental wirology than the contrast between what
we hnow of these two agents It is an old story, the story of yellow
fever m the days of Walter Reed, the story of virus hepatitis and
hemorthagc fever today For all that we know of the common cold
virts has been learned from human expenments On the other hand,
we now can grow and measure influenza virus We know what 1t
looks lke We can detect infection and can identify and compare
strains, all by relatively simple means

Quite possibly we could learn to distinguish the diseases chmeally
1f we were able to sort them out etiologically The distingushed
studzes of the Ci on Acute Resp y Diseases led to the
separation of what the C called undifferentiated acute
respiratory cisease from atypical pneumonta, exudative pharyngitss,
influenza, and the common cold but 1 this work the clinical and
epidemuologic clues were supported by experimental infection of
soldier volunteers Moreover the Commission was able to observe
outhreaks as well as wdividual illnesses The composite character
of an outbreak 1s frequently more revealing than single cases

Influenza
Epidenyc mfluenza 15 rather charactenstic, both clmically and
epidemiologically An outbreak provides a reasonable presumptive
28
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diagnoss and, under such conditions, the sndividual cases hecome
distmetsve Thus, while the run of spmldtc upper respuratory wnfe¢
tions fs mnd: hable and defines aself
both en masse and singly duniog severe epidenucs

The pandemic of 1918 was ighly charactenstic It swept the
world in three great was es of ifection that attach.ed half the earth’s
population Despite the hugh morbidity rate, mortahity was low, only
3 per cent et even this accounted for an estimated half miflion
deaths 1 North Ameniea, 100,000 w New York alone High mor
Iadity, low mortality explostse spread 1n waves, and srregular penio
dicity are distnctive features of wfiuenza eprdemics Physicians
recogmzed the umque character of the 1918 pandemuc and also the
pecuhanties of the indndual inesses Both features greatly
impressed Witham W elch when he inspected the early outbreak at
Camp Desens

The mmediate response was an intensive search for the influenza
bacillus Pleiffer had discosered dunng the 1882 epudemuc Plesffer
assumed the organism was responsible because in his expenence, 1t
had only occurred in cases of the disease This was recognized as
wholly intdequate proof of an etilogac relationship and, as a matter
of fact other bactenol had found Hemophd: fluenzae under
quite different Nevertheless, the P survned
untd put to the decssine test of 1918 when it became evident that the
nfluenza brciltus did not account for the facts Indeed 1t way rela
tively uncommon in some outbreahs the frequency of isolation
vyng from 5 10 90 per cent When the pandemic was spent, jt was
agreed that /1 smfluenzae was not the cause that the etologe agent
had not been identified and that 1t mught well be 2 virus rather than
@ bacterum

"The agent responsible for mflvenza as we know 1t (and presum
ably for the 1918 pandemc as well) was not identified until 15 years
Tater when it wag isolated by Smuth Andrewes, and Ladlaw Ther
discavery may have been predetermined in part by Shope’s success,
m the intenim 1w pronng that ssine :fluenza 1s due to x fltrable
apent and to the eaclier success of Latdlww with Dunkin in estad
lishing dog distemper, a sumular discase in ferrets Jo amy case, &
search was undertaken for an Influenza virus and ferrets wees chosen
as & likely esperunental host. Indecd, the first symptoms i thewr
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ferrets, following the moculation of secretions from human cases of
mfluenza, eventually proved to be an acaidental distemper infection
rather than influenza but the imtial encouragement had mean
while prompted other trals which brought success The British
workers established the nature of their agent and 1ts relationship to
human nfluenza by demonstrating specific antibodies in the sera of
mdividuals convalescang from nfluenza, antibodies capable of neu
tralizmg the virus i ferret experments

Some time later 1t was learned that infection could be transferred
from ferrets to mice and for a number of years the mouse was the
ammal of choice Still later, influenza virus was adapted to fertile
hens’ eggs and 1t was discovered that eggs are also switable for the
primary 1solation of human strains Ferrets are little used at present
other than for the preparation of antisera but the mouse 1s shill
valuable m the study of the experimental disease The chicken
embryo 1s the ammal of choice for the propagation of virus and its
titration and has so greatly facilitated the study of mfluenza virus
that 1t 15 now perhaps the most thoroughly investigated virus of all

Many virologists suspect, however, that we still know less of the
disease than we know of swine influenza which 15 beheved to be a
vestige of the great d the q of a sp
natural adaption to swine of the pandemic stram For example, ne
do not know where human mfluenza virus rests between epiderncs
Shope showed that swine mfluenza goes underground, may exst for
long periods of time in the larvae of the hog’s lungworm which
embryonates 1n the earthworm A pasture can become mfected with
swine influenza and when, 1n another year, susceptible ammals are
placed on 1t and become parasitized by the lungworm, they also
become latently mnfected with influenza virus Maserable weather
and chilling and the presence of Hemophilus nfluenzac suss €an
mduce chnical nfluenza and, in a herd of susceptibles, infection
passes rapidly and directly to other ammals and results 1n 2n explo-
sive eprdemic Nothing to match this 1s hnown of the human disease
but there 1s a suspicton that 1t, too, may lie dormant in some unsus
pected reservotr ‘The alternative theory 1s that unrecogmzed sporadic
cases maintain the virus between epidemucs but the evidence that
this 1 so 1s inconclusive and disputed The periodic appearance nn;i
disappearance of influenza virus, which may hold a key to control,
remain a mystery
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Influenza virus occurs fn two physical forms as a sphere approx:
mately 300 mys in diameter and as long thread Like forms easily seen
1 2 dark fiefld e Thread lile infl virug has been but
recently discovered and remams a wholly umque and unexplamed
phenomenon Oply frestly 1solated strams occur in threads The
\arus 15 associated with 2 towin that is eapable of kilhing muce within
24 {0 48 hours

Both the toxie and mfectn e properties ave neutralized by speafic
antisera. The virus occurs in a seemungly endless number of strains
that have been grouped mnto three types, A B, and C The types
are unnwnalogically entirely distinet the strauns withn them related
There Is a continuous progressive vanation in the antigemc compost
ton of the mfluenza viruses The original strain WS, for example
has vamshed Its reported 1solations i recent years ate ldely due to
laboratery contarunation The degree of change frorm year to year
svanable At times the diflerences han & made stock vacuines inefiec
five last years vaccine pot protecting aguast this years outbreak
Tnother years the changes hase been nunor

‘The changeableness of infinenza virus wn pature 15 matched by its
Iability in the laboratory where 1t has often been altered by manmipy
fation It Is therefore quite reasanable to concenve of the pandenucs
A f the of anespeaally & mutant
The prob;\bimy of mutants must be considerable 1 view of the
incredible rumber of visus particles represented by a single case
much more by an emdemmic We assume that many mutants are
ineffective pathogens but that now and then one anses capable of
igniting an emdemic and with an opportunrty to do so This 1s at
any rate current theory Only direct obsersation of a pandemic nay
be expected ta settle the question Indeed we have no proof that the

1918 epsdermic was due to influenza varus as we know it

Nerertheless there 13 a good fit between what we hnow of expen
mental influenza and the natural history of the epidemsc disease
Fucth there is epidemiolome evidence that an abrupt change
in the character of the 1918 epidemic actually d d oceur marhed
most surely by a sudden change sn age distnbution The abnormal
conditons that extsted dunng World War § may bave fanlitted ot
<tmulsted the epdemic

The symptoms of Influenza deselop sbruptly and rapidly ahter &
very brief incubaton pentod {one 1o two days) Charactenstcally
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one or a few cases occur n a y d by b or
thousands a day later Duning severe epidemcs the patients become
desperately sich withuin hours, the common symptoms bemng head
ache, nigors, fever, epistaxis, and inflammation of the nose, throat,
and bronch1 Cyanosis was a notable feature of the pandemic The
early symptoms are often followed by signs of pneumomia and
pleurisy, a consequence of secondary bacterial infection Most of
the deaths during the pandemic should be blamed on these secondary
infections 1n which pneumococey, influenza bacilly, streptococes, and
staphylococe: played the largest part Presumably the sulfonamides
and antibiotics would have protected agamst this deadly aspect of
nfluenza of they had been available They may mndeed be responsible
for the rapid decline m mortality from pneumonia and influenza that
has taken place during the past 15 years, a reduction of nearly 75
per cent

‘The lumping of pneumonia and influenza deaths 15 justified by the
mtimate association of the two It 1s believed by some that the perio
dicity of pneumonia follows the known pertodicity of influenza as
though the virus even in muld forms of infection, opens the door
for bactenal invasion In this respect we may be dealing with crreum
stances sumilar to those that occur in swine influenzz

The lesions most charactenstic of the pandemic mfluenza were
pleunisy, hemorrhages, and inflammation of the termnal bronchtoles
and adjacent alveolt The terminal air passages were frequently
lined by a thin hyalin membrane which may have accounted for the
cyanosis Necrosis and desquamation of the ciliated epthelium of
the broncht and trachea were also noted and these have since been
studied experimentally 1n great detail In ferrets and muce the goblet
and columnar cells are quickly destroyed, probably as the mtzal
effect of virus growth Intense regeneration from the basal layers
follows Interesting differences in the response of respiratory epithe-
Ium to primary and secondary attacks have been described In the
mouse, abnormalities of the nucler and cytoplasm have been seen as
an mtual effect of the virus These intercellular lesions may be still
more ct 1stic and 1t seems probable that 1nfl mght, with
expertence, be identified by cytalogic study of the infected epithe
lum

Since only full blown fluenza epidemics are sufficiently character

drad
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istic to warrant a presumptive ettologic diagnosis and 1t 1s only under
such © that the symp and signs assume diagnostic
sigmficance precise recognition requires the demonstration of the
agent or serologic evidence of nfection Isolation of virus 1s too
tedious and expenstve to lend stself to the routine diagnosis of 1ndt
vidual cases and is usually reserved for the 1solation of epidenuc

strams and therr ct Nasal wash or ¢t using
nutnient broth or shimmed nulk as menstruum are treated with
Thn and strep an and lated 1nto the sacs of

chicken embryos

‘There are three useful serologic tests of which the simplest 1s the

of serum antibodies that present tnfluenza virus from

agglutinating red blood cells This 1s the test Hirst developed from
the observation that 1f a blood vessel of a fertile, infected egg1s torn
during harvest of influenza virus the liberated cells promptly clump
The hemagglutination of chichen or human group-O cells by influ
enza virus provides a sumple and direct test of the presence and titer
of either virus or antibodies and both may be 1dentsfied if known
virus and antiserum are avalable Virus reacts quickly with red
blood cells the test being read within the hour If the amount of
virus is considerable the reaction may occur within a few minutes
After sevcral hours the two dissociate the cells having become inea
pable of further combination The virus on the other hand 15 sull
capable of combining with fresh cells

The reaction is specifically inhibited by immune serum and the
development of inhibitor parallels the development of neutralizing
antibodies Both appear in apprecsable titer within the week. follow
ing infection and reach ther maximum concentration in fourteen
days The titer of virus 1s determined by establishing the highest
dilution capable of agglutination The titer of mtubstor is measured
by testing various dilutions of the serum 1n a system contaming a
known amount of virus and cells

Immune serum will also fix complement in the presence of Influ
enzavirus antigen For this purpose a soluble component of the virus
1s uced the suspension being freed of elementary bodies by high
speed fugition The egg b are the source of this anti
geme fraction The Pl fixation test d hes between
recent {nfection and vaccination and is espectally valuable in survey s
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The third test 15 the classical one of neutralizing virus by mxing
1t with immune serum and thus preventing infection Neutralization
tests may be made 1n mice, droppmng the serum virus muxtures m
the mouse’s nostrils, or 1n eggs where the result 1s measured either
by the death of the embryos or the growth of virus in the allantorc
fluid as determined by hemagglutination

Serologic tests require a companson of serum samples collected
early and late 1n the course of the disease or the demonstration of a
signtficantly high titer of antibodies Duning an eprdemic the com
panson of a number of sera from early cases with an equal number
of sera from healthy bers of the same 15 often suffi
cient A nsing antibody titer or unusual prevalence of high titered
sera 1 necessary because the presence of antibodies 1s commonplace
and does not fix the time of a previous nfection

The viruses of mumps and Newcastle disease of chichens react
with red blood cells much as mfluenza vicus does but at a different
rate It has been suggested that the comparative activity of the three
represents qualitative differences, a gradient of hemagglutmation
but 1t seems more likely to be a difference in degree rather than
kind The reactions may be inhibited by other things than immune
serum Egg white, a number of mucins, urine, and normal serum to
mention but a few, may imhibit hemagglutination by influenza virus
Tests for mhibitors are customanly made with virus partially 1nac
twvated by heat and capable of combining but not eluting from red
blood cells Weak reactions are thus read more easily Inhibitors
combine with virus as do the receptors of blood cells and 1t has been
possible to modify the infectivity of mfluenza virus by treatment
with imhibitors  Unfortunately none of these reactions has so far
provided prospects of clinical therapy and we have no specific treat
ment of wnfluenza virus infectton

The control of nfluenza offers better prospects Largely through
Army studies, we have learned that vaccines contamning concentrated
suspensions of killed viruses are effective in preventing and mOdlI
fying wfiuenza for a pertod of some months Given with minera! ol
adjuvants, immumty may perhaps be sigmficantly prolonged .'::
present vaccnes are commonly reserved for the protection of specy
groups, as the military, or individuals so weahened by age of d:seas;
as to requre special protection In the presence of an epidenuc 0
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unusual seventy influenza vaccine would very likely be widely used
To use 1t properly 1t would be necessary to anhcipate the epidemic
by some weeks since vacane given immediately before infection 1s
valueless and possnbly harmful The world wide collaboration of
d in infl who have been affilated by the
World Health Organization, 15 intended in part to provide such
ntelligence as well as to mvestigate the global eprdemualogy of this
interesting disease The stock vaccnes now available frequently
cause local and even systemic reactions that at times are as much an
nconventence as the mild forms of influenza Moreos er, they contain
egg protein (the virus is cultivated in eggs) and attention must be
pad to sensiivity and sensitization to egg protein Finally, they have
the disadvantage that our next epidemic may be due to a stramn of
virus sufficiently different ly from those used in the
manufacture of the vacemne as to reduce the value of the immumza
tion This happened 1n 1947 and very likely will sometime oceur
agan We should be prepared to quickly produce vaccine from the
current eprdemic strain This §s feastble 1f the strain 35 promptly
isolated and identified Such a vaccine may be expected to reduce
the incidence of influenza by approximately 80 per cent
Influenza is an unfimished story despite the excellent work of the
past twenty years The virus has been a dangerous enemy 2nd 15 so
facile and adaptable we must expect it to make trouble agmin Fortu
nately we are better prepared than we were 1n 1918 Meanwhile,
more attention might be given to interepidemsc penods in the hope of

establishing means of control on 2 more effectn e basts than transtent
smmumzation

The common cold

The common cold has turned the lances of many investigators
It 18 well established that a filtrable agent 1s the smmedsate cause
Kruse successfully infected human volunteers i 1914 and Dochez
transmutted the disease to chimpanzees in 1928 In 1936 he reported
the transmission of infection through eggs and simlar results were
reported by other workers in the years that have followed None of
the expenments has yiclded sn established laboratory stramn and
most have ended in disillunonment Indeed Andrewes, who has con
ducted extensive common cold expenments, has expressed <ome
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The third test 15 the classical one of neutrahzing virus by muxng
1t with immune serum and thus preventing infection Neutrahzation
tests may be made m mice, dropping the serum virus muxtures it
the mouse’s nostrils, or n eggs where the result 1s measured exther
by the death of the embryos or the growth of virus i the allantoic
flud as determmned by hemagglutination

Serologic tests require a companson of serum samples collected
early and Jate 1n the course of the disease or the demonstration of 2
significantly lagh titer of antibodies During an epidemic the com
parison of a number of sera from early cases with an equal number
of sera from healthy members of the same commumity 15 often suff
cient A rnising antibody titer or unusual prevalence of high titered
sera 1s necessary because the presence of antibodies 1s commonplace
and does not fix the ime of a previous mfection

The viruses of mumps and Newcastle disease of chickens react
with red blood cells much as mfluenza virus does but at a different
rate It has been suggested that the comparative activity of the three
represents quahtative differences, a gradient of hemagglutination
but 1t seems more hkely to be a difference 1n degree rather than
kind The reactions may be inhibited by other things than immune
serum Egg white, a number of mucins, urine, and normal serum t0
mention but 2 few, may inhibit hemagglutination by influenza virus
Tests for mhibitors are customarily made with virus partially nac
tivated by heat and capable of combining but not eluting from red
blood cells Weak reactions are thus read more eastly Inhibrtors
combine with virus as do the receptors of blood cells and 1t has been
possible to modify the mfectivity of nfluenza virus by treatment
with mhibitors Unfortunately none of these reactions has so far
provided prospects of chinical therapy and we have no specific treat
ment of influenza virus infection

The control of influenza offers better prospects Largely through
Army studies, we have learned that vaccines containing concentrat
suspensions of killed viruses are effective in preventing and modil
fying influenza for a pertod of some months Given with mineral ; \
adjuvants, 1mmumty may perhaps be sigmficantly prolonged
present vaccnes are commonly reserved for the protection of specs: "
groups as the military, or individuals so weakened by age of dlseasf
as to require special protection In the presence of an epidemic o
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unusual seventy nfiuenza vaceine would very likely be widely used
To use 1t properly it would be necessary to anticipate the epidermc
by some weeks since vaccine given immediately before infection 1s
valueless and possibly harmful The world wide collaboration of
investigators mterested 1n influenza, who have been affiliated by the
Werld Health Orgamzation, is intended i part to provide such
nteligence as well as to mnvestigate the global epidemiology of this
interesting disease The stock vaccines now available frequently
cause local and even systermic reactions that at times ate as much an
nconvensence as the muld forms of influenza Moreover, they contain
egg protemn (the virus 15 cultivated mn eggs) and attention must be
pad to sensitity and sensittzation to egg protern Finally, they have
the disadvantage that our next epidemic may be due to a strain of
virus suffi ly different ly from those used 1n the
manufacture of the vaccine as to reduce the value of the immuniza
tion This happened 1n 1947 and very hkely will sometime occur
agun We should be prepared to quckly produce vaccine from the
current epidemic stran This 15 {easible af the strain 15 promptly
1solated and 1dentified Such a vaccine may be expected to reduce
the d of 1nfl by ly 80 per cent

Influenza 15 an unfinished story despite the excellent work of the
past twenty years The virus has been a dangerous enemy and 1s so
facile and adaptable we must expect 1t to make trouble again Fortu
nately we ave better prepared than we were 1 1918 Meanwhile,
more attention might be given to interepidemuc penods m the hope of

establishing means of contro! on a more effective basts than transient
immumzation

The common cold

The common cold has turned the lances of many mvestigators
It 15 well established that a filtrable agent 15 the tmmediate cause
Kruse successfully infected human volunteers in 1914 and Dochez

d the disease to ch 1n 1928 In 1936 he reported
the transmission of nfection through eggs and sumilar results were
reported by other workers in the years that have followed None of
the expenments has yielded an established laboratory strain and
most hase ended in disillusionment Indeed Andrewes, who has con
ducted extensne common cold expenments, has expressed some
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doubt that the virus has ever been truly propagated in fertile eggs
He confirmed the eatlier estimates that the virus is approximately
50 to 60 my 1n diameter and venfied its presence 1n the nasal secre
tions during the day preceding as well as the day or two following
the onset of symptoms These are matters of practical importance
since they represent the period of greatest infectivity, a penod dur
ing which every considerate person should quarantine himself
Andrewes was led to suspect that there are many normal carriers of
the virus One of the difficultes 1n his investigation proved to be the
resistance of many normal individuals to expertmental infections
This raised hob with many of his experiments

Some interesting histologic studies have been made of the lesions
mn the nasal mucosa during infection, which have shown that the
changes 1n the superficial epithelial cells and the manner of regenera
tion are stmilar to those m influenza

Andrewes postulates that wn large communities the virus of the
common cold 15 constantly bemng passed from one imdividual to
others, usually without causing symptoms excepting in the oceastonal
person The susceptible mdvidual develops symptoms of a cold and
at such a time disserminates the virus in greater quantities and may
become the saurce of other clinical cases of disease In smaller com
muntties the mnfection dies out Many observations confirm the
correctness of this view Tsolated communities 1n Alaska for example,
have repeatedly reported the complete absence of colds for long
periods of time until the arnval of an outsider, in one instance &
shipment of clothing was believed to have remntroduced the virus
imto the community smce 1ts recept was followed by 2 small ep!
deme Not much more 15 known of the common cold other than its
seasonal distribution, similar to that of mfluenza, that epidemics
frequently show increasing severtty as they develop and that older
people appear to become relatwely resistant, whether from immunt
zation or constitutional changes we do not know

It has lately been announced that the vicus of the common cold
has been successfully grown in human embryonic lung epithehum
tissue culture Human embryome tissues are not easily available
but viralogists will assume that further adaptations cannof be long
1n comung and that the tantalizing cold virus will shortly be put
through 1ts paces in the laboratory
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Acute respiratory disease or febrile catarrh

Epidemiologic and chimeal studies have long suggested the exist
ence of more than one vanety of cold or, to be more precise, of
influenza These observations were significantly extended duting
World War 1I by human experiments conducted under the auspices
of the United States Army in which young volunteers were infected
with nasal washings and garghngs from patients The outcome of
these tnals strongly suggested that acute, undifierentiated respira
tory disease  (ARD) should be distinguished from the common cold
as the epidemol studies had ind d, for vol conva
lescent from the former remained susceptible to the cold virus

‘The disease 1 question resembles influenza more closely than it
does the common cold It may be distinguished from influenza by
serologic means and bacteriologic studies mdicate that it 15 not due
to streptococcus infection Cough, sore throat and hoarseness are
common pl 1 symp while of bnef dura
tion, are moderately severe Fever persists on an average for three
days The volunteer studies further showed that the disease differed
from the common cold 1n the time required for 1ts mncubation which
was set at five to six days rather than the one or two-day interval
requited by the common cold

Recently the agent responsible for ARD or febnile catarth has
been successfully cultivated 1in human cancer cells cultured 1 vstro
and found to be related or identical to a virus that has also but
Tecently been isolated from adenoidal tissues Antibody response
has been seen to occur promptly and clearly and the early data
promise that this further example of acute respiratory virus infection
will soon be subject to intensive study

Atypical pneumoma

Atypical like aseptic 15 2 climeal scrap
basket that includes pneumonias due to a vanety of agents, many of
which are still unrecognized Certain well known viruses may cause
atypical pneumonia, among them * Q* fever, puittacosis, nfluenza,
and measles Inf 1 may be d with atypt
cal preumoma but 1n this case the virus has not been identified and
the connection may have no etiologic importance Apparently unre
lated to any of these is a group of cases that has m the past dozen
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years been designated as pnmary atypical pueumonia These also
are presumably due to a virus ot viruses not yet 1solated The term
primary atypical pneumonia” was adopted by the Army 1z 1942
and has replaced the older terms ‘influenzal pneumoma” and
bronche 7 Its 1 Ily superior because 1t 15 more
precise
Primary atypical pneumonia 15 a minor but at times protracted
respiratory nfection marked by an often unexpected consohdation
of the Jung ds rable by x ray 1on The pul y
lesion has become a promment feature of the disease because x ray
exammation has become commonplace Durmng the war primary
atypical pneumonia was intensively studied under Army auspices at
Fort Bragg where it was shown to be due to a filtrable agent
The symptoms are relatvely nondescript, consisting of cough
often protracted fever, and a suggestion of pulmonary mvolvement
on auscultation The blood count shows an absence of the leucocy
tosis one would expect in bactenal pneumona and the x ray reveals
a fairly charactenstic form of consolidation Jargely central 1 loca
tion and frequently migratory The disease occurs at all seasons of
the year but 15 more common at times when the common cold 15
prevalent Institution outbreaks among student purses gnd other
students Iving 1 dormitories are frequently observed The dxagnvS:S
15 supported 1n half the cases by the demonstration that the patient’s
serum will agglutinate group O human blood cells i the refnigerator
but not 1n the incubator This 15 the cold agglutinin test and the sera
of patients with primary atypical pneumonia will frequently react
1n dilutions of 1 40 or greater Moreover, the titers may be found ‘:
nse during the later stages of the disease The sera of many cases 0
primary atypical pneumonta will also agglutinate a particular s“ta]:n
of nonhemolytic streptococcus the so called Streptococess MG (the
MacGinmcoccns) Agglutimns are present s approsumately halt o(;
cases, 1n three fourths of the severe ones Since aggm““:b""“d‘s
Streptococcus MG by human sera 1s infrequently met in otier
‘The value of both these
eases, the test has constderable sigmificance oot
procedures 1s of course qualified by the fact that we have athp fuch
no certamn way of diagnosing the cases and the frequeucyl:“ :" oty
these agglutimns are found can never be determined with certal

unti] 2 positve diagnos:s 15 possible
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Eaton has 1solated a virus from cases of atypical pneumonia that
1s pathogenic for chick embryos, hamsters, and cutton rats It s
distinct from the viruses of infl and 1
only roughly half of atypical pneumonia patients develop antibodies
to Eaton’s agent and the evidence as a whole suggests that it 15 not
a common cause of pnmary atypical pneumoma Simular successes
have been reported by others but hone has been readily confirmed or
fully met the standards of proof necessary to establish them as the
etiologic agent of the disease

The disease has never been t d to human vol
which has prompted the suggestion that 1t has a complex etiology
and that a second agent or predisposing factors are necessary as well
as the primary agent

Equally mysterious has been the coming and gomng of atypical
pneumenia which first attracted attention twenty years 2go, was for
a time a rather common cause of epid m closed
batracks, and residence schools, and has during the past several years
been seldom seen The more we hnow of the vanety and ecology of
the virus 1nfections the more fascinating the subject becomes and the
more flud the problems
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VIRUS ENCEPHALITIS AND MENINGITIS

DURING the early 1930’s a number of viruses were discovered
m the States that were causing encephalitis The diseases
themselves were as “new” as the viruses Previously, epdemuc en
cephalitis had been synonymous with sleeping sichness or von Eco
nomo’s encephalitis which swept the earth following the Furst World
War Somnolence, oculomotor signs, fever, and meningitis had been
the features of von Economo’s encephalitis which had left many of
1ts young victims drsordered in mund and body The primacy of von
Economo’s encephalitis 1s fixed m the Japanese termmology for
when the newer forms of encephalitis struck 1 Japan they wete
called encephahtis “B” to distinguish them from the ongmal ven
Economo or “A” form

We learned about the newer kinds of encephalitis m the States
by mdirection In £930, Karl Meyer 1solated a virus from horses i
the San Joaqum Valley, which had died of subacute encephaliis
Three years later a simular virus was recovered under sumlar cir
cumstances m New Jersey The two were compared and found to
be antigenically different and therefore were called “western” and
“eastern” equine encephalomyelitis viruses (WEE and EEE)
Attention was first focused on the equme disease, perodically of
great economic umportance Thousands of horses have been killed
by these wiruses in North America

There were early clues to infection among horse handlers but not
until 1938 was a human epidemic recogmzed—in Massachusetts
where, during a summer of excessive ramfall, of floods, and many

q , equine halitis occurred mn epidemuc proportions

and, at the same time, severe cases of encephalitis 1n man HO'SQ;
and men were equally affected and n the same regions, but few ¢!
the patients had been 1 contact with horses Thus the ewden:l?
immediately suggested the identity of the two diseases and a common
saurce of mnfection other than direct contact Virus was isolated from
the nervous hissues of nine fatal human cases and mnfection proven
1 others by serologic tests The virus was the eastern vanety .

The human tllnesses had begun very suddenly (1n contrast to voR
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Economo’s encephalitis) with high fever, excitement or drowsimness,
and convilsions Stiffness of the neck was constant A polymorpho-
nnclear leucocytosis was common and the cerebrospusal fluid was
remarkable n that most of the cells, of which there were from 200
to 2,000 per cu mm , were polymorphonuclear leucocytes This 15
the pattern found 1n bactertal but, n the M. h
cases, the fluds were stesile Some of the patrents became comatose
and died within 2 few days Many of the survivors had residua of
mental detenioration or paralysis While all ages were affected, the
majonity of the patients were young children

The Massachusetts eprdenuc proved to be highly mstructive It
had been extremely well studied and prepared us for the {arger and
more frequent cusbreaks that followed in the north central states
where the western virus 15 common Sporadic cases and small out
breaks have occursed 1o the far west as well, 1n the years since, and
m some of thens mfectson, if not disease, had been widely prevalent

TIpdemic encephalitis also appeared in St Lows i the summer
of 1933 Of 1,100 patients, some 200 died Several 1avestigators,
Ralph Muclenfuss, Chatles Armstrong and Leshe Webster, suc-
ceeded 1 asolating the responsible virus, agan a “new” virus Later
it was leamed by serologic tests that the same vrrus had nfected
many what of the hittle A Valley village of Paus,
Hhnois, the previous summer and retrospectise diagnoses wete made
of other outbreaks by means of serologic tests The ‘virus of St
Lowis encephahitss” (S.L.E ) proved to be unrelated to the two equune
encephahbis visuses Indeed we now kvow that in its antigensc com
posmcn 1t shares components with the viruses of Japanese B en

d i loupmg Ill, aud others,
wlnch as a group stand apart {rom WEE and EEE But many
members of the former famuly are epidemsologically and chmcally
sumilar ta the Jatter The differences must be borne 12 mind by the
2“;3‘”‘0\’3 worker but are not mmportant at the bedside or i the

€]

Our human epidermes of acute encephalius have been seasonal,
bave occurred during the summer months, during the mosquito sea
son, and we can sketeh 1 our present concept of the disegses by
saying that afl are transmutted by mosquitoes and that a common
source of infection has been wild birds (1n Massachusetts i 1938,
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possibly pheasants) with mammals, including horses and man less
frequent sources of mfection The mnterepidemic survival of the
viruses of equine encephalitis and St Lows encephalitis appears to
depend on mites which commonly feed on domestic and wild bieds
and at least one of which has been proved to transmut nfection
transovartanally Birds are intermediate hosts rather than reserveirs
of mfection The potential importance of Aedes mosquitoes bad
been d rated 1n the very b g (1932) by Kelser who had
transmutted equine encephahtis to gumea pigs and a horse by allow
g infected mosquitoes to feed on them Culex tarselis 1s chuefly
responsible for human infections The range of nfected birds seems
to be broad, new species contmue to be mcriminated The epidemics
are largely hidden, only the severe illnesses attract attention Sero-
logic surveys show many more infections than illnesses If the bram
1s mvolved, the illnesses, whatever the virus, resemble the Massa
chusetts cases and headache, fever, nausea, and vomitng appear
suddenly, and the tremors, speech difficulties, stiffness of the neck
and mental confusion follow The Kermg and Brudzinski signs are
present Excitement, perhaps delinum or drowsiness, may occur
Vertigo was a common symptom of the St Lows cases and spastic
paralysis was not infrequent

Many more patients have only mild cerebral symptoms, head
ache, stiff neck, and nausea But they may nevertheless have ab
normal numbers of cells, m the milder cases predomunantly mono
nuclear, m therr cerebrospinal find In the absence of encephalitic
signs and symptoms such illnesses are indistinguishable from a
dozen other nonbacteral mfections of the surfaces of the bram—
they are cases of ‘ aseptic mentngitis ”

¢ Aseptic 15” 15 the of many wnfec
tions and one of the commonest problems referred to the diagnostic
virus laboratory Many soon declare themselves to be cases of tu
berculous menngitis, a few prove to be due to leptospiral 1nfection
The majonity are apparently 2 consequence of virus mfection Mumps
virus 1s a relatively common cause, the Cossackie and poliomyelitis
viruses account for many Lymphocytic choriomenngitts virus char
acteristically causes aseptic memngtis

Lympbocjy’nc chonorgemnglﬁs virus was also identified for ﬂlz
first time 10 the 1930’s During s wmvestigation of the epidem
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of St Lows hal Armstrong d a second ‘“new”
virts 1n one of his monkeys Its association with human illness was
then uncertain but not long afterward the same virus was recovered
by Ruvers and Scott from the cerebrospinal flud of two cases of
rather severe aseptic menungitis One was suspected for a time to
have a brain tumor Ruvers confirmed the etiologic role of the virus
by d the app of antibodies 1n the
sera of both patients durng recovery The name of the disease and
wirus was chosen because the Jesion in experimental animals 15 a
round cell infiltrate of the meninges and choroxd plexus For a time
the disease was called densgn lymphocytic choriomenmgitis but this
quahification was dropped following the 1dentification of fulmunat-
ing, fatal cases which oceur on occaston

Ruvers promptly explored the possibility that lymphocytic chorio
meningitis virus was the usual cause of aseptic memingitis and
learned that 1t accounted for only some He discovered chimcal dif
ferences between lymphocytic choriomenngitis virus infection and
aseptic meningitis as defined by Wallgren Many of lus patients had
symptoms of menngitis followng influenzal respiratory mfections
Coma and convulsions were unusual Moreover, the lymphocytic
ch cases ct 1cally had high cerebrospmal flud
cell counts, more than 1,000 monocytes per cubic millimeter being
common In addition, the patients were chiefly older children or
adults and most of the cases occurred durmng the winter and spring
months In other words, once the disease was defined etologically,
1t was possible to better define the clinical mamifestations

The year after Armstrong’s 1solation of choriomenmngitis veus,
Traub had detected what proved to be the same agent 1n a Jabora-
tory mouse colony where 1t existed as a latent infection m brologie
h:u-mony with its host We now know that this may occur in house
mice as well House muce are indeed the usual source of human m
fectron Families or colomies of muce have remained infected through
many generations We ourselves have repeatedly 1dentified human
cases with particular buildings 1n which the mice were infected In
several instances human nfection recurred in the same buildings for
many years

The practical point 15 that lymphocytic choriomeningitrs, as other
forms of aseptic meningitss, has climical and epidemiologic charac-
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tenistics that are helpful m diagnosis In the Albany laboratory we
sometumes suspect lymphocytic choriomeningitis from the patient’s
address for we now know which districts are mfected If the address
and history are suggestive, we begin by moculating mice with cere
brospinal flud, the method of choice 1n the diagnosis of chonomen
mgitis There are few clues to mumps memmgitis other than the
prevalence of mumps parotitis Coxsackie virus infection, hke polio-
myelitis, 15 seasonal and may be recogmized chinically with certainty
1f the pathognomonic mouth lesions of herpangina or typical symp-
toms and signs of Bornholm disease are assocrated Mosquto-borne
encephalitis of North America 1s restricted to certam geographic
areas, the central and far western states being the major foct of m
fection Human mfection has never been identified in New York
and has been mfrequent 1n most of New England Moreover the
disease 1tself, at least when seen m an epidemic, 1s distinctive In
other words, laboratory diagnoss 15 more efficient and productive
1f advantage 15 taken of chnical and epidemiologic information tt
planning the exammation

Unfortunately these methods of arniving at a good guess are
lImted by the tendency of many of the mfections to occur simul
taneously and under sumlar circumstances Minnesota and the
Dalotas have summer epidemics consisting of both equine and 5t
Lows encephalitis, frequently with pohiomyelitis as well The Cox
sackie and poliomyelitis viruses go hand m hand as a rule, their
epidemitcs are usually mixed Physicians need to be as entical of the
epidemiologic as the clinical evidence Indeed this may be 2 situs
tion where a more intensive circumscribed epidemiologic and chimt
cal exammation mught be expected to have advantages hIeanwhl:iey
etiologic diagnosis, as arrived at m the laboratory, should va’te
facts by which chmical impressions may be tested And it 1s quite
possible that the more general apphcation of Iaboratory tests, &
pecially the 1solation of the agents, will disclose other still unrecog
nized viruses capable of inducing sumiar dlesses

‘The viruses of equine halomyelitts and lymp.
1s are small, app Iy 40 my, that of St Lous enceph

alitys 15 still smaller, 25 my All are readily isolated from the c:::r::
nervous tissues of fatal cases, from the blood dunng the o:l e
Mlness and, 1n the case of lymphocytic choriomenmgiis i part culaly

hocytic chorio
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from the cerebrospinal fhmd for 2 number of days The sera of con
valescents fix complement 1 the presence of virus antigens which
are now commercally avatlable and all snduce ke formation of
neutrahzing antibodies which may be demonstrated in simple animal
expenments All have a broad host range This ts espectally true of
the “equine® viruses Suckhing mice are exquisitely susceptible to
all but lymphocytic chortomensngitis visus In its isolation, weaned
mice must be used, for the others, younger ammals ate better
Whether this unusual reversed age susceptibility has some assacia
tion with the of natural ch f an mice
we do not know Suckling mice are fully susceptible to infection
once the freshly isolated strain has been passaged several ttmes
Adult muce are uniformly susceptible and behave 1n a hughly charae
tenistic, pathognomome manner before death A presumptie dhag
nosis may be made from the appearance of the test ammals

Man 1s not the patural host but only an accidental victum of little
wmportance i the natural history of the viruses In the natural host,
mfection 18 & bemgn, slumbening affair There are other viruses that
fortunately do not occur mn the States, which closely resemble
these agents Japanese B encephalits, for example, 1s a common
disease tn eastern Asia, as well as Japan and 1s hnown 1n Australia
and the Phiipmnes Horses and pigs are frequently wnfected as well
asman The Rusuians have a suutlar disease, Russtan spring summer
encephahitss, the agent of which 1s transmutted by tichs Ticks ase
the vector, too, of loupmg ill, 2 disease of sheep that 1s at tmes
transmitted to man All of these viruses share common properties
with the virus of St Lows encephalitis Rather sinular viruses have
been fsolated in Africa and tropical Amernica, usually from mos
quitces They appear less pathogenic for man although fews of them
have as yet been fully assessed

The natural history of the arthropod barne diseases approtmates
that of yellow fever which alse has uts yungle reservoir but 18 carned
at times to man by blood suching msects It has been suggested that
poliomyelitis {and presumably the Covsachie viruses as well) may
have anisen n the Jungles but their present charactenistics deny 1t
For them, man himgell appeared to be the reservoir both are well
adapted to the human host

Cestalnly there Js httle justification for considenng the encephiali
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tides as “new” in any sense other than that they were new to us
Austraha expentenced a rather large and deadly eprdemic of encepha
itis during the First World War and Japan was ravaged by an ep1
demic in 1924 Both of these outbreaks can be rdentified as typical
examples of arthropod borne encephalitis with considerable assur-
ance The agent responsible for the Australian disease (Austrahian X
disease) was transmitted to monkeys, sheep, and horses but subse
quently lost Loupng 1l virus, also capable of causing encephahitis
in man, has beeu well known as an enzootic of sheep for more than
100 years



VI

THE POLIOMYELITIS VIRUSES AND
THEIR COUSINS

ONE CANNOT do justice to all that has been learned about poho
myehtis 1n a single chapter And yet we do not know enough
to control 1t This has often happened 1n the past When we find the
solution we can, perhaps, disregard many of the routes that are
now bemg explored and forget the endless experiments that con
tributed to the solution

The poliomyelitis problem has been primanly 2 question of patho
genesis Infantile paralysis was first considered to be a rare, essenttal
form of paralysis of mfancy Once the charactenstic lesion was rec
ogmzed 1t became evident that the disease was infectious The nature
of the etiologic agent was proven by Landstemer who reproduced the
lesion m monheys by 1noculating them with an agueous Suspension
of spinal cord of a fatal human case For years the rhesus monkey
was the experimental animal of choice and the impression was gaised
that the virus was strictly neuratroptc This seemed to 1mply that
exposed olfactory nerve fibers were the portal of entry for only the
olfactory nerves are open to the environment There were contrary
observations at the time, the successful isolation of virus from
mesenteric lymph nodes and Kling’s expeniments that pointed to an
mtestinal phase of infection but they were generally disregarded
until Trash demonstrated that virus may often be found 1n the
feces of patients and carriers The olfactory route of infection was
further discredited when 1t was learned that, while chemucals
sprayed mto the nostrils of monkeys temporanly protected them
from virus instilled intranasally, children were not so protected
Pathologists might have foretold this for the olfactory nerves are
rarely d d 1 human poliomyehitis

Th}; final capitulation of the neurotropsts followed Enders’ sutrl
cessful growth of the virus 1n tissue cultures of skin, muscle, an
connective tissue cells and proof that viremua precedes mvolvement
of the central nervous system m cynomolgous monheys Viremi
has also been d rated 1n human poliomyelitis but only mfl‘:l‘&
quently The difference may owe a great deal to the practical dif

48
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culty of nvestigating human infections The imphcations of these
two tiscovenies have been very important for they wditate that
poliomyelitis 15 niot unlihe many other virus infections with an early
stage of muluphcation followed by viremuz and localization 1 sus-
ceptible tissues This would mean that the virus 15 not protected by
an intranervous system locatton from the start and that humoral
immumty might block infection of the nerve cells and thus prevent
the paralytic compl of poliomyehitis virus ind

Tt would be both unfatr and incorrect to deprecate the gain made
by the study of poliomyehtss i monk Y t
were d d and the prop value of immune serum was
proven Indeed smmune serum given ntrathecally soon after mfec
tion was shown 1o abort expermmental poliomyelitis and this led to
extensive human therapentic trrals of wmmune sera which largely
faled Vacones too were early developed asing snfected monkey
cord as antigen These also faled 1n the field~—whether because of
their feebleness or because they were antigemscally tos narrow we
do not know

A

’s ad; of pohiomyelitis varus to the mouse shook

4 P
off some of the shackles and made possible extensie measurements
of the humoral smmumity of lasge population groups and mentably
drew attention to the differences between pohomyelitis wiruses Later
it was learned that there are at least three distnct types the Brun
hilde (Type 1) the Lansing (Type 2) and Leon (Type 3) which
n the States occur 1n that order of frequency Thete may well be
others for strains nonpathogeme for monkeys may exist and may
some dy be isolated by means of tissue culture or some animal
other than monheys Not all cases of pohomyehitis can as et be
asenibed to infection with one of the three known types

We now bebeve pohomyehus 1o be a common entersc miection
that 1s transnutted to contacts 1 most cases as fecal virus, at times
by nusal secretions It 1s an infection limuted to man, one that readily
immuntizes infants at small nsh of clinical disease but that in older
susceptibles not nfrequently travels via the blood stream or along
nerve fibers fo imvade and selectisely destroy moter peurons asd
thus cause flacedd paralyses We now know too thanks to Hammon
that single doses of ymmune globulin prepated from human serum
pools are capable of preventng cliscal poliomgehtis in many ex
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posed 1dividuals for as long as six weeks and we infer that a rela
tively low level of acquired humoral immumty should also protect
The insusceptibility of adults may be due to acquired 1mmunity
which would confirm the theory It 15 anticipated that vaccines capa
ble of providing a similar level of antibody would be equally effec
tive for longer periods But only the future will tell whether vac
cines of killed virus will stimulate sufficient response or whether 2
Lving but modified virus 1s needed Virologists, remembering yel
low fever, are inclined to pin their hopes on a living vaccmne and
trust that such a one will soon be found Furthermore, there are
reasons for hopimg that an immunization capable of preventmg m
testinal nfection which, judged by monkey expenments seems
rather dissociated from humoral antibody, may be developed for
it would provide better prospects of controlling mfection and re
ducing the number of excretors

Poliomyelits usually begins as a rather nondescript, nunor iliness
consisting of fever, sore throat, or muld gastrointestinal symptoms
and headache These compl; disappear for a day or more to be
followed by more severe headache, stiff neck and back, and fre-
quently pain in certam muscles At times the latter symptoms de-
velop abruptly without prodromes or close on their heels A clucal
diagnosis at this stage 15 at best presumptive, supported perhaps
by the coexistence of paralytic poliomyehtts in the commumty Lab
oratory evidence of nfection by poliomyelitis viruses has at times
been secured from such cases and similar 1llnesses have been €x
per 1ly produced in chimp but the 1ol of virus can
Iriardly be considered certain proof since other infections, notably by
the Coxsackie viruses, may account for the symptoms

Increasing muscle tenderness, perhaps with weakness, "’“‘]i a
cerebrospinal fld pleocytosis more strongly suggest pohomye’;;:s
and the occurrence of flacad paralysis presumably proves it “9
cells n the cerebrospmnal flud are, i the earhest stages, st };
polymorphonuclear 1n type, but with the onset of paralysis the mz;
typical finding of mononuclear cells 1s the rule These seldom #
ceed 500 per cu mm and occasionally an increase of cells Bﬂn‘d
noted at all The protein 1s increased moderately but the spimal flu
sugar 1s unchanged

it this nmegchmcal diagnosis may be certam especially whet
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viewed aganst the circumstances, the season of the year and the
absence of & typical aign of another dhsease In truth, therefore,
much depends on the r of paral and the
should trmn lumself to be thorough and caraful seeking this 1m
postant diagnostic sign  Especially, evidence of paralysis of the
diaphragm and abdomina) smuscles should be sought since paraly-
15 bere 13 more dafficult to and yet it p 15
1mportant not only because these are common sites of paralysis but,
oceurnng in the earler stages, often warn of extenstve paralysis of
the e yet to come € of the two 5:des 15 helpfuf,
as well as viewing the motions of the abdomen and thorax under
controlled light The frequency of paralysis vanes greatly in dif
ferent eprdenucs but it also vanes greatly with examners The i
dnidual musele groups of the extremuties and head should be sepa
rately tested, respiration and swallowing carefully observed to de
tect the begintung of buibar paratysis

01 all the diseases that may resemble pohiomyebts, radiculo-
neatitis or the Gudlain Batre syndrome 15 most khely to cause un
certamty The most belpful differential sign 15 the presence of m
creased cerebrospinal fuid protem without an merease tn cells but
the absence of prodromes and the mote gradual yet progressne
course are also uncammon ta paliomyehtss Paralyses are less com
plete m radiculoneuritis and more hikely to be symmetne Paun 15
less severe and paraesthesia 1s more common Involiement of the
urimary bladder has i our expenence been much more common in
radiculoneuritis than in pohomsy ehtss

Locahized muscle tenderness and pasn occur 1 Bornholm disease
but bly neser flaccid paralysis Nor is the pam as protracted
Totiomsy elitis &5 olten o most pafoful disease and the hurt and <pasm
in affected muscles may be excruciating This 1s 3 Symptom that
seems to respond best to hot packs, and the comfort of heat and
rekef of spastsc sphnung seem tu bethe :xptamnon of Sister Kenny’s

inthe {p Y

The outcome of pohomy ehus i remcd to the age of the patient,
complete recovery beng neatly twice as common in iafants as young
adults and deaths but one-fousth as frequent In mdrduals this
tendency needs to be evaluated fn terms of the extent and course
of the paralysis and especsally the presence of butbar paralysis which
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15 the usual mechanism of death The outcome vanes greatly from
year to year, certan epidemucs having been marked by mortahty
rates as great as 40 per cent and others by very few deaths or per
manently crippled patients Whether the stran of virus 1s chielly
responsible for these variations we do not know

As to treatment, 1t 15 clear that hves may be saved by highly
expert care of the patient with resprratory paralysis, the anesthest
ologist 1s the man most needed The Renny treatment provides com
fort n the acute stage, and sensible care, exercise, and encourage
ment sometimes work wonders in restoring the crippled

The typical lesion of poliomyelitis is an acute or
death of motor neurons of the antenor horn of the spinal cord, asso
cated with inflammatory reactions about the vessels and nter
stittum These lesions are usually diagnostic If stmilar changes
occur 1n the motor areas of the cerebral cortex, 1n the medulla and
pons, the cerebellar hemispheres being spared, the diagnosis may
be considered to be above reproach Interstitial myocarditis occurs
n perhaps 15 per cent of all fatal cases of poliomyeliis Virus has
been recovered from the heart and at times, from the blood It may
frequently be found in the medulla and spimal cord Enlargement
of the lymphatic tissues of the ntestinal tract 1 frequent and m
fatal cases aspiration pneumonta and rupture of alveoli bear test
mony to the manner of death

We have no present prospects of effectively treating pohomyelitis
Successful therapy would seem to be the practical answer af 1t mght
be found We can confer passive immunity by means of immua¢
globulin but the difficulties of applymng control by such means &
tr dous Active seems the most promisig net
step A more desirable solution would be the control, the suppression
of mfection Poliemyehhis 15 an entersc disease and our enteric s
ease vaccines have been notably less effective thin many others
The protection afforded by active immumzation might well be pre
carious 1f infection persisted to high degree for every defect mm
mumty would allow mfection to breah through These are P“Meg's
that cannot be solved short of prolonged observation it the fiel

A connected problem has been created by the discovery that there
are other viruses rather sumlar to the poliomyehtis viruses Thes;
should be briefly considered both because of their theoretical an
practical sigmficance
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The Coxsackse vinuses

A large famly of viruses, the Coxsackae viruses, are much bhe
the pohomyehtis vituses While we know of but three pohomyehtis
viruses we bave this far discovered 24 Cowsaclue viruses Polio-
mythus and Coxsachre wiruses are both small, probably 30 mp s
diametes, oceur most often and longest w the feces, are commaon
kuraan snfections, have no ather known host Both may often be
found 1 seweage wn late summer Batk occur, but buefly, i the
theast Both are resistant to changes m pH to phenol and sunvve
for days at room temperature and tndefinstely m the frozen state
Thesr mactivation by heat (537 55°C ) ts comparable to that of
pohomyehtis virus

Infection by both 1 most prevalent durng the later summer
months, ehefly amang the young Indeed, so far as we know the
epidenuology of the two 15 rdentical Both induce neutralizing and
complement fixtag antibodies but m both these are of htde salue
w diagnosss because they oceur srregulatly in time and degree among
the sick. and the well

The Coxsackie viruses have complicated poliomyehtis by foraing
us to re-examise the evidence we have regarding cause and eflect
1t seems mast probable that ceippling or fatal polomyelttts 1s due
10 mfection with poliamyebtis varus bt it 1s by no means clear
whether the same 15 true of the chimcal entities, abortive and non
paralytic pohomyehitas

Medicine progresses by further defimnon of disease and more
precise classificatson In the days of Victona and Albert, William
Jenner distinguished besween typhod and typhus fever, between
slow nervaus, and puted fever This was not an easy distinction on
chinteal ground when the two wers cecurning simaltaneousty but now
that we hnow of their etrology and pathology the differences are
stling Swce then typhus feser atself bas been subduided mto
munne and Old Wotld typhus, Rocky Mountais spotted fever, scrub
typhus, and ricketisialpox Something simular seems ta be occurnng
in the ease of poliomy elitss

The Covsacke viruses force us to e examime the <irus infections
of late summer, of mc mhom)clms season A {ew years ago these
were d to be pred: 5 due to poliomy elitis
s We now hnow that other viruses are mml\cd and that the
epademcs are frequently mised
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‘The problem requires close study For example, late summer ept
demics have been mvestigated (and we exclude from the present dis
cussion epidemics of mosquito borne encephalomyelitis and other
well known entities) that have the features of extremely mild poho-
myelttis Rather charactenistically under such aircumstances poho-
myelitis virus 1s exther not 1solated or has been but rarely isolated
Coxsackte viruses have frequently been recovered although not regu
larly enough to suggest they have been responsible for the epidentcs
In some instances double mfections have been proven To add toour
confuston there remamns the possibihty that other, still unrecogmzed
viruses may have played a part Indeed, such are now bemg found
1n signficant numbers, thanks to tissue culture techmes

Illnesses resembling abortive polomyelitis not uncommonly are
mtimately associated with Coxsackie virus mfection and sometimes
occur as small outbreaks free of any suggestion of paralysis In
tensive study 15 required to resolve these cases and epidemucs and to
exclude pohiomyehtis

This then, 15 the problem of the Coxsackie viruses as they affect
our und ding of pol Iitis They have other roles as well
Two groups of Coxsackie viruses have been recogmzed The Group-A
varieties, of which 19 types are known, are easily recogmized because
they cause widespread degeneration of the skeletal muscles of fant
mice The Group B viruses cause not only focal muscle lesions but
encephalomalacia, and a unique mflammation of fat pads as well At
certam ages necrosss of the acini of the pancreas may also be found
Both vaneties are fully pathogemic only for inmature mice, tie
favorste expermmental ammal, although pancreatic necrosis can be
nduced 1n adult mice by Group-B strawns This tropism s intenssfied
by carcass suspension transfers

Group A Coxsackie viruses are responsible for herpanglad, a ds
ease chiefly of young children during the last months of summer
characterized by multiple herpetiform blisters of the so 111
posterior pharyngeal wall, fever, headaches, and at tumes puns md ;
muscles The blisters are small, 2 to 3 mm 1 drameter, Surrounce
by a thin, bright red tim of nflammation They quickly WP‘“':
They do not occur on the lips or gum as do herpetic sores and 10
more evanescent Herpangina was proven to he due to mnfection asy-
several types of Group A Coxsackie wirus by Huebner and his

ft palate and
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sociates who established that wiection was common n palients and
absent from healthy children of simular ages In other words, they
emphasized the sigmficance of therr virus fsolattions by means of
switable contrals Moreos er, the mouth lesion was shown to be hughly
infectious

Croup-B Cotsachie viruses cause epudenmc pleurodymia or Born
bolm disease, also a disease of later summer, charactertzed by the
sudden onset of excruciating pan, mast commonly in the lower
thorax but often in the abdomen or an extremity or the shoulders
Bornholm disease and herp are usually accomp d by severe
headache and frequently cases of the former at least have symptoms
of aseptic meningitss, the cerebrospnal flmd cells are increased tn
sumbrr Whether these are cases compheated by pohomy elrtis virus
infection or whether the Cowsachse viruses have mvaded the central
nervous system has not been proven

Bornholm disease, ap ly in ¢ to herp has a
tendency to relapse, and recurtent cases and chronic forms have been
described including a number of remarkable wstances tn which
muscle biopsy yelded not only virus but lesions similar to those m
mice A swollen, tender muscle may at tunes be found mn the early
stages of Bornholm disease, further ewidence of the simlanty be
tween it and expenumental Coxsackie » irus infection

The association of Cotsackie viruses with Bornholm disease was
first percened by Curnen while insestigating an epdemic of Group
B t Coxsackse virus fnfection It 15 mteresting to note that very few
of the illnesses resembled Bornholm disease, the majority were cases
of “nanparalytic pohomy efitss * The responsible type was frequently
Isolated n New York the same year but none of the ilfnesses re
sembled Bornbolm disease This type has not since been found in
New Yok Dunng 1950 and 1951, Bornholm disease was prevalent
10 our western states and 1n Great Bntain and Europe In allof these
cases it was assocrated with @ B 3 type of surus It would seer that
the epiderniology of the Group-B Coxsackie s ruses may be unusually
nteresting and wnstructsve, the outbreaks beng widespread but w
Teequent s contrast, sexeral of the Group-A strawns bave securred
Yearalter year or at two- of three-year intervals

The Cossackie viruses may be responsible for other diseases They
appear fo have been the cause of an eprdenc of encephalomy ehitis
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1n Australa in January, 1951, and have been associated sporadically
with radiculoneuritis

Coxsackie virus mfection 15 unique 1n that 1t 15 most eastly diag
nosed by 1solation of the virus The serologic tests are cumbersome
because of the number of types of viruses that must be considered
It 1s likely that once the responsible strain has been 1solated serologic
tests would prove useful 1n surveying other cases A not infrequent
difficulty 1n 1solation occurs 1f both a Group A and a Group-B virus
are present In that case the Group A component must be neutralized
with type specific antiserum to afford the B an opportumity to de-
velop, to be recogmzed, and 1solated

The EMC viruses
Intricately involved in the poliomyelitts Literature are a number of
viruses frequently called the EMC or encephalomyocarditis viruses
They form a bizarre story The first to be discovered Columbia Sh
virus, was established mn mice by Jungeblut and Sanders who under
took to repeat Armstrongs adaptation of Lansing poliomyelitss to
mice The virus proved to be different m a number of respects from
Armstrong’s virus Its infectvity titer was much higher and 1t had
largely lost the faculty of causing paralysis m rhesus monheys
Moreover 1t was not defimtely neutralized by pooled adult human
sera as poliomyelitis viruses are Many experts constdered 1t was 3
mouse virus or pickup from the mice or cotton rats used m the adap-
tation
A few years later the same agent or a very stmilar one was 1solated
from a fatal case of poliomyelitis This stram (MM) was not neutral
1zed by convalescent sera from the epidemic nor by random human
sera from New York and 1ts origm was therefore unclear sull L’!te‘;
a sumlar virus (Mengo) was solated in Africa from mosquitoes a!:d
from a physician 1ll with encephalins It has also been |'c:<:overd
from chimpanzees that had died of encephalitis and acute myocar le
t1s 1 Florida (EMC) The agent 1s beheved to have been the cats
of an epidemic of “nonparalytic poliomyehtis” 1 the Philippines
A number of sumilar viruses have been 1solated m Western Germany
and the Netherlands Some of these differ somewhat n host range
from the origmal strain but all are antigenically alike
Jungeblut has from the first considered these virus

es to belong t0
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a family of poliomyelits viruses and d hed them as “munne”
poliomyelitss viruses They are capable of causing flaced paralysis
and anterior horn neuron d m 3! keys, to

B! Y
a lesser degree in rhesus monkeys They are antigemcally different
from the known poliomyelitis viruses Thanks to Hallauer, we know
that they hemagglutinate sheep red blood cells The poliomyelitis
and Coxsachie viruses do not do this

It was proposed by Mollaret that they be included in the family
of poliomyehitis viruses as a group of para pohomyelitis viruses This
suggestion has won only hmited support possibly because there 15
as yet inconclusive evidence that they are connected with homan
poliomyehtis and 1 fear that such a term would confuse the e
rather than clanfy 1t Meanwhile 1t has become clear that thers
viruses are not uncommon infections of man Speafic artibefes
have been found 1n a fair proportion of individuals 10 Western Ger
many who had recently sufiered from central nervous sy<tem dizeases
of uncertain nature (but not pohiomyelitis) Antibodies Lave fren
found 1n random sera collected in Meuico It 1s noteworthy thst ¢on
valescent poliomyelitis sera collected 1n the same area rarely en-tain
such antibodies while rat sera both 1n our southern <tates 254 1
Mextco frequently contain antibody

The EMC wiruses do not seem to be causally related 0 garalytye
o e mad Al pe b .

. . - -
- L

ment serologic tests are simple and rehable and 15013, s b
expected to be straightforward They resemble the T ormyel s and
Coveachse viruses 1n size and 1n resistance to phyvesy 27snts byt
have only once been demonstrated tn human feces They shumt §
haps be d h the €8 pot 45 5 ﬂm,”;'
306131100 of patients ssith aceplic MERINGINS and rae




Vi
VIRUS INFECTIONS OF SKIN AND BRAIN

HREE common viruses of farrly large size charactenstically

cause vesicles of the shin and mucosa and parasitize neurons
Two are related The third and somewhat smaller one 15 quite dis
tinct but may be properly associated with them by the nature of the
lestons 1t induces Although all three have been Lnown for many years
as human infections we still know relatively httle about them and
their further study in hospital laboratories may be very mstructive

Herpes sumplex

The virus of herpes simplex 15 the smaller and stmpler to isolate
It 15 readily recoverable from the common cold sores that plague so
many people, the blisters of herpes fibrihis, and from cases of herpetic
stomatitis as commonly seen 1n nfants In the latter at least it s
often stmpler to 1solate virus from the feces than from the vesicles
within the mouth for these ulcerate so quichly that 1t 1s dafficult to
collect swtable specimens Fecal herpes simplex virus seems to be
excreted virus, not virus that has multiphed in the intestinal tract a3
poliomyelitis varus 15 hnown to do Obviously the virus 15 resistant
to intestinal enzymes but 1t 1s doubtful that 1t 15 an entenc infection
Isolation 15 readily accomplished by moculating suckling mice (ntra
cerebrally) or the chonoallantoic membranes of fertile hens’ eggs In
baby muce the virus causes an acute, fatal encephalitis within the
week, which 15 easily 1dentified histologically since the typical intra
nuclear mcluston bothes occur m profusion On the chorioallantoc
membrane (CAM), the virus produces small pochs and later mfection
and death of the embryos Adaptation to suckling mice 1s easier than
to the egg

Stomatitis m the young may be an acute febrile disi
extensive ulcerations of the gums and mouth The cheeks are most
severely mvolved and the blisters quickly ulcerate and are replaced
by a ditty k In these and severe 1nft wirus
can be easily demonstrated mn the oral secretions as well as the feces

Herpes simples virus was ongunally demonstrated by mfectiog the
cornea of rabbits In this case the superficial cells carry mcluston
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bodies and the mfection causes a keratitis Herpes zoster virus 1s not
pathogenic for the rabbit cornea and the two may be distingmished
m this way Rabbits may also be infected intracerebrally but
domestic rabbits sometimes carry herpes virus as a latent infection
In such ammals even sterle inocula can precipitate encephahtis
which makes the intracerebral test somewhat unrehable

Herpes virus 1s capable of causing a severe encephalitis 1n young
sters In these cases 1solation and identification of the nature of the
nfection have usually been made by noculating animals with bram
tissue suspensions The mclusion bodies in the fatal human cases
may be infrequent and overlooked Presumably milder forms of i
fection also occur 1n the bram and hetpes simplex mnfection must be
conudered as a possible but uncommon cause of iliness ranging from
aseptic to ful g and fatal halitis  Efforts
should be made to recover s irus from the cerebrospinal flmd and to
compate the antibody content of sera collected early and late Virus
neutralization tests (using mice or eggs) and complement fixation are
recommended for serologic tests and for the antigemc dentification
of herpetic viruses Tissue culture technics promise great usefulness
although few random isolations of herpes simplex virus have turned
up in the extensive testing that has been made for Covsachte and
pohomyelitis viruses

One probable explanation of this 15 the character of herpetic infec
tion which 15 predominantly latent Indeed herpes virus 1s the most
strking known example of latent virus infection The evidence we
have points to life long carnage in some mdividuals This accounts
for the common story of repeated bouts of fever blisters and per
sistent and recurrent herpetic Leratitis in infected mdividuals when
tver precipitating factors appear, and the persistence of serum anty

ies Whatever the haven of the virus may be, it most effectiely

protects 1t from humoral antibodies because virus exposed to anti
bodies is promptly neutralized

Herpes zoster

The vesicles of herpes «umplex occastonally are assocated with
nene distribution those of herpes zoster which 1s caused by & quite
different virus are regularly associated “oveover zoster 1s a very
Panful affiction because the lesion typreally Involves nerse gangha
with spread of virus to the shin via nerve fibers Both *-—- =
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watery vesicles to form in the superficial conum The zoster y esicles
not only are associated with the distnibution of sensory nerves but
are 1n almost all cases unilateral, a feature of great vahe in judging
the nature of atypical lesions (papular or sumply erythematous)
Herpes zoster 1s a febnle disease and 1f upper nenve gangha are
mvolved paralysis 1s frequently seen as m the laryns Whie

shingles” commonly occurs along intercostal nerves, the panful,
unilateral mvolvement of many other nerves with vesiculation 15
strongly suggestive of herpetic infection The penneum and 1agioa
the pharynx and tongue are susceptible to herpes zoster virus mfec
tion Sigmficantly, herpes virus has at hmes been 1solated from the
cerebrospinal flwmd of patients with shingles

Varicella

Chickenpox 1s caused by a virus related to that of herpes zoster
but, whereas chickenpo 1s a \ery common expenence of young chil
dren and 15 uncommon in adults (with the exception of those raised
1 1solated areas), herpes zoster charactenstically occurs m adults
However, both have been seen simultaneously sn children and indeed
the association of the two 1n closed groups and the occurrence of varl
cella n children in contact with adults suffering from zoster 1S testt
mony to the fact that both viruses are capable of causing both dis
eases Evidence of this quality has been repeatedly reported and
promses that antigemic relationships will some day be demonstrated
under controlled conditions

Cluckenpot 15 of course, a common epidemic disease with 2 we)ll
established incubation pertod (usually two weebs),a brief prodmm::]
imtenal followed by crops of papules and vesicles on the face an'
trunk and lymphadenopathy The local lesions are ndistingmshable
from those of herpes zoster although they lach the charactenstic dis
trbution Vancella s a generalized infection and typical fesfons occt?
wternally as well as on the skin and mucosa Its generalized nature
and pl phic shin lesions resemble smallpoxand the two were not
separated until the last century Chichenpot has a continuing ma‘l
portance as a possible source of error in dagnosis since afYP‘f‘d
smallpox may easily be confused withat & good rule to bearn Cr;\l
15 that smallpox should at Ieast be considered 1n all cases of chx :::
pox occurnng after the fifteenth year of age Under suspicious




Virus Infectsons of Skm and Brain 61

cumstances, as when the patient believes he once had chickenpox, a
laboratory search should be undertaken for variola virus

Bmpsy 15 used surprisingly little 1n the study of the poxes and

Ithough the histologic structure of the lestons 1s usually

revealing and d M 1on will not, however
distinguish between varncella and herpes zoster and the intranuclear
mclusions (Tyzzer inclusions in vancella and Lipschutz bodies in
zoster) are indistingwshable as 15 the nature of the vesicle and the
degeneration of the prichle cells which formt

Two other interesting and 1mportant virus diseases indicate their
presence by shin lesions 1n these cases by infiltrations rather than by
sesicles They are measles and German measles or rubeola and
rubella It 1s quite Likely that an additional form of measles occurs
Observations m the field suggest the eustence of at least one add:
tional type

Measles

The istory of measles 15 a fascinating story The 1nitial expent
mental work started in 1758 was mfluenced by the successful prac
tice of vanolation Francis Home a Scotch doctor took blood from
a superficial vein of measles cases soaked cotton threads with 1t,
and bandaged the threzds to the abraded or scratched skin of fifteen
volunteers Seven of these developed typical measles In 1905 Lud
vig Heltoen inoculated two volunteers who lihewise developed
measles 11 to 13 days later It has since been shown that monkeys
are susceptible to measles virus but since monkeys are relatnely
impractical laboratory ammals and no better experimental host has
been found in which the disease may be reproduced the study of
measles has progressed slowly

That measles 15 caused by a sirus is certain The agent passes
filters that restrain bacteria and has been grown in tissue culture
and in eggs Unfortunately the chonoallantoic membrane does not
produce a typical lesion but | has been d
So far the expenience has been that virus grown in esther fashion
1o es 1ts pathogemesty for men and monkeys and after a few pas
sages in eggs or tissue culture is incapable of producing !)'pica!
measles In <ome 1nstances a modified milder form of the
occurred and 1t was hoped that a method of this kand
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a satisfactory vacane Unfortunately, the mild, modified form of
measles does not produce a solid immumty This has been a major
obstacle to the use of an attenuated virus vaccine

The natural history of measles 15 also fascinating Measles 15 an
extremely common nfection It 1s hkely that at least 85 per cent
of adults in North America have had measles and become mmune
to 1t The epidemics which occur 1n the lower grades of our schools
typically recur every third year, sometimes bienmially The implica
tion 1s that following an epidemie the virus dies out because too few
susceptibles remam in the communtty to perpetuate the epidemic
In the intereprdemnc periods the wirus survives by the infection of
an occasional nommmune and this continues until the population of
susceptible children 1n a school becomes sufficiently large to support
a fresh epid 1t 1s the repl: of ptibles that d
the brenmial or triennial peniodicity of measles epidemces

Chimeal measles 1llustrates a striking age effect, something that 15
referred to elsewhere 1n terms of experimental virus ifections Itis
not only that younger chldren are more susceptible but that the
disease m the very young 1s mare severe Indeed measles 1 the very
young 15 a serous affair and children under three years of age should
be protected by passive immumzation (gamma globulin) This com
pletely protects half and reduces the sevenity of the disease in many
others
The chmcal signs of measles begin with sneezing, coryza, and
conjunctivitis often with photophobia, of several days’ duraton
followed by the appearance of specific whitish lesions (Kophikh spotsz
oppostte the first molars m the mouth These are blue white, pinpoin
lesions surrounded by red areas and their occurrence is followed by
the appearance of a diffuse rash over much of the skin surfaces be-
ginming as a rule on the face and nech and proceeding downsard over
the trunk Uncomplicated measles of this kind 15 not a severe dxseas:
excepting 1n infants and by the time the rash appears the feve
usually vamshes and the patient makes a rather uneventful recmdefi’
However, of theoretical as well as practical importarice, & const e{
able number of patients subsequently develop p and pe
baps one 1n a thousand, encephalins Evidently measles, as 50 m:u:[y
of the viruses that parasitize the skim, has distinct neurotropic ten :
encies That measles virus also has an affimty for the epithelum 0
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the respiratory tract 1s of particular importance in view of the lesions
and the pathogenes:s of the disease

The histologic pathology of measles 1s mstructive The lesion 1s
spearfic This 15 true of the Kophk spots in the mouth as well as
similar lesions which may occur 1n the respiratory epithelum and
throughout the gastromntestinal tract Whatever the location, they
consist of inflammatory changes m lymphoid tissue characterized
by the presence of huge glant cells which may contain as many as
100 nucles (Warthin Finkeldey cells) These are frequently found in
the appendix and an occastonal child 1n the prodromal stages of
measles with hdomunal pain 1s explored for evidence of appendicitis
and pathologtsts are therefore occasionally able to ‘predict” measles
by identifying the specific lesions 1n 2n excised appendix, before the
appearance of the rash The giant cells represent the fusion of many
cells their nucler are assembled from cells that have coalesced In
addition to these monster cells, acidophilic mclusions eccur m the
cytoplasm of epithehial cells and those lining the bronchi may fuse
wto long, flat, giant cells that resemble combs In view of this effect
10 the respiratory epithelium, 1t 16 hardly surpnsing that it becomes
susceptible to secondary mfection and that formerly preumoma
caused many deaths among cases of measles Of hospitalized patients,
fully one-fourth develop pneumonta of some extent but the killing
character of measles pneumoma 1s now controllable by antibiotic
treatment

‘The nearotropism of measles virus 15 suggested by the occasional
occurrence of encephahtis Nothing need be said of the symptoms
which are the same as those associated with other neurotropic Varus

f Symp of halitis following measles character
wstically appear in the week following the appearance of the rash
Recovery 1s the rule

The control of measles by quarantine 15 practically impossible
because patients are most infectious during the prodromal stages
when recogmtion 1s uncertan ‘The youngster in the stage of con
junactivitis and sneezing 1s most dangerous to s playmates but the
diagnosis of measles can seldom be made with certanty at that time
This may account 10 part for the ease with which measles virus
spreads through a commumty

Serologic d 1s sl 1 although the recent adap-
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a satisfactory vaccine Unfortunately, the muld, modified form of
measles does not produce a sohid immumty This has been 3 major
obstatle to the use of an attenuated virus vaccine

The natural history of measles 15 also fascinating Measles 15 an
estremely common mfection It 1s likely that at least 85 per cent
of adults 1 North America have had measles and become immune
to it The epidemncs which occur in the lower grades of our schools
typically recur every third year, sometimes bienmually ‘The imphica
tion 15 that following an epidemuc the virus dies out because too few
susceptibles remain m the community to perpetuate the epidemc
In the intereprdemic pertods the virus survives by the mfection of
an 1 and ths c until the popul: of
susceptible children 1n a school becomes sufficiently large to support
a fresh epademic 1t 1s the replacement of susceptibles that determines
the brennial or trienmal penodicaity of measles ¢pidemices

Chnical measles tllustrates a strihing age effect, something that 1s
referred to elsewhere 1n terms of expertmental virus infections Itis
not only that younger children are more susceptible but that the
dsease 1 the very young 1s more severe Indeed measles i the very
young 15 a serous affair and children under three years of age should
be protected by passive ymmunization (gamma globulin) This com
pletely protects half and reduces the sevenity of the disease 1n many
others
The chmcal signs of measles begin with sneezing, coryza, a0d
conjunctivitis, aften with photophobia, of several days' duration
followed by the appearance of specific whitish lesions (Koplk spots)
opposute the first molars 1n the mouth These are blue white, pmpomnt
fesions surrounded by red areas and their occurrence 15 followed by
the appearance of a diffuse rash over much of the skin surfaces be-
gmning as a rule on the face and neck and proceeding downward over
the trunk Uncomphicated measles of this hind 13 not a severe isease
excepting 1n infants and by the time the rash appears the fever
usually vanishes and the patient makes a rather uneventful recos ;r}
However, of theoretical as well as practical importance, a consi :’
able number of patients sub tly develop p and 2;
haps one in a thousand, encephalitis Evidently measles as so m d)'
of the viruses that parasitize the shin, has distinct neurotropic ten ¢
encies That measles visus also has an affiity for the epithelum ©
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the resprratory tract 15 of particular importance 1 view of the lesions
and the pathogenesis of the disease

The hstologic pathology of measles 15 instructive The lesion 1s
speaific This 15 true of the Koplik spots i the mouth as well as
similar Tesions which may occur 1n the respiratory epithelium and
throughout the gastromtestinal tract Whatever the location, they
consist of y changes m Iymphoid tissue ch 1zed
by the presence of huge giant cells which may contam as many as
100 nucler (Warthin Finkeldey cells) These are frequently found in
the appendix and an occastonal child 1n the prodromal stages of
measles with abd, 1 pain 15 explored for evid of append:
and pathologsts are therefore 1y able to “predict’ measles
by 1dentifying the specific lesions i an excised appendix, before the
appearance of the rash The gant cells represent the fusion of many
cells, their nucles ate assembled from cells that have coalesced In
addition to these monster cells, acidophilic inclusions oceur io the
cytoplasm of epithebal cells and those himing the bronchi may fuse
wto fong, flat, grant cells that resemble combs In view of this effect
10 the respiratory epithehum, it 1s hardly surpnsing that 1t becomes
susceptible to secondary infection and that formerly pneumonia
caused many deaths among cases of measles Of hospitahized patients,
fully one-fourth develop pneumona of some extent but the killing
character of measles pneumema 13 now controllable by anubiotic
treatment

‘The neurotropism of measles virus 1s suggested by the occasional
occurrence of encephalitis Notbing need be said of the symptoms
which are the same as those associated with other neuroteopic virus

fi Symp! of Hal PRy g measles cb
istically appear n the week following the appearance of the rash
Recovery 1s the rule

The cantrol of measles by 15 P p
because panents are most miectious dunng the prodromal stages
when recogmtion 15 uncertam The youngster 1n the stage of con
Juactsitis and sneezing 1s most dangerous to his playmates but the
Giagnosis of measles can seldom be made with certanty at that time
This may account 1n part for the ease with which measles virus
Sbreads through a communuty

Serologie & 18 still 1 although the recent adap-

e
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tation of the virus to tissue cultures promuses improvement A simple
and apparently reliable microscopic diagnosis may be made during
the prodromal period by aspirating nasal mucus and spreading 1t
on a shde and staming by the well known Papanicolaou technic The
gant cells that occur 1n the appendix and elsewhere may also be
found m such preparations Clinical diagnosis 15 usually straight
forward although many experts suspect that other yet unidentsfied
viruses will be found that cause sumlar diseases

German measles (rubella)}

German measles 1s 2 milder disease than rubeola and 1s less con
tagious Therefore immunization of the young adult population 15
less complete and this has serious implicattons

German measles 15 caused by a virus The disease has many char
actenstics of virus infections and the agent has been filtered and the
mfectivity of the filtrates proven by transmission esperiments using
susceptible htman volunteers In addition the disease, 1 2 modified
form, has been transmutted to monkeys and cultivated n fertile
hens’ eggs However, as In measles, no satisfactory experimental
ammal has been discovered and the laboratory study of measles 18
extremely limted

The prodromal period of German measles 1s somewhat shorter than
that of rubeola Usually only 24 hours of catarrhal symptorms occur
before the appearance of the rash which 1s quite sinular to that of
measles except in its distribution ‘The face, neck, mouth, wust, and
chest are first affected The rash spreads rapidly and recedes on the
third day The face 15 usually free from rash by the time the legs ate
mvolved The importance of Koplik’s observation was that it pro
vided a differentiation on clinical grounds of measles and German
measles The lymph nodes below the occiput are enlarged and shotty

The occurrence of encephalitis following German measles (1
certamn the halitic symp have preceded the rash)
13 relatively rare but 1s known to occur It 1s a token of the neurg;
trapism of the virus Of greater importance 1s the observau;n .
increased susceptibility to German measles of the human em ?of
In 1941 Gregg, an Australian ophthalmologist, noted that Zeve!:om
Ius young infant patients with cataracts of their eyes, had been .
of mothers who remembered having had German measles dunng
pregnancy Gregg mvestigated the circumstances 1n great detarl ib .
discovered that women who had had German measles duning
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first tnmester of their pregnancy frequently gave birth to mfants
with congemital cataracts, anomahes of thewr hearts, or who were
mute or microcephalic. This signsficant observation has been con
firmed repeatedly In some seties of cases 85 per cent of all preg
nancies complicated 1n the first trimester by measles were found to
be assoniated with one or more congemtal defects and that 40 per
cent of pregnancies that had been comph i the second

had simular sequelae Other studses notably those w Sweden, have
placed the Incidence at a lower figure The Swedes estimate that half
of the nfants born of mothers early expased to German measles have
congenital defects The cataract is due to massive necrosss of the
nucteus of the Jens The carchac anomabes mclude patent wtraven
tricular septa and foramen ovale The mutism varies i its seventy
1 part depending on the penod of pregnancy 1n which the disease
accurred Mental retardation has frequently been noted and dia
phragmatic hernia has been described Abnormalities of the teeth
8ppear to be another common result of maternal rubella and consist
of delayed eéruphons, mmperfect enamel and a predisposition to
<anes,

The full significance of Gregg s observation may not yet have been
measured Various steps have been taken to meet the situattan In
Sweden and Denmark young mothers who contract German measles
dunng the first months of pregnancy are usually aborted If the
expasuse 13 recognized and smmune globulin admimstered promptly
1t may be possible to prevent defects 1n that way A further sugges
tion has been that 1§ year old gils be deliberately esposed to
German measles before they marry and concenve and the establish
ment of special homes where young women could be infected has

recommended Since the virus 1s not satisfactanly cultnated
the Taboratory, there are practical difficulties to this plan one of
which would be the provision of a supply of German measles vitus
that was surely free of other viruses Of perhaps greater importance
“specially in view of the scanty mformation we have vegarding com
parable virus infectrons 1s the possibility now supported by consider
8ble suggestive evidence, that simalar lesions i nfants are at times
caused by other virus wmfections dusing pregnancy Some of these
may be lesy conspicuous than German measles Possibly further
development of our Lnowledge of msnor virus infections will pravide
means for the further prevention of congemtal defects




VIII
RABIES

NE MIGHT very well assume that rabies exists precariously
Infected ammals mnvanably die and rabies virus would die
with them 1f meanwhile the ammal did not directly and conspicu
ously infect another by biting 1t Despite this clumsy means of
propagation, or, perhaps because the virus has a safer haven else-
where that we do not know about (as 1n bats?), rabies has surnived
for at least 4,000 years, for as long ago as that the law required “If
a dog 1s mad and the authorities have mformed 1ts owner, but he
does not cage 1t, 1f 1t then bites a man and causes lus death, the
owner of the dog shall pay two thirds of a mma (40 shekels of
silver)

From this and other testimony we may conclude the disease has
undergone no sigmificant change throughout western history In
North America 1t remains the serious and unsolved problem 1t doubt
less was long ago m ancient lands On the other hand, Australia has
successfully excluded 1t by quarantine, evidence that there 15 no
idden reservorr of infection there In New York, where 1t returns
annually from forested areas, 1t 1s thought to persist 1z wild ammals
and great efforts and energy or much better methods would be
required to stamp 1t out under such circumstances Moreover, the
problem 15 regional rather than one of the State alone New York
has succeeded, however, n preventing the mvasion of the Adrrondack
Forest Preserve by rabies virus, an effort justified by the difficulty
of eradicating the disease from such a large wilderness area

The story of rabies 1s mevitably and properly also the story of
Lows Pasteur for the study of rabies was the summit of his great
career, and his work encompassed most of what we now know of the
dhsease It was first of all the terror of rabies, umque of all the infec
tions mn that once begun 1t invanably causes desth, that first
challenged lum His interest in rabies and 1ndeed his active mvestlgf’!
tion of 1t preceded the famous field trals of anthrax vaccine :o
Poully le Fort Pasteur started with long and frutless efforts °
cultivate the microbe Students may well remember that out of thos!
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efforts, s which, on one occasion, sahva from a fatal human case
was moculated into rabbits, came our first descniption of the pneumo
coceus, for Pasteur’s rabbits died within two days and in them he
found and descuibed the encapsulated that was later proven
hy others to be the common cause of lobar pneumoma. It 15 to
Pasteurs credit that he was not musled by this finding and, baving
faded to cultivate the rabues agent as he had others he conceived
of growang 1t 1n the brams of rabbits Pasteur’s expenments mcluded
the adaptation and modification of the virus in rabbits, is attenua
tor by drying and by adaptation, the realzation that the long
sncubation period of the disease provided an opportunity to protect
an exposed person by vaccne, as well as observations that suggest
an wterference phenomenon Dogs that had recewved targe amounts
of wirulent virus subcutaneously promptly became refractory to
rables ‘1 am inchned to think that the virus may be accompamed
by 2 sub wlhck by imp g the nervous system, would
make it unstutable for the culture of the nucrabe

The discovery of rabses vacone proved to be the dramatic cimax
to Pasteur s career and p d the founding of Pasteur I
wn many Jands This was Pasteur’s solution Generally accepted at
that tume, 1ts effectiveness has not yet been satisfactonly measured
n man and fo a degree remawms 1n doubt Nothing better illustrates
the mp aof careful eval and of i
trials At the tsme the incidence of rabies among persons bitten by
rabid dogs was believed to be quite high but the opimon was based
on a small and random expenence ‘Therefore when after many
vacunanons Pasteur reported a mortahity of G5 per cent among
freated induiduals, there sepmed bttle veason to doubt the value of
tabies vaceme Synce that time, no one has dared to withhold treat
ment consistently an view of the sericusness of the disease and only
those countries with himted medical faciliies provide opportumties
for us to judge the outcome of untreated wounds from rabid animats
Neuther there nor here has 1t been posmible to judge aceurately the
Tisk by which vacomation rught be evaluated The evidence that 15
available, mckuding companson of the surywal of wdiduals bitten
by the same rabid ammal, some baving recesved vactne and others
Dot, all testifies to the value of vaccine although bardly providing
precise evidence
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The exceptionally prolonged icubation period of rabies, which
Pasteur utiized to immumze after mfection, was long thought to
depend upon the site of 1noculation Butes in the leg were associated
with longer intervals than those of the face or neck It seems likely,
from expenimental work of more recent years, that dose 1s of greater
importance as 1t 1s indeed 1n other virus infections, and that there
15 an unusual delay in the propagation of rabies virus for various
still unknown reasons In most individuals, symptoms follow the bite
by from one to three months but an appreciable number have shorter
mtervals and others as long as six to 12 months

The early symptoms of the disease are generalized malaise with
fever and headache and vague sensations at the site of the ongmal
wound These are followed by signs of a more severe character The
classical sign, hydrophobia, 15 common An attempt to swallow or
the thought of swallowing sets off spasm of the throat and patients
do not try to swallow their saliva or to drink Stupor or excitement
occurs dels or hall 10ns are Delinum or coma
and death follow m a few days or progressive paralysis leads to
exitus

Fatal human rabies 1s uncommon 1 North America and the diag
nosis 1s seldom considered 1n the absence of a history of exposure
Tetanus 15 probably the most confusing alternative for it too causes
spasms which are charactenstically more constant than those of
rabies Sensations about the ongnal injury may recur in fefanus as
well as in rabies Special difficulties arise 1 persons who develop
paralyses following rabies ton and pol liis 15 2
common alternative diagnosts in the paralytic cases

Diagnosss, whether of human or animal rables rests chiefly o
the recogmtion of Negn bodies, highly characteristic cytoplasmic
inclusion bodies of neurons at the cerebral cortex and cerebellum a5
well as nerve nuclet Ammon’s horn 15 a most likely place 0 ﬁ]nd
them They stamn itensely red with fuchsin, have a central granv 3:
mass of basophilic nature, and may be recogmized with conﬁd‘ﬂ::l
by the expenenced The Negri body presumably represents 30 (;: o
ony” of virus elementary bodies These themselves are but 1 -
150 mp 1n diameter The Negr bodies® staining reaction and appt! ol
ance are m part due to cellular constrtuents which form abou
mass of virus particles
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A more delicate test for the presence of rabies virus 1s the mntra
cerebral moculation of mice with a suspension of nervous tissue and
the 1dentification of Negn bodies 1n ammals that succumb usually
during the second week {ollowing wnoculation 1f the iliness 1s pro-
longed the tsolation of vicus may be uncertatn

Immunization agamst rabies has two applications the vacanation
of exposed persons and the widespread smmumization of dogs int
areas where rabres oceurs

Two types of vaccine are used One s Iiving but modified virus
Pasteur chscovered that field stramns become modified following
prolonged passages 1n rabbits (virus fixe) Such virus is probably
Jess virulent for man and dogs than the fresh strams but 1s more
irulent for rabints Interestingly 1t nduces the formation of few
Negrt bodies Virus long through eggs rep a further
stage of modification It does not cause the formation of Negn
bodies and 15 of fow rabbit pathogemaity It causes only a slent
mfection 1n dogs and 15 widely used to immumze them The practice
13 bemg followed with great interest for the safety of hving virus
vaccines by thewr nature more effective immunizing agents than
killed vitus 15 something we need to hnow much more about

Unfortunately faboratory tests of the safety of such preparations
camnot be completely relied upon The numbers of animals involved
in the field are so much larger than those that may be tested m the
labotatory and m the field many vanations of possible biologic
sgmficance changes m the health and age of the ammals as well as
breeds may alter thew susceptibility and affect the nature of an
tnfection with a modified virus Moreover adapted viruses may not
tepresent pure strains but rather mixed populations of which aviru
lent forms simply predominate and the possibility that a virufent
virus may anse from such a yuxture 1s a persistent hazard On the
other hand 1t seems well established that the onginal method of
Pasteur which 15 stll widely used does defimtely employ the use of
small doses of hiving but modified virus Viruses completely macti
vated by treatment with chemucals such as phenol or with ultra
et istaduation are avarable that Go not so far as we tan determine
contain hving virus

A canclusive companson of the value of vaccines of these general
1ypes and esp y of more d but wholly d
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virts grown 1n tissue culture has yet to be made and the preparation
of choice {s not at present determined

Antirabies treatment 1s 1tself of considerable danger and should
never be undertaken without ample justification Thus indirect con
tact or licks either by healthy or rabid ammals are not suffictent
Justrfication for the admimistration of vaccine and only if a dog has
symptoms of rabies or 15 proven rabid should licks on abraded skin
lead to the admimstration of vacane If the animal s symptoms dis
appear and after several days he appears to be healthy, the treatment
should be stopped On the other hand, 1f the rabid ammal escapes o
1s killed, treatment should be begun immediately Based on ammal
experiments the local treatment of wounds requires no more than
thorough washing with soap and water, and the use of strong cauter
zing agents apparently serves no useful purpose In addition, 1t 15
worth noting that potent antisera are now available for the preven
tion of rabies Antiserum 1s on occaston used as a substitute for
rabies vaccine especially m individuals who have received vacaine on
previous occasions While the true value of serum 1s not well estab-
Dished, 1ts use preceding vaccination may be hfe saving m human
cases 1n which the seventy of the wounds and their location
dangerous areas (head and neck) suggest that vacane alone may
not be adequate

Avianized virus and tissue culture viruses may be expected 10
eliminate one of the more serious, 1f nfrequent, complications of
antirabies treatment This complication 15 the occurrence of paralysis
shortly after the admmmstration of vaccne Paralysis in these cases
15 not due to the action of rabies virus but to a degenerattve demy
ehnating leston of the central nervous system that 15 due to the
repeated mjection of bramn tissue It 15 beheved that antibodies
develop to bram tissue and the reacton of them with antigen gives
nse to the lesions which are readtly reproducible espenmentally I:
may be seen therefore that the problems of immumzation agaics
rabes reman despite the progress that has been made 10 recent years
and that a satisfactory control of the disease tself, the elunnatton
of 1t, 13 far from being aclieved Until that time, rabies will remac-len
one of the more important virus diseases despite 1ts low mcé'de:we

Egg adapted rabies virus, the Flury stram, provides an € ecndx
vaccme for dogs and has been widely used Comparative tests ¥
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cate that the immumty following living virus vaccine persists longer
than that produced by lalled virus However, the modified virus of
course mu!hphes n the host and while there 15 no evadence that

d animals are are known in which dogs
have died fol under ¢ that suggest
the vacane virus wa.s respansible A certain amount of anxety 1s
hound to persist 1n the case of all hving virus vaccmes untdl long
and vaned lusively d ate their safety The
nature of rabes requires us to be as careful as possible




X

THE VIRUS LABORATORY SUGGESTIONS
REGARDING FACILITIES, EQUIPMENT,
AND METHODS

HE FIRST decision m planning a virus laboratory should be the
scope and nature of the work This will depend on local condi
tions In 2 speciahzed hospital particular problems may recommend
themselves for study The prevalence of certamn virus diseases may
determine New York State would seem a poor place to study the
arthropod borne encephahitides since cases are very uncommon It
15 usually wise to select problems that are largely unsolved and pro
vide many opportumties for mvestigation There are doubtless air
cumstances 1n which serologic tests alone wiil be useful in meeting 2
local problem but there are few rewards from such a program for the
pathologrst or bacteriologist who 1s curtous about the varus diseases
and few opportumties for study If complement fixation tests alone
are undertaken the requirements are simple enough Some antigens
may be purchased and the required Sera prepared m ammals of
collected and husbanded from local cases Tissue culture techoics
afford a fundamental laboratory disciphine and a basic tool m the
diagnosis of virus infections Much may already be done by means
of tissue culture alone ncluding diagnostic tests for such sigmficant
diseases as pohomyehitis and herpes and the method promuses to find
additional applications It 15 most economcal of space and ammals
but 1t 15 not now nor ever Likely to become a complete subshitute for
animal expenimentation It already 1s 2 most valuable aunthary The
experimental anymal 1s more versatile From the infected ammal one
can draw clues from the symptoms from the tissues after death
and from the and c resp Tt would be d'ﬁr
cult to proceed without anmals and the virus Jaboratory no mz’;i;
how small will be fortunate 1f 1t can make provision for them e
facilities may be quite simple
It 1s important only that the ammals may
gated from each other and from the staff A bo
should be especially vigilant n this regard The problem 15 to pr ten
cross infections within the umt which can cause errors and the ex
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sion of infection outside the umt to hospital patients or workers
Both are very real dangers and call for sound planmng and technics

The Is of a 1 y ar are embodied 1n the
the plan of the virus umt of the New York State laboratory The
arrangement provides for the isolation of the work with hghly
infectious agents and the segregation and handling of the various
diseases 1n individual, 1solated rooms The mdividual umts consist
of a small cubicle for ioculation of eggs and anmals, dissections,
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Ficure 1 Plan of Laboratoties for Virology Division of Laboratories and Research
New York State Department of Health Albany

etc, adjoining a somewhat larger room for the arumal cages A slow,
forced movement of air ventilates the entire umt, the flow bemg
from the cornidors to vents 1n the outside walls The highly mfectious
section has an air supply independent of that of the main umt The
two are separated by an air lock 1n which fresh air 1s mtroduced at a
greater pressure than that m the two sections of the building and
thus prevents them from muxing Sumlar plans have been used else-
where with equal satisfaction The principle may readily be adapted
to other spaces Tt 1s not difficult as a rule to provide for the out of-
door exhaust of rooms subject to infection In some cases 1t may be
necessary to disinfect the exhaust erther by heat or ultraviolet irrad
ation If the exhaust cannot be conducted to z remote vent, this
should be considered 1f the more dangerous viruses are to be mntro-
duced 1nta the laboratory



Another satisfactory and much more compact arrangement for
1solating mfected ammals was designed by Horsfall and Bager
(J Bact, 40 569 580, 1940) It consists of small cubicles that ac
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INOCULATION AND
AUTOPSY ROOM

to be
Ficuxe 2 The solation umt designed by Horsfall and Baver that has proved
Tughly suceessful (J Bact 40 573 1040 Fig 3)

each cubicle being mdwxduallg’l
been proven effective a1
tories that intend t0

commodate one or more small cages,
vented by means of a duct The design has
should be especially swtable for small labora
work with 2 varzety of viruses 1l and

Adequate provision for the sterilizatton of cagstls nﬁs;lrl!:wo fet
requires access to a large autoclave A rectangular ste
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square and four feet deep with monel clad mtenor 15 the smallest
that can be constdered adequate A hospital mattress sterihzer 1s an
1deal size Cages should be autoclaved as a rule before cleamng and
whenever the ammals are changed It 1s also important to provide
for the safe disposal of infected cage lhiter, dead ammals, and eggs

A small incinerator withm the unit 1s desirable and an adequate one
can be constructed by a competent mason 1 a few days if a flue1s
available Hard woods are 1deal fuel for small mcinerators, hickory
and oak provide the high temperatures required for efficient incinera

tion

Equipment

Small scissors of the kind called cataract or ms scissors equally
delicate forceps, and a few heavier scissors, forceps, pushpins, small
autopsy boards of soft wood, and sundry cutting tools are needed
Syringes from %4 to 20 ml size, the larger of the locking type, are
necessary Several needle sizes from 1147, 19 gauge for bleeding, and
4" or 34”, 26- gauge for mtracerebral mnoculation should be stocked
The Luer Lok synnges accommodate 2 convenent little Sextz type
filter (Swinny filter) which serves for the filtration of small samples
Bactenal filters are now infrequently used because bactenal control
by antibiotics 15 more convenient and simpler, as well as more effec
twve Bacterial filters entrap considerable amounts of even the smaller
viruses Nevertheless, filtration must be used at times and the Swinny
flter serves well Alundum 1s used i grnding tissues, and mortars,
three to four inches n diameter, ate 1n constant demand Purchase
atleast a dozen

A conventional centrifuge 15 useful in clanfymg suspensions
although most will settle out on standing for a short time Tf funds
are available, an angle centrifuge using one of the newer, high speed
electric motors and operating m the range of 8 000 to 10,000 rpm
will be a good 1nvestment For higher speed centrifugation, the
elegant little preparatory Spinco centrifuge should be chosen It 1s
capable of sedimenting even the small viruses, will handle consider
able amounts of starting matenal, 1s refrigerated (permitting long
Tuns), and extremely simple to operate This type of equipment 15
not, however, essential to dragnostic work

A reftigerator of good size (1t will not be large enough) and a
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deep-{reezer are essential For the successful preservation of viruses
the temp must be d below —20°C A storage bax
built with separate compartments for sohd CO; and specimens is
better but more expensive to operate Horstalt {7 Bact 40 539 568
1940) designed an excellent cabinet m which the end compartments
contain dry ice and the center has tall racks for the systematic filing
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Frouze 3 The box designed by Horsfsl) bas two compartments for dry e whidh
are completely separated from the central storage sectios They must be veated n;n
the room The armangement avowls saturatwig the storage space with carbon dionde
and makes 5t unnetessary that specmiens te sealed The size shown 18 practical, m
end compartments kcommodate the usual cakes of dry ice without tnmming and
storage space will accommodate 3 great many speomens of they are well aranged.
{J Bact ;40 5359 568 1940)

of the spectmens It provides for the optimal storage of most matenal
and avouds the necessity of seating each contamner agamst the CO:
which 15 necessary af the COz 15 1n contact with the specunens The
Jower temperature of CO boxes 1s advantageous i the case of SMIM
vituses ‘The deep freezer will serve for others and will be uttzm;’y
useful 1n preserving serum samples Serum antibodies are :ema; al rY
stable at 4°C and sera may be satisfactonly stared fa the refiige
ator for many years mithout loss ?f activity but the danger of con
amination by molds 15 reduced by frozen storage
‘ Ai small 1go):dnhzmg apparatus will be useful ammughAfr::;ﬂ
starage s in most wstances supenor to freeze-dry storage
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pletely satisfactory freeze-dry apparatus can be built about a liter
Dewar flask (used to contam the alcohol dry 1ce mixture) and a
heavy Pyrex flask with 2 side arm The side arm, located near the
shoulder of the flask, 15 connected to a vacuum pump, the specimens
to be drred are attached by tubing to the neck of the flask Detailed
speafications of a small drymng apparatus were given by van Rooyen
and Janes (J Lab & Clin Med ,43 489 494, 1954)

Ansmal coges

Small amimal cages represent a considerable part of the cost of
establishing a virus laboratory They will be needed 1 good numbers
and, since they require frequent steriization, should be of non
rusting metal We use mouse cages with a double top, one covered
with fine fly screening and the lower with quarter inch mesh wire
Infected particles that are rased from the bedding do not freely
pass through a double layer of screemng and flies are prevented
from entenng the cages ‘The boxes we use are made of 0025” thich
monel and are 734 X 634 X5 lugh The top edges are turned down
%" on the mside and soldered The covers are an interchangeable
drop-on type, loosely fitted, and made 1n two separate umts The top
section 15 covered with 16 X 16 monel screen, the bottom has 3 X 3
monel screen The top frames are of the same stock as the box atself
The covers are remforced with corner plates All jomnts are soldered
or welded Specify a 7/16” hole i the corner for the water bottle
Pyrex glass jars may be considered They are the cheapest and 1
many ways very satisfactory With careful workers they mght well
be the first chorce

Cages of a somewhat larger size are used for gumea pigs and
hamsters These should be equal 1n quality to the mouse boxes The

dimensions may be 8 X 15 X 634” high Double screenmg 15 agam
desirable

Ammals

A satisfactory supply of disease-free test ammals 1s, of course,
essential and, 1f 1t 1s possible to maintam a mouse colony, thus should
be done (Farns, E J,ed The Care and Breeding of Laboratory
Ammals New York, Wiley, 1950) If the ammals are purchased,
try to provide for uniformuty 1n strain of amumals and soutce of



78 Introduction to Viralogy

supply Age and size are important It 1s good practice to test the
mouse colony for the presence of latent lymphocytic choriomenin
gitis virus This can be done by harvesting a mouse bram and ocu
lating a number of the stock mice intracerebrally with 003 ml of 2
10 per cent suspension of the brain If latent chenomenngttss virus
infection 15 present, the disease will become manifest 1n the test muce
Albino mice are as a rule carners of Therler’s mouse encephalomy
elitis virus It 15 possible to mamtain a calony free of Thetler virus
mfection although strict 130lation and ngid control of the sterility of
food and bedding 15 necessary to prevent mfection The presence of
Theer virus 1 a colony 15 readdy determined by festng mtra
cerebrally 1 muce a fecal specimen collected from young adult
ammals There 15 no evidence that latent infection with this agent
sigmficantly interferes with the susceptibihity of albino muce to the
known human viruses

Mouse colontes have at times been found to be latently mfected
with several other viruses (Staff of the Roscoe B Jackson Memorial
Lahoratory, Biology of the Laboratory Mouse Philadelphia, Blakis
ton, 1941) One agent that has recently attracted attention causes
widespread necross of the brains and Livers of muce, suchling anmals
being especially susceptible (Cheever, F S, et al J Exper Med,
90 181 194, 195-212, 1049, Nelson, ] B J Exper Med 96 293
302, 303 312, 1952, Morns, J A, and Auhsio, C G Fedmtwr:
Proc, 13 506, 1954) The hepatic lesions charactenistically consis
of multiple foct of apaque, grey nature composed of mflammatoty
cells The cellular changes are suggestive of virus infection Mouse
pox or ectromela 1s another disease to bear m mind The mwmd
stances attending an outbreak of ectromelia in a mouse coleny used
for virus studies might profitably be consulted (Melmick, J L r:&
Gaylord, W H Jr Proc Soc Exper Buwl & Med, 33 315F L g
1953) A third s PVM or pneumonia virus of mice (Horsfall, }ud;
Jr,and Hahn, R G J Exper Med, 71 391 408, 1940) w oy
mduces a leston resembling influenza in the Jungs of mice Intranas o5
wmoculated with mouse lung suspensions Repeated blind Pﬂszagof
have revealed transmissible strans of PVM virus in hvo—dmns o
laboratory mice These natural wmfections of mice might “;wm
studied as an introduction to work with human pathogens S and
virus mfections 1n the test ammals must always be kept 1 mun
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the experimenter will be wise 1f he controls and standardizes hus tools
as much as he can The more he knows of his test ammals and
reagents, the more he can rely on his results

Egg mcubators

Provision must be made for both primary and secondary mcuba
tion of fertile eggs and there are few places 1n the country where 2
good source of fertile eggs cannot be found The Jamesway incubator
No 252 (James Manufacturing Company, Elmira, New York) 1s
entirely satisfactory for primary incubation and smaller inexpensive
units will be needed for the secondary incubation of nfected eggs
The American Lincoln Incubator Company, 645 Somerset Street,
New Brunswick, New Jersey, manufactures a 600 egg umit, lined
with stainless steel, that 1s excellent for the purpose

Few mstruments are required A good egg candler, one with an
intense light, 15 needed, syringes and several heavy, sharply pointed
probes All of the egg technics can be carried through with the use
of a probe and synnges Eggs to be moculated can best be stood 1n a
twasted ring of cotton wet with lysol and placed in a Petri dish Rings
of this kund are easily prepared as needed and then discarded

Tissue culture

Satisfactory tissue culture work may be accomphshed 1 an ord:
nary bacteriologic meubator Install a maximum mummum ther
mometer as a check on the sensitivity and reliability of the thermo
stat Provision should be made, as through the use of small trays
for slanting the tissue culture tubes sufficiently to prevent the flud
from coming 1 contact with the neck of the tube If roller tube
techmes are used, a swtable drum may be constructed of hght
matenal in which the tubes can be mounted Such a drum 1s readily
rotated by means of one of the small slow motors manufactured for
electne clocks by Telechron Depattment of General Electnc Com
pany, Ashland Massachusetts

Hustologic laboratory

It 15 a great advantage to have access to a good hustologic labora
tory so that tissue specnmens can be promptly prepared for micro
scopic 1on H are much neglected by
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virologists but can be of the greatest value in revealing the nature
of infections and frequently provide mmportant clues Histologie ex
amnation should not be perfunctory or routine, only selected tissues
and experniments deserve mucroscopic study But a supply of Bown s
solution for the fixation of spectmens should always be on hand and
p taken wh the bet of the ammals or the ap

pearance of thesr argans suggests an unexplamed condstion

It 15 probably unnecessary to note that electron microscopy 1s
rapidly apening new vistas it morphology and that the mtraceliular
lesions that are charactersstic of virus infections, as well as the vis
ualization of the viruses themselves, ptovide countless fascmating
opportumties for 1avestigation But electron mucroscopy belongs to
all of morphology and 15 not only a virus techme

Reagents

One wndispensable solution is a mixture of pemaillin and strepto-
mycin (500 U of the former and 2 5 mg of the latter per ml o
test matenial) for the t of that are d
with bactena The antibiotics have made 1t possible to salvage many
specimens and a stoch solution of pemeillin and streptomycm should
be kept on hand at all times Normal rabbit and horse serum should
be available Specfic antisera for the agents under study are re-
quired and should be prepared by the investigator The antisera
should be prepared 1n sufficient quantity to permit thew thorough
standardization and evaluation It 15 a great advantage to have
ample supphes of thoroughly studied antisera Antigens for use 1
complement fixation tests may be prepared hy the investigator of
purchased Viruses that may be encountered or with which the
worker intends to experiment must be collected and mamtaimed The
method of preserving them vares but all may be safely held in stor
age with dry ice Viruses may be purchased from the Ammcag
Type Culture Collection, 2029 M Street, N'W , Washington 6, D
They may frequently be obtamed from other mvestigators Its
most important that the ongm and identity of strams be huown

ertaint;

m‘: zew chxzkens will be needed 1f chichen red blood cells are to
be nsed In many cases human type O red blood cells can be sugsn
tuted Sheep red blood cells are required {or certan ‘hemaggluting
tion tests as well as for complement fixation tests
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Library

It 15 obviously of great importance to the nvestigator to have
access to adequate hbrary facilities A number of books will be con
sulted so frequently that they belong in the laboratory Diagnostic
Procedures for Verus and Rickettstal Diseases, 2d ed Amencan
Public Health Association, New York (in press), 1s a useful refer-
ence Viral and Rickettsial Infections of Man (Rivers, Thomas M,
ed , 2d ed Philadelphia, Lippincott, 1952) and the Textbook of Ver-
ology (Rhodes, A J, and van Rooyen, C E  2d ed Baltimore, Wil
Tiams and Wilkins, 1953) are useful The investigator famihiar with
French will find much of value n the comparable work by Lépme
and Soubier (Techniques de Laborgtosre Appliquées au Diagnostic
des Moladses @ Virus Pans, Masson, 1954), the Handbuck der
Virusforschung by Doerr (Wien, J Springer, 1938 1950, 4 vols )
has many excellent sections The perodicals of first chorce would
include the Journal of Expermmental 3ledicine, Proceedings of the
Socsety for Expersmental Biology and Medwne, Journal of Im
munology, Zestschrift fur Virusforschung, and the Bulletrn of Hy-
grene The last may be purchased unbound and printed on a single
side of the page In this form it 15 switable for clipping and the
preparation of an abstract card file
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THE SIMPLE COMMON TECHNICS

IN WRITING this little introduction to virology, the author has had
hospital pathologists much 1 mmd for 1t 15 hus experience that
hospital pathologists have unusual incentives and opportumties for
the study of virus diseases—not, perhaps, so much in the mvestiga
tion of a particular problem or disease as in the more expert and
precise diagnosis of the various mfections that come to therr atten
tion Hospitals and hospital pathologists are busy with the care of
the sick, their work 15 an endless succession of frequently puzzling
and usually atypical cases Each may become a pressing problem
because of the human values nvolved The tempo of hospital work
and the problems of individual disease tend to make the hospital
pathologist a pragmatic fellow but his scientific background and
tastes drive lum to meet these problems m a scientific manner and
to Jearn more and more about the diseases with which he copes He
15 umquely fitted, therefore, by background and circumstances, to
wmvestigate human virus mfections

His successes and satisfactions will depend on many factors of
which none 1s more important than the attention and skill he de
votes to the collection of good specimens Here he may excel 1f he
wishes for he has the best chance of all to collect the specimens ke
wants Judgment and care are needed Judgment 1s necessary o
select the cases that deserve special study and to collect the relevant
specimens Judgment 15 needed to select the specimens that may be
interesting for special reasons or that may afford an opportunity 0
learn something new Nothing 15 possible without a swuitable spect
men With excellent starting material most searches prove to be
surpnsingly stmple ‘Thus much hinges on getting the right specimen
Karl Meyer has told how he isclated the virus of equne encephalo-
myelitis, which, 1n turn, led to a series of discovenes of new agenaf;
during the 1930’s Meyer had been asked to mvestigate an outbrem
of a mysterious fatal disease of horses m Californra He had soug! .
by various means and without success to 1solate an nfectious agen!
from the bramns of dead horses and reahzed that he required better,

82
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i this case earber specimens Tramping through the countryside
he finally found a sick horse and through boldness and persistence
managed to buy and destroy 1t and collect the brain for study It
was from this animal that the first 1solation of equine encephalomye
Ttis virus was made The 1solation had depended not on method
but on the gualty of the The bospital 1 should
develop the habit of spending as much time as possible on the wards
and mn the chnics and i conversation with his colleagues who will
most Iikely know of instructive cases He should realize that 1t 1s
more mportant to spend hns effort on the colfecting of sutable start
ng matenals than in trymng to cultivate an agent from unsuitable
ones The tule should be to collect samples first and on small sus
picion and then to postpane the testing of them until 1t 1s evident
that the best available material 1s at hand Acute and convalescent
phase sera which are often so necessary to prove virus wnfection
should likewise be collected on the slightest provocation It 1s es
pecially important that the 1mutial serum be harvested early n the
course of the disease and 1t 15 good practice to take double the amount
of blood that 15 ly sent to the lat 'y for ather serol
tests thatis two rather than one tube of bleod

It 15 good practice for the pathologist to be prepared to coflect
spectmens properly in the post mortem reom A collection of small
{nstruments should be on hand that can be quickiy stemhzed and
used for the harvesting of interesting materal The level of bacterial
contamination 1n post morttem rooms 15 very high and most speamens
callected 1m them and sent to virus laboratones for examination are
unsatisfactory because of sothng that could easily have been avouded
R ber that the sp may be d with a vitus as
well as bactena 1f the collection 1s not properly made [f matenat
15 to be talen for moculation of ammals eggs or tissue culture the
bracedure should be planned m advance so that the specumens can
be collected before the tissues are badly contamnated If the decr
$10m to collect specimens comes as an afterthought the larger sur
faces of argans had best be seared with a red hot spatula and {reshly
€¥posed hissues barvested with sterile toals If the specimens cannot
be frozen they had best be stored in 50 per cent glycerol (CP)
which has the added advantage in the case of autopsy specimens of
being bactenedal Storage n glycerol works well for many viruses
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especially so for the neurotrapic viruses and influenza Pohiomyelitis
virus 15 stable 1n glycerol for many years

Matenals that are to be moculated into anmals or €ggs or irssue
culture should be promptly frozen and held at low temperatures
until prepared for mnjection "The samples should be of sufficient size
so that enough 15 left to repeat the 1solation 1f there 1s any doubt of
its validity Large thermos flasks containing dry ice or cracked ice
are convenent for carrying specimens in the field and for their tem
porary storage but a carton well insulated, as with crushed paper
waddimng, will serve The serum 1s separated as usual from the blood
clot, cultured on ordmary media, and may be stored in the ordwmary
refrgerator or frozen Itis advisable to dispense the serum i 1 0-ml
amounts i tightly sealed tubes Do not freeze whole blood unless
1t 1s to be used for virus isolation for hemolyzed serum 1s useless
m certain serologic tests

Specimens that might be infectious should be handled wth ap-
propriate care Since frozen materials are difficult to withdraw
from small necked bottles, 1t 1s helpful to use a straight sided, screw
capped jar of small size (one ounce) This should be filled no more
than half full, be properly ident:ified, and placed i an uncontam:
nated outer case Lusteroid tubes are frequently used, chefly be-
cause they do not crack when frozen They are, however, difficult to
sterihze and are highly inflammable Specimens may be easily con
taminated on the ward unless proper precautions are taken The use
of pr ly sterthzed disposable paper plates and cups and of
wooden tongue depressors 1s practicable

A register of all specumens recetved 15 desirable The number

1 each sp D des double assurance of the idestity

of the material

In prepanng mfectious specimens for testing or otherwise hﬁ;l
dling them, 1t 15 well to cover the workspace with a towel previous’y
soaked n 2 per cent cresol and wrung out and spread over the spacé
1n front of the worker The wet towel prevents dust from flying a5
absorbs and dilutes droplets of mfected matenal Such towels,ez
good grade huck towelmg 1s advised, should be routinely mnl:;ec
1n the autoclave A number can be stored 1 an enamel bu ol
Cresol has very httle virucidal activity but 15, of course, badmdl)e‘

Plastic eye shields (No 1120-C, C H Dockson Company,
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troit, Michugan) or regular spectacles and masLs, gowns, and caps
should be worn when dealing with dangerous matenal, thin rubher
gloves are at times desirable

Vaceination of the staff should not be neglected if dangerous agents
are mntroduced 1nto the Iaboratory No one should work with the
agent of Q fever or the encephalitides without previous immumza
ton

Preparing suspensions

Solid or particulate specimens must be ground and clanfied to
allow injection Half teaspoonful amounts of alundum can be stenl
1zed 1n test tubes and kept available for gninding Porcelamn mortars
and pestles are stenlized m separate paper bags and Lept on hand
The specimen, whether tissue, a cotton applicator, or setmsolid ma
tenal such as feces, 1s placed n the mortar, weighed 1f possible, the
alundum added, and the mxture ground thoroughly, adding diluent
with a pipette to make a of ble pro-
portions Eather physiologie saline (0 SS per cent) alone or physio
Jogic saline containing 10 per cent beef infusion broth (broth salt
solution) makes a swiable ciluent If the suspensions are to be
stored as stock test matenal, 1t 1s well to fortafy the diluent with a
Iittle sterile milk or normal serum (rabbuit or horse serum) n 2 to
§$ per cent after first that 1t has no dele-
tertous effect on the material for which 1t 1s to be used Visuses are
more stable when stored in this way

The supernatant may be decanted 1nto a swtable centnfuge tube,
clanfied by spimmng 1n the bucket type centnfuge for S to 15 run
utes at speeds of from 1,500 to 3,500 rpm depending on the nature
of the sediment The final supernate should then be decanted mto
a emall wide-necked glass Jar with screw top of the hind recom
mended for stormg speamens These small jars have tight closure,
stand upright on the table, and are cheap

The suspension should be streaked on 2 blood agar plate which 1s
incubated overmight and examined for evidence of bactenal contami
nants If no growth occurs, the matenal may be used as 1s although,
since this 15 a very crude test, 1t may not be stenile Otherwise the
muxture of p lin and strep (500U p llin and 2 5 mg

t per ml 1s factory for fecal ) 15 added
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Alternative methods are to allow the specimen to stand m muxture
with ether overnight, remove the ether by evaporation the following
morning, and culture Two runs 1n the centrifuge at maximumn speed
(3,500 rpm ) for periods of 30 mnutes are usually effective m
sedimenting bacteria from saline suspensions It 1s especially m
portant that suspenstons be bacteriologically stenle before they are
tested 1n eggs or m tissue culture

Antisera
A number of factors enter mto the preparation of antisera It1s
d ble to ammals of suffi s1ze to permt a reason

ably large bleeding 1f rabbits respond to the antigen, they are suit
able Rabbits are not very susceptible to many human virus dis
eases and may be injected directly with lving virus, mtraperitoneal
moculations being repeated at weelly intervals using 05 to 10 ml
amounts of antigen In some cases, to produce potent antiserum 1t
may be necessary to give a fourth wnjection of at least 1 ml 1ntr2
venously Bleedings are usually taken one week after the last 1njec
tion

1f the ammals are susceptible to the virus, the immuntzation pro
cedure must begin with very small doses or with high dilutions of
with virus that has been mactivated with formalin Frequently 2
stramn of virus 1s available that 1s of low pathogematy for the am
mal 1n question Moreover, there are often opportumities to collect
immune serum from test ammals, from the sick but surviving animals
1n a virus titration or neutralization test During the 1solation of &
virys, early passages 1 mice may result i only a few deaths but
the test animals may nevertheless have become immune Their ser2
can be especially useful in estabhshimng that the virus was presentz
the early passages and therefore more likely was in the orign:
specimen

Inoculation of enimals
A choice must be made regarding the species of test anmmals, ‘h::;

age and route of inoculation In general, younger ammals]are ::‘rus

susceptible There are two noteworthy exceptions Polromyel mrsnenm

(Type II) and freshly 1solated strains of Iymphocytic chorto

gitis virus are less pathogenic for infant muce Other ¢

are more pathogenic for infant mice, and, for certain

OmmOn VITUses
Group B Cox
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sackie virus strams, 1t 1s preferable that the amimals be no more
than one day of age In general, it 1s well to use mice two to three
days old since the newly born are less able to withstand the trau-
matic effects of moculation and are more apt to be eaten by their
mothers Tt 1s better to use mice of various ages and more than a
single route of moculation (but only one route per individual any
mal) unless the nature of the virus 15 strongly indicated by cireum
stances In general, neurotropic vituses are injected intracerebrally

Guinea pigs are sometimes useful especially since the effects of
oculation may be checked by daily rectal temperature measure
ments In this case, heep separate thermometers for each test amimal
Rabbits have Iimuted value m the isolation of viruses Intracerebral
oculations should be avoided as domestic rabbits are at times car
niers of herpes virus and intracerebral inoculation 1s hikely to activate
such an mfechion This has been a notorious cause of error 1n the
past

A hamster colony 15 easily mamntained and, while the rate of
multipheation is much reduced during the winter, the amimals are
mfrequently troubled by mtereurrent infections and are surpnsingly
dhsease-free. Newborn hamsters can usually be used in place of baby
nuce The hamster has no unique advantages although 1t 1s quants
tatively better than the mouse as a source of antiserum

Inoculatson of eggs

Three routes of 1noculation are commonly used, the yolk sac and
the alfantotc and cavitles A t il directly
mfects the respiratory tract The yoll sac is equivalent to an in
travenous noculation because of its great vasculamty Embryos
5 to 8 days ofd should be used since the yolk sac 13 proportionately
farger at that time Inoculation is made through the air sac with a
13% inch needle after puncturing the shell previously wiped with
tdine, with 3 sharpened probe The allantoic sac may be entered
In the same way or through 2 second opening, oser the embryo and
between blood vessels Embryos 10 or 11 days of age are sutable
The ammotic sac 15 the route used chiefly for the 1solation of strains
of mfluenza virus The air sac must be punctured, a small opening
made in the side wall of the shell adjoining the embryo (as located
by candling), the shell membrane fibers separated, and the chono
allantoie membrane dropped by suching on the hole in the air sac
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Fiouse 4 (1) As a first step wdentify the position of the embryo by a pendl merk
on the shell so that 1t can be avorded For yolk o allantore sae {noculations the Jarge
end of the egg 15 stabbed with a 34" needle and the injection made forthwith, The
air sac will have been punctured incidentally and provides sufficent isplacement for
the moculum (2) Inoculation of the chonoallsntowc meembrane requures that two
small defects be made in the lateral shell and shell membrane (3), and into the air
sac By aspirating with & section of subber tubing or & bulb, the membrane can be
dropped to create a mew, artifical ai saq, the basement membrane of which is
chorjoallantore membrane rather than the shell membrane which haes the true ale sac
The faoculin i then dropped onto the membrane by meass of & syras® of capilisry
which should be held i a nearly honzontal position to avold {raumatizing the e
brane (4)
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wth a rubber bulb Once the membrane has dropped, the shell may
be opened more widely and the embryo brought under direct ob-
servation. The foti b can then be identified and the
injection made within the sac.

A similar technic serves for infecting the chorivallantoic mem-

\

=3
W s

Foaz § Harvesting of egg matensl is equally simple The allantore fuid an be
Aspinted once the shell pver the aur sac bas been semoved 1f the oeedle openung I8
directed toward the shell, the tmembranes cas be avouded (5) Yolk sac is collected
titber by hfting 1t from the opened thell or breaking the egg ioto & Petri dish

then coliccting the membrane (6 and 7) Amnloic flud 18 easily harvested after open=
[5¢ he shell by gently shuftiog the contents wntd the sac overflaws the shell edge
m will and clear fuld are dustinctive and the fud may be atpirsted into a

8
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brane The membranes are dropped and the moculum distributed
over the surface with a syringe and needle The shell openings can
be closed with an inch wide strip of Scotch tape The curvature of
the egg makes 1t possible to fold the ends of the strip together form
ing two handles that are useful when the shell 15 to be more widely
removed Scotch tape also holds bits of shell during harvest Melted
paraffin 15 often used to close the smaller openings m the shells

Chicken embryos may be moculated mtravenously with a blunted
bevel needle and veins of the membranes or the embryo 1tsel, 1ts
bramn or peritoneal cavity, may be entered These methods are sel
dom necessary

Tissue culture techmes

Very rapid progress 1s being made 1n the cultivation of viruses
mn tissue explants and cells grown  viéro An endless variety of
technics 15 available and 1t behooves the beginner to choose a method
best suited to his situation and problems and stick to 1t until 1t 1s
thoroughly mastered The hospital pathologist has the advantage
of seemng the human tissues removed surgically From these he can
select samples swmtable for uissue culture Human uterus, for ex
ample, supports the growth of all three types of poliomyelitls virus
and can be used for serologic tests with all of these Human embry
onic tissue may become available at tumes and has unique value 1n
tissue culture study of human viruses because it has the growth
capacity of embryonic cells as well as the advantage of 1ts human
origin At least one strain of human cancer cells 1s available for
tissue culture work that may be mamtained as 2 perpetual source
of culture cells in the laboratory (HeLa cells)

Tissue culture techmes follow one of several patterns The bits
of tissve are cultivated 1 small fasks or tubes with a nutnient
medium (satisfactory synthetic media are now available and 1may
be purchased) plus serum and a little embryo etract or the exp ;n:
may be stuck to the walls of tubes or cover ships mounted on ho! u? d
ground shides by means of plasma clot, fiber glass cloth or othel
means The nutrient medium 15 replaced penodically The transs
planted cells themselves may be used to support the growth of v:rr:
or outgrowths from them may be essential In the latter case 3 P!
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hmmary incubation period 15 required before the culture may be
used

Virus growth may be recogmzed by necrosis of the cells, but this
does not always occur In the absence of such an effect, tissue cul
ture becomes involved and much less satisfactory It 15 possible that
the cytologic changes that da eccur may prove to be more charac
tenstic than they now seem to be and thus provide clues to 1dentity
Much more remains to be learned about these changes

It 1s evadent that diagnosis of virus infections may 1n some cases
be made by tissue culture methods either by 1solating a virus or by
serologic tests 1o which viruses on hand are tested agamst various
dilutions of serum by means of tissue cultures These are the meth
ods of choice in the case of poliomyelttis at present

‘Where small 1nexpensive animals are known to be susceptible they
obviously offer a number of advantages over tissue culture Ammals
are simpler to maintain, are more rugged hosts, and in their responses
disclose more of the nature of ther mfections Certamly provision
should first be made for amimal experimentation Tissue culture
should be mtroduced when and if possible, but only as a supplemen
tary techme Much time and effort will be saved if the worker can
atrange for personal mnstruction 1n an established laboratory

The neutrahization Sest

This 15 the basic serologic procedure 1n virology and yields by and
large the most speaific and significant evidence of the antigenic 1den
tity of viruses and of immune resp to inf The pi of
4 virus tn many cases, ot its appatent recovery from a patient, may
be open to vanous interpretations, since the subject may have been
ouly a carrier or the virus may have been picked up when the specy
Men was collected or during handling 1n the laboratory It 1s there
fore often necessary to demonstrate an immune response in the pa
tient For this purpose before and after, or at least acute and con-
valescent, blood serum specimens are needed In individual cases such
samples can usually be most siply and conclusvely tested for thew
ability to neutralize the virus in guestion

The neutralization test requires that the two sera be compared
for therr ability to “neutralize” the wirus, that is, to prevent mfec
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tion, ustng eggs, ammals or hissue culture as the erterion of nfec-
tion Specific neutralizing or posttive sera prevent homologous m
fection Quantitative companisons are usually necessary and always
desirable To begin with, one needs to know the titer of the vitus
Suspension being used m the test This 15 determmted by mahing
serral dilutions of the onginal suspension beyond the dlutsion that
yields 50 per cent deaths or whatever other mamfestation of infec
tion 15 chosen as the cnterion When that 15 known, equal parts of
broth salt (for control} and serum and of each dilution of virus sus
pension (a further 1 1 dilution of the virus) are mixed in small tubes
and mcubated for an hour at room temperature and injected into
graups of test animals, eggs, or tissue cultures The score 15 hept as
for the titration of the virus and 15 sumlatly 1terpreted

An alternative method 1s to mix a predetermined number of doses
of wirus (10 or 100 EDy) with various didutions of serum agam
1n equal parts The advantages of this procedire he mn economic use
of the sera and 1n greater delicacy of the test Moreover, a greater
range of antibody titer can be measured 1f a constant amount of
virus 1s used Neutralization test results vary in many instances
with the route of moculation Intrapertoneal tests generally are
more sensitve and indicate a greater neutralizing range, for example
than ntracerebral moculations but require larger wocula For i
tracerebral wmoculation, 002 003 ml amounts are usually mjected
for subcutaneous moculations, 003 ml 1s suitable, for the mtra
pentoneal route, 0 05 ml 1s more appropnate These quantities apply
to mce

The 1dentification of a virus by means of an immune response is
usually self evident If the results are to be expressed numencally,
1t 15 necessary to estimate the neutralizing wndex Ths Iike sndex
of virus infectivity, 1s determmed by estabhishing the dilution ;hhat
would presumably mfect or protect half the mice, the EDso 2 zls
may be stmply estimated by determmning the morbidity or mortaity
rates for dilutions that yield greater and lesser values than S0 p:r
cent and calculating the proportional distance between the two by
the formula 50 minus the mortality at the lesser dilution djvxde?r:}
the mortality of the higher dilution minus that of the 1awer8) l:
method of Reed and Muench (dm J Hyg, 27 493 497, wj; ¢h
widely used for calculating the titer of varuses and antisera althoul
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more elegant methods are available The moving average method 1s
used 1n the author’s laboratory (Thompson, W R Bact Rev 11
115 145, 1947)

Of greater practical tmpottance 1s the mclusion of switable con
trols A known 1mmune serum as well as a normal serum should

TABLE 2
AN ExaurLE OF A SATISFACTORY COXSACETE VrRUS NevreartzaTiox Test

Rersdie
Viras—Uouse Bes

Serum Suspension Group A
Typo1 No 4atés
Gy {Tym| svaw | Spus | g | ownt | pruons |t 1o
Normal | Mouse 2714749 | Undied s
Hamater 102045 . s
Monkey /10 0 . s
ALt ) e Moo | et | 62009 | 3100 v
v | o
Hamster . sheso | 11w o
s1w00 | 03
Bean srss0 | 1t
110 n
1100
6| sonn [Mouse | Bom 1726159 | Vadduted 2
1] s 39150 . '
] s 3o . mn

* Ociginat dutions.

Denominater indicates mmbu of tnice inoculated dumerstor mumber dead, phrelysed of pussing durlog.
he criticat period of the teot

Doevirnsvuanat --ududbymm sloormal s monkey o bumer but was prutralised by such
potency of the aatisera pre

furger Noseatral Troes6,T ot
AUMTe were naed

always be included The normal and the test sera should be from
ammals of the same species if possible The most switable negative
control serum 15, of course, an early bleeding from the immunized
ammal or the individual being tested for humoral antibodies Since
some sera contamn inhibitors for certain viruses, 1t {s good practice
tomactivate all sera at 56°C for 30 nunutes 1n a water bath unless
the absence of nonspecific mhibitors has been proven The interpre-
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tation of neutralization tests requires some knowledge of the nature
of the agent and host since viruses differ greatly in their antigenicity
and a titer of antibodtes may be considered signsficant 1 one case
but not m another Thus, while respiratory virys mfections may be
followed by shight or moderate immune responses that are neverthe
less of diagnostic value, equal differences encountered m neurotropic
mfections might mean very little The plan of the test and especially
the suitability of the controls are more smportant i judging 1ts sig
mificance than the precise calculation of the doses neutralized

Few practices are likely to be more instructive than that of m
cluding additional sera in neutrahzation tests even 1if some are
chosen more or less at random The sera from other patients recently
recovered from mfections or a sample of pooled adult serum col
lected n the area perhaps an antisera studied 1nn earlter work may
at times yeld surprising and hghly mstructive information Tests
hmited to the bare essentials imply that the experimenter can fore
tell the results of the test and there are few experimenters of whom
this 1s true The golden rule, therefore, 1s to experiment and 2 good
place to do so 1s 1 the neutralization test which provides many op
portumties for the virus fisherman

Hemagglutination test

Since 1941 when Hirst and McClelland and Hare observed that
the virus of influenza caused agglutnation of chicken red blood cells,
a vaniety of viruses including mumps, smallpoz, some of the enceph
aliides and foot and mouth disease has been found to agglutinate
the erythrocytes of certamn species under certain specsal conditions
The hemagglutination test at present remams the most useful for
studies of mnfluenza and mumps in man and of Newcastle disease 11
poultry, since for these viruses comparatively simple technics and
materials are required In the case of other viruses the conditions of
the test at present are more exacting and the reactions less sharp
and other technics more sutable However, 1t 1s quite likely that the
range of usefulness of hemagglutmation tests will be greatly ex
tended 1 the future Cells sensitized m vanous ways and mdirect
procedures that may be used to identify adsorbed antibody rathe:
than viruses offer prospects of mexpensive and gimple methods thaf
are well smted to virus diagnosis The hemagglutmation test atsel



The Sumple Common Tecknscs 95

s psefndan the p i) of inf} The allantoic fhud
of embryonated eggs full lated with throat washing:
from a patient 4 of having will aggl chicken

erythrocytes, indicating that a stram of virus has been isolated The
unhnonn virus may then be identified by treatng it with known
snfiuenza anhisera The homologous serum mhibits hemagghutination

— P

r ¢
abiity to inhibit hemagglutination of hamologous virus over that
taken from the same patient early i the disease

The Hirst method 15 widely used for infuenza studies The neces
sary matersals include infected allantoic fwd of known or unhnown
type, heat mactivated (56°C for 30 minutes) acute and convalescent
sera from patients ar known normal and immune antisera, a freshly
prepared 1§ per cent suspension of 3 times washed chicken red
cells and 2 supply of 0 85 per cent sodim chlorrde Human ted cslls
could be substituted especially since they should he easily obtamed
n 2 hospital ‘The virus and the sera must be handled wth stenle
precautions m order to keep them for future use, but the test atsedf
may be done in tlean but not stenle glassware The worker should
take care not to infect humself Many cotton plugged 1 0 ml pipettes
graduated 1 100ths will be needed, as well as many small 11 by
75 mm_ tubes selected for umformity of shape and diameter Long
:arl.s that hold at least 12 such tubes m a single row are most use
]

Color standards are prepared by making 10-100 per cent dilutions
of 2 15 per cent suspension of red cells in physivlogic salme For
example, 10 tubes may be set up with 19 m! of saline and 01 m)
of red celt suspension 1n tube No 1 15 mi of salne and 02 m) of
Ted cells m tube No 2 and so on down to tube No 10 which con
s 1 0ml of each The uter of the virus 10 be used is determined
by the hemagglutination test Two fold dilutions of 1nfected allantoic
flnd are made In saline with a clean pipette for tach dilution An
€qual amount of 1 § per cent erythrocytes 1s added to each tube
Cluding a contro} tube contammg saline The muxtures are allowed
to stand at voom temperature for one hour, dunng which time the
agglutinated cells settle to the bottom The uter 15 determuned by
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comparing the density of red cells still suspended 1 the lower thard
of the tubes with that of the freshly shaken color standards There
1s saud to be one agglutmating dose of virus 1n the last tube showng
50 per cent agglutination Once the virus titer 35 Lnown, the kemag
glutinatson nhibition test may be done Serial two-fold dilutsons of
sera are made, again using fresh pipettes for each dilution, and
mixed with an equal volume of virus of one difution The erythro-
cytes are added as before The virus dilution to be used thronghont
15 calculated as one capable of giving four agglutmating doses after
the final addition of two volumes of red cell suspension The end
pont of the serum 1s found 1n the tube that shows 50 per cent aggla
tination, representing one hemagglutmation mhbiting ymt A num
ber of unknown sera may be quickly cheched 1n this way agamst
one or more hnown types of virus, or unknown viruses may be iden
tified (J Immunol, 65 347-353, 1950)

Complement fixatron

The quantitative complement fixation test 1s routinely used 1n the
Dision of Laboratones and Research, New York State Depart
ment of Health, i the dwgnosis of the encephaliides (VEE,
EEE,and St Lous encephalits), herpes simplex, mfluenza, lymph
ocyhic chor 15, lymph )! mumps, psttta
costs, Q fever, Rocky Mountain spotted fever, typhus, and vaccima
The technic used 1s simlar to that described for syphilis m Standard
Methods (Wadsworth, A B Standard Methods of the Divssson of
Laboratories and Research of the New York State Depariment of
Health, 1947, 3d ed , Baltimore, Williams and Wilkins, pages 361
465) Two-fold dilutions of serum are tested with three 50 per cent
umts of complement Fixation for 24 hours at 3° to 6°C 1s prac
ticed
The optimum dose of antigen is deternuned as the a’niount wh‘l;h
gives maximum fization of complement under the o of :
test (In the example shown in Table 3 the { 2 dilution of 3:“;?1?1
appears to be optimum for three umts of complement and Wi o
tions of serum from 1 4 1 to 1 125 ) Dilutions of serum ate tes! o
with optimum doses of antigen and with varying amounts of tzmgm
ment, using proportionally increasing amounts of anhgen a!:;f zom
plement for the increasmg amounts of serum The amount
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plement required for 50 per cent hemolysis is determined from the
partial hemolysss obtained by means of graphic extrapolation or
conversion factors applicable to the system The maximum values
obtained with each amount of setum are plotted against the quanti-
ties of serum used and a hinear relationship will be found between
serum and complement From this line the titer can be determined
by extrapolation as the number of 50 per cent units of complement
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& system fn which the antigen was 5t Lows encephahitis virus

required for 50 per cent hemolysis when undiluted serum reacts with
antigen in optimum dose.

The data presented in Table 3 have been plotted in Figure 6 to
iltustrate the linear relationship between serum and complement in
the range between 2 and 9 units of complernent, After 9 units the
stope of the hine decrensed, sigmfying that the maximum reactions
had not been obtained with the doses of antigen employed and with
0003, 8 005, or 0 008 ml. of serum,

Four-fold increases between acute and convalescent specimens
ate usually significant,
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TABLE 4

Raxcz Test 1o DETave ACTIvITY or ANTioEN Respurs Exraessen N Prxcexy
Hruorysis Trreas Were Dererunved py Usins Tasie 23 yaox Staxvazs Mrmops

Tet Por Cont omabysit wad Tuters wisk Foliowang Scrwm Dilitsons end 3 Loty
Antiges Comlemens (305w 6ach Serum Dilation Uty

Do faa e ta Do) vr [ree] crefmie] o] te] 16ira
Undil, ° o ] >0 "0 2% 100 100 100

12 o o >0 3 0 w00 e 1w

1 e @ | >0 s 40 $81 45 w0 o0

1 0 s 0 ) >0 n n 0 40 100 100

+16 @ & k] ) 1 o0 100 199

i o5 o4 100 0o 10 106

The technic described by Fulton and Dumbell has a number of
practical advantages m diagnostic work It is very economical of
serum and anbgen and also of glassware Since the commeraal virus
antigens are rathet expenswve, the drop method has been popular
virus laboratories and has proven unsefn] (Fulton, ¥ and Dumbell,
K R 7 Genr Microbeal 3 97 111,1940)
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