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PREFACE

Ix spite of their obvious mportance i present day medicine
the hterature on virus diseases available to those who are not
specialists 1s still very small Too often the practitioner
feels that, n dealing with many of those virus diseases which
he encounters mn practice, he must work alone Conditroned
by the rapid help of public health bacteriology he becomes
impatient of the delay at present necessary for the diagnosis
of virus infections  Such & state of affamrs 1s partly due to
the virus workers themselves who, perhaps, do not sufficiently
g the difficulties of the ind nor
make him acquainted with therr own considerahle ad-
vances In recent years This has resulted 1n a victous circle,
for 1t 1s only by the closest eo operation between the labora
tory and the practitioner that the diagnosis and control of
virus diseases can be advanced
Thus book has been written m an attempt to narrow the gap,
and also to bring home to the student that the study of viruses
1 now a seience m 1its own right, and requires more than per
functory mention in textbooks of bacteriology The eprdemi-
olog:st may indeed find something of value, but the book 15
ly not ded for the lal y worker The
latter will find that some matters of importance to him have
been omitted, simply because they are not of equal importance
to the others No attempt 1s made to be exhaustive, the
study of viruses 1s now rapidly evolving and new discovertes
constantly being made Some of these are fundamental,
others ephemeral, and time may be needed to assess them
properly Bibliographies have been omitted 1n an attempt to
Leep the book within reasonable limits, unless exhaustive
they are of doubtful value, and if required can be readily
found by reference to those admirable large works which
are avatlable My own debt to them 1s obvious
v
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My sincere thanks are due to many, but particularly to
Dr J D McCormack, doyen of Irish epidemiologists, to my
colleagues in St Vincent’s Hospital, Dr D K O Donovan
and Mr William Doolin, to Dr Willam Hayes of the Post
graduate Medrcal School, and to Dr M P G Stoker of the
University of Cambridge  All of these read the manusenpt
and, by guarding me from errors, leave me in their debt For
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Orgamzation and the Controller of His Majesty’s Stationery
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Messrs J & A Churchill Ltd, and particularly Mr Ruvers,
for their kindness, courtesy and, above all, therr patience
with me 1n all our dealings
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Cuarrer OvE
THE CHARACTERISTICS OF VIRUSES

Tne first d of the of viruses was
ded m 1898 by B k. when he established that the

1nfectious agent of tobacco mosaic disease was filtrable Even
earhier than this, m 1892, Ivanowsk had carmed out filtration
expenments on tobacca mosaie with the same results, but had
fatled to appreciate the sigmificance of hus findings Beyennck,
however, recogmzed their importance and realized that a
new type of mfectious agent had been discovered In 1898
also, Loefller and Froesch showed that the causative agent
of foot and mouth disease i animals was filtrable and the
virus era may be said to have begun

In the immediately succeeding years many diseases
affecting man, ncluding yellow fever, rabies, smallpox and
pohiomyehtis, Wwere shown to belong to the same group
Later, the discovery of b 1 viruses, or b:
vadened the group even further It is now known that vars
disesses are widespread and that they affect man, anmals,
plants and bacteria  New agents of the same type and new
disease pictures caused by them are constantly bemng reported

It would be unwise, 1f not impossible, to go very deeply
nto the nature of those disease agents which we eall by the
genenc name of viruses  Several attempts hatve been made
to present a coherent meture of the whole group and none of
them were very successful Its various members are too
heterogeneous 10 their known characterishics to allow the
apphcation of any general rules which could be recommended
to the student

Of late yesrs viruses have rarely heen defined Recent
intensive study has given us a hint of all that vet yemains to

1




2 Tue CHARACTERISTICS OF VIRUSES

be discovered about them and shows the difficulty of attempt-
ng, with our present knowledge, to fit all the viruses affecting
man 1uto any nigid scheme of classification  Some years ago
one frequently defined them as ultramicroscopic, filtrable
agents which could multiply only 1n the presence of living
cells This was an unsatisfactory defimition because the first
two terms m 1t are only relative, they depend on the micro
scopes and on the filters available Nowadays filters can be
constructed which will hold back almost any virus and the
electron microscope shows us what most of them lock hike

At present, the nearest one can get to a definition of the
viruses is to regard them as a group of nfectrous agents, most
of which are smaller than bactera, which will multiply only
within Iiving cells  Thus 1s obviously no more than a working
rule There are some viruses which do not appear to be
nfectious there are others which are larger than the smallest
bacteria, but there are none which will muliiply in the absence
of living cells Claims are made from time to time to have
grown viruses 1n cell free media, but they have never been
confirmed, and the more we learn about them the more certain
1t appears that all viruses need living cells for their growth
Unfortunately, even this very striet requirement is not
confined to the viruses for 1t apphes also to the nickettste,
and, although 1t 1s a characteristic of the virus group 1s not
pecuhar to 1t

Most of the difficulties 1n trymg to find a satisfactory
definition of viruses arise from the fact that we know far less
about some of them than we do about others There are at
present so many apparent exceptions to any rule which could
be laid down that 1t appears at times that we hnow very httle
about viruses This statement 1s, indeed, true so far as it
goes, but 1t may encourage the student to fall mto the opposite
error  There are gaps, and large gaps, in our knonledge of
viruses—most of them due to techmeal difficulties—but we
really do hnow quite a considerable amount about them
Some have become prone to regard viruses as almost mcom
prehensible metaphysical abstractions Burnet has summed
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up lh\s attitude well when he speaks of the exaltation of the
“s1rus” to some mystenious entity which 1s greater than the
sum total of the attributes of 1ts particles This viewpoint
1s unfortunate for, whatever else viruses may | be or may do
the virus particle can be
and immunologically and its effects can bc studled n man or
m expenimental ammals  Each virus disease 1s caused by
virus particles which 1n most cases can, even with our present
methods, be separated from the tissues in which they grow,
and which will reproduce the disease if t d to another
susceptible host  Koch's postulates may not be strictly
fulfilled but we can approach closely enough to them to be
reasonably sure of our results

ELEMENTARY BODIES

Virus particles are usually termed elementary bodies, and
1t 1s now clear that these particles are the cause of the different
virus diseases in the same manner as bacteria are the cause of
bactenal disease In some instances, such as measles, no
elementary bodies have yet been described, although there s
httle doubt that measles 15 & virus disease The technieal
difficulties of growing such viruses have not yet been mastered
In the majonty of cases elementary bodies can be obtained
m pure suspenston and can be more or less easily studied
depending on the virus concerned The wirus of vaceima 1s
readily handled, that of poliemyehtis 15 much more difficult
to work with

To carry out any fundamental studies on viruses it 1s
usually necessary to obtain a pure suspension of particles or
elementary bodies freed from the cells m which they have
multiphed This may be done by the disruption of infected
cells by, e g gnnding 1n & mortar or by alternate freczing and
thawmg  The resulting matenal 1s then centrifuged at a low
speed to remove the cellular debns, and finally at a high
speed to throw down the virus parhicles themselves The
deposit, contaiming the varus, 1s then resuspended and may be
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used for mfeetivity or chemical tests, or for other examimnations
such as electron mucroscopy

Some of the large viruses, e g psittacosts, may also be
studied to a hmited extent mside the cell, 1n which a defimte
Ife cycle can be demonstrated for them The elementary
bodies are found grouped together within the cell in & manner
analogous to the groupng of bacteria in colontes By micro
mampulation methods these virus colones or mclusion bodie
can be proved to be composed of virus particles While we
can visualize them inside the cell, and can free them from 1t,
we do not know how they affect the metabohsm of the cell
itself  Our present methods of study have been evolved
primarily for the examination of the virus itself, and not for
elueidating the relationship between 1t and the cell

THE VIRUS AND THE CELL

There are many difficulties mvolved in proving that
elementary bodies are infectious, but, on occasion, 1t has
been d ated exp lly m a very g
manner  Ideally, one single elementary body should be
shown to be capable of mmtiating infection This 15 a very
nigid test and, in fact, 1t 15 doubtful if 1t 15 often fulfilled even
under natural conditions In some cases, however, we have
come very close toit  In a senes of experiments with vaceina
virus 1t was found that one out of every four elementary
bodies present I a suspenston of the virus could be proved
to be nfectious This Is very convmnemng evidence, and it 1s
doubtful 1f one could go much further experimentally

There 15 only one way of determming whether or not any
given elementary body 15 actually infectious, and that 1s to
ymplant 1t 1nto susceptible tissues Even then, should 1t fail
to grow, 1t does not necessanly mean that the virus parbicle
1s at fanlt  Although the particle itself may be active 1t still
must get nto the cell m order to grow and thus prove its
activity The mechamism of entry 1s unhnown—it may be
a function of the particle, or of the cell, or of both If 1t could
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be elucidated we mght find means of preventing it, and so
would have gone a long way towards the prophylaxs of virus
mfections In spite of a great solume of work, principally
with mnfluenza virus in recent years no great progress has,
however, yet been made

Exen 1f the problem were solved for one virus there 1s no
reason to suppose that the solution would necessanly be the
same for all of them Viruses differ enormously one from
another, and they have only one thing in common which 1s
their need for lving cells for survival Their methods of
getting 1nto the cell and of multiplying 1n 1t once there may
not be the same 1n all cases Because 1n the final analysis
their effects on the cell are always the same~prohferation or
degeneration—one 15 inclined to think that they all affect the
cell in the same way There s no reason at present known
to us why this should be so e are almost completely
ignorant of what happens wmside an infected cell of what the
virus does there and of how it multiphies

Nor should 1t be assumed that the virus inside the cell 1s
always the same shape or size as 1s the elementary body which
we regard as the virus outside the cell In some cases it may
be but in others the elementary body once inside the cell
probably divades into a number of smaller particles Such a
procedure has already been suggested for nfluenza Hoyle
has postulated that after the moculation of influenza virus
mto the allantoie cavity of the chick embryo it multiphies in
a non mfective form consisting of smaller particles mside the
cells iming the casity There 1s a marked difference of opimion
between Hoyle and some other workers on this point  The
theory cannot be regarded as proven but it seems to have
much to recommend 1t

Once mside the cell the virus partlcle docs not merel) act
a3 a sponge a5 1t were p ly
Some active process 1s at work Ve hnow “that this 15 so
because the vitus multiplies within the cell  If one particle
enters a cell a very much larger number of particles 1s hber
ated when 1t breaks down It mav be that the virus particles
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ally themselves 1n some way with some of the normal internal
structures of the cell but we have little experimental evidence
on this pont Al that can be said with any certainty at
present 1s that viruses require living cells for therr growth
and that therr action within them 1s to divert the cellular
metabolism to their own benefit In this process they will
eventually damage or Lill the cell and when a sufficient
number of cells 15 affected chnical signs of disease become
apparent

There 15 also some evidence that once a virus particle enters
a cell 1t can prevent any other particle from doing so This
1s known as the interference phenomenon and 1s one of
considerable academie interest It holds out some hope as a
possible method of preventing infection with a virulent virus
by the deliberate moculation of & less virulent one but the
practical applications of the 1dea have not been very mten
sively studied What the mechanism at work may be 1s
quite unknown It would be easier to understand if we could
show some relationship antigeme or otherwise between the
virus already mside the cell and the one seeking entry but
1t has been shown time and again that this 1s not necessary
For instance an intracerebral injection of mfluenza virus m
mice will interfere with the growth of St Lows encephalitis
virus when the latter 1s moculated subsequently The
phenomenon 1s one of the most Interesting aspeets of the
virus cell relationship but 1t 1s httle understood

ANTIGENICITY

Virus particles have properties other than nfectivity
Heated virus will no longer be infective but 1t can be used 11
vanous tests for example as the antigen m a complement
fixation test Simlarly viruses which have been rendered
non nfectious by formaln or ultraviolet light may be used 1n
vaceines and will stimulate antibody production

The antigenic properties of viruses are of the grenkes;
importance both in diagnosis and n research By means of
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them we have been able to differentiate between strains of
viruses which cause the same clinical disease pictures in man
or ammals Obvious examples are the A and B types of
nfluenza virus, or the two types of equine encephalomyelitis
found in the Umted States As well as that, 1t 1s possible to
reverse the procedure, and to show that viruses which bear
Iittle relationship 1n their chinical effects may nevertheless be
closely related antigemeally The viruses of the psittacosis-
) group are of this

CHEMICAL AND PHYSICAL PROPERTIES

The chemical and physical properties of viruses, while
dependent on the structure of the elementary hody, are
different agamn from nfectinty or antigematy.

The chemical characteristics have been very intensively
studied and critical analyses made of elementary body sus
pensions It has been found in these cases that part of the
material present could be accounted for as bemng derived
from the host cells Because of the difficulty of obtamning
absolutely pure suspensions free from all host tissue con-
tammation, chemical analyses of viruses have at times
produced different results in the hands of different workers,
due no doubt to the varying degrees of purity of their original
matenal  In spite of this the chermeal structure of some of
the viruses has been determined with 2 high degree of
accuracy Vaceimia varus, for example, has been shown to
contain carbohydrate, protemn, Lpoid, thymonuclerc acid,
biotin and copper The plant viruses hate been much more
intensively studied than have the ammal viruses, on which
Iittle work has yet been done, probably due to the greater
complexity of thetr chemical structure

A considerable amount of work has also been carned out
on the physical properties of the virus particle This has been
principally concerned with studies of shape and size  Where
Televant the findings are later referred to in the appropriate
sections
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NATURE |

In a work such as this there 1s httle to be gained by entering
deeply mto the controversy as to whether viruses are living
micro organisms or merely complex chemcal entities In
the early days the general opinion, as expressed by Green and
by Laidlaw, was that viruses were micro orgamisms which,
had undergone “retrograde evolution ™ They were thought
to be derived from bactena or simlar micro organisms which,
with the passage of time, had lost some or all of the bio
chemncal properties of bacteria—such as the ability to
synthesize from the environment the foodstuffs required for
survival In this view all viruses were hiving orgamsms but
were completely parasitic and dependent on therr host cells
for growth and survival The smaller the virus the more
parasitic 1t was, and the less likely 1t would be to have any
independent metabolic activity of its own The viruses of
the psittacosis lymphogranuloma group which were large in
size and which looked like bacteria lent weight to this view

Then, in 1933, Stanley reported the crystallization of
tobaceo mosaie virus and the whole question was thrown nto
the melting pot with rather indecent haste As other plant
viruses were crystallized it turn 1t seemed that viruses were
just protemn molecules It was suggested, and the view gamed
considerable acceptance, that this held also for the ammal
viruses  Tn spite of the most assiduous attempts, however,
no single ammal virus has yet been crystalzed and the
pendulum seems at present to be swinging back It would
be difficult now to find anyone who has worked with the
anmal viruses who regards them merely as protem molecules
As Burnet has smd  “The time has passed, at least i tht
case of the ammal viruses, when 1t was necessary to w 1thholé
the term orgamism from a virus It 1s now some years since
anyone has spoken of the viruses as non living protein mole
cules ”

This may be regarded as a working hypothesis for the

student or practitioner interested in the nature of e
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siruses which affect man and arumals  Whether or not plant
viruses differ essentially 1n their nature remaimns to be seen

Discussions on the nature of viruses have shown a regrettable
tendency to tail off mto a defimtion of terms  Many of the
articles on this subject have been written by plant virologists
or chemists who, 1n some cases, have rather tended to over

sunphify the subject

ADAPTATION

It 15 not always sufficiently appreciated that the viruses
which are studied 1n the laboratory are not identical 1n all
cases with those occurring naturally It 1s obvious that the
chick embryo 1s not the natural host of influenza virus nor
for that matter are any of the expenmental ammals  The
virus has been persuaded to grow 1t a new environment

Vrhen viruses are first isolated 1n the ammal or chick
embryo they gron poorly and not all the particles which are
present in the matenal 1noculated, e g sputum or blood, witk
multiply in the new type of host Only some of them,
probably a very small fraction will be capable of adapting
themselves to a different environment The others are
unable to do so and will die off From those few particles
which multiply a new laboratory stram 1s produced The
ease with which this happens varmes from virus to virus, and
even from strain to stram  In some eprdemics 1t 1s relatively
easy toisolate influenza virus from a igh proportion of eases,
in others 3t may be difficult to isolate 1t at all

On first 1solation the relationship between the *“‘natural’
strain and the “ laboratory” stramn 18 very close, but as time
Passes and numerous passages or subcultures are made, some
of their charactenistics may diverge  For instance, laboratory
strams used for studying the reactions of amimals to infection
are kept at a high level of virulence, probably far above that
found m nature Al the conclusions drawn from the
behaviour of such a strain may not be equally valid  After a
sufficient number of egg passages influenza virus hecomes

vivs Diszases :
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avirulent for man—its natural host In spite of this much of
our 1nformation regarding 1ts behaviour m nature has been
tahen directly from the behaviour of such laboratory strams
without perhaps sufficient attention bemng paid to these
differences

VARIATION

Allted to the question of adaptation 1s that of the vanation
of viruses which 1s an ever present worry to the epidemiologist
It 15 very probable that the pandemic strain of influenza of
191819 was a variant of influenza virus as we know 1t today
Similarly the ordmary stramns of influenza A virus with which
we were famibar until 1946-47 now seem to have largely
disappeared their place being taken by others which are
closely related but which do show certamn differences Chuef
amongst these 1s an antigenic difference which means that
one would expect vaceines prepared agaimst the older strains
to be of hittle value aganst the new arnvals  So 1t has proved
n practice There 1s no way of knowmg when such vanants
may arise to present us with new problems when we think
that we have mastered the old

On the credit side of the ledger this property of viruses
has been turned to our advantage The two most successful

ples of m virus d are yellow fever
and smallpox vaccinations In both of these a vanant of the
causative virus as 1t appears in nature 1s used for the vac
cination The phenomenon cannot be produced at will and
a certain amount of luck 1s needed to obtain 1t but it repre
sents a very fruitful field for future study

Tt 15 obvious that if variants of the different viruses eould
be produced which were antigentcally similar to the parent
stram but which on inoculation did not produce the 1ll
effects of the fully virulent virus we would have a very
valuable weapon indeed for the control of virus mfections
For some reason which 1s not fully understood vaccrnes con
tamng hve varps appear to be more powerful than do those
contaming nactrvated virus but the only hve vaccines which
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can be used with any confidence are those contaimng non
srulent vanants of the naturally cccurring virus

CLASSIFICATION

It has long been fashionable to attempt to classify virus
diseases by the type of cell which a particular virus attacked
For nstance poliomyelitis was classified as a neurotropic
wirus herpes as a dermstropie one and so on  From the
virologist s pomnt of view such a classification has httle to
recommend 1t Pohomyelitis and rabies are both neurotropic
viruses but apart from that they cannot be said to haye much
i common Both the lesions they produce and their methods
of spread are entirely different The same arguments apply to
the classification together of mfluenza and psittacosis as
preurnotropic vituses  The mamn value that such a classifica
tion may have 1s as a catalogue of the viruses which affect
particular sites 1n the body It 1s a clneal classification of
vrus disease rather than one of viruses and completely
1gnores both the properties of the viruses themselves and their
methods of spread From the epidermiological pomnt of view
smallpox and influenza should be grouped together as should
yellow fever and equine phalomy If one d
only the properties of the viruses concerned lymphogranu
loma inguinale and psittacosis should be included 1n the one
headmg  If size be taken as a eritenion then three such widely
different viruses and virus diseases as poliomyelitts loupmg
3l and yellow fever may be grouped together at one end
of the seale and vaccinia and lymphogranuloma at the other

This entenon of size 1s frequently used to distinguish iruses
butitisavery unsatisfactory one Taking the group as aswhole
1t will be found that the largest of them are 1n fact larger than
some of the bacteris wlule at the other end of the seale are
found those wlich nre smaller than some protem molecules
This 1s obviously far too wide a range to allow of proper classt
fieation  The viruses are grouped according to their size in
Toble 1 but no sttempt 1s made to classify them on that basis
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Taken by and large 1t 1s difficult to sce how any classifica
tion of such a heterogeneous varnety of orgamsms as the
viruses can properly be attempted at this stage If there were
some clue as to the reason why some viruses showed a par
ticular predilection for certain cells, or if we knew why they
preferred one type of cell in one host and a dufferent kind 1n
another, we might be able to put such a classification on a
firmer footing It may be that the cytologist has not
mterested himself suffi ly m these probl and that
there 1s a clue to be found from a study of these phenomena
which would gwde us to the essentials of the virus cell
relationship

None the less the virus partiele must be studied not only
at the-cellular level but at all levels before any very clear
1dea of the virus itself can be gamed This 15 not merely the
province of the microbiologist m his laboratory All the
snformation that can be gamned about virus diseases 1s relevant
to the study of therr nature To give an example the fatlure
to vaccinate certam people successfully—a mmor and every
day occurrence—must be capable of explanation  This would
have a bearng on the behaviour, and thence on the nature
of vaceia virus  Truly there 1s a wide field m virus studies
and every particle of mformation 1s of importance It 1s
unfortunate that too few practitioners interest themselves m
these problems, because only by co operation amongst all
branches of science shall we feel our way to a fuller under
standing of the nature of viruses and of the diseases they cause
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Table 1

Red bload cell
Staphjylococeus aurens
Psittpcosts

Vanceli

Incluston conjunetrsitis
Trachoma

Mumps
Lymphogranuloma
Vacema

Herpes

Tanes

Pneumoma virus of mice
I ymphoeytic choromenngitis
Influenze

Neweastle disease of fow}
Tobaceo mosme viras
Equine encephalomyehitis
St Lows encephabitis
Hxmocyani molecule
Yellow fever

Louping »i

Covsachie virus

¥oot and month disease
Poliomyehtrs

hametes
nmg
7000
800
275
210
200
200
200
150
150
125
v15
125
125
100
100
20
25
25
22
22
19
19
1
10

1s1s mentioned 1 the text the sizes gven for the different
iruses may vary sceording to the method nsed for estimating
them  Most of the above figures are based on filtration studies
Figures given more recently by the electron micrascope

appear to be somewhat larger
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METHODS OF STUDY AND
THEIR APPLICATION

In this chapter are discussed some of the methods used to
study viruses and the diagnostic appheations of these methods
A number of them can be carried out 1n relatively small
laboratories, others require delicate and expensive equip
ment and highly tramed personnel The study of viruses has
attracted not only men with a medical traming, but also
physicists, chemusts and botanists, and all of them have made

very sub 1al contrik to our knowledg

MICROSCOPY

Contrary to popular behef the ordinary mcroscope, using
transmitted light, can play a very important part in the study
of viruses In some cases the virus 1tself 1s not by any means
“ultramieroscopic,” but can be visualized, m many cases
specific melusion bodies can be readily seen, and n all the
lesions caused by the virus may be exammed by routine
Iustologrcal methods

Using ordinary hight the hmit of vsibrlaty with a microscope
15 stated to be 0 074 ¢ T
the use of a green filter 1
of great mportance—t
resolution and with transmitted light this 15 of the order of
0 250 u That 1s to say that particles cannot be distingurshed
as separate umts unless they are at least of this size

It 15, of course, somewhat musleadmg to consider only the
size of the wiras A viras particle which has heen stawed will
appear, by virtue of the staning, constderably Iarger than in

14
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its natural state and 1s therefore more easily visualized
Except m the case of ultraviolet light photography and dark
ground Mlummation, referred to below, all such viruses will
naturally be stamed before eum\mmon Ou the other hand,
viruses caffer lves m thewr ease
of staining, and size 1s not the on\y enterion Varicella virus,
for nstance, 1s not easily stamned while vanola and vaccinia,
approximately the same size, can be stamned by simple
methods

The viruses which are most easily seen are those of the
psittacosis lymphogranuloma group in whch all stages of the
lfe cyele can be followed in staned preparations using
ordmnary transmutted Iight Indeed this techmque 1s used
diagnostically i certam cases, for example 1n the differentia
tion of i fro 1itis The elemen
tary body of tmchomn measures about 200 mp and so, after
staimng 1t 1s readily seen

Another very mportant use of ordinary mucroscopy for
dnagnostle purposes 1s the exammahon of vesicle flud for

y bodies 1 susp d cases of 1lp In many

cases this enables s diagnosis to be made by the laboratory
within one hour of the specimen reaching it

Direct microscopy 15 not, of course, used for measuning the
dameter of virus particles as 1t would not be sufficiently
accurate for that purpose Other, more accurate, techniques
such as are deseribed later are used for this purpose

Using deth ground illummation the himat of resolution can
be reduced further and particles less than 0 25 x i diameter
can be studied by this method It takes advantage of the
fact that 1t 18 much easter to visualize a bright object agamnst
a dark background than it 1s to see a dark object against a
bnght one

VWith more complicated, but still relatively simple, equip
ment such as ultraviolet hight the field can be widened even
more  As ultraviolet light has a shorter wavelength than
ordinary ight greater resolution s possible withit The object
cannot be viewed directly, and photography, as well as other
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special equipment, 1s needed These drawbacks have meant
that the method has not been very widely used 1n spite of 1ts
theoretical advantages

Inclusion Bodies

So far only virus particles or elementary bodies have been
considered In many mstances, however, viruses give mise to
spectfic “melusion bodres” mside infected cells  These
mclusions, using the term m the sense understood by virus
workers, vary mn size up to 10 4 or more and, once stamed, are
readily visible under the ordmary microscope. They may
be found esther n the nucleus or 1n the eytoplasm In some
cases they are “‘colonies” of the virus, that 1s made up of
numbers of virus particles i various stages of development,

and can be proved by micro manipulation techmques to be
- i v I T oL oAb

o
1 are d 1c of infection, are known to be

g
composed, not of virus, but of cellular material

The questton of mnclusion bodies 1s rather a veved one
Many histologists consider them to be of hittle sigmificance,
because what they term ‘mnclusion bodies” can be seen 1o
switably stamed preparations from conditions which are not
caused by viruses They pomnt out that “mecluston bodies”
can be seen from time to time m healthy tissues Others go
to the oppostte extreme and consider an mclusion body of
any hmd to be diagnostie of virus infection, forgetting that
many cellular structures may be stained, particularly if they
are degenerate, and then appear as structures quite foreign
to the cell

Both statements are altogether too sweeping On the one
hand mclusion bodies associated with virus infections are
speaific structures In some cases, such as vaccina, these
speaific mclusions may be found mn any kind of tissue infected
by the virus, whether it be human, anmal or chick em
bryo In most cases they are composed of virus particles
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Frequently these particles are embedded m a matrix whichis
probably denved from the parasitized cell, and this has given
nse to the theory that they may be only cellular reactions to
mfection There 15 no evidence whatever for the statement
that they anse m their entirety from the cell itself On the
other hand many virus diseases, notably influenza, do not
produce any specific nclusions at all in mfected cells

When the virologist speaks of an mclusion body m con-
nection with a virus disease he has 1n mind a specific structure,
constantly found 1n assoctation with that disease, and 1 most
cases composed of particles of the virus which 1s causing the
disease  With the possible exception of the Gamna Favre
bodies he 1s not considering adventitious structures denved
from the cell itself, which are of no significance for the
diagnosis of fection

The point at 1ssue at the moment, however, 1s the recog
nition of these structures Being of large size they can be
readily seen with the microscope, and no speaal techniques
are necessary apart from the ordinary methods used for
histological preparations Often they may be seen 1n sections
stained with heemn toxylin and eosin - Stains such as phlowine
or eosin, with methylene blue as a counterstain, are widely
used The Lipschutz bodies of herpes, or the Guarnier1 bodies
of vanola and vaceiua, can be easily demonstrated by such
methods

For the Negr1 bodies of rabies 1t 1s usual to stain smears
or scctions by etther Mann’s Laidlaw’s or Seller’s methods,
by which, hke many ather mncluston bodtes, they are eostno-
philic in therr staimng reactions

Phase Contrast Microscopy
Inclusion bodies may also be examimed by means of phase
contrast microscopy By this method a considerable amount
of mformation regarding the relationship between the
nclusion and the vest of the cell in whech 1t 1s present ean be
obtaned Details which vre not visible on ordinary micro
scopy can be ehaited Relatnvely httle work has so far been
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reported on this method, but 1t 1s a simple techmque for
studying an wclusion body within a hving cell The method
may be used with esther staned or unstained preparations
The latter are obviously preferable, as they allow a closer
approach to natural condstions without the shrinhage and
other modifications of fine detail which occur during fixing
and staining  To date, however, no diagnostic use seems to
have been found for this technique

Electron Microscopy

Few scientific mstruments of recent years have aroused so
much nterest as the electron microscope By means of 1t
magnifications of up to 100 000 diameters can be obtamed
and particles of 10 my visualized This spectacular merease
aver ordinary hight ts due to the fact that the electron rays
used mn place of hight have a wavelength of 0 05 AU,
as compared with 8,600 AU for ultraviolet Ight and
4800 8000 A U for white light

The prinerple of the electron microseope 1s sumple Electron
rays are used m place of lght rays, and magnetic fields
replace the lenses of the ordinary microscope These magnetic
fields have the same effect on the electron rays as do the
lenses of a microseope on light rays The rays which pass
through the object bemg examned are focused and an image
isbult up All examinations must be earrted out 1n a varuum
because a system of electrons such as has been described can
exist only tn vacuo

Of recent years the techmque of “shadowing’ the object
with metals before 1ts tion has been duced, and
with 1t beautiful three dimensional pictures can be obtamned,
which enables the shape of a virus particle to be accurately
determmed  Shadow casting 15 usually done with gold or
chrommum The object to be examned 15 mounted in 1acko
and the metal 1s discharged from one or more filaments $0
placed that their “rays” strike the object at & known angle
Advantage 1s taken of the fact that these shways iravel m @
straight ine and so the results can be accurately predicted:
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extraneous matter Similarly, the procedures of drying and
photographing in 1acue must of necessity have a marked
effect on the matenal and 1t 15 at present imposaible to predict
these effects with confid Histological matenal, specally
prepared, has been examined 1 the eleetron mcroscope but
this 1s a very specialized procedure indeed

Amongst the viruses which have been minutely studied are
those of vaccmia, which has a rectangular brick shaped
structure, influenza viruses which are more or less spherteal,
and the viruses of the Amencan equine encephahtides which
are also sphenical The most mteresting from the viewpont
of morphology are the bacteriophages, some of nhich have
beun shown to be shaped hke spermatozoa

ULTRACENTRIFUGATION

Apart from the electron microscope many other physical
methods are 1n frequent use for fundamental studies on the
virus partiele The centrifuge may not only be used for
obtaming concentrated samples of a virus, but by means
of 1t a very considerabl of mf 10n can also be
gamed indirectly as to the shape and size of the virus

Even though the elementary bodies of the larger viruses
may be thrown down by angle centrifuges of the type found
mn most laboratories, 1t 1s obwvious that somethng more
efficent 1s needed n the case of the smaller ones The smaller
the particle the greater 1s the centrifugal force needed to
deposit 1t

Instruments such as the Sharples centrifuge, or the ar
driven mstruments which revolve at 50,000 or 60,000
revolutions per minute are widely used The most powerful
yet described 15 the Svedberg type which 1s drnven by ol
turbines Wiith this speeds of up to 160,000 resolutions per
mmnute can be produced

Many of these machines have an optieal umt corporated
m them so that photographic records can be made of the
sedimentation rate of the particles bemng exarmned ~Apart
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was the removal of contaminating bacteria from a suspension
of virus  Filtrates which should have had a high titre nere
found to be non infectious

Apart from its practical disadvantages, such as difficulty
n cleanmg and habihty to flaws, a bacteriologieal filter 1s not
a mere miechanical sieve  Several factors, other than size,
fluence whether or not a given body will pass through it
For 1nstance, the electrical charge on the virus and on the
filter, the adsorption of the virus on to aggregates of cell
debris or on to the filter itself, the temperature at which the
filtration 1s conducted, the amount of positive or negative
pressure employed, and the duration of the experment will
all influence the results of filtration

In recent years collodion membranes or gradocol filters
have been introduced by Elford and these approach much
more nearly to the 1deal of the mechamecal sieve They are
widely used for eritical studies of particle size  In ther
preparation mtrocellulose 15 dissolved 1n a muxture of alcohol,
ether and acetone By the addition of water or acetic acid
m measured volumes, the average pore diameter of the

b can be d or di d as deswred Any

diameter within a wide range can be produced, varymg down
to as small as 10 mp

These gradocol membranes are not used as routine, filters
for the separation of virus from bacteriologically infected
materials  Where this 1s done at all by filtration nowadays
the Sertz asbestos dise type 1s most commonly used, but since
the advent of chemotherapy filtration for this purpose has
lost most of 1ts value Infected materal, even 1f grossly con
tammated with bacteria, can be oculated mto chick
embryos without any 1ll effects by the addition of sulphon
amides, pemeillin or streptomyem, or a mixture of the two
latter, to the moculum Fzcal materal can now be mjected
mto the amniotic cavity 1f streptomyemn 15 used As these
antibiotics do not affect vituses they can be employed with
perfect safety for 1solation purposes, and the amount of vnru‘S
present 1n the prmary matenal, which may be quite small
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collected early m the disease and the other at a later pertod
when antibodies have had time to appear Should there be
a significant difference m the titre of the two specimens a
diagnosis of recent mfection can be made

Virus Neutralization Tests

The serological tests available may be used either for the
diagnosis of infection with a virus or for the 1dentification
of a recently discovered stram The test most commonly
employed for this latter 15 the virus neutralization test,
which anti sera to known strams are used to determine
whether or not they will neutralize the newly 1solated one

The test has been m use for many years both dragnostreally
and for fundamental research purposes with extremely good
results but in no case1s 1t an easy one many ammals or chick
embryos must be used, and the answer 1s usually delayed for
some time The basic principle of 1t, as 1ts name mmples, 15
the muxture of 2 known virus and a serum to be tested or of
a known antiserum and an unhnown virus and therr subse
quent moculation mnto a susceptible animal or chick embryo
Due to the fact that 1t 1s relatively expensive and long drawn
out 1t 1s now lttle used 1n the actual diagnosis of mfection
at least m those cases m which other tests have been devised
for the purpose  As a research procedure, on the other hand
1t 1s of the greatest value and 1s widely used

Complement Fixation Tests

These are at present the most popular method of serological
diagnosis of virus diseases Inevitably, they depend on the
preparation of surtable antigen suspensions, and this l'ts
turn depends on the 1solation of the virus in question No
specific serologieal tests are available for the diagnosis of
infection unless the causative virus has itself been 1solated
Even then some time has usually elapsed before a sufficiently
potent antigen for these tests has been deseribed At prcsent;
complement fixation tests have been described for many ©!
the virus diseases, and thev are in routine use for the diagnosts
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Hemagglutination

Certain viruses notably those of the influenza group and
mumps have the capacity of agglutinating the erythrocytes
of several species mncluding human group O cells In other
cases such as vacania erythroeytes may be agglutinated by
soluble substances associated with the virus particle but
not by the particles themseh es

Amongst the types of erythrocytes agglutinated by mnflu
enza viruses are those of the human ferret guimnea pig and
chick The reaction obviously represents a very smmple
method of studying n v1tro the relationship between the virus
and the cell and for this reason a tremendous volume of
work has been carried out on it n recent years It 1s enzymatic
1n nature and many substances which interfere with 1t bestdes
specific antibody have been described  As will be seen in the
chapter dealing with influenza specific antibodies interfere
with the reaction and so the test can be nsed as an mdex of
mnfection  As the agglutmation 1s caused by the virus particle
1tself the test 1s strain speaific and under 1deal errcumstances
which are not always fulfilled will mmdicate not only the type
of virus present viz A or B but also the stram eg PR8
or A prime

The sigmficance of the research on those substances which
prevent agglutination and therefore the union between
influenza virus and receptors on the cell (which 1s probably the
starting pont of infection 11 viro) 1s obvious It 1s directed
towards preventing a stmular union between the virus and
susceptible cells in the respiratory epithelum Unfortunately
although this can be done with expemmental mice and
infection prevented for a time there 1s such a rapid regenera
tion of the receptors on the surface of the cells that these
experiments have not been very successful ey ertheless 1t
is possible that by the study of these phenomena a way may
ultimately be found to prevent mfection at the cell surface

Mumps virns also agglutimates chick cells in the same
manner es does wfluenza but agglutinates human O cells to
a much lower titre Hemagglutination inhibition may also
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widely used 15 the Frer test in lymphogranuloma They have
also been used 1n herpes and n mumps In herpes a good
correlation was observed between the skin test using heated
amniotic or allantoie flurd antigens and the serum antibodtes
In mumps the reaction muy be eheited erther with monkey
parotid gland or with a yolk sac antigen There 1s no correla
tion wrth complement fixing antibodies, but the ineidence of
subsequent attachs of mumps 1s largely confined to those
with negative reactions

CHICK EMBRYO TECHNIQUES

The mtroduction of the fertile hen’s egg as a medum of
growth for viruses marks the biggest single advance n the
history of virus study It had been known earlier, but 1t first
began to come mnto routme use after Woodruff and Good
pasture had used 1t 1n 1981 for the growth of fowl pox virus
Since then 1t has been employed on an ncreasing scale, and
techniques have been described for the cultivation of most of
those viruses with which we are acquainted n one or other
of the cavities of the embryo If any one name can be
assoctated with these advances it 15 that of Burnet Most
workers modify his techmques 1 details but atmost all of
them follow the broad hnes of his descriptions A most
valuable monograph by Beveridge and Burnet, published
1946, has collected all the available techmcal data on the
management and wmoculation of fertile eggs, the following
account 15 based largely on the methods given theremn

Some of the many advantages possessed by chick embryos
over other methods may be emphasized They reduce very
materially the need for large stocks of laboratory anmals,
without which no work could otherwise be carried on  There
15 very httle danger of cross infection with proper techmque:I
Most important of all they are not, so far as we know, nfecte
with any viruses themselves, and so none of the latent v 1ruse§
which may confuse the results in experimental ammals nee
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are a reasonable degree of manual dexterity and the mau
tenance of bacterial sterility This latter 1s necessary becaus
bacteria, once introduced into the egg 1n any number, wi
grow profusely and will kill the embryo Fortunately th
sulphonamides, pemeillin and streptomycin are powerfu
weapons at the disposal of the virologist i the laboratory
Without any effect on viruses themselves they will 1f moc
lated with the virus, kill off bactertal contarmnants This 1
of particular mmportance m the primary 1solation of viru
from, e g throat washings or crusts which are almost certau
to be contammated by many orgamsms

Anatomy of the Chick Embryo
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Frc 1 Sem: diagrammatic sketch of chick embryo to show
the relative positions of the cavities mentioned 1n the text

Lattle 1s to be gamed by giving a. detailed description of the
dev elopment of the chich embryo for which the larger works,
or the monograph by Beveridge and Burnet, should be
consulted Some 1dea of the various cavities which are used
by wirus worhers 1s however necessary For this purpose,
an embryo of twelve to fifteen days 1ncubation, when these
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Before use the eggs are candled to see if development has
taken place This consists 1n transiltummating them, prefer
ably m a completely dark room, and in a fertile egg the dense
shadow of the freely moving embryo can be scen  Other
Inndmarhs, such as the allantoic vein and the vessels of the
chorio allantorc membrane, can also be made out

Drilling

Openings 1 the shell are usually made with a small elec
tneally dniven dnll A portable dental dnll with a car
borundum disc 15 very satisfactory Each laboratory will
have 1ts own particular machuine, but the general principles
of all are the same  As1s deseribed later the drill 1s used only
for opening the shell and the shell membrane must not be
damaged n the process With a hittle practice the techmque
can easily be mastered

Yolk Sac Inoculation

The techmque of yolk sac moculation 1s symple  After five
to s1x days incubation the sac occupies most of the area of the
egg A small hole 1s drilled 1 the wide end and the moculum
mjected blindly with a syringe and needle The needle 15
passed through the hole 1n the shell and the air space until it
reaches the centre of the egg 1n its long axis 0 25 ml 1s the
usual quantity injected In yolk sac work 1t 1s very important
that absolute bacterial steriity be achieved, as the yolk sac
represents an 1deal medmum for the growth of bacterra

This route 1s used principally for the growth of richettsie
and the psittacosis Iymphogranuloma group

The hole 1n the shell s sealed with a mixture of melted
vaseline and paraffin wax, and the eggs are placed upright 1
an ordinary bacterological mcubator at 85°C  They are
candled twice daily to see if death of the embryo has oceurred
and are harvested as soon as possible after death The yolk
sac 15 removed and smears made from t These are stamed
by Castaneda s or any one of the other sumilar methods which
will demonstrate the elementary bodies or the rickettste
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Twelve day eggs are candled the arr sac 1s outhned anda
well developed area of the chorio allantoic membrane selected
Over this a triangle 15 outhned with 1ts sides some 12 mm m
length  After sterihzation with alcohol the shell 1s dnlled
along the sides of the tniangle down to the membrane In
addition a small opening 15 made mnto the air space

The trangle of shell 1s then gently rased with a mounting
needle or vaceination lancet and 1s discarded A drop of salne
15 then placed on the exposed shell membrane Vith great
care not to damage the underlying chorio allantoss for
damage will produce subsequent non speeific lestons a small
nick 1s made 1n the shell membrane Suction 1s then applied
with a rubber teat to the hole in the air space the salme
Tuns n between the shell membrane and the chorto allantos
and the latter will be seen to fall away Thus an artificial
air space 15 created under the window 1n the shell The
triangular area of shell membrane 1s then removed and the
moculum dropped on to the membrane

The window must then be sealed This can be done withs
prece of scotch tape but 1t 15 not always easy to be sure that
the egg 15 completely sealed with this and a better method
15 to use an ordinary microscopic covershp The vaseline
paraffin wax mixture 1s melted and with the aid of 2 Pasteu;
Pipette a parapet 1s bwlt up around the opening A ﬂamel
covership 1s then placed on top of it so that an airtight sea
1s made

During the subsequent incubation period of two to three
days the egg should not be disturbed At the end of this tme
1t 1s opened placed on a pece of cotton wool 1mpregna}feu
with antiseptic and the sealing matenal removed The she
1s flamed and then cut or broken away so as to allow the
fullest exposure of the choro allantois  This 1s cut nm\lme
the periphery and removed to a Petr: dish contaming saif
to be examined for specific lesions

Amniotic Inoculation

0TE
The techmqgue of amniotic noculation requires rather m¢
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If the bubble floats away to the side the pipette 15 m the
allantoic cavity, and another attempt must be made to msert
1t mto the ammon

After ammotic moculation 1t 1s best to seal the egg with a
covershp as d. bed above b this facihtates msp
during the subsequent mcubation period which s usually
four or five days The eggs are examined daily and any
embryos dymg within the first forty eight hours are dis
carded Those dymg subsequently are harvested It s
usually an easy matter to determine the life or death of an
embryo through the covershp as its movements will be clearly
visible 1f 1t 15 alive

If the egg has been moculated for the 1solation of mnfluenza
the ammiotic flmid 1s harvested with a fine pointed Pasteur
pipette and tested for hemagglutimins It 1s diluted 1 10
for the test because non speaific hemagglutination may occur
due to the high albumen content of the flnd If the test 35
negative the flmd 1s passed undiluted into a further batch
of embryos Should this second passage also prove negative
1t 15 frutless to contimue The embryo lungs may also be
ground up and used for passage or histological preparations
may be made 1n the ordinary way

For the 150lation of mumps virus ammotic inoculation 1nto
eight day embryos 1s used  After incubation for four 1o
seven days infection may be recogmzed by testing the
amniotic flmd for hemagglutinms or by usmg the embryo
as antigen 1n a complement fixation test with known antisera

TISSUE CULTURE

For diagnostic or routine work hssue cultures have been
little used smee the introduction of click embryo methods
but they still play an mmportant part in research procedures
They are of particular value 1n the study of the morphology
of viruses and many of the Lfe cycles deseribed have been
worked out m such cultures \umerous techniques are now
avalable In most of them mmeed embryome tissues ar¢






CaarTer THREE
THE CONTROL OF VIRUS INFECTIONS

Tris 15 a chemotherapentic age and we have now reached
the stage when 1t can be said that there is an excellent
prospect of some measure of control over the bacterral infec
tions  Vihether we shall ever attam complete success 1s
doubtful The balance between man and the pathogene
mero orgamsms 15 delicate, and the relatively erude methods
of wholesale chemotherapeutic or antibiotic slaughter which
are now In vogue seem unlikely to provide a permanent
solution ‘The results have been very good so far, but bactena
are already developing highly effi resistance }
msensitive strams are appearmg more frequently, and there
1s a very real danger that the mdiscriminate use of these
agents may ultimately render them almost useless In fact,
1t 1s fortunate that we no longer rely on pemeilhn or strepto
mycm alone for much of ther efficacy may has e already been
squandered

With the question of the bactenal infections on the road
to solution practitioners and epidemiologists are now bemg

forced to turn their attention to the virus infections :I'here
the immediate prospects are not nearly so bright “\i’}ﬁe
e

poorly equipped for an encounter with the viruses
there have been tremendous adyvances 1n the techmiques of
virus studv durmg the past decade our present methods of
diagnosis of prophylaxis and above all, of treatment are
still inadequate

For the prophylaxis of virus diseases we may borrow from
previous bacterrol 1 and 1 1 studies, and the
result has been that the available methods of praph]'h\'.‘:
are, without bemp adequate, far more efficient than those o

38
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Three entities must be kept constantly m mind in dealing
with virus diseases—the virus, the individual and the com
mumty It 1s only by watching the interplay of these three
that any measure of control ean be envisaged Inthetreatment
of infectious diseases the emphasis 1s laid first on the cure of
the ndividual patient, and only later, and almost incidentally,
15 any attention paid to preventing the spread of imfection
to others When we come to consider prophylaxis the
community 1s the umt under discussion, and one attempts
to heep the whole population free from, or immune to, the
disease

This latter may be done in vartous ways—naturally or by
design It may happen naturally from time to time, as shown
m any population after an epidemic  Most virus diseases are
self imiting, the number of ecells in the body which can
support the growth of an ifecting virus 1s hmited The
vietim of a severe attach either dies rapidly or recovers, 1
some cases completely, 1n others with sequele which remam
for ife  Convalescent carriers do not seem to be of much
mmportance  From the view pomt of the community this
means that the patient does not remamn infectious for long
and, as most nfections caused by viruses confer a sold
mmmunity on those attacked, all those who survive any
one epidemic will not have to be protected further This 1s
an expensive method of rasmg the immunty level of the
population and, quite apart from the suffering mvolved, 15
not very efficient, because the number of new 1mmunes may
be balanced by the number of deaths and the communmty 8s
a whole 1s ltttle better off

None the less, without gomg deeply mto epldemlologucal
theories, 1t 15 clear that 1t 1s important to keep the mmmunity
level of the commumty, or herd, as high as possible At
present 1t 1s probably the most mportant single weapon at
our disposal for the control of virus infectrons In a com
pletely susceptible population measles 15 a kllmg dxseasfi
while smallpox 1s of httle sigmificance m 2 vacemate
population
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hygiene, earlier diagnoss, better treatment and 1solation of
cases as they arise, and prophylactic inoculation  The mamn
emphasis will here be placed on the last group, but 1t must be
understood that all the methods go hand i hand It s
frequently simpler and more effective to eradicate a disease
by, for instance, destroymg insect vectors than it 1s to

a whole population agamnst it Yellow fever 15
an excellent example of this approach Again, with smallpox
1t 15 obviously better to have proper diagnostic and 1solation
facahities available to deal with an outbreak, than 1t is to
mass vaccinate when the epidemic 1s already mn progress and
out of control

PRINCIPLES OF THERAPY

The whole emphasis in the modern treatment of infectious
diseases 1s directed towards a specific attack on the micro
organisms responsible This trend, which may be sad to
have begun with Ehrlich, has been intensified 1n our own era
Our methods are yearly becoming more precise due to
mmproved techmques which enable us to study the bacterium,
1ts Iikes and 1ts dishkes, and to work back from there Asa
result of greater knowledge the metabolism of the bacterum
15 studied and we find substances with which to feed 1,
substances which will erther Lill 1t directly or render 1t more
amenable to attack by the natural defence mechanisms of
the body The empiricism of the past 15 being replaced bya

lanned approach

? In trans};er;nng this method to the virus field we mmediately
run mnto a very real difficulty, and one which 1s nherent 1n
the nature of viruses themselves That 15 themr ntracellular
habitat  Viruses are so parasitic as to have Iittle or 10
metabolic activity of their own, and they rely on the cell to
provide it for them The virus grows m the cell, at the expense
of the cell and only when the cell 1s destroyed and fresh virus
particles are hberated to attach others does it appear n
the open
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of activity and keeping the eirculating humoral antibodses at
a high level They say that our present techmiques are not
capable of demonstrating such a virus

There are obviously two possible reasons for failure to
demonstrate such a virus  One 1s that our techniques are
adequate The second 1s that 1t 1s not there Opponents
of the theory of continuing infection point out that, except
1n certain cases such as herpes and psittacosts, 1t 1s based on
the finding of a high level of circulating antibody for a
considerable time after cure In their view 1t 1s not necessary
to postulate that the virus persists m order to explain the
immunological findings One experience of an antigen,
which 1 the present context means one attach by a virus, 1
suffictent to keep antibody production at a gh pitch for
years

That such a controversy should take place at all demen
strates the need for a broad outlook i our dealngs with the
viruses It shows also how httle we hnow of them and of
therr actrvities, and how difficult 1t 1s to lay down any general
prineiples which would be widely accepted

METHODS OF TREATMENT

Symptomatic Treatment

In the great majomty of virus infections symptomatic of
supportive treatment 1s all that we can at present give the
patient  Our aim 15 twofold—to help the body defences to
prevent further spread of the virus, and to mmmuze the
effects of the damage already done In some mstances we
are still not clear why certain measures used are of benefit
In others we are better off because we now have a reasonabls
clear 1dea of the pathology and the pathogenesis of the
disease

In bulbar paliomyeltss, for example, we can i the last
analysis do very httle to help the patient We attempt ;D
prevent death from anovia in the acute phase and, where the
cardiac or respiratory centres are not already mvolved, to
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viruses, which have little or no independent metabolism,
without interfering with the growth of the cell to as great an
extent as does the virus  Furthermore, even assumng that
an intracellular chemotherapeutic action were posstble with
any of the substances at present at our disposal, there would
still remamn the difficulty of getting the substance, fully active,
mto the cell Probably to deal with a completely parasitte
micro organism such as a virus, 1t would have to be bwlt mto
the metabolism of the cell 1tself

In any attempt to attack viruses while outside the cell we
must again take mto constderation therr negligble metabolic
activity  If anything, the problem 1s even more difficult than
the attempt to attack them mside the cell So far as we hnow
at present the only extracellular actrvity which could be
ascribed to most of the viruses 1s the effort to enter a cell in
order to multiply, and 1t 15 doubtful how far this process
can be described as  active ”  There is very probably some
kind of enzymatic union between the virus and specific
receptors on the cell surface before the virus actually enters
the cell Numerous experiments have been carried out with
nfluenza virus and a receptor destroying enzyme present m
filtrates of the cholera vibrio  Unfortunately, while the
receptors can be mactivated for a time, they regenerate
rapidly, and the method cannot be regarded as more than a
starting pownt for future research

Any positive result 1n the chemotherapy of virus diseases
1s of great interest Apart from the value of treatment it
increases our knowledge of the biological actvities of the
viruses affected If a virus were amenable to attack by any
of the products mn use today, it must be done, so far as ne
know, ouiside the cell From this 1t follows that the virus
m question would have some activity, however shight,
outside parasitized cells, other than its prelmmary union
with the cell surface

There 15 no question but that chemotherapy 1s now effective

gnificant that the only viruses
agamst rickettsie, and 1t 15 signy A P

for which successful results have been consisten
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PROPHYLAXIS

From what has already been said 1t 15 clear that not only
are our methods of treatment not very good, but also that we
can prevent the occurrence of some infections which, once
established we cannot cure It may be recalled that smallpox
15 one such condition, that 1t 1s Liable to become epidemie
m any western European country at any moment, and yet
that compulsory vaccmation has been abandoned in many
of them In view of this 1t may farly be stated that the
outstanding success of preventrve medicine i the virus field
during this century has been in the case of yellow fever By
means of yellow fever vaccine and antt mosquito measures—
an example of wnoculation and hygientc measures bemng
supplementary—the economie future of South Amerca and
Central Africa has been made perceptibly brighter Perhaps
more 1mportant, it 1s now possible to undertake laboratory
research on yellow fever without the appalling risks to per
sonnel which previously obtained

It should be admitted at once that the position 1s not
nearly so satisfactory mn the case of the other virus infections
True, measles can be prevented altogether or attenuated by
the use of gamma globuln but mumps, chickenpox and
rubella still elude such methods of control ~ Above all
poliomyelitis remains an emgma Not only 15 no form of
spectfic treatment available for 1t, but no speaific prophylaas
has yet been described

Influenza 15 1 a category by ttself Protection can be
afforded by vaccmation with mactivated virus but such an
immumty 1s of short duration Further, the timmng of the
mjections and the cholee of the strams of virus to be used
1 the vacanes are matters of great mportance If the
moculations are given too long before an epidemic the
mmmumty produced may have waned before the outbreak
occurs  Conversely, if they are delayed too long antibodies
may not gave tune to desclop belore the patient 15 stinched
There must also be a close antigeme relationshup between the
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PROPHYLAXIS

From what has already been said 1t 1s clear that not only
are our methods of treatment not very good, but also that we
can prevent the occurrence of some infections which once
established, we cannot cure It may be recalled that smallpox
15 one such condition, that 1t 1s liable to become epidemic
1n any western European country at any moment, and yet
that pulsory v: 1on has been abandoned 1n many
of them In view of this 1t may faurly be stated that the
outstanding success of preventive medicine in the virus field
durmg ths century has been n the case of yellow fever By
means of yellow fever vaceine and ant1 mosquito measures—
an example of moculation and hygieme measures bemng

ppl ary—the future of South America and
Central Africa has been made perceptibly brighter Perhaps
more mmportant, 1t 1s now possible to undertake laboratory
research on yellow fever without the appalling risks to per
sonnel which previously obtained

It should be admitted at once that the position 1s mot
nearly so satisfactory m the case of the other virus mfections
True, measles can be prevented altogether or attenuated by
the use of gamma globulin, but mumps, chichenpox and
rubella still elude such methods of contro] ~ Above all
poliomyelitis remains an enigma  Not only 15 no form of
specific treatment available for it, but no speeific prophylaxs
has yet been desertbed

Influenza 15 mn a category by itself Protectron can be
afforded by vaccination with inactivated virus, but such an
mmumty 1s of short duration Further, the timing of the
1njections and the choice of the strains of virus to be used
m the vaceines are matters of great mmportance If the
noculations are grven too long before an epidemic the
immunity produced may have waned before the outhreak
occurs  Conversely, if they are delayed too long antlbodlss
may not gave time to develop before the patient 1s attache
There must also be a close antigenic relationship between the
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This explanation obviously does not cover all virus diseases
and would apply only to the exanthemata Influenza, with
1ts short mcubation period and superficial location of the
cells attacked, 1s an outstanding exception At no stage 1
there a viremia m mfluenza  What 1s needed here and what
apparently occurs after active immunization 1s a local con
centration of antthody at the place where it 1s most needed—
the respiratory tract Passie immumzation 1s of no value

The value of active immumization 1s associated with the
whole problem of immumty mn virus diseases }any questions
anse here which do not, on the whole, trouble us 1n dealing
with bacterial infections As a general rule mmmumity after 2
virus infection 1s solid and lasts for hfe In some cases 1t 15
spectacular, as 1n the case of yellow fever where circulating
anttbodies have been found seventy five years after an
attack Inaddition serological surveys have shown numerous

of y to various inf as judged by the
detection of humoral antibodies, 1n persons who give no
history of having suffered a chmcal attack of the disease
It would seem therefore that immunity ean follow a sub
clinical or latent nfection as readily as 1t can a frank attach
Furthermore, such nfections must be very frequent

Such findings based on humoral antibody surveys, have
led many workers to question the sigmficance of airculating
antiboches 10 virus infections and also, as has been seen fo
question whether or not recovery from mfection with a virus
1s ever as complete as it appears to be

Asto the significance of eirculating antibodies 1t 1s relatively
common 1n some cases to 1solate virus from the mmmune
subject, e g n the case of lymphocytic choriomeningitis of
mice With this n mind many consider that such antibodies
are of hitle value n prophylaxs, and that only a tissue
mmmunity, based on an mmmune cell which has been altered
In some wav to make 1t refractory to imfection, 15 of any
significance This 1s an extreme view and seens to be running
well ahead of the facts at our disposal at the present time
Agamnst 1t there 1s ample evidence to suggest that circulating







52 Tre ControL oF Virus INFECTIONS

cases m Wwhich the virus has been grown techmeal difficulties
m the preparation of the vaccimes are all that stand between
us and success

Tt 15 necessary, of course, to preserve a sense of proportion
m these matters In a number of those nfections i which
there 1s marhed danger to the hfe or the subsequent well
bemng of the patient rapid strides have been made There 1
2 danger that the spectacular advances recently made 1n the
control of the bactenal mfections may unfairly overshadow
the success of virus workers, who are i a much more difficult
field Our very success with bactena has brought us up
sharply agamst the virus problem and by companson 1t may
at times seem msoluble That 1t 1s far from being so 1s shown
by the advances made during the past decade It1s necessary,
however, that physicians, epidemologists and laboratory
workers should work in conjunetion, and that the mformation
derrved by one group be made fully available to the other

There will unquestionably be setbacks for we are dealing
with micro organisms which have an almost infinite capacity
to appear i mew vamants Qur very success In producing
vanants 1n the laboratory, such as the attenuated strains
used for active immumzation, shows that the same process
occurs m nature even if more slowly The apparent dis
appearance of the PR8 stramns of influenza and therr replace-
ment by A prime strams 1s an excellent example of such a
change Another, and more spectacular, example was the
appearance of the virulent pandemic influenza stramn 1
1918-19 Nevertheless we are slowly commng to grps with
the problem Our first duty 15 not so much to solve it as to
isolate 1t Not until we hnow how a thing happens can we
do much to prevent 1t
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work at the ime  Swine nfluenza first noted 1n the United
States during the last pandemue, 1s now known to be due to
the synergism of a virus, closely related to the human types
and a bacterum (H sus) of the same group as Pfeffers
bacillus  However, we are still ignorant as to whether some
such synergism occurred i 1918-19, or whether an abnor
mally virulent strain of influenza virus was responsible Neither
theory 15 likely to assist in forestalling another pandenme

EPIDEMIC INFLUENZA

The scientific history of influenza goes back only to 1938
when Srmth, Andrewes and Laidlaw first transmmtted the
human disease to ferrets These developed an influenza like
illness and showed neutrahizing antibodies durmg convales
cence Great as was this advance 1t soon became clear that
the virus described by these workers did not account for all
cases and 1t was not until 1940 when Francis 1solated another
virus, closely simlar to the first but antigemecally quite
distinet, that the cause of mnfluenza was finally determined
The virus deseribed by Smith and his colleagues was then
termed mfluenza virus A, and that of Francis influenza
virus B With the exception of swine influenza virus na others
had since been 1solated until recently ~All major epidemics
of recent years could be aseribed to strains of A or B, and the
sigmficance of C remains to be determmed

Clinical Features

Apart from 1ts charactenstically sudden onset there 1s Little
hmeally to d h the sporadic case of nfl from
a number of other acute mnfections of the upper resprratory
tract Even at the height of an epidemic the diagnosis li
more frequently made on eprdemological than on clmical
grounds The site of action of the virus—the resprratory
eptthehum—and the i\ high concentration of vu'\lls
n': droplets, together with the short incubation period readily
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The disease 15 world wide 1 its distribution, epidemie
which build up rapidly to a peak and as rapidly die down
occurring during the winter months

The virus 1s present m the upper respiratory tract durmg
the acute phase and 15 spread by infected droplets, a case
bemg nfectious for a short while before and two or three days
after the onset of symptoms Healthy carrers have been
blamed for outbreahs in remote communnties by introducing
mfection, but while virus has been 1solated from apparently
healthy persons during an epidenue, the existence of carrers
has not yet been praved The problem 1s bound up with the
unknown reservoir of the virus between epidemies It has
been suggested that after an epidemic an altered or degraded
form of the virus persists, which becomes virulent again when
conditions are favourable  Alternatively, mfluenza may
persist by means of small outbreaks and 1solated case to case
transfer in non-epidemic periods A thied suggestion taking
mnto account the close relationship between the viruses of
human and swine mfluenza, postulates the lading place of the
human type to be mn the pig population None of these
theories can be taken as proven, but at the moment con
tmued case transfer appears the most Iikely

Epidemics of mfluenza oecur every few years with a
probable two to three year cyele for influenza 4, and four to
s1x years for B, which seems to be more frequently concerned
with sporadic cases  These cycles fit 1n reasonably well with
observations since 1933, that 1s since we have been able to
tell the ztiology of any outbreak with certamnty, although
on at least one occasion an expected epidemic failed to
materialize It seems most likely that the governing factor
1s the balance between susceptibles and immunes m an}
population 1 spite of the remarhable and dlSCOl‘lCEl’tl;lg
power of the virus to appear 1n almost completely new an l”
genic forms, as happened mn 1947 For about a year following
an epidemie the y level of a ty rem:m;
Tngh o the strawm which caused 1t, but other factors of wi xct
we are stillignorant play an important, if not a decisive, part.
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One of the most mteresting properties of influenza virus 15
the capacity of the elementary bodies to agglutmate the red
cells of varous species, meluding amongst others, man, chich
and gumea pig  The reaction depends on an enzymatic
reaction between the elementary bodies and specific receptors
probably mucopolysaccharides, on the cell surface  After
the virus has been adsorbed on to and has agglutinated the
erythrocy tes, 1t may be removed or eluted from them at 37°C
Killed virus, while 1t agglutinates, 15 not capable of elution
It 15 obvious that this phenomenon—called the chick cell
agglutmation reaction (CCA)—is 2 rapd and simple method
of testing for the presence of virus in nfected flwds and of
titrating 1t of present  Certain other viruses notably mumps
and Newcastle disease of fowl, share this properts with
mfluenza It 1s very probable that a simlar reaction takes
place at the surface of susceptible cells during mfection with
fluenza before the virus enters the cell to multiply There
1s, of course, no multiplication of the virus while in contact
with erythrocytes

The CCA reaction 15 of value m the titration of mfected
flmds, but of greater importance 1s the observation that
antibodies to nfluenza mhibit the reaction, thus providing
us with a simple technique for the detection and estimation
of these antibodies This property 1s very widely used n the
laboratory diagnosis of mfluenza as the CCA inhubition or
Hrst test

Yvhile the natural habitat of influenza virus 1s the respra
tory tract of man it can readily be adapted to certain
Iaboratory anmnals, notably the chick embryo, ferret, hamster
and mouse For diagnostic purposes the most widely used 15
now the chich embryo Either the allantoic or the amniotic
cavity may be used the latter being far more dehcate It
will support the growth of much smaller quantities of virus
1n, for example throat washings an important pomnt when
one 1s attempting primary 1solation mn the face of an epidemi¢
It 15 considerably easier to isolate the virus durmng an ep?
demue than from sporadic cases
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Serological Tests
CCA-InmITION TEST

As almost all adults have some antibody to influenza
resulting from earlier infection, this test depends on an increase
m the titre of mfluenzal antibody during the course of the
ilness, there 15 no titre to which one may pownt as a diag
nostic level Two specimens of blood are required, each
taken into a dry tube The first should be obtamed within
the first four days of illness, and the second a week to ten
days later. Both sp are d 1n the laboratory
at the same time by an 1dentical techmque and the merease
m titre, 1f any, determined Elementary body suspensions,
erythrocytes and falling dilutions of serum are employed 4
four-fold merease in titre 1s considered diagnostic  Since this
test 15 sensitive to stram differences 1t may be advisable to
use several strains of each type, A and B, so as to provide the
widest possible cover The value of this was strikingly shown
during the European epidemic of 1948 m which the causative
stram was only remotely related to strains generally employed
If at all possible a strain 1solated from the epidenuc under
investigation should be used

A recent advance of interest has been described by which the
CCA mhibition test may be used m the field, giving rapid
diagnos:s of an outbreah in a matter of hours It 1s of par
ticular value 1n those cases in which the outbreak has been
I progress for some tiune before laboratory aid 15 called for
If there are sufficient ca s advantage 15 tahen of the fact
that both acute and convalescent sera are available and blood
ts taken from not less than ten acute cases and a sumilar
number of convalescents who have been more than ten days
11l These two lots of sera are then exammned ie}[a-au'atelyt or 1:

ools, usmng el y body susp t stramn:
gs 1 the o;g-dmary test, and the antibody titre of each deter
mined If the geometric mean titre of the conyalescents
shows a fourfold or greater increase over the acute phase serd
a diagnosis of influenza may be gren
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Covryoyent Fraarion Test

This test has the advantage that when using the soluble
substance only two antigens are required, ane to cover A
stramns, and another for B strams  Two specimens of blood
may be used, collected at the same time as for the CCA-
nhibition test, but if only one specimen 1s availble a
convalescent titre of 1 16 15, according to Hoyle, evidence of
recent nfe The test 15 technically rather more ditficult
to perform and 1s not used so widely as s routine diagnostie
procedure,

Neurnairzation Tests

Once essential for serological diagnosis these tests have
now been replaced for diagnostic purpases by the others,
although they are stall of value for research purposes.
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MUMPS
(Epidemic Parotitis)

Mumes as a disease entity has been known from very early
times, and accurate descriptions of the parotid swelling are
found m the Hippoeratie hterature Two thousand years later
hittle can be added to them As 1s mevitable 1n any disease
with such a long history a wide variety of causative organisms
have been postulated, but the cause 1s now known to be a
virus which has many laboratory charactensties 1 common
with mfluenza virus

Recent advances have led to the recogmtion of orchitis
by titis and g phal as mamfestations of
1nfection with mumps virus, which may accompany or even
replace the parotitis Furthermore studies with the comple
ment fivation test in the United States indrcate that chmeally
napparent nfections are relatively frequent The trend of
these studies 1s to mdicate that infection with mumps virus
does not mevitably lead to parotitts, and that mumps and
epidemic parotitis are not necessarly the same thing
structures other than the parotid may be attached by the

virus

CLINICAL FEATURES

After an incubation time of eighteen to twenty one days
there may be a short prodromal period of some twenty four
hours with pyrexia, headache and sore throat More usually
these appear simultaneously with a swelling of the parotid
which obliterates the angle of the mandible and 15 easily seen
1n front of and below the lobe of the ear Many cases present
with pamn in the parotid regton as the first symptom The
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skin over the gland may appear red and nflamed but the
gland 1tself 1s only shghtly tender on palpation Nevertheless
the swelling gives nse to definite pan and difficulty on

lingual glands on the same side are frequently involved but
the latter may be mussed unless specifically Jooked for
Severe headache lasting for a few days 13 occasionally present,
and 1f so 1s a promment feature

At the beginning the condition 1s usually umlateral, but
within a few days the gland on the other sde may huve
become affected The swollen glands reach therr maximum
size 1n forty eight hours, and the swelling persists for about a
week to ten days

Constitutional effects are shight and the temperature is
rarely Ingh, being dependent on the degree of glandular
mflammation  In muld cases it has fallen to normal three
days after onset Suppuration in the parotids 1s very rare

A lymphoceytosis 1s found all through the attack and out-
rules suppurative parotitis It has been reported that the
unnary diastase 1s raised even in cases with no climeal
evidence of pancreatitis

Other Manifestations
The involvement of other organs may precede or follow the
parotitis, or even occur in 1its absence For this reason st
seems preferable not to refer to such involvement as a
““complieation

Orchitis

Tlus oceurs 1n some 20 per cent of cases above the age of
Ppuberty, and makes mumps a serious problem if an outbreak
occurs 1o a military camp At the end of the first, or the
begmning of the second, week of 1llness the temperature nses
agam, and the testis becomes swollen and tender with pain
radiating to the lower abdomen and thigh The orclutis,
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which 1s umlateral at first spreads to the other testis i about
one third of the cases Recovery follows m a few days
Complete sterility following orchitis 1s rare but the majority
of cases will show some degree of testicular atrophy

It must be remembered that orchitis may rarely occur as
the primary mamfestation of mumps

Acute Pancreatrtis

This may appear duning the second week and presents as
a sudden epigastric pamn with an accompanying elevation of
the temperature This picture 1s rare and the prognosis 1s
good On the basis of changes m the blood amylase it 1s
posstble that there 15 some degree of pancreatic mnvoly ement
1 every case of mumps It has also been suggested that
diabetes may follow an attack but the evidence for this 1s
1ery tenuous

Ovaritis {Oophoritis)
This 1s the rarest mamifestation of mumps and only a fen
cases have been reported

Meningo-encephalitis

Clscal evidence of memngo encephalitis 1s rare, but if
the cercbrospmal flud be examned changes m 1t will be
found in many cases of mumps On lumbar puncture 2
high percentage of cases show an increase m the pressure
of the fluid together with an associated mse m the cell count
and the protein  The cellular increase 1s due to lymphocytes

1f clmical meningo encephalitis supervenes 1t comes OR
four to seven days after the onset of parotitis  The patient
becomes drowsy with a Tise n temperature, headache
<omiting and signs of menmngeal irmtation Orclutis 18
common 1n these cases Recovery 1s the rule and hence ttle
15 known of the pathological features of the condition

An occastonal case may present with menmngitis or enceph
ahtis before swelling of the parctid gives a clue to the
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1agnosts  In others these may be the only sign of mfection,
nd unless the virus is recovered from the cerebrospinal
md such cases will not be dragnosed as mumps They seem,
aweser, to be very uncommon indeed

COMPLICATIONS

These are rare and the prognosis in mumps 1s excellent,
he mortality beng very low

TREATMENT

The treatment of an ordmary attack 1s symptomatic
>articular auentmn must be paid to the mouth whichs dry
nd table, lest supy ney supervene No
pecial measures are required to deal with the other manifesta
1ons except for orchitis in which a supporting bandage
hould be used In severe examples surgical inters ention,
uch as decompresston, may be undertaken, but the results
wre not always good and 1t should be reserved for the
secasional very severe case  Small doses of stilboestrol have
150 been used

PATHOLOGY
Smgularly httle infe ble on the pathol
of mumps, and nothmg of dlagnoshc value can be denved
rom hustol e ily the parot:d

ducts show dcsqunmahon of the cplthehum and the lumina
nre filled with necrotic debns  There 1s also infiltration of the
interstitial tissues with anflammatory cells  No specific
inclusion bodies have been described

Only 1n severe orchitis are any very marhed changes found
n the testis The whole organ 1s congested and there are
frequent small hemorthages The most stnihing feature 1s
the patchy destruction of the semmiferous tubules
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LABORATORY DIAGNOSIS

Within the past few years the techniques of laboratory
diagnosis have been considerably improved and several
methods are now available In the average case they are
hardly needed as the diagnosis 1s made on chmieal grounds
but they can be of considerable value in atypical cases As
yet the tests are hardly m routme use, but that 1s prineipally
because they are rarely asked for There 1s nothing nherently
diffieult 1n the tests themselves

Isolation of Virus

Mumps virus 1s present in the saliva for about three or four
days before and after the onset of parotitrs It has very
occasionally been recovered on the sixth day after onset but
specimens should be collected as early as possible Saliva 15
collected by means of sterle cotton wool pledgets which are
placed 1n the mouth and 1s expressed from them mto an
equal quantity of mnfusion broth It should be gathered over
a period of one or two hours

The virus has also been 1solated from the cerebrospmal
flud 1 cases of meningo encephahtis The flwnd 1s eollected
by lumbar puncture wn the ordinary manner

Should there be any delay 1n theiwr transmussion to the
Iaboratory the specimens either of sahva or of cerebrospmal
flud should be frozen m transit They are then moculated
mto chick embryos most usually by the ammniotic route
which 1s the most dehicate but alternatively, the allantorc
or yolk sac methods are available Prior to the 1solation of
mumps virus 1n the chich embryo the materal was moculated
directly mto the parotid ducts of monkeys which i positise
cases developed pyrexia and swelling of the gland The
parotids of these animals may then be used as antigens m the
complement fixation test, and complement fixing antihodies

are to be found 1 the blood



EPIDEMIOLOGY [

Serological Tests
CompLEMENT Fixarion Test

As in most virus diseases the proof of infection depenc
on a mise in titre between a specimen of serum taken eatly
the attack and another collected a week to ten days late
Antibodies to mumps appear about the end of the first wee
50 that a relatively early diagnosis can be made

HMAGGLUTINATION—~INHIBITION TEST

Mumps v 1rus shares with influenza virus, and other membe
of the group, the property of agglutinating the erythrocyt:
of various species and so a second diagnostic test, hemay
glutination inbtion, 1s available  The inhikiting antibod
appears later and remains longer 1n the blood than does tt
complement fixing antibody  As usual two specimens, on
collected early and one late, are needed for the test

EPIDEMIOLOGY
The main inerdence of mumps 15 1n winter and spring |
oceurs most ly 1n childhood, but adol and youn

adults who have escaped as children are often attackec
Second attacks are uncommon, one usually giving immunit
for hife, and the figures quoted for their frequency are ver
much exaggerated

Since the introduction of serologeal tests for Infection 1
has become possible to gain some idea of its real incidency
By this means manv cases of inapparent infection have bee
uncoered 1n people giving no history of an attack, and ther
1s how httle doubt that mumps 1s one of the commonest
the infectious diseases

Infection 1s transmitted from case to case by drople
spread Fomites are not of much importance Tt 1s probabl
that some cases may be infectious and transmut the diseas
to contacts n the absence of chinical symptoms  Ho
mportant these cases may be in spreading the disease we d
not know  Most cases ate tnfectious for about three day
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before, and three or four days after, the onset of symptoms
It 15 theoretically possible that, in those cases in which the
other parotid becomes mvolved a few days after the first,
the virus may re appear m the saliva There 1s as yet no
evidence one way or the other, but 1t might be of 1mportance
1n determiming the duration of mfectinity

Quarantine 1s usually mmposed on contacts for four weeks
from exposure, but 1t 1s not enforced during the first week
As virus appears 1n the saliva only three to four days at the
earliest before symptoms develop, 1t seems that the latter
period might, perhaps, be extended with safety Frank cases
are 1solated until the swellng has subsided 1n the affected
glands  Once again there might be a case for modifymg this
period m the light of recent advances, which should enable
us to demonstrate more accurately the time of the disappear
ance of virus from the saliva—whether before, after, or

1mult; ly with the subsid of the glands

Control

Convalescent serum, m spite of some favourable reports,
would seem to be of lumuted value, either mn preventing
infection or m modifymng the course of the disease Gamma
globulin seems to be little better, but 1t has been suggested
that convalescent gamma globulin rmght exercise a useful
effect, particularly m the prevention of orchitts

Potentially more useful are the attempts to produce actne
immunity by means of mumps vacemes, but as far as manis
concerned this work 1s still m the experimental stage
Inactivated virus stimulates the production of antibodies s0
that 1t 1s more than hikely that vaccines will eventually be of
value Their main use would probably be m the protection
of young adults on whom falls the mam neidence of orchitts

PROPERTIES OF THE VIRUS

Size
By electron mcroscopy 1t has been estimated that the

elementary body measures 200 mp diameter
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SurvtyaL

Heating to 55°C for one hour mactivates the virus but it
will survive freezing for some weeks It 1s resistant to gly cerol
Other agents such as formahn and ultraviolet hght rapidiy
destroy infectivity

EXPERIMENTAL ANIMALS

Monkeys have been widely used and are easily infected
either by parotid or mtracerebral 1noculation Infection by
the latter route produces a meningo encephalitis

Cuick Exmsryos

The virus grows well i the yolk sac the allantors and the
ammon Infection was first proved by using the egg tissues
as antigens 1 the complement fixation tests  More recently
hamagglutination tests have been avamlable as erythrocytes
of several species are agglutinated by the virus  The agglu
tination 1s a function of the virus itself and 1s mhibited by
speaif c antisera  As in influenza a  soluble complement
frong antigen distinet from the sirus particle has been
deseribed

No antigeme differences have yet been reported amongst
those strains of mumps virus which have been 1solated
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Stmvivar

Heating to 55°C for one hour mactivates the virus but it
will survive freezing for some weeks It s resistant to glycerol
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either by parotid or by
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Cnick EMBRYOS
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VIRUS PNEUMONIA

It has been known for some tume past that different viruses
may play an mmportant part m causing pneumonta but only
since the advent of chemotherapy have we been able to assess
the problem with any degree of accuracy VWhen speaking
of virus pneumonia 1t 1s frequently overlooked that several
viruses are mvolved, and too often the terms * virus pneu
moma” and “atypical pneumona” are equated In fact many
bacterta can give a socalled “atypical’ picture Only
recently have pneumomas been considered from the view
pont of thewr etiology rather than of therr morlid anatomy
The present attitude 1s a more intelligent one, and more 1n
Leeping with a chemotherapeutic age The ways m which
any organ can respond to infection are necessarily limited,
and sumlar pathological pictures are often produced 1
response to different agents

“Virus pneumoma’ 1s therefore 2 very wide term, and the
climeal entity known as Prumary Atypical Preumonia forms
only a part of the problem In tlus chapter three types of

fe agent are d d together because, as will be
seen they produce very similar pietures and chimeal differ
entiation between them 1s almost impossible  The properties
of psittacosis and ornithosis viruses, and thewr relationship to
the other members of the group of which they form part are
more fully discussed in Chapter Seven, but m an attempt
to give a coherent picture of virus pneumoma ther clinieal
and log T are luded here Q fever s
not a viral mfection but 1ts chmeal stmulanty to the other
imfections and the increasing realization of 1ts wide distribu
tion make 1t desirable to discuss 1t m this chapter
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PRIMARY ATYPICAL PNEUMONIA

There are many objections to this title, but 1t has become
sanctioned by usage and covers a more or less well defined
¢clineal syndrome, 1n which cold or streptococeal agglutining
are often found m the patient’s serum For the present,
therefore, 1t 15 better to retan 1t than to ntroduce further
confusion by inventing other names

Duning the war a considerable volume of work was presented
on this subject, but despite very complete 1nvestigations by
competent workers hittle real progress was made, and labora-
tory mterest in the condition has largely lapsed  Climeal
wmterest remamns unabated, and there 1s a widespread im-
pression that these cases are becoming more common ;
certanly, the dingnosis 1s being made more frequently

There are reports m the literature of several different
viruses which have been isolated from patients presenting
this chimeal picture  The only one which has so far been
fully mvestigated and which appears to be of unportance,
15 that deseribed by Eaton and hus collaborators in a seres
of papers from 1942 onwards First 1solated from sputum
and Jung suspensions of cases of atypical pneumonta, 1t can
be transmitted to laboratory ammals such as cotton rats,
hamsters and chich embryos  Antihodies to tins virus have
been demonstrated 1n many outbreaks m different parts of
the United States, and both cold and streptococeal agglutimns
have been present in most of these sera  Eaton has estimated
that 60 per cent of all cases of virus pneumonia may be due
to this agent

None of the other reported agents can be regarded as being
of significance and indeed little confirmatory evidence by
wdependent workers has yet been produced for any of than
The great difficultv for workers n this field has been that
almost all laboratory stock, and many of the other exotie
ammals which have been tried, are themselies subjeet to
spectfic pneumomitis or pneumonia viruses  These may
temain completely fatent in their amimal hosts unlessactiated
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m some way. One method of activation may be the m
Jection of material from cases of atyprcal pneumoma or of
other respiratory infections

Many of the human viruses which have been reported from
time to time are transmissible to only a hmited range of
ammals, and even 1n them are only mildly infectious The
serological evidence for them, for example neutralization
tests, cannot be regarded as convineing

To date, apart from Eaton’s virus, the only satisfactory
positive evidence of the setiology of primary atypical pneu
monia 15 the exp ts of the A Ci on
Respiratory Diseases, in which human vohmnteers were used
These leave httle doubt that the cause 1s a virus

In one of ther experiments forty two men were inoculated
with pooled sputa and throat washings from cases of atypiesl
pneumoma  These washings were sprayed 1nto the nose and
pharynx of the volunteers

Twelve men recewved untreated washings, of whom three developed
atypical pneumoma five a mmwnor respiratory mfection and four no
1flness o

N Litesy

Of the ten cases of mmnor respiratory illness in the first
two groups, three were classified as suspected cases of atyprcal
pneumoma The case of 1llness in the control group was the
one man who was known to have broken 1solation and to
have come m contact with one of the cases of munor 1llness
In view of many of the objections to the reputed isolatton of
different viruses m ammals, 1t 15 interesting that there was
no “hghting up” of a latent agent m any of the volunteers
recewving autoclaved material

The mmor respiratory Hlnesses seemed to bea .
relationship to atypical pneumoma, although there mzse 2
different 1ncubation period and no radiwological signs ¥

r some
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temperature 1s never very high, and will fall by lysis at the
end of ten to fourteen days Bradycardia 1s frequent
Compheations are uncommon and generally msigmficant
The newer antibioties such as aureomyein, chloromyeetm and
terramyein are of considerable value in these cases
The mortality 1s only about 0 1 per cent so that there are
few deseriptions of the pathology The morbid anatomical
pieture 1s hardly distinetive, consisting of an irregular patchy
’

bronchop with b atis and b h

Rapiorosrcar FInbines

The most common appearance 1s a wedge shaped zone of
consolidation m the lower lobes, with the apex towards the
hilum and the edge fadmg out iurregularly imnto the lung
substance Occasionally mottled or feathery infiltrations are
seen Dense opacities are rare

Diagnosis

The diagnoss of primary atypical pneumomia rests largely
on negative evidence ‘The onset 1s usually less abrupt than
that of p 1 p the perature 15 rarely
igh and bradycardia 15 common No leucocytosis 1s found
mn the early stages Bactenological studies are not helpfal
and there 1s no response to chemotherapy unless aureomyen,
chloromycetin or terramyem are used Radiology shows
greater involvement of lung tissue than phy sical examination
weuld suggest  Cold agglutinins develop 1n about 50 per cent
of cases although n some outbreaks erther all the patients
or none may exhibit them The chief drawback to the diag
nostic use of cold agglutimins 1s ‘that they do not appear untl
the end of the second week "

Serol 1 tests for infl the psittacosis group an

Q fever are negatnne

Cold Agglutimins
These oceur n just over half of all cases In some ou;breaks
they have been demonstrable m over 90 per cent of cases,
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and 1 others m none They may sppear in certamn other
pyrexial conditions but rarely to a titre of  1n 32, and n titre
of 1 1n 64 or over may be taken as evidence of atypical
preumoma  The demonstration of o nsing titre during the
course of the illness 15 of greater sigmficance than the titre
of a single specimen

The nature of the agglutimmms 1s unknown They are
apparently associated with the globnlin fraction, and will
agglutinate human group O erythrocytes at around 0°C
They disappear when the serum 15 warmed to 87°C and
reappear 1f 1t 15 once again chilled  Blood collected for the
cold agglutinin test should not be refrigerated before being
sent to the laboratory, as thus results m adsorption of the
agglutinins by the red cells and a consequent drop 1n titre

Cold agglutimins are at their peak during the third week
and, when they are present, are related to the sevenity of the
nfeetion  the more severe the attack the higher 1s their titre
Due to therr late appearance they are of Little use for ymmediate
diagnosis and their mamn value 1s retrospective  From the
eprdemiologieal standpoint they outrule other virus infections
such as influenza and psittacosis, m which they are not found

Streptococcus MG Agglutinins

Some observers have been 1impressed by the relationship
of an ‘mdifferent” or non specific streptococeus to the
wtiology of atypical pneumoma  This orgamsm, related to
Str salitarius has been designated Streptocoecus MG It s
not now believed to be causative, but agglutimns to it have
been demonstrated in sigmficantly higher proportions of
those suffering from atvpical pneumoma than of the general
population

The streptococeus itsell ean be isolated from the throats
of some 12 per eent of normal people, and in the American
Commswion s experiments 1t was found in one third of the
volunteers before noculation nnd m one lall afterwards
Therewas however no between
10 those who deviloped preumomia and in those who did not
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It 15 difficult, therefore, to assess what role this strepto-
coccus may play—as a cause, alone or m conjunction with
a virus, or as a secondary mvader It does not seem to be
eausal, for example 1t 1s pemcillin sensittve whereas virus
pneumonias, with the exception of those caused by the
psittacosts group, do not respond to pemeilhn  If 1t acts in
conjunction with a virus as a primary cause 1t 1s an uncommon

1 the pathog of human disease  Possibly
1t merely shares an antigen m common with the imfecting
virus No & on 1ts t have yet been

P
undertaken and 1t 1s difficult to reach any deciston without
some such experimental evidence

Opintons vary as to the freqs :y with which strep
and cold agglutimins may be found 1n the same patient  Many
hold that almost every patient who shows one agglutiun wilt
also present with the other There 15, however, no doubt
that the two agglutinins are different—either of them can be
removed by absorption without affecting the titre of the other

Epidemioclogy

As has been seen there 1s some evidence that any one of
several agents may be imyohved m the product on of atypieal
preumoma  Indeed, the marked difference in laboratory
findings between the vanous surveys leaves httle doubt of
this, an example s the varied findings m relation to cold
agglutinms ~ So far, with the exception of Eaton’s virus ve
have only the scantiest information as to what these agents
may be but therr existence Is unq ble Ourig
of therr rel hip to the acute resp
nesses, which are so frequently and wrongly labelled
“4nfluenza,” and from which no viruses have as yet been
recovered, 1s one of the great gaps in our knowledge

The mcidence of atypical pneumonia amongst the general
population 15 unknown It usually occurs as an endeme
condition, small outbreaks being occasionally reported Its
considerably more common in the winter months

y 1l
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Infectivity scems to be low, but the disease can be trans-
mitted Yy infected droplets 1o the resparatory traet Contact
between cases ss often difficult to trace, which 15 to be
expected 1 any wnfection with 2 high proportion of ambulant
cases The incubation period 1s long and the pertod of infec-
tiity quite unhnown, Second attacks, some ume after the
first, ore hnown to cccur so that no long-hved immumty 18
produced. These subsequent attachs may, of course, be due
to fection with o dilferent virus of the group

Q FEVER

Q fever, cansed by R. burnets, was first desertbed 1n
Queensland 1n 1937, The condition 1s widespread i many
ports of Europe, particularly the Balkans and in the Mediter-
renean arca, it Australia and m the Umted States It has
seeently been deseribed w England  Close contact with eattle
as 1 sbattoirs, meat packing plants and darry farms has,
been o feature of most outbreaks  Serologmieal evidence of
feetion was found by the Virus Reference Laboratory,
London, 1n 5 per cent of 800 cases of “virus pneumonta.™

Clinical Findings
After an teubation period of about nneteen days the
onset 1s sudden 1n most cases with severe headache and
muscle pamns  An oceasional case presents merely as “pyrexsa
of unknown ongin™ throughout. In the avernge case the
chart shows & ngh swinging temperature ranging up to 104°F,
which fosts for sty ta ten days and may be accompanied by

consisting merely of o fro o
for tmore than a few
changes arc found.

.
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atypical pneumoma and shows patchy areas of consolidation
at the base  One lobe only 15 usually myvolved These radio
logteal signs persist until well into convaleseence

Gastro intestmal symptoms, apart from those related to
the pyrexia rarely occur There 1s no rash

By the end of a week to ten days the temperature falls by
Iysis but 1t may persist for weeks m a few cases Complica
tions are very rare and the mortality rate 1s low—about 0 2
per cent  Aureomyemn and chloromycetin appear to be of
defimte value

Leucocyte counts and other routime laboratory procedures
give no m diag The sed 101 rate Is
raised, as one might expect, 1n the febrile stage

Pathology
Ovwing to the relatively low mortality httle information 15
available In the few cases reported there was cedema and
: congestion of the lungs and hepatization which was confined
to one lobe The spleen 1s enlarged In one fatal ease the
rickettsie were found widely distributed throughout the
tissues  They could be demonstrated 1n the lungs, spleen
and brain
Diagnosis
This 15 estabhshed by the 1solation of B burnets or by
serological tests  None of the other findings are diagnostic
The richettsi may be most easily recovered from the blood
during the febnile phase  After a few passages they grow
readhly in muce, gumnea pigs or chick embryos The condition
3, however extremely infections m the laboratory, and
1solation should not be attempted unless the strctest pre
cautions against infection can be enforced  In one laborator}
outbreak fifteen of forty mmne people worhing there were
attacked as well as one visitor who had merely watched the
harvesting of a single batch of infected eggs '
Two serological tests are ay ailable—agg
complement fixation Agglutimns appear first about the t

Iutination and
enth
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day, and practically all cases will show them at the end of
four weehs The test 15 relatnvely httle used nowadavs
Complement fixing antibodies are present by the end of the
first week and nse steadily until the peak 1s reached in the
third week  In ether test the demonstration of a nising titre
15 obviously more conclustve than the result of a single
convalescent specimen

Serol 1 tests for infl and the p group are
negative, nor do cold agglutinms appear

Epidemiology

The most common method of fection 1s probably the
nhalation of dust containmg B burnets

On the basis of earlier Australian and American work 1t was
thought that ticks played an essential part in the spread of
mfection In Austrahia the disease 1s a natural one in bandi
coots amongst which 1t 1s spread by ticks These ticks are
capable of infecting cattle, and 1t was thought that cattle
ticks feeding on infected beasts became themselves mfected
and by excreting richettsie in their frces, contaminated
the dust of abattoirs and farms  Certamly 1n both ustrala
and the Umted States the disease 1s largely an occupational
one amongst those in contact with cattle

In California where the condition 15 enderie, an important
method of transmisston seems to be the drmhing of raw miik
wfected with K durnets, and this method of spread has abso
been reported in England

Recent work has shown a possible limk between these two
tyvpes of spread by the demonstratton of the richettstu
the placentas of cows and sheep and also in the naso pharynx
and frees of the latter  These could obuiously afford a very
potent means of contammating dust, and R burneti hne
heen recon ered from air samples token on farms where human
eses had occurred

Trinsmussion from man to man 1s uncommon although it
I Veen reported 1 o hospital ward  In the first Fnghsh
€ases mfection was contracted at the autopss on the source
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atypical pneumonia and shows Ppatchy areas of consohdation
at the base  One lobe only 1s usually mvolved These radio
logical signs persist until well mto convalescence

Gastro mtestmal symptoms apart from those related to
the pyrexia rarely occur There 1s no rash

By the end of a week to ten days the temperature falls by
lysts but 1t may persist for weeks 1n a few cases Comphea
tions are very rare and the mortalty rate 1s low—about 0 2
per cent  Aureomyem and chloromyeetin appear to be of
defimte value

Leucocyte counts and other routine laboratory procedures
give no assistance 1n diag The sed rate 15
rused as one might expect in the febnle stage

Pathology

Owing to the relatively low mortahty lttle mformation 1s
available Tn the few cases reported there was cedema and
congestion of the lungs and hepatization which was confined
to one lobe The spleen 1s enlarged In one fatal case the
rickettsiz were found widely distributed throughout the
tissues  They could be demonstrated m the lungs, spleen
and brain

Dingnosis

This 15 established by the 1solation of B burnety or by
serological tests None of the other findings are diagnostie
The nchettstee may be most eastly recosered from the bload
during the febrile phase After a few passages they grow
readily in mice gumea pigs or chick embryos  The condntxog
15 however extremely infectious m the Iaboratory an
1solation should not be attempted unless the strictest pre
cautions aganst infection can be enforced In one laboratory
outbreak fifteen of forty mme people working there “e}:c
attached as well as one visitor who hdad mciely watched the
harvesting of a single batch of infected eggs

Two segmloglca\lg tests are av allable—agglutxnsttx]onte::‘!:g
complement fixation Agglatinins appear first about the
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day, and practically all cases will show them at the end of
four weehs The test s relatively httle used nowadays
Complement fixing antibodies are present by the end of the
first week and rise steadily until the peak 1s reached 1n the
third week  In erther test the demonstration of a nising titre
15 obviously miore conclusive than the result of a single
convalescent specimen

Serol 1 tests for and the p group are
negative, nor do cold agglutimins appear

Epidemiology

The most common method of infection 1s probably the
wnhalation of dust containing B burnet:

On the basis of earlier Australian and Amenican work it was
thought that ticks played an essential part in the spread of
infection  In Australia the disease 1s a natural one m band
coots amongst which 3t 1s spread by ticks  These tichs are
capable of infecting cattle and 1t was thought that eattle
ticks feeding on 1nfected beasts became themselses infected
and by excreting richettsie in their freces contimmated
the dust of abattoirs and farms  Certainly mn both Australia
and the United States the disease 15 largely an occupational
one amongst those 1 contact with cattle

In Cahfornia where the condition 1s endemic an important
method of transmission seems to be the drmhing of raw pulk
infected with R burnetr and this method of spread has also
heen reported 1n England

Recent work has shown a possible hnk between these two
types of spread by the demonstration of the rickettsie in
the placentas of cows and sheep and also 1n the naso pharynx
and fxces of the latter These could obviously afford a very
potent means of contaminating dust and B burnefr have
been recovered from air samples taken on farms where human
cases had occurred

Transnussion from man to man 15 uncommon although 1t
haw been reported 1n a hospital ward In the first Englsh
cases infection was contracted at the autopsy on the source
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case The rickettsiz can, of course be 1solated from sputum
and unne and these should be carefully disinfected

Antibodies can be elicited by aceines and have given good
results m laboratortes working on Q fever but no large scale
tnals have yet been carred out If satisfactory vaceines
would be a valuable protective measure for those at oceupa
tional rish

PSITTACOSIS—PNEUMONITIS GROUP

The exact proportion of cases of +irus pneumomnia caused by
members of this group 1s unknown but 1t 15 higher than seems
tobe generally realized Inthe United States some 20 per cent,
and mn England 10 per cent of all cases have been stated to ,
be caused by them Recent work suggests that the latter
figure 15 too high

In dealing with this group we are faced with the same
difficulty as with the atypieal pneumonia viruses—namely
the activation of latent viruses m laboratory stock If any
thing, the problem 1is even greater as these viruses are the
classicial examples of agents which can remain latent in ther
hosts for long pertods after infection

By far the most unportant viruses of the group affecting
the human are psiftacosis and ormthosss which are closely
related to each other Both of them are widespread 1n nature
and infection 1s usually transmitted to man from different
species of birds

Other viruses of this group have also been described as
infecting humans They do not appear to be of great signt
ficance and hittle work has been done with them but a few
of them may be briefly noted

Jllenmgop}:wumumtzs wvirus was first isolated m ferrets
moculated with throat washings from human subjects The
clinical signs m these cases were suggestive of nfluenza rather

n of atypical pneumonia
ch;’neumazﬁz Vtr}:w of Mice (PVM) was 1solated from healthy
mice but 1t has also been inenmmated 1 human cases
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Judging by virus neutralization tests nfection with it 15
widespread

San Francisco (SF), Lowisiana and Illinois viruses were
1solated from outbreaks in the areas indicated by their names

PSITTACOSIS AND ORNITHOSIS

1In the severe outbreak of psittacosis in 1929~30 the disease
appeared 1n twelve different countres and affected 700 to 800
people It resulted i very ngid precautions being taken by
public health authomties i many countmes to restrict the
mnportation of birds such as parrots and budgengars At
that time the disease was traced to South American partrots,
but later work showed that Austrahan parrots were alo
mfected It 1s well known that a hugh proportion of chinically
healthy birds are earners of the virus It may remain latent

m them for long peniods, only becoming active and bemg
Voo s ,

by the end of which time any 1nfected birds will usually show
obvious signs of mfection  Although irksome, quarantine
has proved 1ts value on many occasions Of one batch
imported into the United States 97 per cent of the birds had
died of psittacosis at the end of the six months quarantine
period

This precaution has almost stamped out psittacosis 8s a
public health problem, a fact for which the laboratory worker
may be thankful, as 1t 1s an extremely dangerous virus to
handle and one of the commonest of laboratory nfections

Unfortunately psittacosis 1s itself only part of the problem
Recent surveys have shown that ormthosis, closely related
and giving the same clinieal and pathological picture, 1s
widespread amongst domestic birds mn the United States,
Conada, Holland, England Ircland and several other
countries Pigeons doves, chickens, ducks, gulls, and petrels
have all been found infected
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To the human patient 1t 15 a matter of indifference whether
he 15 suffering from psittacosis or ormithosts, and 1t 1s 1ronreal
that in spite of the nigid precautions toat are taken to present
psittacosts from enterng a country, ormithosis, equally
dangerous, should be widespread amongst its ndigenous
birds  The nisk to the general population, however, 1s not
great, beng confined largely to those whose oceupation
or hobbies brmg them into close contact with mfected
birds  Numerous cases have been reported amongst such
Ppersons

Ormithosis was first brought mto prominence followmg an
outhreak of a psittacosis hike nfection 1n the Faroe Islands
where 1t was traced to fulmar petrels The mortahty m
the outbreak was 20 per cent, and cases were much commoner
amongst those women who were preparing the birds for eating

Clinical Features

After an incubation period of about ten days the onset 1s
sudden with pyrexia, rigors, malase, sore throat and head
ache At first the picture 15 very similar to an early lobar
pneumonia, but cough may be completely absent or at most
mild, dry and non productive Sputum 1s always scanty
Physical examination at this stage reveals little, apart from
crepitations and an area of dullness on percussion at the base
of each lung The temperature, starting at 100°F to 101°F,
gradually nses and remams high It finally falls by lysis
Respirations are normal i rate and the slow pulse 1s charae
teristic, rapid pulse or resprrations are bad prognostie signs
Cvanosis 1s common and the blood pressure 1s low  Albu
minura 1s common at this stage  Insomnry, depression and
apathy occur 1n all except the very mild cases Secondary
bactertal infection 15 uncommon

On N ray extensive patchy consolidation 1s seen, which
often persists even after chnical improvement has set m about
the third week  The leucocyte count 1s normal or subnormal,
but a frank leucoey tosts oceurs late or durng cons alescence
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Thrombophiebitis may oceur as a complication and pul
monary embolism 1s & common cause of death  Relapses
have been reported

The mortality rate 15 hagh—about 20 per cent—and the
prognosts 15 definitely worse m those over forty years of
age

gAurecmycm chlommycetm and terramyen are of value m

Exp t work with p thin showed that

m many cases its action was merely to mash the wnfection,

and that the virus could be isolated from cases which were

chueally recovered  Whether this happens with the nener
antibioties 15 not yet known

Diagnosis

A tistorv of contact with birds 15 valuable but, of course,
meonclusive, as even bird fanciers moy des elop mfluenzs or
atypical pneumonia

The most satisfactory method of diagnosis 1s by 1solation
of the virns  This 1s present 1 the blood for two weeks after
onset, and has been found n throat washings, sputum and
even vomtus well nto the third week In fatal cases the
viras should be sought i the lungs aand spleen

Matenal for the solation of virus may be inoculated mtra
peritoneally 1nto mice or into the yolk sac of the developing
cluch embryo

Complement fixition tests are widely used, and can provide
s rapid method of dpnosing nfection with one of the
members of the group, even though not differentiating with
certunty between them Lomplement fixing antibodies begin
to appear at the end of the first weck and if & nse 1n titre
can be demonstrated 1n specimens taken within the next few
days a presumptinne diagnosns can be given A titreof T 20
1 patients chmeally suggesting psittacosis may he taken as
positne

Cold agglutimins have been found but rarely and serologreal
tests for influenza and Q Fever are negatnve
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Pathology

The areas most affected are the Tungs, bronchy, and trachea

On examnation with the naked eye the lungs appear to be
umformly lidated but mier preal 10n shows
that, m fact, consohdation 1s lobular type and not evenly
distributed  Alveoli contaming air can still be found m the
mudst of consolidated areas, a fact which tends to mask the
chimical signs of consolidation A varety of cells are seen in
the alveoli—-red blood cells, lymphocytes, macrophages, anda
small proportion of polymorphs In suitably staned prepara
tions clumps of elementary bodies may be found 1n the cells
of the alveolar exudate There 15 also 2 marked desquamation
of the bronehal epithehum

In other organs fatty degeneration 1s frequently found,
particularly in the liver where there may also be a focal
necrosts 1n the centre of the lobule

.
Epidemiology
Infection with viruses of the psittacosis group 1s widespread
m nature Ther attnbute of persisting for long periods
without any obvious chnical, or even serologieal, signs of
mfection on the part of the host, renders it Iikely that many
species are mfected
Amongst birds, infection s caused by direct contact,
droplets or infected droppmgs Young birds are mfected m
the nest or, 1If they escape there, :immediately afterwards by
mixing with other birds A varable proportion of these die
on therr first exposure to the virus  The survivors gradually
cease to shed virus and by the end of some three months are
clinically well, but 1f sacnificed then they will be found to
have an enlarged spleen from which the virus can be 1solated
Breeding females frequently become active distributors of
virus thereby passing on the infection from generation to
generation
Infection may spread from birds to man  Relatively close
contact 15 necessary, and the vast majority of cases have
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oceurred 1n those whose occupation mvolves the handling of
birds  They are infected through therr assomation with
infected birds, or by contact with the feathers or excreta
The occupational nisks do not seem to be sufficiently reahzed,
although there are many starces of such spread The same
arguments, of course, apply to those keeping psittacine burds
as pets

Msn to man transfer 1s alarmingly easy, and the sk to
those who have to nurse psittacosis patients 15 very real as
hospital outbreaks show In one instance twenty six cases
occurred amongst the hospital staff with thirteen deaths, and
n another mmneteen cases with eight deaths  Ornithosis is fess
nfectious but even more lethal

Rugorous 1solation of all cases for a considerable period 1s
necessary as the virus may be excreted by them for at least
four weeks All discharges from the patient must be ade
quately sterilized  Enquiries as to the source of the infection
should be immediately set on foot In these islands the
quarantine measures in force have stood the test of time, but
there 15 always the danger that thoughtless smugghng of
birds may irtroduce fection, apart from the nisk from
native spectes  In California control broke down completely
due to wadespread smuggling

Persons fully recovered from an attach are generally thought
to be immune but this may be due to persistence of the virus
as happens 1n birds A case has recently been discovered
actively shedding virus 1n the sputum eight years after a
severe attack, suggesting not only that the virus may persist,
but also that 1t may not remain completely latent

Tests of vaccines, phenohzed or with dilutions of active
virus, have shown that antibodies are produccd by them
Therr or value in




CHAPTER SEVEN

LYMPHOGRANULOMA INGUINALE
(Lymphogranuloma venerenm, Lymphopathia venerea)

LywprocraNULOMA mnguinale 15 a virus disease of lymphod
hissue Its transmssion 1s ucually venereal, and the condition
oceurs throughout the world

CLINICAL FEATURES

The incubation period vares from three or four days to
three or four weeks It s difficult to estimate 1n many cases
as the primary leston may be so mild as to pass unnoticed
This most frequently presents in males as a small vesicle on
the glans pemis In women 1t may be found on the labia, but
often occurs on the vaginal wall or even on the cervix
Alternatively, the lesion may be ntra urethral and e non
specific urethnitis results The vesicle gives way to & shallow
uleer which heals within a few days

The second stage follows within one or two weeks when the
regional lymph glands become enlarged and pamful At first
they are discrete, but later they become matted together due
to the extensive suppuration and sinuses are formed which
drain for weeks or even months A small proportion of cases
heal spontaneously and do not go on to pus formation

Later the picture 1s dorinated by a very extensive fibrosis
around the affected lymph glands with mduration and dis
coloration a condiion known as “esthioméne " There 1s
often some degree of elephantiasis msolving the external
gemtaha and proctitis and rectal stricture gradually develop
{genito anorectal syndrome)

The chmeal pieture vanes consdergbly gecarding to the
sex of the patient In the male the mgumal glands are

86
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mvolved with the formation of buboes and sinuses as des
enbed above In the female, however, the Iymphatic drainage
1s to the pelvic glands, and the pathological process of sup
puration and fibrosis oceurs within the pelvis  Should the
primary lesion m the male be intra urethral the pelvie
plands, and not the mguinal, are affected

Occasionally a generzlized rash 1s secen, and rarely a
meningo encephahtis has been reported

The serum proteins are raised due to an ncrease in the
globulin fraction  Otherwise there 15 little charactenstic
the chimeal laboratory findings With the onset of suppura
tion a polymorphonuclear leucoeytosis 1s found

TREATMENT

Good chmeal results have been obtamed with sulpha
diazine m the primary and secondary stages, but 1t 1s more
than doubtful f 2 complete cure 1s possible with the sul
phonanudes Penicillin seems to be of hittle yalue Aureomyemn
m a dosage of 25 mgm /kilo orally, or 20 mgm /kilo mtra

ly has given pi g results  Chl m 1s
effective 1 experimental mfections, but no reports of its
use nt human cases are yet available Elementary bodies
can, however, still be demonstrated 1 the tissues of amimals
after clincal cure

It 15 difficult to assess the value of chemotherapy or of
the antibiotics 1 these cases There are two major factors
mvolved and we know little of exther The first 1s the method
whereby the drugs act on the virus, and the second 1s the
centerion of cure

Even 1n utro the sulphonarmdes are virueidal only in very
high concentrations In experiments with mice chnieal
signs e g meningitis m mice d nt: brally, may
be suppressed but the virus none the less persists in a ogh
proportion of cases Vihether or not the newer antibiotics
such as chloromycetin or aureomycin are virueidal or merely
suppressive still remams to be seen but from what has
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already been satd of chloromycetin 1t would seem quite
possible that their action 1s one of suppression rather than
of cure

PATHOLOGY

The primary lesion shows the characterstic histologreal
features of ulceration

In the secondary stage, foc1 of reticulo endothelial cells
are at first promiment m the affected lymph glands These
give way to small abscesses which gradually enlarge and
destroy the whole structure of the glands, until they finally
become a matted, necrotic mass Simultaneously extensne
fibrous tissue 1s laid down, which, when 1t contracts, produces
the lesions of the tertiary stage

Inclusion bodies of two kinds are found m infected cells
Large basophilic bodies, first described by Gamna and Favre
and named after them, may be seen mn the eytoplasm of
histiocytes and mononuclears These vary i size from 1 to
4 p, and are nuclear 1n nature They are not virus particles,
but they have a diagnostic significance

The second type, Miyagawa’s “granulo corpuscles,” are
small basophilic bodies of about 0 8 p m diameter and are
virus elementary bodies They stamn readily with Giemsa,
and are found most easily m the cells surrounding an abscess

LABORATORY DIAGNOSIS

The virus 1s abundantly present in all the lesions and
infection ean be demonstrated not only by 1solation or sero
logical p d but also Ity by microscopy It
1s present 1n the cerebrospmnal flutd 1n cases of meningo
encephalitis, and 1n the faces 1n cases with proctitis

Isolation of the Virus i
For 1solation of the virus, pus from the buboes 15 moculate:

nto experimental ammals or into the yolk sac of the develop
g chick embryo The most susceptible ammals are monke) s
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and muce  After mtracerebra) jection they both develop
meningitis within seven to fourteen days and elementary
bodies can be demounstrated withia infected cells Guinea
pigs may also f eused the mjection being made mnto the groin
but they cannot he infected 50 readily as the other two spectes

Several passages may be required before the virus becomes
established in chick embryos and ammal inocnlation gves
more rapid diagnosis

Serological Tests
Frel Test This skin test becomes positive between tno
and six weehs after infection  The orginal matenal used by
Frer consisted of heated pus from a bubo mjected intra
dermally but mfected yolk sac matenal from ciuck embryos
1s now generally used The test must be carefully controtled
and the size of the papule formed 15 of importance That
resulting from the test material should be not less than 7 mm
i diameter while that from the control of normal yolk sac
should haive & diameter of not more than 5 mm The result
15 read after forty eight hours
Wath the methods of treatnient asailible untid the advent
yen and the test d positine
for hife  What effect they may have on 1t 15 not yet known
Complement Fixation Test Ths s more sensitive than
the Frei test and may become positive earbier It must be
remembered that a positive result merely indieates nfection
with 2 member of the psittacosis-Jymphogranuloma group
of viruses, and that 3t 15 not speaifie  On the other hand
provided 1ts lumtations are understood 1t 1s an extremely
useful test m the d of mfection wath the b
of the group
The antigen most widely used 1s prepared from infected
yolk sacs and using 1t & titre of 1 16 may be regarded as
suggestive of wmfection A msing fatre 15 of course more
sigif cant than the titre however ngh of a single specimen
Non specifie positive results have been reported m syphilitic
patients but 1t has also been suggested that such cases are
VIR '3 DISEASES k)
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mn fact, early cases of lymphogranuloma Be that as 1t ma
posttive results to low titres m such patrents should be mte
preted with caution unless the test remains positive aft
adsorption of the serum with Kahn antigen

The complement fixation test remains posttive for as lon
as the virus Is active in the tissues

The Wassermann and Kahn reactions should also be carrie
out on all patients, as double mfections, with syphls an
Iymphogranuloma are relatively frequent

EPIDEMIOLOGY

Lymphogranuloma mgumale has a world wide distnbutior
and cases have been reported from every quarter of the globe
It seems unquestionable that many cases are missed, especalls
m temperate zones because the practitioner does not con
sider the condition 1n his differentral diagnosis

Sexual mtercourse 1s the most common method of spread
but occasional non venereal infections are met with i doctor:
and laboratory workers through contact with infected pus

The virus has, on occasion, been isolated from lymph
glands several months after apparently adequate chemo
therapy

PROPERTIES OF THE
LYMPHOGRANULOMA—PSITTACOSIS—
PNEUMONITIS GROUP

"The discussion of the chimeal features and the epidenuology
of psittacosis has been included 1 Chapter Src It 1s prefer
able however, to describe the charactenstics of the group
m one section because of the close relationship and many
simlarities between 1ts members

Infection with members of the group—either chmeal or
Jatent—1s widespread n nature, man, ammals and brds
bemg attacked The more mportant members of 1t may
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numerous elementary bodies, which m their turn infect other
cells and repeat the cycle
Not all the viruses of the group are as well characterized
as are psittacosis and ly 1 and
mnclusion conjunctivitis are very sumlar mucroscopiealls,
they show some sensitivity to the sulphonamides and con
v . 1 B N

- s - x U I

mation 1s avallable about them
These basophilic viruses are very closely related antt
Ily The logical d of infection with some
member of the group can be readily made, but the demonstra
tion of which one 1s actually involved 1s still a matter for the
research laboratory Even when one of them has actually
been 1solated elaborate investigations to 1dentify 1t may still

be required
The most valuable single test for identification 15 the virus
neutralization test, which d rates sharp diff

amongst these viruses The data gained from this test, which
1s still an experimental procedure, fit in well with the other
tests which have been used These mnclude sulphonammde
sensitiv M +
tests ©

under 1 -
definite conclustons can be drawn from the results obtamned
The criteria are the degree of success 1 mnfecting an animal
by any given route, and whether or not the animal sursives
the infection Should 1t sursive, the establishment of a carrier
state 15 another pomt of differentration  For mstance, lympho
granuloma virus will infect mice if moculated mtracerebrally
but not mtraperitoneally, while psittacosis will infect by the
latter route

In view of the marked tendency of these viruses to persist
as latent infections et en after apparent cure, the 1dentification
of the specific infection may be of great importance, chimeally
and epidermologically
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MEASLES
(Morbillr)

Meastes 15 the most presalent and probably the most
infectious of the exanthemata It has always carned a high
mortality from wons 1 childk
TRecent advances in pmphyla“s and treatment have maten
ally reduced 1its dangers, but 1t still remams a serious con-
dition n children—more particularly m those under three
years of age

CLINICAL FEATURES

1f 1t be caleulated from the date of exposure to the appear-
ance of the rash, the mcubation period 15 twelve to fifteen
days Occasionally, longer periods—up to twenty one days
—have been reported It may be lengthened 1n those who
have recerved serum or gamma globulin for the attenuation
of an attack  An “illness of infection” oceurs 1n a number
of children a few hours after exposure to infection, catarrh,
respiratory symptoms, fever and even a morbilliform rash
Jast for some twenty four hours

The illness atself begins with a well defined prodromal
stage which lasts three to four days before the appearance of
the rash It 1s characterized by pyrexia, catarrh mvolving
the whole respiratory tract and injected conjunctive
TopliV’s spots, which are found n practically every case of
measles and are pathognomonuc, first appear two or three days
before the rash as small pin point specks with a surrounding
red areola, on the buccal mucous membrane  They are found
mtially opposite the lower molars, and at about the time the
rash appears they spread over the mucosa giving st a fine

03
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granular appearance Prodromal rashes of an erythematous
or scarlatimform nature are common, but last only a very
short time  Virus is present 1n the blood and the naso
pharyngeal and buccal secretions during this stage, and
mfectny ity 1s now at its height

The pattent becomes gradually more 1ll until the true rash
appears It 1s first seen behind the ears and on the forehead
about the fourth day, and thence spreads rapidly over the
trunk and lmbs  Oniginally macular, and then papular 1n
type, 1t becomes dusky within twenty four hours—oceasion
ally so deep n colour as to seem hzmorrhagic It tends te
become confluent 1n some areas, giving the shin a blotchy
appearance At this time the patient 1s very il with a high
temperature, ranging up to 103°F, rapid respirations and
pr catarrhal symp Bronchits 15 almost
mvariably present all through the prodromal and eruptive
phases

Once the rash 1s fully developed—a process which occupies
about forty eight hours—the temperature falls quickly and
the patient s general condition rapidly mmproves The rash
then fades m the order of its appearance and leaves behind a
characteristic brown discolouration of the skin  This s
frequently followed by desquamation of the affected areas

Complications

Measles, by 1tself 1s not often a dangerous disese but the
complications which may arise are so numerous and so
frequent as to mahe 1t a serious infection in childhood
Until quite recently the mortahty was high principally
because of secondary respiratory infections In hospitals eross
wfection leading to complications 1s particularly frequent
Oiling of bedelothes and floors may be of great valuefm
dimimushing 1ts mnerdence, and n making at possible for
measles patients to be nursed 1 hospitals without serious
sequele

e"ll‘he most important single compheation, and the cause of
most deaths, 15 broncho preumonia which may be presen
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as early as the stage of eruption  Bronchiectasis 1s a common
end result m those cases which recover from 1t Occastonally
a true virus pneumoma occurs but the ccmmnncst organism
involved 1s the P
and H influen~e are also frequently lsolnted from these
cases  Otitis, laryngitis and conjunctvitis may also follow
an attack of measles, and the first of them ts still common
Even though cl herapy and have 1
reduced the danger of these complications, the disease remains
senious 10 wnder nounshed o deblioied cldeen I ey
of these are at risk there 15 no exeuse for not protecting them
by passive immumization  If such children were adequately
pmtccted the mortality 1n measles would be neghgmble

yelitis which closely bles, chnically and
pathologically that following s accmation and the other acute
nfectious fevers, 15 a rare occurtence It usually appears as
the rash 1s beginning to fade The sequel seem rather more
severe following measles The mortality rate varies between
10 and 30 per cent and the prognosis for the survivors 1s not
good as permanent mental of physical disability follows 1n
some 50 per cent of the survivors The condition 1s possibly
due to the measles virus 1tself which has been 1solated from
the brain of one fatal case

EPIDEMIOLOGY

Except 1n 1solated communities the highest incidence of
measles 15 1n the under five age group Prachically every
child 15 born with a passive immunity derived from a mather
who has had the disease herself m childhood This wanes at
about the end of six months Measles 15 rare, therefore,
before some mine months of age but from this until three
years the wcidence rises steeply It then falls away but
practically every child has been attacked by the age of five
Should measles occur in infancy the baby 1s frequently
mfected by the mother who has never previously suffered an
attack herself
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Such 1s the picture of measles 1n eities 1n populous countries,
but 1t 1s very different n many rural areas, and mdeed n
1solated s the epid, logy bears no r bl
at all to 1t The age distibution depends almost entirely
on the time between epidemics, and the picture given 15
based on the behaviour of measles 1n the large cities of Great
Brtam In them an outbreak may be expected ey ery tho
years The virus itself 1s always present in the communty
but the soil for an outburst 15 not always there, and before
an epidemic can take place there must also be a pool of
susceptible cluldren  These are princrpally the children who
have lost their mhernted passive immumty snce the last
epiderme  Some children may also have acqured a shght
degree of immumty by contact with cases which, honever,
15 not sufficient to protect them agamst a chmcal attack of
measles a year or two later

In rural areas the picture 1s modified by several factors
In the first place there are not so many children to form the
pool of susceptibles Secondly, the opportumities for the
transmusston of the virus are not so good, and thirdly, there
15 less virus present in the commumty The time between
epidemics 1s therefore longer, and children may not contract
the disease until a later age than those 1n the cities and large
towns In the Wensleydale villages, for mstance, mme years
elapses between epidenmes

When we come to 1solated
as those Iiving on remote 1slands the picture 1s different agam,
although improved methods of communication are now adays
modifying 1t The elassical examples were outbreaks m the
Faroe and the Fi1 Islands where the disease had not appeared
for many years and adults were therefore as susceptible as the
children  VWhen measles was introduced both were attached
with a high mortality at all ages This 1s the typical pattern
of a new disease strihing any commumty

Measles therefore can occur at all ages and m all cim
ates The typical picture i crowded communities 1 due ;o
a widespread Incidence of the virus, which has ample

1es such
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opportumties for transmission and emerges in epidemic guise
when enough susceptibles have accumulated, a process which
takes about two years In more sparsely populated areas it
takes longer, susceptibles are not so numerous and the
facilities for spread are not so good YWhen we come to the
really 1solated 1slands the virus, on 1its rare visits, either kills
or immunizes all the susceptibles  In domng so it leaves itself
no reservorr from which to nitiate another outbreak, and 1t
therefore dies out The population will then be frec of the
disease until a fresh mntroduction of the virus  When that
oceurs, maybe years afterwards everyone will be susceptible
except those still ning who survived the presious outbreak

This hifelong immunity after an attack 1s a domunant factor
m the epidemiolopy of measles In densely populated
countries almost every adult 1s immune due either to a frank
chinical infection or to sub chnical attach  These must be
relatively frequent probably, indeed, more frequent than the
former This immumity 1s sohd and on occasion has been
demonstrated n spectacular fashion For instance, i the
Taroes outbreak of 1846 1t was shown to have lasted sixty
five years 1n the survisvors of the previous epidenmic  Second
attacks are very rare but a few have been reported

VMost cases 1n temperate chmates occur durmg the winter
and early spring

The wirus 15 abundantly present in the oral and naso
pharyngeal secretions during the prodromal period, and also
for some forty eight hours after the appearance of the rash
At this time infectivity 1s at & peak and it 1s almost impossible
to prevent the disease spreading to susceptible contacts of
the sick child  If the indications point to 1t they can of
course be protected by the prompt use of one of the methods
of sero attenuation which are described below

Infection 15 dissemmated by droplets which may travel a
considerable distance mside buildings as for example 1n elass
rooms These are the most important source of infection
Fomtes may play a part but they are not of great sigmficance
as the virus does not surinve outside the body for any length
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of time  Nevertheless, articles of clothing or toys which have
been recently contaminated by infectious secretions may be
dangerous for a short time The varus 1s also present n the
rash but this 15 of little importance in the spread of infection

A good 1nstance of the extreme infectivity of the discase
1s mven by Pichles, when he describes the ease of the * long
window ” A boy, ill 1n bed, infected hus aunt who had never
seen him during her stay in the house, and had 1n fact left
the house on the morning after he had been sent to bed
On investigation 1t was found that one long window served
two rooms on different floors, 1n such a way that one room
had a direct connechion with the other, because, at the
window, there was a gap m the flooring The patient was
the upstairs room and his aunt sat at meals directly below the
gap Twelve days later she developed measles

CONTROL

The general rule 1s to 1solate all cases for two weeks from
the appearance of the rash, but 1t would seem that this ime
1s longer than necessary Ten days or even a week are
probably ample

Contacts are sent into guarantine seven days after exposure
and are hept there for a further ten days to a fortnght These
rules are now subject ta revsion m the light of expenence
with serum and serum products—depending on whether they
are used for the prevention or the attenuation of an attack

Special care must be taken to protect children under thrgc
and those whose general health 1s not good In them the
nsh of complications 1s appreciably greater than the

average child gemies
The closing of schools 1s of Iittie value in aborting eptdert

Passive Immunization "
There 1s nowadays no excuse for not combining xmmumses
tion with ] and guarant: deed 1n many ca




CovTrOL 99

1t will replace the latter On epidemiological grounds 1mmun
1zation 1s of far greater importance than the older procedures
which are difficult to enforce and are of doubtful value due
to the infectivity of the disease Also 1t can be easily and
rapidly carried out and for both the practitioner and the
patient 1t Tobs measles of much of 1ts former dangers

1t has been known for many years that the serum of those
who are convalescent from or immune to measles will have s
modifying effect on the course of the diseasc As the mor
idity m childhood 15 so high this means 1n effect that the
serum of almost every adult m any large centre of population
can be used for this purpose The advances in recent years
tave been directed mainly towards finding improved aml
more efficient Is for The basic
of this form of protection remain the same

Once 1t has been decided to use serum or any of 1ts products
i dealing with contacts e ther of two objectives may be
attuned It 1s possible to prevent the attach completely or
to attenuate 1ts severity In general i1t1s far better to aim at
attenuation This gives mse to a mld attack of measles lasting
only some twenty four hours and the patient has a subsequent
permanent mmmunity Just as after the classical disease

In many eases 1t 1s desrable to prevent an attack alto

b P ~

older or 15 better able to withstand 1ts effects In tie con
ditions of the present day 1t may be tahen that unless 1t
hves a completely 1solated existence every child will contract
measles at some stage  Attenuation could then be produced
after a subsequent exposure

When an attack 1s supp d by passine it
must be remembered that as n all examples of 1ts use tlis
type of immunity wanes quickly and the child 1s again fully
susceptible to infection a few weeks later

The substances which may be used are outlined below and
certain general prineiples apply to all of them The timing of
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the prophylactic dose 1s of great importance If prevention s
desired 1t must be given on or before the fifth day after exposure
to mfection To attenuate an attack either of two courses
may be followed The first 1s to give the wjection after the
fifth but not later than the mnth day, after the minth day
no effect can be expected The alternative 15 to give on or
before the fifth day half the dosage which 15 recommended
for prevention

It 1s important that these time hmuts should be adhered
to  Also, the rationale of these methods should be under
stood, even though serum was used empirically with good
results for many years before any comprehensive theory of
the pathogenesis of the incubation period was put forward

Pathogenests of Measles It appears 1ery probable that
after 1ts implantation 1n the body the virus of measles multi
ples first 1 some mternal site possibly, according to Fenner,
i the spleen  Thence, during the incubation perzod the virus
1s disserminated through the blood stream before 1t localizes
m susceptible cells m the mouth, nasopharynx and shin
If such a stage of vireemia does oceur, 1t 1s obvious that no
mnjection of serum will abort the clinical disease unless it is
given soon after exposure The virus has lodged m the cells
of the skin, for instance, several days before the onset of the
rash, and no means of prevention known to us can be of value
once 1t has got into them The rash 1tself does not appear
until the amount of virus 1 the skin reaches 1ts maximum
concentration, and it represents a late stage of infection—not
an early one Similarly 1t 1s not correct to speah of the
prodromal stage as a stage of mvasion ” Invasion has tahen
place several days earlier and before any symptoms arise

If the mjection of serum 1s timed to produce a high con
centration of antibodies 1n the blood stream before the stage
of virzemia occurs, then the virus 1s destroyed or neutrahzeﬂ(}
by the antibody and no mvasion of the shin or other sites W
tahe place Hence no clinical attack of measles il occu;
Should they be present in smaller amounts due either °
smaller dosage or later moculation, then the virus presen
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will not be completely neutralized and a muild attach will
develop

This concept of the pathogenesis of the exanthemata has not
been proved beyond all doubt but there 1s a considerable
amount of experimental evidence m its favour In the case
of measles 1t certamnly provides a reasonable explanation
both of the stages of wfection and the mode of action of
sero prophylactic preparations  Also 1t demonstrates clearly
why even large amounts of convalescent or other mmmune
hunian serum would be quite useless 1n the treatment of a
case

Serum Prophylaxis
The following agents are available for the prevention or
attenuation of measles —

Crrraten Waore Broop

Ths 15 usually obtained from the relatives of the child and
1s mjected intramuscularly As mght be expected 1ts antt
body content 1s low and its value s very questionable A
further disadvantage 1s that tests for the ABO and Rh blood
groups must always be carnied out

Aputr Serum

Blood 15 eollected from several donors but pools should be
kept small to mimmrze the nsk of serum hepatitis  After
Wasserman tests have been carned out the serum 15 sterihzed
by filtration and stored 1 ampoules for use Tt may also be
dried and 1ssued 1n ampoules m that form being reconstituted
Just before use

No properly controlled data as to the optimum dosage are
avallable and the amounts given are quite empinical The
dosage recommended 1s 10 ml for children under three years
of age and 20 ml for older children The 1njection 1s grven
intramuscularly

The value of normal adult serum 1 giving complete pro
tection 1s doubtful but some degree of attenuation 1s usnally
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obtamed 1f 1t 1s used within the first five days from exposure
to mfection

CONVALESCENT SERUM

Blood 15 collected 1n the same manner as for adult serum
but, as the name 1mples, 1t 1s obtamed from those who are
 the early stages of convalescence In practice it 1s collected
during the second week, after the temperature has subsided,
and when antibodies to measles are present m high con
centration It 1s difficult to obtain because, as a rule, only
adult convalescent patients are smtable donors, and the
number of these 1s naturally very small

Mo nformation 15 available as to the optimum dosage
5 ml 1s usually given by intramuscular mjection to the
under three years group, and 10 ml to the older children,
before the fifth day when prevention 1s required  The same
doses given before the minth day will attenuate an attack,
or alternatively, half of the dosage speaified may be admms
tered before the fifth day This 1s preferable, as the supplies
of convalescent serum are so limited

The chances of serious sequele such as serum hepatitis
must be neghgible Unfortunately, with one batch used 1n
London 1n 1949 five fatalities were described amongst children
who had earlier received prophylactic measles mjections
While this tragie episode, the only one of 1ts hind reported,
should not be permitted to detract from the value of the
procedure, 1t 1s fortunate that gamma globuln, free from such
nisks, 1s now generally available

PraceNTAL ExTracr (“HuMan IMMUNE GromuLiw’)

This preparation 1s not widely used, gamma globulin b;:mlg
preferred It 1s hiable to give rise to reactions, some of “] u; h
may be severe The amounts given are 2 ml mtramusm; a; ly
mn children up to two years of age, a further 0 25 mi lor
each year of age 1s gnven 1n older children up to 8 maximum

of 4 ml
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Gamyua GLoBuLIN

This 15 the substance of choice and 1t has given extremely
successful results It consists of the gamma portion of human
plobulmn, that 1s the fraction contaming the hughest propomun
of antibod: In terms of of the 1t
represents a twenty five fold increase over the ongmal plasma
from which 1t 1s prepared

The recommended dosage 1s ¢ 1 ml perib of body weight
to be given as usual, before the fifth day for prevention,
0 025 ml per b body weight 15 used for attenuation A
system of dosage based on age has also been recommended
Tt 15 gmiven by intramuscular injections

No cases of serum hepatitis have been reported following
the use of gamma globulin, on the contrary it has been

for the prophyl of hepatitis, 1f given early

m the incubation period 1n a manner analogous to its use i
measles

Active Immunization

Experiments with vacemes prepared from chick embryo
cultures have been carned out with some degree of success
It 1s not yet known how Jong the immunity which they
produce will last, and 1t 1s too early to say how valuable this
techmque may prove to be  On general principles of course,
achive 15 much p ble to even the most
efficient method of passive immumezation and now that
sound methods of attenuation are available many of the nisks
which previously attended attempts to produce active
tmmunity may be disregarded

PROPERTIES OF THE VIRUS

Measles virus survives at room temperature for more than
twenty four hours and at —52°C for four weeks It s kalled
m fifteen minutes at 55°C It will resist 50 per cent glycerol
for three months, and ether at room temperature for forty
minutes
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A number of animals are susceptible to the virus mainly
monkeys, on which most experiments have been carried out
On infection they develop pyrexia, Koplik's spots and a rash
Growth occurs 1n the chich embryo but no charactenstie
lesions are produced

The size of the virus 1s unknown, but 1t passes Berkefeld N
and Seitz EK filters
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RUBELLA
(German Measles)

Ruserra has always been regarded as one of the muld
mfections of ¢hildhood, and has been hittle studied because of
the low infectivity and neghgible mortality of the condition
The 1llness 13 ymld m both children and adults, and were 1t
not for its effects on the feetus, when an attack ocecurs during
pregnaney, the virus would be of hittle significance  These
sequele were first deseribed 1n 1941 by Gregg, who reported
2 sertes of congemital defects 1n the infants of mothers who
had contracted rubella in the early months of pregnancy
This finding has been amply confirmed since then and has
aroused considerable wnterest, but m spite of the mtensive
work to which 1t gave mse ittle 1s yet known of the properties
of the virus

CLINICAL FEATURES

The mcubation period 15 usually between fourteen and
erghteen days There may be a prodromal stage of malaise in
some cases but 1t seldom lasts for more than a day In the
majority the disease begis with the appearance of the rash
Thus 15 first seen on the face and spreads rapidly, to involve
the trunk and himbs within twenty four hours It consists
of small discrete macules, pink m eolour, wiich seldom become
confluent except in severe cases, and even then only on small
areas of the shin It fades from above downwards i the
same order as 1t appeared, and does not last for more than one
ortwodays Occasionally 1t 1s even more fleeting, which mav
make diagnosis difficult but it should be typical on some part
of the body when the patient 1s exanuned Quite poss\bly

YIRS Disases 105
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1t will have completely faded from the face, and even from the
trunk, at the time of exammation

Apart from the rash the most promment clinical feature 15
a stiffness of the neck, ansing from enlarged and tender
lymph glands 1n the posterior triangle, a sign which may be
present as early as the prodromal phase In some cases,
particularly those in whom the condition 1s relatively severe,
this forms part of a generalized ademtis in which any or all
of the lymph glands may be involved

Constitutional signs are shght The fauces are congested
and a mild nasal catarrh 1s found The temperature may rise
t0 100°F or 101°F for twenty four to forty eight hours By
the end of this time, the rash 15 fading, the glands have
resolved 1n most cases, and the temperature returns to normal

The dragnosis 15 readily made dunng epidemics, and 1n
those cases in which the appearances are typical Occasionally
the distribution of the rash at the tume of seemng the pahent
may be such as to suggest measles or mild scarlet fever, but
the subsequent course of the attack outrules them Serum
or drug rashes can be precluded by the history The blood
picture and the distribution of the rash, as well as a negative
Paul Bunnell test, distingwsh rubella from infective
mononucleosis

The peripheral blood shows a leucopenia 1n the early stages
which has changed to an absolute lymphocytosis by the en
of five days Turck eells are frequently found 1n stamed films

COMPLICATIONS
Encephalomyelitis 1s a rare complication The mortality 1s

about 2‘5 per cent, but only occasional reports of the path
ology are available Demyelnation has not been described

FETAL DEFECTS

Congental anomahes were first described by Gregg "l’
Austraha, and the causal relationship between materna
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yubella during pregnancy and these defects has stnce been
confirmed by other worhers  Within the past few years the
candition daes not seem to have been desenibed so frequently
This appears to lend weght to the suggestion fiest put
forvard to necount for the lack of reported cases prior to
1940 that the strams of rubella virus prevalent in that and
the mmediately following years may hate been of a moare
virnlent type than wsual  No work however has been
reported on tins particular aspect and in spite of some
nteresting pointers 1t stil remains conjectural

In the senes desenibed by Gregg there were 78 cases of
congenital cataract, more than half of which also showed
congemtal heart defects on examnation Upon investigation
of these cases 3t was found that no less than 8 of the mothers
of these chuldren had an attack of rubellt duning the first or
second month of the pregnancy—eat s time when the disease
was epiderie Later work prnaipally wm Australia and the
United States showed that maternal rubella was most dan
gerous for the feetus dunng the early months of pregnancy
In such cases congenital defects could be expected 1n a high
proportion of the wfants born subsequently

The most common feetal defects are congepital heart
disease cataract denf mutism and mucrocephalus Al three
embryonal layers are involved and the virus appears to pass
the placenta and act directly on the foetal cells There ts a
defimte correlation between the peniod of the pregnancy n
which rubella accurs and the subsequent anomahes  As
might be expected the virus acts with greatest violence on
those cells which are most actively developing at the time
of the attack During the first month ocular defects may be
expected  Similarly n the second month eardiac defects
andin tl e third deafuess could be forecost  Stllbarths may
also be atinbuted to the nchion of rubella on the fetus

After the third month of pregnancy the ineidence of defects
falls sharply Tn general 1t may be sad that the later the
attack the Jess hkely 3t 15 to aflect the cluid and an attack
in the last few months 15 unhlely to leate any sequele
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Estimates of the number of cluldren affected vary con
siderably At one tune 1t was thought that there was a virtual
certamnty of subsequent defects following rubella in the first
two months of pregnancy, and a 50 per cent chance m the
third month  More recent work puts the meidence at between
20 and 30 per cent in the first three months

It 1s obvious that all possible steps should be taken to
protect pregnant women from rubella, but the means of
doing so leave much to be desired A high proportion of them
will, of course, have had the disease m childhood, and as one
attack confers a hfelong mmunity need not be further
considered The others should be protected agamnst exposure
to a known case as far as possible, as once they have been
nfected little can be done to abort an attack Convalescent
serum may be of value Ordinary gamma globulin, as used
for measles prophylaxis, has httle effect, unless 1t 1s prepared
from the plasma of those convalescent from rubella  Etther
of these, and particularly the latter 1f asatlable, should be
jected as soon as possible after exposure

EPIDEMIOLOGY

Rubella occurs 1n epidenmc form usually m the spring and
early summer The highest ineidence 1s 1t childhood but
young adults are frequently affected The virus is present 1n
the nasopharynx and the blood during the acute stage, and

fi 1s spread by dropl The patient 15 nfectious for
a short tume only that 15 1n the prodromal stage and probably
for a day or so afterwards

In view of the mildness of the condition no ngid o
measures would seem to be mndicated for chuldren Indeed, as
second attacks are very rare, 1t would seem pteferable that
females at least should suffer an attach n childhood

ontrol

PROPERTIES OF THE VIRUS
Apart from the fact that the infectious agent 1s filtr:
little 1s known of 1ts properhes

able
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‘The only susceptible experimental smmal 15 the rhesus
monkey, which can be wfected by the moculstion of throat
washings or of blood collected in the acute phase  No lesions
are produced 1n the chick embryo by the moculation of such
specimens, but matertal from moculated eggs will induce the
disease 1f subsequently mjected into monheys

There 18 apparently no relationship to the virus of measles,
2nd RO €TSS Unmumty oeewrs



CrarTErR TEN

VARICELLA
(Chicken pox)

As a rule chichen pox 1s a very muld disease, but by virtue of
1ts extreme 1nfectivity it 1s one of the most important diseases
of childhood It sometimes, and especially in severe eases,
T bl llpox and 1ts te differentiation may then
be a matter of urgency This 15 particularly so durng small
pox epidemucs, when varicella 1s frequently made notifiable
s0 that the diagnosis may be verified as quickly as possible
Students, practitioners and public health officers should
therefore be conversant, not only with the clinical differences
between the two conditions, but also with the dragnostic
laboratory facilities available Few practitioners see enough
cases of lpox to be at all confident in their dealings with
1t, and an atypical case of chicken pox can give rise to con
siderable anwiety before the correct diagnosis 15 established

CLINICAL FEATURES

The disease begins between twelve and twenty one days,
usually fourteen to sixteen days, after exposure and 1 the
majority of cases the first sign 1s the appearance of the rash
In some there 1s 2 prodromal pertod lasting two to three days
with malaise, anorexia and headache These cases frequently
show a scarlatimform prodromal rash, which fades erther with
the appearance of the pochs or shortly afterwards

Constitutional signs are very shght and many cases show
only a negligible rise 1n temperature—others may show non;
at all There may be a small spike caused by pustulation !
secondary infection 1s marked If the eruption 1s ¥ ery severe

10



CLINICAL FEATURES 11

an cccasmm\ oceurrence only, there 13 a defimite pyrexie and
the pn!\m\, may be then cxtreme\y At for 8 ume These 8¢

the cases fhch 8 &1agnosts of smallpox *® often

The on eaused BY the 12! arhed—t
15 often the only SY which requir s alleviation e
should b en mize secondary pactenat W rection
Treatmcnl 1s therefore sy ptomanc ve been
recent T€PO of go sults following the admm\strahon of
aureomy® d ch\oromycet

Severe yaneties of chcken po¥ such 88 gangrmous pullous
or hamorrhagt have beel ‘described but they 8T€ very

mon

ecific Eruption The spectie eruption ’$ first seen 88 2

macule and 1t goes through all the stage® to the pusm‘e with
\X S TO!

great T8PY ! he soallp tho! es with P! ymal
symptoms show chncal 1OPF vement when the rash
appears hows. on 1. and pteads qu\ck\) to
the fa exther of these situations the erup
severe Pocks are fou on the 1 t 1 contr distinction
to smallpo¥ ar pumerous of the uppe nd leg:
and are P e on the extrermties centr fugal distribu
tion character of smallpo¥ 15 mot see wld pochs
cur and the; asonally do on the P2 ms of the hands oF
the soles o feet they are scant nd supeﬂ’\cm\ an
Qusnppear 1 1t Ut y or 0 There 1s R® tendency

the buces! mucous meM T8l Changes 1 ° distnbution
due to pred Jous rmitatio® or to traum? f

As many five suecessive crops of Jesions M8Y apped
Quring 81 & ach and this €0’ ned with he SP f their
devclop! ule to pust je means that 10 0¥ one
ares of the <hn all si8 s of the erupt! y be seen simul
taneous!y |, esicles sueH ed the macul un a matter of

hours N have themselves ‘become pustu\e> wwenty four
hours 1ater Tt elatter ary formne ascabwl wch desquamatcs
ech



12 VARICELLA

The vesicles of chicken pox are usually so superfieial that
they seem to be Iymg on the skin  Many of them are oval in
shape with thexr long axis parallel to the skin folds m their
neighbourhood  They are unilocular and collapse completely
when pricked Even the shght trauma caused by the pressure
of clothing may be enough to rupture them a brown scab
then forms over the raw area As they dev elop their contents
gradually become cloudy and then frankly pustular

Elementary bodies are present m the vesicle fluid but they
are few 1 number and are difficult to stam by methods which
will readily d trate varola el tary bodies

Comphcations rarely occur numbering only about 0 2 per
cent of all cases in one large sertes  Minor degrees of pyogenc
shin infection are common 1n sprte of all attempts to prevent
them

Encephalomyelitis which 1s sumlar 1n type to that
following the other acute mnfections has been reported It
comes on four to ten days after the onset of the disease with
vomiting ataxia nystagmus and tremors The prognosis is
good 1n these cases following chichen pox

LABORATORY DIAGNOSIS

Laboratory diagnosis 1s seldom required except mn severe
cases during a smallpox epiderme when 1t 15 of great impor
tance With one possible exception there are no posttive tests
for varicella mfection and the diagnosts 15 based on the
chnteal findings and the fact that all the tests for wvarola are
negatnne fd

In the early stages films may be prepared from vesicle fluy
and stamed by e g Paschen s or Gutstem s method Whilem
variola the elementary bodies are seen 1 profusion 1n van
cella they are very scanty and are only stained with great
difficulty  As a positive diagnostic method for vaneella 1t 18
of Iittle value

Serologaeal tests nsmg variola
completely negative m the case o

or vaccima antigens are
f chicken pox—unless of
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course, the patient has been recently vaceinated Complement
fixing bodies have been dem m cases of varieella
using dmed crusts as the antigen, but the test cannot Le
regarded as a routine procedure

Unhke vanola or vaccimia, varicella virus has not been
1olated m the ehck embryo, so that no growth will occur
after the moculation of vesicle fluid on to the chorio allantoic
membrane Ths 1s another important point i differentiating
between chicken pox and smallpox, which grows readily and
gives rise to charactenistic lesions

EPIDEMIOLOGY

There 15 httle seasonal vanation m the meidence of var
cella, although 1t 15 somewhat more prevalent during the
winter months Most cases occur in childhood but young
adults may be attacked In these the condition 1s often severe

Chicken pox 1s contracted by the inhalation of mnfected
droplets and cases are infectious some twenty four hours
before the appearance of the rash, and then for about another
weeh Infection has occasionally been traced to dried crusts
Tt should be emphasised that mild though the disease may be,
1t 15 extremely infectious, particularly 1n the early stages

An 1solation pertod of fourteen days should be ample 1n the
average case  Contacts should be kept under observation for
hree weeks, but there seems hittle pomt mn mmposing quaran-
tine before the tenth day after exposure Asin measles, 1t may
be taken for granted that infection will follow exposure m
practically every susceptible

One attach will usually confer smmumty for life, but this
docs not seem to be so solid as in the other infections and
second attachs have been reported  Because of our relative
ignorance of the properties of the virus httle progress has
been made towards achieving any degree of success with active
immumzation Localized rashes have been produced by the
moculation of vesicle fluid, but this method, apart from the
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other obvious objections, suffers from the unpredictabihty of
the results

Passive immunization, even when attempted by the
injection of convalescent serum, has been disappomnting
Gamma globulin 1s of no value

PROPERTIES OF THE VIRUS

Elementary bodies measuring about 200 my occur n the
vesicle fluid  As already mentioned, they are smaller and far
less numerous than m the corresponding variola lesions

E philic mnt it 1 bodzes, similar to those
of herpes zoster, are found 1n the epidermal cells of the vesicle
Therr relationship to the virus of varicella has not been proved
but, Judging by experience 1n other diseases, they possibly
represent colonies of the virus

The only expertmental animals of value are rabbits and
monkeys, 1n both of which the virus has been successfully
propagated intratesticularly  All attempts at cultnation i
the chick embryo have failed

The virus 1s closely related to that of Herpes Zoster and
therr affinittes are discussed under that heading




CuarTER ELEVEN
HERPES

HERPES ZOSTER
(Shingles)

WHEN chmaians speak of “herpes” they usually refer to
herpes zoster Virus workers, on the other hand, reserve the
word “herpes” for herpes sumplex, and, when speaking of
herpes zoster use either the full name or refer to it simply as
“zoster ” Tt 1s 1n this sense that the words are used through-
out this work

Zoster can be an extremecly severe and incapacitating
disease 1n adults, on whom the main imeidence falls Lattle 1s
known of the properties of the virus, due prncipally to the
fact that no suitable experimental animal has yet been found
m which to study 1t There 1s a close relationship between the
viruses of herpes zoster and of vancella This has been shown
to exist by epids 1 and 1 1 findings rather
than by enitical studies of the two viruses themselves

Cases are usually clssified as prumary or secondary herpes
zoster. The former 1s 1dxopathlc 1n origin, while the latter

or follows such as spmal tumours or

leubemia  The use of the terms “1diopathie” or “essential”
15 incorreet, as the condition 1s infectious, even though 1t may
be very difficult to trace the source of the infectton From the
occurrence of “secondary’ cases it 1s clear that the virus may
remamn latent for a time, probably in the postenor gangha,
and become actie after some stimulus affecting these
gangha has been provided by the other conditions In this
latency there 1s an obvious simlanty between it and herpes
smplex.

115
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Clinical Features

After an imncubation period of seven to fourteen days, an
attach begins with pyrexia and frequently with pam along
the course of a sensory nerve Three to four days later papules
appear along the superfieial course of the nerve and these
rapidly develop to become the charactenstic vescles
Occasionally a few aberrant vesicles may also be seen on other
parts of the body The regional lymph glands become enlarged
and tender

The pain n the affected area may be very severe, but relief
1s usually obtained once the vesicles have progressed to the
crustmg stage  This process takes between five and ten days
The crusts ultimately separate and a scar may be left In
many cases, and particularly m older people, severe neuralgic
pam persists for weeks or even months after healing

Zoster 15 most common on the trunk and s usugally unt
lateral, but bilateral and even generalized eruptions have
been reported The face may also be affected (cephalic zoster)
by the involvement of the sensory division of the trigermnal
If the cornea 15 attached the sequel may be very sertous due
to scarring following the corneal ulceration When vesicles
occur m the mouth or pharynx they are acutely pamnful

Paralysis, usually transient but occasionally permanent,
may occur Its pathogenesis 1s unknown but in some cases
1s probably due to the mnvolvement of the anterior horn cells
In'a severe attack Tt 1s most common following cephalic
zoster when as many as 50 per cent of cases may show cranal
nerve palsies

Changes may also be found in the cerebrospimal flmd durmg
an attack The globulin level 1s raised, and the lymphocy tes
are moderately mereased 1n number Meningo encephalitis 15
a rare occurrence

Treatment

Treatment 1s mamly directed towards the relief of pamn
which may be difficult to achexe, and tow ards the prevention
of secondary infection m the vesicles
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Aureomycin and chloromycetn have been reported to be
of considerable value and to have had a dramatic effect 1n
some cases  On the other hand the condition has occurred
in one patient who was actually undergoing treatment with
aureomycin for another condition when the eruption appeared

Pathology
Inflammatory changes are found 1n those dorsal ganglia
which serve the area involved m zoster of the trunk and 1n
cephalic zoster similar changes are seen 1n the extramedullary
gangha of the cramal nerves Microscopieally there 1s marked
congestion and mfiltration with lymphocytes, inflammatton
. H

There 15 also some evidence that the pathological changes
are not exclusnvcly confined to the affected ganghion as there
may also be a localized myehtis and leptomemngitis

In the skin the vesicles are confined to the malpighan
layer, but there may also be mflammatory changes m the
corium b 1 Lodies simular to
those found in herpes simplex are found i the affected cells
Very httle expenmental worh has been done on these
tnclustons but on an analogy with the other mfections 1n
which similar structures are found, they probably represent
virus particles

Epidemiology

Cases of zoster are known to occur in contacts etther of
zoster or of varicells, but the method of spread 1s uncertam
It scems likely to be by means of infected droplets

Sumlarly 1t 1s doubtful how the virus enters the body, or
how, once there 1t reaches the posterior gangha It most
probably enters the body by means of the pharynx or tonsils
The suggestion hns also heen made that the virus enters
through the shin and progresses along the permeural lvm
phaties to the aflected ganglion
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Hardly any work has been done on either of these problems
and while the statement 15 made that infection takes place
by droplet spread 1t should be understood that there 1s very
Iittle real evidence for 1t, such as can be given i the case of
other mfections Neither the portal of entry, nor the
mechanism whereby the wvirus 1s evcreted In the naso
pharyngeal secretions, has been demonstrated with sny
degree of certamnty—except 1n those cases m which vesicles
occur m the mouth and pharynx, or which anse from contact
with a case of vanicella The importance, or otherwise, of
skin contact requires evaluation

It has also been suggested that carrers may play a part in
the spread of mfection

One attack of zoster almost inyanably confers a permanent
immumity, second attacks bemg a ramty There 15 2 wide
spread 1mpression that infection with zoster confers proteetion
agamst varicella and wce versa, but this 1s not fully borne
out by epidemiologieal observations

RELATIONSHIP BETWEEN ZOSTER
AND VARIGELLA

The relationship was first postulated on chinical grounds
towards the end of the last century and has been repeatedly
confirmed since then While neither virus has been exten
sively mvestigated, expenimental work also pomts to & close
relationship between them, as 1s shown by the simlanty of
therr mclusions and, more mportant, by serological cross
reactions

1t would appear that zoster 15 more Likely to give rise to
varicella 1n contacts than 1s vancella to mduce zoster but
1t may not be out of place to remark that varicella gives rise
to secondary cases of vancella far more frequently than it
does to cases of zoster

In a consideration of the relationship of the two viruses 1t
must be kept 1n mind that zoster occurs most commonly 1t
the adult, and varcella most commonly m the chld  This
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has led to the theory that the two diseases are caused by the
one virus, which generalizes in the non mmmune contact and
causes a climeal attack of vancelia, while an attack of zoster
represents the same nfection 1n & person partially immuune
to the virus  These are most interesting speculations but at
the moment they remam speculations The two viruses are
unquestionably closely related but there 15, as yet, no proof
that they are 1dentical

Properties of the Virus

Elementary bodies of about 250 Tae In size have been
desenbed 1n vesicle flmd, but it has not yet been shown with
certainty that they represent virus particles

Sumlarly there 1s no ag that any
ammals are susceptible  The virus will survive for a time 1o
tissue culture, and 1t will prohferate in human shin grafted
on to the chono allantois of the chich embryo It will not
grow on the membrane itself nor i any of the cavities of the
fertile egy

HERPES
(Herpes simplex, Herpes febrills)

Indealing with virus infections we have become accustomed
not unnaturally, to think of the host virus relationship almast
entirely in terms of the host When a man or an ammal 1s
attacked by a virus and they show clinical signs of infection
we tend to concentrate on ther efforts at survival Ve may
forget that the same meident of infection is an expression of
the paraste’s—that 1s the wvirus—attempt at survival
Viewed from a wide biological aspect the most efficient
wiruses are those which esther have a multiphaty of available
hosts and an easy method of transfer from one to another,
or which, once established, can hve quietly for long perods
causing the amount of to the host

Herpes virus 1s one of the latter group, and owing to 1its
Ingh degree of parasitism 1t 15 one of the most interesting of
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the many viruses which infect man Ve now have a reasonably
clear 1dea of 1ts method of first attack and 1ts efforts, once 1t
has been 1mplanted in the tissues of any indrvidual, to remam
there for the hfetime of the host Its study opens up many
avenues of speculation on the general principles of the inter
action of host and virus, and many of the theores regarding
latent mfection with viruses spring from such studies It
should be added that we still do not know how many of the
2} reached regarding herpes are apphcable to other

diseases  Nor, indeed, are all workers satisfied that the
present theories represent the complete picture of the events
which follow nfection with the virus  Nevertheless, while
there are still some gaps a coherent story can now be
presented which 1s probably correct in its mam outhine

Primary infection most often occurs 1n chmldhood, between
the ages of six months and six years, and 1s marked by a
more or less severe systemic illness Before the age of six
months the infant 1s almost always protected by maternal
antibodies  Onece the virus has entered the tissues it wiil
reman there for bfe Even if infection be delayed until adult
Iife the picture 15 the same—a severe primary attach and
then continung wnfection

It would seem that social differences may modify the ep:
demiological pattern to some extent Antibody tests indicate
that m the low er income groups mfection 1s almost uriversal
while the more wealthy tend to have a lower incidence  The
most unportant single factor concerned m this difference of
distribution 1s probably overcrowding, which makes trans
mssion easy, and the other advantages which the well to do
may en]oy, such as better nutnition play Iittle part

CLINICAL VARIETIES

VWhen 1t first 15 encountered herpes virus grves rise to 2
systemic illness which may be severe and even fatal Later
vecurrent attacks may be unpleasant for cosmetic or other
reasons, but they do not give rise to a systemic reaction
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As already mentioned the pnimary attack most commenly
oceurs 1n young children In these 1t causes the chmcal
d Lnown ly as aphth stomatitis, gingive
stomatitis, or ulcerative stomatiis It 1s now recogmzed
that these conditions are caused by first mfection with the
virus of herpes

Primary Herpes
{Aphthous Stomatitis)

After an mcubation period of three to five days the onset
15 abrupt with pyrexia which may range as high as 104°F
The gums are red and tender, and a varymg number of v esicles
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are enlarged and tender  The tonsils are occasionally affected
and a diagnosis of tonsilitis may be made n some cases
The attack takes about ten days to a fortmght to subside

Such an illness may also oceur 1n adults 1f they have not
been anfected m childhood In both children and adults
secondary bacterial infection 1s common  Sulphonamdes
and p lin may help in b the latter but have
no effect on the primary virus infection

On epidemiologieal grounds there scems little doubt that
sub chinical primary infection, without the severe symptoms
desciibed above, must be relatively common and that the
pnmary attach may pass unnoticed On the other hand
outbreaks mvolving whole families have also been reported

Recurrent Herpes

In these eases the virus, wluch persists for life probably
epithelial cells 1n the mouth erupts from time to time
These eruptions long after primary infection are, however,
always localized and no systennc attack oceurs In some
nstances the virus may be found in the saliva even between
attachs It becomes active again apparently in respose to
some stimulus which 15 as yet, unknown An alternative

vinvy olseases ’
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reason for the renewed activity may be a pertodic suscepti
bility of the host's cells For example, recurrences often occur
n women during menstruation It 1s also possible that the ~
stramns of the virus mvolved in these cases have somewhat
unusual properties

The varymg conditions known as herpes stmplex, febribs,
corneabs and gemtahs, are all manifestations of herpetic
nfection

Herpes Febrilis
This 1s common durmng attacks of pneumoma and mfluenza
when the vesicles are commonly found on the lips

Herpes Cornealis

Ocular mfection with herpes virus may manifest 1tself as a
conjunctivitis, kerato conjunctivitis or as dendntic uleer
Any ulceration of the cornea 1s, of course, dangerous as 1t
may lead to secondary mfection and consequent scarring
Aureomyem 1s sard to be of value 1n these cases

Kapost’s Varicelliform Eruption
This rare condition appears to be another mamifestation

of herpes mfection

Involvement of the Nervous System

~ =m0 amman non eneenhalitis

sa

1d course The prognos:s 1s good In memngo encephaiitis

e es of

there 1s pyrexia altered reflexes and varying degre:
The diagnosis cannot be made chmcally as the
symptoms and signs are similar to those of meningo
encephalitis due to other viruses It rests therefore on the
1solation of herpes virus from the cerebrospmal flud or, 1
fatal cases, on the demonstration of the characteristic mtra
nuclear melusions which are described below

paralysis
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Laboratory Diagnosis

The virus 1s present 1n high concentration 1n the vesile
furd i all types of herpes and 1t can be 1solated from 1t or
from infected tissues by the moculation of various anumals
and the chick embryo Rabbits are the most widely used
expermental ammals and they are commonly mnfected by
scartfication of the cornea In positive cases this will produce
a keratitis any time between a few hours and a week later
They may also be moculated intracerebrally and will then
develop encephalitis ~ With chich embryos the chorio
allantolc membrane 1s used, and characteristic pocks aie
produced on 1t

Elementary bodics have been described 1n films prepared
from vesicle flurd but they have not been fully identified as
virus particles

As a lasting there will be &
sigmficant difference n the antibody level between acute and
convalescent sera Virus neutrahzation or complement
fixation tests may be used These serological tests, which
depend on a rise n antibody titre, are only avallable for the
diagnosis of primary infection

Histologienl evidence of mfection 1s obtammed by finding
the typical intranuclear wclusion bodies m infected cells
They are present in epithehal cells, and in fatal cases of
meningo encephalitis are also found jn the cells of the nervous
system

Pathology

The Iistological features vary, as might be expected,
depending on the nature of the tissue mvolved Typcal
vesicles may hest be seen in secttons of shin tissue  The lesion
1s superficial to and does not s olve, the conum—hence there
18 no scar on recovery There 15 an acute mllammatory
reaction around the affected areas

The charactenstic feature 1s the intranuclear melusion bods
found in infected cells  Txnown as Lipschutz bodies these are
homogeneous irregularly shaped eosinophilic struetures which
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may occupy most of the nucleus  They are found 1 all cells
which are actively mnfected by the virus—not merely human
cells but also 1 tissue cultures and m the infected chomo
allantorc membrane of the chich embryo  They almost
certamly are aggregates of Virus particles and not Just
cellular reaction products A smgle mnclusion body of this
nature has produced a typical keratitis m the rabbit

In the bram, pernvascular cuffing and petechial hzmor
rhages are found mn fatal cases of memingo encephalitis,
prmerpally i the cerebrum, pons and medulla There 15 a
marhed destruction of ganglion cells 1n the cortex, and a con
siderable degree of ghosis 1s found in the neighbourkood of
these lesions  Typical mclusion bodies are found 1 many of
the ghal cells

Epidemiology

Infection with herpes virus 1s widespread n most com
munities, and few reach adult age without bemng attached
Man 1s the only reservorr and the virus 15 spread by direct
contact, or possibly by formites such as cups and spoons
contarinated by infected saiva  Children are not enly
pecubarly susceptible, as therr mucous membranes appear to
be easily mfected but they are also probably at greater nisk
through, for example, bemng kissed by nfected adults It
does not seem to be necessary for such an adult to be suffering
from a chimeal attach at the time

Once mtroduced 1nto  household the mfection will involve
all the susceptibles i 1t with varying degrees of severity
Some may escape a climcal attack, and others may be

severely 1l .
No method of controling the spread of the disease 1s 3 &

available

As to the survival of the virus, the most popular theory at
present suggests that after a prmary attack the virus persists
1n the body as a latent infection which erupts and beco:lcs
clineally obvious from time to tune The reasons for these
later erupttons are still unknown
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after intracerebral mjection With some strains the ammal
develops encephalitis after corneal moculation, human strains
1solated from a primary attack bemng likely to produce an
experimental encephalitts  These degrees of neurotropism
would, however, in general seem to depend more on the host
than on the virus There seems no reason to beheve that a
strain which produces encephalitis in the rabbit 1s necessarily
any more dangerous for man than one which does not

No relationship exists between the viruses of herpes sumplex
and herpes zoster.
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VARIOLA AND VACCINIA

ItTisa 'y on the haph d develop of the
techmques of virus study that vaccinia virus, causing what 1s
a mnor nfection as distinct from 1ts protective importance,
should be still the best defined member of the animal virus
group Vanola or smallpox, virus on the other hand, which
15 responsible for so much sersous illness 1s still a relatively
unknown entity to the laboratory worker

Swmallpox appears to have been present in Asia throughout
recorded hustory, but nfter its w1desprend prev alenee
Europe 1n the and 1t has
now declined to the stntus of an mfrequent, although
thoroughly unwelcome, visitor A surular declme has occurred
n Amenica  Burnet suggests that 1ts ummportance 1n western
Furope America and Australia largely accounts for our
relative ignorance of the properties of the virus, as 1t 1s 1n
these countries that the laboratory study of viruses has been
most advanced Again, 1t 15 only 1n quite recent years that
a simple medum—the chick embryo—for the growth of
varola has been discovered, and that the opportumty has
arisen for its detaled study

Vacenia 1s inked with the name of Edward Jenner, 1t 1s
of importance because 1t protects aganst vanola This, ene
of the few estabhshed facts in medicine, 1s still, more than
150 years after its discovery, the focus of bitter controversy.
In few places 1s vaceination now compulsory, with the result
that those responsible for the public health have to be
constantly on their guard against outbreaks of a preventable
disense  After a centurv and a half the battle has been lost
and those countries which have abandoned compulsory
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‘acemation increase 1 number almost yearly It s, perhaps,
an myerted compliment to public health authorities, but one
which they would readily forego !

VARIOLA

Two varieties of smallpox oceur—z ariola major, or classieal
Astatic smallpox, and a milder form, known variously as
Alastrom, Kaffir Poz or varwla minor It seems preferable to
use the term iarwla minor, because 1t serves as a remmder
to workers in the field that they are, m fact, dealing with
smallpox and not with a distantly related vanant It s this
form which was prevalent in England and the United States
during the 1920’s  Usually mild 1t may cause sertous sequele,
disfigurement and even death

Variola Major

The incubation period 1s twelve to fourteen days

The onset 1s sudden with pyrexia, headache, pamns n the
back and legs, vormting and abdomnal pamn  In this stage
the condition resembles mnfluenza but respiratory signs are
not marhed On the second day prodromal rashes appear 1n
some ten per cent of eases These may be erythematous in
type resembhing the rash of measles or of scarlet fever and
are distributed through the body Another variety of the
rash—petechial—has a local distnbution, beng usually con
fined to the axillary and lower abdominal areas In the latter
1t 15 charactenistically the  bathing drawers * rash Petechial
prodromal rashes usually herald a bad prognosis

In these early stages the patient 15 obviously 1ll, toxie and
drowsy and may become delirtous  Albuminuria 1s a constant
finding

On the third day the temperature falls the chinical appear
ance of the patient mmproves considerably and the speafic
rash appears This shows mtially as macules “hmlfx arcle
usually first seen on the forehead and are found 1n the hacm
region mn practically every case Within a matter of hours
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they have become papules which are hard and shotty to
touch  Forty eight hours later the vesicular stage 1s well
devcloped  The vesicles become umbilicated and ther
contents ncreasingly turbid, for a pertod of three to four
days from their appearance, and they finally become pustules
The temperature nises again with secondary fever due to
sepsis from the pustules which are very panful  The face
and extremities, on which they are most marked, are swollen
and cedematous Laryngitis and bronchitis are very frequently
present  When the pustules rupture the whole area mvolved
1s covered with pus and the patient 1s extremely distressed

About the minth day of the illness crusting begns, the
pustular contents gradually becoming absorbed and replaced
by crusts or scabs As convalescence procceds these separate
and leave discoloured arcas wlhich slowly disappear The
separation process takes about a month  In those parts mn
which the pocks were deep seated the scarring, charactenstic
of the disease, remauns for life

In k hagic or mal; llpox death often occurs
before the specific erupton appears  Imtially the patient 1s
very ! and the prodromal rash promment Small, dark
coloured hamorrhages mto the skin oceur all over the body
accompanied by severe bleeding from the mouth and nose and
mto the bowel There 1s a leucocytosis and a rapidly pro-
gressive thrombocytopema  Immature white cells may be
found m the circulating blood Death 15 the invansble
outcome

Confluent smallpox shows the typical features already
described but as its name mmplies, the lesions are extremely
numerous, particularly on the face, and in the pustular stage
whole areas of the body are bathed in pus  The patient 1s
appalling to see, obviously very toxic and, until crusting
gives relief, 1 very severe pamn

The distnbution of the speeific rash in smallpox 1s charae~
teristieally centrifugal  VWhen 1t 1s fully matured the pochs
are found 10 most profusion on the face and are more marked
on the forcarms, wrists, and hands than on the upper arms
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The same pattern 1s found on the legs  On the trunk the
lestons, less numerous than on the hmbs, are thicker on
the chest than on the abdomen, and more numerous 1n the
seapular region than the lumbar It should be emphasized
that the eruption does occur on the trunk Pocks are also
found 1n the mouth and on the fauces They do not oceur
m the flexures or in the axillz  Modification of this distr
bution may be caused by previous trauma or by pressure
due to clothing In such areas the lesions are profuse

The time taken by the eruption to reach any given phase
1s Telatively constant, and all the lesions are at much the
same stage of development at any one time, which 15 an
mmportant pomnt in the differential diagnosis On the other
hand, the rash may not be fully out until four or five days
from the begimming of the illness This means that the
sigmficance of the distribution may not be fully appreciated
for some days, and this delay may be very dangerous i the
early stages of an epiderme  The modification of the rash
by previous vaccmation will be referred to later

Variola Minor

The meubation period 15 ten to fifteen days, and an attack
starts with a sudden high temperature with headache, back
ache, pmn i the limbs nigors nausea and vormting  The
patient 15 not as 1l as m the corresponding stage of vanols
major
The time of the appearance of the rash 1s more vanable
than 1n variola major  Cases have been reported m which it
came out as early as the first day or as late as the tenth In
the great majonity of cases 1t appears on the third or fourth
day bemg, as a rule, scantier than m variola major The
lesions appear first on the face but within a matter of hours
are found on the arms and legs Progression to the pustular
stage 1s more rapud than in the major type Papu]es ;?re
present for some forty eight hours or less, and with vesxcuba
tion occupymng only a day, pustulation 15 fully developed by
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the fifth or sixth day Secondary fever 1s uncommon Crusting
beguns on the face by the seventh or exghth day and the erusts
hase separated 1n three or four weeks

It 15 frequently stated that wn varnola mmnor the rash
appears i crops  This 15 not correct, the nisconception
being due to 1ts rapid evolntion by which, at any given time,
the eruption on the face 1s further developed than 1t 15 on the
extremities

Peath 15 wirequent and when it occurs 15 usvally due to
bronchopneumoma  Scarring  as a sequel, is nat often
promment m vanola minor

Varioloid

This term 1s used 1o desenbe mild or modafied cases oceur
ring n those previously vacomated  Such cases, especilly
if mnld are of great epdemiologmenl wmportance  They are
infectious and are capable of transmitting the fully wirulent
disease  A) vareties of smalipox may be encountered m
these cases depending on the length of time since vacainafion
was performed

In those who are partially tmmune as a result of successful
vaccmation some years before, there are certain factors which

will wfluence the chnieal pwture I these sre understood
many of the &g i the bet of
the disease can be explamed

Yacemation modifies the course of the disease m three
particulars  Tirst there 15 a nentrabzing effect on the tovic
phase secondly, the number of shin lesions 15 dimunished,
asnd thiedly their progression from macule to pustule s
hastened  As tume clapses after vaceination these gradually
lose thewr effect 1 the order given, so that i a partially
immune patient there may be a severe toxic phase whach 1s
fallowed by & muld and scanty rash A patient ;n whom the
sramumty has waned to thus extent may even die 1 the early
toxic period  In others the skan eruption appests and goss
through all its phases rapidly or 1t may stop st the vesicular
stage or even earher and go no further
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Such cases are often mssed durmg an eprdemic and, on mg
to their mfectivity, probably explain many of the lacunz
the search for contact with a previous ease

Treatment
There 1s no specific treatment During the toxic stage a
fld diet may be given and later, including the period of
secondary fever, the diet should be kept as full as possible
Sulphonamides and pemalln may be of value m controlling
secondary nfection durimg the pustular stage

Cihinical Diagnosis

In the prodromal stage the chnical picture may resemble
mfluenza, but i some cases the generahzed prodromal rash
and m all the subsequent course of the disease, outrule 1t
Measles and scarlet fever may also have to be considered for
a short while

The clinteal differentiation of variola from chicken pox 1
frequently difficult In the presence of an epidemic of erther
disease little trouble may anse, but a ease of smallpox early
m an outbreak could be missed unless the closest attention
1s paud to the examination

In all cases the patient should be stripped and the distnt
button of the rash carefully inspected The major pomts of
difference between the two diseases are the distribution and
the rate of maturation of the respective eruptions In clucken
pox 1t 15 most marked on the trunk, and the extremities are
usually spared, 1n addition, successive crops come out so
that all stages from papules to pustules may be found 1n any
one small area at the same time

It should be unnecessary to stress that these are only
general rules, and that each case must be judged on its ments
Many practitioners rarely see a case of smallpox, and should,
»f 10 doubt, consult their medical officer of health Chicken
pox 1s frequently made notifiable duning an outbreak of

smallpox Al such cases should be seen by the medscal
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officer of health, or someone conversant with the disease;
otherwise the precaution may be nullified

Pathology

Death, when 1t occurs, usually does so between the tenth
and the thirteenth day

In the skin the first change 1s a degeneration of the ceils
m the lover levels of the epidernus (‘mdually 8 serous
exudate appears which 1s lated by strands of d
cells—the vesicle  As the disease continues and the vesicular
contents became pustular these strands are destroyed and
the fully developed pustuleis formed These lesions may oceur
within the eprdernus and be separated from the corium by a
layer of mtact cells or they may be deeper and nvolse the
conum  The p of the subseq searnng 19
therefore readily seen It depends on whether or not the
papille are damaged

Similar changes are found m the mucous membrane of the
mouth and cesopha,

Elementary bodies are found m the vesicle flud, ther
profusion being an mmportant dingnostie sign, they are
d.mcuu to demonstrutc 1n the pustular stage

d tarniert bod: present in
Ihe cytoplasm of intact cells  These are large, varying
size up to 10 p, and by modern techmques have been shown
to be masses of elementary bodies embedded n & matnx
‘Ihey are found 1n all infections caused by vanola or vaccima
viruses—whether i man ammal or chich embryo

At post mortem an almost invanable finding 1s an associated
bronchitis and bronchopneumonia  No specific changes 1n
other organs are found, but all will show cloudy swelling,
and most will show petechial hemorrhages

Laboratory Diagnosis
In recent ycars the laboratory diagnosis of 1ariola has been
greatly developed, particularly by Downse, MacCallum and
by van Rooven and Itingworth  The tests now used are
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precise and a result can be obtamed rapidly Importations
of the disease into Western European countries are relatively
frequent, and the possibility of 1ts spread through non immune
populations makes 1t necessary that Ppractitioners, and
particularly medical officers of health, should have a know

ledge of the tests available They should also be anare of the
accuracy of present day methods In at least one outbreak
of recent years a positive result from a laboratory was dis

counted with unfortunate results

Maculopapular Stage

Laboratory tests can be of use as early as the second or
third day Scrapings may be taken for microscopical examina
tion from the maculopapular eruption or even the prodromal
rash  The lesions to be examined are cleaned with spint or
ether, the superfictal epitheltum remot ed, and the base of the
leston seraped with a sharp scalpel These scrapings are
carefully spread on a small area 1 the centre of clean glass
microscopreal shdes  They are then allowed to dry i arr and
sent to the laboratory They should be handled carefully
as they may eontaun hiving virus  There they may be stained
with either Paschen’s or Gutstem’s stain and examned for
elementary bodtes In a case of variola or vaceima numbers
of them are seen, they are not seen 1n vancella By this
method a posttive result may be obtained within an hour of
the specimen reaching the Iaboratory These scrapings must
be carefully tahen and at least si< of them sent for examina
tion A negative result on stained films does not necessanly
exclude smallpox Also, even 1if specimens are sent mn the
early stages, vesicular matenal must always be forwarded
later when 1t becomes available

Scrapings may also be used for wolation of the virus by
egg moculation This 1s slower but i the final analysis 1s
the most satisfactory and the most defimte method of making
a diagnosis at any stage of the infection  Dowmie and Dumbell
have used the method with completely satisfactory results,
beng able to give a defimte result two or three days after
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neither of the latter will differentiate between variola and
vacemia, important if the patient has been recently vac
cmated, the complement fixation test 1s extremely delicate,
and a diagnosts of variola or vaceima 1s usually all that 1s
Tequired  Such a report may be given within twenty four
hours

Pustular Stage

Any of the above methods of examimation may be used
except the mieroscopical, as elementary bodies are then very
diffieult to distinguish  The pustular exudate may be
collected in « sterile tube or, better, 1n a sterile serew capped
bottle

Crusts and scabs may be sent for complement fixation or
1solation fests mn a sterile tube or bottle

After about the eighth day blood may also be sent for the
detection of anttbodies 1 the patient’s serum  Not less than
5 ml should be forwarded 1n a dry tube This test, asit can
only be performed late 1n the disease, may be regarded as a
confirmatory one, but 1s valuable 1f the patient has not
been vaccinated within the previous six months

The complement fixation test 1s that most widely used
but anti-hemagglutinins, which are at thewr peak about the
tenth day, can also be demonstrated Either test 1s more
valuable if an earher specimen of blood, taken withw the
first four days of 1llness, 1s also available, a risen antibody
level can then be demonstrated in positive cases

In many cases the chnical findings enable a confident
diagnosis to be made, but no opportumty should be lost of
obtainng laboratory confirmation None of the tests are of
2 routmne nature, and every pubhc health authomty should
have prior arrangements made with a laboratory capable of
undertaking them m case the need anses

Epidemiology
The disease 15 widespread throughout the world In Great
Brtam and the Umted States variola mnor was relatively
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would allow of massive dissemunation of virus to the eny ron
ment, as agamst the more usual hberation of virus from the
lesions i the mouth and pharynx following the secondary
virEmia

Virus 1s present m the shin lesions from the time the rash
appears but there 15 no reason to suppose that 1t 1s Iiberated
until necrosts begins, that 1s until the pustules erupt Once
that happens a considerable amount of virus s, of course,
present 1n the immediate neighbourhood of cases The skin
15 then infectious until the Jast crust has been shed and all the
lesions have completely healed Infection can be transmitted
by fomtes, and all bed clothes, crochery and other utensils
m contact with the patient must be carefully sterthzed This
precaution must be taken for many weehs until the patient
1s non infecttous The nsk to those in hospital laundries
which are dealing with the bed clothes of patients 15 very con
siderable, and all such clothes should be disinfected before
being sent to the laundry Smular considerations arse with
persons coming into contact with the bodies of those dymng
of smallpox, for example 1n laying them out

The virus may surviven the dry crusts for more than ayear,
and has also been 1solated from the dust near the bed of a case

There bas been acute controversy for many years on the
distance which infection can travel through the air  Previously
1t was the accepted view that such a means of spread was of
great importance, and smallpox hospitals were therefore
imvarably located at some distance from any centre of popula
tion By 1942 the pendulum had swung in the opposite
direction, and 1n the Edimburgh outbreak of that year cases
were nursed m a separate pavilion m the Fever Hospital
without any 1ll effects Itis mdeed quite possible that cases
of smallpox could be safely nursed m an 1solation one bed
ward of a fever hospital

rrespective of these speculations howeser the most ngid
precautions must be enforced mn any hospital with smallpox

All contacts such as doctors, nurses and domestic

oo y from frequent

staff must have a lugh level of mmumt,
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Mass Vaccination

Vaccination 1s the shield agamnst smallpox and the surest
safeguard against 1ts occurrence 1s a fully vacemated popula
tion  During an epidemic mass vacemation of the population
must be considered and 1t has been carred out 1n many cases
n recent times  The decision to undertake it should be
werghed very carefully W hile no considerations of adminis
trative difficulties or of alarming the public should be allowed
undue weight, the rishs of post vaceinal encephalitis and other
compheations must be taken mnto account It s very difficult
to forecast how smallpox will behave 1n any population and
the gmding rule may be taken as the occurrence of cases
without any history of contact When an epidemic begimns to
spread 1n such a fashion mass vaceination must be seriously
considered

During the 1946 epidemic 1n Tripohtama Dixon acted on
the prmerple of ramsing a barmer of mmunes around the
primary case by the selective vaccination of close contacts
This expanding ning method would seem to have much to
recommend 1t and was emmently successful in his hands
Ttis of course a modification of the method used m hospitals
by which the patient 1s surrounded by a ring of vacemated
attendants

Ships and Aircraft

These are covered by International Regulations which
prescribe for the vaccmation and the 1solation or sury eillance
of contacts on board ship and the disinfection of those parts
of the vessel occupied by patients The pertod of obseryation
may not exceed fourteen days

Arr travel has 1its special difficulties and persons who }n\lfe
left an epidemic smallpox area and who are not sui’ﬁmcntﬂ)i
immunized may be vaccinated on landing and be subject
to observation for fourteen days In this connection observa
tion may mean 1solation or suryeilance Should a] ca::
actually occur on a plane the steps to be tahen are simlar to
those m effect for ships
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and should not draw blood, the shin b

A emng stretch
than scratched The side of the needle point causes
trauma for a successful “take *

o

WRONG

a . s gtan

Intradermal

The ads antages claimed for this method are the av
of secondary mfection and mummal scarrmg Xt
regarded as being stiil m the experimental stage, and
be recommended for general use at present

A hight non antiseptic dressing may be apphed aft
cination although many do not regard 1t as necessa
vesiculation occurs  An antisephic disting powder ¢
erlltn ponder may also be used once the vesicle has ap
The area must be Lept dry until the crust bas separ
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occurs only once m every 100,000 cases It 1s more hikely to
oceur 1 children suffening from shin affections Together
with actrve tuberculosis these should be regarded as contra
mdications to ' accmation

Revaccination

In re vaccimation any one of three reactions may be
encountered

If a considerable time has elapsed since primary vaccmation
a typical primary response will probably be obtamed

In those with some residual mmmunity an accelerated or
taceinmd reaction, with 1esiculation, oceurs reaching its
height between the third and seventh day Constitutional
reactions, 1if they oceur at all, are mild

In some cases a papule appears within twenty four hours of
saccination but does not develop mto a vesicle This was
formerly regarded as an but 1t 1s now
realized to be merely an allergic reaction and of no value 1n
raising 1mmumty to smallpox The proof of developing
mmmunity may be taken as the appearance of a vesicle
Vaccination should be repeated 1n such cases

For the purposes of certification the patient should 1deally
be mspected on the second, fourth and seventh days
O Hy this 1s not possible, and the mspect should be
carried out on the seventh day n the case of a primary
vacemation, and on both the third and seventh days where
revaccination has been performed The International Cer:i
ficate recogmzes three reactions viz  primary, accelerat
orvacemnod and “reaction of immunity,” and the appropriate
term should be used A statement of *no reaction” will not
be accepted

Duration of Immunity "
By the time the vesicle has formed the patient 1s generally
I ty 1s certamnly conferred by

T to 1 and

the tenth day f 1L g primary Its ;i]ux;a:o‘r;
1s 1anable and no general rule will cover all cases, 1\; ot
generally agreed to last between five and ten years
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A superficially attractive suggestion 1s the activation of a
latent virus 1n the central nervous system, but there 1s no
proof of this  Alternatively the condition may be allergic
m origm It has also been suggested that the patchy areas
of dentyelmation are due to multiple small cerebral thromb:
The one thing common to all cases 1s a virus infection, which
seems to be the precipitating cause, but as far as vaceima s
concerned no particular batches of lymph, or strams of
vacemia virus, have ever been mplicated

Whatever 1ts origin the condition 1s a rare but defimte
comphication mmvolved 1n nfections, deliberate or otherwise,
with a number of viruses Therr charactenstics and chineal
features are so varted that 1t 1s difficult to see why they
should have this rare sequel in common No latent virus
such as has been mentioned has yet been 1solated from such
cases, possibly because of defective techmque or equally
possibly because 1t 1s not there In other words the etiology
of the condition remains a mystery

Incidence

Encephalitis 1s very rare after primary vaccination in
infants The matn mncidence 1s n older children particularly
those vaceinated for the first time between six and fourteen
years of age It s also very rare after revaccination

Nowadays 1t 1s uneommon and seems to be associated with
mass vaceination campaigns but there were many cases 1n
Holland and n England during the 1920s It 1s rare n the
United States of America

CHARACTERISTICS OF THE VIRUS

Variola

ELCcMENTARY BODIES
As already mentioned nui
ing some 250 my 1n diameter, are found mn t!
cases of smallpox These are termed Paschen bodies,
they were first described by Buist of Edinburgh

merous elementary bodies, measur
he lestons 1

although
On en
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analogy with the findings 1n experimental work on vacama
sirus 1t 1s now belteved that these elementary bodies are
virus particles  They are readily stained by Paschen’s or
Gutstein s methods

Cnevicar or Puysical AGeEnts

As 15 shown from the discussion on eprdemiology, the virus
15 exceptionally resistant to physteal and chemical agents
1t will survive for years if stored at a low temperature or1f
dried by even the simplest methods and is resistant to 50
per cent glvcerol  Downie and Dumbell have shown that
desquamated crusts from ecases of smallpox still contamed
living virus after a year's storage 1n a stoppered bottle which
was hept in the dark

Vaccinit

The relationship between the two viruses 15 obviously very
close  Perhaps the one distinction between them 1s that one,
vanola occurs in nature, and 1s a member of the large group
of viruses whieh affect particularly domestic or domesticited
animals  Vaceima virus on the other hand 1s a laboratory
product derived by amimal passage from cowpox or varolr,
and only infects man 'y moculation or by direet shin contact
Bemng easy to handle the volume of work done on 1t 15
enormous and completely out of proportton to its epidenio
logical as distinet from 1ts hiologieal 1mportnce

FLFMENTARY Bobirs

s 1n vaniola these are casly found m the lesions using the
same technique  Therr diameter 1s about 225 my Statistical
studics point oxerwhelmingly to the conclusion that under
prejer conditions n simgle elementary boady can mtiate
mlection It may be taken therefore that the elementary
hads 1s the virus particle

Rrststasct 1o Piysican AcenTS
Tike vanola vaccima virus can be readily stored an an
active condition at low temperature or 1n 50 per cent gh cerol
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Desiccated 11 vacuo 1t survives for years It 1s very rapidly
destroyed by the photodynamic action of methylene blue

HAMAGGLUTINATION

Vaccima virus suspensions will agglutinate chick red cells
m a manner analogous to the mfluenza group In this case,
however, the agglutination 1s not caused by the virus particle
itself, as in mfluenza, but by a “soluble substance” which
can be separated from the elementary bodies m the sus
pensions  No elution of the heemagglutimn occurs.
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HEPATITIS

Tur fustory of virus hepatitis has been marked by confusion
Only recently has it been recogmzed that catarrhal yaundice,
eprdemic gaundice, hepatitis epidemica, ond nfectious or
tnfectine hepatilts may be regarded as different names for the
snme condition  As early as the 1830°s Bright and Addison,
and later Stokes of Dublin, recognized that jaundice could be
due to hiepatitis, but progress was then retarded for more
than fifty years by Virchow's concept of “catarrhal jaundice,”
said to be enused by a mucus plug in the ampulla of Vater
Gradually, as outbreaks of infectious jaundice were reparted
more frequently and leptospiral jaundice was differentiated,
a new outlook on the problem was adopted  Nevertheless,
even then progress was slow until epidemic jaundice became
a major mihtary problem amongst all the armies whieh fought
m the Mediterrancan theatre in World War 11

At least two viruses nre concerned in the production of
Jaundice 1n the human, but except for their action on the
{iver they bear hittle relationship One s transnutted naturally,
by personal contact or fecal spread while the other 1s trans
nutted artificindly by the inocutation of human blood, or ats
products contatmng the virus

The best and most widely used names for the respectine
conditions appent to be infectice hepatitis and serum hepatites

Infectine hepatitis 15 an nfectious disease with a long
ncubation period It 15 most common in childeen, and s
transmitted by ficees or infected droplets  An attack gives
nise to a diffuse nflammation of the liser parenchyma with
the production of varable signs and symptoms, of which=e.
the most constant 1s jaundice  The prognosis m the a

151
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phase1s excellent, as the mortality 15 low, but not enoug
yet known of the Jong term results follow g climeal recos

CLINICAL FEATURES

Incubation Perjod

This 15 between twenty and forty days, although during
epidermuc the time may be shorter in some cases In gene
Judging by the findings 1n epidemies, adults tend to ha
longer meubation period than do children  Many experme
have been carried out with human volunteers, and amor
them the average ineubation period has been about twen
five days

The climeal features of mfective hepatitis are sumilar
adults and children, except that the condition 15 usus
more severe 1n the adult

Adults

In the typical case two stages can be distinguished cliniea
—a pre 1cteric phase and one of frank jaundice A few ca
may be jaundiced from the beginmng of their attack

The onset 15 msidious with anorexia as a prommnent sig
and 1t 1s followed by malaise, headache and abdominal d
comfort Pyrevia ranging as high as 102°F may occur b
1s not wvanable, tachyardia 1s the rule at this stage Re
prratory signs are ususily absent  Physieal examimati
reveals httle, but enlarged glands msy be found m f
posterior triangle of the neck Towards the end of this staf
the liver 1s palpable and tender Histological eviden
obtamned by bropsy shows that hepatitis 1s alrendy present

After five to seven days the temperature falls to norma
and a day or so later Jaundice appears This vartes 1n degre
from an evanescent icterus of the conjunctive to a det
yellow coloration lasting three to four weeks In seser
cases 1t may persist for months The temperature remain
normal during the jaundiced phase Inmld eases the anorexis
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malaise and headache usually disappear with the advent of
jaundice, but m & severe case they reman prominent for
another ten to fourteen days Once the height of the jaundice
15 passed » sense of well being returns, there 1s rapid vehef

from symptoms and an increase in appetite
During the course of an attach there 1s often a distinet
foss of weight, which may be up to 10 Ibs  Pruntus occurs i
8 minonity of cases, but xt lesscns as the Jaundice clears
the lwer d hes n size and within

Three months 1s an average time for complete clinteal recovery
from a moderately scvere attack

The 15 good, l are rare and un
lmpol’mnl and the mortahity m the acute stage 15 low—about.
0 4 per cent  Unfortunately in fatal eases there 1s hittle to
show the ultimate outcome, os a rapid and unpredictable
worsening of symptoms may be followed by death within
twenty four hours Delinum and deep persistent jaundice
sre bad prognostic signs

Children
In children, amongst whom the disease 1s much more
common, 1t runs a simitlar course except that 1t 1s, as a rule,
sery much milder The onset 1s usually more abrupt but
with the same signs and symptoms as the adult  Jaundice
appears about five day s later and 1s accompanied hy a marhed
subjectiv e improvement i the patient's condibon It lasts
for nbout ten days Death 1s very rare in the acute stage
In u very ngh proportion of chuldren the icterus 1s flecting,
and the child feels perfectly well by the end of a week from
the onset  They are often allowed to return 1o school at
this stage but it s very probable that they are stll infee
tious, and so should be rsolated for at least a fortnight from
the hegmnning of the attack
Tt pases n
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Non-icteric Cases

Some cases, usually mid, run therr course without eser
developing jaundice but m the absence of a specific test for
nfection there 1s no evidence as to ther frequency Liver
function tests carried out during epidemics seem to indicate
that they are numerous In all cases the urme of contacts
should be watched for the appearance of choluma, as 1t
frequently 1s not practicable to carry out the more comph
cated biochemical tests These non retene cases are infections
and they represent a fornudable epidemiological problem

Sequelz

Relapse 15 relatively common  Sometmes the attack 1s
more severe on the second occaston, although icterus does
not always recur It may come on st the end of convalescence
and 1s particularly hable to occur If the patient has been
permitted to return to work too scon The liver 1s tender on
palpation and the biochemical liver function tests become
abnormal agamn

In some cases a “post hepatitis syndrome” has been
described with continuing anorexia, lassitude, mental depres
ston and epigastric discomfort The evidence for 1t 1s largely
subjective as hiver function tests are usually withm normal
limits and biopsy reveals an essentially normal hver

Chronic hepatitis 15 an uncommon sequel, but a small
percentage of patients show only partial recovery with
conthinumng or renewed anorexia, an enlarged lver and
abnormal function tests

The meidence of currhosis after ifection 1s unknown but
the available evidence suggests that 1t 1s not high

Congemtal foetal defects have been occasionally deseribed
following an attack of maternal hepatitis in the early months
of pregnanc;
pregnaney TREATMENT

The treatment s symptomatic and the most mp
factors are adequate rest and diet  Fluds with glucose added

ortant
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are beneficial 1n the acute phase  Once sppetite returns a
hugh protein and carbohydrate diet may be gven and fats
should be gradually increased dunng convalescence It must
be remembered that most patients have lost weight nnd 1n
some this Joss may be marked Tests with methionine,
cholme and vitanun B,, have not as yet piven any clear
evidence of thewr being of value, but further tnals are needed
to evaluate them properly

As seon as the jaundice has disappeared and the brom
sulphalein retention test 15 within normal limits, the patient
may be allowed out of bed, grndually and for short pertods nt
first, the 7! course d d on the ndivid
patient  Aleohiol 1s prolmhl) best avoided for about three
months following an attack but there 15 no reat evidence
that 1t 18 harmiul

In no cireumstances should a patient be allawed to donate
blood for at least twelve months after recovery

DIAGNOSIS

During the pre-icteric phase the diagnosis 1s often one of
great difficulty, which 15 frequently only solved by the
onset of choluria, or if this be nussed, of jaundice itself No
speafic test for infection has yet been evolved—comple-
ment fixation tests have been deseribed but are of httle
value

There 15 o choractenstic leucopema 1n the early febrle
stage, and later a relative lymphioeytosss Many of the lympho
cytes are abnormal and simifar 1n appearance to those found
n anfectious mononucleosss A lymphocytic response 1s,
howerer, common to many virus mfections and cannot be
regarded as suflicient grounds for o dingnosis of any one of
them  The sedimentation rate 1s normal in the early stages
and only rises with the onsct of jaundice  Bibrubinur
appears about the third day —before the serum hilirubin s
raised  Towards the end of the attack-—about the end of the
fourth weeh—it dnappears, agun oddly enough, before the
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h also, the body 18 adsorbed by human hver or
boiled gumnea pig hidney

In Wels dxscasc & polymorphonuclear leucucytosis 1s
Ppresent, a 15 freqy and the titre

of leptosprral aggluhmns nses sharply dunng the second
week, at the end of which 1t may be as high as 1/1000  The
condition 15 generally more severe, and the patient more 1t}
than 1s the case with hepatiis It must be remembered that
some 50 per cent of cases of Weil's disease do not have
jaundice, The occupation of the patient, and the occurrence
of spirochzetal Jaundice in his area should also be considered

Other causes of jaundice such as the hemolytic anrmas
may be outruled by clinical and the
laboratory tests

PATHOLOGY

Our knowledge of the pathology of the condition owes much
to the aspiration biopsy techmque Dible, McAichael and
Shetlock have examined a large senies of specimens from cases
of infectine hepnhtls, ]uundncc following arsenic therapy,
and serum lly all these d give
(umlnmentnll) the same picture, which vanes according to
the naturc and seventy of the condition The picture 1s one
of necrosis of the hiver parenchyma, most marked at the
centre of the lobule, and a cellular infiltration of the portal
tracts In the nulder cases or dunng recovery the infiltration
with lear cells s p but all + of
the picture may be encountered  The longer the jaundice
Insts the more marked 1s the central necrosis  In a few cases
there 15 & residual fibrosis in the portal tract

An mmportant factor m the recovers of the liver from what
appears, histologically, to be sev ere damage out of proportion
to the physical sigus, 15 the presenation of the reticulm
framework of the lobule In those cases i which 1t remains
tntact full recovery may be expected

In fatal eases the appearance vares according s death
occurs in the acute stage or later  In the acute phase the hver
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15 small and soft, and mireroscopically gives the picture of
acute yellow atrophy The liver tissue 15 almost completely
destrayed with no evidence of regeneration, and there 1s an
mtense peri-portal cellular reaction If death 1s delayed until
the subacute stage, three to six weeks after onset, there 1s a
firm granular liver, with destruction of the lrver cells and
infiltration and fibrosis of the portal tract There may be
ample evidence of regeneration

At post-mortem a shght congestion or catarrhal mflam
mation of the h and duod an enlarged spleen
and abdominal lymph glands are found  Ascites 15 an almost
nvartable finding

PROPERTIES OF THE VIRUS

Two stramns of virus, recently 1solated by Henle and his
colleagues 1n tissue cultures and chick embryos, haye proved
capable of mducing mild hepatitis, without jaundice, 1 human
volunteers  Although 1t may be too early yet to 1dentiy
these with certamnty as stramns of infective hepatitis virus,
the evidence 1n therr favour 1s very suggestive

No laboratory studies on the physical characteristies of
these agents have yet been described, but from earher expert
ments with mfected materials certam properties could be
aseribed to the infectious agent It 1s readily filtrable
through Seitz or Chamberland filters, but no more entical
studies to determune 1ts particle size have been reported The
virus 15 resistant to heat and cold, withstanding 56°C for
thirty minutes and freezing for one and a half years Mlotre
important, from a pubhe health pomnt of view, 1s 1ts ability
to withstand, for more than thirty mmutes, one part per
mulion of chlorine in water

EPIDEMIOLOGY
during the acute

the blood
Tn man the virus 1s present n the g o before,

phase, and 1t has been demonstrated there t!
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and eight days after, the onset of an attack The length ofats
presence 1n the feees 15 unknown, although this 1s obuviously
a point of considerable importance m any attempt to deter
mmine the duration of infectinaty It 25 hnown to be presentn
the acute phase, but attempts to transmmt infection to volun
teers by filtrates of freces which have been collected one month
after the onsct of an attack have been negative

Judged by its epridermic occurrence the geographic distn
button of the diseasc 1s world wide Only in Denmark and
Sweden, and since 1018 1 Ireland, 15 the discase notiliable
so that except for these countries hittle statistical evidence 1s
available An interesting point about the Insh figuresas that
they show cases occurring 1n only three or four centres at any
one time, the rest of the country bemg free of infection  Tlas
state of affairs lasts for severat months, but as soon as an
eprderme has died down 10 one area the disease then appears
elsewhere

Cases may occur at any time throughout the year  The
peak inadence 1s usually, but not mvarably,  the late
autumn and wmnter months  One outbreak m Ialestine
reached & peak in June and nnother amongst school children
n Treland, in May

Age Distribution

Amongst enalian populations the discase 15 predominantly
one of chuldren, particularly those of school age  Children
under five years usually escape  In England the attack rate
during an epidernic 1o a population of 3 808 was 6 per 1,000
for the general population compared with 84 3 per 1,000 for
«chool children  In an Insh outbreak 1 a rural population of
2 500 the difference was even more strihing—35 per 1,000 for
the general populatton and 206 per 1,000 for the school
children at nish Unfortunately for the statistician there 1sa
high proportion of muld and fleeting cases in children which
are never traced

WMore accurate figures for ndults can usually be obtained
due to the greater seventy of the disease amongst them  The
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incidence appears to drop sharply after thirty years of age,
probably due to immunologieal factors—such as an un
noticed or forgotten attack 1n childhood

Methods of Spread

Information as to the method of spread of the condition 1s
denved almost completely from studies carried out during
epidemes  Here there 15 a marked divergence between the
reports of military outbreaks on the one hand, and avilan
on the other The bulk of the evidence in army cases points
strongly to spread by the mtestmnal oral ciremit, while amongst
avilians spread by personal contact, probably by means of
infected droplets, seems to be more mportant Generally
speaking, in the latter close contact, such as occurs in schools
and families, 15 necessary for infection, mere casual contact
rarely bemng suffitent The infectivity of the condition 1s,
therefore, low  Explosive outbreaks have been described
but the more usual curve shows a slow build up, the eprdenue
m any one area lasting three to four months No accurate
data are available for the proportion of amecteric eases during
an outbreak, but the proportion 1s high

Outbreaks have been reported which have been caused by
the mgestion of nfected milk, food or water, and n which it
was possible to trace the infection to fecal contammation
of these velicles

Although the moculation of as httle as ¢ 01 ml of infected
blood has produced expermental mfection, there 15 no
evidence to merimmate msects The world wide distribution
and the lack of seasonal specficity are also agamst this
method of spread
Control

Any system of control must obviously be based on the two
types of spread postulated for the disease Although !}:0
atisf: 'y exp tal d has yet been brougk;
forward to prove t by mfected droplets, it wou
be foolish to ignore the numerous clinical observations o;
this pomt The presence of virus mn the feces rests on soun
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condition 1n the majority of children, and by the lack of
specific serological test for mfective hepatitis  The protect:
action of gamma globulin, when adminstered early m t
meubation period, 15 1 favour of such immumty Unco
monly, well authenticated cases of second attacks, as distim
from relapse, have been reported

There 15 no nformation as to whether different strams
infective hepatiis virus exsst, or of any eross mmmunl
between them if they do There 15 no eross immunity betwes
ifective hepatitis and serum hepatitis

SERUM HEPATITIS

Serum hepatitis 15 umque m 1its epidemology It 15, ¢
far as we hnow, the only infectious disease to be transmitte
by entrrely artificial means—en passant one may remark th
1t 1s almost the only disease which twe insist on spreadin
ourselves It 1s also umque 1 that while grving nise to 0
symptoms 1n 1ts orginal host as far as can be traced, it wil
nevertheless, produce a hepatitss 1o 1ts new host The meubs
tion pertod 1s long—ranging from 40 to 160 days with 8
average time of about 90 days

Chnieally the prcture 1s very simlar to that of mfechy
hepatitis but the onset is more nsidicus It tends also t
be more severe, as 1t occurs more frequently m old ant
debilitated patients

The pathology of the condition 15 similar to that of infec
tive hepatitis

Exery case can be traced to an mjechion of human blood 0
its denvatives, usually received about three months pre
viously. As little as 0 01 ml can mitiate infection Dunng
the war more than 50,000 eases m the United States Army
were traced to the mnoculation of yellow fever vacemne whiek
had been suspended 1n human serum  Following on ths the
use of serum was dropped and no further cases have been
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We do not know whether a chronic stage exists nor what, if
any, proportion of cases become carriers.

No case should be allowed to donate blood for two years,
if ever, after an attack.
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congestion or mmtial fever, during which virus 1s present 1n the
blood, the patient 15 obv 1ously 11l and restless, with flushed
face and injected conjunctive  Nausea, vomuting and
constipation are present and continue throughout the illness
After two or three days the temperature falls A day or so
Iater 1t rises agam, and the appearance of the patient changes
to one of a dusky pallor Jaundice now appears and thereisa
definte hemorrhagie tendency with some vomting of altered
blood (* black vomtt ), melena and ecchymoses The pulse
rate falls steadily and may reach 50 per minute or lower
The restlessness of the first stage gives way to lassitude and
depression

Albuminuria, which 1s present from the second day, 1s marked
at this stage and numerous casts are found microscopieally

In the early stages there 1s a pronounced polymorpho
nuclear leucocytosis whnch falls steadily, until by the fifth
or sixth day there 1s a definite leucopema affecting mainly
the polymorphs

Blood 1s present m the vomut and the stools

In severe cases a third stage supersenes with vomuting of
altered blood, anuria, and delirum and convulsions prior to
death A falling temperature and nising pulse rate are bad
prognostic signs  Death 1s commonest on the sixth or seventh
day and 1s rare later than the tenth day from the onset In
the African native the condition 15 rather milder and death,
when 1t oceurs, 1s later

Many cases make an uneventful recovery from the second
stage The temperature returns to normal about the eighth
day and the alt 1a graduall hes Complication
are very rare One attach confers a hfe long ymmunity

These signs and symptoms are those of classical yellow
fever and many cases, probably the majority, will show few
of them, presenting merely with headache and shght fever

The mortality rate reported vares enormously—from 5 per
cent suggested as an overall figure to 60 or 65 per cent men
tioned I some outbresks  As mild nfechoms beeome
mereasingly recognized the figure will certainly fall




LaporaTory DiagNosrs 167

TREATMENT

There 15 no speaific treatment

PATHOLOGY

On nspection of the body defimte jaundice 1s present and
there mav be ecchymoses under the shin Hxmorrbages are
found 1n the heart, lungs, brain and mtestines and particularly
nto the mucous membrane of the stomach

The most obrious changes are found, as might be expected
mn the liver which shows severe damage To the naked eye
1t 15 shightly enlarged and fatty  On microscopieal section
widespread neerosis and fatty degeneration are found Tie
centre of the lobule 1s the aren of most stnhing damage, but
there 1s n layer of intact cells surroundimg the central vemn
and o thin nim of normal cells may be found at the periphery
Scattered throughout the affected areas are cells showmg
hyalne necrosts—the so ¢illed Councilman bodies  Fosino-
philic intranuclear inclusions, which are frequent in the
expernmental diseasc 1n monheys, are rare in man

In spite of these widespread changes the normal structure
of the biver 15 still preserved, and in those who survive at
recovers completely with no sequele It 15 obvious that the
microscopical findings arc very simlar to those of nfective
hepatitis and constderable expertence 1s needed to differentiate
between them

The hidneys show fatty degenerition and necrows of the
tubular epithelium together with numerous casts—hynhne,
granular and calcircous  The litter are sasd to be diagnostic

Irregular patches of fatty degeneration are also present 1n
:‘hc heart but these changes are not pathognomonie of vellow

ever

LABORATORY DIAGNOSIS

Very freq 1t 1s mmposable to make a dent
dingnosts without taboratory aid  Of the methods asailable
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congestion or imtial fever, during which virus 1s present in the
blood, the patient 1s obviously 11l and restless, with flushed
face and injected conjunctive  Nausea, vomiting and
constipation are present and continue throughout the 1llness
After two or three days the temperature falls A day or so
later 1t rises agam, and the appearance of the patient changes
to one of a dusky pallor Jaundice now appears and there s a
defimite hemorrhagie tendency with some vomiting of altered
blood (“black vomit”), melena and ecchymoses The pulse
rate falls steadily and may reach 50 per mmute or lower
The restlessness of the first stage gives way to lassitude and
depression

Alburmnuria, which 1s present from the second day, 1s marked
at this stage and numerous casts are found mueroscopieally

In the early stages there 1s a pronounced polymorpho
nuclear leucocytosis which falls steadily, until by the fifth
or sixth day there 1s a defimte leucopema affecting mainly
the polymorphs

Blood 15 present in the vomt and the stools

In severe cases a third stage supervenes with vomiting of
altered blood, anuma, and delirium and eonvulsions prior to
death A falling temperature and nising pulse rate are bad
prognostic signs  Death 1s commonest on the sixth or sev enth
day and 1s rare later than the tenth day from the onset In
the African native the condition 15 rather mider and death,
when 1t occurs, 1s later

Many cases mahe an uneventful recovery from the second
stage The temperature returns to normal about the eighth
dav and the alt gradually d hes Complications
are very rare One attack confers a life long mmunty

These signs and symptoms are those of classical yd;OW
fever and many cases, probably the majonty, will show few
of them, presenting merely with headache and sbght fever

The mortahty rate reported varies enormously-—from & per
cent suggested as an overall figure to 60 or 65 per cent men
honed m some outbresks  As muld infechons become
mcreasingly recogmized the figure will certainly fall
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one, histological examination of the hver m fatal cases, has
been already considered More satisfactory are the isolation
of the virus from the blood, or the demonstration of amnsen
antibody titre

In attempting 1solation blood should be taken, daty f
possible, durng the first three days of iliness and certanly
not later than the fifth day This 15 1noculated into rhesus
monkeys or white mice

The demonstration of an antibody depends on the marked
difference 1 the titre of neutralizing anttbodies m two
specimens of blood—the first tahen early 1n the disease and
the second two or three weeks later The sera are titrated
by the intraperitoneal or ntracerebral noculation of virus
serum mixtures into mice

EPIDEMIOLOGY

JTtis now well established that from the seventeenth century
onwards saithng ships, by the carriage of infected mosquitoes,
played an essential part in the spread of yellow fever from
Africa  In retrospect many epidemics in temperate clmates
can most probably be attributed to them Outbreaks occurred
m Swansea and Southampton durmg the 1870’s In Amenca
even northern ports were subject to frequent outbreaks which
reached a peak during the summer months and died away
during the winter ‘The last large outbreah mn the United
States oceurred mn New Orleans as late as 1904

Nesertheless, for several hundred years the method'b‘y
which yellow fever was t dr d a P
mystery, and many fierce controversies took place amongst
the earler epidenmologists It was not until 1881, when
Finlay suggested that mfection was spread by mosquitoes
that the scienhfic study of its eprdemiology may be sad to
have begun The defimtive proof of the 1dea of an inter
mediate host was provided by Reed and Carroll 1900
The essentials for the contmuance of yellow fever m any on;
area were then realized—there must be a constant supplt o
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multiphication 1 any given mosquito seems to be largely a
matter of chance, which would explam the conflicting reports
on this particular pommt It seems reasonably certam that,
wihile an nfected mosquito remains mfectious for Iife under
natural dat; there 15 no t on of infection from
one mosquito to another, and that infection 15 not transmitted
to the larve

Types of Yellow Fever

Extensive mvestigations have shown that yellow fever as
1t occurs 1n Africa 1s 1dentical with the condition m Amenea,
and smmilarly that the disease 1s the same no matter how
transmitted  The difference between methods of spread,
which will be discussed are of great importance from the
pomt of view of control, but are of no sigmficance chmeally
or immunologically There 15 only one disease caused by the
yellow fever virus

Nevertheless, several epidemuologieal types of the disease
are dist hed, depending on their methods of
and therr ammal reservowrs These may be classified as
follows —

{1) The classical urban yellow fever occurs m epidemc
form Tt 1s that described historically, and 1s still of great
importance today Infection 15 transmitted by dedes aegyph
mosquitoes and the cycle 15 man—aegypti—man

(2) Rural or gungle yellow fever 1s the hard core of the
problem now facing the epidemmologist  There 15 a reservor
of the disease m jungle anmals, not yet identified with
certainty but probably monkeys 4 aegypts 1s not essentral
for the contuation of the mnfective cycle, other vaneties,
prineipally of the Hemogogus spectes, bemg more usually
responsible  Man 15 merely mcidentally mvolved, only thoze
who enter the jungle or hive on 1ts outskirts being mfecte
Tts waportance, apart from rendering wide areas virtually
uminhabitable, 15 that any time a classical urban epidemic
may anse from the jungle cycle, as happened m South

America 1 1937
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The World Health Organization agrees to certan ports and
other areas being considered as no longer endemte regions
provided the 4 aegypts ndex does not exceed one per cent
This index, which 15 used as a basis of control, 1s the percentage
of dwellings in any given area 1n which larvee of the mosquito
are found breeding Tt has been found more practicable to
eradicate them completely than to maintan a entical level
below which transmission would not occur In fact, the mos
quito has now been wiped out 1n most of the ports and eities
of South America  Before the mtroduction of efficient
methods of vacemation such anti mosquito measures were
the only practicable ones They can now be supplemented
by the immumzation of those persons liable to contact
infection

Constant supervision 1s, of course, needed The last
classical 4 aegyptr transmitted epidemnc ansing from a
similar cycle was 1n 19384, but smee then, mn 1937, 2 classieal
epidemic secondary to jungle yellow fever occurred Such a
superimposition upon an outbreak of the jungle type 1s alnays
hable fo occur if the measures designed to eradicate the
mosquite population are not mgorously and contmually
enforced Sumilarly, jungle yellow fever 1s being recognized
m “new” areas An outbreak occurred 1n Panama m 1948
No chinical case of the urban variety had been recognized
there for fifty years

A further weapon of control-—the viscerotome—is also
widely used 1n South America  As 1ts name mplies, this 1s an
nstrument designed to obtan a of lwver without
the necessity of performing an autopsy Since 1ts mtroductlo(l;
many thousands of examnations have been carried out, a1
legal sanction now permits the tahing of such specimens fron:
any person dymg of pyrexial illness of less than ten days’
duration The nformation derived has been of the grea!es;
eprdemological value demonstrating the existence :
yellow fever 1 areas in which 1t was unsuspected and, I':0“
versely, 1n demonstrating freedom from nfection for long
peniods of time 1 other areas
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Hear anp Cowp

The vurus 18 mactivated by exposure to 65°C for ten
minutes It will survive for five weeks m blood stored i a
refrigerator and, if frozen and dried 1n tacuo, remams viable
1n nfected tissues for two years

CrEMICALS

Various chemicals such as dilute formaldehyde, ethyl
alcohol, and phenol rapidly inactivate the virus It 1s resistant
to glycerol, and will survie for 200 days mn a 50 per cent
solution R

Strains of Yellow Fever Virus

As 1t occurs in nature yellow fever virus s pantropre, that
15 1t attacks all three embryonal layers On continued
transmmssion m vanous laboratory ammals, strams can be
divided 1nto mscerpiropic, which affect principally the hver,
and nmeurotropic It must be realized that such divistons
are not absolute, as both varieties can be further modified
expenmentally  Viscerotropism 1s well demonstrated m the
monkey, and neurotropism in the mouse

Experimental Animals

The discovery by Stokes, Bauer and Hudson that the
M rhesus monkey 1s susceptible to infection with yellow fever
virus was a turmng pomt 1n the history of the disease ¥When
this discovery was made 1t then appeared that all the essen
tials for the control of 3 ellow fever were known The disease
was later found to be transmssible to many other species
particularly to Indian monkeys Afnican monkeys seemed to
be generally resistant and this was thought to be due toa
natural racial immumty  In the lght of the subsequent
discovery of jungle yellow fever 1t 1s elear that some monkeys
may be immune, not because of any racial smmunity, but
because of previous infection Monkeys may be infected by
parenteral oculation such as by the injection of mnute
quantities of blood, or the bites of mfected mosqutoes
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Anti-Mosquito Measures
These have been concentrated in the past on the destruetion
of the larvze and the elimmation of possible breeding grounds
DDT and similar preparations have enormously mnereased
the possibilities of control as a single spray Ing renders walls
and other structures lethal to mosquitoes for several months

Vaccination

The itroduction of safe and efficient methods of vacena
tion has completely changed the problem presented by yellow
fever to the epidemiclogist and the research worker
Previously the nish to laboratory workers was appall ng as
the number of deaths amongst them demonstrates In
addition travel into and out of endeme or eprdemuc areas
18 now possible without the nisk of contracting or of spreading
infection Two methods are at present extensively employed

17D Stran

The orngm of this stramn has already beer mentioned
After subcutaneous moculation antibodies appear about the
sixth day and protection lasts for six years and possibly for
longer The international certificate aganst yellow fever at
present recognizes a period of only four years but thus will
probably be extended in the near future The vaccine
consisting as 1t does of live virus gives mse to a mild and
modified attach of yellow fever but apart from those sensitive
to egg protems as the vaceme 1s now prepared 1n chick
embryos less than 5 per cent of those moculated develop a
mld reaction about the seventh day In the majonty no
reaction whatever oceurs

During the war the efficacy of the vaccine was put toa very
severe test with emunently satisfactory protective results
Th ds of cases of jaundice followmg lation with
the vaccine were reported but these were traced not to the
stram of yellow fever virus used but to 1cterogenic human
serum m which some batches had been suspended Since the
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RABIES
(Hydrophobia)

Ranies has been stamped out i Great Brtam, frel
Seandnavia, and several other western European count
but 1t 1s still a formidable problem over most of the wc
Primanly a disease of wild carmvora 1t spread to dome
animals some two centumes ago, and has never smee b
completely eradicated

CLINICAL FEATURES

The mcubation pertod 15 variable and 1s dependent
many factors It was previously thought that the m
important factor was the location of the bite, 1t1s now kno
to be the amount of varus sntroduced mnto the body at 1
time of the bite The delay before the onset of symptoms
shorter m cases of biting around the head and face than 1t

. for the mbs and so 1t was considered that the distance t
virus had to travel to reach the central nervous system w
the governing factor Recent experimental work shows th
this theory was wcorrect Biting wounds tend to be mo
severe around the face with its abundant mnervation ar
superficial musculature, than on the limbs which, m additio
are frequently protected to some extent by clothing

Following the bite of a rabid ammal, symptoms appet
any time between fifteen days and five months later in th
great majonty of cases, although instances, shorter or longe
have been reported outside these Itmits

180
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Hydrophobia

A well defined prodromal period ushers in the attach It
is characterized by pyrexia pan at the site of the wound,
even though 1t may be apparently completely healed,
headache, restlessness, and pains mn the back and imbs At
first hydrophobie attacks occur only on attempting to take
Lquids—the head 1s thrown back and the hquid 1s foreibly
ejected on comng wmto contact with the fauces Later, such
spasms are mnduced by almost any stunulus such as loud
noises or draughts There 1s marked dyspnoea and Cheyne
Stokes breathing may occur Saltva dribbles out of the mouth
as the patient tries to avord swallowing it During the attacks
the patient 1s restless, and even maniacal, and tnes to bite
those near him, between them he 15 anxious and has often
a feeling of impending death Paralysis, or paresis, of groups
of muscles may be found if looked for, but they are rarely
prominent m such cases

Once hydrophobia occurs the disease 1s uniformly fatal

In oceasional cases the chneal picture 15 paralytic rather
than furious, or paralysis may supervene at any stage and
subsequently predorunate When the disease staris m this
manner the chnical diagnosis 1s one of great difficulty

Once the symptoms develop there 1s no treatment of value
except to attempt, by anmsthesia or other means, to dimmsh
the frequency and severity of the spasms Barbiturates are
reported to be more successful than morpha m the anxtous
phase

PATHOLOGY

On inspection the cord and bran are congested, and the
latter shows a moderate degree of cedemayt

Histological changes are found n almost every area of the
central nervous system  Congestion and neuronal demage 1s
seen an the cerebral and cerebellar cortex and 1s severe m
the mid bram, basal gangha and pons The most marked
changes are found i the medulla  Some degree of interstitial
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cell nfiltration occurs throughout the central nervous
system Its seventy depends on the length of the disease,
and 1t 15 most ntense in long standing cases Thrombi may
be found 1n the vessels of the affected area

Similar changes are found 1n the cord and 1f a limb has
been bitten, they are very marked n the corresponding
segment, the posterior horns being most affected Axons and
myehn sheaths are degenerated, the former appearing beaded
and the latter vacuolated

Changes may be found m individual neurons all through
the nervous system The Nissl substance 1s lost and the
cytoplasm degenerated, the process ending i neuronophagia

The lungs are atelectatic and the mucosa of the bronch:
and trachea show congestion

Changes may occur m the salivary glands depending on
whether or not virus 1s present in the sahva If it 15, the
acinar cells show marked degeneration and there 1s a lympho
eytic infiltration of the interstitial tissue

Negr1 Bodies

In spite of the very marked histologieal changes throughout
the central nervous system the only diagnostic finding 15
the occurrence of Negri bodies These are eosimophilic,
intracytoplasme bodies, which may be large or small
depending on therr position 1n the neuron In the human th;ey
vary n size from 2 p to 10 o They stam well with ann’s,
Lawdlaw’s or Seller’s stams The larger bodies have a baso
philic mternal structure, or granule, which morphologically
closely resembles a nucleus The sigmficance of these nuclear
structures remains undetermined

Negn: bodies frequently are not found at all m human
cases When present, they are seen in greatest numbersdllll
the lippocampus They may also occur m the pyramida
cells of the cerebral cortex, the Purkinje cells of the cerel
bellum the large neurons of the basal gangha and crama

nucler and in the spinal cord
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The precise nature of the Negr1 body 1s unknown  When
first described they were thought, not unmaturally, to be
protozoal n nature No agreement has yet been reached,
and present day theones oscillate betw een their bemng colonies
of the virus and a cellular reaction to 1t They may be, of
course, and probably are, a combmnation of both—that 1s
virus particles embedded in a matnix of degenerated cell
elements In any case, whatever 1ts nature, the Negn body
when 1t 15 found 1s pathognomonie of rabies

PATHOGENESIS

* Rabies virus 15 usually present m the saliva of an infected
ammal and 1s implanted in the body by biting The important
factor m infection 1s not the actual bite itself, but the
deposition of infected sahva which occurs with 1t Cases of
rabies are on record where there was no history of a bite,
infection was contracted through recent wounds which had
been contaminated by mnfected sahiva

After implantation by these means the virus apparently
enters the damaged nerve endings n the region of the wound,
and thence spreads by nerie trunks throughout the central
nervous system No proper study of the role of the blood and
lymph streams has et been undertaken, but as far as 1s
known at present they play httle or no part in the dissemina
tion of the virus in the body At any rate, 1t 15 clear from
experimental work that the nervous system itsell can act as
a very efficient vehicle for its spread  Expenmental work
has also shown that the primary tissue renction to infection
13 a neuronal degeneration

After death the virus may be recovered from several sites
m the body It has been found in the scar of the wound,
but its presence there does not appear to be constant In
the bramn the thalamus and medulla frequently contain high
concentrations and 1t may also be isolated from the spinal
cord and the nerves It 1s not found n the cerebrospinal
flud



184 Rantes

LABORATORY DIAGNOSIS

If n hiting dog 1s suspected of hav mg rabies it should,
1f 1t 15 not obviously hydrophobie, be caught and kept under
obsersation It 1s o mustake to destroy 1t mmediately this
may leave no means of knowing whether or not the person
bitten has, i fact, been exposed to mfection  In the carly
stages of rabies in the dog Negn bodies are scanty, and to
make a defimte diagnosis time consuming ammal moculations
must be done  If the dog 1s confined, mstead of Leing des
troyed, much time which may be vital will be saved  An
mfected anmmal will die 1 two to three days of obvious
mfeetton, numerous Negr bodies on which to moke a ding
nosts wall then be preseat, and treatment ean be given to the
patient within the first four days  Should the ammal survive
for more than o weeh, 1t can be taken that there 1s no danger
of rabies developing n the patient

If there arc no d tic facilities 1n the neighbourhood,
the dog's head should be packed m ice after death and sent
to the nearest laboratory by the quickest possible route

The lnboratory dinguosts i humans 1s, of course, always
retrospective  The hupp pus should be dissected out and
smears or, better, impression preparations made from 1t
These may then be stamned by any of several metheds, ¢ 2
Mann’s, Lardlaw’s, Giemsa, or Seller’s stans and examned

1y for the diagnostic Negn bodies

Histological preparations should also be made from other
parts of the central nervous system

It 15 also advisable to attempt the isolation of the virus by
anmeal moculation  Suspensions in sahne of the bulb and
other parts of the nervous system are moculated intra-
cerebrally into rabbits, mice and gumnea pigs, 1n which
symptoms will develap after a varying mcubation peniod

PROPERTIES OF THE VIRUS
Thus far nothing has been sard of the measures avalble
for prophylanss in those who have been bitten by rabid
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ammals, because to understand their salue st 15 necessary to
know something of the properties of the virus  The Iustonical
backgronnd of preventn ¢ moculation 1s well known, being as
1t1s hinked with the name of Pasteur who carried out the first
successful treatment

As 1t geeurs In nature rabies virus is known as sireet tirus
By continued intracerebral passage 1 animals street virus 15
considerably modified 1 its properties, and 1t 15 then known
as fized virus (vtrus fizé) The two types of virus are differen
tiated by theur effects on susceptible laboratory anmmals
Some strams of street virus have a very high virulence and a.
short, b pened for lab y ammals, snd are
termed renforcé strams (uirus de rue rvenforcd)  Swmlarly
strains of low virulence have been descnbed, an example
being OQulou fofo which oceurs in North Afriea

Fixation of rabies virus 35 carned out by the intracercbral
moculation of rabluts  Strams vary n the ease with which
thns occurs and an average of fifty passages 1s required
Once fixed rabies virus 15 very stable in ats characterstics
By the end of the fixation period the effects of the street and
fixed strams of vitus on experimental ammals gre quite
different Lot there remains o close antigeme relatwnstp
between them  They share antigens mn common  The differ
ences are due to quantitative sanations amongst these
antigens

The mmn differences between street and fixed virus may be
summarzed os follows on intraccrebral moculation 1nto
tabbits the imcubation period changes from fifteen to tnenty

AN eam s 18 am x N .

PRGN

or not at ol with fixed virus  Dogs infected with street virus
develop hydrophobic or funous rabies whereas the dumb or
palyvtic disease develops with bixed virus  After mtra
cercbral or wntraneural wnoculation street vieus 15 regularly
disserunated throughout the central nervous system  fixed
tarus 15 not so regular mowts sprend  Most wnportant of all
vinva rrarEs »
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street virus 1s pathogenic for man, whilst fixed 1 1rus 15 al-
non virulent

TREATMENT

Tmmediately after the bite treatment of the wound sh
of course, be carried out There 15 very little ewidenc
show that severe cauterization 1s of greater value in
venting the onset of rabies than s rrigation with
antiseptics

The vaccine treatment of rabies goes hack to Paste
discovery that virus s nfected rabbit cords becomes
gressively less virulent on dessication  The first case
treated by lum as far back as 1885 The rationale of
treatment depends on the long wncubation period, W
allows the mmunization of a person bitten by a rabid ani
before chnical symptoms develop

Not every person bitten by an ammal may require vac
treatment  There 1s a shght, but defimte, danger of compl
tions due to the vaccine itself, and each case must be
sidered individually  In fact, the virus 1s actually presen
the saliva of only some 50 per cent of animals with chn
rabies, but, if present, may have been there for four d
before symptoms develop  The q of tr can
be made dependent on 1ts presence or absence at the tim
the bite—the virus must be assumed to have been presen’
all cases Statistics show that only between 5 and 15
cent of those bitten but untreated develop rabies but sue
finding 15 no justification for withholding vacemne treatm
m any ndividual case

The following general rules may be laid down —

(1) When the bing ammal 1s found to have rat
treatment should be started immediately The best rest
are obtamed 1f 1t 1s commenced during the first four days

{2) If m sn endemic rabies area, the dog concers
cannot be traced, or 15 destroyed tmmedutely so if
laboratory nvestigations cannot be carried out, treatme
should be imitiated as soon as possible
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Many such cases will be treated unnecessanly but there 1s
no excuse for denying the treatment to them

(8) If the ammal concerned is 1dentified and shows no
chmeal evidence of rabies wnfection 1t should be isolated
for observation asit may be in the early stages of the diseases
I so 1t will become climcally obvious withme two or three
days—in fime to allow of ful vaceme
the diagnosis can be confirmed by post mortem exnm\natmn
of the ammals bram  If the dog does not develop rabies
within seven days it can be taken that it was not nfected

{4} Cases anse from tne ta Yme m which & person has
been 1n contact with & rabid animal but was not hitten
These eases are difficult to evaluate I there sre recent
munes or the contimuty of the slan 15 broken and infected
saliva may have been deposited in this area {reatment
should be given The mere fact of bemng 1n contact with rabies
18 not of itself an indication for treatment

The ongnal saccine used by Pasteur which was prepared
Ly the dessication of rabbit cords contained hving fixed
virus whicli 15 of reduced virulence for man  Tlus vacaine 1s
still m use 1n France and the French colones, as well as m
several other countries  In most countnes nowadays how
ever a phenohzed vaccme first introduced by Semple 1s
preferred  The reason for this 1s that 8 number of so called

laboratory accidents followed the adminstration of rabies
vaccmes and es remarked earher their use 1s not entirely
without rish

The most serious compheation is the so called  rage de
laboratatre  which 15 uniformly fatal and 18 due to the lwmg
fixed virus present w the d vacome  Its
15 very low but it does not occur at all wath the killed virns in
the phenolized vaceine

With ether type of vaceme neuro paralytic  scadents
mav superyene during treatment  The pathology of this con
dition whach 1s charactenized by \arywng deprees of paralysis
differs from that of rabies. No Negr: bodies are found in fatal
cases and no virus has ever bren wolated from them  Its
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relationship to the other post infective encephalitides 1s
obscure, as the charactenstic pertvascular demyeliation 1s
rarely found It has been suggested that, m the case of
phenolized vaccines, the normal nervous tissue present mn the
@ aceme 1tself 15 1 some way responsible In those vaccines
contamnmg live virus the most, hkely =tiolagical agent appears
to be virus fize

““Rage de Laboratoire”

Thus comes on soon after a course of treatment 1s finished
It begins with paralysis of the lower limbs which spreads
rapidly No hydrophobia 1s seen, nor are Negri bodies
found after death, but virus fire can be readily 1solated from
the brain

‘‘Neuro-paralytic”’ Accidents

These may occur on the thirteenth to the fifteenth day of
treatment  Varymng degrees of paralysis are seen, from a
spreading picture to paralysis of localized groups of muscles
The former carries a mortahty rate of some 80 per cent but
the prognosis 1s good mn the other vareties

Treatment by dessicated cord vacemes 1s carmed out by
daily 1njections for fifteen to twenty five days depending on
the sevenity of the case The phenohzed vaceines are mjected
daily for seven to fourteen days As distinct from the sertous
complications, general reactions such as pyrexia ind headache
occastonally oceur  There may also be an erythematous or an
urticanal reaction at the site of the mjection

One of the omgmal objections put forward to the use of
the phenolized vaccine was that the antibody response to 1t
was not as good as with the dessieated cord vacemne Subse
quent work has shown that 1t 15 equally efficrent m that
respect That being so, on general prmeples 1t would seem
preferable to use killed virus i vaccines—even though thte
mexdence of rage de laboratorre 15 so low as to make 1t almos

a curiosity
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Fxperimentally, saccmes m which the virus has been
inactivated by ultraviolet hight seem to be best of all, but very
little information 1s yet available as to their effects 1n man

We are stll uncertamn as to how rabies vacemes act
TRakedal antibodies develop 1 the blood but the virus 13 1n
the central nervous system and their effect 1s doubtful 1t
could be that the immunity produced by treatment 15 a tissue
immunity m the central vervous system  This may be
produced by the “imterference phenomenon,” but there are
no expenmental findings as to the mode of action of the
vaceine

Results of Treatment

These are very dificult to assess statishically, due to the
number of cases which are fost sight of after n course of
treatment s fimshed A proportion of these may subscquently
develop rabies without its being known and such & case
would be entered in the records as having been successfully
treated  In as many as & thurd of the treated cascs the
meubation period may be more than three months

A further comphication 33 introduced by the relatnely
fow nadence of rabies in untreated eases, which has been
ealeulated nt only some 5 to 15 per cent of those bitten by
rabid animals  Other factors must also be taken imto account
such as the sevenity or the location of the bite The real
difficulty arises from the fact that 1t 1s imposable to say that
any given ease has been actually infected The infective
saliva may lhave been absorbed by clothing and never have
reached the wound  Such 8 case, subsequently treated,
would be regarded as a success for treatment even though
never, i pawnt of fact inlected

Tugid statistical proof of the value of vaceines 15 therefore
facking  On the other haud must be put the experience of
more than sixty years, and from this it appears that vaccine
treatment s alnost certanly of value  How much protection
it ;ives or how the proteetion 1s evoked, 1 unknown, but such
bodings have parallels n other branches of mediane  OF
approximately 1 600 000 cases treated the incidence of rabues
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i Europeans recerving treatment was 0 15 per cent, and in
non Europeans 0 52 per cent In bnef, therefore, althongh
the value of treatment has not been statistically proved
1t must be given if the mndications pomt to it

Immune Serum
A recent advance of great mterest 1s the ntroduction of
hyper immune serum 1n place of vaccination for the treatment
of rabies m animals This change from active to passive
mmmumzation has given very good results It has only rarely
been used 1 human eases, and m order to obtain statistical
proof of 1ts value, field trials, under the auspices of WHO,

are to be carried out in Egypt and Israel

Chick Embryo Vaccines
Simultaneously with these trals, experiments will be
undertaken to determune the efficiency of vacemes prepared
from 1nfected chick embryos It has been claimed that these
give a gher and more lasting degree of immumty m dogs
than do the vaceines previously used

EPIDEMIOLOGY

Rabies 1s widespread throughout the world A few countries
have succeeded mn eradicating 1t By enforcing ngid quaran
tine procedures over all ammals entering the country, they
have prevented 1ts re appearance

In western Europe the fox 1s important as a reservorwr of
the virus  In eastern Europe the wolf, and 1n Asta the mon
goose, act as reservowrs  Canada 1s free of mfection but it 15
prevalent amongst foxes in areas of the Umted States, and
1m dogs in South Amerca In general, the dog seems to be the
most 1mportant single factor mn keeping any area infected

Al rabid amimals, and such others as may be bitten by
them should be immediately destroyed, with the proviso
that those biting humans should, as aiready mentoned, be
confined for observation for as long as may be necessary
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In areas where rabies 15 endemic every dog bite should be
reported to the pubhc health authonties
15 0f bted value and exp has shown
that the six months period 1mposed 1 Great Britawr and 1
Ircland 15 not excessive It must be ngidiy enforced as thc
disease was duced to England, app
ammals, after the country had been free of 1t for ‘many yeals
Vacemation of dogs has been extensively carried out m
some countries with satisfactory results To be effective 1t
must be repeated yearly as immumty wanes at the end of that
penod  Chick embryo vaccines seem to protect animals for
Jonger than this, and they may replace those treated with
chloroform or ultraviolet hght which until now have been
the vacanes of choiee

PHYSICAL CHARACTERISTICS OF THE VIRUS

The Negn body has already been deseribed

The virus 1s filtrable through the ordinary bacteniological
filters such ss the Berhefeld, Maudler or Chamberland
Thltration e with d b have shown
1ts si1ze to be between 100 mu and 150 mp

It has been grown successfully in tissue culture, and m
the various cavities of the chick embryo

Heating to 50°C for fifteen minutes destroys the virus and
1t 15 also sensitive to ultraviolet hight, phenol and formalin
It will survive in 50 per cent glycerol in a refngerator for one
year Dessication w1 1acuo preserves its virulence which ts, of
course, lost on dessication by other means

TRINIDAD RABIES

Tius variety of the disease 15 found only on the wsland of
Trimdad  It1s spread by the vampire hat (Desmodus rotundus
murinus) which normally feeds on eattle  As a rule humans
arc only attacked if, for some reason, eattle are not available






CHAPTER SIXTEEN
POLIOMYELITIS

PouriomvELITIS has a long history extending back as far as
the fifteenth century BC  but there 1s no record that the
eprdemics with which we are familiar today occurred before
the muddle of the mineteenth century  Durmng the past
hundred years the pattern of the disease m many countries
has changed from an endemic diserse with oceasional small
outbreaks to an epidemic condition mvolving hundreds of
cases every few years The change s striling but the reasons
for 1t arc not yet fully understood It s very [robable as
will be scen that man himself has by improved methods of
sanitation p {ly altered the eprdemiol I picture of
the disease
It has been suggested that the virus was ongwally an
intestinal parasite of rodents which later beeame adapted to
man Possibly some chance mutant was pathogemie for man
and by contamimation of foodstuffs or eating utensils gamned
an opportunity for attack thence a vanant arose which
could pass directly from man to man  This hypothesis cannot
be proved one way or the other but mn its favour 15 the
existenee of a poliomyelitis group of viruses centred largely
on rodents
It was at first thought that poliomy elitis virus was naturally
pathogenie for man only and for monkeys and climpanzees
experimentally  ecent work has differentiated a group of
closely related viruses some of which occur naturally i mice
and other rodents and others which are capable of bemg
transimtted to these anunals in the laboratory  Our hnow
ledge of the significance of these findngs s not by any means
complete Thc bulk of strains lsoln!ed from the human are
to ys or P only and are
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referred to as “suman ” A few, however, can imnfect rodents
of these the best known are the Lansing and the MEFI’
strams Others have been ded, but therr classifi as
typrcal human stramns has not been so well authenticated

Amongst amimals two diseases have been deseribed which
bear a marked lanty, cl Iy and epid ) 1ly, to
human poliomyelitis—Therler’s mouse encephalomyelitis and
Teschen disease of swmne The recent description of Coxsackie
virus has further widened the group It produces a chimeal
picture similar to poliomyelitis but, judging by its behaviour
m mice, 1ts primary attack i1s on muscle rather than the
central nervous system

CLINICAL FEATURES

The incubation period 1s generally considered to be seven
to fourteen days

The great majority of cases of poliomyelitis do not develop
a frank paralysis Indeed, 1t 1s widely accepted that for every
paralytic case there are 100 without paralysis The disease
1s therefore best described under three headings which are
merely vanable responses to mnfection As Burnet has pomted
out, paralysis 1s only an mcidental feature of attack by the

virus
Abortive Poliomyelitis

In this there 1s a transient 1llness with fever, headache
and pharynghis  Some cases show instead a gastro intestinal
upset There 1s nothing typical chmeally about the attach,
and the symptoms are sumilar to those of many mld upper
respiratory mfections

The diagnos:s of sueh cases 1s rarely, if ever, made except
during epidermes  Their importance hes the fact that they

are infectious for others

, [

These cases S:Z T T of the central
ners ous system ’ L Jocalizing wgns
such as paralys
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The disease begins with either upper resplratory or gastro-
intestinal symp fever and freq he  Pain
and stiffness in the neck and back are common, and 1f the
head be drawn forward the patient complains of pam
Kermg’s sign 1s positive  There may be shght heagd retraction,
and when the patient 1s raised the head falls bach  Amoss’
“tnpod” sign can be ehieited—a patient sitting up will place
both hands behind him for support Paresthesiae of the
skin and excessive sweating frequently occur The patient
may be imitable and restless, or apathetic and with ence
phalitic symptoms

Lumbar puncture will show an inerease 1 cell count at thrs
stage The majonty of cases do not progress further into the
paralytic stage but make an uneventful recovery

The so called dromedary type of illness 15 stated to be of
bad prognostic significance as a high proportion of such cases
develop paralysis  For two or three days the patient has
fever, 1s drowsy, and often shows signs of upper respiratory
infectton  The temperature then drops and the patient
unproves for as long, 1n some cases, as a week, when fever
returns with signs of defimte nervous involvement The first
hump 1s said to correspond to the illness of infection, and the
second to the beg g of the attack-—the daff n time
between them bemng the ncubation period

DirrEreNTIAL DIAGNosts

Lymphoeytic ch ‘serous’ and
respiratory tract infections may have to be outruled by the
appropriate laboratory tests

Paralytic Pollomyelitis
There are several vaneties desenbed of which the com-
monest are the spinal polio-encephalitic and bulbar types
There 1s practically always a history of illness, as deseribed
above, which may have been quite mild m many cases, but
an oceasional case may present without any previous notice
able allness  During the course of a pre paralytic iliness
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muscular twitchings and pan often pont to the site of
forthcoming paralysis, and there may be increase ;n muscle
tone with an exaggeration of refleves

Spinal Type

Fever subsides with the onset of paralysis which 1s of the
flaceid lower motor neurone type with lost or dimimshed
tendon reflexes Some muscle groups will be hypertone
because part of the reflex arc may be intact and continue to
transmit impulses to them

It 1s customary to speak of the involvement of groups of
muscles, but this 1s due to the action of the virus on their
mnervation  There 1s no evidence that polomyelitis virus
acts directly on muscle

Paralysts 1s at ats peak m five to seven days after which
mmprovement sets 1n, often with great rapdity The muscles
most frequently affected are those of the lower limbs par
ticularly below the knee, and nearly all cases have leg paralysis
with or without some degree of involvement of the arm or
trunh muscles Isolated paralysis of the arm muscles 15
uncommon  When 1t occurs the muscles of the shoulder
girdle are usually selected

The mmmediate prognosis 1 this type of pohomyelitis
depends on the muscles affected Involvement of the
diaphragm, the ntercostals or neck muscles 1s a bad prog
nostic sign  Death frequently follows from respiratory

paralysis

CereBRrOSPINAL FLUID

Changes occur early 1 the pre paralytic stage, the first
bemg an mecrease m the cell count This 1s rarely high the
average figure being under 100 cells per ¢ mm The cells are
lymphocytes but an equal proportion of polymorphs :rl:ay
be present for the first three or four days after which they
dechne 1 number During the third weeh the cell count
begins to fall The total protemn s also rased, usually rising
jater than the increase 1n cefls and remamng abnormel for
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langer It s highest dunng the third weelk  Tn about half of
all cases tests for glot uln are posttive  Cercbrospinal sugar
and chlonde Jevels reman normal

Only one worker has claimed success 1n the wolation of
poliomy ebtis virus from cerebirospinal fiwd

Polio-Encephalitic Type
Convulsions and cerchrul manifestations accur in con
Junction with paralysis

Bulbar Type

Paralysis ~ffects the cramal nerves sometimes with
ol ement of the hmbs or trunk (bulbo spinal type) The
prognosis of bulbar paralysis venes dependsng on which area
of the bram stem 1s mvolved  Should there be sygns of
paraly sts of the muscles supphed by the thurd fifth and sixth
nerves ot difficulties 1n masticahon the closest wateh should
be hept for sighs of further spread to the sital centres
1§ thus does not oceur the prognosts 1s good

Involvement of theninth tenthand twelfth nerves nsshown
by difliculty mn swallawing or change of voice 15 & much more
serious matter  1f the patient can be hept alive the prognosis
15 good but as will be seen energetic intervention including
the use of )\ and track may be
necessany Onee the vitad respiratory aud eardiovascular
centres are affected the prognosis 1s almost hopeless  should
the fatter be damaged doth 1s messtable

Other vaneties of poliomyehitis have bren desenbed such
as cerebellar meningtie and polyncuntic

MORTALITY

The reported mortality figures vary widehy i different
epidennes  They depend on the cne hand on the proportion
of tullar easts antd on the other on the number of non
parafytic cases reported  Almost all dexths oecur during the
first week and hardhs on) after the second  In the great
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majority of cases death 1s due to resprratory paralysie
anoxia

The mortality m bulbar cases 1s very Iugh, ranging
€0 to 80 per cent In all cases the prognoss for hfe 15 1
30 children under one year and n the elderly

Taling an overall figure one may expect to find 75 per
of cases i any epidemie making a good recovery Inhi
cases those few who survive frequently show com
recovery

PATHOLOGY

"The virus may use any one of several routes of entry tc
central nervous system, as discussed below, but its at
1s confined to anterior horn cells and certan other new
n the cerebrum and rudbrain  No lesions caused by
direct action of virus can be found outside the central ner
system, and even withm 1t the attach 1s highly specific 1t
location  Certamn areas, for example the occipital lobe,
quite resistant to the virus, and often on direct experime
moculation show no lestons other than trauma due to
moculum

The action of the varus 1s on susceptible neurons only, :
all lesions 1n the cord or bramn are due to the direct actior
the virus on these cells Although there may be a considera
degree of nterstitial change such as perivascular cu!’ﬁngv
memngitis . post mortem material, experimental work
shown conclusively that the nerve cell damage 15 the primy
change

To the naked eye the bram and cord are congested at pc
mortem  On section the cord shows cedema with a she
demareation between the grey and white matter

The microscopteal picture 1s one of neuronal destruct
exoimg an nflammatory reaction n its immediate ney
bourhood characterized by phagoeytosis of dead ce

V) ) by t Polymorphs do not pl

{neuronophag phag

an tmportant part in the process Neighbouring vessels she
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perwvascular cuffing  Inclusion bodies may be scen in the
nucles of cells attacked but not destroyed, but these mclusions
ave not 1 any way diagnostic of poliomy elitss

Distribution of Lesions

Lesions are found throughout the cord, principally 1 the
anterior columns, but a few occur i the posterior and inter
mediate columns  In the brain they show s typical distnbu
tion bemg found m the medulla, cerebellum, md brain,
bosal gangha and globus pathdus  The cortex shows little,
the few signs of mvolvement beng confined exclusively to
the motor and pre motor areas  An wmportant pomt s that
changes are rarely found in the olfactory lobes

Lattle 1s known of the distnibution of lesions in preparalytic
or lytic cases but lly they are knovwn
tobe w:desprem) m monkeys, sn hat the 11rus may be present
m the central nervous system without producing paralysis
The reason for the lack of clinteat signs of paralysts is that,
winle there 15 & widesprend reaction no one nerve umt
supplymg a ynuscle group 18 sumclcntly dnmng«l to cease

In all paralytic or

scopieal elmnges are more mdespreud than would be expected
from the chimeal findings

Judgng by the microscopical pieture the prunary action of
the virus 15 on the cytoplasm of the cefl and during recovery
eells are found showing dissolution of the Nissl substance
together with the intranuclenr mclusions already mentioned
Such cells are numerons durmg the first month but are not
found later Thrs month s the period of recosery in the
central nervous system Any damnged cells which are gomng
ta regun their function have done so by the end of this time,
and no further improvement i the nervous system ean be
expected

o lesions attnibutable ta the direet action of virus ate
found 1n the muscles  3fuscular changes are secondany to
nerivous damage
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Distribution of Virus

During and after an attack of poliomyelitrs the virus 15 to
be found m three situations  First and most important for
the mdividual patient 15 the high titre of 1t present m the
central nervous system, which falls rapidly with the onset of
paralysis and may be too low three weeks later to infect
monkeys on inoculation It 15 present there also in the pre
paraly ic stage and 1n non paralytic cases

S dly, and of eprd logical importarce 1s 1ts presence
mn the nasopharynx where 1t may be found for o few days
before and after the onset of paralysis

Thirdly, and agam mportant epidermologically, virus can
be 1solated constantly from the feeces for more than a week
after onset, and 50 per cent of cases will be excreting 1t at
the end of a fortmght

DIAGNOSIS

The only certain method of diagnosis 1s the 1solation of
11rus by the ioculation of susceptible animals with material
from patients In fatal cases the cord should be sent to the
Iaboratory, 1n others the fces Cerebrospinal flmd blood
or urine are useless for moculation purposes Monheys are
moculated intracerebrally or intranasally with prepared cord
or fecal suspensions

In most countres except the United States only one
laboratery will be 1m a position to undertake the 1solation of
poliomyelitis virus  as at present the only experimental
anmmals which can be used for this purpose are monkeys or

chimpanzees

RECOVERY

f paralysis
This begins early and improvement m the degree o

15 often obs tous at the end of a weel as cells attacked by the
virus but not destroyed regam ther funchion After o

month improvement proceeds more slowly  These later
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changes nre due, not to anatomical impros ement 1n the cord,
but to functional rearrangements and to the hypertrophy of
unaffected muscles Recovery of muscle function 1s complete
by the end of six months when no further improvement may
be expected

PRINCIPLES OF TREATMENT

Tt would be futile 11 2 work such as this to attempt the
consideration of the modern treatment of poliomyehtis 1n
any detal It will rarely fall to the lot of the general prac-
titioner to treat a case throughout the illness  Nor would he
be wise, except 1n very exceptional cireumstances, to attempt
todoso On the other hand there would seem to be no reason
why cases of poliomyelitis should not be treated 1n a general
hospital, prosided reasonable precautions are taken to prevent
the spread of VWhen 1t 1s app that for one
paraly tie case there are one hundred non paraly tic, it 1s clear
that, at least during an epudemic, most of the other eases in
the hospital will have been already infected with the virus
Many hospitals, howes er, will not admut cases of poliomy elitis
This 1s unfortunate, because 1n the acute stage of the discase
the help of several specialists, who are only to be readily
found m a large hospital may be required

None the less 1t 15 beconnng clearer that the practitioner
who sees the patient i the acute stage may litve the ultimate
prognosss in lus hands  Russell's findings as to the need for
complete rest at this tune have gained wide acceptance, and
they now form the basis of the early treatment of an attack
From his work and that of others, it tv unquestionable that
exercise m the febrile period leads to more seyere paralysis
Iater  During an epidenne of poliomy elitis any felinle disease,
pueticulirly in a cluld should be teeated by strict rest in lied
If the ease 1s one of poliomy chtis much subsequent suffering
will have been averted, 1l it 1 not no harny will have been
done  Avordinee of exercise then may even make the differ
ence between a paraly tic and a non parah tie attack

vincs Disessa n
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Bulbar Paralysis

Every ease m the early stages must be closely watched for
evidence of further spread of the damage n the central
nervous system and, above all, for signs of bulbar paralysis
Should there be mndications of paralysis of the ninth, tenth
ot twelfth cramal nerves the prognesis immediately becomes
graver, and energetic steps must be taken to mmmuze the
stramn on the respiratory and cardiovascular centres

The onset and spread of bulbar paralysts are characters
tically rapid, but of the patient can be tided over the acute
phase the ultimate prognoss 1s good There may, howeser,
be only a few hours to take those steps which make the
difference between death and survival  Any signs of res
prratory embarrassment must therefore be promptly dealt
with It s very probable that even minor degrees of anoxia
would affect the wital centres thereby renderng them more
liable to attack by the virus

To meuntam an adequate amrway it may be necessary o
employ postural d ge, suction, b 1 resp or
even, 1 the last resort, tracheotomy which may be the only
means of saving the patient’s hfe The indicabions for 1t are
signs of difficulty 1n swallowing and a nasal voice Anoxlz}
may be present to a dangerous degree even n the absencero
cyanosis, and may be recognized by an increase m the pulse
rate, restlessness and headache @

Cheyne Stokes breathing 15 the sign of damage fo ‘:
respiratory centre, and with 1its appearance the pl‘ognlose
becomes correspondingly worse The final stage 15 mvo! ;l
ment of the cardiovascular system when death rapidy

supervenes

Spinal Paralysis
In uncomplicated spmat cases treatment by passi }:: mo:‘fe
ment must be mstituted as soon as possible after tde ‘:'Czbe
stage, when there 15 no danger of any further spre:ht(;‘ o
paralysis It 1s usually undertaken about forty Elv\[usculzl'
Jater This s the period of pam and muscle spasm 2
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cases were over 15, 1 1945 this proportion had rsen to
25 per cent  Such a picture 1s generally encountered today
m those countries 1 which the standards of living and of
santtation are high  Epidenucs anse every few years with 2
higher proportion of cases in the older age groups

In other countries i which living conditions are less
advanced, the ongnal picture persists of small epidemucs at
infrequent intervals with a igh meidence 1n the 0-5 age
group It1s m those countries that the condition 1s “Infantde
Paralysis ™ Where the virus 13 endemie with these epidemic
onterops, the virus 1s freely dispersed mn the environment
and the bulk of the population has become mmunized by
about five years of age Hence the susceptibles are . the
under five years group In advanced countries children are
less exposed to virus There 1s, therefore, less immumization
and there are larger pools of bles, and in q
major epidemics with the mamn meidence falling on the
school child

Thts conception of the epidemiology of poliomyelitis, as
a disease prcture being constantly modified by lack of child
hood 1mmumzation due to improvements in living standards
15 supported by other evidence

1t has long been recogmzed that there 1s a difference betw een
urban and rural areas both m the maidence and the age dis
tribution of cases There 15 a higher neidence 1 country
districts and rural cases are older on the average than those
m erties  If resistance follows immunization by subinfective
doses, 1t would naturally be lower m those districts where as
human contacts are fewer, the virus would be less prey alent
Similarly, 1t 13 the country distnicts where chuldhood
nnumzation 1s less frequent that one would expect the
disease to attach older age groups than it does 1n the fowns

Agam, servicemen during the war often showed a higher
attach rate overseas than did comparable groups at home
These men were apparently attacked by a *foreygn’ strmn
of varus, and one to which they had not built up any mmunity
by exposure to submfechive doses Alternatively, of course
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they may not have had t to
massive doses of virus present in igh concentration m the
cenvironment

Geography

Pohomyelitss occurs in all chrmates as an endemic mfection
with an epideme ineidence prineipally in North Amenea,
Secandmasia, Australia and of late years in Great Brtamn
1t has recently been shown to oceur nside the Arctic Circle

Seasonal Incidence
The peak incidence of the disease 15 usually duning the
summer and autumn, but hittle reliance can be placed on the
virus obeying any rules  Some outbreaks have continued
into the winter before dying away, and others have begun in
the winter months  Tius latter, however, 15 uncommon
Excessiely heavy rainfall may be of sigmificance, not only
n thc etse of droplet infection, but also by inereasing the
Nty of foeal of rural water supphcs

sueh a8 shallow wells

Spread of the Virus

The virus 1s present in the nasopharynx of the patient,
whether the mfection 18 aborti e or paralytie, for about three
days after onset and infected persons mas spresd it by drop
Iets  Until some ten years ago 1t was thought that this was
the only means of spread—a theory based on two well estab~
lished findings  Firstly virus was known to be presentin the
nasopharynx and sccondly nasopharyngeal symptoms are
common 1n the prodromal phase  In some eprdumies droplet
spread scemetd the most likely route, but there have alwavs
Leen difficulties in accepting 1t for all cases  The usual
seasonal inerdence of the disease 1s quite uniike that of other
droplet nfechions and n sddition mstitational and school
outbreaks hayve always been uncommeon

The presence of virus an the ficees wan finst proved nearly
forty years ago, but was consulered of httle ymportance as
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being merely the reappearance of virus swallowed from the
nasopharynx  When the significance of virus 1n the faces
was understood, 1ts presence there for several weeks after
infection, m some eases for months, led to the current and
apparently well founded theory that fecal spread 1s the
most unportant single method of dissemunation The feecal
material may be mgested with food d by flies
or washed 1 contaminated water, but more often 1t 1s trans
ferred by contact with the excretor, or by formites such as
towels or eating utensils The virus 1s usually spread to close
contacts particularly the family and, m children, the play
mates Direct and sustained contact is necessary for infection,
but 1t has been shown on many occasions that cases distribute
the virus widely m therr environment It has become
nereasingly common to find that mnfection can be traced to
close contact with a previous case, abortive or paralytlc, mn
the infectious pertod

Carriers

Carriers are unquestionably of importance m the spread
f the disease, although 1 many cases 1t 1s difficult to trach
lown the carrier responsible for any particular outbreak
such a search 1s more likely to be successful 1n rural areas

Convalescent carriers are of hitle sigmificance as few cases
~verete virus for more than one or two months n the fzces,
r more than a few days from the naso pharynx Even
hould they be no longer in hospital precautions to prevent
heir mnfecting others can readily be taken

Healthy carrers, or those who contract infection but show
10 clinieal evidence of 1t, excrete virus for sumlar periods and
re obviously a formidable epidemtological problem

Tt 15 very probable that the St Helena epiderme of 194516
n which 215 cases were reported, was due to the visit of a
iealthy carrier

“Incubating” or “precocious” carriers excrete virus for
everal days before displaying symptoms, and have been
.nown to mfeet others
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Sewage
The virus has been 1solated from the sewage even of large

of water supplics and bathing pools The virus 13 relatively
resistant to chlonne so that bacteriologically pure water 1s
not necessarily free from the virus  Privies arc an even more
important source of contamuination particularly for flies,
unless strict precautions are enforeed

Flies
Although there 1s no evidence that the virus can mulhply
an fhes, they may be very dang as merely

carriers of infected materal It has been shown expen
mentally that food exposed to the flies in an anfeeted house-
hold was capable of infecting chimpanzees when fed to them
There 15 no evidence to incriminate mosquitoes or biting
msects

Milk

The virus can sursive in mulk for a period of some weehs
and oceasioml outbreaks have been traced to contaminated
mulk  As might be expected most of these were of an explosive
nature

Food
Uncooked frit or vegetables may be tnfeeted, partrcularly
in Fastern countries

Reservoir

There 1s no reason to suspeet that domestic or other animals
may act as reservoirs of infection Enven rodents, which are
susceptible to sirus infections closely related to poliomy elitis,
do not appear to be of any sigmficance

The irus sunvises between epdemies by continuing
transfer in children who are themselves casily nfected, and
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who readily infect others by shght fcal contammation of
fingers with transference to toys and other objects

CONTROL

Patients are, as a rule, 1solated for three weeks after onset,
but as stated abote a high proportion wili still be achively
excreting virus at the end of that time Al fieces should be
stertlized, and 1 the early stages also handkerchiefs and bed
linen

Contacts

CuripreN  These should be quarantined for three neeks
and arrangements made for the sterilization of handkerchiefs
and feeces  Althongh this quarantine may be carried out at
home 1t should be hept as ngid as possible

Avpurrs 1t 15 abviously difficult to 1solate adults for any
long pensod but those i contact with children, or engaged
n handling food or milk should nevertheless be quarantined
A reasonable scheme for adult contacts would seem fo be
quarantine for one week and restmiction of movement for
another two

The strictness of the measures which ean be enforced s
obviously dependent on the type of commumty mnvolied
Isolated rural houses or commumties will be very much easier
to control than households 1 eities or towns

Schools
In day schools m urban areas little purpose would be

served by closure of the schools, although such a messure
would be valuable i country districts 1f accompamed by
mstructions to the children not to mx

Residental schools should be quarantined, and if parents
wish to remove children they should only be permutted to
do 50 1f 150lation en route and at home for three weeks can be
enforced In the unlikely event of secondary cases occurTing
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wm the schiool the children may be sent honte for not less than
three weeks

Dunng an epidemic every effort should be made to heep
foodistufls and milk covered Non chiorinated water supplies
for drnlung and domeshic use should be Leded  Faeces of
cases and contaets should be stembized and flies prevented
from gamning access to them by proper disposal of senage
In privies, fxces should he rapidly and completely cosered
with earth D DT or other smniir preparation should be
used liberally, and breeding places of fies such ns dung heaps
m country districts should receive special attention  fouses
should be disinfected at the end of 1solation periods  kxees
sie exereise by chuldren and batlung in pools, or even
swimnung baths should be fnr\mldcn

All operations such as or tooth ex!
should bie suspended dvnng an epidenue

PATHOGENELSIS

It 5 consulered at present that pohomyelitis sirus s
essentially neurotropie, reaching the central nervous system
by nerve pathways from its pomt of entry  The blood,
cerclirospinal flud and {ymph hase been suggested as vehicles
for the sprend of virus within the bedy, but without, so far
at least, anv satisfactory evidence i ther favour  Patho-
logical findings do not suggest that any of them ean be of
importancr, but there 1s no doubt that wadespread changes
m Jumphoud structures such as the enlargement of glinds and
tonstls (whieli mas contain virusy are found duning an attack

Our present views on the entrs of the virus into the neesvons
ststent have been mfluenced more by expenimental work than
by ohservation wy man and w at feast one respeet thus hos
Ted us nstray in the past  Until sumie ton years ago there was
vrtual agreement that the sirus passed into the central
nerous system by the olfictory nerses  The problem hns
smee been shown to be more complicated and there 15 now
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Iittle of the unammity which previously prevaled The
reason for the earher view was that the most widely used
experimental animal was the rhesus monkey, 1n which the
natural route to the central nervous system 1s by the olfactory
mucous membrane and the oifactory nerves In man, and
m the chimpanzee, this route 1s also available but 1s not the
natural route and 15 probably rarely, if ever, used by the virus

Before detailing the routes whereby the virus may reach
the central nervous system several general observations may
be made —

Furst, expenimental work shows that the virus spreads by
axonal routes from the site of moculation and 1t seems un
hkely that, except after trauma, any nerve without a super
ficral connection transmits virus to the central nerous
system, not because 1t 1s unable to do so, but because 1t does
not get an opportunity Common exceptions to this are the
motor nerves 1 the pharynx after tonsillectomy

Virus entering the body first invades the superficial axons
of a nerve cell, and passes along 1ts fibres to the neuron Here
it multiphes and travels on, the first synapse probably
presentmg a temporary barmer The position of the first
neuron and synapse may vary considerably n therr location
accordmg to the nerve mvolved In the parasympnthet'lc
sy stem, for 1astance, they are ed almost di
beside the mucous membrane, while m the mesencephalic
trigenunal they are in the midbramn—that 15 already within
the central nervous system

Secondly the virus 1s not merely neurotropic, in having an
affimfy for nervous tissue, but 1s neuronotropie It 15, there
fore, dependent on the nerve itself rather than on amy
mesodermo ghal elements of the nervous tissue  The mecha
mism by which the virus travels m peripheral nerves well
flustrates this pomt The virus combines only with the
protoplasm of the axis cylinders and migrates along the axons
themselves Permeural lymphatics or lymph spaces are of
no importance 1n 1ts passage nor does 1t travel between th;
varous sheaths of the axon The actual mechamsm ol
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transport within the axon remams unknown  There 15
probably no multiplication there, the virus must reach the
nenve cell body before propagation and further spread can
oecur

Thirdly, the virus will only travel along penpheral nerves
which arc both anatomically and physiologically intact  On
the other hand, 1ts eapaeity for travelling within the nervous
sistem 18 very considerable, and it mnayv travel i ather
direction along o nerve

Fipally as has been seen, poliomyelitis shows a speailic
attach on anterior horn cells and to a lesser extent, neurons
the nudbrain and certain areas of the cerebrum

One of the dilliculties n attempting to trach down the
path of the virus by the histolomeal examination of nerves,
1s that when a neuron 1s found showing signs of invaston,
whether 1n bulb, bram or ganghon 1t 1s 1mpossible to say
i wlich direction the virus was travelling at the time of
mvasion  Once the virus has entered the central nersous
svstem 1t spreads widely throughout and an affected ganghon
may have been invaded during the later, centrifugal spread
of infection rather than in the primary invasion

Having discussed the general prneiples of fection one
mav now consider briefly the entrv of virus into the body
Varous routes may be implicated

The Nose

s has already been diseussed there are many fetures of
the disease n fasour of entry throuh this nrea to which
may be added the fact that the olfactors nerve endings lie
exposed in the nasal cavity ANl of these ndd up to mpressnve
evidence in favour of the nose as an important portal of entry

\guinst the olfactory nerves are two fictors  In the fint
plice, histologienl evidence derived from fital cases in man
shows that lesions rarely oceur i the olfactors hulh  Oddly
enough relatively ittle work has been done ¢n thas aspeet of
nfection m spite of the importance allotted 1t up 1o some
ten years ago
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The sccond piece of evidence agamnst the olfactors nerves
bemg of any mmportance 1s the complete failure of vamous
chemical sprays such as zme sulphate and pieric acid
designed to bloch the nerve endings In field expenments
they proted of no value in prophylaxis

To sum up while virus may enter the body by the nose and
naso pharvnx 1t does not reach the central nersous sy stem
by means of the olfactory nerves ¥t mav however enter
by means of the cranal nerves m the nasopharynt which
will now be considered

Mouth and Pharynx

Assuming as one must spread by ether infected droplets or
fecal contarunation 1t 1s obvious that virus enters the body
i thistegion Inaddition 1t has frequently been isolated from
tonsils and naso pharsmgeal secretions 1n all types of cases
paralytic or abortive and n healthy contacts When to this
15 added the frequency of bulbar paralysis following on
tonsillectomy the closest attention must obviously be pad to
this area  Histological evidence 1 this case ts unequisocal
that virus may spread to the central nervous svstem by the
afferent systems of the fifth mnth and tenth cramal nerves
which may be infected by the slow dramage of nasal mucus
contaming virus or by materal entering the mouth

Tracheo Bronchial Tree
This has also been mmplicated the nerves concerned bemng
the ninth and tenth efferent systems of the sympathetics

Stomach and Small Intestine

The ease with nhich virus can be 1solated 1n the fueces
the gastro intestinal symptoms which may occur m the pre-
paralytic stage and the lymphatc lesions for example
n Pevers patches all pont to the possibihty of tle virus
entermng by this route [t 15 more than possible that polio
mvehtis virus may maltiply somewhere m the wall of the
gastro intestinal tract where or I what cells 1s unhnown
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beeamre 2t 2y doflienlt to assume that 21l the virus found in the
frees must necessarily have been swallowed by the patient
As Iittle 05 10 mgm of & wet spectmen has been found infee
tive for monkeys when moculated intracerebally  The nerves
mvolsed would be the erimnl nerves or the vagus leadmg to
the medulla or, alternatively, visceral afferent or efferent
fibres of the sympathetic echun leading to the spinal cord

Colon and Rectum
Thes<e are of no sipmfieance as portals of entry

1n spite of the convincing evidence of the presence of virus
m the intestine 1t seems most hikely that the virus more
usually enters by the upper slimentary route  There 1s no
exclusne route of entrs fo which one mian pont as the
earlicr worhers pointed to the offictory nerves but the miost
wmportant channels are probably the oropharyny and the
nasopharyny

The remon of 1mtial imohement of the centenl nersous
sistem does not necessarily determine the losel of matial
paralisis - Once mtroduced mto the central nervous system
wlich may happen almost umultanconsly with its mtrlue
tion mto the body, the situs spreads rpudly throughout ¢
Fren then there 15 no reason to suppose that paralysis must
neeessanly follow  Violent excrese folloned Ly almost
wmmediate parafysis of & bmb s 8 commonplice dunng
epdenmues Pohiomyehitis vires may  therefore  apparenths
fic dormant m the nervous svstem until such tme as
the exererse or somie other mechanism upscts & pre-exsting
and slent relationstap between the host celt and the sirus
and guses Tise to paralyvaiy

IMMUNITY

The problem of wnnwtits i pohomelitis 1 & diflicult ene
‘There 11 every renson to suppose that the situy ean cheit
antibodies as happens w other virus disetses Semnlary,
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there 15 no reason to suppose that such antibodies are produced
by any other means than by contact with pohomyelttis virus
The problem les 1n determiming what part such antibodres
may play n resistance to infection

It 15 generally thought now, on the basis of expermmental
worh n monheys that resistance to mfection 1s determmed
by some alteration 1n the nervous fissues rather than by
arrculating antibodtes in the blood It 1s not n dispute that
contact with subinfective doses of virus bwlds up the
mmumty which 1s found mn most adults, but 1t seems that
this immumty 1s based not on humoral antibodies but on the
insusceptibility of the nerve cell which follows

As the virus 15 present m the central nervous system from
the beginming, and there 1s no stage of primary spread 1n
the blood 1t would seem that antibodies present in the blood
can be regarded as mecidental to the course of infection
whatever form, paralytic or otherwise, the latter may take
Some virus escapes into the blood thus giving mse to antt
bodies These are of no practical sigmficance They merely
show that the virus has been present mn the body and has
attached some nerve cells

How the mechanism of mmunty mn the nervous system
worhs 1s unknown It has been attributed to the lymphoeytes
present i and around the damaged reas and to the nucrogha
which may be part of the reticulo endothehal system and
even more numerous 1n the lesions than the lymphocytes
Alternatively some change m susceptible cells renderng
them refractory to infection, may be produced by the charcally
unrecogmzable entry of the virus

It follows that any form of therapy using immufie serum
should be of httle value, and so 1t has proved m practice
Serum therapy presupposes o stage of the mfection whch
the virus would be susceptible to attack By the modern
theory of the pathogenesis of pobomyehtss the virus s present
1n the central nertous system from a very early stage, and
the blood at any stage 15 there by

any virus present m
Even 1if the immune serum had any

aecident, as 1t were
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action on the virus 1t 15 difficult to see how 1t can come 1n
contact with 1t, for the antibody cannot enter any body cell,
nor any axon, to exert its protective action

Active immunity following the use of vaccines has had an
extenstve trial i the United States  Brodie’s formolized
vaceme showed cquivocal results 1 that m ats largest field
tr1nl none of the controls developed poliomyelitis, and so the
efficacy of the vaccine could not be assessed Doubts have
been expressed as to whether the preparation can be regarded
as completely avirulent Kolmer's remoleated vaceine 1
Lnown to contan active virus, and 1 a very extensie tnal,
although none of the children who received the full course of
three doses developed poliomyelitis, there were ten cases
amongst those recerving fewer doses  After this unfortunate
occurrence the vaceine was withdrawn, and 1t seems unhlely
that any vaccine containing virulent virus will again be used

PROPCRTIES OF THE VIRUS

The propertics of the virus are not as well known as those
of many others Tlus 15 due not only to 1ts very small size
but also to the difficulty of cultivation Poliomyelitis virus

A h A

obtamning pure suspensions of virus free from extrancous
matter electron mucroscopv has been difficult The Lansing
strain has been shown to be composed of spheneal or sightly
usymmetrical particles some 23 mp in diameter

No satisfactory growth has been obtained with tissue
culture or 1n the chick embryo  Although some reports have
claimed that the Lansing strain has been propagated in the
chick embryo the work awaits further confirmation Recently
it has been reported that the virus will multiply in tissue
eulture if human tissues are u:

Poliomychitis virus 1s relatinely reustant te chemical
agents It 1s extrumely resistant to ghieerol retaimng ats

Vi reasza 1"
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there 15 no reason to suppose that such antibodies are produced
by any other means than by contact with Ppoliomyeltis virus
The problem les 1n determining what part such antibodres
may play in resistance to mfection

It 15 generally thought now, on the basts of expertmental
work 1n monheys that resistance to mnfection 15 determmed
by some aiteration m the nervous tissues rather than by
arculating antibodies in the blood It 15 not m dispute that
contact with submfectine doses of virus builds up the
immumnity which 1s found 1n most adults, but 1t seems that
this immunity 15 based not on humoral antibodies but on the
nsuseeptibility of the nerve cell which follows

As the virus 15 present in the central nervous system from
the beginning and there 1s no stage of primary spread m
the blood 1t would seem that antibodies present m the blood
can be regarded as mncidental to the course of nfection
whatever form, paralytic or otherwice, the latter may take
Some virus escapes to the blood thus gtving rise to ant1
bodies These are of no practical significance  They merely
show that the virus has been present m the body and has
attacked some nerve cells

How the mechamsm of mmmumty m the nervous system
works 1s unknown It has been attributed to the lymphoeytes
present m and around the damaged areas and to the mcrogha
which may be part of the reticulo endothelial system and
even more numerous m the lesions than the lymphocytes
Altcrnatively, some change i susceptible cells, renderng
them refractory to infection, may be produced by the chimeally
unrecogmzable entry of the virus

It follows that any form of therapy using immune serum
should be of little value, and so it has proved m prachce
Serum therapy presupposes & stage of the mfection which
the virus would be susceptible to attack By the modesn
theory of the pathogenesis of poliomy elitis the virus 15 present
i the central nervous system from a very early stage, 3:‘[
any virus present in the blood at any stage there by
acodent as it were Even if the mmmune serum had any
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action on the virus 1t 1s difficult to see how 1t can come 1n
contact with 1t, for the antibody cannot enter any body cell,
nor any axon, to exert its protective action

Active immumnty following the use of vaccines has had an
extensive trial 1n the Umted States Brodie’s formolized
vaceine showed equivocal results m that m ats largest field
trial none of the controls developed poliomyelitis, and so the
efficacy of the vaccine could not be assessed Doubts have
been expressed as to whether the preparation can be regarded
as completely avirulent Kolmer’s memoleated vaceme 1s
hnown to contain active virus, and n a very extensive tral,
although none of the children who received the full course of
three doses developed pohiomyelitis, there were ten cases
amongst those recewving fewer doses  After this unfortunate
oceurrence the vaccine was withdrawn, and 1t seems unlikely
that any vaceine contaming virulent virus will agan be used

PROPERTIES OF THE VIRUS

‘The properties of the virus are not as well known as those
of many others This 1s due not only to lts very small size
but also to the d: Ity of cul litis virus
15 one of the smallest known pathogens of man  Ultrafiltra.
tion and centrifugation studies have shown that 1t measures
about 15-23 mg 1n one diameter, but due to the difficulty of
obtaining pure suspensions of virus, free from extraneous
matter, electron microscopy has been difficult The Lansing
strain has been shown to be composed of spherical or shightly
asymmetrical particles some 25 myu 1 diameter

No satsfactory growth has been obtamed with tissue
culture or 1n the chick embryo  Although some reports have
claumed that the Lansing stramn has been propagated 1n the
chich embryo the work awaits further confirmation Recently
1t has been reported that the virus will multiply 1n tissue
culturc if human tissues are used

vITus 1s resistant to ch 1
ngents It 1s extremely resistant to glycerol retaiming its
vits prszases »
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activity in a 30-50 per cent solution for a pertod of yeas
1s difficult to assess the value of chlorine ull) mnactny a}t,m:lt III:
public water supplies, as according to some workers at least
five parts per million of chlorme—a figure 1n excess of that
which will give a palatable water supply—have been mn
sufficient  Others have found that a very much smaller
amount 15 sufficient to mactivate the Lansmg stram for
example  As the sterilization of water supplies does not
depend on the action of chlorine alone, 1t 1s probable that
about 0 1 to 0 2 parts per mullion will suffice While the
virus can survive 1n water for very long periods there 1s little
evidence that pubhc water supphes, as distinct from shallow
private wells, are ever mvolved mn the spread of mfection

A temperature of 55°C destroys the virus in thirty minutes,
but 1t may survive at —20°C or —70°C for perods up to
twelve months

It 15 quite msusceptible to chemotherapy

THE COXSACKIE GROUP OF VIRUSES

Within the past two years a new group of viruses, which
produce a chinical picture very sinilar to that of poliomyelits,
has been deseribed  Coxsachie virus was first 1solated from
two children m the village of that name 1 New York State
during a mild outbreak of what was thought, on elimeal
grounds, to be poliomyelitis Since that time a number of
other strams of the same agent have been deseribed and it 1s
clear that there are scveral strams compnsing the group

The existence of such a virus was first suspected when 1t
was noticed 1n 1947 that there was a marked discrepancy in
some outbreaks between the notifications of paralytic and
non paralytic poliomyelths In the same summer an out-
break of what appeared to be poliomyeltis oceurred m
Delaware, which was unusual m having a remarkably low
ortality  Coxsackie virus was also 1solated from some of

these cases
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Epidemtology

The epidemiology of Coxsackie virus appears to be so
simlar to that of poliomyelitis that nothing would be gamed
by going into any detail concernmng 1t The virus 1s present
1 the nasopharynx and in the feces where 1t may persist for
some time In one case 1t has been solated from the stools
78 days after the onset of symptoms It has also been
recovered from flies and from sewage during eprdemics
sometimes 1n association with poliomyelitis  Healthy carriers
of Coxsackie virus have been deseribed and farmily outbreaks
have also occurred

One pont of distinction appears to be m the age distribu
tion of the two viruses Coxsackie seems to affect pre
dominantly children under the age of ten years In the Umted
States, with its mcreasingly older age distribution of polio
myehtis, this may mark a signtficant difference

Most of the field work on Coxsackie virus has been carried
out at times and in places where polismyelitis was epidemic,
50 that there seems to be a very close relationship with the
latter How close this relationship actually 1s remains to be
seen for 1t may well be that a different picture would be
presented by ivestigations undertaken when poliomyelitis
was not active In other words some differences m the
epidemiology of the two conditions may become apparent m
the future

Properties of the Virus

The outstanding characteristic of the Coxsackie viruses 15
their laboratory prediliction for suckling mice and I
On occasion lesions have been produced m older rodents, but
for the primary 1solation and subsequent propagation of the
virus nfant ammals are requwed The best results are
obtamed by using them when less than twenty four hours old
Cynomolgus monkeys and chimpanzees may also be infected
but no clinical signs of the disease can be elicited

The virus 1s destroyed 1n thirty mmutes at 60°C , but will
survive for long pertods at —20°C or —170°C It 15 resistant
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It 1s difficult to explain these cases Contamnation either
of the material or of the needle scems to be out of court, as
the cases oceurred m widely scattered places and with
different antigens  In any event, n the absence of a virema
m poliomyelitis, there seems httle possibility of a needle
being contaminated The most likely reason seems to be
trauma at the site of the injection which affects the local
nerve trunks in a patient in whom the virus 1s already present
Much more work remams to be done to obtam the true
explanation, but the one given seems the most reasonable of
those suggested so far

One of the most interesting features of the condition 1s that
no cases have as yet been described 1n the United States
Whether or not differences m moculation techmques may play
an 1mportant part n the @tiology of these cases 1t 15 too early
to say, but the lack of reported cases from America 15 very
suggestive

Finally, one may remark that 1t would be a very serious
matter if prophylactic moculation against diphtheria should
fall nto disrepute because of these relatwvely few, cases of
poliomyehtis following wmjection It 15 quite clear that
those 1es m which 10n has been practised,
diphtheria has dechined to neghgible proportions n recent
years The major credit for this must go to prophylactic
moculation At 1its worst, diphtheria 15 a far more deadly
disease than poliomyelitis and there should be no thought of
suspending 1mmunization except m the face of the most
unequivocal evidence At present thus 1s not available




CHAPTER SEVENTEEN
MENINGITIS AND ENCEPHALITIS

MENINGITIS CAUSED BY VIRUSES

Tie clineal picture termed acute aseptic menngitis may
appear dunng the course of infection with a number of
viruses  These mnclude amongst others, measles, mumps,
varicella and herpes, and the clinical and pathological
features are described in the respective chapters dealing with
these diseases In sddition, the virus of lymphoeytic chono
memngitis must be considered by 1tself as a primary cause
of memngitis

LYMPHOCYTIC CHORIOMENINGITIS

Thas virus was unexpectedly recovered dunng the investiga
tion of an outbreak of St Lows encephalitis and it has since
been shown to be widespread amongst mice  Subelinical
attacks appear to be frequent in humans, at Jeast n the
United States Whether such findings are applieable to other
countries has not yet been fully proved, but there seems httle
reason to doubt that they are

Clinical Features
After an 1: period ly d at one to
three weeks the onset 1s acute, and the attack may be cline-
ally very sumilar to one of mfluenza In many cases the
patient recovers from & febrile 1llness 1n the course of a few
days, no further sequele develop, and the attack 1s classified

merely as “pyrexia of unknown ongin
Other cases show defimte signs and symptoms of mentn-
gitss which come on after the nfluenzal phase and last about
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a fortmght Headache, voruting and a stiff neck are
promunent features The cerebrospinal flurd 15 under pressure
and shows a small mcrease i protein content The cells are
mcreased, usually numbering about 200 per c mm but counts
up to 2 000 per c mm have been reported  They are, needless
to say, lymphocytes Complete recovery ensues and there 1s
rarely any permanent disability

Diagnosis

The final diagnosts rests exclusively on laboratory tests
The virus may be 1solated from the cerebrospinal flud, the
blood or the urine by the intracerebral moculation of mice
It 15 also present 1n the nasopharynx durmng the acute stage
Care must be taken that the laboratory stock for moculation
15 free from the virus before. being used for such tests

Infection strmulates the production of complement fixmg
and virus neutrahzing antibodies, and the increase m titre
between an early and a late specimen of blood 1s dragnostic
Complement fixing anttbodies may be present by the end of
the first week and can certainly be demonstrated three weeks
after onset They disappear agan very rapidly, however, and
may not be found at the end of six weeks The virus neutral
1zing antibodies appear later and last longer It may take
as long as ten weeks before they are demonstrable, but they
persist for some three years after infection

Pathelogy

The disease 15 rarely fatal and httle 15 known of the patho
logical features The few cases exammed showed a wide
spread lymphocytic nfiltration of the meninges and the
choroid plexus
Epidemiology

As already mentioned the virus 1s common amongst mice,
mcluding domestic mice, and these appear to be the main
source of human infection They excrete the virus 1n the
urine freces and semen, and man 1s probably nfected by the
inhatation of dust contaxmng 3 iras pathcles  Mosquitoes and
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ticks have also been incrinunated but are of far less
importance

Sporadic cases occur during the winter and spring months
Most work on the disease has been done mn the Umited States
but 1t 1s probable that cases occur throughout the world

Properties of the Virus
The wirus 15 resistant to 50 per cent glycerol for several
months, and 1t can also be preserved for about one year by
freezing and drymmg Monkeys mice and gumea pigs are
susceptible to infection Winlst growth occurs on the chorio
allantoic membrane of the chick embryo there are no speaific
lesions to be seen

VIRAL ENCEPHALITIDES

‘The various members of the arthropod borne encephahtides,
which are now to be described, appear to have more n
common than merely their method of transmussion It 1s
still too early to speak of them as a strictly defined *“family,”
but several of them possess antigens which are shared by
other members of the group For imnstance, serological tests
have shawn that the viruses of St Lows encephahtls and
J B halitis are related larly, Eastern and
Western enceplmlomyellns viruses share nnhrvens 1n common
Agam, the two tick transmutted members louping 1l and
Russian spring summer encephalitis, are related No one
antigen common to the whole group has yet been described
but there would secem to be a distinet possibility that one
may exist

Hammon to whom much of our knowledge of the group
1s due has carried out 8 most interesting semes of experiments
from which he suggests that the various members comprising
the group may have a common ancestry He and his col
leagues 1olated a virus from mmtes whach on passage through
mice appeared to be St Lows virus, but on being passed
through fertile eggs was serologically identical with the
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Western equine virus It seems unlikely that the starting
material was a mixture of the two viruses °

In support of these findings 1s the fact that both viruses
have been found in the same district at the same tume, and that
double infections-—with the two viruses—has e been described

It would seem that, as well as the occurrence of mfection
with the fully charactenzed virus, such a “stem” virus nught
also be capable of mfecting man or ammals, and that it
might then depend on the host whether 1t “evolved” to the
St Louss or the Western equine virus

The proof of the evistence of a stem virus which 1s suggested
by these experiments would be of extraordinary interest, not
only eprdemuologically but also 1n the field of virus genetics,
and confirmation will be awaited with great interest If it
were provided 1t would bring together many of the loose ends
suggested by the serological relahionships already demon-
strated betw een - -t

In the field of help con
siderably in the problems
of the virologist—the relationship between the virus m nature
and 1n the laboratory

ST LOUIS ENCEPHALITIS

This condition, which has so far been reported only in the
Umted States, first came to notice when an outbreak of
encephalitis occurred n 1933 mn 5t Lows and other cttes
The stiology of the condition was demonstrated by the
isolation of a virus from many of the cases and by sero
logical nvestigations A similar outbreak i 1957 was caused
by the same virus It 1s now widespread throughout the
United States where 1t causes small outbreaks and sporadic

cases of encephalitss
Clinical Features

three weeks
The cubation pemod vanes from one to
There 1s a sudden onset with marked pyrexia whuch may reach
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1053°F within forty eight hours Nech ngidity 1s prominent and
there 15 no doubt of the encephahitic mnvolvement Kernig's
s1gn 1s positive and altered reflexes are found Mental disorder
of some degree 1s almost 1nvariable but, n contrast to ence
phalitis lethargica, ocular palsies are rare  The temperature
falls gradually to normal at the end of ten days and the
patient’s condition ymproves as it falls The over all mortality
1s about 20 per cent but 1t 1s significantly higher in the older
age groups

TIn contrast to this picture a number of cases do not display
a sudden onset, but have a prodromal penod lasting up to
four days during which there 1s malaise, headache and mus
cular pam At the end of the prodromal period encephalitic
symptoms supersene and the subsequent course of the disease
15 the same

On examination the cerebrospinal flmd shows only a slight
nerease i lympliocytes and protein A polymorphonuclear
leucocytosis may be found n the blood but, as leucopema 15
equally common the blood picture 1sof ittle v alue in diagnosis

Pathology

There 15 a more severe destruction of neurons than in
encephalitis lethargica and the lesions tend to be more wide
spread More particularly the cord 1s involved to a greater
extent The blood vessels are engorged both 1n the meninges
and throughout the brain  Perivascular cuffing 1s marked
and there 1s a widespread infiltration with lymphocytes and
plasma cells The changes are most marked in the brain stem
and 1n the cerebral cortex

Laboratory Diagnosis
The vatus 1s not present m the cerebrospinal flud at any
stage of the disease and has only once been 1solated from
the blood Attempts at isolation are therefore necessanly
confined to fatal cases Suspensions of brain and cord removed
post mortem should be inoculated intracerebrally into mice
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The autopsy must be carried out as soon as possible after
death, and the earler death occurs 1n the disease the more
hikely 1t 15 that attempts at 1solation will be successful

In the survivors erther virus neutrahzation or complement
fixation tests may be carried out They are of httle climcal
value, but are of epidemiclogical mmportance and should be
performed when possible  Such tests may be the only means
of differentiating an attack of St Lows encephahtis from
other forms Pared sera should be exammed-—the first
collected during the first week and the second about three or
four weeks later Some authorities recommend the collection
of three samples of blood, the first in the acute stage, the
second two or three weeks after onset, and the third up to
exght weeks after the beginming of the attach The reason for
this 1s that neutralizing antibody appears at different times
with the vanous encephalitic viruses In the western equine
varnety, for instance, it appears during the first few days,
winje with 8t Lous virus 1t may not be apparent until the
third weeh By using three specimens one 1s therefore reason
ably sure of making a diagnosis This 1s the more 1mportant

1t 15 impossible to duffe 1ate cl 11y betuneen the

virus encephahtides and outbreaks have oceurred in which
more than one of them was mvolved

Epidemiology

The disease displays a very defimte seasonal meidence,
cases only occurring m the summer and autumn months
No age 1s exempt but there 15 & marked tendency for the older
age groups to be attacked

The pattern of the early outbreaks pomted to an msect
vector, a suspicion which later work confirmed From field
investigations 1t was constdered that mosquitoes were the
most hkely vectors and the virus has smee been recovered
from them on many occastons m epidemic areas The most
important varieties appear to be C tarsalis and C pipiens

The ammal resers oir of the disease has not yet been demol;
strated with certanty but 15 thought to be 1n chickens am
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tards It is almost certamn that these are themsels es infected
by mites or ticks 1 which case the latter would constitute
the real reservorr of the virus

Properties of the Virus
Suze
Filtration expermments have shown that the particle size
1s hetween 20 mp and 80 mp and the virus passes easily
through the usual filters

PuysicaL AGENTS

Activity 15 rapidly lost at room temperature and even in
the ordmary refrigerator, but the addition of 50 per cent
glycerol preserves it for some time at 4°C It is kept best
at —70°C

TInactination 1s complete after heating for thirty munutes at

FXPERIMENTAL ANIMALS

Mice are readily infected on intracramal or ntranasal
inoculation  Monkeys are also susceptible but not with such
regulanity

The virus grows well in tissue eulture and also m the chick
embryo  On chorio allantoie noculation of the latter the
membrane becomes cedematous but no speesfic pocks are
found The virus is present i the membrane and in most of
the tissues of the embryo itself

Antigemcally the svirus of St Louts encephalitis 15 closely
velated to although not identical with Japanese B
encephahhs

JAPANESE B ENCEPHALITIS

This cond 15 so called to 1t from phal
fethargica—encephalitis A of the Japanese workers—and 1t 13
widespread 1 the Far East
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Clinical Features

The ncubation pertod 15 unknown There 15 a well marked
prodromal peried lasting anything up to four days, whieh 1s
characterized by headache, drowsimness and nausea  This
gives way to a lugh temperature and g halitic
sympfoms  During the acute phase paralysis and s‘lgns of
mental impairment are found The attack lasts ten days to
two weeks, by the end of which time the temperature has
returned to normal If death does not cccur 1 the acute
stage complete recovery with no sequele 1s the rule, but the
mortality 15 high and may reach 80 per cent in the elderly
A small proportion of the survivors may display subsequent
Pparkmsomsm

A polymorphonuclear leucocytosis 1s found 1n the blaod 1n
the acute stage, and the cerebrospinal fluid shows an increase
of lymphocytes

Pathology
The most striking change found murcroscopieally 1s the
damage done to the Purkinje cells of the cerebellum There s
also perivascular cuffing and degeneration of neurons prin-
cpally m the basal nuclel, pons, medulla and cortex The
meninges show an extensive infiltration with lymphocytes

Epldemiology

Japenese B encephahtis occurs in large epidemics duning
the months and th ds of cases may be reported
1 any one outbreak The disease 1s found over a large area
—~Japan Korea, China and the Far Eastern terrifories of the
USSR

Infection 15 spread by mosquitoes, from whieh virus has
been 1solated m epidemic times  There 15 a reservoir of the
disease amongst animals but 1t has not yet been finally
\dentified  Horses, dogs and cattle seem to be the most
likely source The method of transmission in non epidemic
times 1s unknown It has been suggested that tichs may play
an 1mportant part 1n the survival of the virus
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Diagnosis
As with the other encephalitides the virus can be 1solated
from the braimn 1n fatal cases by the intracerebral moculation
of mice Serological tests may be used mn the diagnosis of
the disease m those who survive  As mentioned 1n the section

on 5t Lows hal: two or three sp of bleod
should be collected at the appmpnate times
The between Ji hal

and the St Lows virus has already been noted This 15 nut
a serious drawback for diagnostic purposes as the homo-
logous titre 1s always higher than the heterologous

Properties of the Virus

The stze of the virus 1s 20 mu to 30 mp

The most satisfactory expermental animal is the mouse,
which 15 readily infected by ntracerebral mjection

The virus also grows well i the chuchk embryo  After
moculation by the chorio allantoic or yolk sac routes the virus
15 harvested at the end of forty eight hours, when 1t 1s present
to a high titre m the tissues of the embryo itself Incubation
beyond forty-eight hours usually results i the death of the
embryo

EQUINE ENGEPHALOMYELITIS

This condition 1s widespread it the western hemusphere
where several varieties have been described which affect man.
The principal viruses concerned are Eastern and Western
equine encephalomyehtis in the Umted States and Canada,
and Venezuelan encephalomyelitis

The eastern and western vameties are so called because
ongmally they appeared to be confined to the Eastern and
Western States of the United States respectively Within the
past decade, however, the eastern virus has shown a tendency
to spread, and both viruses now occur in some states Anti-
genically the two viruses are closely related, but the eastern
vanety causes & very much more severe illness
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Large summer outbreaks of equine encephalomyelitis occur
from tiune to time, durig which numerous human cases are
reported The climeal, and also the pathological, features of
the human disease are almost indistingwishable from those
of St Lowss encephaltis, and the two conditions may even
be present in the same locality at the same time As mught be
expected, it 1s a rural disease

The mortahity with the western virus 15 1n the neighbour
hood of 10 ta 15 per cent In cases caused by the eastern
virus at s very much higher, being about 70 per cent, and
sequele such as paralysis and mental impairment are found
m a lngh proportion of the survivors In one outbreak m
which the survivors were followed up after ten years 1t was
found that of thirty four ongnal eases only one was appar
ently completely recovered Twenty five of the cases died
m the acute stage, and one of the other nme could not be
traced Two of them were dead, having been mentally
deficient since the attack The five others were alSo men
tally deficient, four of them with associated hermplegia

The diagnosis 1s made by the 1solation of the virus from
the bram of fatal cases or by serological tests The western
virus has, on occasion, been recovered from the blood and the
cerebrospinal flurd

Both the western and eastern viruses are spread to man and
horses by mosquitoes The most important species mermm
ated seems to be € farsalis, but virus has also been 1solated
from other variettes  Once agan, as with St Lous encephali
t1s, wild and domestic fowl are of significance as a reservoir
and serological surveys have shown them to be frequently
mfected Man and horses are apparently only madentally
mvolved the normal cycle being mosquito—fowl—mosquito
Vhat part ticks or mites play i the spread of infection
amongst chickens has not been finally determuned, but the
western virus has been 1solated from mites which are capable
of transovanan transmission of virus  These may very well
be the host mm which the virus survives durmng the winter

months
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Efficient vaccines are now avallable for the pratection of
animals, but little 1s known of their value in man None the
less, such protection as they ehiat should be made avalable
to those at misk, particularly those lable to be bitten by

infected during an y,

every available means of mosquito control should be inten
steely carried out

LOUPING ILL

This infection of sheep 15 of some importance, because since
1918 several cases of infection 1n farmers and shepherds have
been reported  Another case was an abattowr worker n
Glasgow, and neutralizing antibodies to the wvirus were
present in the blood of three of huis fellow workers These
are the first cases reported of the natural transmission of the
disease to man  Previously a number of laboratory infections
had been reported, but it had been considered that humans
were never mvolved unless working experimentally with the
Tirus

The condition 1s usually described as occurnng amongst
sheep only 1n Scatland and n Northern England It 1s also
found m Ireland, where 1t 1s widespread, and the virus has

_recenthy been reported to have been 1solated in Russta The
virus 15 antigenically closely related to that of Russan
spring summer encephalitis

Amongst sheep the 1irus causes an acute encephalomyeliis
1 which the cerebellum 1s particularly affected, leading to
cerebelfar ataxia and leaping (louping) movements In man
there 13 charactenstically a diphasic illness It begins with
pyrexia and an ‘influenzal” 1llness lasting a few days before
the temperature drops and the patient feels well agam A
neel ar so later the temperature again nises abruptly to about
102°F, the patient may complamn of some headache and
diplopia, and there are well marked signs of encephalitis
After five days the temperature falls by crssts and the pahent
improves rapidly Sequelx particularly atavia, may persist
for some time but apparently are not permanent

MIRLE DisRASES 19
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The virus 1s spread mn nature by the tick, Izodes rictnus
and 1n the human cases reported as being infected 1 the field
there was ample exposure to these ticks In one case it was
reported that very large numbers of them were present on
the patient’s body on admussion to hospital

RUSSIAN SPRING-SUMMER ENCEPHALITIS

Chnieally and pathologieally this condition resembles
Japanese B encephahtis and St Louis encephahtis It has
not yet been reported outside Russia where 1t occurs prin
cipally m the Far Eastern ternitories The disease 1s one of
summer months and 1s tick borne, the highest meidence
being amongst those working 1 virgim forest  The mortalty
durmg the acute phase 1s about 30 per cent, and permanent
paralyses are frequent amongst the survivors  As already
noted, the virus 1s antigencally very sumlar to that of louping
1ll, but 1t causes a much more severe iliness than the latter
when transmtted to sheep
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VIRUS INFECTIONS OF THE EYE

TurEE vitus infections specifically affecting the eye are of
importance  Two of them, trachoma and mncluston con

Junctinitis give stmilar clinieal pictures and the viruses which
cuse them are closely related  The third, epdemic kerato

conjunetititis 1s the unly one to have yet been solated, but
it bears no relationship to the others  Apart from these 1t
15 well known that i other virus infections ocular involve.
ment 15 niore or less common during the course of the disease

Examples of these are herpes simplev, herpes zoster, lympho-
granuloma, measles and smallpox  Several cases of con-
Junctivitis due to Newcastle disease of fowl have been
reported but these have occurred only amongst laboratory
workers dealing with the virus

TRACHOMA

Clinical Features
The classical description of the disease 1s that of McCallan
who describes the chinical course under four headings —

Trachoma Stage I (Tr I)

The incubation penod 1s difficult to estimate as the onset
of the naturally occurnng disease 1s msidiows  The first sign
of ifection 1s the formation of tiny, rounded follicles 1n the
upper formx Smultaneously with this there may be some
transtent clouding of vision In other cases these follicles are
0ot seen, and the most stoking feature 15 a red velvet hke
appearance of the conjunctiva  This 15 the result of wide
spread subepithelial mfil with lymphocytes and chrome
wflammatory eells

Vinvs Durans 235 160
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Tr. II (a)

In this second stage small blebs about the size of a mullet
seed are found These burst readily on pressure, and thus
procedure was, until recently, the classieal method of treat-
ment n the early stages

Tr II (b)
If there 15 marked secondary bacterial infection the picture
15 modified, and papillary hypertrophy s prominent

Tr I
Thus follows erther of the above stages, and 15 characterized
by partial scarring which compresses the 1slands of tracho
matous conjunctival epithehum Involvement of the cornea
1s now evident, so called “pannus,” which s shown by the
vasculanzation of the cornea Tlus 15 due to the formation
of new blood vessels, and 1s a sequel to the sub epithelial
infiltration of the early stages
—

Tr. IV
The end result of infection 1s the replacement of epithelum

and the sub epithehal mfiltrations by dense fibrous tissue
which, by 1ts contraction, leads to trichiasis and entropron

The characteristic features of trachoma are the pannus and
the depse scarning  In additron, the changes involve the upper
half of the conjunctiva and the cornea to a much greater
extent than the lower

Treatment

Treatment with sulphonamudes has had an extensive tral
and therr clinical value 1s unquestioned  Whether the effect
15 a primary one on the virus or 1s merely on the secondary
bacterial mvaders 1s still controversial The writer has, on
several peeasions, found the typieal meluston bodies m con
Junctn al serapings taken after an apparently adequate course
of sulphonanude therapy — Pemeilln has not given such
satisfactory results as the sulphonamldes, and 1ts efficaey 15
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doubtful Aurcomyein, on the other hand has given dramatic
climical results i some cases

Epidemiology

The distribution of the disease 15 world wide and cases have
been reported from practically every country In the Mediter
ranean arex particularly Egypt and Palestine, and large
parts of Asia, 1t 1s an almost universal infection It was widely
disseminated throughout Europe by soldiers returming from
Napoleon’s expedition to Egypt It occurs in certain parts of
the United States, particularly amongst the Indian popula
tion, and 1n Canada In England 1t 1s rare and m Ireland hns
almost entirely disap d, only a very | case now
bemng seen

While, as already noted, the icubation pertod of the
natural disease 1s uphnown n experimental work with
human yolunteers 1t has been found to be as short as four to
seven days It 1s very probable of course, that a larger
woculum was used n these experiments than would be
present m natural mfection

Spread occurs from case to case by the transference of
mfected conjunctival secretions, and cases are on record of
ophthalmolomsts being nfected by trachomatous patients
Amongst the poorer classes 1n warm countnes flies appear to
be smportant as mechameal carriers of mfection

Immunity
An attack confers no permanent immumty either in man
or 1n experymental animals

Ztiology
Three different agents have been suggested as the cause of
trachoma~richettsial bactenal and viral
Varous workers have described the occurrence mn con
Junctiyal epithelial cells of nichettsie which were distinguish
able from the inclusion bodies desenbed below  Suecessful
isolation of these nckettsie 1n lice has also been clauned
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This claim 1s not generally allowed, and the “nchettsie*
seen pically have been d d by most as bemng
merely epithelial debris 1n the conjunetival cells  Iny estiga
tions using the Weil Fehix reaction have shown that it 1s
positive no more frequently m trachomatous than m non
trachomatous patients

Noguchi reported the isolation of a bactertum, wiuch he
named B granulosis, and for which he postulated a causative
rule It 1s now considered to be no more than a secondary
s ader

The virus theory goes back as far as 1907 when Halber
stadter and von Pr h d bed the of cyto
plasmic mclusion bodies in conjunctival epithelial cells The
nclusions v ere masses of minute elementary bodies each about
0:25 p m sze Larger, basophilic, cocco bacillary bodies
called imitial bodies about 1 y m length were later described
by Lindner These large and small particles were suggested to
be the causal agent, and Thygeson has stated that they are
stages 1n the hfe cycle of the virus According to hum 1t

d a regular seq of morphological variation
from the small form (elementary body) to the large and
back again to the small form The elementary bodies stain
red or blue with Giemsa depending on their age They occur
m clumps throughout the cell, or they may completely fill
the cell cytopl. They are embedded mn a carbohydrate
matnx, which can be stamned by iodine, but 1s not always
visible 1n films stamned by Giemsa The inclusions found 1n
stamned films may be of exther or both types

Filtration exp ts were 1 for many years
until Thygeson and s colleagues woculated a human
volunteer with a gradocal filtrate, and thus proved the cause
of the disease to be filtrable Elementary bodies were present
1 the materal to be filtered, in the centnfuged deposit of the
filtrate and later 1 conjunectival scrapings from the experl
mental subject after the onset of symptoms

Further evidence that the elementary bedues are the cause
of trachoma was brought forward when 1t was shown that 1f
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carefully looked for, they can be found mn 100 per cent of
cases 1n the early stages They are morphologically indis-
tinguishable from those of melusion conjunctivitis and of
the lymph tis group to
which trachoma vires s elwsﬂy related

The properties of the virus have not yet been fully wvests
gated due to the lack of a suitable expenimental animal apart
from the monkey The particle size has been determned,
on the basis of direct microscapical measurement of the
elementary body to be between 0 2 4 and 0 25 p with the
larger forms varymg mn size up to 1 & or more The virus
particles stamn readily with Giemsa or with Casteneda stains

The virus dies rapidly outside the body and as yet no
method has been successful 1 preserving the mfectuity of
trachomatous material for any length of time Infectiity
persists for two weeks m 50 per cent glycerol It 1s rapidly
mactivated by acd or alkali and 1s destroyed by various
chermicals ineluding cocame which may be important
ophthalmological practice

The only expermental ammals of any value arc apes
baboons and monkeys and their value 1s imited as they do
ot develop the typical ehanges which ere seen in human cases
They develop mstead a folheular conjunctivitis which 1s

with a

i'olhculous Inclusion bodies are found only m the ape
Nevertheless although the chimcal signs are different these
anmals apparently do develop trachoma as human material
passed through suctessive ammals was shil capable of cansing
trachoma when re moculated into humans

Recently successful 1solation of the virus n the chick
embryo has been reported but confirmation is still awaited

Relationship to Other Viruses

Tt has slready been scen that t\\c elementary bodies of
trachoma are identical pically with 1y
loma and peattacosss viruses In addition sera from cases of
trachoma have been reportcd to gne a positne complment
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signs gradually dumnish over a period of mounths but it may
take twelve months before the conjunctiy a returns to normal

Adults
The onset 15 less abrupt and the clinical course 1s milder
and more prolonged Follicle 15 p t but it

1s confined to the lower hd Enlargement and tenderness of
the pre auncular glands 1s common  Although climeally
similar to trachoma 1n 1ts early stages scurming or pannus
Tnever occurs

Diagnosis
Inclusion bodies are found 1n Imth infants and adults by
3 the labora
e morpho

Tle delayed onset and negatne bacterologieal findings
are suggestive in the infant and the presence of inclusions 1s
diagnostic as trachoma does not oceur it the neonatal stage

In adults the fnding of elementary or intial bodies out
rules the other forms of follicular conjunctivitis  The absence
of corneal changes and the swelling of the pre auncular
glands distinguishes the condition from trachoma

Treatment
Sulphonamides locally 1n the mfant and orally i the
adult, appear to be speafic  pemcilln 15 less effective if
indeed 1t has any effect Silver mitrate used either prophylac
tically or therapeutically 1s of no value Aureomyern 1s said
to give good results

Epidemiclogy
A reservoir of the virus has been shown to exist in the
adult gemto-urinary tract In the male the virus gives nise
to a non specifie urethritts wineh without treatment runs a
chronie eourse for a period of months before subsiding spon
taneously Incluston bodies can t ¢ found i urethral serapings
In the female a cervieitis is caused which gives hise to no
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chimieal symptoms, and 1s lmited to a ring of fransitional
epithelium at the external os of the cervix Serapings from
this area will show the presence of melusion bodies

The condition 1s widespread and cases have been reported
from many areas of Europe, America and Austraha It has
been found m infants in London, but in a search fora reservoir
there 1t was concluded that the disease was rare—at Jeast
amongst those attending VD clinies

Spread

Infants are wfected at birth by the mother Spread
amongst adults 1s usually venereal, but the disease may aleo
be contracted by swimming m infected swimmmg pools
These are contaminated by the unine of infected persons

EPIDEMIC KERATO-CONJUNCTIVITIS

Clinical Features

After an incubation period averaging one weeh there s a
sudden onset of conjunctivitis In one eye, which 15 followed
by enlargement and tenderness of the pre auncular gland on
the same side  Viithin a week the other eye frequently
becomes mvolved Oedema and congestion of the eyeld
and surrounding tissues and of the conjuneti  are found on
examnation Two to four weeks after the onset greyish
opactties develop 1n the cornea In yvery scyere cases these
masy ulcerate, but this 1s rare  While sequele are uncommon,
the condition lasts for about five weehs during which the
patient 15 mote or less disabled heratitis may also persist
1n g small proportion of cases

The conjunctival exudate 1s serous, and 1t contains no
Tiero organtsms until secondary mfection sets i during the
second week

Diagnosis

Inclusion bodies are not found The exudate or pieces of
corpeal bissues shonld be noculated ntracerebrally mnte
mice, mto tissue cultures or to ehick embryos
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Treatment
There 1s no specific treatment, but convalescent serum has
been reported to be of some value

Epidemiology

Cases of the disease have been reported from many countries
‘but the principal ncidence 1s 1 the United States and the
TFar Fast A large number of these cases have oceurred n
mdustrial plants and 1t seems to be most common amongst
worhers 1n shipyards

The condition 1s spread by direct contact with conjunetival
exudate or by formtes such as contammnated towels Minor
corneal Injuries probably predispose to nfection

Atiology

It has been suggested that herpes simplex virus s Tes
ponsible for many cases, but the clinieal features of ophthalmc
mfection with herpes are readily distmguishable from those
of epidenic kerato conjunctivitis

A virus was 1solated by Sanders and his colleagues from
Amencan cases in one outbreak by moculating conjunctinal
serapings into tissue cultures  Theur findings have since been
confirmed by other workers

Several other viruses have been recovered from cases of
this condition but the only one which appears to be of
sigmificance 15 that described by Sanders This 1s about
100 mp 1n size, and can be grown m mice, rabats and chick
embryos  Neutiahizing antibodies to 1t develop during
convalescence
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CuAPTER NINETEEN

THE COLLECTION OF SPECIMENS
FOR LABORATORY DIAGNOSIS

Tue methods used for the laboratory dagnosis of virus
diseases may be divided to those aimed at the rsolation of
the virus responsible, and those which demanstrate a speaifie
nmunological response to 1t In certam ¢ases, also, one may
make a diagnosss from the pathologieal preture presented by
the virus  This method may be of considerable v alue 1n fatal
cases or 1 some of those virus diseases whych produce, for
example, a speeific shin lesion

Isolation of Virus

Generally speaking, few viruses will survive for any length
of time outside the body unless they are kept at low tempera
tures W here practicable, matenals for the 1solation of virus,
such as sputum blood or tissues, should be forwarded to the
laboratory 1 vacuum flasks contaimng solid carbon dioxide
(“dry 1ce”) Should this not be available ice from a domestic
refrigerator may be used, provided 1t 1s clearly understood
that 1t 1s not as efficient as 15 dry 1ce

In all cases the specimens should be sent by the guickest
possible route and the laboratory warned of thewr arrival
Most diagnostic laboratories will give advice and assistance
as to the best matertals to collect, and the most smtable time
for collecting them They will zlso, m many mstances, supply
suttable contsiners The more material that 15 sent, within
reason, the better will be the prospects of successful 1solation

Serological Diagnosss
This depends on the demonstration of a e an the litre of

speerfic antibodies duning the course of the iliness  In mwany
244
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from the lungs and spleen Stmlarly 1n eases of Q fever the
rickettsiz should be sought i the blood To complete the
savestigation of the case infection with influenza v irus should
also be outruled

Acute and convalescent stage sera should also be collected
Any of the following tests may then be performed —

Influenza complement fixation test
Influenza hemagglutination mibition test
Psittacosis complement fixation test

Q fever complement fixation test

Cold agglutinins and agglutinins for streptococeus MG are
not at thetr peak until three weeks after onset so that should
the above tests be negative another spectmen of blood should
be collected at this time

Blood mntended for cold agglutmation test smust nof be
refrigerated until the serum has been removed from the clot
Otherwise the cold agglutining will become adsorbed on to
the erythrocytes with a consequent drop in titre

Measles
No specific Jaboratory aids to diagnosis are psailable

Rubella
\o speerfic faboratory aids to diagnosis are avatlable

Varicella

Vesicle fluid may be collected m capillary tubes and for
warded for mucroscopical and solation tests In practce
the elementary bodies of varicella are difficult to stan and
are few m number when examned under the microstope
Sumlarly varicella vitus has not yet been 1solated and the
Iaboratory tests for the disease are only of negative value in
outruling varela 1 shich both mcroscopieal and isolation

tests will be positive
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Mumps
The virus may be 1solated from the saliva m typical cases,
or from the cerebrospinal flud 1n cases of memingitis  Speer
mens of sahva should be collected during the first three days
of nliness
Acute and com alescent stage sera should also be eollected
for exther P fixation or hv dutiation

tests The former appears to give more satisfactory results

Herpes Zos(er

No speaific mds ta y duag are ayarlable

Herpes Simplex

The virus may be 1solated from erther primary or recurrent
cases Depending on the site and character of the lesion,
vesiele flmd mouth swabs or cerebrospinal flwid should be
coliected  Unbike variola 1t cannot be 1solated 1n the crusting
stage

Tor the serological diagnosis of primary cases acute and
convalescent phase sera should be forwarded

An alternativ e method of diagnosis 1s by iopsy of avesicle
The best fixatne for this purpose 1s Bown's fld

Variola

Scrapings from the prodromal rash or the macolo papalar
eruption should be collected The lestons are cleaned wath
ether or spinit, the superfiesnl epithelium 1s remosved and the
base scraped with a sharp scalpel  The matenal from cachis
carefully spread 1w the centre of a clean glass microscopeal
shde which 1s aliowed to dry in the sir Dot less than stx such
specimens should be obtained  The slides are then packed so
that thev are not m contact with each other, and sent to the
Tnboratory A specimen of blood 1n & stenle tube should also
be taken for isolation purposes  Vesicle or pustule flnd may
Yie collected 1 epillary tubes or on throat swabs  If eapllary
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days or weeks afterwards The length of 1ts presence there
vanes from patient to patient, and specimens should be
collected as early as possible

During an epidemie the 1solation of virus from the freces 15
not diagnostic, and acute and convalescent sera should also
be forwarded for neutrahzation tests

The virus 1s not present at any stage i the cerebrospanal flrd

Lymphocytic Choriomeningitis

Dunng the acute stage the virus may be 1solated from the
blood, cerebrospinal fluid or urime

For serological tests three specimens of blood may be
collected  As well as the ordinary acute and convalescent sera
a third specimen should be taken about two months after the
onset of the disease

A high lymphocyte count, with no bactena, 1s found on

) 1 of the ]

cytolog e

Encephalitis Lethargica
No speaific laboratory aids to diagnosis are avallable

5t Louis Encephalitis
After death, suspensions of the bram and cord may be
moculated mto mice for the 1solation of virus  The autopsy
should be carned out as scon as possible
¥or serological diagnosis it 1s best to collect three specimens
of blood wiz acute, conyvalescent and after two months

Japanese B Encephalitis
The virus may be 1solated from the blood or cerebrospinal
fluid, or after death from the bramn
‘Three specimens of blood--acute, conialescent and two
months after onset—should be collected

Equine Encephalomyelitis
The western virus may occasionally be isolated from the
blood and the cerebrospinal fluid in the acute phase, but the



250 SpECIMENS For LaBoRATORY Drachosis

eastern has never been found n esther situation  Both eastern
and western viruses may be recovered from the bram and
cord after death

For serological diagnosis the three specimens of blood should
be taken at the times already stated

Louping Il
The virus has been recovered from the cerebrospinal flud
and from the blood 1n the acute phase Specimens should be
taken for serological diagnosis as for the other vwal
encephahitides

Russian Spring-Summer Encephalitis

The blood and cerebrospmal fimd contain the virus during
the acute phase Three specimens should be talen for sero
logical diagnosis .

Note  The three spectmens of blood, rather than two, are
taken because the antibodies to the different encephahtides
appear at different times, and 1n order to cover all cases it may
be necessary to have a specimen taken two months after the
onset of the illness It 1s obvious that a knowledge of the
encephalittc viruses present m any locahty will influence
the nature and number of the specimens collected

Trach and Incl G ivitis
Scrapings should be taken from the conjunctival epithehum
after anesthesia, and spread on clean glass microscopical
shdes These should be fixed 1 absolute aleohol for five

munutes, carefully packed, and sent to the laboratory
In suspected cases of trachoma the scrapings should be
taken from the upper hd Incluston eonjunctivitis primanly
affects the lower Iid and the material should be collected

from there

Epidemic Kerato-confunctivitts
The virus may be isolated from the exudate or from

fragments of corneal tissue
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Lymphogranuloma Inguinafe

The virus may beasolated from bubo pus, lymph glands or
tissue from the affected area In cases of memngo encephahitis
it may be recovered from the cerebrospinal flnd  The matenal
selected should be as free as possible from secondary bacterial
contamination

As the onset of the disease 13 chineally so msidious 1t 13
quite possible that antibodies would be alteady present before
infection were suspected Usunlly, therefme. only a con-

il phase 15
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