


FOREWORD

Tus vorvn, composed of presentations given by imvitation to
the symposium on Firal Encephaliis at the Fifth Annual Meet-
ing of the Houston Neurological Society, is the third of a series
begun in 1955

The organization of the posi and publication of the
material herewith presented could not have been accomplished
without the contributions of:

Ayerst Laboratories

Ciba Pharmaceutical Products, Inc
Merch Sharp & Dohme

Phizer Laboratories

Schering Corporation

G.D Searlek Co

Smuth, Kline and French Laboratories
Vyeth Laboratories

To them the society expresses its gratitude.

The sympostum was moderated by Dr. Russell | Blattner.
whose experience and acuty in the field of viral agents contrib-
uted significantly to the ment of the discussions.

As with us predecessors, Hypothalamic-H) pophyseal Inter-re-
latronshups  (1955) and Bratn Mechanisms and Drug Action
(1936} , tins P and its published record is i Y to
the breadth of view, energy and organizational skills of Dr.
Wilham $ Fields, who was chiefly responsible for arrangement of
the symposinm and discharge of the numerous duties incident to
us present publication. To him, as well as to the participants, the
soclety expresses 1ts admiration and thanks

Grorce Enni, M D
President, Fouston
Neurological Society
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VIRAL ENCEPHALITIS






INTRODUCTORY REMARKS

RussELL J. BLATTNER, MDD
Professor and Chairman
Department of Peduatrics

Baylar Unwversity College of Medicine

D trine the past tuwenty-five years, outstanding advances have
been made 1n our understanding of the viral group of infectious
agents. An important segment of this field of scienufic endeavor
includes the great volume of highly sigmificant contributions
which deal with virus 1masion of the central nenous system

Nineteen hundred thirty three marked the beginning of ths
productive imvesugatise era with the defimtive 1solation ol a viral
agent from brain ussue Tecovered from a patient who died with
acute encephalits Since that time numerous fundamental 1n-
vestigations on “encephalitis” have been carried out and recorded

{Muckenfuss, R.S, Armstrong, C, and McCordock, HA  Public
Health Rep ,USPHS, 451311, 1933.)

Along with the rapid development of techmques for study
of viruses, many aspects of pathogenesis have been clarified,
problems of eprdemiology solved, etiologic diagnosis of clinical
syndromes established, and certain aspects of control, presenton
and treatment delineated

Thas field 15 an active one and current endeavor in many
laboratories promuses new contributions It was the purpose of
the symposium, which is summarized 1 this volume, to provide
a recaputulation of important aspects of knowledge in this dynamic
field, and to supply information concerning recent adsances The
participants are eminently qualified to do so, and 1t 1s hoped that
the compilanon of the material presented at the Symposium will
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prove useful to practicing physicians and other workers in this
field.



VIRAL ENCEPHALITIS

Jorot Casats, M D
The Rockefeller Foundatton § irus Laboratories, New York, N. ¥

Tee expresston “viral encephalitts,” employed in a general sense,
means an mflammation of the brain caused by a virus. Often the
spinal cord can be myolied, cither primanly or secondarily, in

which case the exp “sival enceph litis” is used These
designations are based on cltnical observation and, when aval
able, on pathological studies, quently, they indicate more or

less extensive localization of damage i the central nervous system
(CNS), with no presupposition as to the virus responsible

Used 1 this same general sense, the heading “viral encephali-
tides" can be said ro include not only the diseases caused by
viruses that are customarily considered to affect primarily the
nenous ussue of the CNS, but also those iy wjich the imolve-
ment of the brain membranes 1s perhaps primary, although the
nervous tissue is affected as well As an extension of ths, it can al-
so include encephalitides that are caused by viruses not ordinanly
considered as imading the CNS Finally, certain diseases of the
CNS may be mentioned here which are essentnally of unknown
etiology but, owing to their general aspect, might be of a viral
nature

It 15 not mtended 1o take up ail the different diseases that
would fall in a chapter of viral encephalitides, as that expression
1s generally understood, but rather to confine the discussion to a
specrat group of these diseases It might be helpiul, however, for
a better understanding of the problems imolted, to enumerate
the more outstanding disease entitres that can be or rave been in-
ctuded 1n a general study of the viral encephalitides For the pur-
poses of ths the viral phalitides can be divided
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into two groups: those of known viral ctiology, and those in which
siral etiology has not been proved. The first group can, in tur,
be subduided. Subdisision (a) includes the arthropod borae
viral encephalitides: Eastern equine encephalitis (IT'E), Venc-
zuclan equine encephalitis (VEL), Western equine encephalitie
(WEL), Japanese BB encephalitis, louping ill, Murray Valley en.
cephalitis (MVE), Russian sprmg-summer ot Far East encephali
tis (Russian $5) and St. Louis encephalitis. Several encephalitides
(other than spring summer) known to exist in the Soviet Umon
should perhiaps be included here, but information concerning
thenm was not available at the time of writing tins article Sub
diviston (b) consists of encephalitides and other CNS infections
caused by viruses not arthropod-borne. In this heterogencous
aggregate can be placed the following discases of viruses: Con
sackie virus, some of the Fcho viruses, encephalomyocarnlitis,
herpes simplex, herpes zoster, infections mononuclensis (viral’),
Lymphocyne  chortomeningins,  Lymphogranuloma  venereum,
measles, mumps, poliomyelitis, rabies and Sabin's B virus Many
of these viruses are not considered to be ordimanly encephalito
geni, and some are assoctated wath characteristie clinical entities
otlter than cncephalytis

The second mam groap of viral encephalitides includes dis-
cases for which a viral ctiology has, at some tune or other, been
proposed but that etiology lacks confirmation and is only one of
the several adsanced for these diseases This is the group of the
demyelintung (Hr('p]l:llllldc‘. among which are* acute priman
hemorthamic encephals, multiple selerosis, postinfection and
postvaccenation encephahides

Fimilhy von Feogomo's disease and Gallan-Barnté ssndrome
can be mennioned. these diseases are teither of proved viral etin
lozy nor of the domelinating tspe

Of all these different sanietics of encephahtis we would Iite
tor discrss the group with shich we are most famitiar, namels, the
arthropexd borne viral encephahindes. The encephilitie sndrome
guen by the differens siruses i the group s essentialls the ane
with all these sirnes when allowance 18 made for localiravion and
degree of intenaty The pahologicrl preture, agun an general
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terms, 1s fairly uniform within the group as a whale and 15 char-
acterized by diffuse rather than localized smolvement of brain
and cerebellum, the lesions show a degree of neuronotropism
but also marked imvolvement of the supporting elements The
meningeal layers present a diffuse cellular infiltratton rh'lei\Ay of
Iymphocytes and engorgement of blood vessels In the bram tissue
itself there 1s a diffuse infiltration predominantly of the cortical
gray matter with lymphocytes and polymorphonuclear leucocytes:
pernascular mfiltraton, small hemorrhages and foct of neur-
oghal prohiferauon are conspicuous along with necrosis of neur-
ons and neuronophagia, pernvascular demyelination 1s not seen

Because of this general uniformuty, climcal and especially
pathological observation can, at best, mdicate only that a par-
ticular brain infection may be the result of an arthropod-borne
virus. The speafic diagnosis, 1f one 15 possible at all, is to be
achieved through laboratory studies, leading erther to isolation
and 1dentification of the virus or to the detecuion of antibodies
aganst a given virus 1n the serum of the pauent

The name arthropod borne virus encephalitides was first sug-
gested by Hammon (1913) to describe a number of endemic and
epidemsc virus infections mclnding EEE, VEE, WEE, Japanese
B, louping 1ll, Russian 88 and St Lows encephaliis subsequent-
ly, MVE was added to the group Notable advances have been
made of recent years 1n the understanding not only of these dis-
eases and of the viruses that cause them, but also of viruses shown
to be related 1o them but not associated with clinical encephalius
It has, furthermore, becomie apparent that encephalitis 15 only one
of the forms that infection by the arthropod-borne encephalinis
wiruses can take, with some of these agents there 15 evidence that
encephalitis 15 an infrequent occurrence m propornon to the
number of persons who have suffered an mapparent infecuon or
perhaps a nonencephalitic type of illness

As an extension of the above concepts, 1t was not surprising
to find that the agents causing arthropod-borne viral encephali-
tides are, 1n fact, selected members of a much larger aggregation
or famuly of viruses which we have called arthropod-borne animatl
vituses (arbor viruses), many of which have no natural capacity
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into tho groups: those of known viral etiology, and those in which
viml etiology has not been prosed. The first group «an, in trn,
he subdivided. Subdivision (a) includes the arthropod borne
viral encephalitides: Fastern equine encephalitis (LEL), Vene
zuelan equine encephahtis (VEE), Western equine encephalitis
(WEE), Japanese B encephalitis, fouping ill, Murray Valicy en
cephalitis (MVL), Russian spring-summer or Iar East encepliah
tis (Russian §S) and St. Lows encephalitis. Several enceplialitides
(other than spring-summer) known to exist in the Sovtet Umon
should perhaps be included here, but information concernmg
them was not available at the time of writing this article. Sub
division (b)) consists of ¢ncephalitides and other GNS infections
caused by viruses not arthropod-borne. In this heterogencos
aggregate can be placed the following diseases or viruses: Cov
sackie virns, some of the I'cho yvirnses, cn(‘cplnlmn)(xavdilii.
herpes simples, herpes zoster, infectious mononucleosis (viral’),
Lymphocytic  choriomeningitis, Lymphogranuloma  vencreunt
measles, mumps, poliomyehtis, rabies and Sabin's B vitus Mamy
of these viruses are not considered to be ordinagily encephalite
gene, and some are associated with characteristic dinical entities
other than encephaliug

The second ninn group of vjral encephalitides jnchudes dis
cases for which a viral ctuology has, at some time or other, been
proposed but that enwlogy lacks confirmation and is only one ol
the several advanced for these discases, This is the group of the
demselimatng encephalitades, among which are: acute primars
hemorthagic encephabites, wultiple sclerosis, pastinfection and
postvacanytion encephalitides

Finally, von Feonomo's discase and Guillain Barré umlnu,u‘
can be menttonad. these diseases are neather of proved vil etio
fogy nor of the demvelmating type .

Of all these different varteties of encephalitis, we would Tike
to discuss the group with which we are most familiar, namely, the
arthropad borne visal encephaliides The encephalitic syndrome
given Iy the different viruses i the group is essentitlly the ame
with all these siruses when allowance fs made for loealiration and
degree of antenans The patholozial picture, amin in general
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tenms, is fartly uniform within the group as a whole and 15 char-
acterized by diffuse rather than localized imsoliement of brain
and cerehellum; the lesions show a degree of neuronotropism
but also marked imolvement of the supporung elements The
meningeal layers present a diffuse cellular infiltration chiefly of
lymphocytes and engorgement of blood vessels. In the brain tissue
wself there 1s a diffuse infiltration predomnantly ol the cortical
gray matter with lymphocytes and polymorphonuclear leucocytes,
periascular infiltration, small hemaorrhages and foci of neur-
oghal proliferation are conspicuous along with necrosis of neur-
ons and hagia; perivascular d lination is not seen

Because of this general umformity, chmral and especially
pathological observation can, at best, indicate only that a par-
ticular brain infection may be the result of an arthropod-borne
virus The specific dagnosis, if one 15 possible at all, is to be
achieved through laboratory studies, leading either to isolation
and idenufication of the virus or to the detection of anubodics
agawnst a given virus in the serum of the patient.

The name arthropod-borne virus encephalitides was first sug-
gested by Hammon (1943) to describe a number of endemic and
epidemic virus infections including LEE, VEE, WEE, Japanese
B, louping 111, Russian 55 and St Louis encephalis, subsequent-
ly, MVE was added to the group Notable advances have been
made of recent years in the understanding not only of these dis-
eases and of the viruses that cause them, but also of viruses shown
to be related to them but not associated with clinical encephalitis
It has, furthermore, become apparent that encephalins is only one
of the forms that infection by the arthropod-borne encephalitis
viruses can take, with some of these agents there is evidence that
encephalitis 15 an infrequent occurrence 1 proportion to the
number of persons who hasve suffered an inapparent infection or
perhaps a nonencephalitic type of illness.

As an extenston of the above concepts, 1t was not surprising
to find that the agents causing arthropod-borne viral encephali-
udes are, in fact, selected members of 2 much larger aggregation
or famly of viruses which we have called arthropod borne animal
viruses (arbor viruses), many of which have no natural capacity
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into tho proups: those of known viral etiology, and those i which
viral etiology has not been proved. The first group can, in wrn,
be subdivided. Subdivision (a) includes the arthropod-horne
viral encephalitides: Eastern equine encephalins (EEE), Vene-
zuelan cquine encephalitis (VEE), Western equinte encephilins
(WEE), Japanese I} encephalitis, louping ill, Murray Valley en
cephalitis (MVE), Russian spring-summer or Far East encephah
tis (Russian §8) aud St. Louis encephalitis Several encephalitides
(other than spring-summer) known to exist in the Soviet Union
should perhaps be included here, but information concerning
them was not available at the time of writing this article. Sub
division (b} consists of encephalitides and other CNS infections
caused by viruses not arthropod-borne, In this heterozencons
agzregate can be placed the following diseases or virusess Con
sackie virus, some of the Echo viruses, (‘Il((‘[)ll.ﬂ()lll)llﬂl’l“li‘v
herpes simplex, herpes zoster, infections mononucleosis (viral),
Lymphocytic choriomemmgitis. Lymphogranuloma vencreun.
measles, mumps, poliomyelitis, rabics and Sabin's B virns. Many
of these viruses are not considered to be ordinarily encephalito-
geme, and some are assaciated with characteristic chinical entities
other than encephalius

The second niain group of viral encephalitides includes dis-
cases for which a viral cuology has, at some time or other, been
proposed but that etiology lacks confirmation and is only one of
the several advanced for these diseases This is the group of the
demyelmaung encephaluedes, among which ares acnte priman
hemorthazic encephahis, muluple sclerosis, postinfection and
pestsacanition encephahitides

Fimllh. von Feonomo s discase and Guillain Barré umlmv‘l:r
can be mentioned, these diseases are neither of proved vinal etio
lon nor of the demyelinating type .

OF alf these different vanieties of encephalisis, we would like
to discuss the group wath which we are most familiar, namecl, the
arthropod borne siral encephalitides The encephalitic wndrome
given In the different viruses n the group is ewsentitlly the ame
with all these vituses when allowance is made for Incalization and
degree of mtensity The pathnlogical picture, amin in generat
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terms, is fairly uniform within the group as a whole and is ch:.\.r-
acterized by diffuse rather than localized involvement of brain
and cerebellum; the lesions show a degree of meuronotropism
but also marked involvement of the supporting elements. The
meningeal layers present a diffuse cellular infiltration cl.uelly of
lymphacytes and engorgement of blood vessels. In the brain ussue
1tself there 1s a diffuse infiltration predomunantly of the cortical
gray matter with lymphocytes and polymorphonuclear leucocytes;
perivascular infiltration, small hemorrhages and foci of neur-
oghal proliferation are conspicuous along with necrosis of neur-
ons and phagia; perivascular demy is not seent

Because of this general uniformity, clinical and especially
pathological observation can, at best, indicate only that a par-
ticular brain mnfection may be the result of an arthropod-horne
virus The specific diagnosis, if one 15 possible at all, 1s 10 be
achieved through laboratory studies, leading either to isolation
and identification of the virus or to the detection of antibodies
against a given virus in the serum of the patient,

The name arthropod-borne virus encephahitides was first sug-
gested by Hammon (1943) to describe a number of endemic and
epidemic virus infections including CEE, VEE, WEE, Japanese
B, loupmgll, Russian §S and St Lows encephalius, subsequent-
1y, MVE was added to the group Notable advances have Deen
made of recent years in the understanding not only of these di
eases and of the viruses that cause them, but also of viruses shown
to be related to them but not assoctated with chimical encephalitis
It has, furthermore, become apparent that encephalitis is only one
of the forms that wmfection by the arthropod-borne encephalitis
viruses can take; with some of these agents there 15 evidence that
encephalitis 15 an mnfrequent occurrence m proportion to the
number of persons who hae suffered an mapparent infection or
perhaps a nonencephalitic type of illness

As an extension of the abave concepts, 1t was not surprising
to find that the agents causing arthropod borne viral encephali-
tides are, 1 fact, selected members of 2 much larger aggregation
or fammly of varuses which we have called arthropod-borne animal
viruses (arbor siruses), many of which have no natural capacity
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or tendency to imade the CNS Under the circumstances, it
would seem advisable to broaden the subject of this discussion to
include the entire family, rather than restrict it to the more hmit-
ed encephalitic group.

Arbor viruses are defined as viruses which in nature multiply
in the body of arthropods without exerting detecrable dwnage to
their tissues or causing other ill effects. It is known for some of
these viruses and postulated for others that wammission of the
virus 1o man or other hosts takes place through an arthropod bite,
the vector, an turn, becomes infucted by ingestton of blood from
a host at the time when virus is present in the latter’s peripheral
dirculation,

Antigenic relationships among these viruses, leading eventue!
Iy to a grouping or dassification, have been the subject of study
for some 1tme. Thus, cross reactions were shown by Smithburn
(1912) between Japanese B, St. Louts and West Nile viruses; by
Casals (1913) between Jouping 1l and Russian $§ viruses; by
Havens and assodiates (1913) between FEE and WFE viruses:
and by Salun (1948) between some of the virnses cansing encep-
hahitides and those of dengue and yellow fever

A systermne study of the anterrelationships among arbor
viruses, by Casals and Brown (1955) and Casals (19%6), showed
that there were at least three sharphy defined groups of arbor
wruses, designated A, I and ¢ This conclusion resulted from
the study of fortyseven distnce arbor visuses and was based v
clusively on the detection of mmmunological eross reactions These
cross teactions were amvestizated by different methods, comple
wment finanon (CFy, hemagzlutination mbimon (HD and neo
tralization (NT) tests 1eis nor intended to deseribe these meth
oxds i detail here, but only o report same of the results obtamed

One fact that soon became apparent partrculah with Growgs
v and B, was that the HT test shosed a wider ranze of sernlogical
overhips than the CF tevt which in turn was more cross reacting
than the mracerebral NT test Henee the present groupans of
the arbar virtises 13 hased cvsenually on the behnior of thewe
viruses and their hyperimmune sera 1o the HE tot with the
andesstanding that whatever comms rracaons were deterted by NT
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or CF tests could, in all cases, be demonstrated also by HI tests

Reduced to its essentials, the plan used consisted in preparing
by a constant technique hyperimmune sera in animals, usually
mice, for each virus under study and testing these sera against as
many agslutinating antigens as were available The result of
these studies clearly showed, on the basis of inhibition of hemag-
glutination, that there was a sharp division of the arbor viruses
mto groups, as 1llustrated in Table I.

All viruses 1 Groups .\ and B developed hemagglutinating
(HA) antigens In Group C, however, some viruses were appar-
ently too “neak” to produce utihizable HA antigens, although
the immune sera prepared against them reacted well with the
available antigens of the same group Failure to produce antigens
with the majonty of the ungrouped viruses may thus be more a
matter of quantity—or technique—than of inherent absence of
hemagglutinin; this point s, naturally, of importance and is
currently recerving attention Hyperimmune sera against any of
the viruses of Group A reacted not only against the homologous
antigen but also, to a greater or lesser extent, with all the remain-
ng viruses m the group, while in no instance was a reaction de-
tected aganst any virus not of Group A A similar thing occurred
with Groups B and C Concerning the ungrouped viruses, less
work could be done smce few antigens are, at present, available;
howetser, none of the hyperimmune sera against these viruses Te-
acted with antigens of either Groups A, B or C

Table [ also shows that the encephalitic viruses appear some
in Group A—EEE, VEE and WEE, and others in Group B—Jap-
anese B, louping ill, MVE, Russian 8S and St Louis. A virus such
as WEE, which can cause an encephalits 1n man not unlike the
one due to St Louis virus, 1s in 1ts antigenrc behavior much closer
to Chtkungunya virus (which m its known clinical manifestations
1s stmilar to dengue) than it is to St Louis virus

The HI reaction with hyperimmune sera has definite advan-
tages for grouping arbor viruses, the crossteactions detected
within Group B, howexer, are so marked that it is often imposs-
1ble to arrive at a specific diagnosts with this method In that case,
the use of simple immune sera—obtained from experimental ani-
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mals alter one injection of anugen or from human cases coma-
lescing fram natural wnfection~may result in a quantieative drffer-
ence between homologous and cross-reactions sufficient to allow
a decision, Otherwise, an answer may be reached either by CF or
NT tests Table 1I gues results of HI tests with seseral hyperim-
mune sera and their corresponding antigens to illustrate the
marked relative specificity found in Group A (EEE, WEL) and
the lesser degree of speaificity seen in Group B

The serological relationships among arbor viruses, which
allowed a grouping of these agents, are probably also responsible
for the broad serological activity of some human sera thought now
to be due to dual infection with members of the same group
While 1t is not possible to describe in detail here all of the obscrt-
ed facts that have been reported elsewhere (Casals, 1957), one in
particular might be mentioned. It has been shown experimental-
ly—and inferred from studies with field specimens~that inocul-
ation of ammals or natural infection of man with two different
virnses of the same group at distinct times, can resule in an anti-
Yody response to all viruses in that group far greater than the sum
of the responses given by each virus separately, this pronouncerd
group response is demonstrable by CF, HI and NT tests Even
without superinfection, man seems to be sufficiently reactive to
miection with one member of Group I to develop antbodies

TABLE If
HIEVIAT CLUTINATION INRINTION WITH HITFRIMMUAE VOUSE SERA

Antigen 8 Units

Serum

o ! EEE _ WEE Dengue Japanese 5t Fourr Yellow Fever
EEF 1020 160 o 0 0 o
WEF I R 0 0 [ 0
Dengue Voo 0 20 20 160 0
Japanese .o ¢ 540 650 160

St Lours e [ 20 26 160
Yellow Fever 1 0 0 10 320 220 320

“Tueer of serum =1 10240
0=No reaction a¢ dilution 1 10
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Having now reviewed some particular aspects of the work
done by numerous wvestigators in the field of the arthropod-
borne viral encephalitides, it may be in order to present the fol-
lowing conclusions:

() The arthropod-borne viral encephalitides are caused by a
number of viruses which by their behavior in nature and sero-
logical properties belong in a larger, more comprehensive as-
sembly or family designated Arthropod-borne animal viruses
{arbor viruses) .

(2) The arbor viruses can be shown to fall in at least three
groups, designated A, B and C

(3) Of the encephalitogenic arbor viruses at present recog-
nized, some belong in Group A. EEE, VEE and WEE; and the
remander in Group B: Japanese B, loupmg ill, MVE, Russian
spring-summnter and St. Louis encephalitis viruses

(4) Presumably as a consequence of the serological group re-
lationships, synergistic actions can occur between viruses of the
same group when they infect a host As a result, when there is
more than one endemic virus from a group in a given aren, serious
difficulties may arise in trying to interpret, for diagnostic pur-
poses, the results of serological tests This 15 particularly true with
Group B

(5) A survey of the literature shouns that tnapparent or tn-
recognuzable infection with the agents responsible for the arth-
ropod-borne viral encephalitides 15 2 common occurrence; with
some of the viruses, far more frequent than clinical encephalitis
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DISCUSSION

Dr. Blattner, Houston, Texas: It seems to me that this cross-
over immunity is a very important practical consideration for us
as clinicians, and I would like to know whether the same thing
occurs with the inoculation of Ive virus? 1 assume that most of
this was based on the inoculation or infection with Ine virus.
Now, entering the vaccine era, can you tell us anyching about the
inactivated virus in cross protection®

Dr. Casals: This was done mostly by mjection of lve virus,
except that hyperammune sera were actually produced by inocu-
lation first with inactivated materal, followed by hve virus in-
jecuon. Our reason for doing this is that mice are susceptible to
some of these viruses and we feared that inoculation with live
virus would Aill them. I would say that I would expect the same
tinng to occur following injection of inactivated virus.

Dr Haymaker, Washington, D € + Dr Casals concluded that
the Guillain-Barré syndrome is a viral disease. 1 should like to
ask Dr Casals to elaborate

Dr. Casals: Thus classification is presumptive. It is one of these
chnical syndromes that 1s often included in general chapters in
which viral encephalitides are discussed I understand that it is
more of a radiculitis than an encephalitis, but it is customarily
put among these diseases, principally because there is a question
of differential diagnosis You have to consider a lot of entities that
are not viral in nature, which are often not even encephalitic in
nature. to weed them out, so to speak. It is only for that reason
that I mentioned the syndrome in this presentation

Dr Imagawa, Houston, Texas® Will you tell us whether there
are any tissue cross-reactions as a result of this, and to what extent
they may be occasioned?

Dr Casalsy No, I don’t think thae the tissue reaction enters at
all in the serological overlap that I have shown here, mainly bLe-
cause one must recognize that everyone of the sera, that have bc.cn
shown here, have been tested, not only against the antigens of its
own group, but against everything else If that were prcsemetj m
one table 1t would become really very difficult to present in a






ARTHROPOD-BORNE VIRAL
ENCEPHALITIDES
Epidemiology of Western Equmne
and St. Louts Encephalitis
Epwis H. LEngTTE, M.D, Pir.D
Firal and Richettsial Disease Laboratory
California State Department of Public Fealth *
Berkeley, Cahfornia

I have been asked o discuss today some of the major facets of the
epidemiology of the viral encephalitides. The qualification
“viral” at once denotes that the conditions to be discussed are
etiologically restricted to a particular group of biological agents
Before further restricting the scope of today's discussion from the
standpaont of the etiologic agents to be discussed, I should like to
make a few comments germane to the subject of encephalitis as a
whole. Etymologically, the term “encephalitis” means inflam-
mation of the brain and nothing more. Consequently, appending
this label to a clinical syndrome, or a histopathologic alteration,
conveys no information as to the cause which brought about the
condtion Since encephalitis can be evoked by 2 number of quite
different factors, for example, toxic gases, noxious chemicals,
biological agents, 1t ts not always easy in any gnen case to deter-
mine what the underlying cause might be. Consequently, general
classificatrons such as “infectious encephalitis” or ‘toxic encepha-
lius” are frequently used, and while they are preferable to the
adjectrvally unquahfied designation “encephalitis,” they do not
contribute notably to the precise knowledge of etiology required
for the development of specific therapy and for prevention and
control of 2 disease To attain these objectives, it is necessary that
specific identification of the etiologic agent be attempted in every

case of encephalitis
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2 Viral Encephalitis

In 1933, an eptzootic of encephalitis occurred amongst horses
along the castern seaboard; TenBroeck and Mernll' and Giltner
and Shahan' recovered from the central nervous system of affected
animals a virus which was found to be immunologically distinct®
from the virus reported from the western United States and, con-
sequently, was designated as the Eastern equine encephalomyehinis
virus Its relaton to human illness was demonstrated by Fother-
gill et al.* and by Webster and Wright® in 1938, when both groups
of workers imndependently recovered the virus from fatal human
cases during the course of a small epidemic in Massachusetts

St. Louis and Kansas City, Missouri, and especially the former
city, suffered a large eprdemic ot encephalitis m 1933. Mucken-
fuss et al’ and Webster and Fite® recovered a virus from the cen-
tral nervous systemt tssues of fatal cases. The recavery of an agent,
later proved to be etologically involved, together with the fact
that the clinical picture differed from that of lethargic encephal-
itis, lead to designation of the disease as St. Louis encephalitis

GLOGRAPHIC DISTRIBUTION

Until about 1939, the Appalachian Mountain range was re-
garded as a barrier dividing the operational domains of the East-
ern and the Western equine encephalomyelitis viruses Over the
nteryening years, however, the Eastern virus seems to have spread
westward, originally belteved restricted to the eastern seaboard,
1t has been detected as far west as Michigan in the north and
Loussiana and Texas in the south. The Western equine encep-
halomyelutrs varus has been found, over the same period, to occur
in all of the states between the West Coast and the Mississippi
River, and east of thus river as far as Michigan in the north, and
Alabama and Florida in the south In some states, thercfore, both
viruses are present It should be pointed out that in most of the
areas 1 have mentioned, manifestations of viral activity are con-
fined entirely, or almost entirely, to the occurrence of cases 1n
horses, the equidae thus serve as useful sentinels for the detection
of virus, at least when it exhibits a high level of activity.

Stnce the St Lows encephalitts virus, unlike the Western
equine virus. does not, in general, tend to produce climcally ap
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26 Viral Encephalitis

tdemic proportions appear to be an uncommon phenomenon and,
in endemic areas of Western equine and St. Lonis encephatits
the activity of the viruses is usually expressed by the occurrence
ol sporadic cases or, on occasion, the occurrence of what might be
regarded as minor outbreaks Both diseases, nevertheless, are
greatly feared by the public in those endemic areas where epr
demucs or outbreaks of some size have occurred, and not only be-
cause of the immediate effect on the family, but also because of
the possible after-effects of the disease in the victim. I have in
mind the mental disturbances and psychiatric problems that may
develop as post-encephahitic sequelae, especially in very young
children with an encephalitis provoled by the Western equine
Nirus,

THE EPIDEMIOLOGY OF WESTERN EQUINE AND
ST. LOUIS ENCEPHALITIS AS OBSERVED IN CALIFORNIA

Although the Western equine and St Lonis encephalitis
uuruses are present over 4 large expanse of the United States, the
epidemiologic mformation available on these diseases has been
derived predominantly from speciallv-oriented 1m estigations
which have been conducted in several selected study areas. Ex-
tensive epidemmuofogic field studies have been conducted over
many years by Hammon and Reeves and their associates in one
such area, w1z, the Kern Countv area of Califorma, and the
California State Department of Public Health has collected cer-
tain ancillary data which supplement or complement the datz of
these workers It 1s the lack of data from other areas, and not
provincialism, chat impels me to use the California experience
and obseriattons to illustrate the epidemiology of Western equine
and $t. Louis enceplialitts [ should 2lso hike to point out that it
would seem reasonable at this point to contrnue the presenmion
with a discussion of the transmission of the disease to man, but H
prefer 1o leave this aspect unul the end because of certain com-
parisons it seems desirable to make I shall, therefore, pr.oceed
with 2 discussion of some of the other facets of the epidemiolozy
of these two diseases as observed in California.

Tncidence: The occurrence of cases of encephalitis over the
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demic proportions appear to be an uncommon phenomenon and,
in endemic arcas of Western cquine and St Louis encephalus,
the activity of the viruses is ustially expressed by the occurrence
of sporadic cases or, on occasion, the occurrence of what might be
regarded as minor outbreaks. Both discases, nevertheless, are
greatly feared by the public in those endemic areas where epi-
demics or outbreaks of sorne size have occurred, and not ouly be-
cause of the immediate effect on the family, but also because of
the possible after-effects of the disease in the victim I have n
mind the mental disturbances and psychiatric problems that may
develop as post-encephalitic sequelae,” especially in very young
children with an encephalitis provoked by the Western equine
yrus

THE LPIDEMIOLOGY OI' WESTLRN EQUINE AND
ST. LOUIS ENCEPHALITIS AS OBSERVED IN CALIFORNIA

Although the Western equne and St. Louis encephahtis
viruses are present over a large expanse of the United States, the
epidemiologic informauon available on these diseases has been
denived predominantly from  specially-oriented investigations
wiich have been conducted mn several sclected study arcas Ex-
tensive eprdemuologic field studies have been conducted over
many years by Hammon and Reeves and their associates in one
such area, viz, the Kern County arca of California, and the
California State Department of Public Health has collected cer-
tain ancillary data which supplement or complement the data of
these workers It is the lack of data from other areas, and not
provincialisin, that wpels me to use the California ewpcrier.lce
and observations to illustrate the epidemiology of Westernt cqnm'e
and St Lours encephalitis I should also like to point out rha} it
would seem reasonable at this point to continue the presentation
with a discussion of the transmission of the disease to man, but I
prefer to lcave this aspect until the end because of certain com-
parsons it scems desirable ta make. I shall, therefore, proceed
with a discussion of some of the other facets of the epidemiology
of these tha diseases as observed in California.

Incidence: The occurrence of cases of encephalitis over the
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28 Veral Encephalitis

“wlectious encephalitis” reported. The highest incidence was in
1952, when 813 cases were reported; the years 1945, 1950 and 1954
also stand out as years of high incidence. The low points appear
to have been the years 1948 and 1919

Considerable variation in the annual incidence of Westem
equine and St. Louis encephalitis is also apparent for the elesen
yeat span covered by Table 1. The highest incidence ot Western
cquine encephalitts was 375 cases (diagnosed by laboratory meth-
ods) in 1952. The incidence of this disease declined to very low
levels in the succeeding three years, whereas the incidence of St
Louts encephalitis reached its maximal level during this intersal,
vi7., 99 cases 1n 1954. Tlus raises the interesting question as to
whether the large autbreal. of Western equine encephalitis
1952 served to produce a herd immunity, thus protecting the
population at rish against infectson with the Western equine
encephaligss virus and whether a sinular immunization might not
have been brought about by the St Louss encephalitis virus subse-
quent to the high madence in 1954 Such an interpretation js not
on a sure footing in either instance and is certainly on a much
more tenuous basis with respect to the St Louis encephalitis
virus, more definite 1nformation on herd immunity and the ex-
tent to wluch subclinical immunization occurs will be forthcom-
ng only as additional attack-rate data are obtained over the com-
g years, or as immunity surveys are conducted to derermine the
nctdence of neutralizing anaibody m the populatton The newer,
amd simplified, tissue culture techmiques should make such sur-
reys feasible on a large scale

Also of interest 1s the large number of cases that fall into the
category “etiology undetermined " Whether thus group is largely
homageneous wuth respect to etiology or whether it represents
nfecitons caused by a diversity of agents is unkown This aspect
will be considered further in a few moments

Geographic distribution: The occurrence of Western equine
and St Lows encephalitis m California apparently is restricted
to regrons which have high summer temperatures and are under
extenstve 1rigation, 1e,, the great Central Valley and sevcral
counties, such as Imperial and Riverside, outside it In the occa-
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{rihropod-borne Viral Encephalitid, 3
equine encephaliis sirus fint appear in June, increase in num-
bers to veach 2 peak in July, remain at a high level through
August and thereafter decline, to disappear by the end of Octaber.
Human cases of St. Louis encephalitis, on the other hand, do not
appear until July, reach a peak in September and disappear by
the end of October. Thus, the peak incidence of the two tvpes of
mfection is separated by 2 period of about two months. Apropos
this temporal rchuomhxp m!ccuon with these vinuses is first
evidenced in the 7 1 is subsequemly followed
by the appearance of tqumc c:ues. at least in the insuance of the
Western equine virus, and human infections follow the appear-
ance of the £quine infections. In the mosquito population, as in
the human population, infection with the St. Louis encephalitis
virus appears somesnhat later than infections with the Western
equine encephalitis virus.

It is also of interest that encephalitis of unknown etioloxy has
a prevalence pattern indicative of seasonal occurrence. As shown
mn Table II, the incidence seems to be at a uniform level throuzgh.
ou 1he year except for the summer 2nd early fall months, at
which time rhere 13 2 very marked increase in the number of cases
simultaneouslv with the increase in cases of Western equine and
St Lows encephaliis It 1s not impossible, indeed it is quite
ptobable that some of these cases represent poliomyelitrs and
espectally aseptic meningitis. It is obvious that elucidation of the
etiologic agents represented by this carchall group will require
comprehensite laboratory insestigation, since the possible role of
viruses wn the poliomvelitis, Coxsackie and ECHQ groups, for
example will have to be ascerrained and evaluated. Frnally, it is
not mpossible thae an as yet unidentfied arthropod-borne virus
plavsarole in ths disease complex.

Age and sex distribution: Table III gives the age distribution
of cases of Western equine and St. Louis encephalitis The tabul-
auon znves the age drstribution as observed during the major out
breal of encephalius in 1952 and also summates the aze distriba
tion ot laharatory-proved cases over the nine-year period 1845
1953 Table I shous that Western equine encephalitis apparent
v has 2 predhilection for the very young and for those over fifty
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Arthropod-borne Viral Encephahind 3

equine encephahitis virus first appear in june, increase in num-
bers to reach a peak in July, remam at a high level through
August and thereafter decline, to disappear by the end of October
Human cases of St. Lours encephalitis, on the other hand, do not
appear until July, reach a peak in September and disappear by
the end of October Thus, the peak incidence of the o types of
infection is separated by a period of about two months Apropos
this temporal relationship, infecuon with these siruses is first
evidenced in the mosquito population, is subsequemtly followed
by the appearance of equine cases, at least in the instance of the
Western equine virus, and human infections follow the appear-
ance of the equine infectrons In the mosquito population, as in
the human population, infection with the 5t. Louis encephalitis
virus appeats somewhat later than infections with the Western
equine encephalitss virus

It is also of interest that encephalius of unknown etiology has
a prevalence pattern indicatise of seasonal occurrence. As shown
1 Table 11, the incidence seems to be at a uniform level through.
out the year except for the summter and early fall months, at
which time there 1s 2 very marked 1ncrease in the number of cases
simultaneously with the increasc in cases of Western equine and
St Lows encephalinss It is not impossible, indeed it is quite
probable. that some of these cases represent poliomyelits and
especially aseptic meningitis It is obvious that elucidation of the
euologic agents represented by this catch-all group will require
comprehensite laboratory i estigation, since the possible role of
iruses wn the poliomyelitis, Coxsachte and ECHO groups, for
example, will have to be ascertained and evaluated Finally, it is
not mmpossible that an as yet unidentified arthropod horne virus
plays a role tn this disease complex.

Age and sex distribution- Table I gives the age distribution
of cases of Western equine and St Louis encephalitis. The tabul-
ation gnies the age distributton as observed during the major out-
break of encephalitis in 1952 and also summates the age distribu-
fion of laboratory.proved cases over the ninc-year period 1015
195% Table 11 shaws that Western equine encephalitis apparent-
1y has a predilection for the very young and for those over fifty
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years of age. Thus, of the laboratory-proved cases of Western
equine encephalitis, nearly one-half (47.7%,) were ander the age
ol ten years, slightly more than one-third were under four years
of age and approximately one-fourth (27.7%) were under one
year of age The tendency of the Western equine virus to strike
the very young is indicated by the fact that more than two-thirds
(699%,) of the infant cases were 1n individuals under three months
of age. This is further illustrated by the fact that the attack rate
for the Central Valley was 249 per 100,000 population for the age
group under one year and 20 per 100,000 for all age groups com-
bined The accumulated statistics for the nine-year period very

Taste 1T AcE DISTRIBUTION OF CASEs OF WESIERN EQUINE AND
ST Lotis ENCERmaLiTis CaziForsts, 1952 anp 1943-1933

IWestern Cquing Encephalitss St Lowss Lncephahtis
Year and Age Cases er Cen Cases Per Cent

1952 total, all ages 375 1000 45 1000
Under 1 year 104 277 0 —
1-4 41 nrs 8 178
5-9 31 83 4 89
19-19 36 96 4 89
20-29 20 53 7 16
3039 2l 5 10 222
10-149 72 5 11

50 and over 215 7 156
1945-53 total, all ages 583 1000 235 1000
Under | vear 154 263 3 13
1-4 74 126 38 162
5-9 48 82 26 ul
10-19 66 s 35 149
20-29 n 33 3 ¥
30-39 33 56 36 159
10-49 48 82 23 98

50 and over 131 224 37 157

t
{

Reproduced from Longshore ef af, Am J Hyg, 636985 1936
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closely approcimate the data for the sngle year 1952, as is
shuwn by a comparison of the attack rates presented 1 Table 11

With respect to the St Loms encepbalitss virus, this agent ap-
pears to show no striking age selection comparable to that shown
by the Western equine entephahinis vitus, wath the possible e
ception of the age group under one. It will be noted from Table
I that in 1932 no cases ol St. Louss encephalitis were encounter-
ed 1 ndividuals under one year of age, and over the nine-year
period 1915-1933, only three cases were found, these three cases
represented only shightly more than 19 of the total of 233 cases
af the disease encountered during this time sntersal. The reason
for the difference i attack rates of Western equine and St. Louis
encephalitis 1n children under one year of age s unknnwn One
proflered esplanation s that subclinical infecuon with the St.
Lotns encephalitis virus may occur more nidely than does sub~
chneal anfection with the Western equine encephalitis virus;
consequently, passnely acqured rmmunity 1 the newborn may
he considerably huzher to the St. Lows encephalitis virus than to
the Western equine encephalutis virus ™

The wncidence of St. Lonis encephalttis 1s approximately twice
as hugh in males as 1n females, the ratio obsened in labnratory-
proved cases of this disease aver the nine-year period 1915-1933
being 18 1o } This ratto does not seem to he affected by age,
whereas the male to female ratio of cases of Western equine en-
cephalius is markedly influenced by age If all age sroups in the
1952 Western equme encephalitis outbreak are consudered, the
rato of males to females was 2 to 1. When specific age groups are
consderedt {10), the ratio was 1 to 1 for the age group nnder
four yeats and became 7 to 1 in the age group fire through nine
vears, The ratio was then approxamately 2 1o 1 for the age group
10 through 29, jumped to approximately 20 to 1 in the age group
30 to 39, and 26 to 1 10 the age group 40 to 49, and finally reverted
10 2 to 11 the age group 50 and over No satisfactory explanation
can be advanced for such siufts in attack rates in the male \While
occupation might conceivably explain the increased attack rate
m the 10 to 19 year age group, and probably does account for the
very Ingh artack rate 1n males in the 30 to 49 age group, it can
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years of age. Thus, of the laboratory-proved cases of Western
equine encephalitis, nearly one-half (47.7%) were under the age
of ten years, slightly more than one-third were under four years
of age and approximately one-fourth (27.7%) were under one
year of age. The tendency of the Western equine virus to strike
the very young is indicated by the fact that more than two-thirds
(69%,) of the infant cases were 1 individuals under three months
of age, This is further illustrated by the fact that the attack rate
for the Central Valley was 219 per 100,000 population for the age
group under one year and 20 per 100,000 for all age groups com-
bined. The accumulated statistics for the nine-year period very

TasLe 1T Ace DISTRIBUTION oF Casfs oF WesTeRy FQuins asp
ST Louts EncEPHALITIS CALIFORNTA, 1932 anp 1913-1973

Western Lquine Encephalitis St Lowis Lncephalitis
Cases Per Cen, ases er Cent

Year and Age 4

1952 total, all ages 333 1000 13 1000
Under 1 year 104 277 0 -
1-4 # 17 8 178
5-9 31 83 4 89
10-19 36 26 4 89
20-20 20 53 7 156
30~39 21 56 10 222
10-49 27 72 5 it
50 and over 7 156
1945-53 toial, all ages 385 1000 233 1000
Under 1 vear 154 263 3 13
1-4 74 126 38 162
5-9 48 82 26 ni
10-19 66 1ms 35 149
20-29 1 53 37 157
30-39 33 56 36 153
4049 18 82 23 98

50 and over 131 E_—’l__i~

Reproduced from Longshore vt af, 4m J Ihg 63 69 85, 1956
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hardly account for the preponderance of males in the five to nine
age group,””

Rural and urban factors: Several years ago, we pointed out
that employment or residence in rural areas apparently con-
stituted a greater risk to infection than did employment or resi-
dence in urban areas. This impression was supported by findings
obtained during the 1952 encephalitis outbreak in California A
group of 219 cases of infectious encephalitis in Kern County was
classified according to etiologic type of encephalitis and by resi-
dence ol the patient. Classification into rural and urban areas is
often arbitrary because it is frequently difficult or impossible to
draw distinctions between the two when agricultural pursuts
and activities are tn intimate relation to individual domiciles and
to residential areas. With these difficulties in mind, 82 patients
were classified as Jiving in rural of farm areas and 137 were con-
stdered to be urban or suburban dwellers This distribution thus
gave an overall attack rate for infectious encephalitis of 340 per
100,000 for the rural areas and 61 per 100,000 for urban and su-
burban areas The higher attack rates encountered in rural areas
for “mfecuous encephalitis” appeared to hold also for Western
equine and St Louts encephalitts and for encephalitis of unde-
termined etiology *

The much higher mncidence of encephalitis amongst those
working or living in rural areas may be due to insufficiency or in-
adequacy of vector (mosquito) control measures, or to increased
apportuntties for exposure to the vector 1n yural as compared
n1th urban areas

METHODS OT TRANSMISSION
Reservotrs of the Virus and Arthropod Vectors
Eptdemiologic investigations early suggested that the Eastern
and Western equine encephalomyelitis viruses and the St. Louis
encephalitis virus were arthropod-transmtted Kelser* showed in
1932 that Aedes aegypts mosquutoes are able to transmit the West-
ern equne encephahitis virus under laboratory conditions In
1941, Hammon and his co-workers* reported the isolation of both
Western cquine and St Louts encephalitis viruses from naturally-
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age range. (The latter information is given 1 a paper by Long-
shore et al.”)

The matter of exposure which you raise, Dr. Kurland, repre-
sents a very difficult factor to assess. In attempts to evaluate this,
as well as other epidemiologic factors, we g Iy consider the
year 1952 by itself and lump together ali the data for other years
T'his 15 because we consider 1952 to be an aberrant year. Normal-
ly, Culex tarsalis mosquitoes are not encountered 1n the towns
Tlus is because mosquito abatement districts, on one hand, hase
been organized to combat nuisance moscqurtoes and as soon as the
citizenry begms to complain unduly about nuisance mosquitoes,
control measures are intensified Gulex tarsalis, on the other hand,
generally prefers hosts other than man. In 1952, we had a great
deal of rain mn the late winter and throughout the spring, which
resulted in the fooding of considerable terrain and the mosquito
populations became very high In addition, in the southern end
of the San Joaquin Valley, two severe earthquakes occurred
approximately one month apart Considerable damage to dwell-
ings was done, and fear of addinonal quales caused some of the
population to sleep outdoors, where they nere exposed to attac.\S
by Culex tarsalis, which for the first ime mvaded the towns In
quite large numbers This invasion was directly attributable to
the heavy population densitres in the rural areas and a comequent
lack of a normal food supply Even during 1952, however, the
ratio of male to female cases was 2 to 1

Dr Blattner Tt always intrigues me that the migration of
birds seems to be associated with encephalitis, Is there any 1e
lantonshup between migration of wild birds and encephalitis out-
breaks?

Dr Lennette 1 do not know of any concrete evidence relatng
outhreaks of encephalitis to the migration of wild birds The de-
sirability of studying migratory birds as carriers of virus from on¢
area to another has been discussed frequently but so far as 1 know,
no one has actually undertaken such a study I do not mean the
intensn e studtes which have been done on migratory birds m one
area or another, but have reference here to studying the hi'rds
along the enure mgratory flight path in order to determine
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the more important ones individually, Some of the more helpful
climcal, epidemiologic and laboratory features of the various
diseases have been summarized in Table I, along with the recom-
mended specific diagnostic procedures.

I. EPIDEMIC VIRAL INFECTIONS OF THE CENTRAL
NERVOUS SYSTEM
A. Poliomyelitis or Entertc Virus Group

1. Poliomyelitis: A great deal has been written concerming
the clinical manifestations of poliomyelitis so they will not be di-
cussed in detail here. Infections with the virus of poliomyelitis
are common mdeed and the majonty of the adult population has
experienced prior infection with one or more of the three types
of poliomyelits virus, most often without any clinical mamfest-
ations of discase Thus, there may be no illness or the patient may
complain of no more than a gastromtestnal upset or a mild
pharyngtis. If mvaston of the central nervous system occurs there
15 evidence of meningeal 1rritation with headache, stiff neck and
Lack, and hamstning tightness Paralyses may appear and can e
sult from myolvement of any portion of the spinal cord wnclud
1ng the medulla and upper brain stem, If the latter portion of the
nervons systern 15 mvaded regulation of vital functions such as
respiration, blood pressure and temperature is often affected It
should be pomted out that manifestattons of cnceplmlitis,_ al-
though unusual, do occur n poliomyelins However, convalsions
are most rare unless secondary to anoxia When significant paral-
ysis 1s evident which 15 flacaid in type and asymunetric in (hs!rﬂj"'
uon the diagnosis of pohiomyehus infection may be made with
considerable assurance However, 1f paralysis is absent or s]ighl.
the ettologtc diagnosts may be difficult Examination of the spinal
flurd 15 the only chimcal laboratory test of much value in the
diagnosts of poliomyelitts There 1s an increased number of l.eulo
cytes with a total count of from 50 to 100 per cu mm, occasional-
ly lgher Early in the disedse most of the Teukocytes are poly-
morphonuclear, but witinn a few days they are replaced by mon-
onuclear cells The protein 15 moderately clevated with values
averagng about 100 mg per cent, and the sugar is normal.
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tion. Neutralizing antibody to poliomyelitis virus appears early
in the course of the clinical illness and thus it is important to ob
tain the first serum specimen as early as possible. Even 30, it 15
frequently not possible to demonstrate a significant rise in ant-
body titer. Complement-fixing antibody rises somewhat more
slowly, but in some cases never appears in detectable amounts
The results in our laboratory with these two tests in a group of
seveNty-six pattents, all of whom had been shown to have polio-
myelitis virus mn therr feces, indicate that the dragnosis could be
confirmed by serologic means in only about one half of the pa-
tients and that nerther test was sigmficantly superior to the other.

Thus, it would appear that virus isolation 15 the most satis-
factory method presendly available for the diagnosis of polio
myelitis infection Serologtc tests are of value, but somenhat less
sensitive

2. Coxsackie virus infections: The Coxsackie viruses were
first described by Dalldorf and Sickles in 1948. They now make
up a group of twenty-four antigenically dstinct agents with the
property in common of producing disease 1 the suchling mouse
or hamster They are not infectious for any other experimental
anmal On the basis of the lestons produced in the suchling
mouse, Dalldorf has further divided them into two groups—A and
B Group A encompasses mmeteen types, antong which are [h(.ne
viruses that cause herpangina. Group B on the other hand in-
cludes only five types and at least three of them have been demon-
strated to canse plenrodyma or Bornholm disease

The suspicion that the Coxsackie viruses could im’adc'thf
central nervous system of man soon arose since the original isol-
ations were from patents with the clinical diagnosis of polio-
myelitis and many of the subsequent isolations were nls? f{ﬂfﬂ
pattents with non paralytic poliomyelitis or aseptic meningitls
Houever, the discovery of a few mstances of mixed inf&cllt'!m
with Coxsackie and poliomyehns viruses and the demonstration
that a certain proportion of the normal population was in[ef!ﬂl
with these agents, made it difficult to relate etiologically the virus
in the gastrointestinal tract to the discase of the central nenous
system More recently, Coxsackie viruses have been isolated from
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the spinal fluid of patients with aseptic meningitis, which pro-
vides conclusnve evidence of their causal relationship. To date,
Coxsachie A9 and all 5 of the group B agents have been recoyered
from the spinal fluid The failure to isolate other types of group
A viruses may be due in part to the fact that most laboratories
conductng such studies employ tissue cultures exclusively and
only A9 and the group B agents grow well under these conditions

The clinical features of the central nenous system disease
caused by the Coxsackie viruses are not different from those of
non-paralytic poliomyelitis Muscular and pleuritic pans are per-
haps somewhat more common, and aseptic meningitis may occur
in assocratton with the classical features of pleurodymia Some mus-
cular weakness may be noted during the acute disease or early
convalescence However, no true paralysis such as 1s seen in polio-
myelutis infection has been described, but further careful follow-
up studies are necessary The findings 1 the spinal fluid are the
same as in poliomyelitts

Fatal encephalitis associated with mjyocarditis 1n newborn in-
fants due to group B Coxsackie virus has recently been described
by Kibrick and Benirschke

The methods for blisl the etiologic diag of Cox-
sackie virus infections are essentially the same as for pohomyelitis
The virus may be present m the nasopharynx, gastrointestinal
tract or spinal fluid, but as in poliomyelitis the stool 1s most Iikely
to be posttive. However, if Coxsackie virus is demonstrated m the
gastrointestinal tract of a patient, 1t cannot be accepted with as-
surance as the cause of the ittness for the reasons mentioned abote
Particularly if any paralysis exists, every effort should be made to
determine whether or not there was concurrent mfection with
poltomyelius virus Mixed i of Coxsackie and ECHO
viruses also may oceur.

_ Lsolation of virus from the spinal fluid is of much more sig-
nificance etiologically Too little information js available as yet
to indicate how frequently this can be done However, 1t would
appear that with present methods virus can be wsolated from the
spnal finid 1n approximately 10% of cases

A 1ise in serum anubody to the Coxsackie viruses can be
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demonstrated during the course of infection by neutrahzation or
complement fixation tests. This is of some value in confirming
that a virus isolated did in fact infect the patient, but has the same
limitations in diagnosis as stool isolation, since asymptomatic
gastrointestinal infections 1moke the same antibody response as
do those that result in illness. Serologic tests have further practi-
cal disadvantages as primary diagnostic methods due to the large
number of antigenically distinct Coxsackie viruses.

3. ECHO virus infections: The ECHO viruses are a newly
recognized group of agents that are widely distributed inhabreants
of the gastrointestinal tract of normal people, and are particularly
prevalent during the summer and fall They have certam charac-
terssties in common with the Coxsackic viruses, but are not patho-
genic for the suckling mouse and can be cultivated only in nssue
culture To date, sixteen serologically distinct ECHO viruses
have been recognized The letters in the name "ECHO” S!a{ld
for Enteric, Cytopathogenic, Human Orphans Many of the six-
teen types have not been related as yet to any human disease, but
a number has been isolated from the spmal fluid of patients
with the syndrome of non-paralytic poliomyelitis or aseptic men-
mgitis and some have been rated to be responsible for
outbreaks of this disease ,

Lattle mformation 1s available concerning the clinical mant-
festations of diseases caused by these agents, but the clinical
and Iaboratory findings do not appear significantly different from
those manifested by infection with the Covsackie viruses

On the basis of observations on patients in our own cli{nc we
have been 1mpressed that those with the aseptic meningins.s)'n‘
drome from whom ECHO viruses nere isolated are more 1[191)'
to have encephalitic mamifestations such as drowsiness, disorient-
ation and comvulsions than are those infected with the polio-
myelitrs or Coxsackie viruses We have also noted cdcn:lﬂ of ‘h‘]’
aptic nerve tn a number of patients in the absence of increased
intracranial pressure As with Coxsackie virus infections no severe
paralyses have been recognized However, weakness of the m\:'
cles of the trunk, shoulder girdle and up have been obiel:"f -
The significance of these latter findings can only be determined
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by longer observation of the patients and the accumulation of
more control data. Recently there have been several reports,
particularly from Europe, of outbreaks of aseptic meningitis m
which many of the patients have exhibited a morbilliform rash.
The etiologic agent of this disease is a virus classified as ECHO 9,
although it apparently has some of the characteristics of a group
A Coxsackie virus.

The same difficulties obtain with this group of viruses as with
the Coxsackie agents in establishing cheir etiologic relationship
to disease Thus, the isolation of an agent from the feces of the
patient does not necessarily mean that it was the cause of his
illness. An illustration of the problem encountered in the etio-
logic diagnosis of patients with the non-paralytic syndrome or
aseptic meningutis is presented in Table II, which is a summary
of the results of a study conducted at Gity Hospital, Cleveland
over a two year period It 15 evident that a wide variety of agents,
mcluding poliomyelitis, Coxsackie and ECHO viruses has been
isolated from the gastrointestinal tracts of approximately 50 to
709, of the patients studied. However, only 9 per cent of the
spinal fluids tested yielded a viral agent There is no doubt that
Coxsackie and ECHO viruses are capable of producing central
nervous system disease in man and probably do so not uncom-
monly.

B The Arthropod-borne viral encephalitides

St Louws encephalitis, Fastern and Western equine encepha
lutis, although caused by distinct viral agents, have many features
in common. They are transmtted to man by the bite of the mos*
quito and hence are seasonal 1 occurrence, appearing du‘l'l'ng the
summer and early fall They are sporadic diseases in certain areas,
but may occur in epidemics Although minor differences have
been described, there are no distinctive features that would per-
mit clinical differentiation between infections produced b)" :h_e
three viruses Each disease has its characteristic geographic distri-
bution. St Louis encephalitis is largely confined to cemfnl and
western North America, overlapping with western equine en-
cephalitis which occurs in the Rocky Mountain area nnd‘ the far
West Eastern equine encephalitts, as the name indicates, is large-
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ly limited to the eastern portion of the country.

The clinical features of these three types of encephalitis in-
clude fever, headache, stiff neck, gastromntestinal symptoms, stu-
por. convulsions, and coma Various paralyses may be present,
usually of the upper motor neuron type. Patients who are more
severely ill, regularly demonstrate a significant leukocytosis with
a preponderance of polymorphonuclear cells The sptnal flurd
not infrequently 1s under increased pressure and an increased
number of leukocytes is msanably present. The wiite cell count
1n the spinal fued 15 usually somewhat higher than that seen m
the poliomyelius group of 1llnesses, usually exceeding 200 to 300
per cubic millimeter and often rising to levels of 1,000 or more
Early 1n the disease the cells are predominantly polymorphonu-
clears, shafting to mononuclear cells as the disease progresses The
spinal fMuid protein content 1s moderately elerated with levels of
approximately 100 mg % The spinal find sugar 15 normal.

Trom eprdemiologie evidence, the etiologic diagnosis may be
suspected. However, the clinical features of the disease indicate
only the diagnosis of viral encephalitis Special laboratory exam-
wnations are required to establish the etiology The only tests of
practical value are the serologic ones—neutralization and comple-
ment fixation tests Attempts at wvirus isolation are seldom re-
warding, although in rare nstances the virus has been demon-
strated in the blood and spmal fluid of panents with these diseases
In a fatal case the virus may be 1olated from the brain by mouse
noculatron

C. Ton Economo's Dieas or Liephalitis Lethargica

Von Economo’s disease 15 an enccphahiis, probably of viral
etiology, although this has never Loon established ‘The disease
ocarred in eprdemtc form n Europe Iollowmg the first World

War ang epidemics then spread thouhont the world No epi-
demics of this disease have been dese |l since 1926, although

wolated cases appear that have the (lus ol features described for
this illness The disease was characterizc [ In the symptoms of
encephalitis of diffuse nature and o |Lthnoplegia was often

present Almost any portion of the ccn 11l navous system might
be involied in this disease, mcludme 11« smal word Scquelae
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such as parkinsonism were common, Spinal fluid findings were
variable. There was usually a pleocytosts, largely mononuclear
cells, accompanied by a slight increase in protein There are no
specific diagnostic laboratory tests for this disease. In contrast
with the arthropod-borne encephalitides the seasonal distribution
was the spring and winter months

11, SPORADIC VIRAL INFECTIONS OF THE CENTRAL
NERVOUS SYSTE

Most of the tlnesses listed in this category are relatively un-
common and the pertinent points concerning their diagnoses are
indicated in Table I The discussion is limited to mmumps menin-
goencephalitss since 1t probably represents one of the most com-
mon virus infections of the central nervous system of man.

The true frequency of invasion of the central nervous system
during mnfection with the mumps virus 1s not known Estimates
ranging from 05 to 109, have been made, but there seems to be
vanation with age, sex, season, different outbreals and other
poorly defined factors.

Meningoencephalitis most often occurs two days to ten days
after the onset of parotitts, but may be apparent before or at x‘he
same tme as the parotitis, or 1t may be the only evidence of in-
fection with the mumps virus

The clircal symptoms of mumps menmgoencephalitis are not
different from aseptic meningitis or meningoencephalitis due 10
other causes Headache, vomiting, and fever are the most com-
mon Drowsiness, stiffness of the neck, abdomimnal pain, and irrit-
abihity are also often present Convalsions are not common, but
may occur, particularly in younger children

Examination of the blaod 1s of hittle diagnostic value. The
spinal Aurd reveals a pleocytosis of varying degree, but the total
cell count is most often in excess of 100 per cubic millimeter
Almost without exception the white cells in the spinal fluid are
found to be 859, or more mononuclears even early 1n the course
of the discase .

‘The mumps virus may be 1solated from the saliva or pr.ml
fluid, but positite results are too infrequent to be of any practical
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hypothesis, but it 1s obviously not within the scope of this present-
ation to discuss the pros and cons of these various theories.

The symptoms may be primarily meningeal or encephalitic
and there may be involvement of the cranial nerves or spinal
cord. Convulsions are common in all of the various post-infectious
encephalitides

Symptoms of encephalitis of the post-infectious type ustally
appear from about the third to the eighth day after the onset of
the specific illness However, this may vary within wide Jimis
anywhere from preceding the onset of the characteristic eruption
in those diseases with exanthemata to as long as twenty-one days
after the onset of illness Two of the post-infectious encephah
tides might be singled out as varymng somewhat from the others
m their clinical features Varicella encephalitis in our experience
has been associated in the majority of cases wath atavia, often in
the absence of any other evidence of cerebellar 1volvement. This
symptom 1is not common in any of the other diseases of thns gronp
The central nervous system complications of infectious mononu
cleoys are of consilerable terest. Memmgoencephalitis may
occur or the findings may be indistinguishable from the Guillain-
Barré syndrome with ascending paralysts, sensory changes and a
high spnal fitrd protemn content without pleocytosis

Tlte frequency w1th which encephalitis 1s associated with most
of the ilinesses mentioned is not accurately known. 1t 1s estimﬂl‘cd
that encephalitis occurs 1n one out of a thousand patients with
measles, but is probably considerably less frequent i lhe. other
diseases. Except for nfectious mononucleosts mentioncd i the
foregoing the spinal fluid findings 1 the post-anfectious encepha-
hitreles are not characteristic There may be no abnormal findings.
but most often there is an increased number of leukocytes Tang-
g from a few cells to a thousand or more The cells may h(: atl
mononuclears, or polymorphmludenrs may predominate, partecu-
larly 1 the count 1s lugh The protemn content 1s usually moder-
ately elevated, and the sugar normal

The diagnosis of post-infectious encephalitis depends largely
upon the clironologic association of the skin rash, or other early
manifestations of the primary disease and the symptoms of cen
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tral nervous system disease. That this is not invariably an accur-
ate criterton is illustrated by the following experience

An infant was brought to the hospital because of a generalized comvul-
sion Two or three days prevtously the cluld had developed a sesicular rash
chractenstic of chickenpox He had not been unusunlly all, nor had the
temperature been unduly elerated Physical examination revealed no ab-
normal features except the vancellh ermption Lumbar puncture was done
and approvimately 100 mononuclear cells were present n the spimal flurd
and the protein was moderately elesated A tentatne diagnosis of yaricella
encephaliis was made A sibling had developed varicelln at about the same
ume, and although he had not had symptoms of neurologic diseuse hus
spimat flusd was examncd Much to everone's surprise this child also had
an abnormal spinal furd with almost denucal findings Because of our in-
terest in thesc chuldren, acute and comalescent serum samples were tested for
mumps antibody and clear<ut Trses were demonstrated in both patients
Only after this was known was the addimonal information obtamed that the
children had been expmed to mumps as well as chickenpox about three
weeks previously and one of them had had a hutle swelling of the face a day
or tno before he nas scen at the hospital

This would appear to be an example of a double nfection
with the viruses of mumps and varicella The meningoencephahitis
was most likely due to the mumps virus, but would have been
wrongly ascribed to varicella had not the appropriate laboratory
studies been done

DIFFERENTIAL DIAGNOSIS

The differenual diagnosss of viral infections of the central
nervous system from conditions of other etiology may present
great dufficuley It wall nb\ wusly not be possible to discuss each
of the diffe 1€ y so that we will content
ourselves with ]IS[ln" them and lmle more In Table III this has
been done In addition, an effort has been made to indrcate those
viral diseases that must be thought of 1f the symptoms are prim-
anly meningitic, encephalitic, or paralytic along with the non
viral differential possibilities 1n each category The list 1s long,
but 2 number of the non-11ral diseases may be quickly ehmunated
following careful chinical evaluation One of the most 1mportant
aids 1n diagnosis 1s careful examimnation of the spimal fluid Much
confusion can arise 1f this 1s not properly done It 1s not uncom-
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mon for red blood cells to be mistaken for leukocytes and it 15
customary 1 many laboratories to treat the fluid with dilute
acetic acid to “lyse” the red cells and make the nuclei of the
leuhocytes more clearly evident in the counting chamber. 1f a
considerable number of red cells is present it is helpful to cen-
tnfuge the Auid and examine the supernatant for xanthochromia
in order to distinguish intracranial bleeding from bleeding due
to a traumatic procedure. A rapid semiquantitatne deternun.
ation of the sugar content of the spinal fhud should also be part
of the examnation It is our practice to use the 5 tube test. This
1s performed by adding to separate tubes each containing 1 ml. of
Denedict's solution 1, 2, 3, 4 and 5 drops of spwal fluid. The
materials are mixed and heated in the nsual manner. A normal
test is one 1n which some reduction 1s evident n the 3 or 4 tubes
contawning the larger amounts of spinal fluid In purulent men-
mgitis or hypoglycemia no reduction will occur 1n any tube. In
diabetic coma, on the other hand, a red preaipuate will be seen
all tubes A smear of the spinal flurd sedument should be prepared
and statned for bactera 1f there is any suspicion of bacterial in-
fection Here, too, cate must be exerased in interpreung the
findings Inexperienced observers may not recogmize bacteria if
present or may mustake “dirt” on the slide, precipitated stain and
other arnfacts for orgamsms

In inflammatory disease of the central nervous system there is
almost invariably an ncreased number of leukacytes in the spinal
Amd There are exceptions, particularly i the post-infections
group, rabies, and possibly a rare poliomyelitis case, although we
have never seen a proven symptomatic poliomyelitis nfection
with nermal spinal fluid Certamn of the nonwiral condutions do
not evidence spinal flurd changes These mclude rheumanic fever,
it spondyhs, | porphyra, trichinosss, the
postictal state, myasthemia gravis, the muscular dystrophies, and
hysteria Abnormal spinal flid findings occur 1n all of the other
conditions listed 1n the table A few desenve special comment

Bacterial meningitis: The usual case of bacterral meningitis
with the classical chinical features and a spinal flind containing
many polymorphonuclear cells, bactersa and low or absent sugar
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nphasized repeatedly that it is often not possible to make a clin-
1l diagnosis more specific than that of viral encephalius, men-
goencephalitis or meningitis. Since the etiologic diagnosis can
: made as a rule only in retrospect and does not influence man-
ement of the pauent it might be asked whether 1t is worthwhile
' go beyond the clinical diagnosis. There are good reasons why
ts desirable to make an cnologic diagnosis shenever possible
hese are,

(1) From the patient’s point of v1ew it is often important in
ture management to know that he was preyviously infected with
particular agent.

(2) From the public health standpoint 1t is most helpful to
cogmize that a particular disease is occurring in an area This
ay lead to the instizution of control measures which will prevent
1ditional cases or an outbreak of the disease

(3) Since our hnowledge concermng the clmrcal and epidem-
logic features of some of the viral diseases of the central nervous
;stem 1s limited, accurate diagnoses are essenval to permit the
ccumulation of reliable data

The diagnostic measures available for some of the viral in-
sctions have been discussed above and are indicated for others
n Table I Where are such tests performed and how can the aser-
ge physician have them done? In some medical centers research
wboratories will perform a limited number of dragnostic tests
sually 1n relationship to their research interest Many state
ealth department laboratories do some of the simpler tests for
mal diagnosis and a few such as those in New York and Cahf-
rnia have excellent facihties However, even if the state labor-
tory cannot perform the tests the specmen will be forwarded to
be U1 S Public Health Service facility where they can be
lone The present policy 1s that all materials should be sent
hrough the state laboratories, and not directly to the Communic-
ible Disease Center or National Institutes of Health

It 15 of great importance that suitable specimens be obtained
ind that they be handled properly For serologic tests, serum spec-
imens must be secured and it 15 a good general rule that when-
tver matenals are submsted for virus isolanon acute and con-
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valescent sera should also be obtained. The first blood specimen
should be drawn as early in the disease as possible and the sccond
approximately one month later. If the materials must be mailed
to the laboratory, the sterile serum should be separated from the
clot, placed in a sterile test tube and securely stoppered. If the
distance is not too great it may be sent by regular mail, but 1f 1t
1s to take much over twenty-four hours it should be refrigerated
If the specimen 1s not sterile it should be frozen immediately and
Rept frozen during shipment.

Materials for virus isolation should be properly selected, de-
pending upon the virus that is suspected to be present. It is often
well to consult with the laboratory concerning what should be
submitted and how it should be sent Above all, the lahoratory
should receive adequate clinical information to allow them to
perform the appropriate 1ons since it is ifestly sm-
possible to test for all of the agents that might cause central
nervous system disease A specimen arriving in the laboratory
with the cryptic request “‘viral studies” is not Tikely to receise the
attention it may deserve

CONCLUSION

The viruses that can cause disease of the central nervous sys-
tem are numerons and the differenual posstbilities even greater
It 15 the experience of all those interested 1n this field that event
with the most complete study no etiology can be assigned m. m:ul.)
of the cases of presumed vral infection Nonetheless, the ex:glqglf
agent can be suspected in many by careful attention to the clinical
and epidemiologic evidence and can be confirmed by the mitel-
ligent and discriminating use of the virus diagnostic laboratory
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DISCUSSION OF DR. ROBBINS' PAPER

Dr. Blatiner+ Is there any evidence that there are more than
the three types of polio virus?

Dr Robbins- Although patients are seen rarely who desvelop
some paralysts following nfection with the Coxsackie or ECHO
virus, none of these agents could be classed as poliomyelitrs vir-
uses The Russians described a type 4 poltomyelits virus, which
Lunderstand has proved to be Coxsackie virus, type A7. To date
I think we can safely say that there are only three types of polio-
myehtis virus

Dr Florence Al Heys, Houston, Texas A question about von
Economo’s disease Cases are reported from time to time (1951,
1954, 1936) 1n various parts of the waorld, which are considered
similar to type A encephalitis as it appeared n epidemic form
Does this imply that there are endemic foct of the disease, and that
epidemics could ocenr again®

Dr Roblans Tt is quite true that although no recent epr-
demics of von Economo's disease have occurred, sporadic cases
that resemble 1t clinically occur throughout the world However,
1t 15 not posstble to say whether or not thus is the same disease
since we have no knowledge of the etiology ot the eptdemic form
that occurred in the early twentieth century Those sporadic cases
that have been mnvestigated have not yeilded any clues concerning
their etiology I suppose that it 15 perfectly possible that this
disease might appear again m epidemic form

Dr Blattner hd you 1solate mumps virus from any of your
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patients with aseptic meningutis who were studied in 1955 and
19562

Dr. Robbins: No, we did not, but we made no real effort to do
so. The diagnosis of mumps ephalitis was blished
by serologic tests.

Dr. Heys: Have there been any virus isolations which would
support the suggestion that Coxsachie, Type B, might be associ-
ated with perrcarditis?

Dr. Robbins. The possibility that the Coxsackie viruses might
cause pericarditis 1s a very real one and I suspect that they do on
occasions We have not had the opportunity to study any such pa
tients.

Dy, Martha Dukes Yow, Houston, Texas: Have you inctuded
tests to diagnose leptospirosis involvement of the central nerious
system?

Dr. Robluns: Tlus has not been done on all cases We did,
however, obtain agglutination tests for leptospirosis on tuelie
patients from whom no virus had been isolated. The results were
all negative Obviously, this is a possibulity that should be explor-
ed further, but it did not appear that leptospirosis was 2 common
cause of aseptic meningitis in our area




POSTENCEPHALITIS MANIFESTATIONS OF
VIRAL ENCEPHALITIDES*

Kaox H. Finiey, M.D.
Assstant Climical Projessor (\europsychiatry)
Stanford Untversity School of Medicine
San Francusco, Califorma

Stqutuu: are known to follow virus encephalitides, but reports
vary as to their character, incidence, and severity, Most studies of
sequelze have been handicapped by small numbers of cases, short
periods of time of follow-up, infrequency of obseriations, or lack
of proof of x)m etiology of the encephatitis. For this discussion of
ifestations of virus 1s we have re-
ewed the published reports of several mnestigators and have
added the findings from a study of the sequelae of Western equine
and St Lous encephalitis which is currently being carried on in
Califorma
The term “virus encephahitss” 1s most commonly used to de-
note those encephahtides which are caused by a direct invasion
of central nervous system ussue by a virus There may be an en-
cephabitic component 1n some other virus diseases which are
essentially systemic, such as dengue fever, hepatitis, herpes sim-
plex, the exanthemata, and comphications of vacination for small-
pox and pertussis In some of these encephalitides an additional
bilogical factor, possibly npury from immunologic develop-
ments, may account for the central nervous system complication.
In this paper we shall Jimit our discussion to the encephali-
tides n which there is invasion of the cellular elements of the

1al

*Ouginnt datx were obtaned m imvestigations supported i part by 2 research
grant (B442) from the Navional Institute of Neusological Diseases and Blind«
s Nationa) Tnstuzutes of Health, U 5 Pubhe Heaith Service
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central nervous system, particularly neurons, by an identifiable
virus,

The three types of known virus encephalitis most commonly
recognized in the Unuited States are St. Louis, Eastern equine, and
Western equine. During World War 11 Japanese B also took on
significance because it affected troops and civilians working with
our troops in the Far East and South Pacific. All of these types
occur in eprdemics and all are thought or are known to be trans-
mitted by arthropod vectors.

CHARACTERISTIC POSTENCEPHALITIS
MANIFESTATIONS
There are differences in the gravity of illness, number of
deaths, incidence, and severity of sequelae resulting trom infec-
tion by these different viruses. The greatest damage seems to he
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to the nenous system during its period of very early postnatal
maturation  Most studies show that the highest frequency and
severity of sequelae occur 1 infant pattents, especially those who
are 11l during the first few months of life (Figure 1). The child,
after having reached the age of one year, is much less Iikely to
suffer permanent residuals. Damage 1s to the motor, emotional,
and intellectual spheres Motor sequelae are of the upper motor
neuron type, including the pyramidal, extrapyramidal, and cere-
bellar systems The cranial nerves outside the oculomotor (III,
IV and V1) are not [requently affected Comulsions ave common
sequelae m nfant patients (Figure 2). Some imestigators have
reported a variety of symptom sequelae among older children and
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adults. These include, mainly, headache, sleeplessness, drowsiness,
nervousness, depressed feelings, weakness, fatigability, dizziness,
irritability, excitability, inability to concentrate, forgetfulness,
specch disturbances, difficulty in walking, and tremors These
symptom sequelae are probably more often temporary than per-
manent, lasting usually for a few months to a year or two

STUDILS OF THE SEQUELAE OF VIRAL ENCEPHALITIDES

Research studies of the sequelae of viral encephalitis have
varied in their 2ims, focus, methods, and completeness. Some of
the larger studies have included all patients in whom a diagnosis
of encephalitis has been made epidemiologically and clinically
although confirmation of the etiology in each case has been lack-
mg This might mean that fallacious conclusions have been drawn
Dbecause it has now been shown that encephalitides caused by at
least two Anown viruses and an undetermined number of un-
Lnown viruses may occur 1n the same epidemic.

Studies which have been Iimuted to cases in which the etiology
was proved m each case, have, for the most part, been handicap-
ped because there have been too few patients avatlable for follow-
up, or, for one reason or anather, patients have not been folloved
over a sufficiently long period of ume

Despite these imutations, studies which have been done have
provided some infarmation about postencephalitis manifestations
and serve as guideposts for current and future investigators .

It was during the encephalitis epidemic of 1933 1n Missourt
and Kansas that the St Lows virus was identified. In St. Louls,
over 1,100 cases were reported during this epidemic. Durluvg l‘lC‘
Fall of 1934 a follow-up questionnaire was mailed to 874 patients
Of the 331 pauents who responded, 141 said they felt as » ell_ as
before the attack and seventy-mine reported their heahh. -
prorved Only twenty-two pauents, or 7 per cent, felt physrca]l)’
unable to resume thetr previous occupations and six of these » ere
over winty years of age The imestigators believed that the infir-
mutics of age may have been as important as the residuals of en-
cephalitis 1n renderng these patients physically unable to work.

Thut (wo pattents, or 11 per cent of those who answered the
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questi compl. 1 of lar tremors Based on the in-
formation given by patients in answening the questionnaires, the
authors concluded that the muscular tremors did not suggest
parkinsonism

A group of thirty-one patients were later examined by phy-
sicians and a number of organic difficulties were uncovered
These included speech defect, visual disturbances, difficulty in
walking, double vision, nystagmus, paralysis of one or several ex-
tremities, hemiplegia, convulsions, and altered reflexes The au-
thors did not relate these sequelae to age On the basis of the data
secured on the 331 patients who answered questionnaires, includ-
ing the thirty-one who were examined by physicians, the investt
gators concluded that orgamic residuals occurred in approximate-
Jy 6 per cent of these patients and none were of great severity
Subjective nerous complaints of slight or moderate degree, par-
tricularly headaches, irritability, loss of memory, and drowsiness,
were fairly frequent residnals Difficulty in walling, which was
seldom suffictent to incapacitate the patient, was the most im-
portant disturbance of the motor nervous mechanism

Eastern equine encephalitis 1s usually considered to be the
most severe and to have the highest mortality of the known virus
encephalitides encountered in the United States Eastern equine
more frequently attacks mnfants and children than older persons
and is similar in this respect to Western equine. St Louis infec-
tion, 1n our experience, seldom occurs in infants

A study of sequelae was made following the epidemic of East-
emn equine encephalitis which occurred m Massachusetts in 1938
There were forty-four suspected cases, but, following investiga-
tion, the diagnosis of Eastern equme encephalitis seemed unwar-
ranted in ten cases Tus left thirey four cases, mineteen of which
were confirmed as being caused by the Eastern equine encephali-
tis virus Fifteen others were diagnosed on the basis of the clinical
picture or from the character of the central nervous system Je-
sions About 70 per cent of the patients nere children under ten
years of age The mortality for the thirty-four patients was 74 per
cent The nine suraving pitients were followed up over a period
of nine years Two died and the cause of death was attributable
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directly to sequelae of encephalitis. Three had hemiplegia and
mental deficiency or deterioration with two requiring permanent
hospitalization. One had chronic epilepsy with mental deficiency
and hysterical behavior and in one there were neurologic signs
with some emotional instability. Only one of the nine surviving
patients was known to have recovered. The ninth patient had not
been located **

There have been small outbreaks of Eastern equine encepha-
Irt1s 1n the coastal regions of Texas and Louisiana since the Mass
achusetts epidemic of 1938. In 1955, four cases occurred m Mass-
achusetts which have been reported in the literature Two of
these pattents were infants; one died and the other was lelt with
severe bramn damage.* The other two, who were adults, recovered
without sequelae.*

One of the earliest reports on sequelae of Western equine
encephalits was 1 a paper by ENlund, who investigated an out-
break 1n Minnesota tn 1941, He discussed the clinical findings on
314 cases, and stated that sequelae n adults had not been defimte-
1y established although one instance of marked personality dmngc
had beent observed Mental retardation, convulsions, and spastic
paralysis had been observed 1n four infants. One five year old
child developed quadriplegia and sensory loss.*

Fulton and Burton,’ mmesugating outbreaks of Western
equine encephalitis in Saskatchewan, followed up 101 cases of
laboratory confirmed encephaliis which occurred between the
years 1940 and 1952 and found that fifreen had sequelae. Eight of
the fifteen were referred to as children but the age at onset of the
encephalitis was not gnen These children were diagnosed as hav-
g cerebral palsy, of being mentally retarded, and having eptlep-
e serzures One adult was said to have mental deterlorﬂ!mfl, onc
was under treatment for schizophrenia, two had a suggesuon.of
parkinsonism, one had an anxtety neurosts and another 3 mild
personality change. These authors believed that in children l.he
mental and motor changes show up soon after the illness wl!\fﬂ
mecntal impairment in adules may develop gradually over a pcﬂOd
of a veat o1 niore. .

A study of the sequelae of Western equmne encephalitis was
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improvement might have been noted in these adults had they
been followed for longer than six to eight months.

A study made of Japanese B encephalitis following the Okin-
awan epidemic of 1945° showed a case fatality of approvimately
R5 per cent among the 102 native civilian patients wio were del-
initely diagnosed, About a year Jater thirty-cight sunisors were
examined for clinical evidence of residual damage to the central
nervous system. The investigators believed that their sample of
the surviving pauents was not large enough to ghe conclusive
information regarding sequelae, but they felt they could safely
say that sequelae occurred in not less than 14 per cent. This in-
cidence was higher than that reported by Japanese workers fol-
lowing the larger epidemics of 1924 and 1938, Eleven of the
thinty-eight survivers who were examined shoned nenrologic
sequelae. Ten of the eleven patients lell within the age gronp
ranging from four to fifteen years. Three children were severely
ncapacitated, having marked motor as well as behavior and in-
tellectual impairment. One of these children had comulsions
during the encephalitis attack but no mention is made of any
recurrence after the acute symy bsided The r i
seven patients had difficulties in motor function such as weakness
of orte or more extremities and incoordination. Two patients had
aphasia and one was described as having a mild personality
change All patients with minor residuals gave histories of gradual
improvement and return of function over a period of several
weehs to a few months,

THE CALIFORNIA STUDY*

We are now in the fourth year of our follow-up study of the
641 persons who had Western equine and the 350 persons \\'1151
had St Louis encephalitis during the past twelye years in Cali-

Cinves . » are hnox ¥
* The msesugators for the “Encephalits Clincal Follow-Up Study” are
Fanles \I‘Dg‘ Robert E Cook, M D, John M Harter M D, Rectard J ‘Pa\!(m‘;ll
AD and Naomi Ragge, M S all from the Stanford Unnersity w,m\‘ of el
ane Vwastance 16 given by Archur C Hollister, Jr, M D, Chuef and 4000
Vior T ongshore, Jr, MD Assstant Chicf, Bujeau of Aftte Communcall
Dic s Cahifornia Sate Department of Public Health and by fh s3% &
tneisc toral Caltforni Mealth Diepartments The syus siudics atc corl 07
Wb \nal and Richettssal Duease Laboratory, Califorma State Dep
of Prble Health of which Fdwin H Lennette, MD s Chiel
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forma .Approsimately G0 per cent of these patients have been
exanined in special follow-up dinics—some as many as five or six
tunes at semiannual or annual intenals. In addian, approxi.
mately 150 persons have been exanuned who had a climeal diag.
nosis of encephalitis but for whom taboratory tests for etiology
were tnconclusive.

LOCATION OF CLINICS
Chico Butte County
Marysulle Sutrer Yuha Counties
Woodland  Yolo County
Sacramento  Sacramento County
Puwsburg  Contra Costa County
Stockton San Jouquin County
Modesta Stanislaus County
Merced Merced County
Madera Madera County
Fresno Fresno County
Hanford  Kings County

12 Visaha Tulare County
13 Rakersfield  Kern County

Map thwouzh coustesy of
Water Project Authonity
of the
State of Califorma

Figure 3 Location of encephulitis follow up clintes sn the California General
Valley
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ing the acute iliness There were eleven patients m thes group
who did not have comvulsions during the acute illness and hase
had no consulsions since. OF the children whose age at onsct was
one through four years, seventy-four have been exammed  thuty
had comulsions daring the acute sliness and seven have had ve-
currence. Again, of those who did not have comvulsions during the
acute Hiness, none have had consulsions since. Of the children
aged five through nine years, sivty-two have been exanuned, four-
teen of these had convulsions during the acute iliness and three
fave had a recurrence. In this group also, of those who were free
from com ulsions during the acute illuess, none have had comul
sions since. Generally speakng, therefore, 1t can be said that con
sulsions have recursed in less than one-third of patients who had
comulsions during the acute illness Futhermore, it scems sate to
stue that regardless of age, convnlsions are nnhikely to appear as
sequelze unless comulsians eccurred during the acute illness
{Table 1¥).

“There is evidence from our study that scquelae among the St
LAmus Dbattents are less frequent and less severe than among pa-
tlents who had Western equine encephahitis™ This is 2 werghted
fmdmg. houweser, because all the patients under one year of age,
¥ whom the highest incidence and greatest severity of sequelae
occur, had Western equine mfectians. In Caltfornia, no more
than 19 infants have ever been hnawn to have St Lonrs encepha-
luis (Figure 1y,

The folloning case descriptions itlustrate some of the char-
acteristic postencephalitis manifestations

Case 1. (J R

A sixty-nine year old man has by far the most sevcre neur-
ologic and psychuatnic impastment ol any of the adults in our
study serres

The history dates back to July 21, 1950 when he felt “poarty ”
He had aching wn the eveballs, @ generalied headache, acdung of
the Jounts, and 2 temperature of 101° I' By the following day his
fever reached 104° F wath stll no local/ing sympnoms and no ab-
Rormal physeal findings, By the drd day hys temperatore spiked
10105° ¥ and he became incolicrent end disorienicd e was hos-
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The complement fixation titer for Western equine antibodies rose
from 1:8 to 1:61 over a period of six weeks The patient was coma
tose for eight days. There were tremors of his extremities during
the acute illness bur these disappeared A month or two lolowing
the 1llness he developed some weakness of the entire left arm with-
out sensory disturbance

Upon examination abouc mne months after his iliness, a fine
tremor, particularly of the fourth finger of the left hand, was
noted. There was no rigidity

Two years later ke had no complaints Howeser, ex i
revealed absence of consergence of the eyes and related absence
of reaction of the pupils to accomodation He had a slight hux
definite impairment of swing of the left arm as compared to the
right At trmes the left hand, sometimes just an indavidual finger
and sometimes the whole hand, showed an unnustahable rhyth-
mical parkinsonnan type tremor There was a distinct cogwheel
phenomenon i the lefe biceps In all probability these findings
were of an encephalins etiology. Unfortunately, we will be un-

e resen n Age ¢ onset of
Tigure 5 Case 4 (P M) Present age, years Age 41y )yesrs ar onsi
o { ) fever up to }03'T and

Western equine encephals Cniteally 11l wath v :
«tupor for two to three wecks Pyramidal and cu.r:pymmx(.l duals
put no apparent belavsor retardn Tectual Th.e
athetoid hvperflesion of she right m:{i - d etbo

Also, note the waght bearng on the 'm((:l - 2ce.

raent of the night leg and eversion «
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able to follow this patient as he died in August, 1955, following
a cerebral vascular accident.

Case 4. (I DM)

A four and onc-half year old girl who had Western equine en-
cephalitrs 1n July, 1950 had a severe illness with fever up to 103
F A lumbar puncture was done five days following the onset of
illness and the spinal fluid showed 98 WBC, 26 per cent being
polymorphonuclears There was a rise in complement fixing anu-
body titer for Western equine virus between the acute and con-
valescent blood specimens from less than 1:8 to 1'512. The pa-
tient was hospitalized for almost three weeks and during most of
tus ume was comatose and stuporous. She did not have convul-
stons but upon regaining consciousness it was apptrent that she
had an aphasia as well as a right hemiparests

Upon returning home from the hospital she was imitable,
cluldish 1a her behavior, and still had marked speech impair-
ment Gradually her speech returned and three years following
her 1llness she seemed to be bright, alert, attenuve, and coopera-
tive, however, she had a marked athetoid mosement of the nght
arm as well as athetosis of the nght leg assoctated with some spas-
naty of the right leg

She has been seen penodically m our special encephalitis
climics—the Tast time when she was almost eleven years old or
six and one hall years after her encephalttis She has been making
good progress m school and has adjusted very well to her reman-
ng athetoid difficulry.,

Case 5. (M.P)

A boy of two and onc-half months became 1l on July 19, 1952
and was admutted to the hospatal two days later His fever was
105° F and remamed at a high level for srx days He had fre-
quent comulsions of short duration for four or five days. During
these convulsions his head turned to the right, his eyes rolled
back, and the whole night side of his body was more imohed
than the lefc The convulsions were associated with yvomiting He
also was lethargic, irritable, and had generalized rigidity

‘The spinal flud on the day of admission to the hospital con-
tamned 1,080 WBC, 85 per cent of which were polymorphonu.
clears Sugar was 74 mg %% and quantitatne protemn was 58 mg o7
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Figure 6 Case 5 (MP) Present age, 414 years Age 215 months at onset
of Western cquine encephalius Critically I with feser spiking to 105°F.
for 6 days Frequent comulsions He is now a small, smmatwre, poorly
deseloped child Unable to sit unsupported Marked intellectual impait
ment Spastiaaty and rigidity of all four exeremuties with very Irttle voluntary
control Both pyramidal and extrapyramadal tract signs of all extremnties

Ten davs later a secomdl spinal tap was done and the Auid con-
tained 80 WBC, 68 per cent of wlich were polymarphonuclears
Blood was not drann for sirus studs untl a month after the onset
of the iilness, at which ume the complement fining uter for West-
ern equine virus was 1 256 or more Five months Iater the titer
was 1 512 Blood drawn a year later sull mamtauned a comple-
ment fixing anubody titer of 1-256

This chuld has been seen at regular intervals sinee his illness,
the last examunation being made when he was four and one-half
vears old He 15 a very small, immature, poorh developed child
His head 1s slightly asymmetrical He 1s extremels spastic in all
four extremuties and 1n the trunk Ans shght movement in the
environment causcs ltm to produce a masshike extension reflex.
He 1s unable to sit unsupported and spends most of fus time on
his bach  He makes verv little noise and drools a good deal 1le
has no apparent scizures He has made httle, if any. progress in
mental or motor development. He 1s still being cared for at home
but eventually will require insututional care.
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Cases 6 and 7. (R.C. and T.C.} (See Table I)

Fraternal twin girls who were born on August 2, 1952 became
1t at five diys of age Both were acutely 11l with high fever, leth-
argy, neck nigudity, dehydration, and bulging fontanels

Lumbar puncture on one cltld showed a spinal flud with
695 WIC, of which 58 per cont were polymarphonuclears Sugar
was 61 mg %, and protemn was 210 mg <, The spinal fluid on the
other twin showed 511 WBC, of wluch 76 per cent were polvmor-
phonuclewrs Sugar was 68 mg %, and proten was 238 mg %.

The hospital course for both nfants was stormy Temper-
atures ran from 101° F. to 104" F for three dns They suffered
repeated comulsive eprsodes They were extremely lethargic and
refused formula Chnical improvement was notcd on the seventh
day and they were discharged, apparently well, after thtrtcen days
hospitalization

‘There was 2 f15¢ m complement fixing antibody titer for West:
ern equme virus on blood speaimens taken during the acute and
comvalescent phase of the 1llness in one clild from less than 18
to 1128 and then to 1 512, and 1n the other cluld from less than
18101 16 to 1:256 Blood drawn on the mother showed comple-
ment fixing antibody 1n a titer of 1.128 Without doubt this was
a case of transplacental transmission of the virus from the mother
to the twin infants *

These children hase been examuned at intervals since their
acute 1llness and were last seen at the age of £ years Both children
are extremely restless and have definite neurologic and behavion
resuluals Although both children are walling, they are quite
unsteady One does not talk at all and the other says only a few
words One 15 able to partially feed herself, but the other, who 1s
more sexerely damaged, 15 unable 10 do so becanse of the spastsc
night side Nesther chuld has acquired toilet habits Both continue
t0 have comulsions periodically

SUMMARY

All the known virus encephalitides appear to leave sequelae
m the motor, intellectual, and emotional spheres There 15 con-
siderable variation in the nadence and seventy of the sequelae.
While the difference m svirulence of the different viruses, or the
difference m virulence of the same virus in different epidemucs,
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Figure 6 Case 5. (M.P) Present age, 415 ycars Age 214 months at onset
of Western equine encephalitss Critcally oll with fever spikmg to 105°F
for 6 days Frequent comvulsions He is now A small, immature, poorly
developed child. Unable to sit unsupported Marked intellectunl 1mpait
ment Spasticity and nigichity of all four extremities with very hitle \olu.n.l:f)‘
control Both pyramidal and extrapyramidal tract signs of all extremities,

Ten days later a second spinal tap was done and the fluid con-
tamed 80 WBC, 68 per cent of which were polymorphontclears
Blood was not drawn for virus study untif 2 month after the onsct
of the aliness, at wiuch time the complement fixing titer for \\:csf
ern equine virus was 1 256 or more Fnve months later the titer
was 1 512 Blood drawn a year later sull maintained a comple-
ment fixing antubody trter of 1 256

This child has been scen at regular intersals sinee his illness
the last exammation being made when he was four and onch.ﬂ"
years old. He is a very small, immature, poorly dey claped fhlldr
Fhs head 1s shghtly asymmetrical He s cxtremels spastic in all
four extremities and 1n the trunk Any slight mosement i the
environment causes him to produce a masslike cwcnsirm‘ reflex
He 1s unable to sit unsupported and spends most of his time on
Ins back He malkes very hittle noise and drools & good deal I.IC
has no apparent seizures He has made lutdle, 1f any, progress n
mental or mator desclopment He 1s still beng cared for at home
but eventually will require institutional carc
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Cases 6 and 7. (R.C. and T.C) (Sec Table 1)

Fraternal tnin girls who werc born on August 2, 1952 became
1ll at five days of age Both werc acutely ilt with high fever, leth-
argy, neck rigiduty, dehydrauon, and bulging fontanels

Lumbir puncture on one child showed a sprmal flmd with
695 WBC, of which 58 per cent were palsmorphonuclears Sugar
was 61 mg. % and proten was 200 mg % The spinal fluid on the
other twin showed 511 WBC, of which 76 per cent were polymor-
phonuclears Sugar was 68 mg ©, and protein was 238 mg %

The hospital course for both mfants was stormy ‘Temper-
atures ran from 101° F to 104° T. for three davs They suffered
repeated comulsie episades They were extremels lethargic and
refuscd formula Chimical improsvement was noted on the seventh
day and they were discharged, apparently well, after tnrtcen days
hospitalization

‘There was a rine in complement fixing antibady uter for West-
ern equine virus on blood specimens taken during the acute and
comalescent phase of the 1liness in one child from less than 1-8
to 1 128 and then to 1 512, and in the other chtld from less than
18t 11601256 Rlood drawn on the mother showed comple-
ment fixtng antibody in a titer of 1.128 Without doubt thus nas
a casc of transplacental transmussion of the virus from the mother
to the twin safants *

These children hate been examuned at miervals since their
acute 1llness and were last seen at the age of 4 years Both cinldren
are extremely restless and have definite neurologic and behavioy
residuals  Although both children are walking, they are quite
unsteady One does not talk at all and the other says only a few
words One 15 able to parually feed herself, but the other, who 1s
more severely damaged, 15 unable to do so because of the spastic
night side Neither child has acquired toslet habats Both continue
to have comsulsions periodically

SUMMARY

All the known virus encephalitides appear to leave sequelae
n the motor, mtellectual, and emouonal spheres There is con-
stderable vanation 1n the incidence and severity of the sequelae
While the difference 1n virulence of the different viruses, or the
difference 1n virulence of the same virus in different epmdemtcs
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undoubtedly is a factor in accounting for variations in sequelae,
the factor which is most impressive is the age of the patient at
onset of the encephalitis. Both Eastern and Western equine en-
cephalitis frequently lead to severe sequelac m infant patients
For example, in the California study over 50 per cent of infant
patients—those less than one year of age at onset—who had West-
ern equine encephalitis have been found to have severe sequelae
Japanese B encephalitis also seems to be more damaging to child-
ren than to adults. Reports of sequelae, following Eastern equine
in adults are too limited to be conclusive, but Western equine
does not appear to leave severe sequelae in older children and
adults. Agamn reporting from the Califorma study, in older
children—those between one year of age and adolescence—seque-
Tae from Western equine infection occur in not more than 20
per cent and the residuals are of shight to moderate degree. Seque-
lae occur in less than 20 per cent of adults and in most patients
the restdual effects are of such slight, degree that they are of no
practical significance to the patient.

Follow-up of St Louis encephahtis patients indrcates lIl:'ll
sequelae are infrequent and none are of great severity In Cﬂ]‘lf-
ornia, the St Lows virus only rarely affects infants, which may in
part account for the lower rates of residuals as compared with
Eastern and Western equine encephalitis

Of especial interest 1s the occursence and recurrence of con-
vulsions In our California study, convulsions during the acute
tlness occurred with decreasing frequency as age ncreased—itt
90 per cent of patients under one year of age, in 41 per cent of
pattents one through four years, mn 23 per cent of the five lhfn"#"
nme year olds, and ravely in adules Recurrences also occut in de-
creastng proportions It is not known how long a lapse may occur
between the acute illness and the onsct of cons ulsions 23 a sequela.
It will be of interest to follow patients who were 1ll in wnfancy
through therr adolescent years to learn if convulstons appear. It
seems safe to say that regardless of age, convulsions are l.mlll:])'
to appear as sequelae unless coniulsions occurred during the
acute illness
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DISCUSSION OF DR. FINLEY'S PAPLR

D1 Earle, Galveston, Texas: Have any of your children shown
any progressie advancing picture, and do you believe there 1s
any such thing as chronic viral encephalitis®

Dr Finley None of our children have shown a chronic pro-
gressive picture I pointed out that some of the children, par-
ticularly mnfants, will not appear to be too severely handicapped
when they leave the hospital, but later will I beheve it is not so
much a problem of progresston, as 1t 1s our mability to observe
the results of the CN'S damage until the child 1s older and we find
that he 15 unable to cope with the mncreastng demands in his en-
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e e o st et
: pattern in the encephalitis cansed by
the Western equine or St. Louis viruses.
Dr. Fields, Houston, Texas: In Guam, during December 1936,
? saw about a half dozen patients who had had encephalitis dur-
ing the epidemic of 1947/48, both Japanese B and mumps sari-
eties, some witl both infections simultaneously. The presttmption
is that those who had encephalitic sequelac had them as a resuft
of the Japanese I rather than the mumps imasion of the nervous
system. There is a survey undernay now to determine what per-
centage of these patients did suffer sequelae in the long term.
Some have died; tvo or three who died were subsequently re-
ported to have developed parkinsontsm during the period be-
tween 1918 and 1956
Dr Jones, $t Lows, Missouri: T had the experience of foliow-
ing numerous patients during and after the epidemic of lethargic
encephahitts which occurred in this country between 1919 and
1925 Many of these patients exhibied a sariety of neurologic
states—so-called residuals These residuals were marked from time
to ttme by exacerbations and changing symptomatology. In our
experience m the St Louws area, the most common chronic Tesi-
dual was the Parlinson syndrome In addition, ne saw other
forms of spontaneous movements and oculogyric crises
The “organu” mental syndrome 0 common in lethargic or
winter encephalitis, was noted mfrequently in the St Louis en-
cephaliss eprdenncs of 1933 and 1937 Our expersence has alo
wdicated that the so<alled ressiduals of St Louis encephalitis are
nconsequential in compartson with those secn m the Jethargic
type I do not know of a single case of parhipsomsm having been
reported after cither the 1933 or 1937 epidemics in St Louis
(see Jones, A B and Borals, G § 1937 St Louis Epidemic of
Encephahtis | Massouri State Med Assn pp 57, Januany,
1940}
Dr [imley- We base observed about 200 adults for four years
to tnelve years

and some 6ifty or so others at mtenals fro
following their encephalitis atiacks, and possible ex

ceptions we have obse sarkinsonist



PATHOLOGY OF VIRAL DISEASE IN MAN
CHARACTERIZED BY NUCLEAR
INCLUSIONS

With Emphasis on Herpes Simplex and Subacute
Inclusion Encephalitis
WEBB HAYVMARER, M D
Armed Forees Institute of Pathology, W ashington, D €
MarGarer G Svrr, M D.
Washmgton Unswersity School of Medicne, St Lowss, Missours
Lupbo vay BoGaErT, M D,
Institut Bunge, Berchem-Anvers, Belgrum
AND
CoLEMAN DE CHENAR, M D
Austin State Hospral, Austin, Texas

Tes presentation 1s concerned with viral diseases characterized
by the presence of nuclear inclusions, but emphasis 1s given those
n which the central nervous system 1s afiected Certain pulmon-
ary infections are dealt with because the cases reported have been
too few to permut the neurotropic potentialities of therr causative
agents to be ruled out Salnary gland virus disease is included for
purposes of differential diagnosis

The subdinision of viral nuclear inclusions into Types A and
B by Cowdry” still serves a useful purpose Type A homogeneous
mclustons usually 11 the nucleus, though a narrow clear space,
or halo, may be seen between inclusion and nuclear membrane
The nucleolus 1s usually displaced to the pcnphery of (l\c nucleus

In the brain the are exther P or hil

with a dull red cast, while 1n other organs they are usually eosin-
ophilic The nuclear membrane 1s thickened as the Tesult of the
ace of basct basophul

chromaun), often in
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Cont on next page
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a bead-like fashion, along its inner border (Figs. 14, 11} and 5D).
Type A granular inclusions vary in size and do not fill the nu-
cleus They are frequently dispersed in irregular clamps. .\ wide
halo often surrounds the inclusion, and beaded marginated
basichromatn 1s usually to be found on the nuclear membrane
(Figs 1C and 5E). In the brain the inclusions are eosimophihc,
amphophilic or basoplnlic, while elsenwhere, as in the shin and
Inver, they are usually eosinophilic, Among the structures which
are hkely to be musinterpreted as inclusions are degenerating
plasima cells (Fig 1D).

In a study of the inclusions of herpes simplex by electron
microscopy, Morgan and his assoclates” noted that the homo-
geneous inclusions form during an early stage of infection of the
cell, with mynad elementary bodies occupying the nucleus, while
m granular inclusions elementary bodies are few or absent From
these obsenations they concluded that granular inclusions repre-
sent a relatnely late stage of inclusion formation The develop-
ment of inclusions being a dynamic process,” it is understand-
able that 1n any given case there may be forms intermedrate be-
tween homogeneous and granular inclusions Many of the nene
cells 1n which inclusions oceur are pale and shrunken or other-
wise distorted, and 1n time cytoplasm and nucleus both become
more and more ghostlike and disappear,

Type A nuclear inclusions are to be found in the nervous

- Figure 1-Con't

droglial cell (left), and another n the nucleus of a nene cell (nghty €
Type A nuclear granular inctusions 1 nenve cells Perpherally displaced
nucleoh arc 1o be seen i 4, B and € Al X 1460 D From a case of B
virus encephalitis allustrated in Figure 4, showing a degenerated plasma
cell imulating a nuclear inclusion The cytoplasm of the cell 15 swollen and
homogeneous and the nuclens (in the form of a crescent) 15 displaced to
the peniphery X 630 4D, hematosyhineosn stum £ Type B nuclear
thclusion 1n a nerve cell of the anterior horn of the spinal cord in a monkey
vtk poliomyelius The nucleolus lies beneath the inclusion Hemataxylin-
cosn azure stam X810 (Courtesy of Dr A B Sabin, Cincinnati)
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system under a number of conditions In herpes simplex encepha-
litis and in subacute inclusion encephaltis they deselop in nere
cells and oligodendrogha, and in the latter cells are found fairly
consistently in both grey and white matter Under both cond-
tions, but far more often in the subacute than in the acute form,
the cytoplasm of nerve cells contains eosinophilic mnclusions of
various sizes and shapes which are either single or multiple and
only occasionally surrounded by a halo (Fig. 14). One of us (L.
v. B.) has also found characteristic eosinoplic cytoplasmic in-
clusions in 2 cases of subacute sclerosing Jeukoencephalitis Differ-
ences in the nuclear inclusions in herpes simplex encephalitis and
subacute inclusion encephalitis have been described by I'oley and
Williams.® As brought out under Discussion, we, too, hne ob-
served differences, but they were mostly of a quantitative nature.
In chickenpox—herpes zoster, nuclear inclusions sometimes occur
in the spinal peripheral nervous system and in the autonomic
system (Fig 2) In salivary gland virus discase the cell of the
nervous system chiefly affected is the subependymal astrocyte
(F1g. 3), and 1n some cases there may be mclusions in nervé cells
of the cerebral cortex as well

Type B inclusions are homogencous and spherical, single or
multiple, and 1n nerve cells are seldom larger than the nnclcuI.m
Nuclear chromattn around the nclusions is destroyed, producing
ahalo The inclusion does not displace the nucleolus An example
of a Type B inclusion from a monkey with po]iomyeluis.ii sty
ated in Figure 1E Believing them to be normal chromatin niasses:
Wolf and Orton™ questioned their specificity. Hurst” then sct
down characteristics which, he contended, distinguish the two

1. INTERSTITIAL PNEUMONIAS

Grant-Cell Prewmonta with Nuclear Inclustons (Heeht). This
disease, a pncumonitis of undeternuned etiology—although prt‘s‘
sumably viral~occurs almost always 1n cluldren un({e;i the age "r
2 years * Multinucleated giant cells form from the lining cells nl
alieolar walls and from epithelal cells of alveolar ducts and
bronchioles  Relatively large granular or hnnmgcncmu'cmlll:
oplulic inclusions indistinguishable from those of herpes simple
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are present in the nuclei not only of giant cells but also of smaller
mononuclear cells Eosinophulic inclusions are also to be found 1n
the cytoplasm; they are usually multiple and of various sizes
Giant<ell pneumonia with nuclear and ¢ytoplasmic inclusions
Las been observed in association with measles” and whooping
cough.’ It has been suggested that the virus of giantcell pneu-
monia may be the same as that of measles™ We have examined
the brain in several cases of giant-cell pneumonia, but have found
no inclusions.

Giant-Cell Pneumonia with Cytoplasmic Inclusions (Adams) .
Thus form of pnewmoma, occurring in children, is much the sane
as that just descibed Inclusions are, however, exclusirvely cyto-
plasmic, they are present in alyeolar hining cells and in giant
cells** No etiological agent has heen found

Tirus Preumoma in Infants (Goodpasture}. This form of
pneumona, characterized by the presence of nuclear inclusions
mn alveolar, bronchial and tracheal epithelial cells, was encoun-
tered by Goodpasture and his assaciates” i 5 nfants ut central
Tennessee The inclusions closely simulated those seen in herpes
simplex mfection An attempt to isolate the virus in one of these
cases was unsuccessful Three of the cases occurred in association
with measles and a fourth with whooping cough, though in the
lawer, Haemoplulus pertussts was not cultured from the lunss,
nor could the pulmonary lesions of wWhooping cough be demon-
strated at autopsy In a personal commumcation to the authors,
Dr Goodpasture ed the possibility that the | a
in the infants he and his associates desenibed may have been due
to the measles virus

2. CHICRENPOX—HERPES ZOSTER

The iruses of chichenpox and herpes zoster appear to be
serologically identical,” and resemble each other closely under
the electron microscope ™ The inclusions observed in these two
diseases are practically identical with those occurrmg in herpes
sumplex In studees of mfection of human shin grafted on the
chortoallantoss of chick embryos, Goodpasture and Anderson®
observed that the nuclear inclusions in herpes simplex infection,
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as contrasted with those in herpes zoster, become much larger,
fill the nucleus, and acquire a basophilic stining reaction. Size
and tinctorial properties are, however, not always a distinguish-
ing feature, for large basophilic nuclear inclusions as well as
shrunken eosinophulic ones have been found in the skin herpes
zoster.™

In chickenpox, nclusions occur chiefly in prickle cells of the
eprdermis, though they have been noted also in the vascular
endothelitm and in various cells of the corium.” The mchusions
are nuclear, relatively large, and either eosmophilic or basophulic
‘They are indistinguishable from the inclustons of herpes simplex
Smalier ones have been found in the cytoplasm.®”

In occasional instances of chichenpox in infants and young
adults (and occastonally in old adultsy, inclusions develop in
macrophages, septal cells and bronchiolar epithelium of the hung
in association with pneumonitis, or they are more widespread,
occurting variously in the esophagus, pancreas, adrenal, Tier,
renal pelvis, ureter, and bladder.”* ¥ Disseminated lesions Limited
to viscera and other hodily structures may also occur congemtal:
Iy * Inclusions have not been found in the brain in post chicken-
pox encephalitis * o

In herpes zoster m children and adults, the pathological Plv(-
tuse af the cutaneous lestons 1s the same as in chickenpox No
inclusions have been found 1 the central nervous system, ak
though ntense mflammatory changes may develop in the pos-
terior oot system and posterior grey and white matter of the
spmal cord together with sparse lesions in the anterior ATy
matrer medulla oblongata and pons (betwcen xh? nucleus am-
Brguus and the spinal nucleus of the Vil nerve and in the nuctens
of the VIIth nerve} ® Nuclear inclusions have, howeier, been
obsenved in the peripheral nervous system

Cheatham” has (ound inclustons sn the peripheral neryous system :i:
50-year-old white woman with Hodgkin's discase who had received 2 n"me
of Xradinuon and some two months later, muragen mustd A band e
vesiculating rash appeared 10 the one of Th 12 on the right side )’1;“’“""“
umbiftcus on ta the back, and a promincat sestculir eruptinn oier the ¢

Lre
body A similar band was found on the left Deth occurred on the Lf:rl:"‘ p
after the first manifcstations of the infection Aficroscapic examin:
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the shin revealed the classical lesions of herpes zoster, with Type A inclus
jons within epithelial cells 1n and about the vesicles A few were also seen
withm neuridemmal cells of small nene twigs Sections [rom the esophagus
reveated them n cells of the mucous membrane In the stomach, neir s
junction with the esophagus, neuritis was evident both 1n the submucosal and
myenteric plexuses and at the cardia rather numerous nerse cells of the
myenterie plexus contained nuclear aclusions  Inclusions of this kind were
ako found in capsular cells of a dors! oot ganghon and m a sympathenc
ganghion at the same leel They were abo observed 1 cells of the adrenal
medulla, pancreas, and one ovary.

Cheatham and his associites™ recorded another case in which inclusions
were relatnely widesprerd The pauent, a 4 yearold white boy, contracted
chickenpox while under methotresate therapy for disseminated neuro.
blastoma The sesicles continued to appear for 17 days, at which time death
occurred Nuclear inclustons were found in the myentene ploxus (Fig 24),
adrenal medulla, capsular cells of the four thoracic dorsal root ganglta which
were selected for examinition (Fig 2B). and 10 occastonal dorsal root gang-
lhon cells, where they were surrounded by a halo (Fig 2C). Inclusions were
also observed 10 skin and numerous viscera No inclusions were found in the
central nervous system

3. SALIVARY GLAND VIRUS INTLCTIO;
(CYTOMEGALIC INCLUSION DISEASE)

‘The causative agent of salnary gland virus infection has now
been isolated 1 human tissue culture in 4 cases of infection in the
newborn mfant ™™ This disease occasionally occurs in adults as

v necrotizing t itis, focal gastr [ ulceration, or in a
disseminated form*® In older mnfants and young children inter-
stitial pneumonia 15 one of the commonest mamfestations of the
disease and an association with whooping cough has been fre-
quently reported =**** The disease may also occur in young in.
fants 1n association with interstitial plasma-cell pneumoma, and
under such conditions the brain has been found strikingly affec-
ted™

The generalized form of the disease is seen charactenstically
1n newborn and young infants and less frequently in older infants
and young children The inclusions, present in the nucleus and
frequently 1n the cytoplasm as well, are found most commonly in
epithehal cells of the Lidney, liver, pancreas and pituitary gland,
and in lming alveolar cells of the lung The affected cells become
enormous  The nuclear nclusions are correspondingly large,

& "})(b Nedrcal ©ollege:
© {GRARY, JAIFUT.
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Figure 2  Chickenpox—herpes zoster, showing nuclear inclusions (d) i’l’
nerve cells of the myenteric plexus, (B) i capsular cells around dorsil
root ganglion cells, 2nd (C) in one dorsal root ganglion cell Arrows indi-

cate some of the inclusions, In € ~
cell shows severe cytoplasmec dege v
¢cosin stain (Courtesy of Dr *

esther eosinoplnlic, amphophilic or basoplulic, and they often
have a granular qualty. They are surrounded by a halo, and
basichromaun forms bead-ike on the nuclear membrane Cyto-
plastic inclustons are small and numerous; they are usually baso-
phthic and lack a halo ™™ 3

The central nersous system has been affected nn!)’ in the
neonatal period, up to approximately 2 months after b.mh‘ '{;hﬂc
periventricular matrix of the wall of the Iateral ventricle (‘ 13
A} and the olfactory tract are the sites of predilection. Ca)r}l;n:
and 1ron salts are deposited mn the walls of the Jateral ventsicic:



Pathology of Viral Disease 1 Man 103
and are readily visible roentgenographically. The inclusious are
present cluefly m astrocytes of the subependymal matriy (Figs
3B and 3C) and less commonly in endothelat and advemitial
cells of blood vessels  In a case ohserved hy one of us (M. G, $),
they were found 1 numerous nerve cells of the cortex, Polymcro-
gynia and hypoplasia of the cerebellum have occasionally been ob-
served in thus disease ™
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Figure $ Sainary gland wirus encephibius { Great overgrowth of the
subependymal matrix of the wall of the Lateral ventricle The original surface
of the lateral ventricle 15 andicated by the brohen row of ependymal epithel
1l cells near top of photograph Some of the lirger, darkerstaming structures
n the deeper part of the matrix are inclusion bearyng cells X 70 B Enlarged
subependymal astrocyte, showing nuclear inclusion X 1080 € A probable
astrocyte showing 2 large wicluion n the nuclens and myeiad wey wnchss
1ons m the atoplism X 1080 \ll staned by hrmutosihin eosin (From
Haymaker ef al ")
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Figure 4 Transverse mihitn
ment of the spinal cord, showing

-

Cont on next page
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4. B VIRUS INFECTION

“This disease was so named because the surname of the first
casmaliy, 2 physican working on poliomyelitis, began with the
letter B Three fatal cases are known to have occurred

The first infection occurred in 1931 The i estigator, aged 20 years, was
Ditten on the fingers by an apparemly normal monkey which harbored the
virus 10 uts saina® Death occurred 18 days later Focal necrosis was noted in
regional lymph nodes, spleen and adrenals The most striking changes in the
nervous system consised of transserse myehits at upper thoracic and lower
cervical levels, with refatnely severe imolvement of the posterior columns
and horns (in the form of necrosis) (Fig 4%) and pronounced inflammatory

wirus after the first letter of the patient's gnen name”

A second fatal infection with the B sirus was reported in 1949° While
opemung a can of perucdim, 2 physican cut his right index fingee He then
fed a monkey by stomach tube and contracted the imfection from the monkey's

they were easily rerognized in the brams of rabhuts inoculated with mater-
1l obtaimed from an affected nght axiltins lymph node and central nerous
system The virus tecovered [rom chis patient was neutralized by 2 specific
Bvirus antiserum

A third fatal infection of the same type, following a monkey bite, has

recently occurred in a laboratory in Pennsyhania, but has not yet been pub-
lished ®

Figure 4—Cont

spinal segment, abundant cells perivasculatly and
cells of a sumlar natore 2 well as acuvated gl T b whie mater, The
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5. ACUTE ENCEPHALITIS IN INCLUSION DISCASE OF THE
HERPLS SIMPLEX TYPE IN INFANTS UNDLR ONE YEAR
OF AGL

Dissemnated Infection. Herpes simplex viremia accounts for
the disseminated lesions of a necrotic and specific nature seen
occasionally in young infants Premature infants are most predis
posed. The infection, which can someumes be traced to exposure
ol the infant to herpetic vesicles in the mother’s vulva, becomes
apparent a few days after birth, usually the fifth to seventh d1y
Disseminated infection may also oniginate from eruptions in the
infant’s mouth, conjunctival sac, or skin* Characteristically the
liner and the adrenal cortex undergo necrosis, an obseriation
which led Hass,” in the first description of the diseasc in infants,
to call the disorder “hepato-adrenal necrosis with intranuclear
mclusion bodies,” Other structures which may be affected include
the spleen, Iung, esophagus, stomach, and less commonly, hidney,
bone matrow, lymph nodes, and brain. Isolation of the virus from
affected organs has been reported in 2 cases,” ™ and onc of us (M.
G S) has isolated the virus from the viscera in 2 unpuhli;hed
cases
Zuclzer and Stulberg™ have recounted 8 cases af this form of
the discase Ages at onset were a few days after birth in 5, and be-
tween 3 weeks and 32 months m the others Lesions were uidc“)’
dissemated 1n the viscera in all 8 cases. Rather minor changes i
the central nervous system were observed in 4 of them.

In Case 1 there were small focal lesions 1n the medulla oblongata char:
wtenized by the presence of ivasne mononucderr cells, acanated ght and
a few Icukocites Newronophagic nodules were scen chiefly m the n!k'rmr
olsary nucler In Case 2 x single facus of the sume Lind was noted in the
medulla oblongata, and i Case 3. a similar tiny focus an the pons Nuclear
snclusions were found m nerve cells and gl i Cases 1 and 2 hut no refer
ence was made to them 1 Case 3 In Case 5 the lesion was imited to the
cercbral white matter and consisted of necrosis of smll blood yvessels accomp-
ansed by perascular hemorthiges No anflimmatary cells were ohserved
Nucleat sn¢lusins weze found in a fev, pernasculsr ght

In our series there were 2 cases of disseminated ulfenin‘n of
the herpes simplex type (Cases 1 and 2 m Table b In neither
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142 I'iral Encephalitis

the neck and muscular weakness and flaccidity or spasticity were
common, Hemiparesis or hemiplegia was noted in 12 cases, and
even more frequently a positise Babinski response unilaterally or
bilaterally. Acute esophageal ulceration with hemorrhage was ob-
served post mortem in one case (Case 24) .

Seizures of one hind or another occurred in 24 casess comul
sive (19 cases), jacksonian (9), and psychomotor (1; Case 33).
Hallucinations were complained of in 4 (Cases 10, 12, 25 and
35), and déja vu episodes in 1 (Case 32), the Jatter consisting of
rapid recollection of all illnesses during the previous 10 years
One patient had attacks of sudden stiffness of the body and un-
consciousness for several minutes (Case 32), and another, epi-
sodes of coughing which were followed by cyanosis and loss of
consciousness (Case 36)

Muscular hyperactivity, spasms, hyperkinesias and the Iike
frequently formed a part of the clinical picture, CSPL’CI‘.‘I"}" n
later stages of the disease. Thus, there was muscular fibrillation,
or twitching. in one region or another (Cases 18, 19, 22, 26 and
38), laryngeal spasms (Case 26), myoclonic contractions of Qe
Iids, lips and upper limbs (Case 31), luccup (Cases 6, 10, 18, 25
and 37), jerhing automatic or purposeless movements (Cascs:.’%
and 33), chorepathetotic mosements of an upper limb (Case 37}
tremor wn one hand (Case 18), generalized tremulousness (Cases
15 and 32), horzontal nystagmus (Cases 18 and 21), and dev-
ation of the head (Case 31) or eyes to one side (Cases 16, 20, 21,
24, 26 and 34)

Palstes 1 the realm of cramal nerves I11 IV and VI were al{(’
observed anisocorta (7 cases), fuppus (Cases 2 and 23), ptost
(Casc 6), and strabismus (Cases 13, 22, 20 and 35) Parual tul
bar palsy was noted 1n 4 cases (Cases 19, 29 and 3$6), and full-
blown bulisar palsy associated widds tntercostal paralysts i 1 {Case
33)
Further climcal mamfestations were positive grasp rf‘ﬂt‘f
(Cases 18, 21 and 31). opisthotonos (Case 6) muscular nguhl"y
(Cases 22, 26 and 27) (nIich, m Case 22, was associaterd 1\1(;
trismus), vertigo (Case 7). pans in the limbs (Case 10).nr nec
(Case 32) and sevcre umlateral Inperpathir (Case 35 One
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Figure 9 (Case 1, Table 1, durauion of allncss, 5 days) ‘\tu{“l‘":iﬁ"‘;‘r‘;;
of the hexpes simplex spe, show g hemorhag seftcnng of the sempore
lobes, posterior asbital gyn, and the region of the lateral (t(:: e corpus
mcluding the snsulae The grus angult and adjcent part af e EHFE
callowm are alss affccted  (Courss of De (¢ Sachdorp

Germany )



Cither uniy ¥ or b:lnlcmll;. Itemng Tred 1 the
Ocipital b ), pa ieta] |, be Cases), s. 8anghy»
(Case /B lhnlamux (Cases 17 d 27), € ey, (Caseg
2Sang o Plttame,, a bus Palliqyg (Case » leny,
clar Teus Ogethe, With o, joinyy, 4 May, Is¢s 20
nd 34 . t septay "gil nd S accyy, N5 sepyy
Cases 11, 13 More eSprea , i €hing f ¢ Tam
of ope or botpy sid, S Noteg 8rossty in " Istanceg the brag,
s 5379 0 be MUshy iy Case 2, semlhquixl in Case 25, ang Rela.
tinoyy in Case 32,

" nu':ro.rm/)ic cxamirm/ian, the mcmn,','cs [requemly shoy eq
s

€I, and, e, ace; muhu’uns Jig (edenm)

fluiq ; the 5 chnoid.zl eshes Me, geal Nalay te, cop.
isling of 1y hoc)tcs Plasmy cells lar sheagyg nd
prtdomimntl of ages in hno,; 5, nag pro
Rounceq in gions Ttical . n, “Quenyy, seen
in lilnitcdamoumo pparemly haffe, rebral oy, and
Aoypg he Cerebeyy braj; Stem, and g d, a5 dowy,
s Tumy, T Segmen, (Case » ) 3 'eurroplnl 1 €S tere o Iy
Oy, Rally o countercd Th, i T of cepyy ;. Ningea;
S¥udy e dig em ¢ nge Wi, time, ases of g, ger

Tation, Macroy, 8es v ere so; S relagy g, T€ Nume, ous
The i, Y Teace;, " hared |, h Plex.
""-_e\t W periy g ul. Phocy,, Toma 4

Csiop, I X

Asirg ing ang Constap, fearyre inaf . Cases 144 Pecrosys op
I tem Corgey accompanied b tissyea breakdonn The Jes.
Tong Yere xmmIly Mmog pmnounccd subpm"y mn Upper lamm.zc
ang Per'\ascula 1 in Middye and Joy o lamup, 4 an,
’OB)- hith | Minae J T ang v often the sites f by edilects,, I
Meroys Pe; Baseylyy focr o, Tarefacy, SIS eithey
otteq dam,, 1nds, "Minacep, Fig 2
laminar dis Tibugse, BN Uch for;, disiy “STation of
Rene <elly Macropy, 8¢5 was o n pr s g
ang j, Tas ithi, Jacent ¢, g, foci thye Nuc), inclusiom
ere Oftep, fre Corticyy € Was ngp indusl'vc,
’DPOrcan ! 105t Of deyag, ted r, Were spareq



146 Vral Encephalis

ARG et T SR
L e

4 (Case 3. Toble I duration of iliness, 7 daw).- iy‘b’;‘
profound breakdown of the corten with mllmniﬂ  be
nonudlear cells mam of them mcrophazes. THe gpm
boent divruptedd, allowing ingress of flammatory cells ""'o.lb(‘-?gnv'i"l:
oty \ brewkthrough of pernascular mflammatory cells irs !;m fel
substance n lower part of photograph) is alw swsible. X0 l"‘3 i
miker?) £ (Case 12 duration of illnew, 11 d.t\s)A ll‘;”"_’ )
fummic of the cerebral cortes., showing profound infazrored
gl rewnon around 2 ven The pernascular space contaiz "(«! ]
! in onc region in purticular (arrowy, where e ¥

Higure 10
wartey, showing
awnbers of mon

tond vell, and Yen R
™ hevrotic mam cells have broken through intn the ::ﬂ":"—’ are
e X100 { and B hematoxvshineosin st € {Case Pyphen

N
of allnew 5 davs) Cerebral contex, showing num‘::"-"-;wr?
PR adpcent o the wall of a Larze semn (top of the

N5 Oilred O stin




Pathology of Viral Disease m Man 47

ey

-

px e

U

‘
2
3

B

Fgu 11 (Cawe 2, Table 11 duration of fllpess 6 dus) 4 Joct of rar-
faction necrosts an cerebral cortex Two of the foct are rclated to vessels,
around one of which 2 hemarrhage has accurred Many of the nerve cells
exhibic extreme pykaosis The mennges show numerous mononuclear
cells, mostty hymphncytes X35 B A focus of rarclaction necrosis m the
mbcaltosat gyrus, contuning macrophages some of which are disintegrat.
ing ‘There were mclusions n numerous nenve cells adgacent to this focus
X300 Both staned by hematoxshn and easin

The cortex at the depths of sulcs frequently suffesed somewhat
mote severely and, 1n some cases, more frequently than the cor-
tex of the crests of gyn

Smah hemorrhages, usually perascular and often extending
Into the adjacent damaged nerous tissue, were very common In
5 cases the hemorrhages s ere relatn ely large

Suzeable hemorrhage was present in the putamen i Case 9 (Table Ij,
10 the brachiim conjuncusum and pars baulanis pontis 1n Casz 10 (Table
1), 1n the putamen, amygdata and nuckeus accumbens septi (from 2x2
MM to 18% 10 mm) in Case 4 (Table 1) mn the subcortical white mar
‘& and cortex, with break through into the subarachnoid space n Case
15 (Table 11y, and in the middle third of the pars basilaris ponus
Case 32 (Table 1)
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Tigure 14 {Case 7, Table 11, durwtion of liness, 9 d |)s). Rmcll\: (R"&Y:IT
n the cerebral cortex, 4, Proliferated cells 1 the subpial regio o).
¥ith similar features 15 1o be noted in the subarachnoid sp:m,h'b o
X450 B Cens Mighly stmular (o those oA are present P”;”T;.Mu ot
diffusely These cells may Tepresent both proliferated oligod L‘v;l {,{.m"
migrated ameboid cells X165 Both stamerd by hematonyhin.
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Figure 15 (Case 29, Table 11, duration of dlness, 17 days) A. Middle

Jaminze of cerebral cortex, showing 2 few cells 1n the sheath of large and

small vessels, enlarged astrocytic nucles (arvows), and rod shaped cells

Most of the nene «lls have disappeared X 100 B. Loner laminae of the

cerebral cortex Cell nodules, apparently neuronophagic in character, and

conniderable Yoss of nerse cells There are only a few astrocytes and rod-
shaped cells X 110, Eoth stasned by hematoxylin-cosin

m regions of damaged temporal cortex as early as the 10th day
{Case 9), and were seen in many of the cases from the 12th day
onward

With the passage of time the pathological picture, mn some
cases at least, was more and more variegated Whether this nas
due to differing intensity of nsult occurring simultaneously m
different regions or to repeated recrudescence ot insuit could not
be derided, though the latter seemed most likely

For example, i Case 22, of 14 days’ duration, exammation of differ-
ent parts of affected cerebral cortex revealed the following patterns (1)
Cortex extremely spangy wuth foar of rarefaction necrosty, many nerve
&ells and gha necrotic, pracucally no mesenchymal or ghal reaction, (2)
relatvely I foc of ussue breakdown with amebaid-<ell veaction,
and, especaally in superficial laminae, dense astrocytasis, also many collec-
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Figure 17 Perisascular changes in the cerehral white matter 4 (Case

Table 17, duration of dlness, j7 days). Vessel in the subcortical wh
matter, with smajy mononuclears, including ameboid cells, in ats sheal
Some ameboid and roq shaped cells are presemt 1n the surrounding whi
matter Afost of these are believed to have arnen from the rasculr .shral
rather than from, Hortega microgha X 305 {Case 2, duraton of illnes
6 days) Subcoruical whyte mitter - Lymphocytes prevail about much o
the vesse], €XCept at one enq, where, i the regron of 1masion of lhc'uhn[w
matter, the celly are deaidedly pleomorphic (ameboid histiocytes). X 305
C (Case 31, duration of Winess, 25 duys)  Subcortical white matter Large
Perivascular collectrons of monontclear cclls with invasion of surroundings
0d reaction on the Part of gl Simular foci were present somewhat deepet

mn the whyee matter X150 All stained by hematoxyhin-cosin

Parictal regron (Cases | and 31) Case 16 was of nterest m that
white magger beneath sev erely damaged cortex had broken dnuln
MO g5ty cavites, but only two blocks from the brain were aval

able and the Tegion of the cortex from which they were ”.}m
wasunkonn [p occasional cases of longer duration (e, Case 21)
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astrocytic nucler were enlarged, numerous fibrillary astrocytes,
positise in Holzer crystal-violet-stained preparations, had formed
at considerable distances decp in the white matter. Only rarely
inourcases (e g, Case 2) was there significant involvement of the
white matter i regions where the cerebral cortex was relatively
spared

Other regions of the brain were sigmficantly affected, but not
as consistently as the temporal cortex. The part of the brain which
stood out because of the frequency and severity with which it
was damaged was that at the level of the antenor petforated sub-
stance The structures affected, though in various combinations,
were the ventral part of the septum pellucidum, subcallosal and
parolfactory gyri, anterior commissure (median part), nucleus
accumbens septi (“olfactory striatum™), sublenticular or sub-
pallidal tissue, anterior perforated substance, and amygdala In
all 16 cases 1n which representative sections from these structures
were available for study, the lestons were striling and consisted,
variously, of perivascular damage of tissue with tniaston by ame.
bord cells from neighboring vascular sheaths, more or Jess wide-
spread nervecell necrosis, patchy tissue breakdonn and, from
about the 12th day onward, astrocytosts and appearance of rod-
shaped cells The anterior perforated substance was damaged in
12 of the 16 cases, mostly 1n its lateral part, and the amygdala in
1L, wath the most pronounced change dorsally As a rule, these
structures were affected bilaterally, but in different degree

The thalamus came next in frequency of myolsement, though
pernascular inflammatory-cell changes in the subependymal ussue
were common The changes in the thalamus, of the same general
hature as those just recounted, were relatively slight or moderate
s half the cases, and severe in the other half ‘The medial nuclei
and pulvinar were the sites of predilection The hypothalamus
was usually affected 1n moderate degree, with the chief changes
consisting of inflammatory cells perivascularly, occasional break-
down of perivascular tissue, and occasional neuronophagic or
ghomesenchymal nodules There were no special sites of pre-
dilection, though occasionally the lestons were most prommenz
i the dorsal part of the hypothal F of
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chymal cell nodules and diffuse imaston of the tissue by ameboid
cells were seen 1 the supraoptic nucleus and neurohypophysis in
one mstance (Case 15) (Fig. 19). Along the ventricular surface
of the head of the eaudate nucleus, perisascular lymphocytes were
fairly common, but the nucleus 1tself was severely affected 1n only
2 cases, shghtly affected in about half the cases, and not at all
G The putamen was somenhat more often damaged, usually
laterally, ip relation to neerotic insula and claustrum, or ventral-
1y, near damaged sublenticular tissue. s to the globus pallidus,
it was often spared, and when imoled, usuatly showed acute
nerve-cell damage In 5 cases 1t was severely affected. usually by
contiguity from damaged sublenticular tissue. The subthalamus
contained lesions in only occasional cases, and the geniculate
bodies, too, the medial more often than the lateral Thus, the
lesions decreased significantly in the direction of the midbrain
On the whole, the bran stem was comparatisely little affected
except for the pars basilaris pontis There was no apparent mn-
crease 1n the severity of the lesions in the brain stem with time
Nene cells, in general, showed lttle cvidence of regressive
changes The midbrain was spared in about one-third of the cases
Ofiten there was little more than scattered perivascular collecuons
of lymphocytes and ameboid cells, with the latter now and then

Figure 18 (Casc 10, Table I1 duration of illness, 10 days) A Flemispherc
stamned by cresyl echt violet, showing necrosis of practically all the temp-
oral cortex and widespread dimage of the white matter, as mamifested by
an opaque quility Many of the vessels are surrounded by inflammatory
cells. Other parts of the cortex are also affecied  the posterior orbital cortex
the gyrus anguli (and subjacent white matter), the adjacent medial
frontal gyrus, the mddle frontal gyrus (where there are multiple foci of
rarefaction necrosis), the inferior frontal mvrus (adjacent to temporal
€ortex), and the nucleus accumbens sepu (best seen m B) B Profound
demyehnation of the temporal lobe and postertor orbital gyri Shight de-
mshaeuon i o be aoted i the mfenor frontal gyras (near the moutit
of the sylvian fissure) and in the gyrus angull Werl myekn method
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im'ading damaged nervous tissue around the vessels. Small gho-
mesenchymal cell nodujes were faitly common in some cases,
while newronophagic nodules were few. Enlarged astrocytic nu
clei were commonly present in cases of longer duration Rod cells

s e
SR

e e

r:
3

. ! ‘ optic
Figure 19 (g 5 13. Table I, dursuon of winess, 12 (h).x) iiﬁ:‘l:yr’;!
nucleus, showing inrense perivascular inflammatory rgamtmhnd orin
mononuclear cells 1n the meensutivm X 42 B P:lulqryﬁ Hit" erior
Letge mononycte 1y cet accumulattons, with tissue necrosis, in ‘(;’l? e
Yobe Ta the iett are the antcror Jobe and infundibular stem

stained by hematoxyhin<osin
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in the region of tissue damage were alnays few, but scemed more
numerous in cases o} longer duration. The distribution of the
lestons was not consistent. They were in periaqueductal grey,
tegmentum (usually in the region of the median raphé) and sub-
stantia nigra alike, though, as a rule, they predominated in the
ventral tegmentum and substantia mgra,

On the other hand, the pons was consistently affected Here,
lymphocytes and plasma cells were found pernascularly 1 the
floor of the IVth v entricle and in the region of the median raphé,
and, in the tegmentum, scattered collections of ameboid cells and
actisated gha in perivascular nervous ussue, and gliomesenchyrmal
cell nodules. The nucleus loci caerulei and environs were often
stkingly affected Lesions i the pars basilaris were of the same
nature as in the tegmentusm, but were almost always more intcnse

‘The medulla oblongata seldom showed more than perivas-
cular collections of lymphocytes and plasma cells in the region of
the IVth ventricle and median raphé, and, in the grey matter at
the level of rhe pyramidal decussation, scanered gliomesenchymal
cell nodules as well The inferior olvary nucleus was seldom af.
fected In one case characterized chnically by bulbar palsy (Case
33), insufficient material was available to determine its cause.

In the spinal cord, sparse lesions of the same nature as those
tn the brain stem were found in the grey matter mn 4 of the D cases
n which sections of spwnal cord were available for study (Cases 3,
14, 20 and 23), and in one the lesions invohed the pericornual
white matter as well {Case 20).

Examination of the cerebellum 1n 13 cases revealed changes
in only 4—in Case 12; damage of the Purkinje and molecular jay-
ers with reactive changes, and with neuronophagic nodules and
prohferated gia i the dentate nucleus, and m Cases 3, 14 and
20, penivascular collections of inflammatory cells and reactive
cells in the surronnding white matter

Varying numbers of cranial nerves (IILXII) were examined
n 7 cases Only in Cases 6, 7 and 20 were some of them affected,
and then in the form of a shght ntersutial neuritis and, here and
there, segmental neuritis (of Gombault Stransky) (Case 20); in
Case 20 the gasserran ganglion showed dense collections of in-
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flammatory cells in the dura, moderate proliferation of Schnam
cells, occasional macrophages within Schwann wubules, and shight
hyperplasia of capsular cells, Olfactory bulbs and tracts were
available for study in § cases (Cases 2, 5, 6, 20 and 24}. In all,
there were oceasional, more or less conspicuous collections of
perivascular lymphoid cells, perivascular imasive cells, a fen
scattered small cell-nodules, and occasional rod cells The lesions
were of the same 1ntensity on the two sides 1n half the cases, and
were somew frat more pronounced unilaterally in the others. The
spinal yoots showed little of nate except for pmterinr-mnz o
glionitis in one case (Fig 20).
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7. SUBACUTE ENCEPHALITIS WITH INCLUSIONS

Our chief clinical crnteria of “subacute inclusion encephalitis™
—as the disorder is usually called—were gradual onset of illness
without fever and an ingravescent course There were 7 cases in
tlus group, most of which have been previously published (Table
I11). Virus 1solation was attempted only 1n Cases 1 and 2, with
negative results; in Case 1 extensive studies were carned out,®
and 1n Case 2, brain material was mtroduced intracerebrally mto
mice and mjected into embryonated eggs

Duration of 1llness ran from 4 months to 7 years Ages of the
patients ranged from 5 to 17 years except 1n Case 7, which is dis-
cussed separately at the end of this Section In the 6 cases in cluld-
ten and adolescents the clinical picture was most diverse Mental
symptoms were among the earliest to appear, and they progressed
rapudly to a state of dementia. One pattent was committed to a
mental institution (Case 6), and only in this case were remissions
observed Among the clinical disturbances were hallucmauons
(Cases 1 and 3), aphasia (Cases 2 and 5), serzures of various kinds
(Cases 2, 3, 4, 5 and 6), “startle attacks” (Case 2), myoclonic
spasms or movements (Cases 1, 3, 4 and 5), hyperkinesias (Cases
2.3 and 5), muscular rigidity (Cases 1 and 2), and signs of cran-
taknerve imvolvement (Cases 3, 4 and 5) Optic atrophy was also
encountered (Cases 4 and 6). Fever occurred during the course
of illness in half the cases (Cases 2, 3 and 5)

Thus, the clinical mamifestations in our cases were most
duverse. Cases reported by others as well as by one of us (L v B
have often been characterized, for weeks on end, by a pertodic
stereotyped rhythmic jerking of one or more limbs or by attacks
of loss of muscular tonus=<~==

Gross softening was described as occurring m the base of the
temporal and frontal lobes in Case 3, the right temporal pole n
Case 4, and most of the cerebrum bilaterally 1 Case 7 In Case 2
there was conspicuous softening not only of the left prefrontal
Tegion, but also, though 1n smaller degree, of all lobes bilaterally
Elsewhere 1n these cases the bramn was usually firmer than normal
Only in 1 of the 37 cases of subacute sclerosing lenkoencephalitis
studied by ome of ws {L v B was conical seftening detected,
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flammatory cells in the dura, moderate proliferation of Schuann
cells, occasional macrophages within Schwann tubules, and slight
hyperplasia of capsular cells Olfactory bulbs and tracts were
available for study in 5 cases (Cases 2, 5, 6, 20 and 24) Inall,
there were occasional, more or less conspicuous collections of
perivascular lymphoid cells, perivascular imvasive cells, 2 fou
scattered small cell-nodules, and occasional rod cells The lesions
were of the same intensity on the two sides in half the cases, and
were somes hat more pronounced umlaterally in the others The
spinal roots showed little of note except for posterior-root gan-
ghionits m one case (Fig. 20},

Postenior (v
Ligute 20 (C ne 20 Table 11, duration of sfiness, 13 dass) e i,

eal'root ganglion, showing numerous mononuclear cells n;‘ lh‘: e
loss of ganglion cells, and proliferation ol capsubr ceils 515
taxylin-eosin statn
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7. SUBACUTE LENCEPHALLITIS WITH INCLUSIONS

Our chief clinical criteria of “subacute inclusion encephaluis”
—as the disorder is usually called—were gradual onset of illness
without fever and an ingravescent course There were 7 cases in
this group, most of which have been previously published (Table
MII). Virus 1solation was attempted only in Cases 1 and 2, with
negative results, in Case 1 extensive studies were carried out™
and in Case 2, brain material was introduced intracerebrally into
mice and mjected into embryonated eggs

Duration of illness ran from 1 months to 7 years .Ages of the
patients ranged from 5 to 17 years except in Case 7, which 1s dis-
cussed separately at the end of this Section, In the 6 cases in child-
ren and adolescents the clinrcal picture was most diverse Mental
symptoms were among the earliest to appear, and they progressed
rapidly to a state of dementiz. One patient was commutted to a
mental institution (Case 6), and only 1 this case were Temssions
observed. Among the clinical disturbances were hallucinations
(Cases 1 and 3), aphasia (Cases 2 and 5), seizures of various Linds
(Cases 2, 3, 4, 5 and G), “startle attacks” (Case 2), myoclonic
spasms or movements (Cases 1, 3, 4 and 5), hyperhinesias (Cases
2.3 and 5), muscular rigidity (Cases I and 2), and signs of cran-
ial nerve 1nyolvement (Cases 3, 4 and 5) Optic atrophy was also
encountered (Cases 4 and 6) Fever occurred during the course
of illness in half the cases {Cases 2, 3 and 5).

Thus, the clinical manifestations in our cases were most
duserse. Cases reported by others as well as by one of us (L v B)
have often been characterized, for weeks on end, by a periodic
stereotyped thythmic jerking of one or more limbs or by attacks
of loss of muscular tonus * ===

Gross softening was described as occurring 1n the base of the
temporal and frontal lobes in Case 3, the right temporal pole mn
Case 4, and most of the cerebrum bilaterally in Case 7 In Case 2
there was conspicuous softening not only of the left prefrontal
region, but also, though 1 smaller degree, of all lobes bilateraly
Elsewhere in these cases the brain was usually firmer than normal
Only in 1 of the 87 cases of sul lerosing leuk
studied by one of us (L v B) was cortical softening detected,
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flammatory cells in the dura, moderate prolifesation of Schnann
cells, occasional macrophages within Schwann bnles, and shzht
hyperplasia of capsular cells. Olfactory bulbs and tracts were
available for sindy in 5 cases (Cases &, 5, 6, 20 and 24). In ail
there were oceasional, more or less conspicuous collections of
perivascular lymphoid cells, perivascular invashe cells, 2 fen
scattered small cell-nodules, and occasional rod cells The lesions
were of the same intensity on the two sides m haif the cases, and
uere somewhat more pronounced unilaterally in the others The
spinal roots showed little of note except for posterloraoot gan-
guomiis in one case {Fig. 20).
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7. SUBACUTE ENCEPHALITIS WITH INCLUSIONS

Our chief clinical criteria of “subacute inclusion encephalitis”
—as the disorder is usually called—were gradual onset of 1llness
without fever and an ingravescent course There were 7 cases in
this group, most of which have been previously published (Table
HI). Virus isolation was attempted only in Cases 1 and 2, with
negative results; in Case 1 extensne studies were carned out,®
and in Case 2, brain material was introduced intracerebrally into
mice and 1njected into embryonated eggs

Duration of illness ran from 4 months to 7 years Ages of the
patients ranged from 5 to 17 years except in Case 7, which is dis
cussed separately at the end of this Section In the 6 cases in child-
ten and adolescents the clinical picture was most diverse. Mental
symptoms were among the earliest to appear, and they progressed
rapidly to a state of dementia. One patient was committed to a
mental institution (Case 6), and only in this case were remissions
observed. Among the clinical disturbances were hallucinations
(Cases 1 and 3), aphasia (Cases 2 and 5), seizures of vanious Linds
{Cases 2, 3, 4, 5 and 6), “startle attacks” (Case 2), myoclonic
spasms or movements (Cases 1, 3, 4 and 5), hyperkinesias (Cases
2, 3and 5), muscular rigidity (Cases 1 and 2), and signs of cran-
ialnerve involvement (Cases 3, 4 and 5). Opuic atrophy was also
encountered (Cases 4 and 6) . Fever occurred dunng the course
ol 1ilness in half the cases (Cases 2, 3 and 5)

Thus, the clinical manifestations in our cases were most
duerse Cases reported by others as well as by one of us (L v B)
have often been characterized, for weeks on end, by a periodic
stereotyped rhythmic jerking of one or more limbs or by attacks
of Joss of muscular tonus ™=

Gross softeming was described as occurring in the base of the
temporal and frontal lobes 1n Case 3, the right temporal pole i
Case 4, and most of the cerebrum bilaterally in Case 7 In Case 2
there was conspicuous softening not only of the left prefrontal
Tegion, but also, though in smaller degree, of all lobes bilaterally
Elsewliere in these cases the brain was usually firmer than normal
Onlyin 1 of the 37 cases of sul sclerosing leuk pt
studied by one of us (L v B.) was cortical softening detected,
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Figure 21 (Lase 2. Table HI durauon of dllness 7 manthy) Subacute w
dusion encephalitis ! Left precentral gyrus which was found softened on
&10% ecamination The destructine process imolses much of the corten
a0d the subjicent white maner B Entgement of a field from the lower
ey n 4, showing maophages and other mononuclear cells perivascu-
Tatly, and complete replacement of the cortical substance by abundant
Plump astrocytes, macrophages, and atier cclls X090 Hematonyhineosin
SR C A more caudal level on the lef side, Demyelmation is Farrly
Prominent an the hippocampal formavon and gvrus anguli, and sight in
the medal superior feanwt gyn Pal Weigert mvelin starn

and it was exceedngly nunor ™

Ahrm:wp:m[lv, the menmges contamed rather fen collec-
Yons of tymphocytes, plasma cells, and acuvated histiocytes As a
rule, the reactran was foral. being hmuted for instance, to the
meninges at the base of a sulcus
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Regions of cerebral cortex obsenved grossly to be sofiened
usually had a sclerouc appearance microscopically. In one instance
(Casc 2, Table III) the softening was characterized by rather

ERDOIPTRN S

LA L

; duration
Figure 22 Subacute nclusion encephalius A (Case 1, ’I‘ab): llll,ktlmmm
of allnes ¢ months)  Middle Lemmae of the cerebral u;n'c‘.u“l“ s
el have diappeared, perivascutar sprces comtamn 3 shigh D ol
famunvtory Il rod cells have accumulated, and there n’ T her apare
phagic nodule (arrow) (The overlying menmges (n;um(":h" ibet e
Ivmphocyics and macrophages) N 120 (Courtesy of Dr xlmnmm") Tie
N shulle Tenny B (Case 7, durauon af wlaess, “severa e have s
Al Tamnae of the cerebral cortex Pracucally all the ne’r\ A
appeered und there are abundant plump astrocytes and T

Bath stained by hematoxsbn-eosin
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circumscribed destruction of the cortex and the underlying white
matter, with pronounced ghiomesenchymal reaction (Fig 21). In
general, the changes in the cerebral cortex were rather wide-

s
ST
FuSEay

% At
PRI St )
g N,

RS SRS

Figure 23 Subacute inclusion encephalire A (Case 6 Table I duration

b sllness, 7 years) . Pyranndal Iayer of the happocampus, shawng, neurono-
PUSEic nodules, an abundance of tod cells, and @ fes pernascalar mono-
nudlear ¢ells X 10 Cresyl echt violet stun B (Case 4, duration, 21
ponhs). The cerebral cortex 15 extremely sclerotic, and contams many
Ebnillty astrocytes and rod cells Practically sl the nerve cells hase din.
Ppeared Ocaasional vessels contain a few mononuclear cells . their
heaths X485 Hematoxvlm-conn stamn (From aluond Havmaker and
Pinkerton %)
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only 1n regions of pronounced cortical imvolvement, 1 ¢, 1t was of
a focal nature, as in many of the acute ases of encephalits A
case of this hind is illustrated in Figure 22 In the $ other cases
{Cases 3, 4 and G), however, damage of the cerebral winte matter
was widespread, pronounced demyehnation and gliosis occnrrng
even in the regions where cortical imohament was nunumal (Fig
24). Fat filled macrophages were in abundance in affected white
matter (Fig. 25A)

A pathologmieal process of much the same type occurred in
other parts of the central nenous system, but not as conststently

Figure 24 (Case 6, Fable 111, duratton of allness 7 vears) Alierations an

¢ whue matter in subacute anclusion encephalitis A, staned by the Weil

method, shows demsclnation subcortically, and B, stuned by the Holzer

method, pronounced gliosis of both subcortical and Intragyral white mat-
ter (The same changes were widespread in the cerebrum) X6
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Tigure 25 Subacate mclusion encephaluis A4 (Case 8, Table I, du
ton of illness, 9 months) Cerebral cortex and white matter stamed by
scarlet red (with hematoxyls as a counterstan), showing an abundance
©f fat filled macrophages 1n the white matter and, in the cortey, nearone
Phagic niodules, rod cells, and other elements X 100 B (Gise 6 duration
Of tliness 7 years) Thalamus, alustraung huge pernascutar cufs of sl
mononuclear cells and glomesenchymal cell nodules X100 Creal eht
voltt stain € (Case 3, duravion of sllness, 9 months), Pars balaris pot
13, showing porosity and ghosis of the nuclei pontis and pernavular m'|
lctinns of monanuclesr cells The pyramidal bundle {to the nghy ¥
spared X 86 Hematoxylincosin stain
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as in the cerebral cortex and white matter. The thalamus (g
25B) was a site of predilection, but 1t was moderately or sexerely
invohed only in Cases 3, 4 and 6 Less commonly and less severely
affected were the caudate nucleus and putamen. In the 6 cases in
which the pons was amailable for study, the pars basiaris was
severely affected in 3 (Cases 3, 4 and 6), slightly 1 2 (Cascs )
and 2), and was spared 1n 1 (Case 7). Occasionally the tegmen-
tum of the pons shared prommently in the pathological process,
as did also the geniculate bodies Only minor changes were found
in the globus pallidus, hypothalamus, and medullz oblongaca In
the 4 cases 1n which sections of spwnal cord were available, the
grey matter was slightly affected in 1 (Case 1) and markedly in
the other, with the lesinns extending for a distance ynto the ad-
joining white matter (F1g 26). The cerchellum was spared in

- . R x4

P X g
Figuee 25 (Case 4 fable [l dutatwra af sliness 21 months) Subacute an-
dusion encephalomyelists Spinal cord 1t upper cervical lesel showing pro
ound nerecell loss, ancicase n ghs and accumulation of mononvciear
€lls perivascutaty Boch amterior and posterior horns are afiected B b
srates 2 fugher magnfication of the posterior horn and adpeent whne
matter The grey wmatter showing »rihing ancrease an gh;l presents a scleror
NS appearance | Resetion wn the winte mases 12 muc less pronounced
4, %23 B, %62 Hematoxylneosin
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Cases 1, 2 and 7, but in Case 3 the white matter showed occasional
inflammatory-cell infiltrates, in Case 4, diffuse degeneration of
the Purkinje-cell layer and dentate nucleus, and in Case 6, patchy
degeneration of the Purkinjecell layer and dentate nucleus Duz
on the cerebellum in Case 5 are not available.

Case 7 is treated separately because the paticnt was an adult
and because of the paucity of symptoms prior to the acute iliness
which lasted 12 days The cerebral cortex presented a pathologt
cal picture characteristic of subacute inclusion encephalis (Fiz
22B). The pathologcal process had obviously been going on for
a period longer than 12 days.

8. DISCUSSION

farious forms of viral disease associated with nuclear inc
sions have been dealt with in the foregoing pages, but we arc
cerned in this discussion only with the acute and sub:lcmc'hnm
of inclusion encephalitis Our series of 53 cases, of \'\luch 17 hme
been previously published, were divided arbtrarily nto thiee
groups (Tables I, I and IIIy m order to determine more readih
whether or not clinical and pathological differcnces existed b
tween them. Age ncidence varied in the different groups, l}{e o
set occurring in all decades in the acute type, with a peak inin
dniduals in their 20s, while in subacute inclusion :nrcp.lm‘“\’
the disease was limited to children and adolescents, c\cfpl in :::
mstance in which the pattent was an adult (Table “)\“l”’n‘p
series, no specal seasonal mcidence was found (Table V)
proportion of males to females affected was ‘.’1:.10‘
The 2 cases in which the infection was ncqum‘f! !
buth or shortly afterward stood apart pntlmlognmll)
others 1n that the major changes werc 1n .I]u‘ viscert
the Iner and adrenal cortex, winle the braiit was only
affected On the other hand, in infants 8 days (,’[ age or "“ o
lesions an the central nervous system were no d'rffcrcnl ‘(‘rxc e
m adulss, except that the basal manglia and brain s.rcm i
tumcs the seat of more severe and widespread Ic.smm.“ g hio
bral cortex was widely imvolved in some of the infants,

Ie
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was true also in some adolescents and adults; for example, in 3
adults an entire hemisphere or the whole brain was described on
gross examination as mushy, gelatmous, or semiliquid (Cases 3,
25and 32; Table IT).

Most of the cases of encephaittis with an acute onset fell nat
vrally into a group because of the character and topography of
the lesions The necrosis and the distnibution of the lesions in
the cerebral cortex were features which, to our knowledge, arc
not duphicated under any other pathological condition. The pic-
ture was, mdeed, so distinctive as to allow the prediction of the
presence of nuclear inclusions of the herpetic type before they
were found. Int our entire series of acute cases, there was only one
evception to the rule that profound damage occurs, and that was
nacase in which the cortex showed only siizht perivascular nssue
destruction (Case 5, Table I).

In classifying our cases we had dufficulty 10 decicing where to
list some of them, whether with the acute cases or with the sub-
acute. In Case 36, for example, of 314 months’ duratton, there was
some question whether the tncreasing forgetfulness and loss of
weight over some months represented an early phase of the drsease
or were coincidental Since acuteness of the onset of 1flness was
chosen as the criterton for includimg this and the other cases in
Table I1, we included Case 36 wn Table II The same cruerion
led us to include Case 37 in Table II even though the patient,
!l.d:d oser, p bly. by d i¢ < y has surined
his encephalitis 4 years The same problem presented itsel in re-
gard 1o Case 7 in Table 11T Because of the acuteness of onset, this
@se was oniginally mncluded in Table 11, but when, on mcro-
sopic examination, it was apparent that we were dealing with

subacute inclusion encephalits (Fig 22B), the case was trans-
ftmd to Table XIT There had been pertodic spontaneous ferk-
ing motements of the limbs over several months, wiich were con-
sidered to have marked the onset Such cases raise the question
whether the infection may not, for a time, be of a smoldering
mture, and then break out in full flame. Equally vague 1n onset,

sugzesting smoldering infection, were Cases 4, 8. 15, 23 and 33
(Table 1y,
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Direct evidence that the subacute form js 5 smoldering form
of herpes stmplex or other infection is lacking, for, in ving
studies, agents have either not been isolated, »=*» or, when
isolated, have not been identified or established as the cause of
the disease state.~ =+ In a virological study of one case reported
by Foley and Williams,* Hurst 1solated an agent which bad af
the characteristic fearnyes of the herpes simplex virus, but he
reached the conclusion that it was not the canse of the subacute
encephalitis because the Ppatient was sero-negative for herpes sim-
plex (as were also 3 other patients) and because in other sim-
ilar cases he was unable to isolate an agent. In rabbits. either
acute or subacute encephalitis may occur foltowing introduction
of the herpes simplex virus mto the cornea »» According to Doerr
and Zdansky,” most rabbits die from encephalitis within 2 dys
after inoculation. Others that survive the acute phase either gron
better or worse with time. In one rabbit strain, a 304y latent
penod followed inoculation, after which the llness ber'nmc pro-
gresstvely severe and lasted as fong as 36 days 3f in 1abbiss ol. this
strain the virulence of the virus was increased through animal
passage, the latent period hecame progressively shorter, :x-nd death
from encephalitis occurred in as short 2 period as 3 days! ' Others,
too. have shown that rabbits respond differently to the incculs:
tion of herpes stmplex virus, some die rapidly m‘l.h acute en-
cephalitis, others have an ingravescent illness. .\\‘nlc still others .;n'
asymptomatic until encephalitts 15 set mto being through amphy-
lactic shock.® he ence-

Before comparing the acute and sulmcuw’l'orm‘s ﬂ’;";' :nh
phalicis further, let us mquire into the rehxmmlu;z " ;K len-
acute mclusion encephalitis bears to subacute selerosing ::‘ "y
cephalitis. The latter is characterized by a slowly P""i-""" el
ness m which the clinical picture is highly simitar fo that of sub

. iti intellectnal deterioration i
Aute anclusion encephalitis  Early intellectn, il dementia
loliowed rapidly by loss of all [{s)dllt function ‘lnﬂ aka pro-
ccurs Involuntary motor actisity detelops, as ((,;,sis;clll with
eressively more pronounced muscular hypestonia :xl © accurt ™
nereasing decortication A lowgrade fever freguently
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¥ 47% The illness usually runs a course of 3 to 6 months, but
nay last a year or two™ " With rare exceptions (an adult aged 34
without postsmortem serification™ and our Case 7, Table 11}
only children and adolescents (a5 old as 20 years®) contract the
disease

The structures chiefly affected in subacute sclerosing leulo-
encephalitis are the cerebral white matter, cerebral cortex, and
thalamus Less affected than these are the subthalamic region,
pars basilaris pontis, inferior olivary nucleus, and spinal cord,
and least affected are the striatum, pallidum and the dorsal part
of the bram stem In subacute tnclusion encephaltts the predom-
wmantly affected structures hsted by Greenfield” were occipital
cortex and white matter, candal part of the thalamus, pars bas
1hnis pontis, and inferior olhary nucleus In deahing with the
pathological changes in both subacute forms, Greenfield, 1n an
artrcle by Foley and Wilhams,® summarized the changes as fol-
lows. The occipital and temporal cortex were more affected than
the frontal and hippocampal (though Sommer's sector nas par-
tcularly involved), the basal gangla showed subacute changes—
with the thalamus most heaily affected and the caudate and lentic-
ular nuclet shghtly—the ponule nucler were prommently involved
and the midbrain moderately, the spinal cord was sometimes af
lected, and the cerchellum was spared Thus, in the man, the
topography of the lesions in the grey matter in subacute inclusion

encephalitis and subacute sclerosing leukoencephaliuis are highly
similar,

The cellular ions in these two cond are also basical
ly the same Thus, in a representative case of subacute sclerosing
leukoencephalitis (which was previously published™), there was
profonnd ghiosis of parts of the cerebral cortex and widespread and
severe demyelination and gliosis of the white matter with mac-
fophage response (Figs. 27 and 28), with the changes m both grey
and white matter closely simulating those in a case diagnosed as
subacute mclusion encephahitis (Figs 22B and 24) Nuclear in-
flusions were found in this case Another case of subacute scleros-
ing leukoencephalitis which may be cited 1s one i which the
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Figure 27 Subacute sclerosing leuk Cerebral

phere

phal ation

the level of the uncus luppocampi, showing profound ,,”":.‘;h:i‘nxuh.

The myehin loss js most pronounced in the temporal lobe ?: ?:lw Tinble

and 1s stiking also 1n the centrum semuovale. 'D"{l)‘!‘"m;;p Aec 950
0 the corpus callosum Pal.Weigert stain IB No 57/33, AFIP .

jo 201) and showed
cerebral cortex was moderately aflected (F‘ﬁgéj \-)m:l the white
Hunmerous nuclear inclusions (Fig. 208 and 2 :.)‘{’n;‘ completelt
matter severely demyelinated, and, m some regi "' that other
broken down (Nig 29D) It should hc.mem‘mn‘(;‘c o lerodin

authors, o, have observed inclusions in subac
e fe, there-

E e, ther
In l"riunum with others,” 7 we "o"’d,m"f:'":clnmin"
ag ¢ . 1bacte -
fore, that subacute inclusion enceplalitis and st
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Figure 28 Same casc as 1n Figure 7 A Cerebral cortey, showing mynad
plump astrocytes and a few mononuclear cells pernascularly and 10 the
meninges Pracucally all the nere cells have disappeared X 193 Hema
toylneoun sain B Hyperplastic fibriflary astrocytes in the subcartical
white mateer and a few 1 the lowcrmost hmmoae of the cottex X 145
Holser am €. Cerebral white matter, stamed by Scharlach R hemalum,

owing numerous fat flled macrophiges Pernascular mononucleat cells
are 41 o be noted An arrow indicates the approvmate border berween
cerebral cortex and white matter X85 (The changes dlustrated 1n & and

€ were widespread in the white matter)

leukoencephalitis are the selfsame drsorder, but with a2 wide spec
trum of pathological change—at one end of the scate the case of
subacute melusion encephalitts of Dawsni (Case 1, Table III} m
which the cerebral cortex was affected and the white matrer prac-
tically spared, and at the ather end, those cases of subacute scleros-
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the acute and subacute forms are qualitatively the s
the Ley to the differing degree of involvement of the
in the two forms may be a differing degree of dam
dendroglia by virus, Two of us (M. G. 5. and L.y, B,
the relative ease with which herpes simplex has been x
the acute disease in contrast to the failure to isolate :
the subacute, although active, disease constitutes stro
that the subacute form is not due to the herpes siv
One of us (M. G. S.) feels that the differences in th
(see pages 190 and 191) also serve to distinguish th
subacute forms nosologically. None of us feels that t
form could be due to more than one vitus.

Little has been written on pathogenesis of the acu
acute forms. Kriiche™ has postulated that sooner or it
causative virus reaches the central nervous system,
way of nerves or the blood stream, it gains the ce
fluid, then re-enters the central nervous system, as nu
(1) necrosts of superfical laminae of the cerebral «
continuuty of perisenous mflammatory-cell collections *
inges with those in the cortex and white mattet, 2
cases of longer duration, the presence of ependymiti
observation of areas of recens inflammatory reaction
transadates of plasmatic flurd—next to areas in the pre
ing, Krucke concluded that repair 1s continually und
that w contiguaus areas fresh changes frequently breat
In some of our more longstanding acute cases, W L‘.' o
cent necrosis in sotne areas and adsanced reaction 1t o

Thae che viras is spread by the (ue):mspma} v
reasonable assumption, for ¢ rabbis 'nlu’ch receive !
plex virus inoculatron wn the cornea, with the }nm (m
sumably by way of the trigemenal nerie, the sites of p
of the encephalitis are aften tn regions which ‘"»"l) "’l’
reached through the cerebrospinal fhnd, mm:!y “)::b‘« .
formation, basal parts of the cerebram. ocopital .
brain ® From the frequent tendency the zml;‘:h ;
pathological process to occur predommantly of Nulam.
side of che brain—in 50 per cent of onr caes a8 3
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autopsy changes—one would assume the existence of a local portal
of entry other than, or 1n addition to, hematogenous spread Be-
cause of the striking predilection of insolvement of the limbic
lobe, one might be tempted to assume that the olfactory tract is
a portal of entry, with the virus traveling in tissue spaces, perhaps
chiefly perivascularly, but we have no direct evidence in the sup-
port of such an assumptron  Although the olfactory tracts in all §
cases in which they were 1 shoned 1nft y reac-
tton, 1t was minor and the sampling too small to allow an analysis
of the ofactory system as a possible portal of entry Sampling of
the spinal peripheral nersous system 1n our cases was also meager
Radiculoganglionitis was obseried in one mnstance (Fig 20) In
one of his cases (26 days’ duraton) Krucke* noted severe radr-
culoganglionitis combined with myelits of a necrotic nature,
mainly perisenous in distribution, with the only other patho-
logical change consisting of necrosis of the hippocampal gyrus

Futhermore, Brain, Greenfield and Russell® have been struck in
their Case 2 by the abundance of nclusions m the cervical en-
largement of the spinal cord Such observations suggest the possi-
bility of spread by way of the peripheral nenous system Krucke
further commented that low grade peripheral neunus was fre

quent in the subacute cases he studied As brought out in the
foregomg text, others, too, have observed radiculozansliomtis
or peripheral neurits 1n subacuate cases,”* "™ and 1n one m-
stance radiculoganghionits dominated the climcal picture ™ Radie-
loganglionitis fhas been observed 1n about one thrrd of the
tases of subacute sclerosing leukoencephalitis (L v 1)

The extraordinarily severe imvolement of the verebral white
matter in some of the acute and subacute cases ratses the question
B0 its cause It seems to us Itkely that in the acute cases the
changes may be due to drect tmasion by the virus The presence
of inclusions in the nuclei of oltgodendrogha would support this
Spuion Direct invasion of the white matter by a viras might also
be the basis of white-matter imolvement m some cases of the
subacyte form Duration of illness may be an additional factor
Whether or not the wh i may also rep
an soimmunizagron process would he difficult to establish
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9. SUMMARY AND CONCLUSIONS

There are several viral diseases in which Type A puclear .
inclusions constitute a conspicuous feature, which, taken in con
text, allow a presumptive diagnosis to be made. The inclusions
themselves are not diagnostic for they are of the selfsame appear
ance in different diseases. An exception is salwarygland virus
disease in which the nuclear inclusions are huge and are often
accompanied by cytoplasmic inclusions. Giant-cell pneumonia is
also an easily diagnosed entity because of the multiple inclusions
in the nucleus and cytoplasm of giant cells

In chickenpox~herpes zoster the point to be emphsized ¥
that inclusions may occur not only in the epidermis, but also in
cclis of the submucosal and myenteric plexuses, neurilemmal cells
of nerve twigs, capsular cells in dorsal-root and sympathetic s
glia, and in nerve cells of dorsal-root ganglia. In chiclenpq(- il
clusions may also occur in the lung and numerous other iscerd
The nosological position of Goodpasture’s preumonia 15 1ot
known, but it may represent a visceral form of measles

B virus infection is a rarity contracted through exposure of
abraded skin to virus-laden monkey’s saliva. The virus is pantro-
pic, and in the central nervous system the most pronounced lesion
consists of sevete transverse myelitis. Nuclear inclusmnf h-‘l;f
been found only in animals inoculated with human material olr
tamned post mortem.

Acute and subacute encephalitis characterized by the prcscﬂ:
of mtranuclear inclusions formed the major gronps “t.anzlyzt
The jarge number of cases available allowed nosological Teap
praisal
: Herpes simplex infection acquired at the time of bmh;;ﬂ:;:
predominantly the viscera, especially :!xe Iiver and adrcnm" o
tex. and produces only minor changes in the cent[al ";:lc«:n(!
stem In infants 8 days of age or older as weli as in a the
and adults, the central nervous system almost :nhsa.ys bears e
brunt of the viral attack The pathological picture in the ;\cme
form 15 so distinctive that it allows the prediction of the p}:m:rt
of nuclear inclusions of the herpes simplex type helore they
found
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Subacute inclusion encephalitis and subacute sclerosing leulo-

encephalitis are considered the same disorder, but at different
ends of the spectrum, the cerebral cortex being mostly mvolved
in the inclusion form, and the white matter in the sclerosing
leuhoencephalitic form

There was lack of unanimity among the anthors of this paper

as to whether the subacute form may represent smoldering herpes
simplex infection. The pros and cons are presented in the text.
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DISCUSSION

Dr Druckman, Houston, Texas: Do you beleve that the -
clusion bodies are encephalitis virus particles or something else?
Twould like to ask the same question regarding inclusion bodies
that have been found in cases of parlunsonism

Dr. Haymaker. In answer to the first question, the cvidence
based on electron microscopy of herpes simplex-vitus-infected

tissue cnltures indi that the geneous form of mcl
contains elementary bodies, and that the granular form contams
few,1f any As I und d 1t, the 1 1s composed

wholly of altered nuclear chromaun, and the homogeneous in-
cluston, partly so0. As ta the inclusions 1n the parkimsonuan state,
they represent a slowly progressive hyaline d 1ve change
in the cytoplasm As the material accumulates it becomes lamin-
ated The outer laminae are strongly refracule, and the central
core sull more so For unknown reasons the outer laminae are
alkaline, and the central core acidic By Heidenhain's azan method
the central core stains red, the pericentral laminae, purple or
blue, and the peripheral lamina, faint blue These structures,
“huich measure 5 1o 25 microns in diameter, are often called
“Lewy mclusions ” There 15 no evidence that they contain virus
A good article on the subject is that by Greenfield and Bosanquet
I Neurol , Neurosurg & Psychuat , 16 218, 1933)

Dr Casals, New York 1 would like to ask Dr Haymaler
whether he has any data as to whether herpes simplex encephalitis
1S 2 primary infection or a recurrence Are there any antibodies
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present at the start of infection, or do they develop afterward?

Dr. Haymaker: 1 might say that in our 53 cases, of which 9
were proven, in not a single instance were herpetic vesicles scen
in the skin or elsewhere. This might be an indication that no
immunity against the herpes simplex virus existed Extensite sur-
veys carried out in this country and Sweden® have shown anti-
bodies in the blood stream in about 93 per cent of individuals
We do not have data on antibody studies in our series, and hence
do not know whether the infections were primary or secondary.
Dr. Lennette could answer that question better than L.

Dr Lennette: 1 don’t know how much of an answer § can pro-
vide. So far as I know, all instances of a herpetic encephalitis are
generally considered to be primary infections. Buddingh's recent
work in New Orleans has shown that ant:bodies to herpes sim-
plex virus are present in increasingly larger proportions of the
population with mncreasing age so that by the age of 15 years or s
about 90 per cent of the population possesses antibadies to l}lt
virus Our awn serologic surveys are in essertial agreement with
Dr Buddmgh's findings

T ¢hink that the cases reported in the earlier literature were
uncovered primarily by chance, i€, GNS mnlerial.\n.luth tappen-
ed to be available to a virologist was inoculated into faborator}
animals and the virus was recosered It was only )arfr. th:u 1t was
recogmized that the occurrence of fatal cnceph.?hm in thfs;
younger people apparently represented primary infection \\|l|\
the virus The occurrence of CNS symptoms duee to herpes ’”"Pl’
virus infection mn older individuals may also be !)ICSIIHICK‘ ll::mf
a consequence of primary infection, ic. the‘du.ca;t ‘{:: ‘-‘m‘
occurs m the infrequent mdividual without prior infec l‘ o
the virus and hence without antibody. 1 F}mw of one p:iy; e
whase wife developed a meningocncephalitis; the "”fl"" nmcrl’ of
sirus was recovered from her spral fhnd early a(fcr the red
the 1llness and 1t was also demonstrated that afmhody apped
and increased in titer durng the course of th 1"“(‘45'; death o

Iy Rubm, Houston* In how many cases in \v‘l\:‘:“w i;nl-‘l”'d
curs Irom a variety of causes could herpes simplex Vir
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Hrom the Lrain®

Dr. Haymaker: 1 have no expertence in that field and will tern
the question over to someone else Dr Robbins, will you please
comment?

Dr. Robbins: I don’t know that I can add very much to what
has been said 1 have heard that there is at Jeast one tnstance of
a patient Lilled in an automobile accident, previously healthy as
far as anyone knew, from whose brain herpes stmplex virus was
1olated There were a number of experiences, as Dr Haymaker
mentioned, int the days when they thought that Von Economo’s
encephalitis was due to herpes simplex infection—when herpes
virus was 1solated from human spinal flinds We no longer believe
that this was related to their disease, However, I must say that
one thing has intrigued me There have been a great many, pos-
sibily several hundred, spinal flurds tested 1 tissue culture under
uarcumstances in which we should have been able to culture
herpes virus, In our own lahoratory we have done about 125 and
not a single herpes virus has been isolated nor do I know of any
one else who has isolated this virus from cases of aseptic mening-
s Therefore, I don't think you will find 1t in the spwnal fluid
frequently Te might be present in tissues, howeser

Dr. Rubin- Does one get rises mn titer?

Dr. Robbins There is a certain number of aseptic memng-
tdes 1n which a rise in herpes antibody does occur, but T don’t
know in what percentage Dr Lennette may have more data on
that,

Dr Lennette We find such instances unusual, probably less
than one percent

Dr Robbins- Unfortunately, our series has not been screened
for herpes by serologtc methods The pornt that was rarsed wheth-
er encephalitis 1s a primary or secondary mfection 1s a most in-
terestimg one When we tried to get data concerming this we found
very httle in the literature Most of the cases didn’t have adequate
serologic studies and ths 15 what one needs m order to settle the
wssue Even if only a very small percentage of the population has
0 antibodtes 1n adult hife, ths stll wauld he enough to account
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for all of the reported cases, and more, of herpes encephalitis 1
haie always assumed that it was primary, but it might be more
analagous to zoster. Zoster is probably a recurrent form of
chickenpox infection and with it central nervous system imohe-
ment often accurs, in contrast to the primary infection where it
is rather unusual.



CURRENT TRENDS IN THE CONTROL OF
NEUROTROPIC VIRAL DISEASES

Heratp R Con
Director, §aral and uchettnal Section
Rescarch Drvrsion, dmerican Cyanamud Com pany
Pearl River, New York

I distussing the problem of current trends mn the control of
nearotropic viral diseases, 1 am gotng to hmut my remarks to
work that has been reported and 1s sull m progress in our at-
tentpts better to control the incidence of thwo of these discases
namely, rabtes and poliemyehtis

RABILS

Vaccination against rabies following exposure 15 practiced by
public health authorsties throughout the world, and 1s well recog
mzed to have lowered the mortality rate The phenolanactnated
fised virus vaccine first proposed by Semple’ 1n 1911 1s probably
the one most widely used in the U'nited States today However,
although properly prepared rabies vacaines have sased many lives,
they suffer from two major disadvantages they do not act fast
enough to be of value m cases where severe, deep wounds have
Leen mficteq by a rabid anumal, and, second, therr use imoles
the 115k of neuroparalyuc accidents

"The careful studies of Otten® showed that there was hitle ad-
‘antage in treaung cases with antirabic varcine when the ex-
Posure to rabies was so sesere that the incubation period was Jess
than thirty days These observations were supported by the find-
llngs of Ghodssi* and Baltazard' 1n the treatment of wolf bites in

ran

Babés and Lepp® nere the first to use scrum prophylaxs as an
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adjunct to anti-rabic vaccination. This approach is based on the
theory that antiserum provides quick protection in the period
before the vaccine becomes effective. Other pioneers m this work
were Fermi'™ in Italy; Shortt et al," and Covell et al ! in Indiz;
and Proca and Babés® in Rumania.

More recently Hoyt," * Mabel,” and Koproushi and his associ
ates"™ in our laboratory, have shown conclusively that antirabies
serum has definite protective capacity in the treatment of exposed
laboratory animals. The studies of Koprowski, Van der Scheer
and Black™ are particularly important, because they paatieled as
closely as possible the natural course of exposure and treatment,
and were sufficiently extensive to give sigmficant results Tam-
sters and guinea pigs were exposed by the mtramuscular injection
of street virus. The antiserum was obtained from either rabbits
or sheep hyperimmunized with chickh embryo adapted ot rabbit
brain fixed viruses. A single moculation of antiserum was found
to give effective protection to animals infected tnenty-four howrs
previously. In contrast, a course of fourteen injections of vaccine
started twenty-four hours after infection regularly failed to pro-
tect. Combined antiserum and vaccine therapy gave essentially
the same results as serum alone If antiserum was administered
later than seventy-two hours alter virus exposure, Tittle or no pro
tective effect was found. . .

Sellers™ 1n 1953 reported on four years of expcrm'xrc with
antirabies serum in heavily exposed wmdividuals. Sixty-eight per
sons were treated with antiserum, followed in each instance bya
course of vaccine. No deaths from rabies occurted, and except for
scattered mild serum reactions, no side effects were noted l;l!lﬂ':
Start™ d that hyperi scrum for human proply
faxis had received suffictent trials in Georgia to warrant its use in
those cases where severe lacerations and deep wonnds nere x:‘
flicted about the face and hands Some sesenty four ["'N,’"‘ “;‘d
treated with hyperimmune serum coupled with \.:xf:nn'uu’w‘::,“-lml
1o deaths were recorded Starr states that, n“"."'l‘(':- l:"f":m Je
susceptibility of man, appmxum{el, ten patier s

died from rabres had they not received serum. N
Results of eivaluations of rabies antiserum

1 non n[mw‘
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human bewmgs have been published by the Expert Committee on
Rabies of the World Health Organization* Following a single
dose of hyperimmune serum, antibodies appeared 1n the blood
within one day, persisted at a good level for at least ten days, but
dropped slightly by the fourteenth day, and were present m most
persons an the twenty first day. There was no indicanon that
serum or taccine, when both were used, interfered with cach
other. Only those individuals receiving hyperimmune serum fol-
laved by twelve daily injections of phenolized vaccine had early
and persistent antibody titers throughout the twenty-eight day
obsersation period.

Conclusive and dramanc proof of the ralue of combmed
serum therapy and vaccination has come from Jran Baftazard and
his associates” reported results which may be summanized bricfty
as follows-

During the night of August 22, 1954, a large ralad wolf m-
vaded the village of Saliane, Iran, where 1t bit twenty-nine persons
within a few hours Twenty-seven of them were taken at once by
truck to the Pasteur Institute at Teheran, where they were treat
ed, some twenty-eight and some thirty-two hours after being bit-
ter The other two men armved later: one was treated as late as
100 hours aiter the bites

Alternate persons bitten only on the hmbs and runk sere
guen serum plus vaccine or vacane alone. They all survived

Eighteen mndividuals suffered severe head nounds Of these,
5--(Series A) ~were guven two injections of hyperimmune serum
on the first and fifth days, and phenolzed vaccine for 21 con
secutive days thereafter All of these srvived 7—(Senies B} —re-
cened a single ingection of serum and a 21-day course of vaccine
Only one of these died 5 (Sertes C)—received only the 2j-day
caurse of vaccine, and three died of vabies. An exceptionally
seserely bitten case~a six-year-old boy who had a crushed parsetal
bone and torn dura mager~was given s1x 1n jections of serum at
forty-eighe hour sntervals and vaccine for twenty-one days and
sunanved

The mortalsty rate among those receiving vacane alone was
the same as had been observed at the Institute Pasteur, Teheran.
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during the previous fifteen years; that is, 40 per cent with bites
on the head and face died.

The addition of a single setum injection to the vacane treat-
ment reduced the mortality rate to one in seven, while there were
no deaths wlhen two injections of serum were given The most un-
usual case was that of the six-year-old boy with the crushed
parietal bone and torn dura mater, who survived alter six
injections of serum and a course of vaccine.

The vaccine used during this episode was of the type routinely
prepared at the Pasteur Institute in Teheran, consisting of 5 per
cent infected sheep brain tissue inactivated with 06 per cent
phenol The rabies antiserum, prepared at Lederle Laboratories
by hyperimmunizing rabbits, had been furnished by the World
Health Organization for trial in such an eventuality as that de-
scribed above, The dosage was about 0.65 ml per kg. ofAbody
weight given intramuscularly into the buttocks, with a mavimim
of 50 ml. injected at any one time.

Indications for Antiserum Treatment. The decision as 0
whether or not antirabies serum therapy should be im!l}ulﬂf
must be determined by the combination of events in a particulr
case. The Expert Committee on Rabics of the World .llcﬂ‘lh
Organization has reviewed the various possibilities ?110\\:95-'[’{"
posure and defined the indications for treatment ® Antira ‘;i
serum should be considered in every casc of severe exposite
should be administered within the shortest possible time, P"‘i";
ably within twenty-four hours: 14 ml. per pound qf bﬂf:} :\dﬂ;m‘

tramuscularly into the buttocks If treatment 1s def Jz“e e
vond twenty-four hours, and the exposure.lm been “[::e i; ot
serum dosage may be doubled or tripled. Since scmm‘; s be
capable of sumulating antibody production, it should ; n})nnli-
given 1 conjunction with vaccine. The ch.lcf ﬁmcugﬂn e pon
serum is to establish protective titers of antibody a5 s 7 the time
sible, and thus “to bridge the gap between € s Prescnt
when vaceine induces an effective antibody rcsl;opjbtd fwenty-
evidence indicates that vaccine therapy may be ml”.'”h no unto>-
four hours following the administration of serum ¥ i

ward interfering effects™

postire
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Recent Studies with Chick and Duck Embryo Rabies Vac-
cmnes. Neuroparalytic accidents during treatment with brain tissue
rabies vaccines have been an ever-present hazard Recent figures
quoted by Pait and Pearson® reveal that such accidents occur
approxiutately once in 500 to 60O antirabic treatments In order
to avoid the sensitization to brain tissue believed to be the cause
of postiaccinal reactions, cfforts have been made to proride vac-
anes essentially free of nervous tissues by growing the virus in
etther chick or duck embryos

Flury Virns Chick Imbryo Vaccine, The Flury stram of
rabres virus was isolated by Leach and Johnson® from the tissucs
of a girl who died of the disease, and was established directly in
brain to-brain passages in one-day-old baby chicks Koprowski
and Cox* adapted the strain to chick embryos, and shoned that it
became attenuated on serial passage Living Flury strain virus of
about the fiftreth chickh embryo passage is now widely used for the
immunization of dogs A further loss in virnlence occurred ab-
ruptly between the 176th and 182nd chick embryo passages, and
strus from these passages, known as High Egg Pasage (HLP)
doe> not produce clinical signs of infection even when inoculated
intracerebrally into rabbits, dows or young adult mice Howerer,
the HEP strain has retaned its abality to produce lethal mfection
when inoculated intracerebrally into suckling mice less than eight
to ten days old. Koprowski and Black® have shown that the HEP
Flury virus 15 effective and safe for the immumizanion of both
dogs and cattle. Because of 1ts mumimal virulence for laboratory
ammals, the HEP virus was chosen for the experimental immun-
1zation of man.

Our laboratory is greatly indebted to Dr John P Fox and his
associates at Tulane University for the many observations they
have made ou the use of HEP virus in man Initial experiments,”
carried out with large intramuscular wmocula (2 gm of chick
embryo tissue 1n 2 3 ml volume) , showed that both the frequency
and degree of antubody response were related to the total mass of
tissue mocnlated These findings were interpreted to mean that

HEP Flary v urus, while hiving, did not multiply 1n man, and thus
the antizeme stmulus was derned solely from the amount of
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virus antigen actually injected. Large quantities of chick embnyo
tissue (12 to 20 gm.) were necessary to jnsure uniformity of
neutralizing antibody response. With these rather discouraging
results, subsequent work has been directed towards finding a
better route and intervals of inoculation. There apparently is no
problem concerning the safety of the virus, since to date more
than 600 volunteers” have receised primary courses of HEP Flury
vaccine consisting of one or more inoculations. In two instances
immediate anaphylactoid reactions were observed following large
intramuscular inaculations. The Flury virus itself Ias not given
rise to any recognizable reactions® In addition, more than sixty
men have received booster inocula at intenals of from five to
thirty months alter primary itnmunization without showing am
signs of sensitization to the chick embryo tissue. The most r.ccml
work has mndicated that the intradermal route may be superior to
the intramuscular, and that three or four doses intradermaly
(004 gm each) with a fiveday interval produced a good serolog-
wal tespanse in eighteen of nineteen individuals. However, 35
good or even better results were obtained when the commerciat
Semple type vacaine was given in the com entional fourteen dose
course, or by four inoculations with five-day intersals. Further-
more, it was found that four doses of Semple vaccine at ﬁfﬂh)
1ntertaly did just as well as did fourteen daily doses of I%ﬂmi e
cine It should be remembered, however, that such vaccines €T}
the added sk of post-vaceinal acaidents.
In the mnportant aspect of rapidity A
Tlury qave bet‘:er resul(s{:lmn did (}})xe Harris or Semple "’";::
Thus ot thurty-seven persons who received four oF Inuncm(tm?k
of Semple or Harrss vacane, ten (27 per cent) had dﬂ“{?md e
anniliodics by the tenth day. OF erghty eight who 'fm:icluxlin
HEP Flury saccine, forty-tiwo, or 48 per cent, shonet '";t e
I the tenty day These findings suggest that whea lc‘ra sl
Fhany vinus did elient a response, 1t did 50 samenhat mare TIp!
than i the com entional vaceines
Fov and ‘hn a‘;&oci:ues" have also recorded some "m”;:!:‘::
concermng the abihty of the HEP Flury yirus to tl"(‘)‘lml;((l) fouy
amtrtheddy response w previously srmunired persens

of response, the HEP
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indniduals who had received a primary course of HEP Flury vac-
cine five to twenty-four months previously, all but four responded
to a booster dose. A small intradermal dose of 0 04 gm was appar-
ently as effectne as 2 gm. intramuscularly. In another group of
tuenty persons, chielly veterinarians whose past history of im-
munwation was fairly reliable, eighteen responded to a booster
dose of HEP Flury, including all those whose last previous freat-
ment had been within twenty years. O special interest was a
laboratory worker, treated forty years previously, nhose booster
response was clear-cut.

Sufficient information is not yet available to deternune wheth-
er primary immunization with HEP Flury vaccne 1s adequate
for postexposure situations, but the expertence with hooster
inocula sndicates that it might be useful “to initiate and mamn
tain non-emergency immunizauen 1w high sk groups such as
seterinarsans, postmen and dog catchers and, perhaps, even in the
general child populations of areas where rahtes 1s lughly en
demic.” Much more data are needed on the optimal spacing of
booster inoculations, and it 15 hoped that studies now under way
n our laboratory will give us a virus of increased 1immunogem-
CHY

Duck Embryo Vaccines. Recently Peck, Pouell and Culbert-
son® described an attenuated rabres virus cultrsated i embryon
ated dack eggs. The anttbody vesponse 1n man was considered
quite sansfactory, being early and present in most of the patients
Later, the same authors™ reported on the laboratory and chincal
aspeets of a beta-propiclactonehitled rabies 1accine prepared
hom duck embryos rather than rabbit brain tissue 5o as to elimmn-
ate the myelin component implicated in most postvaccinal re
achons Suspenstons of duch embryos with virns titers of approst
wmately 10° LD® made effectine vaccimes when macenated Dby
14000 concentrations of beta proprolactone These vaccnes were
stable and potent by N.LH tests Tnenty-one patients were given
complete courses of fourteen injections of vaccine Tenderness
at the site of injection developed 1 a majoriey of the patients and
fasted from twenty four to seventy-two hours Tius was mot a
major problem Antihndies were produced 11 all vaccinated sub
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jects within ten days. The authors point out that this type of
vaccine should be used with caution in allergic subjects, especial
ly 1f the allergy is to chicken-egg albumin.

POLIOMYELITIS

Now I would like to discuss the highly dramatized cflorts to
protect against poliomyelitis Since the Salk vaccine was intro-
duced, many claims have been made for it, and it has been the
subject of much controversy. Even now, after almost three years,
enough is not yet known to say whether it will eventually be the
solution to the problem, but mformation has emerged which 1
worth recounting.

Rutstemn® reports that 15,128 cases of polic were Histed by the
United States Public Health Service in 1956 as compared to
28,816 cases 1n 1955 This sharp decrease coincided with the mass
polio vaccination program which started in April, 1953, and dur-
ing which approximately thirty million people, mostly chifdren,
were given one or more injections of vaccine. If the number of
polio cases 1n the previous years had been relatively constant, the
drop af reported cases from 1955 to 1956 might prose 'thc eflicacy
of the vacane. However, there have been great ~ariations it the
number of polio cases from year to year. Rutstein's” d:n-m shr.m
that 1 the years 1930 through 1943 and in 1915 ':md 1917 the in-
adence of polio was no greater than in 1936, and in many of these
years was 1n fact lower. Beginning n 1918 there was an :lnnu‘.ﬂ m;
crease, reaching a peak in 1952 with 57,879 reported cases. . ‘ltr
there 1s no explanation for the great differences IrPln )('Jr.“’")";"'
but they occur not only in the United States but in practict v
parts of the world.

T e it 1 by com
r i information can be gamnee o
thaps more reliable infa el

paring the totals of clinically recognized paralytic %65 for the
there were 10,405 (to December) as compared to (L; :'1_ Tis
same period m 1956, a decrease of approximately one thire dect of
type of mformation is much better for evaluating lhc’ o T e
polio vaccination, and thus far the swing appears l'“ ';033 epi-
right dircction In line wwith this are the fiures of ¢ ]T",;\dy I
demic m Massachusetts.” which was caused almost €\C
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Type 1 virus. A total of 180 cases was reported among 137,968
children who recened a single dose of vacemne  an attack rate of
915 per 100,000. Friteen cases of polio were recorded among
22,673 children who reccived tno or more doses of vaccine, or an
attack rate of 66 4. In comparison, there were 333 cases of polto
among 278,532 unvaccinated children, guing an attack rate of
193 2 per 100,000 It was estimated that the effectiveness of the
racee for all cases of poltomyelitis was 53 per cent, and 60 per
cent for paralytic cases These figures are companable to those
quoted by Francis and Ins associates® for protection agamst Type
I pohovirus

Of great interest is Rutstein’s observation that the mteme
polto vaccination campaign begun after the start of the 1936 epr
demic in Chicago had no apparent effect on the course of that
epidemic. If the vaccine had exerted a real effect, there should
have been “a sharp drop in the number of cases” within a faurh
short period of time s it was, “the upswings and downswings on
the eprdennic curve” were of the same shape and showed the same
picture as are usually seen in this discase

Furthermore, all evidence now indicates that vaccination with
Salk saccine does not eliminate alimentary mfection, and that
‘accinated children are as likely to carry and shed hiing polio
Mirus as are umaceinated elildren ®* Possibly this 15 fortunate,
Lut m any event only time will tell how effective the Rilled vac.
«anes will be in protecting agamnst paralytic pohomyelitis without
benefit of further immunizing measures As Paul has stated” the
answer will probably depend on where a person lrves and “as
such, what his postvaccinal exposure may be, because the degree
?l exposure to polioviruses differs in different places and accord
g to different ways of life

F\crything must be done to msure that we are not postponing
the occurrence of poliomyelius from childhood until later in hfe
when the disease 15 more severe, and prralysts and death are more
frequent =

In all probability the present Salk rvaccine can and will be -
Proved by finding better methods of inactniation so as to retain
antigenic capaaity, and also by learning how fo ncresse the






Current Trends in Control 215

cells,” although later two of four nfants excreted TN virus that
was cytopathogenic.” This strain has been fed 1o at least $2%
people of various ages with or without the prorection of mnnune
serum globulin or maternal antibody,*“** and apparently has
never produced viremia, feser, clinical signs of 1llness ;1 contact
mfection Quantitative studtes ndicate that as hietle as 430 P,
of virus was sufficient to immunize certain individuals,” alihoueh
the customary dose has been a 1 ml amount (of 20 per cent miouse
brain and cord suspension) containing anywhere trom 16 1 10
PD,, of virus Neutralizing antibodies have been found v peraet
forat least three* and fis c-year periods of time ©
The SM“ strain s a Type 1 virus that was fist e

from monkey Midney tissue cultures to the spinal cord nswe of
mice and cotton rats. It was then carried for twenty soven o+
secutive wmtraspinal passages in PRI (Princeton Rochefedle 1
stitute) mice and for fourteen serial passages n chick cbny o
tisste culenres It was next plaqued out by the Pulbecca tedd
Tique on monhey Nidney monolayer plates Five alternanng
Passages were made betw een monkey Kidney and chick embryo us
ste cultures, and 1t was agrin plaqued out three consecutrve tumey
Funally, it was fed as a first or sccond passage i chic K embryo ussue
culture This strain is cytopathogenc for monkev Aidney epithe
hum, and may be assayed either mn nssue culture tubes or on
monolayers of monkey kidney epithehal cells (Dulbeceo plates) ”
Like the TN, Type 2, strain described above, the SM straut s
wonpathogenic for monhkeys inoculated intracerebrally It does
@use panalysis in some monkeys when njected intrasprally mn
high concentrations Thus far, all those fed the SM stram have
excreted virus, quute often in concentrations as high as 55 to 6 3
1ogs, in the first fourteen days after feeding Furthermore, those
fed have remained intestinal carriers of virus for long periods, up
© 171 dags® 1 a group of twenty-two mfants—all under six
months old and six of them ranging betwcen ten and twenty-
seien days old, the highest concentration of virus m the stools
“afound during the first sixteen days after feeding and the dur-
n of ahmentary infection ranged from fifty-five to 103 days
suth the average being about sesenty-three days™ In thus con-
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nection, Sabin has reported a maximum excretion period of 116
days for a person fed his partly attenuated Type I-Vahoney
KP33—strain.” Thus tar the SN Type 1 virus has been fed 1o
at least 257 subjects of various ages, with or without the protec.
tion of immune serum globulin or maternal antibudy, and appar-
ently has called forth uniformly an immune response without
causing any chinical illness™*"** In early trials, Koproush’®
found that as little as two plaque-forming particles of the SM
strain could initiate an intestinal infection in some children but
not in others Later studies with a higher passage level of the
strain indicated that 1,000 to 10,000 plaque forming particles
must be fed to insure mntestinal mfection ® Additional inform
ation 15 needed concernung the contagiousness of the SM strain
In one experiment™ the virus was transmitted from child o
child in five of fiftcen contacts “under the most intimate con
tact conditions” In another trial® seven children who were fod
the SM strain were placed in the same nursery with tho wfants,
twenty-two and twenty-six days old, who reccived no virus Those
who had been fed excreted Type 1 virus for as long as scventy to
ninety-nine days, and all developed neutralizing antibodies The
two contacts were kept in the nursery for one and a !mllf and
four months, respectively, and yet they failed to excrete Vs of
to develop antibodies
Not as much nformation on the duration of \v
lowing virus admumnistration is available for the S as for the T
strain, but they have been found to persist for at least lnd.\l‘."’
fifteen months.® It has also been obseried that the S}l strain l)n
terferes with the immunogenic activity of the TN steain uhffl;:":
two are fed simultaneously, so that it s now thought “‘{"“;ak.
fecd the viruses separately at about three to four week m;:m e
The MEF 1 is a Type 2 strain that was fivst nd-‘?‘?f 7 hant
central nervous tissues of mice,* then to the CNS of Sl‘;L(;:; ";n\'
sters ® Durjng hamster passages, a vanant de\eln(;cl m";h :’m
reacdily 1n chich embryo tissues ™ The C""."m‘ e g\issn etal®
actenisucs of the strain have been well descnb‘cd by C~I1 o s beent
As far as T Lnow, this is the only strain of PO“O“{-‘“ . ‘:l‘.m‘\n it
fully adapted 1o grow in the chick embrjo Roca® bas

antibodies fol-
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this strain produced a mild artack of poliomyclitis in only one of
thirty five monkeys inoculated imtracerebrally with 2 hugh con-
centration of virus, Slight cord lesions were found upon lustologr-
al examnation in only eight of thirty-eight monkeys inoculated
intraspinally, Cynomolgus monkeys injected repeatadty wieh luge
doses by the incramuscudar youte showed no symptoms but de-
reloped specific neutralizing antibodies  Sinufarly, chimpanzees
infected fntramuscularly or orally were foumd o have antibodies
although they did not become fecal carriers or show any signy of
Maess. The MLF 1 strain is almost completely noncytoprtho
genic for monkey Kidney cells, but retamns 1ts abitty to Jai -
and hamsters inoculated intracerebrally, even after wore yuas
130 serial passages in chich embryos The above characterntic s in
drcate that this strain of virus is greatly altered, and that 1t Cirnies
2 nanther of biological tags or markers that senve to differennine
n from naturally oceurring stramns of virus. Thus far ohhy the
sesentyfirst chick embryo pasage of this stran hay been ted 1o
169 jndnviduals. Twelve of them recesved wmmune scrum alobi
hn one hour after the virus was fed (011 m! per pound of bk
weight) * The others wese given virus alene The results s
date that the MEF 1 strain of the seventy fivst chik emhivo
passaze Jevel is so greatly modified that farrhy large doses mpest T
fed in order 1o induce an immune response that fromy 200 000
10800.000 mouse 1D, (5wl af 2 10 or 20 per cene chuck embro
suspension) . No 1llntess, no viremia, and no secretion of viTns in
the pharyn were found Thus far, virus has been recovered from
the stools of only three persons, and then mn low concentranons
and for periods not exceeding siteen days. In 2% eases the
2moung of virus in the stools was 5o small that 1t was detectable
m mice only after equichment by tissue cultpre passage There
¥as been no e idence ta show that virus recotered fram the stools
Tegarned virulence for the menkey OF thirty.two monkeys inoct-
Tated intracerebrally withs either stool suspenston, ussue culture
matetial, or first mouse passage matersal, only one came doun
“ith paralysis. Thys animal had received nndituted tsse culture
Matenal derped from a stool specimen colfected 11 days after
feeding None of the other monkeys became 1l and the histopath-
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nection, Sabin has reported a maximum excretion period af 140
days for a person fed his partly attenuated Type 1-Mahoney
KP33—strain.” Thus far the SM Type 1 virtus has been fed to
at least 257 subjects of various ages, with or without the protec-
tion of immune serum globulin or maternal antibody, and appr-
ently has called forth uniformly an immune response withont
causing any clinwcal iliness™*”“* In early trnals, Koprowsh®
found that as little as two plaque-forming particics of the SM
strain could initiate an intestinal infection m some children but
not 1n others. Later studies with a higher passage level of the
strain indicated that 1,000 to 10,000 plaqueformmg particles
must be fed to sure intestinal infection * Additional inform-
ation is needed concerning the contagiousness of the S\! stran

In one experiment® the virus was transmitted from child to
child in five of fifteen contacts “under the most intimate con-
tact conditions.” In another trial® seven children who were fed

the SM strain were placed in the same nursery with two infants,

twenty-two and twenty-six days old, who received no virus. Those

who had been fed excreted Type I virus for as long as seventy to
minety-nine days, and all developed neutralizing antibodies The

tuo contacts were kept in the nursery for one and a ln.” and

four months, respectively, and yet they failed to excrete virus or

to develop antibodies.

Not as much information on the duration of antibodies lu]:
lowing virus administration is available for the $3 as for the TN
strain, but they have been found to persist for at least l“d‘{"’
fifteen months.® It has also heen observed that the SM stram in
terferes with the immunogenic activity of the TN strain “"'F" the
two are fed simultaneously, so that it is now thought ;(!\ mhll'klr-l
feed the viruses separately at about three to four week ln;f:",ﬁmc

The MEF 1 is a Type 2 strain that was first adapted o+ ham
central nervous tissues of mice,” then to the CNS of mrl')‘"; ’:’tw
sters  During hamster passages, 2 variant developed ‘“’:h ehar-
readily 1n chick embryo tissues.”™ The cul(.uml and gro Ll
acteristics of the strain have been well descnb.cd‘h)' C'ﬂu"m o

Asfar as T hnow, this is the only strain of P"h""i"; . lJsvl;mm tht
fully adapted to grow in the chick embryo Roca®



Current Trends in Controf 247

this stran produced a mild attack of poliomyeltis in only one of
thirty-fise monkeys inoculated intracerebrally with a high con-
centration of virus. Slight cord lesions were found upon hustologt-
cal examinatron in only erght of thirty-cight monkeys inoculated
mtraspinally. Cyuomolgus monkeys mjected repeatedly with large
doses by the intramuscular route showed no symptoms but de-
veloped specific neutralizing antibodies Sunilarly, ehtmpanzees
infected mtramuscnlarly or orally were found to hase antibodies,
although they did not become fecal carriers or show any signs of
illness The MEF I strain is almost completely noncytopatho-
genic for monkey hidney cells, but retamns tts abality to kafl mice
and hamsters inoculated intracerebrally, even after more than
150 serial passages in chick embryos The above charactenstics m-
dicate that this strain of virus is greatly altered, and that it carries
a number of biological tags or markers that serie to differenuate
it from naturally occurring strams of vrus Thus far only the
seventy first chick embryo passage of this stram has been fed to
160 indniduals. Twelse of them receited immune serum globu-
in one hour after the virus was fed (011 mi per pound of body
weight) * The others were given virus alone The results -
dicate that the MEF 1 strain of the sesenty-first chich embrio
passage level 1s so greatly modified that farrly large doses must be
fed in order to induce an 1mmune response  that 15, from 200,000
10 800,000 monse LD o (5 ml of a 10 or 20 per cent chick embryo
suspension)  No illness. no viremia, and no secretson of virus in
the pharynx were found Thus far, virus bas been recovered from
the stools of only three persons, and then in low concentranons
and for periods not exceeding sixteen days In all cases the
amount of virus 1n the stools was so smali that 1t was detectable
in mice only after enrichment by ussue culture passage There
has been no evsdence to shotw that virus recovered from the stools
reganed sirulence for the monkey Of thirty two monleys mocu-
Tated intracerebraily with etther stool suspension, ussue culture
material, or first mouse passage materal, only one came down
with paralyss Thas animal had recened undiluted tssue culture
matenal derived from a stool specimen collected 11 days after
feeding None of the other monkeys became 11, and the histopath-
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ological findings were similar to those seen in monkeys inoculated
intracerebrally with the seed inoculum used for vaccine produc-
tion. Virns recovered from stools retained its growth characteris-
tics in mice and chick embryos

The Fox strain is a Type 3 virus that was isolated by Dr. John
P Fox of Tulane University from a patient with nonparalyic
poliomyelitis. This strain, which grows thus far only in moukey
Liduey tissue culture, has been “purified” by being plaqued out
s1x consecutive times by the Dulbecco technique. It is highly ¢yto-
pathogenic for monley kidney tissue culture cells. Howeser, it is
nonpathogenic for cynomolgus monkeys inoculated intracerebral-
Iy or intramuscularly, Intraspinally, in hizh concentrations, it
wilt produce paralysis in an occasional monkey. Thus far the
stramn has been fed to only thirty-one people, so that it has not
been as well studied as the other strains No ill effects have been
seen. Virus has been vecovered from stools for at least hirty days,
but the recovered virus has not regained virulence for monkeys
No virema has been observed in the treated cases, and speriﬁc
neutralizing antibodies have appeared on or about the eighth 10
tentl: day after leeding .

Since tins paper was prepared, Dick and his associates™ ™" have
described climeal trials in North Freland in which the TN af!d
SM strams of poliovirus were fed. There arc some IHSCI‘EP:!"C‘.('S
hetween their data and the data reported on trials conducted in
the Unuted States. As yet these differences in ﬂndin{:s hrn:c not
been tesolved, and the whole matter will have to be imestigated
thoroughly before furtber comment can be made.
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DISCUSSION

Dr. Fahlberg, Houston, Texas: Is it vahd to usc the interpreta-
tion that following mass inoculations we show an apparent de-
crease in the incidence of poliomyehtis? This may be true only in
children but not apply to adults.

Dr. Gox: I don’t have the breakdown on age groups We think
the results in Massachusetts would indrcate that the trend is in
the right direction, because there was apparently a reduction in
the total number of polio cases, roughly about a 50%, drop in the
paralytic type, but I think we all agree that it is still 2 bit too
carly in assuming that this is a final answer, ora valid result. There
15, no doubt, I think, that the Lilled vaccine is showing an effect.
How long the duration of immunity is remains to be seen. Does
anyone else wish to make any further comments?

Dr Robbins Cleveland, Qhio: I think that there 1s no doubt
that the vaccne will prevent paralytic polio.

Dr Kurland, Bethesda, Md.: 1 wish to point out that the ap-
parent discrepancies in ratio could be due to the hrge. increase in
the birth rate—more than twenty million more children “.ﬂc
born i the postwar years than in the comparable prewar period

In Fields, Houston, Texas® Has there been any evidence that
the Salk vaccine has produced a viremia? _

Dr Cox There were of course, instances of viremia \\'nh.u‘;
of the early vaccine preparations. The present product. Ivlh‘m"'
15 safe The question is—how patent is i1? As far as 1 hnow \;:“
1s no danger of getting viremia or pnliomyelilis ffnm the Pmﬂm
that 15 being produced now, but we do Tecognize the !arl“m(
potency has possibly taken a sharp decline because of fhe Pf%mt
praduct being subjected to three consecutive filtrationt )
manufacturers are having trouble obwining good P""]“q'
only m this country, but in Canada and Eng]zn:ld as well. Hood

D1 Fahlberg At a local blood bank they will pot draw

not
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from any person who has had a polio vaccination in the previous
six weeks. I am not yet certain as to whether or not this is the
nattonal regulation

Dr. Cox: 1 have not been aware of any such regulation (asks
several discussants if they had heard of this All spoke 1n the
negative). I think that an important fact of which we must be
aware is that people who have received the Salk vaccine can still
become intestinal carmers with naturally occurring strams of
virus. This may turn out to be an advantage

Dr. Blattner, Houston, Texas: Then this information points
to the fact that when the person recerses live virus he may be-
come a carrier, whether he has received Salk vaccine er not

Dr. Cox: We don’t have much data on that, but one thing 1
would Itke to point out is this—we at least are anvious to get our
strains as modified as much as possible so0 as to induce antibodies
but still not excrete sisus for long periods of time Our Type 2
chick embryo virus stramn seems to be the most modified that we
have because the amount of virus that can be picked up from the
stool is very small We have to use the procedure of tissue culture
inoculation in order to get enough varus produced to bring down
mice. If we inoculate stools directly into mice or into monkeys ne
fail to find virus We thinl it more ideal to have virus strains that
do not produce virus 1n the stools for too long a pertod of time
in people who have received the living virus there are mdications
that when one goes back and refeeds these same people, it is more
difficult to set up an 1ntestinal carrier state a second or third time
Koprowski has done some studies in which he fed twelve people
the Type 2 strarn and approximately six months later went back
and fed them a second time, and on this latter occasion only tno
of the twelve became excretors of the virus Then when these
people were re-fed for the third time, some time later, only one
out of twelve showed any virus excretion and this occurred for
only a few days Sabin has also noted that people who have been
naturally immune or people who have recerved living modfied
viruses show a much decreased incidence of the intestinal carrier
state when fed a modified virus strain later on In other words,
there is 2 good deal of information pointing to the fact that when
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you receive living virus the possibility of becoming an intestinal
carrier on reinfection is greatly diminished

Dr. Burdon, Houston, Texas: The preparations of attennared
virus is a long expensive process, and aren’t we going Yo have to
give more inoculations? We are looking forward to vaccines of
that Nind, but won't 1t be a long time before such vaccines are
ready, and won't they be expensive?

Dr. Cox: We are not yet ready for commercial production
We hope that we will be ready somewhere around 1938 to 1960
We can readily get antibodies by feeding live viruses by the oral
route. In our own laboratory we would prefer to get all these
strains adapted to some type of cells other than monley tissue
cells. We would like to have a biological tag on them so that we
could readily differentiate our strains from wild strains It s very
slow work. We have only one such tagged strain at the present
time; the MEF 1, Type 2 We feel that we arc making progress on
Types 1 and 3 but we don’t have them fully adapted and tagged
as yet Once we accomplish these essentials we can readily turm
out large quantities of yaccine with a relatively small amount of
material One doesn't have to have the volume because the anti-
genic mass is not required that would be required in a Li]I.cd vac-
cine. This is so because one depends upon the virus muln;.ﬂ)m..'l
m the gut to a certain extent and thus producing the an“.’:g"“
stimulus required. The main thing is to see to it that r‘hc i
doesn't multiply too long or regain its virulence. 1 think lh;lf
this can be done. It is a terrific challenge and it is not an a‘.’
thing 10 do, but we believe it can be done. I‘ersonally", I don't
hehese that our present strains that we are working with repre:
sent the final answer in this respect. L

Dr Alord, Houston, Texas: Regarding P"‘“"!’mm“ ,o:
Post-vaccinal encephalitis—are there any new current vm\s'nn( l"!,
ctiology of this® Is it an allergic reaction, or s it actual virw
fection®

Dr Blattner Dr. Cox, do you
Dr Cox No, I'll turn that over to someont else.
Robbins would like to answer Dr. Alord. .
Dr Robbins: 1 think you are all fami

jon?
1 want to answer that question
Perhaps D1

liar with the varous
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theories. There is a possibility that another virus is the cause.
Stll another possibiluty is that it is due to auto-allergy to brain
tssue There are viruses that produce a demyelmnating process
simtlar to that seen in postanfection encephalitides There is no
conclustve proof ar the moment of the etiology of these disorders
except n mumps where the virus has repeatedly been isolated
from the spinal fluid.

Dr. Blattner: Dr. Haymaler, do you care to comment?

Dr. Haymaker. Dy, Robbins handled that question so well
that Thaven't a thing to contribute.









