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HiSTORY OF ENJEPHLLITIS

There are few diseases that are new; rather, there are diseases
newly recognized. Whether encephalitis hegan in 1917 in Vienna or has
bzen. present for centuries may never be known. However there has been
epidemic and sporadie examples in the vast of a disease or disesses with
symptoms very characteristic of cur preseat day enidemic disease. But how
can we esy that the epidemics with cerebral symptoas of’the past are iden-
tical with those of the preseant when we are uncertain about the close
relationship of the present epidemicn?

Med ical historians give interesting evidence of diseases with
symptoms not much unlike the spidemic disease of today. Crooksnank (1520)
gives this quotation from Hippocrates *During this state of the weather,
ir the winter, paraplegias began and attacked many, some of whom disd in
a short time, for the disease was very enidemical., In other respects they
were well“f fright (1927) on the other hand says that "it is evident to
us that nsither Hippocrates ncr hia French translator wae iamiliar with
the epidemic which has confronted us". Howsver Wright believes that
Galen zust heve seen cases like our encephalitis lethargice. Galen ard
his contemporaries observed combinations of lethargy and "phrenitis"
(charecterized by delerium and positive motor eymptoms). This combination
is quite common especielly in casee withir the last decade (Boyd 1924).

Wright gives some curious sentences from Caelius Aurelianus,

a contemporary of Galen. "lethergy is more serious than phrenitis”.
"Farenetics frequently lapse into lethargy - - no more infrecuert thet lethargy
is converted into vrhrenitis." "But this is rmot sleep, it ie an obeyance,

an impediment to ell natural functions, it is an oprression which irn no



way refrecnhes the patient, but rether depresses him." Caelius Aurelianus
d escribes many symptqms very ﬁharacteristie of our owin presnet cases,

Crookshanz (1920) believes that the disease has prevailed for
centuries. %In greet part these occurrences have been noted as incidental
to mejor prevalences known historically as the sweabding sicknesses,
the epidemic catarrhs, or influenzes and the like".

Riley (1930) mentions sretacus and Galen as déscribing o
syndrome similar to epidemic encephalitis. Riley follows the history
up to the present. In 1221 there was described a similar syndrome under
the name of mendorr or mordorillo by De Sousa in Lisbon; In 1561 the
"pestilence soporeuse by Ametus in Italy; in 1695 lethargy with oculer
peleies by Albrecht in Germany; in 1912 "Somnolence with orhthalaoplegie”
by Camerarius of Tubingen; in 1768 "coma somnolentum" by Lepecq dela Cloture
in Frence; in 1835 cases of catarrhal fever with somnolence reported by
Ozanem who also reported cases as having occurred in Germany in 1745, in
Lyon in 1800, in Milan 1802; in 1862 an epidemic in Italy, Swetzerland,
Dalmatia and Hungary described undér the title of "nona" or "aalattia de
la nona" by Longuet also by Leichtenstern and leter referred to by von
Economo.

In 1917 von Economa described cases under th@rname encephalitis
lethargicae. Sonﬁ cases becane recoguized in France and England, described
in France Sy‘Cruchet and in England by Hall and Wilson. (Hall 1918, 1923)

By the fall of 1918 reports of cases in the United 3tates appeared.
Between Sevtember, 1918 and May, 1919 3mith (1921) collected 178 cases of
e¢pidemic encephalitis from nine states.

Neal (193%3) who is secretary of the Matheson commission finde the
first cases of epidemic encephalitis occurring in the spring of 1912 in

Bucarest, Rumania and described as henorrhagic encephalitis.



GENERAL ETIOLOGIC FACTORS

Because of the epidemic nature of this disease the causative
agent is ganerally assumed to be & living virus or organism. There is
no evidence to support an old theory of food poisoning such as botulism
being the etiologic fa;tor- (Ball 1923)

Although the disease is usually seen in epidemic form it is
very ¢ifficult to trace the source c¢f infeetion. This is probably due
to the existence of many zarriers ( Zinsser 1928)., Bernard and Renault
aay that from January to May 1920 alﬁhough there were more than 400 cases
in France there was not one case of direct contsgion. BSmith (1921) finds
no secondary cases in immediate families of 181 cases reported estimating
about 900 thus exposed. The Sheffield revort (Medical Research Council 1;26)
showed a notable absence of osutbreaks in schools ete. Hall (1923)- states
that evidences of contagion are rare, but says evidence for contagio
may be marked at times as (1) in institutione~~he gives three definite
examples of oubtbresks in schools for girls-=(2) in new born babes infected
by mothers having the disease, and (3) in more than one cae2 in one
household a1d nurses attending cases.

The S8heffield report finds no evidence of any relation between
the discase and social conditicns such as overcrowiing, poverty, or
unsanitary conditions, and no evidence of any association with topograrhical
consilarations ar with the supply of water, milk or any otler form of food.»

The season is winter ard early spring. The outbreaks usually
hegin in November or ﬁecember and resch their meximum in February or:March
diseppesring rapidly in Aprilrand May (Hall 1973).

In regard to age and sex the Sheffield report conclules thet

there is increaged susceptibility to infection in amnles end iacreased



liability to death in femaless There is increased susceptibility to
infection between the ages of 15 and 30 years. Saithk {1921) finds the
incidence between 30 and 45 a little higher than between 15 and 30.
However the important fact that both figures show is that the disesse
pceurrs very largely in the young adult and adult where as in anterior
policmyelitis the disease is predominately in children, especially under
10 yearg of age.

The reporis by year of encephalitis in England and Wales zhows
the peaks of incidense in 1921 and in 1924, Riley (1930 gives éases
reported from 14 countries showing tﬁe peaks to be in 1921 and in 1924.

Rilsy'e figures are as follows:

1920 1921 1922 1923 1924 1925 1926 1927 - year

7,735  4,7% 1,468 3,597 9,395 6,470 5,774 3,832 - cases
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R LATIONSHIF TO IdFLUENZA,POLIMYELITIS,AND OTEER DISEASES

The epidenics of encephalitie or something similar to encephalitis
that aro mentioned under history have been largely associated with epidemics
of catarrhal fever or influenza. 8mith (1921) cites Ozamenn in 1835
ae mentioning epidemies of catarrhal fever with "soporosite" as héwing

oocurred in 1745, 1800, and 1802. In 1918 in France and England cases of

epidemic encephalitis followed in the wake of the pandemic of influenza.

Late in 1918 and early in 191¢ the disease appeared in the United States
following the appearence of influenze in this country. The outbreak
reported by von Economo in Vienna in 1917 is generally seid not to have
been associated with influenzae. Crookshank {1919) however statze that
grippe was prevalent in Vienna sh that time but was not diagnosed influenza
because the Pfeiffer bascillus was not found»‘

In regard to the epidemic of influenza in 1890 in the United
States there is evidence that there were meny cases of encephalitis asso-
ciated with this epidemic. Here the ceses were thought of ams part of
the influenza and the cases were not given the distinction of e separate
disesse.

In Smith's series of cases about 46 percent give a definite history
of influenza, which was considerably higher than in the general populatibn.

Crookshank (1926) believes that the relation between encephalitis
erd influenza is very close, "Cases and epidemics of encephalitis
appear sometimes‘as autonomous ceees and epidemice but alwaye in close
relstion in time and space to cases and epidemics of influenza. Cases
and epidemics of encephalitis occur in persons and in places that have
recently suffured from influenza. Cases and epidemics +hat appear t5 be

cases and epideamics of influenze may rapidly and without breesk of continuity
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become casee and epidemics of encephalitis."
Flexner (1923) and more recently Jordon according to Zinsser (1928)
come to the conclusion that influenza may be a contributing factor, but the
encephalitic process is a separate pathologically distinct entity. "This
1s strengthened by the fect that it is not only influenza which is apparently
associated with encephalitis but also acesles, varicella, vaccination ard
suallpox, pneumonia, and whooping cough." =Zinsser. However as will be
discussed later the postvaccinal and related encephalitides are not the

sameé especially pathologically as epedemic encephalitis.

As mentioned above the age incidence of poliomyelitis is much
different from encephalitis. But Crookshank (1926) says "No clear line
of dem;rcation other than topographical can be maintained between epidenic
encarhalitis and epidemic poliomyelitis".

Besides the groas location of lesions in the central nervous
system the microscopic pathology is quite different in the two discases.
In Policencephalitis the pia~arachnoid shows as & rule considerable
involvement not true of epidemic encephalitis; the polymorphonuclear
leucocytes predominate in cellular infiltration, ﬁhile plasma cells
predominate in encephalitis; hemorrhapges are common and relatively large,
but absent or microscopic in encephalitisg; vascular changes about the
small arteries, but infiltretion about venules in encephalitis; selluler
degeneration and neurcnophagia sctive in poliomyelitis,‘relaﬁively alight
if present at all in encephalitis. (Tilney and Howe 1920)

Borman (1929) believes that anterior poliomyelitis way have

cpideaic encephalitis superimposed on it. He rerortis a case.
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Epidemic hiccough according to Boyd (1924) prevailed in
Winnepeg at the tims of the firsgt Winnepeg spidemic of encephalitis
in the winter of 1919-1920, and in fact was nore externsive than the latter.

The two diseases were rarely associated in the eame individual suggesting

that the one may inmmunize zgainst the other disease.

From a study of epidemic mumps in the lagt 100 years in Norway,
Gundersen (1927) concludes that there is reason to look on this infection

ae the origin of lethergic encephalitis. He finde a marked monthly and

yearly paralleliam.



PO3TVACCINAL ENCEPHALIT IS

A type of encephalitis somewhat sianilar to the epidemic ty»e
but probably quite a different thiag is the postvacsinal type. Encephafitis
following weasles, emall-pcx, varicells, whooping cough and numps ars often
2lasged with the postvaccinal type. On a pathologicel classification
these encephalitides mey well be grouped together opposed to the epidenmic
type (Armstrong 1929). The postvaccinal type etc. is that o a toxice
degenerative rather than an inflammatory process(Ford 1928), There is
perivaescular destruction of myelin with collasction of lipoid waste products
in phagocytes, the perivascular zona of eoftening deacribed first by
Turnbull and McIntosh (1926). In postvaccinel forms thsre is & wide
demyelinization of the nerve tissuve sc that lesions reseéble those of
acute disseminated aclerosis (Flexner 1929). Epidemic encephalitis
on the.other hend is characterized by diffuse inflammatory reaction associated
with exudation of tlood cells. Zineser (1528) ie inclined to the view
that the pathology of postvaccinal encephelitis ie not so differeat from
the epidemic type. He sitee Luchsch and Bastimanse and says.that even
Turnbull and McIntoeh sdait considerable similarity between the histo-
logical pictures of the two diseascs.

’ Poat~vaccinal encephalitis was observed as early as 1912 by
Turnbull and McIntosh but was not published until 1626, after the epideaic
encephalitis was recognized. The most thoroughly studied cases were

in Holland reported by Bestisanse (Zinsser 1928).

Armstrong{1929) gives reporte in England 100 cases, Holland 130,
and Germany 34 cmses up to 1929. In Germary the figures irdicate 1 case
in 700,000 vaccination, in Bngland lcase in 48,000 and in Hollernd 1 case
in 4,000 veccinations. In Holland vaccination has been supervized by the

government, and the results were more carefully studied and reporued.



Reports of postvaceinal encephalitis in America are rare
compared with in Europe. No cases have been reported in Canada up to
1929 according to Defries ard McRinnon (1929).

Dr. George Blummer, discuseing Flexner's paper (1929) reports
two cases of encephalitis out of 40,000 vaccinations in Bridgeport Conn.
The ceses eppeared at the time of the year of epidemic encephalitis.

He states "These msy have been iypical epidemic encephslitis cases occurring
coincidentally after the use of vaccine". No report of the pathologicel
findings are given to substantiate thie belief.

The Holland studies showed that the serum used in cases developing
postvacecinal encephaliiis was not at fault as many different types and
brandes were used, brSught from several different aountries.

The symptoms of postvaccinal encephalitis usually apresr
suddenly when the local reaction at the asite of vaccination is st its
height, sbout 10 to 13 daye after the inocculation. "Prodronata include
headsche vomiting end hyperpyrexia with alarming nervous syaptoms soon
supervening. These three prodromata plus paralysis are the cardinal e?mp~
tomes". (Flexner 1929) According to Armstrong's studies stupor is always
present in fatal cases and symptoms of meningeal irritation ususlly present
in conscious cases bubt sbsent in others. The Babinsky reflex is ususlly
positive a point of diagnostic importance. |

The course is hyperacute and the fatality high, ranginé from
35 40 50%. Recovery is usuélly rapid and complste in contradistinction
to enedemic encephalitis. Death or amelioration of symptoms bccurs in ton
deys to two weeks.

The age of patients is usuelly 3 to 13 years. La Page (1933)

helieves that thie indicates that vaccination should take place in infeancy

and et a3 early an age as possible.
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Theories of the cause of postvaccinal sncephalitis are given
by Armetrong (1929). (1) Result of sctivation some unknown agent in the
virus or more'likely in the vaccinated individual«~supported by most
European autherities. (2}-Vaccine virus iteelf=~luchsch, Leiner, M¥clrtosh. |
(3) Some state of local anaphylaxis.

Berger in 1921 (Matheson comnission 1929) tested the above
theoriea but failed to get any positive evidence for any one of ths three
theories. He used rebbits. To test the first theory he used rabbits
previouslv inoculated on the cornes with herpes virus. Bijl in 1927
feiled to produce the disease in animale by intracerebral’injection by
ase of epinal fluld or brain of cases of postvaceinal encephalitia.
Vaécine itself howsver produced the disease. Demme in 1924 brought out
the point that the lesions in animal brains were not &t &ll characteristic
of the human postvaccinal encephalitis.

The presence of vaceine virus in the brain hae been shown 1ia
only a few cases (Zinsser 1928). Turnbull and McIntosh report 7 cases.
Zinaser says that after any vaccination the virus can be found for a

ahort time in all %the organs of the body erd he believes this is probably
the case when virus has been found in the brein. "It i1s definite that
veceinetion is at least a contributary ceuse but the immediate cauﬁe ie
probably some distinct agent.“ Zinsser puts vaccination in with measles,
smallepox, mumps, whooping cough, preumonia, and influenze as predisposing

causss of encephalitis.
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- AUSTRALIAN "X DISEASE"

There was in the late summer a2 early autuman of 1917 ani 1918
in New South Wales, Australia an outbreak of acute encephalomyelitis, The
diseeee was of definitely epidemic charscter, but the districte which
suffered were remote from each other and only comnected indirectly by
long radiasting roads to 3ydney,the metropolis. The regione were in the
" out back® districts, about 200 miles from Sydney, where the climate is
hot and dry in contrast to the muggier climete of 8ydney and the coast.

The outbreaks in the two regions hegan simultaneously and since
there wzas no caseg in Sydney the carrier theory would hardly explain the
criginal dissemination (Oleland 1919). Since the diasease was proved to
be commﬁnicable to skeogp, horses and calves, there was the bare possibility

i, that these animals might be carriers. There waes no evidence that flies,
mosouitoes, lice, etc. were etiologice factor§¢

During the outbreaks of "X disease® “hsre were remarkably few
cages of cerebro!pinal meninéitia end infantile paralysis, both notifiable,
and the Siate was free from influenza.‘

The disease wae often abrupt in onset with 2 mortality of 70%.
Four arnd one~half days was tlre averege duration of illnees.

Ohildren chiefly were affected but adults‘did not escaps.
General signs of cerebro-spinal irritation, nemely, convulsions, rigidity,
increseed reflex excitability.and leas of consciousness, sccompanied by
high fever were the dominent bedside features.

Paralysis of voluntary musclee was ueually absent (Cleland 1919).
The symptoms in no way suggested poliomyelitis, nor aid the appearancevof

a mentel disorders ard Parkiaeonism ae residuae in a few casee (Neal 1933).

Neal is of the opinion that this outbreak "may very well have been epidemic

encephalitis".
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The pathological lesion resembles gacute poliomyelitis, but

differs inasmuch as the lesions were always widepread and changes in the brain

were always as great if not zreater then in the cord. Cleland and Campbell
(1920) say that histologically the outstanding feature was distension of
the perivenous sheaths by cellas of lymphocytic appearance. The lesions
were scattered throughout the brain end spinal cord+ The corpue striatum,
pons, and wedulla were the parts most intensely affected.

Fleyner (1923) comparee the Austriaa "X diseaee" with poliomyelitis
and encephalitis. "The infiltrative character o>f lesions about the blocd
yeszela, the foci within the tisesues and the degensration end vhagocytosis,
neuronophegia of the nerve cells, in the spinal cord and basal ganglia
hardly differ in kind from those found in these structures in poliomyelitis.
Moreover the reletive eacape of cortical structuree is sinmilar in these
instances." "The pathological histolozy seeme to definitely distinguish

the Australian disesse from encephalitis because of the great involvement

of the cord." Flexnsr suzgests that the discase mey be an exhalted form

of poliomyelitis.

‘ However as Flexner states it differs from poliomyelitis in that
it may be tranefered to sheep, horee anc celf aé well a8 monkey and wman.
Poliomye litis has never been successfully transanitted to any animal other
than man end monkey.

Neal {1933) telieves that there e not enough difference to
bage a diagnosie of epidemic encephalitis and "X disease" on pathological
grourds alonge

Orookshenk (1918) states that Dre. 3reinl has confirmed that tle
virus of this disease is identical with thst of poliomyelitia. "Otherwise

we might now be hearing of Encephalitis convulsiva var hustralietica."
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o BACTERIAL CAUSATION

The firet researches on the etiology of epidemic encephalitis
by Wiesner and by Bernard attribute this disease 1o the‘organism of influenza,
especially the polymorphous diplostreptococcus. Zinaser (1928) in mention-
ing Wiesner's theory of thﬁvdisplostreptacoccua says that the results of
inoculation with thie organisz were too good. The anizal died in two days.

Roscnow in 1924 iscleted streptococei from the nasal secretion
of patients heving epidemic encephalitis. Theee he belisved to be the
primary agent in the production of encephalitis. His lateet studies (1933)
link encenhalitis arnd influerza. Ee comparce the cetaphoretic veliocities
>f the streptococcl isolatsd from atria of infection of persons suffering
from encephaliitis with the velocities of streptococci from patients
s recovering from influenza. The streptococci from encephalitis shifted
towerd the slow velocity of streptococei from influenze. "The marked
neurotropic type of velocity of streptocceci fouad during convaleecence
from influenza suggeets, perheps, why encephalitis and other diseases of
the nervous system such as epidemic hiccough, polio-encephalomyelitis,
radiculitia and neuritis sars so prone to occur following sttacks of influenza
or epidemics of influenza." /

*Prolonged use of vaccines containing strepiococci having
chiefly neurotropie velocity as isolated especially from animels given
injections of material dsrived from patients having encephalitis and other
diseasea of the nﬂrvéus syetem, haa been’follawed by iwprovement in symptoma
and conccuitant disappearsnce of neurotropic etreptogocci from nasopharynx
in some casas." (Romenow 1933)

Freemen (1927) finds a large percentage of individuals carry in

the nasopharynx an organisa indisticguishable from organisms isolated in
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certain cases from the brain of patiernts dayirg of encephalitis. Fe argues
that a certain degree of imaunity is carried by the healthy individuel. He
sites patients benifited by blood transfusions. Freoman and Evens isolated
a neurotropic streptococcus in 1926 which is identical with the organiem
isclated by Rosenowe

According to Zineser (1928} this streptoccccue although it hae
been cheerved hiatologically, usually assumes a filtrable form in the
human brain and in the rabbit brain and in cultures. Thias etrain has
been found by Zinsser to be identical with straine of herpes virue. Yet he
does not accept the possibility of a mutetion of an orgenism into a filtrakble
virus. Zvans (1927) studied baateriolagicaliy 8ix sirains of so~called
viruses. Four of these strains were originally from vesicles in casesg of
herpes, one was from the cerebrospinal fluid in a case of eyphilis and one
wae from the brain in a case of spidemic encephalitis. OCulturee of virulent
streptococei and culiures of spore-~producing rods were obtained from all
8ix strains.

Goodpasture (1929) believee that bacteria such as streptococel
prepare the tissue for inoculation with the filtrable virus, but are not
the primary factor. Zinsser rejects the bacterial csusation of this disease
on the following grounds: (1) The clinical symptoxs and spsed of death of
inoculsted snimals i3 different from the human diseasee (2} The patho-
logic chenges in encephalitis in man are fundamentally different from those
produced by eny known forus of bacteria. (3) The nature of iLumunity as far
as is known in encephalitie amd certainly in filtrable virus diseases gen-
erally is different both biologically and serologically from that in
streptococcic infectiones (4) All who have claimed bacterial etiology
for this disease have assmmed an interreletionship between the bacteria and

s filtrable stage, in which case it would be necessary +o stretch this
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mutation not only intc one of form anl and infectious properties btut inte
one affecting all the basic biologic abttributes of the agent; for unlike
bacteria the filtrable virus can be preserved in glycering ihdefinitely,
degeneratss easily in salt solution end ie much lesgs resistent to heat,

chemicale, and wost other deleterious sgencies than esre baeteris.
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VIRUS CAUSATION AND HERPES ENCEPHALITIS

The preceding arguements against bacterial causation introduces
the theory of filtrable virus as the responsible sgent for this disease.

Some of the first experiments indicating a virus of this nsture
a8 being the etiologic factor wers by Strauss, Hirshfeld and Lecewe of
Neﬂ York (191S) who inoculated emulsions of ﬁuman brain of patiente dying
of epidemic encephalitis and produced in monkey lesions characteristic of
legions found in epidemic encephslitiss also a filtrable vi;us, obtained
from the nucous membrane and washings of the nasopharynx in a fatal case
of epidemic encephalitis produced encephalitis in the monkey. This virus
wasg carried through a second generation.

This experiment should be observed in the light of knowledge of
the herpes virus. As sarly as 1913 herpes was known tc have been caussd
by a living infectious agent from the work of Truter. In 1920 Joerr and
Voechting discovered that herpes virus from man could become neurotropic
end give rise to sncephalitie in rabbite (Zinsser 1528). "When herpes
virus was isolated from the spinael fluids and braibns of several patients
with encephalitis, it was natural that an assccistion between herpes and

encephalitis should be coneiderad.”

Effert to bring eucephelitis in man into relationship with
herpes virus éncephalitis in rabbiie snd wmonkeys has hesn malinly by the
Pagteur Institute at Farie under the influence of Levaditi. In 1920
taking naterial from 16 clinical cases inoculated 19 rabbits, 1% nmonkeys
and 8 guinea pigs and produces two positive resulte. Doerr in 1921 taking
material from 11 sases proluced the disease experimentally only once .
Szymenowski end ﬁylberblast%Zand (1523} obtained 18 positive results in

55 inoculations or 3%%b. They employed cerebro-epinal fluid, discharge from
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the nasopharynx and emulasione 57 the braine of pstients dying with the
disease. Their results were obtained on rabbits. They believe their
results to be due to an encephalitis virus which is identical with the
herpes virus but more nsurotropice They say that their encaphalitis
virus produced the same clinical symptous and the identisdl pathologis
changes in rabbits as does the virus of herpes.

The latter authors do not stete the number of patients of encephal-
itils from whom meterial for poeitive animal inoculation was teken. It
was probably a very small number; In fact among all experimentetion along
this line the nudber of humen ceses carrying a virus neurotropic for rabbits
is extraocrdinarily rare. Rose and Walthard recently according to Flexner
(1929) thought from their experiments with “he guinea pig that this was due
to the virus acting for &z brief period damaging snd infloming the brain
and dissappearing. Flexner howsver repested the guinea pig cxperiments
with a strong herpes virue and found ﬁhﬁ virus not destroved in the course
of the inflammatory reaction but multiplying in the infected and inflamed
brein and capable of unbroken, indefinite guinea pig pamseage. Whatever
the explanation, the fact stards that a virus has been isolated from cases
of human encephalitis very few times, probably only in 10 instances
(Gay ana Holden 1933). Dawson(1933) soys it is al least an umusual occurrence.
"Phe sssociation of herpetic virue with humen encephelitis seems on the basis
of svailable evidence, adventitious."

Flexner has done coneiderable experimentation on the nature of
herpes virus (Flexner and Amos 1925 I, 1925 II, Flexner 1928, 1929). He
considers this virus separate from that causing humanhepidemic onicephalitia.
Concerning the attempts to identify encephalitis in the humen with virus
encephalitie in the rabbit, Flexner (1929) says "This undertaking disregards

a1l criteris which make spidemic encephalitis in men a so-called clinicall
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entity". fThere is striking sbsence of asrential couformity between these
rapidiy fatal infections and the whole complex train of aymptons and
consscuences vhich characterize epideamic encephalitis ir man." MeacCallum
{(1926) also believes herpes end encephalitis are not identical.

Zinsser (1929) produced a condition in Cebus monkeye simulating

with considerable accuracy the humsn disease of acute encephalitis in

syaptong, in course, and in pathological changes by measns of the herpea

virue, asing nore resistent individual monkeys. (The ordinary Cebis monkey
ouickly succumbs ta the herpes virus intracerebrally.) Zinsser believes
encephalitis might be due to the deve lopment of neurotropisa by 2 number
of different filtrable agents including herves astoccasionally resvonsible”.
In Ney York City, Gey and Holdea (1929) suvport a similer hypothesis.
"lethargic encephizlitie may well be caused by & nsuroirople strain of the
virus of herpes sinplex.™ Their studies cre based on examiuation of a
very strongly neurotropic herpee virus, the Le Fevre virus. It ie without
demonstrable dermotropic properties. They find the ideal method of producing
active immunity in rabbits and guinea=pigs lies in provoking an herpetic
evaption with a less neurotropic but dermotronhic viruse. 4 virucidal
&Qﬂibody is produced which can be easily desonstreted in the serum of the
animal; it gives generalized immunity against both the strongly neurctropic
virue and slso against the dermotropnic virus. They do not say how long
the immunity may cantlaue. |
Gay and Holden (1933} report that they have found a new gtrain of
herpes simplex virus rscovered from the brain and cord of & human case of
acutely fatal epidemic eg@ephalitis, This virue is extremely fatlal to
rabbits whether injected intradermally or intracsrebrally. It acts on the

Cebus ard ths Macacue rhesus monkey as does herpes, and cross ilmmunrity tests

identified the two viruseg as the same.
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bemonstration of herpes virus in the brain of humsan cases of
encephelitis has 2ls0 been accompliehed by Pedrau (1529). Three cases of
encenhalitis gave pomitive results by their technicue.

The evidence against ard in favor of the herpetic origin of
spidemic encephalitis is discuesed ia detsail by Gay and Holden (193%3).
The herpes virus has rarely bsen isolated from cases of epidemic encephalitis,
but: There is some evidence that the disease ie cyclic and the virus is not
always present excsplt in the acute stage, end relatively few cases have been
studied in the ecute stage; the virus is usually sought for in the cerebro-
spinal fluid rether than in'the brain tissue where it is more likely to be
vresent; the virus in humen brains has been sought almost exclueively by
intracerebral inosulation end yet such a fatal human virus slihough
neurotropic for man might be strictly dermotrophic for aninals. ‘Herpes
is a coamon infection whereas encephaiitis is rare; this can be explained
by a fairly sompetent defense mechanism in the normal ceatral nervous system
and by lack of neurotropiem on the part of the usuel virus of herpes.
Herpes accompanies epidemic encephalitis less freouently than does many
other diseases but: At times “he seouence of herpes and encephalitis is
striking and suggestive; herpes may actually serve to protect against
ancephalitis as at least it does regularly in experimental infectiona.

They zive their arguement in favér of the herpetic origin as:
(1) The virus of herpes eimplex producee in meny animals ekir =nd brain
infections which resemble respectively herpes and epidemic encephalitis
in mane (2) A subacute disease clinically human encephalitie hasg been
oroduced in Cebus monkeys by Zineser and by McKinley and Douglass.

(3) Pathologically the lesions are similar. (4) There is evidence that

the paturally occurring antibodies active ageinst the herpes virue and o
present in rumen beings suffer fluctuations both in heryea and in

enceohalitis in men that suggests a ceusal relastionship of both diseames
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to herpes virus. (35) Both herpes simplex and evridemic encephalitis belong
to the srxceptional group of virus diseases (approximately 10%) in which

recovery does not give rise to lasting protection.

To continue the subject of virus causation of encephalitise

‘some mention might be made of the general nature of the so-called filtrable

viruses. The name implies that itvis living. But none of ths filtrable
viruses have heen cultivatsd (Zineser 1929). Some think that éhe virus is
& lvtic principle, not living. This theory linke the filtrable virus with
bacteriophage.

Zinsser explaine this possibility "Once a bacteriophage for
a given culture has been started, asually in the intestine or in glycerinated
vaceine pulp or under other conditions in which the bacteria ere in contast
with the autolyzing celle, something 1s produced which initistes lysias of
similar bacteria; and these bacteria in tann while undergoing lysis, repro-
duce the lytic principle. Thie principle is filtrable and in a great many
important sttributes is analogous to filtrable virus agents in general.
Could one conceive a cytophage which would initiste a similar sutolytic
process in cells of the nervous &ystew, not only would the injuries produced
by such an sgent account for ths patholcgié conditions gnd lesions but
they would explain experimental trensmission fram snimal to animal, since
such a cytophage would in ccmplete analogy Qith bacteriophage be produced by
the specific cells which degenersted because of its action”

“ghils tke idea is consistent with almoet alli the clinical'gnd
experimental observations that have been made on herpee and on encephalitis,
it ig impossible to harmonizetit’with observetions on spontansous

N il
trenemission from patient to contacte or attendants.



R

T,

21

In regard 1o the poesibility of the virus remaining infective
or virulent for long periods of time, Folden (1932) finls that herpes
virus in deeiccated brein can be kept virulent in the dried stete for at
least 18 montns. ®Thile herpes virue in moist brain in glycerine at
lcebox temperature consserved its virulence for only six zmonths., The
game degree of infectivity is present whether the virus ie moist or dry,
"This conservation of herpes virus is enalogous to the survival of
pneumoncocci in dried animal tiesues for a period of several yearse"

This may be of interest in the discussion of the 8t. Louis
epidemic which occurred in exceedingly dry weatYer as also the Australien
"X disease". Conservation and provegation in dust wight be considered.
The weather in thess epidenics was not only dry bubt very hot. "Dried

herpes virus withstood 90~ C«" Somewhat anulagous results were fcound with

the pneumoccocci.

The ocuestion of the tissue localization of the virus in the nervous
eystem and possible modes of »aesage of the virus has been contributed to
largely by Goodpssture snd Teagus. Their experiments demonstrated thet
in ocular herpes the virue does enter the brain invariably by way of the
aensory fifth nerve. Goodpasture (1929) demonstrated in suitable experimente
(intremuscular incculation) herpetic changes within the motor ganglion
cells deep in the pons before lesions could be found within the aerve
or eleewhere. It was concluded that thre myelin sheaths seem to insulste
the virus in its passege up the axon for the cells of the sheath of Schwarn
surrounding the axis cylinders sre susceptible to nerpetic virus,and whea
they become affected an acute neuritis nanifest 1tself. Goodpasture

believes that the virus may be harbored in an 1nact1v¢ state within the nerve
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cells and axons. PFlexner (1925) bhelieves thet the virus attacks the
nerve cells directly "affecting them quartitatively in such waye as at one
time to produce stimulation and at another time parslysis.”

Inclusion bodies particularly within the nucleus ars coming to
be regarded as & criterion of the presence of virus in e lesions of
unknown etiology according to Goodpasture (1927). Trachoms and rabies
rroduce inclusion bodies in the cytoplasm alone. Varriola end vaccinia
produce changes within both cytoplasn end nucleus. Varicella, herpes
zoster, herpes simplex and possiblyAverruca vulgarie involve specifically
the nucleus.

These inclusion bodies have the appearance of being ; new substance
originating within the cell. Da Fano (1920) was one of the first to
degsribe inclusicn bodiese in nerve cells in casea of epidemic encephalitie.
He found similar bodiee in sslivary gland cells in an acute case of
encaphalitiaa Daweon (1933) says that pa Fano described vague intra-
cellular bodies not st all typical of virus inclusione. He believes no
one hss demonstrated in human cases inclusions charascteristic of herpetic
infection. FHe describes s cage in which they are preesent and two fatal
cases in which they are not present. From his studies he concludes that
spidemic encephalitis may rot be a diestinct entity, his first case being

due to 2 definite"cytotropic virus®and the other two being of a somewhat

different neture.

Before leaving the subject of filtrable virusss as the causation
of epidemic encephelitis attention might be called to sn encehhalo-myelilis
of horses, sheep, and cattle called "Borna™ (Gallowey 1929). Thie is

csused by a virus of the same catagory as poliomyelitis and herpetic
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ncephalitis, and thereby, poesibly epideaic encephalitis., It resembles

e ]

cliomyelitis in coafering imamunity after one attack and in +his same

feature differs from esncephalitis of man. The pathology resembles
encephalitie vary closely ze far as wicroscopic changes are concerned.

It differe in that the spinal genglis show very intense lesions in all

cases. It resembles herpetic encephalitie in that Iinclusicne bodies sre fourd
within the nuclei of the nerve cells. Gallowey suggest that inclusion bodies
are harriers to the destructive zction of the virus, i.e. a defensive
mechanism on the part of the aerve cell.

Nicolau and Gelloway in 1929 showed that the virus when inoculated
intracersbrally disseninated in & similar way to the virus of rabies, polio-
myelitis, and herpes i.e. centrifugelly by the nerve tractes. In "EBorna'
lesicns msy be found in the peripheral nerves.

In discussing Gelloway's paper J.G. Greenfield emphesized a point;
"The extreme répidity with which neurctropic viruses can dieseninate them-
selves thfough.thﬁ nervous system certainly suggests something of the same
nature ss the trensmission of an impulse thf?ugh.a_nerve or the paseage

of ignition along a fgunpowder trail.”
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CLINICAL FEATURES OF BEFIDEHIC ENCEPHALITIY

In this paper only the lmppriant symphtows will be menticaed.
Stress should be laid on the change of some of the major symptoma
from the time the diecase was described in 1917 antil the preaeht,

There ig information that =ae epidemics have decreased the clinical
features have changed. The earlier cases of encerhalitis, occurring in
1317, 1918, and 1919 were chiefly epidemic with ophthaluic syartoms and
lethargy very promiment. In 1922 and 1923 according to Staellybrass (1923)
the evidemic gove way to ore In which there wee extreme restlessness,
prolonged sleeplessness, often delirium with terror, and other positive
notor symptoms. 4t the ssme time the mortality =2lso incromsed rising by
ateps in England from 12% in 1920 to zbout 40% in 1923. Boyd (1924) sites
similar change of symptoms in the Winnepeeg osutbreaks, but the mortsliiy ie
reduced in the later éjidemic,

Suith (1921) gives a good sumaary of the characteristics of
the euarlier caeges. "The clinical course of the disease may be divided into
three stages; (1) a prodromal period vwith fatigue, lethargy, headache,
giddinees, and diéturbances of vision; (2) the stage of acute nanifestations,
with vomiting, fever, paralysls of certain eranial nerves, changes in
tendon reflexes, alteration in spéech, marked peneral weakness, and in
the majority of cases coma of varying intensity; and (3) the period of
convalescence which varies. In some cases recovery is complete within
ten daye to two weeke after subsilence of the acuts symptoms. In other
cases howover convaleacence is prolonged and is accompanied by changes in

the mehtal state, lefinite loas of function of certain muscles and obstinate

‘paleies of the cranial rerves.

The case fatality wae 60% in cases of sudden onset end 22% in
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cases of gradual onset, or 29% in a series of 159 cases according to Smith.
Tilney and Howe (1920) in & report of 20 cases give the fatality es 25%, 15%
complete recovery, 20% improving slowly, 35% stationary or worss. Someone
has said that 25% die, 25% recover ard 50% are left with some residuae.

Different types of the earlier form are described by Tilney
and Howe (1920): (1) The lethergic type is characterized by a condition
of nmodified stupor in which it is possible to rouse the patient for a
time, geining hie inteilegeat cooperation, after which he lepses into deepv
sleep agein. This corndition usually Ie accompanied by crenial nerve palsies,
especially oculomotor. (2) The cataleptic type, in which the patient is
able to understand questione but ies unable to maike the slightest regponse.

(3) The paralysis agitans type--Parkinsonian syndrome--extremitiss stiff anl
trembling, facial expression fixed, movements slowed down, mcnotony in speech,
and shuffling gait. In this type there is "supreeaion of sutomatic associated
novements, slownses in somatic movement, a characteristic attitude and facigs,
and agitans trexmor.

(4) Poliocencephalic type, characterized by cranial nerve palsies
with other nervous symptcas not prominent. This is an abortive type of
encephalitis. (5) Acute anterior poliomyelitic type is rare. It combines
aymptoms of encephalitis (as lethargy and eye esigns} with symptoms of
anterior poliom&elitis. Possibly thias is not z true epidenic encephalitise.
(6} Posterior ?oliomyelitic tvpe is also rare. In it there is affection of
the dorsal root ganglis causing pain and burning in the distribution of the
nerve, the £ifth nerve fog exemple. (7) & type in which the sleep ratio is
sinverted is the epilepto-meaniscal type, characterized by lathargy in the
day-time and insomnia, delerium, nellucinations arnd violent and destructive
sctions at night. The patient may die in epileptiform convulsions. (&)

The »svchotic type shows hallucinetion 11lusions, depression, apathy and
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delirium. (9 The meninritic tyre ie characterized by hesdache, rieid

neck, deliriua, cositive Kernig eign stc.

“

Other tvpes that may be distinguished are nolvneuritic, cerebellsr
ataxic, hemiplegic, monovlegic, diprlegic, amd bulbar type.
Genersl symptome include fever, increased perspirstion, loss

of

e

rpetite, loss of weight, vertigo, vomiting and catarrhal symptoms.

FPever is present in a big majority of casss. Fever may be present and
eacape detections In the lethargic tvpes a temperature of 102° ig the rule.

The fever 1e more marked in acute pesychotic and epllspto-maniacal types.

The course may be scute, subacute, or chronic. Tilney and Howe

give the average duration as eight weeks. However the infection msy invo.ive

the bulbar nuclei sarly with death in & few days. Paychotic, apoplectic

and fulminating cases are generally ranid and often fatal. Paralysis
agitane and other 2ecvelae way follow from the firet or develop several
months latere

Parkinsoniem, according to the Sheffield report (Medical Regearch
Counsil 1926) develops in 22% of the cases. If not present in the primary
atteck it often develops 5 to 1? months latere Its symptoma differ from
raralysis agitans of thé aged mpinly in the tremor being courser aad not so
markedly intensionsl in type. The site of the lesions often differs being
more in the subetantia nigre, whereas the lesion of paralysis agitans of the
aged is confined to the basal ganglia (Wechsler 1928)¢

Moral chenges may be merksd in children and young people. The
nost common festures are destructiveness, uncontrolled attacks of temper,
quarrelaomeneaé, interfe}ence.ﬁith cthers, lying and thieving.

Mental charges to some degree is a very common azfter-effect.

"It would probably be not far from the truth to say that few cases are
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mentally the ssme as before.” (Medical Research Council 1926)

Other sequslee include tice and spasma, hyperkinesias, pupilary
ebnommality as irregular, unegual pupile; fized pupils, occular palaies=-
less common, nystagmus, inversion of the sleep mechanism and diabetes

insipidus (Wechsler 1928).

Returning to the change of clinicil feature from one epidemic
to another consideration is given to the Winaepeg outbresks Boyd iS24).

The first outbresk occurred in the winter of 1919-20 with 159 casesz in all
of the Province of Mantoba, mortality 39%. Tre éecond outbreak 003urfed in
winter of 1922-2%, 165 cases, mortality 25%

Boyd esys the first epidemic wae chsracterized by stupor; the
second by a state of coustant sctivity. However lethargy developsd in more
than one~half of the cames of the second epidemic 2coner or later, and
crenial nerve disturbances, present ir almost 100% in the first epidemic,
were still presert to o very great degree 82% in the second epideaic.

The second epidemic wae characterized especislly by a different
type of otnset. This epidemic showed two mein types of onsget. The sensory
tvpe yeg%n with neuralpgic pains, which 3cyd thinks is due to lesions in the
nexrve rcgt. The second type of onset was a wmotor oneet with auecular spasus,
and choreiform movements of various types and degreess.

The pathological lesions were the same except for calcification
of veaesals seen in ﬁany of the cases of the éecond epidemic. Boyd makes
particulgr note of thease cﬁanges observing them not tb be presenile changes

as many of the specimens showing this change were from young adults.
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The spinal fluid in epsdemic encephalitis often shows no
changes whetsosver. The cell count and preesure may be siightly
increased, rarely very marked, In casee in which there i2 an increase
in pressure andmin cells =nd presence »f symptome of meningeal irritatioﬁ
differentiation from infective menigitias by the amount of sugar in the
spinal fluid is of disgnostis value. According tc Coope (i921) the normal
augar is 5Cto 80 mg. per 100 cc. In epidemic encephalitis the sugar is
normal or hirher. Low sugar es@ecially one below 40 mg. is strongly
in favor of an infective meningitis.

The blood count usually ehows a moderute leucocytosis. Heagey
(1921) finds an everage of 10,0C0 with the highest 22,000 in a series of

15 ceses of epidemic encevhalitis.
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THS JAPANESE EPIDEMIOS "SUMMER ENCEPHALITIS"

>In the late summer of 1524 and in 1929 there occurred endemice
of encephalitis in a certain region of Japon, the Inland See area. The
symptoms of this epidemic from the account given by Kaneka (1925 ). resemble
ir neny reapscts the epidemiz encerhalitie of Burope and Amsrics.
The onset is characterized by fever, headaches, and generel
malaise and finally disturbance of consciousness, The lethargy, which appears
sooner or later may be typical of lethargic encephalitis but usaally develops
into a2 conatose condition more severe than is scen in the epidemic sncephelitis.
The fever app;oachea 104 to 107° and bears no relation to the
diesturbance of consciousneas.
It is to be noted that these epidemice were very fatal the vercentage
begin close to 60% and the age incidence mainly in the older adult and aged.
Meningitis~like symptoms were usually present in the acute cascs
bubt mild or absent in cher cazes. Spinel fluid cell count was uaually
sbove 20 n.c.m. The severe cases did not nsceseerily have cloudy fluide.
The pressure was only slightly increased, possibly 1l to 18 mn. of Hg.

’Eye gymntome were rarely obgerved in thie eridsmicy; ond when
present were not paleies but were more of the nature of spastiéity or rigidity
of movezent and fixity of gaze.

Mroclonus, choreiform movements, resistence t0 passive movemsnt
of +he extremities were sometimes seen.

* The course of the diseass wae very rapid, deeth sometimes occuring
in 24 hours. The majority would die in 4 or 5 days to 2 weeks. In ailder
caaes recovery was very rapid, 5 to 10 dars. Kaneko reports that there were
lae in 2000 reported cases of the disease.

known only 28 cases with seque

Parkinsoniem was very ssldom seen.
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Because of the severity of this epidemic in Japan, the time of the
year and the absence of certaia tigns such as ocular and cranial nerve
palsies, many @oubt the identity of the disease With.thé eridemic
encephalitie in Surope and America (Futaki 192%4). Aoki, Xoalo end Tazaws
report the discovery of spirocheta-like organisme in the blocd, cerebrum,
cerebral Tluid, and other organs in fatal cages. This has not beean
subrtantiated to my knowledge.

’ oK

In Chine betwsen 1923 and 1925 Pfister (1929) observed 100
cases of encenhalitis typical of that in Zurcpe and America. Clinical
synptome were the same and the Psrkinsonian secuel was common. He observed
the dieease to be more endemic and less epidemic in Chinas.

In the dry season, August, he observed a secondary incidence
of the diseases Whether these cases were in any way different from the

ng3es obgsrved in the winter season he does not state.
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THE ST. LOUIS EPIDENIS

This epidemic occurred in the summer of 1933, The climatic

conditions were very unusuel in the area ianvolved. The rainfzll in the
te Louis areas was the lowest since 1837 when the Pirst official records

began. \

The firet information giving svidence of an epideuic reachgd
the 8t. Louis Health Division sugust 3. There were 15 cases of an unusual
type of encephalitis in the Isolation Hospital at that time. Later past
ceses were analyzed and it was fourd that the first cases in St. Louis
county wsre oﬁ July 7 and in St. Louis proper on July 30 (Bredeck 1933).
4 table of cases by thé week showe the cases in St. Louis County as more
numerous €arly in the epidemic and resching the pesi ssrlier then in 5t.
Louis Zity (leake 1933). The total in each division of the area was nearly
the ssme, 522 in the County ard 533 in the City through the weex ending
Cetober 4. It is evident that the eridemic bhegan in the County and was more
intenss Lherey the population of the City being 3% ticee that of the Jounty.
By November 15th the total cases resched 1,104, deaths 215, a mortality
of ehout 20% |

Milk, water, and food were early excluded ss factcre. The
drainage and sewage problem in 5%. Louls was favorable to the breeding of
unusually large number of wmoscuitoes. With such & prevelence of mosaultoes
along with an infection 3o wilely epread, tlhe possibility of transmission
of the discase by wmoscuitoes was studied thoroughly with no evidence of
a positive nature forthcoming az yetl.

Thie epideaic affected chiefly older adults. The age group under
15 years comprises 2% of the population of St. Louis area aad had 1%% of the

ceses, the group 15 to 34 years old had 3@ of the population and 23% of the
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cases; the group 35 to 34 had 28% of the population and 29% of the cases;
the group 55 and over had 13% of the population and 35% of the cases.
The agze group above 55years was then the most severely affected,

tis, the

e

differing greatly from the sge group affected in ncliomyel
australian "X #isease, both nrevalent in young children, and alsc the
winter enidemics of encerhalitis in this country and in Europs., vhich is
found usually in voung and middle aged adulta. In regard to age this
epidemic resembles the Japanese epidemica. Leake (1933) says an even
grester preponderance in the aged characterized\the two Japsneme epidemica.
Accorling to hin there were in Japsn in 1912 and 1919 epidemice with a
similar tendency a® to age ir the same srees as the 1924 andyl929 epidenics.

The distribution of cases in the §t. Louls areas ia igteresting but
not aatisféctorily explained. The “Meavy incidence was around rather than
in tre middle of the wost densely populated area. This wam aleso the cese
in Kansas Jity end in other cities (leske 1933). Thie 3ezme cheracteristic
however has been found in regard to poliomyslitis. The rete in the Jew
York City epidemic of polioumyelitis of 1916 was nearly tripled in the
less thickly settled boroughs of Ricmond and Queens as compared with
denhattan end the Bronx.

Czees in epidemic’intensity ossurred this year in ithe Kanesas
dity sares, in St. Joseph, Mo, and in Louisville, ky.

Basgos (1933) describes the clinical course of the cases in
the 8t Louile epidemic. The onset ig usually sudden, high fever, and
pronounced meningeal symploas, recovery ordinarily rapid, sye syuptoms and
secuelas were rare. The woat comuon cases ere sheracterized by abrupt
onset, hesdsche, high fever, nsusea, stiff neck and poﬁitive Keranig.

. S C o ey o

Convulsions night occur. Mental confusion, sphasisa, and tremor o:jhands,
|
|
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tongue and lips wers common. Jrowsineas might be aupplaﬁt@d Sy
hyperexcitetion, but noisy delirium wae rere. Psine in back and limbs
were rather fraquent and occasicnally some hypergsthesia occurred.

Ary ocular disturbances were of the slightest rature and
transieat. .leapelmann (1933} observed no casee showing ptosis in the
large mumber of csasss which he saw.

Droweine es wa3 coammon, but coma was rerely g0 deep that the
patient could not be roused.

The lumbar puncture in practically all dsses showed a
marked increase in sell count, often surprisiagly high. Hewmpelmann (19%2)
chserved that at times the first count revealed a normal number of cells,
but, when reveated a day or two later the tyuical increase was noted.

The cells were predominately lymohocytes. The spinal fluid sugar was
normal or slightly eleveted.

The neurologicsl exsaination showed in most cases absence of
abdominal reflexes in the acute 3tage. Kernlig was positive in the majority
of csses. Pupils wsre usually cuite emall but reacted to light end accomo-
dation.

The témperature curve waz rather characteristic, being highest
at the onset, approaching 104~ 105°, and falling step by step untill
normal vas reached in about 6 to 10 dsys. Deathe usually occcurred from
camplications, broncho=pneumonia, nephritie >r both.

The recovery after such a severe illness was very rapid,

"little short of amazing®. In casee of marked severity, in some iastances,

would return to noramzl in 10 days to two seeks.

The vathological leeions according to Mc Jordock (Neal 1953)

were charscterized by intense vascular congestion, cellular infiltration
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and toxi: degeneration in the nerve cells. The cellular infiltration
consieted in perivascular cuffs of round cells, and focal colleetions
of einilar cells scattered through the brain without relstion to the
hlood vesgsels, Smzll Détechial hemorrheges in the brain tissue simislr to
those seen in poliomyelitis are oscsssionally ercountered. Usuzlly,
however, the hemorrhage ie confined to the perivascular lymphetic apace.
The nuclei of the cranial nerves were not esnecially involved
in the degenerative chenges. "“The brunt of the attaﬁk apresre to be
borne by the nerve cells in the mid-brdin and basal nuclei." "4 study of
many cases zives one the impression that the process in the brain is not one
that sterts in the mid~brain or basal ganglis and spreads fron there ﬁo
the rest of the breinm; but thet it is & diffuse procasa whiclh &pparen@ly
peging simultaneouddy in many recions of the brain.®
Intramuclear inclusion bodies in the kidney wsre found in

one=fourth of the czes= exzmined.

Experinente on the etiology are most interesting. Muckenfuss,
Armetrong and McCordock in Public Health reports of Nov. 1933 report that
from 7 out of 15 fatal cases successful incculations of brain emulsions
have »een umade into Macacus rhesus uonkeys. Three strains have now b?en
zarried through 5 passages in monkeye. "Only about 40% of the inoculéted
wmonkeys developed syaptoms although the acuteness of the illness in
animels coming down during the fourth and fifthe tranefers suggests thet the
virulence may be imcre#sing{" None of the monkeys died if left alones
The pathologic oicture is consistent with thst seen in the hauan cases,

The virua persists in 50 glycerine for st leaet gns week.

Webster and Fite (1953) have disclosed # virus from ccses of the

. . . e . cov s
8t. Louls encephalitis by intracerebral inoculetion of sneciel nice.




This has been proven tc be “he ssme se the virus of Muckenfuss, Armstrong,
and McOordock. The mice remained well and ective for four days end
usually died by the 6th or 10th doy. Wren the mouses brain virus is instilled
intranssally fatal signa also develop, in oractically 1O0% »f the mice.
Stock aice and specially bresd viruseresigtant mice show negative results,
Brain tissue preserved in glycerol from two fztsl cases of

7 ] ')

encevhalitie in Keamae City in Septembsr 1933 produced similar

ayaptome of encephalitis, convulsioans, ets, and disd on the 9th day. This
Kanses City virus has proved ideatical with the 8t. Louls strains., It doee
not appear to be related to the louning 1ill virus of sheep becausze sera

. L
protecting mice sgainest 100 lsthal doses of this virus have no effect
upon the present cne.

The virue gppesrg unrelated to herpes’virus, since ravbite show
no effects following intracerebral, corneal, and intradermal injections.

Mzcacus rheaus monkeys given lecs. of mouse brain vurus
intrzcerebrally show significent elevation of tempersture and'aymptoms,
auch as course tremore, drowsiness, etce. In from 7 to 9 days. A4Aes in csee
of the mice pethological lesions of the brain are zimilar to that “ound
in the fetal human cases.

Thies virus is nsubtralized by serum of encerhalitie convalescents
5f the 8t. Louls epidemic. Monkeys injected with the éirus develop in
their sers protective properties similer to that produced in humen patients.

#ebeter and Fite in s secoad renort show thet patients serum
does not show orotective properties until at least 7 daye after the onset
of aymotoms. Sers Prom two cases of minincoencephalérsthy in Indisaopolis
did not prctect. BSera of 13 czses of acute encephalitie Irom New York
did not p%otect. Sera of cases diagnosed chronic enidemic encerhslitle

with Parkinsonian sequelse did nol protect.
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Howsver sera from cases from outbreak of encephalitis in
paris Ill. in summer of 1932 did show protective vproverties as did sera
from a case in New York of Jeptember 1932,

Jere from 8 noramsl adults in New York tested twice show no
protective squalities.

Webaster and Fite (1934) have been able to obtein sera from

cazes of encephalitis in Jopan from % persons with a history of encephalitie

in the eummer of 1924 and from 9 persone with a similar hiastory in
August and Zevtember of 1933. None of these sera showed any protective

zetion areinet the virus of the 8t. Louls evideamic.

These ayperimenters heve gore further and have been able to

produce immunity in their mice withoul produciag any symptoms., Active
brain virue given to mice intranaselly in doseg ze sm2ll as 107~ gme. or

intracersbrally in 10 gms. causes death, while the same virus injected

o

=) . .
intraperitoneally or subcutaneously in 10 ems with fcc. of diluent

(which is 2 willion intracerebral and = thousend intranasal lethal doses)

)

L7z -
y proves fetele gh1ll sualler smounts 1077 to 10~ gm. when

P4

et

rare
inoculated subcutsneocusly induce no svigptoms butl rerder them immune to
2 million intracerebral and & thous=nd intranasal doses. This inducsd
zctive ilmmunity has persisted unchanged for % weeks and doubtleas

endures longer (Webater and Fite 1934).
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GCRC LUSIONS

(1) Epidemicé of encephelitis, whether or not identical with
ary of our present Jay epidemics, have occurrsd for centuries.

(2) Epidenic encephalitis is contegious; a2lthough the evidencs
for is rare. Most individuals asre probsbly imaune.

(3) Bpideuic encephalitie follows in the wake of infiusnza
epidemics. Influsnza is probably & very definite contributing fsctor.

Re lationship to influenza is not noticeable, however, in the sumzer type
of encephalitis.

(4) Although poliomyelitis and encephalitis are in parallel
relstionship, they are in all probability distinct entities.

(3) Postvacoinal encephalitis is very rare capecially in Auerica.
The explanation for this @hcephalitis very likely swaits knowledge of the
intersction of viruses. |

(6) Australisn "X {iscsee” ig = debatable problew. Il may be a
virulent forﬁ of poliomyelitis or a new fora of epidexic encephalitis.

(7) The neursctrovis streptococcus of Rosenow, although aot the
primsry factor in encephzlitis, may be a very important prelimirery invader,
oreparing the nervous tissue for iaocculstion with the virus of encephelitis.

- (8) There is little doubt but that epidemic encephalitis is
ceuged by a filtrable virus. There is some evidence that the virue ls
identical with a neurotropic strain of herpes virus. Flexner believes the
two are not identical.

(S) The symptomas of ordinary epidemic encephalitis have changed
somewhat since 1917. Onset with lethargy end ocular pslsies, although still
present in most of iLhe cases, 1s giving wey to onset with positive wotor

eymptoms and positive mensory signs. Insomnia anl = state of constant
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activity ie checteristic of many of the cases.
(10) The Japsnese and the St. Louis epidemics resemble each

other and #iffer from ordinary encephalitis in seaeson, age incidence and

syaptomestology. The cases occcurred in the summer; rreveilled in older sdults,

ghowed no ocular pelaies, had a very repid course snd few gecualase The
Japanese cpidemics hed & zush higher mortality.

(11) Most striking are the resulte on the etiology of the St.
Louvis epidemic. A filtrable virue was readily obteined, which produced
symptoms in aonksys and in special streins of mice.

This virus is not identical with the virus of herpes as shown
by rabbit inocculstion.

Sera Tronm patients with ordinary epldeamic encephalitie does not
neutralize this virus.

The experimenters have been abdle 4o actively immunize their amice

agaiast a million intracerebral lethal dcses of the virus.

SUMMARY

Knowledgse of the causative agent of epidemic encephalitis is
still very much in the experimental stage with the possible excsption
of studies of the virus readily obteined from cases of the late Bt. Louis
epidemic.
Pogsibly two or more forms of encephalitis disgtinet from the

ordinary epidemic encephalitis have appeared in the world in recent years.
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