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A Study of Sixtcen FFatal Cases of Encephalitis-like Disease
In North Carolina Children

GrorGE MacNus JoHNsoN, M.D.*
Throvorr D. Scurneris, M.D.t
Norma B. Carronn, M.S.¥

RALEIGH

The ctiology of discases and deaths re-
ported as encephalitis represents one of the
most perplexing problems in the field of
infectious discase—to the clinician, the epi-
demiologist, and the virologist. In 1960 this
ill-defined entity, “infectious encephalitis of
unknown etiology,” accounted for 1335 or
52 per cent of all cases of infectious enceph-
alitis reported to the Iincephalitis Surveil-
lance Unit, Communicable Disecase Center,
Atlanta, Georgia'. In 1961 encephalitis of
unknown etiology was by far the largest
category (56.3 per cent of a total of 2143
cases reported by state epidemiologists).
Mumps and measles encephalitis  repre-
sented 31.5 per cent and arthropod-horne,
varicella, influenza, post-vacceinial, and un-
specified encephalitis represented the hal-
ance.

Farly in 1962 a0 rapid increase in the
reporting of fatal encephalitis-like disease
in North Carolina children was noted. From
January 1, 1962, until April 30, 1962, a total
of 27 cases involving children 15 years of
age and under was reported to the North
Carolina State Board of Health. Preliminary
evaluation of the cases reduced the number
of cases of true encephalitis-like disease in
children to 16. The other 11 cases were due
to causes rather conclusively not encephali-
tis, or causes without enough documental
information for proper evaluation. A survey
of all reported deaths of meningoencephali-
tic discase of unknown etiology in this age
group in the previous five years in North
Carolina demonstrated this increase.

The numbers cited in table 1 represent
the total number of cases of meningoen-
cephalitis of unknown etiology by year. It

*Epdemic  Intelligence  Service Officer, U. S, Public
Health Service.

+Chief, Maternal and Child Tlealth Section, North Caro-
lina State Board of Health,

Virologist, State  Laboratory, North  Carolina State
Boarvd of Health,

appeared to us that an unprecedented
phenomenon, as evidenced by the number of
encephalitis-like deaths in this age group,
was occurring ‘in North Carolina.

Table 1
Cases of Fatal Meningoencephalitic Discase of
Unknown Etiology*

Year No. Cases
1957 9
1958 15
1959 11
1960 5
1961 9

*International Classification of Diseases. 340.2 mening-
itis, except meningococeal and tuberculous, due to other
spevified organism; 3403 with no specified cause; 343
encephalitis, myelitis, and encephalomyelitis.

We were further stimulated by a letter
from the Department of Health, Common-
wealth of Pennsylvania®, which reported
four deaths in children aged 7V, 8, and
10 years, respectively, in January, 1962.
These children had a relatively mild upper
respiratory disease which was followed by
a period of apparent recovery. Three to five
days later, however, there was an onset of
fever, vomiting, and hyperirritability which
progressed to produce drowsiness and coma.
In spite of supportive therapy, the course-
of each patient was described as rapidly
downhill, with death occurring approxi-
mately 48 hours after the onset of vomiting.
These cases seemed remarkably similar to
those occurring in North Carolina.

Investigation

We began to investigate each case as
rapidly as possible after it was reported. An
attempt was made to accumulate all per-
tinent facts relating to the history, physical
and laboratory findings, postmortem ex-
amination, and bacteriologic and virologic
materials. Inquiries were made of attending
and referring physicians, pathologists, hos-
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pitals, and the families of the children, and
all the information was carefully appraised.

The 16 cases were hroadly distributed
geographically, as demonstrated in figure 1.
This figure also shows the distribution of
cases by month ol onset. All but three of
the children came from predominantly rural
arcas. Figure 2 demonstrates the distribu-
tion of cases by month of onset and race,
sex, and age. Tt is of particular interest that
the peak of the cases reported coincides with
that of reported influenza I3 in North Caro-
lina during 1962.

Case Summaries

Accompanying charts represent all posi-
tive information available from each of the
16 cases. Since in many instances there was
a delay between the actual death and our
notification it was impossible for us to ob-
tain the necessary specimens and studies
in every case—which would have been
ideal.
Signs and symptoms

Premonitoiy signs and symptoms  were
gencrally similar and  almost  uniformly
mild. In < of the cases the onset of the en-
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cephalitic syndrome appeared within less
than 24 hours after the onset of illness. In
2 other children, premonitory signs and
symptoms were less than three days in dura-
tion. Similar to the Pennsylvania report, 4
of the patients manifested mild, nonspecific
signs and symptoms for three to five days
before the onset of severe illness. The re-
maining 5 had symptoms from five to eight
days before the onset of apparent encephal-
itis. Only 1 of the 16, an 8 year old juvenile
diabetic, had a significant past medical his-
tory.

As noted on the case summaries, 2 chil-
dren complained mainly of leg pain; emesis
was prominent in 6, sore throat in 2, leth-
argy in 2, and cough in 3. Six of the 13 ex-
perienced mild respiratory disease that oc-
casioned no particular parental concern.
Low-grade fever was noted in only 4 chil-
dren prior to the beginning of the devastat-
ing symptomatology.

At the onset of the encephalitis-like ill-
ness, marked elevations of temperature
were recorded in G children; and tonie-
clonic movements, convulsions, or both,
were present in 10 of the 16 children. Eleven
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Fig. 2. Cases by week of onset,

Jan1,1962
Table 2
Age Incidence

Years No.
0- 1 2
= 5 3
6-10 7

G- 3

Table 3
Race and Sex Incidenee

White 15
Non-White 1
Male G
I“emale 10

patients had respiratory depression on ad-
mission. All 16 children rapidly lapscd into
coma and expired.

Laboratory findings

Spinal fluid findings in the 16 cases show-
cd considerable variation, In most instances,
opening and closing pressure readings were
not available, Inoonly 2 instances was the
spinal luid pressure reported as elevated,
and in only 2 others did the spinal fluid
reveal more than 6 blood cells. The spinal
fluid protein was elevated in 4 cases, 2 of
which had elevated cell counts. Spinal fluid
sugar was reported above normal in 3 in-
stances.

White cell counts showed much the same
Kind of variation. Seven specimens demon-
strated more than 20,000 per cubic milli-
meter, and only -1 had less than 10,000, In
general, the differential counts were not re-
markable. Considering the severity of the

cases, the blood chemistry values were not
remarkable. The few abnormal blood chem-
istry studies reported were consistent with
the particular cases.

Autopsy findings

Fortunately, postmortem examinations
were done immediately following 13 of the
16 deaths. Marked cerebral edema seemed
to be the only consistent finding, being ob-
served in 7 of the 10 cases. There was mark-
ced fatty metamorphosis of the liver in 4
cases. In 2 cases microscopic cardiac
changes in the form of myocardial necrosis
and fatty degeneration of the myocardium
were reported. In one case fatty metamor-
phosis of the liver and associated fatty
degeneration of the myocardium and kid-
neys were demonstrated.

It is interesting to note that in 2 cases the
fatty metamorphosis of the liver was simi-
lar to that seen in acute phosphorous in-
toxication. Toxicologic studies of tissue
failed to confirm the latter. In one child
(case 11) autopsy demonstrated central
nervous system findings suggestive of in-
fectious encephalitis  (hemorrhagic and
lymphocytic perivascular infiltration in the
brain). This patient had associated spinal
fluid changes. Since this patient also had
an clevated spinal fluid protein (61 mg. per
100 ml.) and an increased spinal fluid cell
count, (56 cells with 88 per cent lvmpho-
cvtes), it is the only case in the series which



467

RS

-
‘.l

PITALITIS—JOHNSON AND OTHI

NCE

D)

October, 1963

*qems

‘lo0ys

oA1}ubay wu)ds
‘ujeiq

woJj paje[os:
SnJiA 2z (e}
=nou jou piIp
vJ3s 3,3d ay)
‘uiRIq wouy
(03] 8 O0HO3

auoy

jreuyy
‘ping}
‘poo|g

uiesg

*jJede sfep
®9.y) pauleiqo
suawidads wniag

siqereA
Suaw|dadg

$yInsay
SONIONIA A9070¥1A

*19A1| 3y} jo abueyd K3jey paxysew ‘uvoiysabuod
Jeinosea ‘eswapad Lseuow|nd ‘mivowndud-oyduouq
‘%9340 (®Jqas3d--sabeyssoway (ed0) ‘wnubew
uaweJo} 3ayy ybnouyy s|isuoy Je|(aqasad

$0 UOIIRIUIAY Y}IM BWIP3 [BIQIIID paNJeN

46wg-0-u1qnit(1q [ejol
una un hoom Nanumuc fwesues ]
136wz h|-NNg :{/baw

051-®N f111-12 6°5-X *h°61-20)

aan1yebau - 499

$3|1ydoi}nau

%56 Y¥IM Q0E°Lh - I8M

*$313yds1way y3oq Jaao

wyyfys [ed13102 jo aduequnysip
y3im |ewsouqe K|3snjoid-933

%201q @(qereA yiim
wipiedfyoe} [ewsixosed-9y3

*6au - ainy|nd Juiun
‘qems [e}23s ‘ain}|nd 4g)
Oh:|-sututyn|B6be po)

*uoissiwpe 13} sle

OM} PAIP PLIYD 3y} ‘u01}dNS [RaIyYdes}opud pue
uoryezifey1bip ayrdsag c1(nwiys (njured ‘dadp
0} Ajuo Buiydeas ‘Asmosp A|Buiseasdour awedag
*PasNjuod pue $sI|}$3J PlIYd UOISSIWPR UQ

*e}d sunoy HZ 3yl Buranp L|juanbasy Buryirwop
*v}d skep g-7 ueBaq ABieyjay ‘ej}d skep 3yb1a
J0j swojdwks Aioyesidsas Jaddn juay}iwiajuy

“qieap (tjun

1/baw ‘sAep maj Ix3au ayy Joj paydoAay pue sojwsidsas

*sisoydiowelaw A}}e) PaYJRW-IIAI] “$1S04D3u *02-202 'S01-19 ‘£5-X ‘Ehi-eN ® UO paulejulew seM Iy °$sIJysip Kioyms

|e1psed-0okw £3jods-jJeay ‘aqo| 40143} quwbw/g-Nng gwbuwop|-sebns poo|g -1dsas ey 0} pajIe) uvolIssiwpe uo Awojoayd

-uR }JO uol}dJRjul smoys Kue}inyig ‘sabujuaw -eJ] °sjuawasow ssa|asodind yyim pajuaiso

Ju UIRIQ AY} JAYYId Ul uol}deds Kioyewwe|jul hEl - uidlolg - 489 -s1p - e}d Aep aug -Burjiwoa uebaq ays w3d

ou 3nq ‘ui|afw jo uojijesauabap Ajsed skep § :Buijeqiadexad pue Bujssebas ‘ured

‘$130453u |RUOINIU pRIIdS-IpIM PIMOYS ulesg skjod %58 yytM O0SE‘ZI - J8M d1ayseb pliw ‘sydepeay ‘A6ieyia| jo Lsoysiy

‘uoiIssiwpe Jayje sunoy gz PaLIdxad 34 ‘pasoqe|

awed>3q suo1jea1dsas pur ‘opO| O} 350 ‘dwd)

‘pansuad ewo) ‘-wpy uo ‘d|1aqasy °"sIInzias

‘ww Qg - 3inssaud 91U0(2-21U0} JUI}}IWIAJUL pue Paq ul }noqe

‘|ewsou Jebns pue utajosyg - 45) Buiysesy) AqQ pamo| |04 ‘UOIS|NAUOD paz)|eJauab

® pey votssiwpe Jayje K|jJoyg ‘pajyesplyap

Asdoyne oy s69s %0/ Yi1m 00Z6 - J8M  (®31dsoy 0} pajjiwpy skep 23uy} 1o Buijiwoy

-abeysioway yimou6 ou - ainy|nd> poojg *ysa1ae K10y

JejodA|e-eIjUl pue ewdapd KJeuow|nd paysey §°buwigz -es1dsas AQ A|}Joys pamo| |0} Paiindd0 3inzias

*Ay1gend Buruieys Jo ssO| pue ul|3kw ay) jo uo1} - Jebns pooyg t%-6uGz g - NNE  JIYIOUT uOISSIwWPR J3Yje $INOY OZ Pue Pado(aIAap

-ezyjondea £q A|jed160(0ys1y pazisajdeseyd ‘suod Ky1p161a a3ed134039q -K|}Joys padoaAap 0901

J0 vase vl Ljurew uresq o) abewep sem 3iay) 4-6wg Gh- u1ajosd ‘|ewsoN - J4§) 0} J3A3J ‘UOISSIWPE UO [1JQajy °UOIS[NA

*s131buiuaw 213das jo aduaptaa oy “K|ed -uod adky veiuosydep jo 3}asuo uappng “siep

-1d03s0121w pue A[ss046 yjoq ewapa |eiqasa) $63s %0/ YIIM 0SZ'0E - J8M oM} 10j s6a| jo xoeq Ul suled pue sayde May
SONIONId WIL¥OW-1S0d SONIGNIJ A¥OLYYHO8Y SHOLJWAS GNY SNILS TVIINITD

NIYOATIHI NI SHLIYIQ N3IGOANS

X3S 3Iv¥

EC

‘N°S



October, 1963

DICAL JOURNAL

‘l

1.
=
=]
<
z
-—
C
=
<
9]
-
ml
fors
C

(S

auoy

*sbuipui} Kioyesoqe| aag

uleusg

‘uleJq WOy J3A17

pajejos) Mg aupry

3132e5%0) jJeay
*juaried wouy
saje|osy 3z
-eJ}NAU jou PIp
sjuased wouy

paute}qo eJag *sjualsed

wos) e13S pue

*jualjed suawtdads |00}

30 $3%3) woJy

hg 21xdesx0) *juaiied wos) uieuq

‘Bun| pue uieuq ‘sada) ‘jieay
woJy g QKO3 ‘Buny ‘usaAn
91qe| resy

sy(nsay Sudwidadg

SONIQNIZ AD0T041A

*anryebau Asdojne jo ysay ‘pajou sem
s1316ulie| ayesapow y -abeyssoway sejoaAje
JlU1 pue ‘ewdpd Aueuvow|nd paxsew Jayjeds
Yiim sise}dajaje [eJaje|1q ‘Bwapa |e1qaJa)

*ksdoyne oy

*s131ua|ds ajnde sem

Ksdoudau si1y} wosy sisoubeip 3160 oydiow
Kfuo ayy 233 ‘psod |eulds pue ‘suioy
Joriajue ‘saburuaw ‘sjeuaspe “sbun| ‘jieay
3y} ur Buixde| 2J9M UOIII3juUI JO SIDUAPIA]

+kaupiy jo voryesauabap

£31ey *J3A1| ayy jo sisoydiowelaw Kyyey
pajJey ‘wnipJed0kw 3yl 40 uo1}eI3UIBIP
Akyiey  si13i1yduouq ainde pue abeyssocwdy
kseuowind-eaju) (190} ||ews M3} B Ul
voljewwe|jul junowe ||euws) St1}1[3kw-0buruow
pue si1y1|eydadua-obuiuay uresq ayy ul
sabeyJsioway D0} |[BWS ‘UIBIG 3y} O PWIP]

SONION1d W3ILYOW-1S0d

|e13ua13} )10
|ewiou © y}1M 0008 - J8M

*S3aSNJIA pue B1J3}ORQ JO)

yjoq ‘aarjebau aiam saunynd
|00}s pue |eaydes} ‘poolg
|ewJou - 4§)

s6as 208 uliM 006°6 - J8M

aA11ebau-ainy|nd pingy |eurdg
swbw Qz-uiajouy

4wbw zg-1eBng ‘s3gM h - 359

sbas 19/ - 001'8 - J8w

pea| ‘s|e}dw AAesy
*snosoydsoyd oy ariyebau - saa1g
Y046 ou - 3uny|nd pooyg
y3#016 ou-3in} N2 ping} |euIdg

snqly yde}g aAaiyisod-aunynd bunq

Sytun 1095 0L21
vrwesues] :wbuw G zZh-NNG
t1/baw z11-13 19°81-202 oni-°N

twby gg-sebng

cwbuw Grzg-u1ajouyg *(souow
tiews p sbas z) *s1133 9 - 453
s63s 19 uItM 006°01 - 6M

- 3s

SONIGNIJ A¥OLVY08VT

*kiysoys pasidxa

ays Inq diJp 3}J0ON|0G yIIM Wi} }JOyS

J0j pautejuiew nssasd poolg “‘|e}idsoy }e
|BA1JJR UO PUNQIJON "P|Od sem Apoq as1jud pue
buiyyeasq paddoys pey p1y)  “Iybiu ayy Burinp
asiou ® AQ pauaxyeme Jayjey ‘Iydepeay v

sem 3w11paq je juite|dwod Kjuo Jay -Buruaal
jey} paq o} juam pue |njhe|d pue }s3|e

SBM 'J3A3MOY ‘JwOY PIUIN}IJ PIIy) °pajou

sem sybiy} ayy ur sa|dsnw Japuay jo }asuo
uayy -e}d skep 3aJyl} Jo, 13Ad) Ipeab-mol

‘pasead suorjesidsas ‘vorssiwpe Jaype A|ysoys
*aA1}deIadhy 3J0M SIXI[JIY ‘o€0| d4nYRIIdWI)
“p3jou 3uam uoissaisdap Aioyesidsas pawiew

pue sisouekd ajesapow ‘pungiiow paseadde

ay aiay ‘apew sem |e}i1dsOy |wJII}3IJ

0} |eJJ3jSuel) 3}RIPIWW| ‘UOISSIWPE UO
9J2A3s aJow sem S1y] °$S3sysip Kiojesidsas
pltw e}d Aep aug ‘ezf10d> pue Buiybnod e3d
skep om] *pajou sem eayssouiys e}d sdep xig

‘uoisswpe
J31}® SINOY £ PIIP I °*3}eJqIJIIIIP
awedaq A|pi1des juaijey ‘pawe|jul

xukieyd pue paydafur s,WL *3ybi| 03
papuodsas ing paye|1p sy 1dng ‘uoije|nuils
|ed1sAyd vodn peay paje}os pue MIJp

-Y}IM ‘UOI}BIIUNWWOD |eJO O} puodsals jou
p!p voissiwpe ug -e}d K|}ioys 3sojewod
-1w3s pue sNOIJ1|30 aweddg -eyd Aep Juo
6uryrwop -eyd skeo p-g 10} JeOJY} 310§

"uoIsSSIwoe J3}je sinoy

€1 D3s1dx3 pue u0I1SS3JI30 KJojeI1dSas YIIM
350}Pu0d £1d300 3.0w 3wed3q K|pides pliyd
‘ured 0} 2AISUOASII JOU “paje|Ip pue DIXI}
s(1dng ‘uoIsSIWDR UO 47Q| 2inr}jesadwd]
"$31}9wasIxd jo ssaujubiy pue ‘Jowasy
Je|ndsny ‘useds |epac-odued yjiM ewod

ojur Bui1ob *3aAi1suodsasun pue 3AIjuayieu!l
‘PayTLIPI00dUN £[3}3|CU0D IWRIIG UOISSIWDR
31030q €|ji0ys -uebaq BuriiwoA JuIIVIw
=-J3Jul "SS3|ISI| pue £3J1} 3|3} e}d sdep om]

SNOLJWAS GNV SNIIS TVIINITD

L] LI




169

ns

)
.

PHALITIS—IOHNSON AND O

~
.

INC

October, 1963

auvoy

duoy

sqems

aAsjebay jeosyy} ‘pooyg
a|qe|iea

sy|nsay suawidadg

SONIONI4 A9070¥1A

*pajuesb jou Asdoyny

*s1y1|eydadua BZuanjur  :uoissasdu
s¥sibojoyiey *(saseds MOYdJ1A) se(nasearsad
24} jo uorjesy|1jur d1beyssoway pue
d13420yduiy  -uresq ayy oy P3jiwi K|abuey

‘Jo(|®d |®31}10d |BU3J ‘RW3DD pue
®lwasadAy Kieuow|nd sejiseq *Kebawoyeday
f13e} 3jesaoow ‘abueyd kio3ewwe | jur

40 35u3p1Aa ou ‘Bui||ams ureusq payiey

*S1S0J23U Yy y}im s1}ijeasdued

83jnde ‘e|uUOWN3Ud-0YIU0IQ |eWIUIW

YltmM s131yduolq aynde ‘uorjesauabop
|BU0JN3U 3y xoue y}iM Ayjedojeydasus aynoy

SINIONIJ WILYONW-1504

"433jeauayl L|3s0ys parp pyrys pue

suoisesdo
ajesedas uo ww Ohg /ww Q92
= dinssauy ‘rwbwpg-Jebng

swbug-urajosg ‘g s1132 - j53
sbas 168 Yl1m 00£°ZZ - J8M
yiImoud ou

- 34nynd poo(q pinyy |eurds
1/b3uze-eN ti5-y :901-19 tg1-Zg)
19 - utajouy :dey
|euids uo pajou saykdooyduwi|
%11 pue skjod _gg yiim ww
2161 43d s 122 3} Iym gG - 452
.59 s63s 9on°9z - ogm

aAtiebau - ainynd pingy |euidg
2A13ebau - 3unynd poo g
‘an1yebau

£21A} N> juesidse |eaydes)

1/02u01-203 :6°71-Nng
Lwbupp-urajouy
1/bauzgl-1)

i wbugg-sebng “ygm | - 353

s6as g9 uitm 006 h1 - dgm

“Judwarow J1 |eydaduasaw

® 2q 0} poseadde jeym

Se [[3m se eaue |ejarsed 33|

34y buiajoaus uorjezijedo; e o
buiysisuod - |ewsouge - 933
aA1jebau - ainynd> aurup
aa1jebau - aunynd jeouy|

1/b3u g-Zgy
H01-1) t9-¥ fini-en :_wbugz-Nng
S|132 3}i1ym ou
‘ainssasd cww Oh
sydwh| ||ews
s34 3y} pue sqeys Sl
"sk1od oh - 000°€Z - M

= 499

SONIGNIS AY¥OLVY¥08YT

pP310u voissaidap
kioyesidsay ‘aeynbassy spunos YJeay Lep yjuiv ug
‘P3NU13U0D sJuaWAAOW I1U0(I-31u0} pue MO|[eMS O}
£31(1qeur fep yyxis uo *pajou ®163 deway 339
‘Aep yij1y up  cshep § yxau d05 K3uayyiwsayuy
P3nu13uod ajeys Isojewod-jwas pue Burysyimg
“Pajou sem ®Ixa[jas-s3dhy ‘$3q0( Jamo| 3y} vy
S3l®J 3stow yyim paj(1y sbun| ‘pradeq; LEL]"
*3y61s 03 pauiny sem PB3Y--1U3p 1A 34am B3|

Pu® wJe 333| jo ssauxeam ‘1inwiys |njujed

0} Ajuo papuodsay ‘0101 3in3jeuadway vors
-Silwpy  ‘e}d sunoy f burydyimy pue Ssaussa|
=¥s11  -eyd Aep ayy Joy ®Ix3Jouy -eyd xaam

3uo Joy A|3ua}iwiajur 19A34 pue 6u1ybnoy

LT

SJnoy 3At1y yyeap Jay [1jun Panui1juod pue
vebaq sjuawanow d1u0(3-31u0] ‘pasoqe| Ku3A
dwedaq suorjesidsay ‘pajou sem sba| pue swse
3y} Jo Buryd3imMy y3Im uors|nAuod pazy|esa
-uab ‘uoissiwpe sajje buruiopy ‘09°101 @iny
-eJ3dwa) -aA1}ebau asam 1punj d13do pue wexa
2160j0unaN “1(nwiys |njured q pasnos aq p|nod
INq 350}RWOd-1WIs seMm Iys uoIsSIwpe uQ
'P3}1WoA Jaje| dys  ‘uayjow say aziubodas

O} waas 3,upip pue ybnod ‘3sayd say uy

ured jo paure|dwod ays uorssiwpe jo Aep vo
‘eixasoue pue Buiyeys ‘Buisaaind awos yim
eld Lep auo saay jo 13suQ  ‘urasidse y3im
P3jeasy - eyd xaam Joy P03, ® pey pl1y)

‘uoiIssiwpe Jajje

SJnoy 81 yieap Jay [1jun Juaryed pauiejuiew
snjesedde fiojwiidsas pue Akwojoaydeuy
Aouabiswy -pasead A|uappns pue paioqe| aq

0} uebaq suorjesidsay *Buisnauod uebaq
vorissiwpe Jayje Ajjioys “sdyjawa-)jue
331dsap panuijuod pue e}d fep auo buijiwon
vebag ‘s>1j01q1jue y3im pajeasy jeosyy asos
© pey pey Siy} o} Jorid xaam aug ‘ey}d uotjeanp
sJdnoy hz Burjiwoa “easneu ‘sanay ybis

“kep y3g ayy uo pai1dxa ay -pamogs
3s|nd s1y pue d13ude awedaq ay fep yip )
‘Paje|ip sy1dnd ‘p161s 3s0w awedaq pue Aep

[B31dS0y Pu0I3s U0 SUOIS|NAUOD S1uU0(I-1u0}
Pazi|e13uab buraey uebag -3ybi| o0} payoeas yjoq
Inq ‘3461 ueyy sabue| |idnd 1397 ‘papioae
sem 3461 yybisg  -saxafjau dA1}Ie13d Ay
*43A1| a|qed|ed ‘uvoi}desyau Is3yd> paysew
*Kiprdes buiyycasq os(y ‘ieArsse uo pajou
S}UaWaA0W J1u0|3-21u0] ‘|e}idsoy Ay1sa1aarup
® O} palisjsuesy sem ‘AIsuodsasun pawaag
‘PIsnoJe 3q jou pInod Juaijed uoIss iwpe
Jayye Burtusoy 1aA3; apeib-mo| pue 6u)}1woA
--e}d skep g ybnod 3ybis pue ®3yJiouiyy

SHOLAWAS GNY SNIIS VI INITD



October, 1963

DICAL JOURNAL

-
‘l

NORTIT CAROLINA MI

470

Paje(os! g OHI3

pajeiost g OHI3

Buyiqis | ‘uayjou

qeMs |eseu
‘sBuiysem
jrOUY} ‘Ui

*autin wousy

*qIs 3us jo |o0}s

woJy paje|osi *sjuased pue

| ot1o4d 3qis G woJy
“juased | $23ds |003§

pue sqis Z jo *ayep 03
$100}s woJy $}|ns3J oy

Juaijed wouy

auoy

*sburqis

*sbuiqis $,3d ay} wouy

J3yjo oM} jo pavie)qo suaw
$100}s wousj pue =!23ds |003s pue
sbuiysem jeouy)

30 sbujysen uaa|dg
jeoly} wouy 1003g
pauieiqo os|y 19A1%
*6un| pue $3d3y Bunq
$,3d 3y} wouy pinyy |euidg
pauteiqo g OHI3 vielg

a|qe|teAy

TYinsay Suaw|2adg

SONIJ A9070¥1A

‘uo13oeas [eaburuaw
30 3duap1Ad ‘hue j1 ‘3111 *Ino
-ybnosyy sabeyssoway Jejndseaisad paysey

*3noybnosyy (3z1s ur ‘ww M3y oy [®1Y23}ad)

sabeyssoway *Aou3aysisuod ur axr|-Ay(al
Jsow(y *J0|0d 31dind-paJs payiew JO uieug
*uiesq 3y} o3 paziedo| K|abse| sbuipuiy

*$131Yydu04q 3jnde ‘ejuownaud
[B13135J33u1 ‘eIpaw s13130 3ynde
‘sndwedoddiy jo suosnau ‘KjJed ‘sisosday

*pajou uoirysabuod

Je{ndseA pue BwaIP3 |eUlwId)

*ajqeysewas Buryykue [earas o)

pajie} kpnis 2160joysiy ydnoyy(e
10102 Ul MO| |3k daap sem JaA(
‘eWwapd |vJQIIID paxJey

*ajqeysewas jou sbuipury Asdojne ‘asim
=J3y}Q “°Pajou sem S1}1yduouq-1iad pue
$1314du0uq P(I 'Ju3said sem ssadsqe
40 s1316uruaw Jua(nind oy “-uileuq

-piw pue suod 3y} UIY}IM PIJou 3Iam
sabeyssoway |ed04 “3noybnouyy buijjams
‘snojewapa pue }j0s A|awdasyxa ureug

SONIONI3 W3L¥OH-15S0d

“Bau
=940} |ND 4§ PuUe Iun}|Nd poo|g
§2-200 ‘L°€-x ‘1/baw sh1-ey
% wbw zg
- urajoud (:oz sovow
‘%85 sydwh|) 1133 |6 - 499

sbas %G9 ‘052°'SZ - J8M

“h=¥ ‘551-eN
‘q/b3w g°51-¢0) *wbwgz-Nng

{wbwgg - Jsebng °s,9gM ON - 4S9
SNNd #1S ‘008'01 - J8M

suoIseI20
oM} U0 S}1uwi| |ewlou

UIY}iM = |3A3| 3jehdtes poolg
1/b2u011-1) thel-eN thohi 20
K31 |ewsouge Juediyiubis OU - 4§)

$a|1ydosynau
489 YIIM 008°5Z - I8M

S}lwi| (ewJOU UIYYIIM - 4¢)
voryezi|eyidsoy
jo Kep puod3as uo ,|ewsou
$93£|04329 (3, ‘wpe Jajje
sinoy 9 *wbwpQg ‘uoissiwpe
vo :wbwpQg - Jebns poo|g

SONIONTS A¥OLV¥08V1

‘uoissiwoe Jayje skep Q|

P3J1dx3a [13UN ISOIRWOI-1WIS PAUIRWIAY
"P3IINDJ0 $2JN2133 UOISSIWPR JI})E

shep £ °*d1jouedd swed3aq-fwoysoaydesy
931dsag ‘A ys166n|s pajdeas Ing paje|
=1p s|1dng  “x212d-u1d o} K|uo pajdeay
*€01 ‘dwa) “(wisajew punosb 33;j0d

30 sisawd Kep Ixay ‘JuasIyodu!l Jwed
-3 "s3x3|j3J ysib66nys yyim 23U jj13s
‘pas sem jeouy} ‘aAljex|®} ‘uoissiwpe
up ‘Buiuvsow Buimo| |0} Yy} pasnjuod
jeymawog °suied pue sayde pazi|esaualb
‘sayoepeay yjim pajeasneu - w3d Kep aug

‘uoissiwpe Jajje sep § paig

*ueb3q SUOIS|NAUCD PIZI[RJIIUIY *PIYIIII0D
sem vo1}eapAyap d1uojsadhy -uebaq
uoljes1dsas $ayo3§ aukay) ‘sIxa|33s uopuI}
daap aa1yovsadhy L ys166n;s pajowal
s|1dnd ‘pides suoijesidsay ‘uied o}
dA1suodsasun pue 3sojewod ‘g6 dsnjesadwdy
‘wpe ug °BuijiwoA o|qejisay wyd Lep |
*Jed wosy Ibeuiesp - wyd skep g ‘uo1}23}
Kkisoyes1dsas aaddn - vyd skep 0)-£

*voi1ssaidap Kioywsidsas

9A1s321004d Ja}je voIsSIWPR JI}R sunoy

Th P311dx3a juaijed ay] -paseaddesip uayy
‘aA119e13dAy $ax3[ 43y "PIIINID0 UOIS|NAUOD
pazi|esauab ® uorssiwpe J33j® sunoy

9E ‘JaA3IMOY “JudwlIRIU) PIN|) JIYje |[ewiou O}
pausnyas sayh|osd9|9 ‘OS|Y “jJudwiwasy ping}
Jajje paroidwt ydnw paseadde pyiy) °|ewJou
se _pajsodas |9A3| aje(kdi|es pue baw f 4|
sem Ncu *3ynuiw 13d Qf jo 3jes Kiojesidsal
yitmM juejur d16aeyla| pa|vaAIL wexd

9J3ym [eyidsoy 3y} 03} PajIlwpy  *Juapidul
$1Y} 0} sno1A3id sAep om} JOj 13A3} apesb-mo|
pue vo13193ju1l Kiojesidsas iaddn pliw v pey
pey *333} Jay uo 3|qeysun pue d1bieyya| aq
O} PajOU SBeM J3}e| SINOY }|BY-IUO puR 3IJy]
*S)dV 30 913310Q UIJ0 Y}IM QIJD U] PURO} PIY)

*J3A3MOy ‘J33}jeauayy A|jsoys paip ays “Adesayy
3A1ya0ddns yyim buoje ‘skep § Joj Jojesidsal
}19uuag ® UO paulBIUIBW SBM AYS °‘£0| O}

49A34 -buiyyeauq paddols K|uappns ays pue mo(s
KJan awedaq suoiyesidsas *|0s3u0d poob Japun aq
0} pawaas sisopidde ybnoyj|e ‘uvoissiwpe Jayje
sinoy g A|ajewixosddy °-pajeas} sem s sopjidde
-d133qe1q “‘uoiIssiwpe e 3|qeliiui-13dLy pue
aarjey ey sem 3yg -Buiyjou Burtureyas ‘Aep (e
pajiwop  -Buiyiwoa pajseys eyd Aep aug °|oJjuod
poob sapun £||ewiou ‘d13aqeip at1uaAn| ® Juaijeq

SHOLJWAS QNY SN9IS TVIINITY

L) 1]

M °OK8I

‘A0

‘d°a



Octaber, 1965

had three features commonly  associated
with infectious encephalitis.

There were no remarkable bacteriologic
findings. In 8 of the 16 cases materials for
virologic study were available from the pa-
tients, and in 1 case specimens from  the
family were available, In three cases 1KCT1O
S was isolated from the brain, lung, feees,
and urine respectively. Tnoone case Cox-
sackice Dy was isolated from the hrain. [n one
case 12CHO S was demonstrated in the brain
and the Tung, and Coxsackie Iy in the feces.
In the case in which 1SCHO 8 was isolated
from the lung and Teces it was alzo isolated
from the throat washing of the mother and
one sibling, and from the stools of two other
siblings. In one case in which no virologic
specimens from the patient were available,
ICCHO S was isolated from the stools of two
siblings and one parent. and polio T was
isolated from the stools of another sibling.
In the 2 cases in which sera hrom cither the
patient or the family were available, we
could not demonstrate neutralization of the
virus isolated.

Virology Teclinigue

Specimens colleeted for virologic studies
included stools, swahs, blood, urine, cere-
brospinal fluid, and tissues taken at au-
lopsy.

Processing of specimens: Stool and tissue
specimens were extracted to make a 20 per
cent suspension in neutral Thak's solution,
The suspensions were centrifuged and anti-
hioties were added to the final supernatants.
Swabs were shaken vigorously in 2 ml of
the same diluent. Fluid  specimens were
processed by addition of antibioties. All
specimens, extractions, and cultures were
stored at 20°C.

Isolation and identificalion: Tach speci-
men (0.2 mlo was inoculated into three
tubes cach of Rhesus Kidney ¢ MK and THela
Gey ol tissue cultures N growth of media
u=ed for MIN cell culture consisted ol 5 per
cent call serum, 0.5 per cent lacto albumin
hydrolyvsate in Hank's base, and Tor Hela,
10 per cent call serum in Media 199, hoth
with antibiotics, The cell cultures were inoc-
ulated as =oon as a monolaver was estahlish-
o and the wrowth media exchanged  for

ENCEPITALITIS=JOIINSON AND OTIIIRS 471

maintenance media (same as growth except
for MK 2 per cent calf serum and for H 4
per cent call serum was used).

These cultures were incubated at 36° C
and examined cach day for an eight-day
period. Tubes showing  cytopathic effect
were harvested when 75-100 per cent of the
tissue was disrupted. Tubes of culture were
frozen overnight, thawed, cooled, and stor-
ed. ISach of the specimens was inoculated
into 24 hour old mice. Isach specimen that
was suitable was inoculated into egg embryo
by the amnionic route. All viral isolations
were identified by neutralization tests in
monkey kKidney.

Six to nine months later, tests of identi-
fication ol these viral isolates were repeat-
cd. At the same time re-isolation was at-
tempted using the orviginal extractions of the
specimens included in the study. The iso-
lates obtained from this reisolation proced-
ure were also identified by neutralization
tests in monkey kidney.

Discussion

It is well recognized that a serious per-
plexing clinical problem is posed by the in-
fant or child who hecomes acutely ill with
fever, stupor, or coma and convulsions. Re-
cently, Lyon, Dodge, and  Adams® have
recognized the difficulty in terminology and
differential diagnosis in children with this
sort of nervous syndrome. They identify
these elinical states as being distinguished
by generadly negative laboratory results and
refer to them as acute encephalopathies of
obscure origin, These are the syndromes
which are associated with febrile illness,
generalized convulsions, and neurologic dis-
orders which oceuwr without evidence of
spinal fluid changes and are associated with
swelling of the brain as a prominent find-
ing.

IFlewett and  Hoult' divided  into four
groups a collection of cases in which in-
[Tuenza virus has heen associated with neur-
ologic disturbances, The most  dramatie
aroup initiallv - presented  confusion and
Mlaccidity, and showed  little response to
stimuli three davs to two weeks following
influenza. Their diagnosis was based on
commonly accepted laboratory data.

151 Gold and others® recently studied the
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entire problem of sudden deaths in infants.
Among other things, they investigated a
group of deaths which were associated with
the isolation ol Coxasackie virus, Group A,.
I'ven though histologic confirmation  was
lacking in these cases, the authors felt that
their studies raised  important  questions
concerning the pathogenesis ol enterovirus
infections and pointed out the need for fur-
ther study.

It has been interesting to see the continu-
ing evidence ol a wide variety of clinical
manifestations  of  Coxxackie and  1<MCO
virus disease in infants and children. The
serious nature of these illnesses is hecoming
more and more apparent. Current® and M-
Allister™  have  classified  Coxsackie  and
[2CHO virus by their association with symp-
tomatic discase. Coxsackie I3, has been as-
sociated with pleurodynia, aseptic menin-
gitis, paralysis, myocarditis, and meningo-
encephalitis of the newborn, pericarditis,
and undifferentiated febrile discase. FCHO
8 has been associated with diarrheal and
respiratory discase. To our knowledge, there
have been no series associating fatal en-
cephalitic discase with Coxsackic and 1CHO
virus other than in infants, Recently, Walk-
cr and Togo® reported a case of acute diffuse
encephalitis associated with isolation ef Cox-
sackie B; virus in a9 vear old child. They
cite cases of encephalitis in a 16 year old
bov, a 22 vear old woman, and a 54 yvear old
woman who demonstiated encephalitis-like
discase due to Coxsackic By and B.. They
also make reference to a case of fatal men-
ingoencephalitis which was considered to be
due to Coxsackie, Group Ay, Sabin® has at-
tributed  encephalitis in older people  to
[2CTHTO tvpe 9.

Considering the review of literature, what
then is the true relationship of the viruses
isolated in 5 of owr 16 cases with the true
cause of discase in cach caxe? If there is an
association, it might indicate that in these
5 cases the virus was the etiologic agent. If
this is true, then might it not also be true
that the other 11 cases represent a similar
type of discase in which the viruses were
not isolated? The obvious alternative is that
the virus isolations are coincidental and
possibly unrelated to the true cause of dis-
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case. If enteroviruses do play a role in the
ctiology of fatal encephalitic disease, we [cel
that this series brings the question into
sharp focus.

What then should he done to clarvify this
situation? \We believe that it is imperative
that every physician who laces such a prob-
lem should make every effort to identify the
possible ctiology. This cffort should include
intensive study of cach case, allied with all
available lTaboratory techniques, so that a
collective study and analvsis of such cases
may reveal the true cause of this type of dis-
case. This, of course, would mean that we
cannot limit our investigation to the child,
but must extend it to the family as well.
Surely as we progress we must utilize meth-
ods of communication so that episodes such
as we have experienced can be properly cor-
related with the experience of other in-
vestigators throughout the country.

Summary

We have presented the information which
accumulated during the study of 16 deaths
due to encephalitis-like dixcase in North
Carolina. 1t is owr hope that others will
share our experience, that this presentation
will add to the Titerature, and that it may
contribute to the eventual clarification of
the etiology of such cases.
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