THE 1981 KAMPANGPHET STUDY OF JAPANESE ENCEPHALITIS
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~Michael A, Ussery

PURPOSE :

1. To determine the kinetics of JE IgM and IgG antibodies in serum and
CSF in cases of acute encephalitis due to JE virus.

2. To evaluate the "antibody capture" solid phase 1mmunoassay approach
‘as a rapid diagnostic test in acute JE 1nfections.

3. To determine if cases_of acute encephalitis in Northern Thailand
which cannot be proven to be due to JE by conventional HAI serology are in
fact due to JE virus or are due to another as yet unidentified virus.

4, To identify personsFWith asymptomatic JE virus infections for
participation in future studies of risk factors of encephalitis.

5. To develop baseline data on acute encephalitis patients to be used dn
the design of future studies on anti-viral chemotherapy of acute JE. .

MATERIALS AND METHODS

Study Location : Kampangphet Provinc1a1 Hospital was selected as the
study site for the following reasons : - (1) Kampangphet Province in recent
years has been severely affected by epidemics of encephalitis, with an average

of over 50 cases per year over the past five years; (2) The timing of epidemics

is highly predictable with peak activity regularly occurring between 1 July and
1 September; (3) Kampangphet is located closer (400 km) to the main AFRIMS -
laboratory in Bangkok than other provinces with high JE virus activity.

Patient Populations : All patients regardless of age or sex, who
presented at Kampangphet Provincial Hospital with signs and symptoms of acute
encephalitis during the peak of encephalitis in¢idence in 1981 (1 July -

1 September) formed thecandidate battery (N = 39). From this candidate
battery 32 cases were determined to‘fulfill the following criteria for a
definite clinical diagnosis.of acute viral encephalitis :

1. Fever

2. Admission physical examination findings of impaired mental status.

3. Admission lumber puncture CSF examination with 5 or more WBC per .
cubic millimeter. ‘
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, V41<fN@paI;ernative%diagndsisiclear«from history or physical ‘examination
(8.4 post-tieasles exdntliama, post-rabies imunization, bactedial meningitis).

ford i

1 AIY study' patients were hospitalized and .treated by ‘the ‘staff of the
Kampangphet"Provincial‘Hospital. "Dr. Suchard was: the primary elinical physician
for all ofvthe:cases.rqDexamethasone,~0;5*mg~per'kilogram,.was*given'intrawﬁnﬂwn
venously ‘toall ‘patients at the time of admission and to most patients on . fixed
schedules until recovery, Although serum and :CSF samples from other groups i of
patients were .also tested; ﬁhe%éjpatients;Were'notfstudied:inwdetail,vothei :
than to exclude viral-encephalitis as a working clinical: diagnosis, :

i

-Study ‘Protocol {: : In addition ‘to the battery of 39:“hhdiﬁate\encephalitis
(fE":cases);wfour bth£ragrunSJWere'studiéd::'w:g RREERRETY AR S S TRE
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Random ("R") cases were all patients with a CSF sample submitted to
the routine diagnostic:laboratotyfduringntbe study period. and who were not
assigned a working diagnosis of‘acute viral encephalitis and therefore were
not studied as "E" cases (N = 18),
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Fatal ("F"Y*C@SE81WEréﬁallfhbspifalized'patieht3=dyingfdufdng the« ¢
study period and not studied as'an "ME" 'case (N = 10) )¢ s ooopeleoon B

‘ Procedures ‘for ‘obtaining speciméns @ - Ao
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R ”Venbﬁeisera‘c.JFivé:ﬁillilitErivenbus’b&d@dfsamﬁies@%éﬁefdbﬂained& L
from the:antecubital vein;rheidVat:roomwtempexaturgvforvl~2 hour's -before : =
centrifugation, ‘and' the serum-stored frozerd at ~20°C. "¢ SRR O
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CSF : Two to three milliliters &f CSF we¥'¢ .obtained from ‘the lumbar
subarachno?ﬁhépace with a 22 gauge needle following local xylocaine anesthesis.
‘Pressures ‘weré ‘not ‘réutinely measured. ' CSF protein was ‘estimated by the Pandy
méthod;ngutdéexbyfnexmrcstic;ﬁanEVtotal RSCy ‘total WBCy and percent mononuclear
WBC by:ilight mitroscopy.  Bacterdal cultures were performed ‘'when clinically
indicated. Remaining CSF was frozen at -20 C. SN A

' Finger=tip blood serum:: Finger-tip blood wads obtained by lancination
’andacollécted?idfheﬁbriﬁizedfdapillary“tubes@f.Twentyvto thirty microliters of
plasma was obtained from each tube after centribugatdon, 1o oo o

HAI assays : Hemagglutination inhibition (HAI) assays for antibodies
to JE and dengue~2 (DEN-2) mouse~brain’antigen3nwere?performedwbn'all serum and
CSF samples after acetone extraction by a microliter adaptation ‘of ‘the method .
- of Clarke and Casals, The lowest dilution of serum and CSF tested was 1:10.
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Antibody capture ELISA : Assays:far IgM and IgG antibodies to JE and
DEN-2 mouse brain antigens (JE MAC ELISA, JE GAC ELISA: DEN-2 MAC ELISA, DEN-2
GAC ELISA) were performed on unextracted serum and CSF samples according to
previously published methods, modified for ELISA instead of RIA. All positive
samples were also tested using a 1:50 dilution of normal mouse brain antigen.
Procedures for MAC and GAC ELISA assays were identical except that anti-human
gamma chain was substituted for anti-human mu chain in the solid phase
sengitization step. In the antibody capture system, dilutions of serum up to
107" give reactions equal in intensity to undiluted serum. Thus, althoughzthe
dilution of serum tested is unimportant, sera were routinely tested at 10

dilution, With CSF, where absolute immunoglobylin conceéentrations are typically

1/100th to 1/1000th that of serum, dilute (10 “ or greater) CSF often lacks -
sufficient immunoglobulin to give full saturation o{ the test system, so CSF
was used at the highest possible concentration (10 ~ dilution) consistent with
the requirement to use sparingly the very limited total volumes available.

On all test plates, 1()"2 dilutions of negative control, weak positive
control, and strong positive control samples were simultaneously run with test

samples, Results for JE are expressed in dimensionless MAC ELISA or GAC ELISA
units, where,

A test - A NC
Units = AwPe — A nc X 100

A test = Absorbance at 492 nm of the test specimen
A WPC = Absorbance at 492 nm of the weak positive control
A NC = Absorbance at 492 nm ofthe negative control,

For the JE MAC ELISA test the WPC was chosen as a SPecimen with a
P/N ratio of 15.0 in the JE MAC RIA system; positive cut off was set at 30

(log- = 1.5) JE MAC ELISA units. For the JE GAC ELISA, a positive cut off was .

arbitrarily set at 10 JE GAC ELISA units. To determine if low level positive
reactivity in the JE MAC ELISA could be false positive due to cross reactive
dengue IgM antibodies, modified MAC ELISAs were performed using equal
concentrations of HA of DEN-~2 and JE antigens. -

Total IgM and IgG : Total concentrations of .IgM in sera and CSF were
determined by simple sandwich ELISA using goat anti-human mu chain to sensitize
the solid phase and the same antibody conjugated to horse radish peroxidase as
the label step,

Absorbance values obtained with dilutions of test specimérns were
interpolated onto the linear region ofthe curve (usually 10.ng/ml to 300 ng/ml)
obtained using reference sera with known IgM concentrations. Total IgG was
similarly measured using reagents of appropriate specificity.

RESULTS : o0f the 39 candidatesencephalitis cases, 7 were rejected from the

group of "g" cases for the reasons shown in Table 2,

JE MAC ELISA antibodies in household contacts : Figure 1 shows the
distribution of JE MAC ELISA units in finger tip plasma of '"H" cases; 6
specimens are seen to have definitely elevated levels (>100 units). Five H
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cases consented to lumbar and vena puncture and are hereinafter referred to asg
asymptomatic or "A" cases. Distribution of JE MAC ELISA positive H cases in
different age brackets is presented in Table 3. Overall 2.2% of household
- contacts had clearly elevated serum JE MAC ELISA antibodies; all those were
children 15 years old or younger, - '

Date of obtainingLinitial samples from E cases and from A, R, and F cases
is presented in Figure 2,

- Clinical diagnoses in R and F cases are presented in TabléégAAnaﬂd 4B.

Age and sex distribution of E, A, R, and F cases is presented in Figure 3,

Serologic diagnoses of all_"E" cases is presented in Table 5.

Group assignments of all E, A, R, and F cases for final analysis of
antibody response data are presented in Table 6,

Serum and CSF JE HAI responses are‘pfésented in Tables 7 and 8.

CSF white blood cell counts per cubic millimetef are presented in.Table 9,

Serum and CSF JE MAC ELISA units.are presented in Tables 10 an& 11.

Total serum and CSF IgM concentrations are presented in Tables 12 and 13.

Serum and CSF JE GAC ELISA units are presented in Tables 14 and 15.

Serum and CSF total IgG concentrations are presented in Tables 16 and 17,

Mortality among ence halitis cases was strongly.é function of admission
mental status. Of the total of 39 candidate cases, the proportion dying were
as follows : Aleft»or drowsy, 0/22; light coma, 3/11; deep coma, 4/6.

..+ Summary graphs of all CSF JE antibodies tested in serum and CSF 'of "E"
cases (JE HAI: JE MAC ELISA; JE GAC ELISA) are compared to those of the 25 "RH
cases (controls) in Figures-4A, B, C, D and E. : :

CONCLUSIONS :

JE IgM antibodies in CSF rise rapidly during acute symptomatic infection
with (687 positive on admission, 100% by 1 week after admission) and may
persist for 6 months or longer (72%). : '

JE IgG antibodies in CSF rise somewhat more slowly (50% positive on
admission, 88% by 1 week, and 100% by 30 days) but always persist, for 6 months
or longer (100%). B

Among patients with asymptomatic JE virus infections or patients with
other diseases involving the CNS, serum IgM antibodies with reactivity to JE
may be detected. However, these patients always lack detectable CSF JE MAC
ELISA antibodies, '
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In cases .of acute encephalltis, sPec1fio activity (as measured by AC ELISA
units of aetiyity) of IgM and IgG in CSF in invariably higher than that of
51mu1taneously obtained serum, implylng 1ocal synthesis of JE antibodles in CSF.

In asymptomatic. JE infection, IgM anti-JE activity cannot be detected
in CSF, ﬁmplying that llttle if any 1ocal JE antibody synthesis occurs in these
cases,

The "antibody capture" solid phase immunoassay approach for testing CSF is-
a highly effective rapid diagnostic test, clearly superior to:'existing methods.

"Of 26 cases of definitée acute encephalitis;studied:with'adequate'follow-up
during the epidemic season, 23 were dueto flavivirus infections (22 JE, one

dengue), while three were either definitely (2) or probably (1) due to agents
other than falviviruses. 3

Four cases of asymptomatic JE virus infection were detectéd among 267
household. contacts of encephalitis patients,

Baseline data was assembled on the clinical, laboratory immunological
course of acute JE at the Kampangphet Provincial Hospital.
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Patient Categories
for study entry

Encephalitis ("E")
(N = 39)

Household contact
g (N = 269)

Asymptomatlc ("A")'

(N = 5)

Ramdon.("R")
(N = 18)

Fatal ("F")
(N = 10)

Table 1,

Definition

Suspect viral encephalitis
cases (see text)

All persons living under
same roof with index E
case

" "H" cases with high levels
of IgM anti-JE in the
screening finger-tip blood
sample, no history sugges-
tive of recent acute ence-
phalitis and no "contra-
indications'" to lumbar
puncture#*

All patients with a CSF
sample submitted to the-
routine diagnostic labora-
tory during the study
period** and not studied
as an "E" case.

All hdspitalized"patienté |

dying during the study °
period** not studied as
an "E" case.

Outline of study protocol.

Specimens Obtained

Venous blood serum & CSF
obtained on all patient
on admission, day +7, and
day +30

If CSF anti-JE positive on
day 30, serum and CSF also
obtained on day 180.

Screening finger tip blood

.serum obtained within 1 wk

of admission of index E case
to hospital.

Venous blood serum & CSF
obtained within 1 wk of
screening finger tip sample,

Aliquot of submitted CSF
retained, Venous blood

- serum obtained within 24

hours,

Heart blood serum

*  Normal lumbar skin, no history of bleeding diathesis, age >5 yearsf'

**% Study period =

1 July - 1 September 1981.
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CANDIDATE

Table 2. Reasons for exclusion of KE cases ffom study group.

KE CASES (N = 39)

Mental status. 5 3 (020, 021, .034; grouped and analyzed with R cases

impaired

with abnormal CSF)

Yes

CSF Pleocyt sis _ No 3 3 (005, 013 016' grouped and analyzed with R cases

(> 5 WBC/mn™) w1th normal CSF)
Yes
v
33
Alternative Yes 1 (037; bacterial meningitis; grouped and analyzed -
M
Diagnosis

32

with R cases with abnormal CSF)

No

STUDY KE CASES meeting minimal criteria .for. presumptive diagnosis of acute

viral encephalitis.
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Table 3, JE IgM MAC ELISA > 100 units on screening of finger tip plasma
specimens of household contacts (""H" cases)

Age range # Tested - i Positive % Positive
0-9 19 4 bob
10-19 o 50 2% 4.0 (2.0%)
20-29 43 0 0.0
30-39 43 0 0.0
40-49 24 0 0.0
50 + 16 0 0.0

* One case due to dengue-JE IgM cross - reaction,

Table 4A, Age, Sex, and Diagnosis of "Random CSF" (R) cases

CASE # . AGE SEX DIAGNOSIS

RO1* 25 years M Meningitis

RO2 12 years M ' Viral gastroenteritis

RO3 | 5 years M URI; febrile seizure

RO4 10 years F Enteric fever

RO5 ; 5 years F Respiratory infection

RO6 8/12 years ﬁ Post—ﬁeningitié hydrocephalus

RO7 3 years F Post-measles encephalitis

RO8* 14 years M Lymphoma

RO9 25 years M Seizure; cause

R10 12 years M Fever undetermined origin

R11 2 years M Viral gastroenteritis

R12 12 years M Dengue hemorrhagic fever with CNS bleed
R13 1 4/12 years F URI; febrile seizure

R14 13 years M Fever undetermined origin

R15 30 years F Meningitis

R16 3 years M Pneumonia

R17%* 44 years F Encephalitis post rabies vaccination
R18% 16 years M. Meningitis '

* = Abnormal CSF as defined by _>__WBC/mm3
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Table 4B. Age

Case i Age Sex
F=002% 6 days M
F-007 4 days M
F-008 8 months M
F-010 2 days .M
F-011 33 years F
F-012 1 year M
F-013 63 years F
F-015 40 years F
F-016 16 years F
F~017 55 years . F.

> Sex, and diagnosis of in-hospital fatal (F) cases.

Diagnosis

Tetanus
" Tetanus

Mulnutrition

. Pnéumonia

Liver abscess

Pneumonia

Stroke

Cirrhosis, anasarca
Cardiacarrhythmia

Asthma

* F-001 = KE 001
blood; F-006 =

Table 5,

HAI serologic
Diagnosis

Definite flavivirus
infection

Possible flavivirus
infection '

Definite NOT
flavivirus
infection

No follow-up

; F-003 = KE 018; F-004 = KE 024E‘F—605 = no heart
KE 026; F-009 * KE 033; F-014 = R 014,

m.%ﬁg“m;‘

qur fold or greater rise

in serum JE HAI antibody
titer

JE HAI seropositive in both 5

19

acute and conv sera; no four-

fold titer rise

JE HAI seronegétive in both 2

acute and conv sera.

Follow-up serum not obtained;

either JE HAI positive or

negative in acute serum

Serologic diagnoses by HAI of study KE cases (Total N = 32)

(Primary : -001*, 006,
009, 011, 012, 014,
015, 019, 022, 023,
027, o028, 029, 030,
035,

Secondary : 008,
025, 031, 032)

(004, 007, 036, 038+*,
039)

(002, 017)

(003*, 010, 018%*,
024*%, 026%, 033%)

* Fatal case,
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Table 8. CSF JE HAI

239

DAY
Group 1l 7 30 180
I a 0/182 2/19P 6/18° 0/18
B 0/5 0/3 0/3 0/4
c 0/2 - 0/1 0/2 -
D 0/5 - - -
II A 1/9d - - - -
B 0/16 - - -
II1 0/5 - - -
v - - - -
®  Number 1:10/Number tested
b HAI titers 1:10,'1:10
€ HAT titers 1:10, 1:10, 1:10, 1:20, 1:20, 1:30
4 HAT titer 11:40 (Random 008)
Table 9, _ CSE WEC
DAY
Group 1l 7 30 180
I A 87 74 (19) 14 £19 (18) 16 * 13.(18) 1+ 2 (16)
B 84 * 54 (5) 19 + 18 (4) 3% 2(4) 22 (4)
C 40 + 37 (2) .0 (1) + 0 (2) -
D 100 * 69 (6) - - -
II A 247 + 537 (9) - - =
B 11 (16) - - -
III 00 (0) - - -
v - - -~ -
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FIGURE 2. DATE OF FIRST SERUM OR CSF SAMPLE FROM ALL
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FIGURE 3. AGE AND SEX OF ALL PATIENTS STUDIED
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