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Abstract. Although Japanese encephalitis (JE) virus was isolated from mosquitos in 1974, human JE cases
have never been reported in Indonesia in spite of the prevalence of anti-JE antibodies among human and
pig populations as well as abundant JE vector mosquitos. In this report, we describe serological diagnosis
of JE cases in Bali, Indonesia, using IgM-capture ELISA both on serum and cerebrospinal fluid (CSF) of
the patients. In the first series of our investigation (Series ), we examined serum specimens from 12
patients with clinical diagnosis of viral encephalitis, meningitis or dengue hemorrhagic fever (DHF), and
found 2 possible JE cases. In the next series (Series 2), we examined both serum and CSF from encephalitis
patients and gave laboratory diagnosis of JE. One of them was suspected to have concomitant or recent
infection with dengue virus, probably type 3. These results strongly indicated that JE has been prevalent in

Bali, 1ndonesia.

INTRODUCTION

Japanese encephalitis (JE) has been a serious
health problem in many parts of East, Southeast to
South Asia (Thongcharoen, 1989; Sabchareon and
Yoksan, 1998). While, relatively small number of
patients have been reported in tropical Asia like
Malaysia and the Philippines (Sinniah, 1989; Barzaga,
1989; Igarashi, 1998). Although isolation of JE vi-
rus from mosquitos was reported in Indonesia (van
Peenen et al, 1974) and anti-JE antibodies among
human and animals were prevalent (Hotta et al, 1970;
Kanamitsu et al, 1979), no single human JE case
has heen confirmed either serologically or virologi-
cally in Indonesia, in spite of abundant vector mos-
quitos and amplifier vertebrates which can support
transmission of the disease (Wuryadi and Suroso
1989). Two reports have been published on travel-
ers who were diagnosed as JE based on their symp-
toms and serological findings after returning from
Bali. The endemicity or sporadic outbreaks of JE in
Bali have been conjectured by MacDonald et al (1989)
and Wittesjo et al (1995).

We had an opportunity to carry out serological
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diagnosis on patients showing symptoms of acute
encephalitis, meningitis, or dengue hemorrhagic fever
(DHF), and found the possibility of some JE cases
in Bali (Series 1). This finding stimulated us to
confirm the presence of JE cases in another inves-
tigation (Series 2), by virus isolation and IgM-ELISA
on sera and cerebrospinal fluid (CSF) of the pa-
tients showing acute encephalitis, and describe the
results in this paper.

MATERIALS AND METHODS

Patients in series 1

Six patients (No. I - 6) clinically diagnosed as
viral encephalitis or meningitis, and another 6 (No.
7 - 12) as DHF, were selected for serological and
virological examinations with informed consent (Table
1). They visited Udayana University Hospital be-
tween January 1996 to January 1997. Their blood
specimens were collected on the day of admission
as acute specimens and on the 8" hospital day as
convalescent specimens, respectively.

Patients series 2

Five patients (Cases 1-5 in Tables 2 and 3, and
Fig 1) with presumptive diagnosis of viral encepha-
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litis, visiting Udayana University Hospital between
April 2 to May 9, 1997, were investigated under
suspicion of JE. The 3" to the 5* cases lived in
Denpasar, which is an urban area with small rice
fields and small pig farms; the 1% case lived in a
village 59 km from Denpasar, and the 2™ case in a
village 18 - 20 km from Denpasar, respectively (Fig
1). These 2 villages were surrounded by rice fields
and pig farms, although the fields were not irri-
gated but dry at the time of their disease. Patients
were admitted to Udayana University Hospital gave
informed consent, and were examined by clinical
symptoms as well as cytokine levels in blood. Their
blood and CSF specimens were collected on the
day of admission, the 8" hospital day, and on the
day of discharge. Serological investigations were
carried out on serum and CSF specimens as de-
scribed below.

Indirect micro ELISA to measure total immuno-
globulin (Ig) titer to JE

This test was performed according to Igarashi
et al (1981a), and Bundo et al (1982). The test serum
was diluted 1:100 and 1: 1,000 in PBS-Tween, and
distributed into wells in 96 well ELISA plates which
had previously been coated with formalin-inactivated,
purified JE vaccine concentrate as assay antigen.
The step was followed by reaction with horseradish
peroxidase (HRPO)-conjugated anti-human lg, and
the enzyme reaction with substrate solution con-
taining o-phenylene diamine and hydrogen perox-
ide. The reaction was stopped by sulfuric acid and
the OD value at 492 nm was recorded by a microplate
ELISA reader. The OD obtained by each test speci-
men was compared with those developed by serial
dilution of a standard positive serum in order to
calculate the ELISA titers of the test sera (Morita et
al, 1982).

BALI ISLAND

J 319, 4% 5% cases

0 20 40km
—e ) :
Hospital

Fig I-Map of Bali island, Indonesia showing residence of
5 cases in Series 2.
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IgM-capture ELISA

This test was done according to Bundo and
Igarashi (1985) and Igarashi and Antonio (1997).
The 96-well ELISA plate was coated with anti-hu-
man IgM (m chain specific) goat IgG (Cappel, USA)
at 4°C overnight, followed by blocking with Blockace
(Yukijirushi, Japan). After washing, the wells in the
plates were reacted with the test specimens as well
as standard positive and negative sera at 1:100 di-
lution in PBS-Tween. After the reaction and wash-
ing, the assay antigen prepared as infected C6/36
cell culture fluid and diluted to 25 ELISA units was
added into the wells. After the incubation, the plate
was washed and successively reacted with HRPO-
conjugated anti-flavivirus IgG, which was prepared
from high titered DHF patients’ sera, followed by
washing and then substrate solution. The HRPO
reaction was stopped and OD was recorded as in
the case of indirect ELISA. The P/N ratio was cal-
culated by dividing the ELISA-OD of the specimen
by that of the standard negative serum. The speci-
men with P/N ratio equal to or greater than 2.0 was
considered as positive.

Clinical record, cytokine levels, and virus isola-
tion

The mental status score and pediatric coma
scale concerning encephalitis symptoms are explained
in the legend of Table 2, and abbreviated as M/C in
abnormal and (M/C) in normal. TNFa and IL-6 levels
were measured by commercial ELISA kits and pre-
sented as picogram/ml. Virus isolation from serum
and CSF was carried out by inoculation to C6/36
mosquito cell line (Igarashi et al, 1981b).

RESULTS

Series 1

All 6 DHF patients (No. 7 - 12) were serologi-
cally diagnosed as dengue virus infection by the
IgM-ELISA, because their P/N ratios were over 2.0
using dengue, especially type 2 antigen. Their con-
valescent sera on the 8" day of hospitalization pos-
sessed high titers of total Ig-ELISA to JE antigen
(1:12,000 to 1:33,000).

On the other hand, among 6 patients of viral
encephalitis or meningitis (No. 1 - 6), 2 cases (No.l
and 4) possessed significant P/N ratio (over 2.0) of
anti-JE 1gM-ELISA as shown in Gothic. Their total
Ig-ELISA titer to JE antigen on the 8" hospital day
was 1:10,500. These data indicated that these 2
patients suffered from JE, and JE virus infection
has been prevalent in Bali.
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Table 2
Clinical explanation of the five cases in Series 2. Mental status score (on numerator) and pediatric coma
scale (on denominator) by Simpson and Reilly, neurological symptoms and sequelae.

1" case 2 case 31 case 4" case 5t case
Age(ycar,month), sex 5 and 6/f 0 and 6/f I and 9/m 4 and I/f 3 and 6/f
Admission day of illness 4" day 4" day 4 day 3 day 4" day
Highest fever 37.2°C 37°C 39.2°C 38.5°C 38°C
Mental and coma, scorc M/C  2/10 1/14)* 3/6(1/10) 3/4 (1/12) 3/7 (1/13) 3/7 /13
Abnormal M/C was scen 3¢ day 6" day 37" day 12" day 6" day

till the hospital day

Neurological-symptoms (+) (+) +) (+) ()
Hospital day till 4% day  till 20" day  till 37" day  till 4™ day till 2" day
Sequela -) () (+) ) -)

Babinski reflex monoplasia

Mental status score [M] Alert: 1, Lethargic: 2, Obtunded: 3, Comatose: 4

Pediatric coma scale [C]

Eyes open Best verbal response Best motor response Normal aggregate score [C]

Spontaneously 4 Oriented 5 Obeys commands 5 Birth to 6 months 9

To speech 3 Words 4 Localizes pain 4 6 to 12 months 11

To pain 2 Vocal sounds 3 Flexion to pain 3 1 to 2 years 12

Not at all 1 Cries 2 Extension to pain 2 2 to 5 ycars 13
None | None 1 Over 5 years 14

*Legend of the fractional numbers and etc in Table 2.

Figures on numerator: The worst one of mental status scores duling hospital care.
Figures on denomintor: The worst one of aggregate scores which is composed of scores of the eyes open, the best verbal

response and best motor response) during hospital care.

Figures in parenthesis: Normal mental status score / normal aggregate score at the said age.
Ordinal day numbers: Until the said hospital day, M/C score’s were abnormal.

Series 2: Clinical features of the patients

Encouraged by the results in Series 1, we fur-
ther investigated 5 more presumptive JE cases, fo-
cusing on the [gM-ELISA of CSF. Clinical explana-
tions of these 5 cases as to mental and coma scores,
neurological symptoms and sequelae are shown in
Table 2 (the 1% to the 5" cases) and described be-
low:

The 1* case: A 5 year and 6 months old female,
admitted on the 4* day of illness, with the highest
body temperature at 37.2°C. Her fever persisted for
5 days including pre-admission period. Her worst
mental status score was 2, and the worst coma scale
was 10, ie 2/10 against normal score (1/14). These
abnormal scores and scales continued until the 3%
hospital day. Her neurological symptoms including
slightly impaired movements of both arms and legs
were observed until the 4" hospital day. Ventilation
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support was used for one day. The CSF on admis-
sion showed mononuclear cells at 9/mm?, protein
level at 35.2 mg/dl, and glucose level at 94 mg/dl,
respectively.

The 2™ case: The body temperature about 37.0°C
persisted for 5 days. Before admission, she suffered
from seizures. M/C were 3/6 against (1/10) of nor-
mal. Abnormal scores continued until the 6" hospi-
tal day. Babinski reflex was observed until the 20"
hospital day of her discharge. Movement of arms
and legs was slightly impaired: until the 4™ hospital
day on the right side, and the 8™ day on the left.
The CSF on admission showed cell count of 168/
mm?®, with 82.2% mononuclear and 18.0% polynuclear
cells, respectively, and protein level of 39.2 mg/ml
and glucose level of 67 mg/dl. She suffered from
marginal sequelae.

The 39 case: Seizures were observed before and
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after admission. The fever persisted for 13 days with
maximum at 39.2°C. M/C scores were 3/4 against
the normat (1/12) from the 14" to the 37" hospital
day of discharge. Ventilation support was used for
5 days. Movement of extremities was slightly to
markedly impaired during 37 days of hospitaliza-
tion, but after the 24" hospital day, movement of
her right arm and leg and left leg showed recovery.
Movement of the left arm remained impaired until
the day of discharge, leaving slight monoplegia as
sequela. The CSF on admission showed a cell count
of 75/mm?; with 85% mononuclear and 15 % poly-
nuclear cells, respectively, and protein level of 23.2
mg/dl, and glucose level of 57 mg/dl. This case was
the most severe one among the presented 5 cases.

The 4" case: Before and after hospitalization she
suffered from seizures, and fever persisted for 11
days with maximum at 38.5°C. As for neurological
symptoms, Babinski reflex was observed until the
4" hospital day. Movement of the 4 extremities was
slightly impaired until the 4™ hospital day, but there-
after returned to normal. Therefore, no sequelae re-
mained on the 19" day of discharge. Ventilation support
was used for 3 days. The CSF on admission showed
a cell count of 50/mm? with 50% mononuclear and
50% polynuclear cells, respectively, and protein level
at 18 mg/dl and glucose level at 77 mg/dl.

The 5" case: Seizures were observed before and
after admission till the 1* hospital day. Fever per-
sisted for 6 days, and movement of extremities was
slightly impaired until the 2™ hospital day. Sequelae
were negative. The CSF on admission showed cell
count of 29/mm?, with 75% mononuclear and 25%
polynuclear cells, respectively, and protein level of
27.2 mg/dl and glucose level of 136 mg/dl.

Isolations of JE virus were attempted by in-
oculating each specimen to a different culture of
C6/36 cells, and all specimens were found to be
negative. Bacterial cultures of all CSF specimens of
Series 2 were negative. As for treatment, all cases
were given dexamethasone, and ampicillin for sec-
ondary infection and luminal for neuropsychiatric
symptoms.

Series 2: Serodiagnosis

Results of IgM-capture ELISA using JE and
dengue type 1-4 virus antigens on the 5 patient’s
sera and CSF in Series 2 are shown in Table 3, and
described below.

The 1¢ case showed markedly high PIN ratio
of anti-JE 1gM ELISA in both sera and CSF except
for the CSF collected on the 8" hospital day. Even
on admission day (acute phase), the P/N ratios of

Vol 30 No. 4 December 1999

both serum and CSF were very high. The data were
sufficient for diagnosis of JE.

The 2™ and the 4" cases showed high P/N
ratio of anti-JE IgM ELISA in both serum and CSF
specimens, in all samples on the day of the admis-
sion, the 8" hospital day, and the day of discharge,
leading to the diagnosis of JE.

The 3" case showed a positive P/N ratio (over
2.0) of anti-JE IgM-ELISA on both sera and CSF
on the day of admission, the 8" hospital day, and
the day of discharge, leading to diagnosis of JE.
However, the P/N ratio on admission was relatively
low (4.587 and 5.932), compared with the other 3
cases 1%, 2%, and 4, whose clinical symptoms were
not so severe.

The 5" case showed unique serological reac-
tion compared with the other 4 cases, but was diag-
nosed as JE based on the positive P/N ratio (4.1 to
7.7) of anti-JE IgM ELISA in 3 CSF samples. On
the other hand, her serum IgM-ELISA indicated
dengue type 3 virus infection rather than JE. All 3
serum specimens showed a negative P/N ratio of
anti-JE 1gM-ELISA, but marginally positive P/N ratio
of anti-dengue type 3 IgM-ELISA (Table 3). The
data indicated that this case may have been recently
or concomitantly infected with type 3 dengue virus.

It is noteworthy that all serum and CSF speci-
mens from these 5 cases tended to react more with
dengue virus type 3 rather than type 2 antigen.

Series 2: Clinical severity and blood-level of TNFa
and IL-6

Ravi et al (1997) reported that TNFa levels of
serum and CSF can be used as possible prognosti-
cators of a fatal outcome in JE infection, that is,
high TNFa levels tends to be associated with a fatal
outcome. In the present study, serum levels of TNFa
and 1L-6 were measured using 3 samples from each
of the 5 cases, and compared with the clinical se-
verity of the patients (Table 4). TNFa levels in the
most severe case (the 3*) on the 1* and 8" hospital
days were much higher compared with other cases,
except that the 1% case showed the highest level on
the 8" day. The 3" case also showed much higher
level of IL-6 on the 1* day compared with other
specimens (Table 4).

Hematological findings of the 5" case
Discrepancy between the serological diagnoses
using the serum and CSF specimens in the 5" case
has been described above, although the case are
eventually diagnosed as JE. In order to support this
diagnosis, the results of blood examination were
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Table 4
Clinical severity of the patients and levels of TNFa and IL-6 in their blood.

Clinical Samples collected on the hospital day
TNFo severity Case 1= day 8" day Discharge
Moderate 1 case 319 655.9 336
2™ case 32.2 40.3 48.7
4" case 5.6 19.8 15.6
5% case 27.7 29.1 37.1
Severe 31 case 357.3 346.7 29.1
IL-6
Moderate 1% case 16.2 46.0 106.0
2 case 151.5 127.8 246.5
4% case 53.9 136.0 136.5
S* case 0 135.1 28.9
Severe 34 case 935.3 51.0 166.4
Table 5
Hematological findings of 5* case.
Parameters I* hospital day 8" hospital day Discharge day
Hemoglobin (g/dl) 12.0 104 11.1
Hematocrit (%) 33.8 32.4 36.0
White blood cells /ul 6 x 10° 9.7 x 10° 10.83 x 10°
Red blood cells /pl 4.76 x 10° 4.21 x 108 4.6 x 108
Platelet /ul 229 x 10° 812 x 10° 127 x 10°
CRP(mg/dl) 5.1 <0.5 <0.5

shown in Table 5. This case did not show any he-
matological characteristics of DHF, such as throm-
bocytopenia, followed by its rapid recovery, increased
hematocrit value, and alteration of hemoglobin level.
In addition, similar findings were not obtained for
the remaining 4 cases which had definitely been
diagnosed as JE (data not shown).

DISCUSSION

Prevalence of JE has been suspected in Indo-
nesia based on the ecological conditions favorable
for JE virus transmission and indirect evidence of
seroepidemiology among humans and animals
(Wuryadi and Suroso, 1989). Prevalence of JE an-
tibodies among humans in Indonesia was examined
by neutralization or hemagglutination-inhibition tests,
and was significantly high in some areas, for ex-
ample 52% in Bali. The prevalence of anti-JE neu-
tralizing antibodies among pig populations in sev-
eral localities in Indonesia is distributed in a great
range, but is 27% in Bali. When sentinel sero-nega-
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tive pigs were placed in an area near Jakarta, a 4-
fold or greater rise in antibody titer to JE was ob-
served some time later. JE virus was isolated from
both the sentinel pigs and some mosquito species,
such as Cux. tritaeniorhvnchus, a representative JE
vector.

Our results in Series 1 also indicated the pre-
sence of human JE cases in Bali, Indonesia. The
patients No. 7 to 12 in Table 1 were diagnosed as
DHF, because of their clinical symptoms, and their
IgM-ELISA P/N ratios >2.0 against dengue type 2
virus antigen. Their high total Ig-ELISA titer to JE
antigen is reflecting an anamnestic antibody response
to cross-reacting flaviviruses including JE and den-
gue viruses. Increase in the total Ig- antibody titers
to JE from the acute to convalescent phase was also
observed in patients No. 1, 2, 3, 5, and 6 who were
clinically diagnosed as viral encephalitis or menin-
gitis. These results were compatible with the se-
rodiagnosis of JE by IgM-ELISA (patients No. |
and 4).The presence of human JE in Bali, Indone-
sia, was further confirmed by our observation in
Series 2, in which serodiagnosis of JE was given by
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IgM-ELISA using both serum and CSF specimens
to 5 cases showing typical clinical symptoms of
acute encephalitis. According to the report of Burke
et al (1985a), the demonstration of anti-JE IgM ELISA
antibodies in CSF rather than in serum is a better
method for laboratory diagnosis on JE. It was sus-
pected that the 5% case was simultaneously or re-
cently infected with dengue virus, probably type 3,
as suggested by the IgM-ELISA. The findings in
blood examination of the 5" case were not charac-
teristic of DHF, and similar to those of the 1* to the
4% cases who were diagnosed as JE. Thus, JE re-
mains as a possible diagnosis in the 5% case.

Most of the specimens from the 1 to the 4%
cases showed high JE IgM-ELISA P/N ratio over
15 even in the admission specimens except for the
3" case who showed most severe clinical symptoms
but whose JE IgM-P/N ratio was relatively low (4.587
and 5.932). These findings are compatible with the
reports of Burke et al (1985b) that low anti-JE IgM
antibody titer in CSF resulted in a poor prognosis.
Furthermore, the high levels of TNFo on the 1% and
8" hospital days of the 3™ case are also compatible
with the report of Ravi er al (1997, in which a
correlation of TNFa levels in serum and CSF with
a clinical outcome of JE was presented.

Regarding the environmental conditions of the
residential areas of the patients, the 3% to the S*
cases inhabited Denpasar where there are rice fields
and pig farms, while the 1% and the 2™ cases lived
in rural areas distant from Denpasar and surrounded
by rice fields and pig farms. The rice fields in the
study areas were dry without rainfall and irrigation
during the study period.

Wuryadi and Suroso (1989) commented that
the increased mosquito population, for example Culex
tritaeniorhynchus, does not always correlate with
rainfall, but with agricultural practices. However, it
is likely that mosquitos could have bred and trans-
mitted JE virus from pig to human in Denpasar and
nearby at that time.

Our serological confirmation of 5 JE cases
in Indonesia supports the warning of Wuryadi and
Suroso (1989) that we have to be alert, and it is
only a matter of time until JE will become a health
problem in Indonesia.
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