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ISOLATION OF JAPANESE ENCEPHALITIS VIRUS FROM
MOSQUITOES COLLECTED IN SABAK BERNAM,

SELANGOR, MALAYSIA IN 1992
I. VYTHILINGAM,' K. ODA,' T. K. CHEW,' S. MAHADEVAN,I B. VUAYAMALAR.I

K. MORITA,3 H. TSUCHIE4 a\rD A. IGARr{SHI3

ABSTRACT. Detection and isolation of Japanese encephalitis (JE) virus were attempted frorn female
mosquitoes collected in Kampong Pasir Panjang, Sabak Bernam, Selangor, from May to November 1992.
A total of 7,400 mosquitoes consisting of 12 species in 148 pools were processed and inoculated into
Aedes albopictzs clone C6l36 cell cultures. Of these, 26 pooFshowed the presence of viral antigens in
the infected C6l36 cells by specific immunoperoxidase staining using an anti-iE virus polyclonal anibody.
Presence ofJE virus genome was confirmed in the infected culture fluid for 16 pools by using reverse
transcriptase-polymerase chain reaction and JE virus-specific primers. Of these, 3 pools wbre frim Culex
tritaeniorhynchas, 4 from Culexvishnui,3 from Culex bitaeniorhynchlr.s, 2 from tulex sitiens, one from
Aedes spcies, and 3 from Culex species. Isolation of JE virus from C-r. sitiens, Cx. bitaeniorhynchus,
and Aedes sp. (Aedes butleri and Ae. albopictw) is reported for the first time in Malaysia.

INTRODUCTION

Japanese encephalitis (JE) virus is common
over a wide part of Asia. The natural transmis-
sion cycle involves Culex tritaeniorhynchus Giles
and other closely related Culex mosqtitoes that
breed primarily in rice fields and feed on man in
the early evenings (Shope 1990).

Japanese encephalitis is endemic and occurs
sporadically throughout Malaysia year-round
(Fang et al. 1980). A significant number of viral
encephalitis cases in northern peninsular Malay-
sia are caused by JE virus (Cardosa et al. l99l).
A few arboviral studies, primarily consisting of
the measurement ofarbovirus antibody levels in
human and animal populations, were carried out
in Malaysia in the I 950s (Cruikshank 195 l, Par-
erson et al. 1952, Pond et al. 1954, McCrumb
1955). In the I 970s, Simpson er al. (1970, lg7 4)
isolated JE virus from 3 species of mosquitoes
(Cx. tritaeniorhynchus, Culex gelidus Theobald,
and Aedes curtipes Edwards).

No large-scale studies were carried out to de-
termine the vectors of JE when cases of JE were
reported. When one positive case of JE was re-
ported from Kampong Pasir Panjang in the dis-
trict ofSabak Bernam in Selangor, Malaysia, dur-
ing May 1992, we conducted entomological
surveys to determine the vectors of JE and at-
tempted to isolate the virus from field-caught
mosquitoes.
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Reverse transcriptase-polymerase chain reac-
tion (RT-PCR) was applied to confirm presence
of JE virus genome in cell cultures. Detection of
antigen in cell culture by ELISA and focus-form-
ing units using BHK 2l cells was also carried
out.

MATERIALS AND METHODS

Collection of mosquitoes.' Adult mosquitoes
were collected using CDC battery-operated light
traps baited with COr. The traps were operated
each night from 1800 to 0700 h. The light traps
were hung on trees or poles outdoors. Details of
collections, identification, and storage of mos-
quitoes for isolation studies have been described
by Vythilingam et al. (1993).

Preparation of mosquito pools: Each pool of
50 mosquitoes was homogenized u.ith 2 ml of
0.20lo bovine plasma albumin in phosphate-buf-
fered saline (PBS), pH 7.2, and was centrifuged
at 3,000 rpm for 15 min at 4C. An aliquot of
each supernatant was inoculated into Aedes al-
bopictus (Sk:ttse) clone C6l36 cells (Igarashi 1978).
After incubation at room temperature for 7 days,
infected C6l36 cells were harvested and main-
tained at -70C.

Detection of viral antigen by peroxidase/anti-
peroxidase (PAP): C6/36 cxll smears were pre-
pared for each culture on a l2-well microscope
slide and fixed in cold acetone for 20 min. Anti-
JE mouse serum diluted l:200 in PBS withoul
calcium chloride and magnesium chloride
(PBS[-]) was added and incubated at room tem-
perature for 40 min. Slides were then rinsed with
PBS and rabbit anti-mouse IgG serum diluted
l:1,000 in PBS(-) was added and incubated for
40 min at room temperature. Slides were rinsed
again with PBS and sheep antirabbit IgG serum
diluted l:500 in PBS(-) (BIORAD) was added
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and incubated for 40 min. Slides were then rinsed
with PBS and PAP-rabbit serum diluted l:1,000
in PBS(-) was added and incubated for 40 min.
After a final rinse, 0.5 mglml 3,3'di-
aminobenzidine 2 HCI (DAB) (Siema) in PBS
with 0.02% hydrogen peroxide was added and
incubated for 5 min. The slides were then rinsed
gently in running tap water and examined under
the microscope for the presence of viral antigen.
For a positive control, a Japanese isolate, Ja-
GArOl, was used; culture medium was used as
a negative control. This was the standard pro-
cedure carried out on all mosquito homogenates.

Culture fluids positive for the presence of JE
virus antigen were further tested using the fol-
lowing methods:

1 ) Direct reverse transcriptase-polymerase chain
reaction (RT- PCR) of calture fluid: The RT-PCR
was carried out directly on the culture fluids to
demonstrate the presence ofJE virus. The primer
pairs used were from the Envelope protein re-
gion. Sense primer AATGGGCAATCGT-
GACTTCA (993-1013) and anti-sense primer
TCAGTGAAGCCTTGTTTGCA (r2s | -r27 r)
were from Sumiyoshi et al. (1987). The primers
were synthesized by standard methods using an
Applied Biosystem DNA synthesizer. Five mi-
croliters ofinfected culture fluid were incubated
with an equal volume ofdetergent mix (lolo Non-
idet P-40) and l0 units (IJ) of RNase inhibitor
(Takara Co., Japan) in a 500-pl Eppendorftube
for I min at room temperature. This was fol-
lowed by the addition of 90 pl of RT-PCR mix-
ture consisting of (100 pmol of each primer, 0.2
mM deoxynucleoside triphosphate, l0 mM tris
[pH 8.9], 1.5 mM MgCl2, 80 mM KCl, 0.5 mg
of bovine serum albumin per ml, 0.lolo sodium
cholate, 0.10/o Triton X-100, l0 IJ reverse tran-
scriptase [Life Science, Inc.] and 2 U ofTth DNA
polymerase-a thermostable DNA polymerase
[Toyobo Co., Osaka, Japan]). The reaction mix-
ture was covered by 2 drops of mineral oil. The
reactions were allowed to proceed in an Iwakai
Thermal cycler programmed to incubate at 53'C
for l0 min and then proceed with 35 cycles of
denaturation (94"C, I min), primer annealing
(53'C, 1 min), and primer extension (72C, I
min). Further elongation was carried out for 5
min at 72"C (Tanaka et al. 1993).

Seven microliters of PCR product were loaded
on a 3olo NuSieve 3:l agarose gel in TAE buffer
(40 mM Tris/acetate [pH 8.0], I mM EDTA).
Gels were stained with ethidium bromide and
amplified DNA bands were visualized by UV
light illumination to determine the correct size
of the DNA product. The JaGArOl isolate was
used as a positive control; culture medium was
used for the negative control.

2) Detection of antigen by ELISA: A 96-well

plate was coated with capture antibody (prepared
from high-titered dengue hemorrhagic fever pa-
tient's serum) and incubated overnight at 4"C.
Blocking agent was then added and left for 30
min. The plate was then washed with PBS with
0.05% Tween 20 (PBS T). One hundred micro-
liters of the sample were then added to the wells
and incubated for I h. The plate was then washed
with PBS T. Horseradish peroxidase (IIRPO)
conjugated with antiflavirus IgG was then added
and incubated for a further I h. The plate was
then washed with PBS T and o-phenylenedi-
amine (OPD) in substrate bufer, and hydrogen
peroxide was added and incubated in the dark
for I h. The reaction was stopped by the addition
of 7 5 p,l of 4 N sulfuric acid. The optical density
was recorded with an ELISA reader at 492 nrn.
All values below 0.6 were considered negative.

3) Focus-forming units using BHK 21 cells:
The BHK 2l cells were grown on 96-well flat-
bottomplates. When acell monolayerwas formed
the fluid was removed from the well plates with
a suction apparatus. Twenty microliters of sam-
ples that had been serially diluted were added to
the wells. The plate was rocked every 0.5 h so
that absorption could take place. At the end of
2 h, 100 pl ofTragacanth gum was added to the
wells and incubated for 30 h. The overlay me-
dium was discarded at the end ofthe incubation
period and the plate was rinsed once with PBS
with calcium chloride and magnesium chloride
(PBS [+]). The cells were then fixed by adding
50 pl per well of 5olo formaldehyde in PBS(-)
and incubated for 20 min. After incubation the
formaldehyde was discarded and the cells rinsed
gently with PBS(-). The cell membrane was then
permealized by incubation with 100 pl of lolo
Nonidet P-40 (NP 40) at room temperature for
20 min. The NP 40 was then discarded and the
cells rinsed with PBS(+). Block Ace (Yukijirushi)
was added and incubated for 30 min after which
it was washed with PBS(+). Anti-JE mouse se-
rum diluted l:500 in PBS(-) with 0.02olo NaN,
was then added to the wells and incubated for I
h at room temperature. After washing with
PBS(-) 3 times, 0.5 mglml of 3,3'diaminobenzi-
dine 2 HCI (DAB) in PBS(-) ando-O2o/o hydro-
gen peroxide were added to the wells and incu-
bated at room temperature for 5 min. The plate
was then washed with water and observed under
a stereoscope and the number of foci counted.

RESULTS

A total of 148 pools of mosquitoes were pro-
cessed for virus isolation. Table I shows the pools
of mosquitoes collected for virus isolation at var-
ious times of the year. A large number of pools
were collected in September.
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Table l. Pools of mosquitoes collected during
the various months and virus isolation

attempts.

Percent-
No. age of
posi- pools
tivet positive

May
June
September
October
November

Total
l P o sitiv c b y  R T ‐P C R , E L IS A , a n d  fo cu s‐fo m in g u n it a s‐

say s.

Twenty-six pools of mosquitoes were found
positive by PAP staining, of which only l6 were
confirmed to be positive for JE by PCR, ELISA,
and plaque-forming units (BHK 2l) (Table 2).

Table 3 shows the number ofvirus isolates per
number of pools of mosquitoes and the mini-
mum field infection rates. Culex vishnui. Theo-
bald, C x. t r it ae ni or hy nc hus, C ul e x bit ae ni or hy n-
chus Giles, Culex sitiens Wied., Aedes species
(Ae. albopictus and Aedes butleri Theobald) and
mixed Culex species showed the presence of JE
virus genome in the cell culture.

D IS C U S S 10 N

T w en ty―six p o ols ofm o sq u itoes sh ow ed JE  an ―

ligen b y P A P  testin g b u t on ly 16 p o ols w ere co n―

M on th

No.
pools
tested

８

０

７

４

８

１

１

２

　

１

１

１

２

１

６

５

２

６

１

５

５

６

１

８

１

　

８

３

１

４

Table 2. Japanese encephalitis virus isolations from mosquitoes collected at Kampong Pasir
Panjang in 1992.

Pool
no. Species

A n tigen

P A P     P C R B H K  2 1     E ]既SA

14 5

32 1

32 2

3 96

534

5 36

54 0

54 9

5 7 1

57 9

584

5 86

5 87

59 8

59 9

60 0

60 1

7 1 1

7 17

7 20

7 2 9

7 39

74 5

Cx. tritaeniorhynchus
Cx. gelidus
Cx. bitaeniorhynchus
Cx. quinquefasciatus
Cx. sitiens
Cx. vishnui
Ae. albopictus
Ae. butleri
Cx. tritaeniorhynchus
Cx. tritaeniorhynchus
Cx. pseudovishnui
Cx. gelidus
Cx. tritaeniorhynchus
Cx. vishnui
Cx. tritaeniorhynchus
Cx. vishnui
Cx. tritaeniorhynchus
Cx. vishnui
Cx. vishnui
Cx. tritaeniorhynchus
Cx. sitiens
Cx. tritaeniorhynchus
Cx. bitaeniorhynchus
Cx. sitiens
Cx. quinquefasciatus
Cx. bitaeniorhynchus
Cx. sitiens
Cx. pseudovishnui
Cx. vishnui
Cx. vishnui
Cx. vishnui
Cx. bitaeniorhynchus

＋

十

十

十

十

十

十

+

十

十

+

十

+

+

十

十

十

十

十

+

十

十

十

十

十

十

十

十

十

十

十

+

+

十

十

十

十

十

0

0 .4 5 × 10 6
3

0 .4 5 X

O .36 X

0

O .4 ×

0

0

0 .4 ×

0

0

3 ×

0

0。2 ×

0

1.4 X

O .l X

0

O ,3 ×

1.8 ×

0。1 ×

0 .3 ×

0 .4 5 ×

0 .2 ×

0

0 .3 ×

0 .0 1

0 ,9 14

1.17

1.14

0 ,0 1

1.18

0 .0 4

0。0 1

1.2 7

0 .0 1

0 .0 1

0 .7 4

0 .0 1

0 .7 3

0 .0 1

1.4 5

0 .9 9

0 .0 3

0 ,7 7

1.5 8

1.4 3

1.4 9

1.4 3

0 .60

0 .0 0

0 .7 7

十

０

０

十

十

０

　

０

０

０

９

３

６

９

０

０

７

８

８

伊

伊

伊

伊

伊

伊

伊

伊

伊

1 + = pOsit v e;
一 = neBative

2 c Or eCt slzc of P C R  product.
3 F ocus‐foH n ing u nits/pool
4
研 cal densities (496 nm ) equal to or greater than O .6 w ere considered positive“
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Table 3. Number of mosquito pools
processed for virus isolation, the number of JE
virus isolates, and the minimum field infection

rates at Kampong Pasir Panjang.

for the first time in Malaysia. Japanese enceph-
alitis virus has been isolated from field-collected
Ae. albopictus and this species can transmit JE
(Huang 1957, Wu and Wu 1957). Isolation at-
tempts were carried out from 16 pools of ,4e.
butleribtt no virus was isolated. The role of this
mosquito as vector of JE is uncertain and it may
onlybe an incidentalhost. This mosquito is com-
mon in the coastal area and is a vicious biter of
humans throughout the day.

Although large numbers of Cx. tritaeniorhyn-
chus and Cx. vishnui were processed for virus
isolation, the minimum field infection rates were
2.3 and 2.4, respectively.
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firmed by the other 3 methods. This could have
been due to low titer and subsequent loss due to
storage and handling. Of the 3 methods used to
confirm the presence of JE virus, it was found
that RT-PCR was a rapid method though more
expensive than the other 2.

Japanese encephalitis virus had been previ-
ously isolated from Cx. gelidus, Cx. tritaenio-
rhynchus, and Ae. curtipes in Sarawak by Simp-
son et al. (1970). The isolation of JE virus from
Cx. tritaeniorhynchus has also been documented
from Malaysia by many other workers (Mc-
Crumb 1955).
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bitaeniorhynchus, altlaortgla reported for the first
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India and Indonesia (Baneq'ee et al. 1979, Ratna
Tan et al. 1993). Laboratory studies have shown
that this mosquito can act as an efficient vector
(Banerjee et al. 1978). The ability of Cx. bitae-
niorhynchus to bite man has been recorded in
India as well as in Japan (Sasa and Sabin 1950,
Ramachandra and Rajagopalan I 957).

Although Cx. bitaeniorhynchus formed, only
2.7o/o an<l3.30lo of the light trap and human bait
collections, respectively, JE virus was isolated
from 3 pools of Cx. bitaeniorhynchus with the
highest minimum field infection rate.

Isolation ofJE virus from Cx. sitiens is arecent
finding (Vythilingam et al. 1994). Furthermore,
the isolation from a pool consisting of a mixture
of Ae. albopictus and. Ae. butleri isbeing reported
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