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SUMMARY 
 

Japanese encephalitis virus (JEV), a mosquitoes-borne virus primarily spread by Culex mosquitoes, and the infection 
is capable of causing a significant public health concern particularly in Malaysia. By collecting mosquitoes from 
two distinct sites namely migratory bird areas and pig farms, this study aimed to employ molecular screening of JEV 
by using reverse transcription-polymerase chain reaction (RT-PCR). These localities were selected based on their 
association with JEV reservoirs and dynamics of transmission. Results indicated no evidence of JEV was detected 
in any of the collected mosquitoes. Absence of JEV infection in the area suggests low prevalence and necessity to 
prolong the study timeframe and extend the locality. This study emphasises the need for constant surveillance on 
the aspect of epidemiology and ecological factors influencing the dynamics of JEV transmission in Malaysia.  
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INTRODUCTION 
 

Japanese encephalitis (JE) is the clinical 
manifestation of a brain inflammation caused by the 
Japanese encephalitis virus (JEV). The virus belongs to the 
family Flaviviridae and the genus Flavivirus (Calisher et 
al., 2003; Thiel et al., 2005). It is enveloped, positive sense 
single-stranded RNA virus that measures around 50 nm in 
diameter and has spheroid cubical symmetry shape. This 
virus causes irreparable neurological damage, presenting a 
significant burden on public health and society. Although 
many flaviviruses may also lead to encephalitis, JEV has 
been linked to very severe neurological illness (Sharma et 
al., 2021). Approximately 1.15 billion people are at risk, 
and thousands suffer from permanent neurological 
damage, with 10,000 to 15,000 people dying each year due 
to JE (Yadav et al., 2022). To this day, there is no cure for 
the disease, meaning that no licenced anti-JEV medicine is 
available. Treatment only focuses on alleviating severe 
clinical indications and assisting the patient to overcome 
the infection. However, JE infection can be prevented with 
the usage of safe and effective vaccines (Srivastava et al., 
2023). 

 
 

*Corresponding author: Yasmin Abd. Rahaman (A. R. Yasmin);   
Email: noryasmin@upm.edu.myEditorial history:  

Paper received: 31 July 2024 
Accepted for publication: 26 October 2024 
Issue Online: 13 November 2024 

 
 

 
Nowadays, JEV infection spreads across a large 

portion of Eastern and Southern Asia in the north, to South-
East Asia and northern Australasia and, has a potential to 
spread to new geographical locations (Mackenzie et al., 
2022). Globally, 75% of cases occur in children and 
adolescents, with an annual incidence of 5.4 per 100,000 
population, making JE the major cause of viral paediatric 
encephalitis in Asia (Campbell et al., 2011). Previous 
records indicated that both adults and children were 
victims of JE in Malaysia. However, recent data shows that 
JE infection is only lethal to children in Malaysia. JE is 
considered endemic only in Sarawak (Kumar et al., 2018a). 
A seroprevalence study on livestock and companion 
animals in Malaysia revealed that JEV are circulating 
among the animals where pigs, dogs, and cattle are most 
susceptible to JEV infections. Evidently, JEV is highly 
prevalent across peninsular Malaysia with sporadic 
encephalitis cases being reported each year.  

JE is a significant public health concern in Malaysia, 
where the virus is endemic. Studying JEV in Malaysian 
mosquitoes is vital for disease control, public health 
protection, epidemiological understanding, environmental 
management, vaccine development. Since the virus is 
amplified in the wild birds and pigs, the data on the status 
of JEV in the mosquitoes circulating among the reservoir 
host is limited. By considering this fact, this study aimed 
to screen JEV in mosquitoes in Peninsular Malaysia in 
high-risk area approximate to pig farming and migratory 
birds stopover. 
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MATERIALS AND METHODS 
 
Sampling of field mosquitoes 
 

A simple random sampling was carried out to screen 
the presence of JEV RNA in field-collected mosquitoes in 
selected high-risk areas of peninsular Malaysia, which 
include 3 localities in the states of Penang, Perak and 
Selangor from July until September 2018 (Figure 1). 
Institutional Animal Care and Use Committee (IACUC) 
approval was obtained from Universiti Putra Malaysia 
with the reference code UPM/IACUC/AUP NO: R043/17. 
Approval for the collection of mosquitoes from wild was 
received from the Department of Wildlife and National 
Parks (DWNP), Peninsular Malaysia under the research 
permit code JPHL & TN(IP):100-6/1/14. Pig farms and 
migratory bird stopover were selected and considered high 
risk since those animals are classified as JEV amplifying 
host and the fact that JEV is endemic in Malaysia (Kumar 
et al., 2018a). The mosquitoes were collected in Penang 
(pig farm) and in Perak and Selangor (wild birds). The bird 
is ardeid bird’s species which renowned to serve as the 
common reservoir species JEV, as a source of blood meal 
and the location of having a vast freshwater body such as 
a small stream, pond and shallow stagnant water making it 
as an ideal breeding spot for mosquitoes. 

 

 
Figure 1. Areas of field mosquitoes sampling for JEV 
studies in selected locations in the states of Penang, 
Perak and Selangor. Adapted from Google maps. 
a. Pig farm; Sungai Bakap, Penang (5.2074 N, 100.491°E).  
b. Seabird conservation centre; Kuala Gula, Perak (4.9375 N, 
100.468°E).   
c. Migratory bird rest stop areas; Kapar, Selangor (3.1373 N, 
100.374°E).  

 
Mosquitoes trapping  
 

Mosquitoes from the field were collected using the 
battery-operated CDC miniature light traps (John W. Hock 
Company, USA). The CO2 gas was supplied as a bait to 
lure mosquitoes into the trap, by placing 1 kg dry ice slab 
(Linde, Malaysia) in an insulated container that was 
suspended beside the trap. The fan that pushes air 
downward into the collecting container (Becker et al., 
2010) remains running to prevent live mosquitoes from 
escaping through the top of the trap until the battery is 
disconnected (Figure 2). The traps were installed at several 
strategic locations at the sampling site by late evening 
starting from 6.00 pm and retrieved back the next day at 
8.00 a.m. in the morning. 

Figure 2. A CDC miniature light trap used in the study 
to trap field mosquitoes. The blue insulated container 
was filled with dry ice during the operation of the trap 
(arrow A), and small holes (arrow B) at the top allowed 
the released of CO2 gas to be dispersed by the fan of 
the trap. 
 
Identification of mosquito species 
 

The mosquitoes collected from sampling sites were 
maintained alive and freeze immediately at -80 ᵒC 
(SANYO, Japan) upon arrival at Virology Laboratory, 
Faculty of Veterinary Medicine, UPM in order to preserve 
any possible viral agent inside the mosquito’s bodies. The 
species identification was performed by observing the 
morphological features of the mosquito (Reuben et al., 
1994) under a stereomicroscope (Carl Zeiss Stemi DV4, 
Germany) with low surrounding temperature setup (23-25 
ᵒC). A group of 25 female mosquitoes were pooled 
together (Gu et al., 2008) in 1.5 mL tube (Eppendorf, 
Germany) according to their species and stored again at -
80 ᵒC until further use. 
 
Extraction of total RNA from mosquito 
 

The total RNA from mosquito samples was extracted 
using TRIsure reagent (Meridian Bioscience, USA) 
according to manufacturer instructions. Briefly, 500 µL of 
PBS was added into the pooled mosquito samples, grinded 
with tissue homogenizer (OMNI, USA) and centrifuged at 
3,000 x g for 5 minutes at 4 ᵒC (Heraeus Primo R 
Refrigerated Centrifuge, Thermo Fisher, USA). The 
supernatant was collected and transferred into a new tube. 
Next, 100 µL of TRIsure reagent was added into the 
supernatant and incubated for 5 minutes at room 
temperature. 200 µL Chloroform (Thermo Fisher, USA) 
was added to the suspension, vortexed and centrifuged at 
12,000 x g for 15 minutes at 4 ᵒC. The colourless upper 
phase layer containing RNA was collected and transferred 
into a new tube and precipitated by adding 500 µL 
isopropanol (Thermo Fisher, USA). The mixture was 
incubated for 10 minutes at room temperature and 
centrifuged at 12,000 x g for 10 minutes at 4 ᵒC. The RNA 
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pellet was washed with 75 % ethanol (Thermo Fisher, 
USA) and centrifuged at 7,500 x g for 5 minutes at 4 ᵒC. 
The step was repeated once again and the RNA pellet was 
air-dried for 5 minutes inside the biosafety cabinet (ESCO 
AC2-4E1, Singapore). The RNA pellet was resuspended in 
30 µL DEPC water (Thermo Fisher, USA) and incubated 
in a 60 ᵒC water bath (HOTECH 830-S1, Taiwan) for 10 
minutes.  Finally, the RNA samples were stored at -80 ᵒC 
until further use. 
 
Molecular detection of JEV in mosquitoes by One Step RT-
PCR 
 
Reference JEV Nakayama Strain  
 

The whole genome of JEV Nakayama strain 
genotype III MY 2009 P578662 (GenBank accession: 
HE861351) in the form of RNA samples was used as a 
positive control in one step RT-PCR in an attempt to screen 
for JEV RNA in mosquitoes’ samples. A total of 2 µL of 
viral RNA added into the PCR master mix to serve as 
positive control in every PCR reaction. 
 
Oligonucleotide primers to amplify JEV NS3 gene 
 
The forward (NS3F) and reverse (NS3R) primers were 
used to screen the JEV antigen in this study (Kumar et al., 
2018b). The NS3F/NS3R primer pairs were designed to 
flank at specific sites in NS3 regions of the JEV genome to 
produce 602 bp PCR amplicons (Table 1). 
 
Table 1: List of oligomer DNA primers used for PCR 
amplification of JEV NS3 gene. 

Primer Primer sequence Product 
size 
(bp) 

Nucleotide 
location 
(5’-3’) 

NS3F 5’ AAG ACG CGG 
GAA GCT TTA 

GAC 3’ 

 
602 

6519-6540 

NS3R 5’ TGA GCC AGC 
TTG TGA GTT 
AAT TGA G 3’ 

7145-7122 

 
One Step RT-PCR assay  
 
The one step reverse transcription-polymerase chain 
reaction (RT-PCR) was performed to detect and amplify 
JEV NS3 genes in the total RNA extracted from the 
mosquito homogenate samples, by using NS3F/NS3R 
primer pair (Kumar et al., 2018b). The AccessQuick RT-
PCR System (Promega, USA) master mix was prepared to 
a final volume of 25 µL per reaction which comprised of 5 
µL of 5X AMV/Tfl reaction buffer, 1 µL of 25 mM of 
Magnesium sulphate (MgSO4), 0.5 µL of 10 mM dNTP 
mixture, 0.5 µL of Tfl DNA polymerase, 0.5 µL of 
ribonuclease inhibitor, 0.5 µL of reverse transcriptase, 0.5 
µL of 10 µM forward and reverse primers (NS3F/ NS3R), 
14 µL of nuclease free water and finally 2 µL of RNA 
template. The PCR mixture was mixed well by pulse 
vortexing (FINE VORTEX, Korea) and spun down by 
centrifugation (VWR Mini Centrifuge, USA). 

The detection and amplification reaction of the JEV NS3 
gene was carried out in a programmed thermocycler 
(Eppendorf, Germany). The PCR cycling parameters for 
amplification of JEV NS3 gene were set as follows: 1 cycle 
of initial heating temperature to activate reverse 
transcriptase at 45ᵒC for 45 minutes, 1 cycle of initial 
denaturation at 94ᵒC for 2 minutes, followed by 35 cycles 
of denaturation at 94ᵒC for 30 seconds, annealing of 
NS3F/NS3R primers at 54ᵒC for 30 seconds and extension 
at 72ᵒC for 30 seconds. The 1 cycle of the final extension 
step was set at 72ᵒC for 10 minutes. The amplified PCR 
products were examined by gel electrophoresis using 1.5 
% (w/v) agarose gel (Vivantis, Malaysia). As the 
electrophoresis process completed, the DNA band was 
visualised and imaged under UV transilluminator (Gel Doc 
2000 Gel, Bio-Rad, USA). 
 
RESULTS 
 
Sampling and identification of mosquitoes’ species 
 

A total of 1,700 female mosquitoes were captured 
and subjected to JEV RNA screening using one-step RT-
PCR assay. Only the Culex female mosquitoes were 
selected based on their morphological features which 
include the thorax, wing, proboscis and abdomen. In total, 
there were 68 pooled mosquito samples which comprises 
of 25 mosquitoes per pool. There were 18 pool samples 
from pig farms (Sungai Bakap, Penang), 30 pool samples 
from seabird sanctuary park (Kuala Gula, Perak), and 20 
pool samples from migratory bird stopover area (Kapar, 
Selangor). Upon examination, there were a total of 6 
species identified namely (A) Cx. tritaeniorhynchus, (B) 
Cx. gelidus, (C) Cx. vishnui, (D) Cx. quinquefasciatus, (E) 
Cx. sitiens, and (F) Cx. whitei. Of the six species 
identified, Cx. tritaeniorhynchus was the most common 
species sampled at Perak and Selangor sampling sites, 
whereas Cx. gelidus was the most common species 
sampled in the pig farm (Figure 3). 
 
Molecular detection of JEV in mosquitoes by one-step RT-
PCR 
 

One-step RT-PCR assay using NS3F/NS3R primer 
pairs targeting the NS3 region of the pooled mosquito 
samples revealed no amplification of JEV RNA was 
detected in all of the 68 pooled mosquito samples (Figure 
4). 
 
DISCUSSIONS 
 

This study approach involved an attempt to detect and 
isolate JEV RNA from mosquito’s pools in high risk area 
of mosquitoes breeding sites. Field sampling of 
mosquitoes was performed in a pig farm and migratory 
bird rest stop areas by considering the fact that pig and 
ardeid water bird species develop high viremia following 
JEV infection, hence demonstrates their role as a natural 
reservoir and amplifying host for JEV (Gresser et al., 
1958). Currently, research shows that pig’s involvement in 
JEV transmission is less due to wide application of JEV 
vaccines at pig farms worldwide. As a consequence, due to
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 A) Cx. tritaeniorhynchus B) Cx. gelidus C) Cx. vishnui 

Figure 3. Identification of Culex mosquitoes’ species. The species was classified by observing their morphological 
features including thorax, wing, proboscis and abdomen (Reuben et al., 1994). Stereomicroscope. (Mag. x 20). 

 

 
 
Figure 4. Representative of One-step RT-PCR assay to 
detect JEV antigen in 68 pooled mosquito homogenates 
samples by using NS3F/NS3R primer pair targeting the 
NS3 region of JEV producing 602 bp. Electrophoresis 
was carried out on 1.5% (w/v) agarose gel. Lanes 1-3: 
mosquito homogenates samples show no amplification. 
Lane PC: Positive control with 602 bp. Lane NC: No 
template control. Lane M: 100 bp DNA marker 
(Promega, USA). 
 
lack of JEV vaccination in wild birds, this species might 
play an important role in JEV transmission compared to 
pigs (Hameed et al., 2021). 

In this study, the sampling of field mosquitoes was 
carried out for three months consecutively starting from 
July until September 2018 which coincided with the peak 
season of migratory birds’ occurrence in Malaysia. Most 
migratory birds fly across Malaysia to escape the cold 
winter or to reach breeding grounds at the end of July. 
Malaysia is located on the path of the East Asian-

Australasian Flyway that provides strategic and important 
resting sites for migratory birds, that fly between wintering 
sites in Australia and Southeast Asia and the breeding sites 
in Japan, China, Korea, Mongolia and Siberia (Bakewell et 
al., 2017).  Perhaps during the sampling period none of the 
migratory bird species developed high viremia to enable 
the transmission of JEV in mosquito vectors. 

Upon gross species identification, there are a total of 
three species of mosquito namely Culex, Aedes, and 
Anopheles have been identified. Of all the species, Culex 
is the most common species sampled at Penang, Perak and 
Selangor sampling sites compared to other species of 
mosquitoes. The use of CDC-Light Trap baited with CO2 
in this study may have contributed to the attraction of more 
Culex species compared to others, especially when the trap 
is placed in outdoors location (Sriwichai et al., 2015). 
Since JEV is primarily vectored by Culex mosquito, 
therefore the method to collect mosquitoes used in this 
study is the most appropriate. However, the CDC-CO2 trap 
was reported as a less efficient method for capturing blood-
fed females’ mosquitoes. The BG-Sentinel trap with 
attractants and CO2 is significantly better at capturing 
mosquitoes that had fed on mammals than the CDC-CO2 
traps (Roiz et al., 2012).  

The RT-PCR is extensively used for screening of 
flavivirus in susceptible animals including mosquitoes. 
The assay is highly sensitive, rapid and capable to detect 
broad-range flavivirus-specific, making it a valuable tool 
for epidemiological studies and rapid detection of 
flaviviruses in livestock for clinical diagnosis (Patel et al., 
2013). No JEV RNA was detected from the field collected 
mosquitoes in this study after several attempts using one-
step RT-PCR assay. The unsuccessful detection of JEV 
antigen could be caused by several factors. There could be 
insufficient amount of mosquito samples as limited 
sampling area were selected and only one trap was place 
for each sampling site. The duration of the study should be 
extended of which more mosquitoes can be collected and 
screened for the presence of JEV RNA (Yap et al., 2020; 
Lim et al., 2022). For instance, a study conducted in 
Singapore managed to collect 10 to 50 mosquitoes in a 
pool as the light trap was placed for 16 hours over two 
nights at four sites with five traps each (Yap et al., 2020).  
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Apart from that, the cross-neutralisation among 
flaviviruses could be the factors for inability to detect JEV 
RNA from the field collected mosquitoes. Following JEV 
infection in pigs and birds, the virus could be cross 
neutralised by existing flavivirus antibodies (Li et al., 
2016). Since the outbreaks of JEV cases in human in 
peninsular Malaysia is sporadic, the mosquitoes collected 
in the field at that time might not carrying JEV nor the 
amplifying host. When this study was conducted in 2018, 
there was absence of JEV outbreak. However, it was only 
in year 2020 that the outbreak happened. Two cases of JEV 
infection in humans involving eight years old and two 
years old children were confirmed in the area of 
mosquitoes sampling sites at Penang, indicates that JEV 
cases are seasonal in that exact location where sampling 
was performed for this study. For future detection of JEV 
in mosquitoes, the sampling of mosquitoes should cover 
more regions of Malaysia including Sabah and Sarawak. 
The latter state is the only state in Malaysia where JEV 
cases are still endemic (Kumar et al., 2018a). 

In addition, the vector-free transmission and 
persistence of JEV in pigs are reported to be possible. It 
has been discovered that JEV can be transmitted between 
pigs in the absence of arthropod vectors. Pigs shed virus in 
oronasal secretions and transmitted to other susceptible 
pigs via oronasal infection (Lyons et al., 2018). In pigs, 
tonsils being the important site of JEV replication in which 
the virus is found to persist for at least 25 days despite the 
presence of high levels of neutralizing antibodies (Ricklin 
et al., 2016). For future study in an attempt to isolate JEV 
from pig, a schedule of oronasal swabs collection should 
be performed and tested (Redant et al., 2020). Once the 
samples are positive, the animal should be sacrificed by 
harvesting their tonsils and subjected to virus isolation and 
propagation in susceptible cell lines. 

 
CONCLUSIONS 
In this study, absence of JEV was observed from collected 
mosquitoes in the area approximate to amplifying host 
such as pigs and wild birds. The finding may reflect that 
low risk of JEV transmission in the area at that particular 
period, possibly due to timing and limited area of 
sampling. 
………………………………………. 
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