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Abstract. Japanese encephalitis virus (JEV) is transmitted between swine,migratory birds, andCulexmosquitoes, and
hascirculated indigenously inAsia foralmostacentury.Despitebeing thecountrywith thehighest JEVdiversity, surveillance
targetingof Indonesia’s vectors is scarce. This study collectedmosquitoes fromseveral locations in TabananRegency, Bali
Island, Indonesia.Wecapturedandclassified3,032adultCulexmosquitoes intosevenspecies,withCulexvishnuisubgroup
mosquitoes making up approximately 90% of the total. Japanese encephalitis virus was identified by next-generation
sequencing (NGS) analysis of aCx. vishnuimosquito pool. Genetic andphylogenetic analysis revealed the JEV asgenotype
(G) IV.Thenucleotide identitywas99%withotherJEVGIV isolatesobtainedfromswinesera in2017onBali Islandand froma
human patient in Australia with a travel history to Bali in 2019. This finding indicated that JEVGIVpersists in restricted areas
and is circulating between swine-mosquito vectors.

Japanese encephalitis virus (JEV) has been reported to be
mainly distributed in Asia and Western Pacific regions and
maintained between swine, birds, and Culex mosquitoes.1

This virus is conventionally classified into five different geno-
types (GI–GV) based on the envelope gene sequence but
when the information is available, its entire genome sequence
is the preferred choice for classification. Four out of five JEV
genotypes have been recorded in Indonesia,2 most of which
were partially sequenced in 1980s,3 thus indicating the coun-
try has thehighest genotypediversity globally.4 Notwithstand-
ing, disease surveillance targeting of Indonesia’s vectors is
scarce.
Virological surveillance targeting the vectors has been con-

firmed to facilitate early detection before human case inci-
denceor to act as indicator during low-incidencescenarios,5,6

and it may be applicable in areas with past evidence of JEV
presence in Indonesia, such as Bali Island.7 In this study, we
conducted cross-sectional JEV surveillance by collecting
mosquitoes in several pig sheds in Tabanan Regency, Bali
Island, Indonesia, and subjected them to an RNA virus isola-
tion protocol.
Sweepnets andmouthaspiratorswere used tocollectmos-

quitoes. Sampling was done in the early hours of dusk
between 6 PM and 8 PM, coinciding with peak biting activity,
on the July 2 and 3, 2019. Mosquitoes were collected from
pig sheds close to rice fields and residential areas in Tabanan
Regency, Bali Island (Table 1 and Figure 1), and kept for at
least 3 days under insectary conditions (temperature and
humidity controlled, with 10% sugar ad libitum) to allow for
complete blood digestion. On the fourth day, live mosquitoes
werekilledby low temperaturesusingdry icepacksandstored
at 280�C until use. Mosquitoes were identified morphologi-
cally according to established identification keys,8 sorted by

species and sex, and stored in 2-mL microtubes (Eppendorf,
Hamburg, Germany) in a280�C freezer.
The Aedes albopictusC6/36 cell line (European Collection

of AuthenticatedCell Cultures) was used for virus isolation of
2,191 mosquitoes (Table 2) and were subjected to virus iso-
lation protocol, as described previously.9 In brief, selected
mosquito pools were homogenized, filtered, inoculated
onto monolayers of C6/36 cells in 24-well culture plates,
and incubated for 7 days. After two rounds of blind pas-
sages, the culture supernatant was collected and stored at
280�C. Phase-contrast microscopy was used to observe
any cytopathic effects (CPEs) before harvesting the third
supernatant.
Harvested supernatantswere combined (12 pools per sam-

ple group) and nuclease-treated before RNA extraction by
ISOGEN II (Nippon Gene, Toyama, Japan). The library prepa-
ration, next-generation sequencing (NGS) procedure, and de
novo assembly were conducted using the Neb next ultra
RNA first-strand synthesis module (New England BioLabs,
Ipswich, MA), MiniSeq (Illumina, San Diego, CA) and CLC
Genomics Workbench version 11 (QIAGEN, Venlo, Limburg,
Netherlands), respectively, as previously described.9

To confirm the JEV pool source, viral RNA was extracted
from the final supernatant of the virus isolation process using
the rapid viral RNA screening method described in Faizah
et al.10 Detergent mixture was used for extraction and
reverse transcription-polymerase chain reaction (RT-PCR)
using a PrimeScript One-Step RT-PCR Kit version 2 (Takara
Bio, Shiga, Japan) was used for sequence amplification.
A primer set targeting the JEV envelope gene (JEV955f:
59-TGYTGGTCGCTCCGGCTTA-39; JEV1606R: 3'-GACY-
TYGAMCCACGGTCAT-59) was used.
GENETYX version 13 (Genetyx Corp., Osaka, Japan) and

MEGA version 6.06 were used for phylogenetic tree construc-
tion. Complete envelope gene sequenceswere used for align-
ment in the E-MAFFT online service with slow progressive
method, G-INS-1. Phylogenetic analysis was conducted
using the Tamura-Nei model (TN93) with Gamma distribution
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and Invariant sites (G 1 I) by maximum likelihood statistical
methodwith 1,000 replicationsof thebootstrap test.GenBank
accession number of the obtained JEV sequence is
LC579814.
Results showed that out of 3,613 identified adult mosqui-

toes that were captured alive, 3,032 were Culex species
(Figure 2). Among Culex, the three species of Culex. vishnui
subgroup mosquitoes made up to 90%, with Culex pseudo-
vishnui being dominant (70%), followed by Cx. vishnui
(20%), and Culex tritaeniorhynchus (, 1%) (Figure 2).
Results from virus isolation showed that after three subcul-

tures in C6/36 cells, one out of 24Cx. vishnui pools were con-
firmed to contain propagated JEV (Table 2). The origin of the

JEV-positive pool was collection site 4 in Nyitdah, Kediri
(Figure 1C, Table 1). The obtained genome length of the JEV
in this study was 10,857 nucleotides, covering a single large
polyprotein, and showed 99% BLASTn identity with two JEV
GIV strains (JEV/sw/Bali/93/2017 and Bali 2019) and 95%
with another GIV strain collected in 1981 (JKT6468). Phyloge-
netic analysis using the complete E gene substantiated
the current isolate as GIV (Figure 3). The minimum infection
rate (MIR) is defined as follows: (number of pools with JEV-
confirmed/total number of mosquitoes tested) 3 1,000. The
MIR in this study was 1.8 (one positive pool/562 Cx. vishnui
mosquitoes processed) for JEV in Cx. vishnui only.
Surveillance targeting the primary vector is critical in deter-

mining possible virus circulation and the disease risk because
of the positive correlation between vector density and JEV
occurrence in humans.11 Sample collection period was coin-
cided with the start of the dry season in Tabanan Regency,
with precipitation between 21 and 50 mm.12 The abundance
of Cx. pseudovishnui and Cx. vishnui, coupled with low num-
bers of Cx. tritaeniorhynchus, was consistent with previous
reports of a low density of Cx. tritaeniorhynchus mosquitoes
during dry seasons in Tamil Nadu, India,13 and Jambi Prov-
ince, Indonesia.2

Regarding the JEV isolation from Cx. vishnui, studies have
documented the JEV isolations from the dominant species
at each location for each season.2,13,14 JEV isolates were

TABLE 1
Collection sites and GPS coordinates

Collection
site group

Name of village
and subdistrict in
Tabanan Regency GPS coordinates Collection date

1 Sudimara, Tabanan 8.5774S 115.0867E July 2, 2019
Gubug, Tabanan 8.5592S 115.0929E

2 Gubug, Tabanan 8.5586S 115.0928E July 2, 2019
Gubug, Tabanan 8.5594S 115.0937E

3 Nyitdah, Kediri 8.5811S 115.1223E July 3, 2019
Nyitdah, Kediri 8.5819S 115.1216E

4 Nyitdah, Kediri 8.5803S 115.1222E July 3, 2019

FIGURE 1. Collection site map in Tabanan Regency, Bali Island, Indonesia. (A) Map of the Indonesian archipelago, (B) Bali Island, and (C) magnifi-
cation of four collection sites in Tabanan Regency. The gray boxes depict the four groups of collection site in Tabanan Regency. Themap templates
were modified with permission from d-maps.com.
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obtained from Cx. vishnui in July in Vietnam14 and from Cx.
gelidus in June in Indonesia,2 in parallelwithCx. Tritaeniorhyn-
chus’ scant presence. Here, the JEV was isolated from Cx.
vishnui, which was the second most common Culex species
captured in July. Future entomological studies to understand
the seasonal dynamics of Culex mosquitoes in Indonesia
along with Cx. pseudovishnui’s JEV GIV vector competence
will be essential.
In this study, the JEVwas isolated usingC6/36 cells, follow-

ing a successful JEV isolation method from mosquitoes col-
lected in Japan.9 However, here we found that using C6/36
cells may not be advisable for JEV isolation from mosquitoes
collected in Indonesia. Most of the pools had severe CPEs,
making it challenging to distinguish JEV solely by CPE obser-
vation under phase-contrast microscopy. The NGS was thus
performed by combining pool supernatants to confirm JEV
presence, followed by RT-PCR confirmation to identify the
pool source. Supriyono et al.15 reported similar results with
distinctCPEsobserved inC6/36cells thatweremainly caused
by mosquito viruses circulating in Indonesia. Furthermore,
mosquito-specific flaviviruses presence may also disrupt the
RT-PCR analysis targeting the flaviviruses’ RdRP region.
Although conventional PCR targeting the NS3 gene and sub-
sequent sequencing have proven effective in detecting JEV
genotypes2 in the past, the apparent lack of information on
the complete genome sequences of known or detected

genotype strains has necessitated the current approach of
using virus isolation protocols and NGS analysis for in-depth
classification and characterization. Virus isolation and NGS
analysis for virus surveillance have therefore proven effective,
particularly in areas where the circulating genotype is
underreported.
JEV GIV detection in this study gives credence to the previ-

ous notion that this genotype is restricted to limited areas.4,16

In contrast, theGarjito et al2 report on the first detectionof JEV
GI in Indonesia (Sumatra Island) was an indication of possible
JEV GI dissemination in Indonesia from other Asian countries
throughcommercial routes. In the1980s, JEVGIVstrainswere
detected in Java,Bali, andFlores Island.3 After a longperiodof
no detection, presumably caused by the lack of surveillance,
the JEV GIV strains were recently detected in swine sera col-
lected in Denpasar in 2017,16 in a human patient in 2019 in
Queensland, Australia, with recent travel history to Bali
Island,17 andCx. vishnui in 2019 (this study). These detections
all pointed to Bali Island as the source of infection, and the
phylogenetic tree showed a robust correlation between the
three studies. There seems to be active circulation between
the amplifier host (swine), the vector (mosquitoes), and
humans as the dead-end host in this area. As our current liter-
ature is lacking about JEV GIV information, which is the most
restricted genotype available in the world, further studies
may be required as there may be differences in the species
of the maintenance hosts or mosquito vectors.
Although findings in this study reaffirms the notion of active

local circulation and risk of JEV GIV on Bali Island, it may not
reflect the strain of JEV circulating on other Indonesian
islands. Java and Flores Island, in particular, where JEV GIV
has previously been reported, will be an interesting study
area to deepen our understanding of global JEVgenotype dis-
tribution and the possible risk of dissemination. Finally, this
study highlights the importance of mosquito surveillance in
determining the Culex species in areas around pig sheds
and supports the evidence of active JEV GIV circulation.
Robustandperiodic entomological surveillanceonBali Island,
and in Indonesia in general, is therefore strongly suggested.

TABLE 2
The list of mosquitoes processed in this study

Genus Species

No. of
pools tested
(1-25$/pool)

No. of
mosquitoes

tested

Japanese
encephalitis

virus (JEV) isolated

Culex pseudovishnui 63 1,566
vishnui 24 562 1
tritaenioryhnchus 2 15
vishnui subgroup 3 43
quinquefasciatus 1 1
bitaeniorhynchus 1 1
gelidus 1 3

Total 95 2,191 1

FIGURE 2. Species composition ofCulexmosquitoes captured in four collection site groups in TabananRegency.Culex vishnui subgroupmosqui-
toes were dominant in all locations, accounting for up to 90% of the captured Culexmosquitoes. This figure appears in color at www.ajtmh.org.
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