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Abstract. Tembusu virus (TMUV) is a positive-sense, single-stranded RNA virus
belonging to Ntaya virus serogroup of Flaviviridae family. Of 1,478 female Culex
mosquitoes collected from Mueang Kanchanaburi, Thailand using BG Sentinel
Trap, 91.5% were Cx. quinquefasciatus. One pool from seventy pools of mosquitoes
was TMUV-positive by reverse transcriptase-PCR and virus isolation. This is
the first report of an isolation of TMUV from Cx. quinquefasciatus collected near a
chicken farm, providing evidence for TMUV transmission by this Culex species
in a natural habitat. This has implications for possible infection in humans.
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INTRODUCTION

Tembusu virus (TMUV) is a positive-
sense single-stranded RNA virus be-
longing to the Ntaya virus serogroup of
Flaviviridae family (Thontiravong et al,
2015). It was first isolated in Malaysia in
1955 from Culex tritaeniorynchus (O’Guinn
etal,2013). TMUYV was also isolated from
Cx. vishnui and Cx. vishnui subgroup
mosquitoes in Malaysia in 1970 (Platt
etal, 1975) and from population pools of Cx.
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vishnui, Cx. tritaeniorynchus, and Cx. gelidus
(O’Guinn et al, 2013). In 1992, TMUV was
isolated from Cx. tritaeniorynchus collected
in Chiang Mai, Thailand (Pandey et al,
1999). In 2002, the Armed Forces Research
Institute of Medical Sciences (AFRIMS)
collected from Kong Mong Tha-Sangkhla
Buri, Kanchanaburi Province, Thailand
two pools of Cx. vishnui positive for TMUV
(O’'Guinn et al, 2013).

TMUV has had a significant impact
on duck industry in China (Yan et al, 2011)
and in Thailand (Thontiravong et al, 2015;
Chakritbudsbong et al, 2015) identified
a new duck Tembusu virus (DTMUYV).
Clinical signs in ducks include such
neurological manifestations as inability
to stand, ataxia and paralysis (Thontira-
vong et al, 2015). A chicken TMUYV isolate,
originally named Sitiawan virus, can also
cause encephalitis and retarded growth in
broiler chickens (Kono et al, 2000).

Cx. quinquefasciatus is predominantly
an urban mosquito but also is the most
common domestic mosquito species of
semi-urban and rural areas (Mariappan
et al, 2014). It is extremely abundant and
geographically in tropical countries (Ni-
tatpattana et al, 2005). Here, we report
the isolation of TMUYV from Cx. quingue-
fasciatus in Thailand. This has important
zoonotic implication for humans.

MATERIALS AND METHODS

Field site location

Mosquitoes were collected from rice
paddy field and a small chicken farm near
the Veterinary and Agriculture Division,
Veterinary and Remount Department,
Royal Thai Army, Ministry of Defense,
Ko Samrong Sub-district, Mueang, Kan-
chanaburi Province (13° 58’ 18.6” N, 99°
30’ 40.4” E), Thailand, located 300-400 m
from Khwae Noi River.
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Mosquito collection

Adult mosquito collections were
made two nights weekly from 5 August to
7 October, 2015 employing a BG-Sentinel
trap (BioGents, Regensburg, Germany)
(Roiz et al, 2012). This device mimics con-
vection currents created by a human body,
employing an attraction visual cue and
release of odors about 20 meters (Pombi
et al, 2014).

Virus isolation and identification

Mosquitoes were transported to the
laboratory in liquid nitrogen. Female mos-
quitoes were divided into groups of spe-
cific species of 20-30 individuals (O’Guinn
et al, 2004). A group of mosquitoes was
ground and homogenized in 1 ml aliquot
of sterile phosphate-buffered saline pH 7.4
(PBS) and 30% fetal calf serum (HyClone,
South Logan, UT). Homogenate was cen-
trifuged at 1,300g for 15 minutes at 4°C
using a filter tube (Spin-x, 0.22 micron Co-
star 8160, Tewksbury, MA) and stored at
-70°C until used. A 0.2 ml thawed aliquot
was inoculated onto a suspension of 3-day
old C6/36 cell line (ATCC® CRL-1660™)
and incubated at 32°C for 90 minutes un-
der an atmosphere of 5% COo,. Then 4 ml
aliquot of MEM media (GIBCO, Waltham,
MA) was added and cell suspension in-
cubated as described above for 7 days
(Nitatpattana et al, 2005).

Virus-infected C6/36 cells were de-
posited onto Teflon coated slides, which
were air dried inside a bio-safety cabinet
and fixed in chilled acetone for 10 min-
utes at -20°C. Slides were overlaid with
30 ul of monoclonal anti-flavivirus (4G2)
antibodies (ATCC, Manassas, VA) and in-
cubated in a moist chamber at 37°C for 30
minutes before being washed three times
with PBS. The bound antibodies were
detected with fluorescein-isothiocyanate
(FITC)-conjugated goat anti-mouse IgG
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RNA was extract-
ed from cells from a
positive culture using
QIAamp Viral RNA
Mini Kit (QIAGEN,
Germantown, MD).
CDNA was synthe-
sized using RevertAid
First Strand ¢cDNA
Synthesis Kit (Ther-
mo Fisher Scientific,
Waltham, MA) follow-
ing manufacturer’s
instructions. Flavivi-
rus-specific primers
PF1S (5-TGYRTBTAY-
AACATGATGGG-3'
and PF2R (5'-GTGTC
CCADCCDGCDG-
TRTC-3') (where B =
C,GTD=AGT,R
=AG;and Y = C,T)
(Moureau et al, 2007)
were used to detect
flavivirus in samples.
In brief, a 50-ul re-
action mixture con-
taining 5 ul of viral
cDNA, 0.5 ul of each
primer (10 uM) and 44
ul of reaction mixture

—
0.05

(KAPA biosystems,
Wilmington, MA)

Fig 1-Neighbor-joining phylogenetic tree based on NS5 gene (239 bp)  was subjected to 35

of TMUV KAN2016 and those of other TMUYV isolates deposited

cycles of 95°C for 30

in GenBank. Ntaya virus (AF013392) and WNV NY99 (DQ211652) seconds. 55°C for 30
were used as outliners. The phylogenetic tree was generated us- second s, and 72°C for

ing maximum composite likelihood method with 1,000 bootstrap
replicates. Number at branch junction indicates percent bootstrap
replicate. Scale bar indicates percent sequence change (0.05 = 5%).

(Sigma-Aldrich, St Louis, MO) diluted
1:40. The slides were washed, mounted
and examined under a fluorescence mi-
croscope (Henchal et al, 1983).
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30 seconds (Tperso-
nel 48 thermalcycler,
Biometra, Gottingen,
Germany). The 239-
bp Flavivirus amplicon was purified by
2% agarose gel-electrophoresis and vi-
sualized with SYBR Green dye (Thermo
Fisher Scientific). Gel-purified amplicons
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were directly sequenced (First BASE
Laboratories, Seri Kembangan, Selangor,
Malaysia), and the sequences were sub-
mitted to GenBank. Nucleotide sequences
were compared with those from GenBank
using BLAST analysis (www.ncbi.nlm.
nih.gov) and phylogenetic tree was con-
structed with MEGA 6.0 software (1,000
bootstraps) (Tamura et al, 2013).

RESULTS

Between 5 August to 7 October 2015,
2,201 Culex mosquitoes (1,478 females)
were collected by BG-Sentinel Traps in
Mueang Kanchanaburi. Female Cx. quin-
quefasciatus and Cx. sitiens constituted
1,353 (91.5%) and 125 (8.5%), respectively.

TMUYV was isolated only from Cx.
quinquefasciatus in 1/70 (1%) pool by
IDFA and RT-PCR (data not shown).
DNA sequencing and BLAST analysis of
TMUYV KAN2016 (GenBank accession no.
KX184310) in C6/36 cells showed highest
nucleotide identity of 98% and 99% with
Thai-MLO305 (KC810850) and Thai JSL-
385 (KC810851), respectively. Phyloge-
netic analysis revealed TMUV KAN2016 is
closely related to recent isolates of TMUV
in the same province (Fig 1).

DISCUSSION

Cx. quinquefasciatus is endemic in all
tropical areas and is known to be highly
anthropophilic (Charlwood, 1979) with
an ability to adapt to the anthropic en-
vironment (Almirén and Brewer, 1996).
Cx. quinquefasciatus was extracted from
chicken feces (Cooperband et al, 2008).
Currently, Thailand has a number of
industrial chicken farms spread all over
the country.

This is the first report of TMUV
virus isolated from Cx. quinquefasciatus
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collected near the small chicken farm in
Thailand. From phylogenetic analysis
TMUV KAN2016 is closely related to
leghorn chicken TMUV MLO305 and
JSL-385, which cause growth retardation
and death in young chickens (O’Guinn et
al, 2013). This result supports the notion
that TMUV can be transmitted by Cx.
quinquefasciatus to chickens in Thailand.
However, TMUV KAN2016 is not in the
same DTMUYV group isolated from ducks
in China, Malaysia and Thailand (Yan et al,
2011; Homonnay et al, 2014; Chakritbuds-
bong et al, 2015; Thontiravong et al, 2015).
TMUV isolates were also detected from
pools of Cx. gelidus, Cx. tritaeniorynchus
and Cx. vishnui in Thailand (Leake et al,
1986; Pandey et al, 1999). DTMBV trans-
mitted by mosquitoes poses a potential
threat to the poultry industry in Thailand
and neighboring countries and it will be
necessary to implement preventive mea-
sures to avoid economic loss.

Although TMUYV has not been report-
ed to cause disease in humans, recently
in China DTMUYV infection has been
reported in groups at high risk for duck-
to-human transmission without signs of
illness (Tang et al, 2013). Thus, there is an
urgent need to conduct surveillance of
TMUYV in high risk human populations
in Thailand.

ACKNOWLEDGEMENTS

This project is supported by the Office
of Higher Education Commission and Ma-
hidol University under the National Re-
search Universities Initiative. The authors
thank staff of the Veterinary and Agricul-
ture Division, Veterinary and Remount
Department, Royal Thai Army, Ministry of
Defense, Kanchanaburi Province and staff
of the Center for Vaccine Development
and Department of Medical Entomology,

549



SOUTHEAST AsIAN ] TRor MED PuBLic HEALTH

Faculty of Tropical Medicine, Mahidol
University for their kind assistance.

REFERENCES

Almirén WR, Brewer ME. Winter biology of
Culex pipiens quinquefasciatus Say, (Diptera:
Culicidae) from Cérdoba, Argentina. Mem
Inst Oswaldo Cruz 1996; 91: 649-4.

Chakritbudsbong W, Taowan ], Lertwatcha-
rasarakul P, et al. Genomic characteriza-
tion of a new Tembusu flavivirus from
domestic ducks in Thailand. Thai | Vet Med
2015; 45: 419-5.

Charlwood JD. [Estudos sobre a biologia e habi-
tos alimentares de Culex quinquefasciatus
Say de Manaus, Amazonas, Brasil]. Acta
Amaz 1979; 9:271-8.

Cooperband MF, McElfresh JS, Millar JG, Cardé
RT. Attraction of female Culex quinquefas-
ciatus Say (Diptera: Culicidae) to odors
from chicken feces. | Insect Physiol 2008;
54:1184-92.

Homonnay ZG, Kovacs EW, Banyai K, et al.
Tembusu-like flavivirus (Perak virus) as
the cause of neurological disease outbreaks
in young Perkin duck. Avian Pathol 2014;
43: 552-60.

Henchal EA, McCown JM, Seguin MC, Gentry
MK, Brandt WE. Rapid identification of
dengue virus isolates by using monoclonal
antibodies in an indirect immunofluo-
rescence assay. Am | Trop Med Hyg 1983;
32:164-9.

Kono Y, Tsukamoto K, Abd Hamid M, et al.
Encephalitis and retarded growth of chicks
caused by Sitiawan virus, a new isolate
belonging to the genus Flavivirus. Am |
Trop Med Hyg 2000; 63: 94-101.

Leake CJ, Ussery MA, Nisalak A, Hoke CH,
Andre RG, Burke DS. Virus isolations
from mosquitoes collected during the
1982 Japanese encephalitis epidemic in
northern Thailand. Trans R Soc Trop Med
Hyg 1986; 80: 831-7.

Mariappan T, Samuel PP, Thenmozhi V, et al.
Entomological investigations into an

550

epidemic of Japanese encephalitis (JE) in
northern districts of West Bengal, India
(2011-2012). Indian | Med Res 2014; 1309:
754-61.

Moureau G, Temmam S, Gonzalez JP, Charrel
RN, Grard G, de Lamballerie X. A real-time
RT-PCR method for the universal detection
and identification of flaviviruses. Vector
Borne Zoonot Dis 2007; 7: 467-77.

Nitatpattana N, Apiwathnasorn C, Barbazan
P, Leemingsawat S, Yoksan S, Gonzalez
JP. First isolation of Japanese encephalitis
from Culex quinquefasciatus in Thailand.
Southeast Asian | Trop Med Public Health
2005; 36: 875-8.

O’Guinn ML, Lee JS, Kondig JP, Fernandez
R, Carbajal F. Field detection of eastern
equine encephalitis virus in the Ama-
zon Basin region of Peru using reverse
transcription-polymerase chain reaction
adapted for field identification of arthro-
pod-borne pathogens. Am | Trop Med Hyg
2004; 70: 164-71.

O’Guinn ML, Turell M]J, Kengluecha A,
et al. Field detection of Tembusu virus in
western Thailand by RT-PCR and vector
competence determination of select Culex
mosquitoes for transmission of the virus.
Am | Trop Med Hyg 2013; 89: 1023-8.

Pandey BD, Karabatsos N, Cropp B, Tagaki M,
et al. Identification of a flavivirus isolated
from mosquitos in Chiang Mai Thailand.
Southeast Asian | Trop Med Public Health
1999; 30: 161-5.

Platt GS, Way HJ, Bowen ET, Simpson D], et al.
Arbovirus infections in Sarawak, October
1968-February 1970 Tembusu and Sindbis
virus isolations from mosquitoes. Ann Trop
Med Parasitol 1975; 69: 65-71.

Pombi M, Jacobs F, Verhulst NO, Caputo B,
della Torre A, Takken W. Field evaluation
of anovel synthetic odour blend and of the
synergistic role of carbon dioxide for sam-
pling host-seeking Aedes albopictus adults
in Rome, Italy. Parasit Vectors 2014; 7: 580.

Roiz D, Roussel M, Muiioz ], Ruiz S, Soriguer
R, Figuerola J. Efficacy of mosquito traps

Vol 48 No.3 May 2017



TeEMBUSU VIRUS FROM CULEX QUINQUEFASCIATUS

for collecting potential West Nile mosquito
vectors in a natural Mediterranean wet-
land. Am | Trop Med Hyg 2012; 86: 642-8.

Tamura K, Stecher G, Peterson D, Filipski A,
Kumar S. MEGAG6: molecular evolution-
ary genetics analysis version 6.0. Mol Biol
Evolut 2013; 30: 2725-9.

Tang Y, Gao X, Diao Y, Feng Q, et al. Tembusu
virus in human, China. Transbound Emerg

Vol 48 No.3 May 2017

Dis 2013; 60: 193-6.

Thontiravong A, Ninvilai P, Tunterak W, Non-
thabenjawan N, et al. Tembusu-related
Flavivirus in ducks, Thailand. Emerg Infect
Dis 2015; 21: 2164-7.

Yan P, Zhao Y, Zhang X, Xu D, et al. An infec-
tious disease of ducks caused by a newly
emerged Tembusu virus strain in main-
land China. Virology 2011; 417: 1-8.

551



