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Japanese Encephalitis (JE) merupakan salah satu daripada penyakit
zoonotik yang disebabkan oleh virus Japanese Encephalitis yang berasal daripada

famili Flaviviridae dan genus Flavivirus. Virus ini disebar melalui nyamuk Culex
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terutamanya nyamuk Culex tritaeniorhynchus dengan burung ardeid sebagai
perumah takungan. Babi dan burung memainkan peranan yang penting sebagai
perumah pemangkin dengan manusia dan kuda sebagai perumah terakhir. Empat
puluh lima burung terdiri daripada ayam kampung, ayam hutan kacukan dan burung
air di sampel di Tanjung Piandang, Perak, Jenderam Hulu, Sepang, Selangor dan di
Taman Wetland Putrajaya. Sampel darah diproses dan serum diuji dengan
menggunakan ELISA sandwic antigen-berganda untuk mengenalpasti antibodi
terhadap virus JE (MyBiosource®). Daripada empat puluh lima sampel, 28.89%
(13/45) didapati positif terhadap antibodi virus JE. Berdasarkan lokasi, Jenderam
Hulu mempunyai prevalen antibodi tertinggi (50%) diikuti oleh Tanjung Piandang
(21.74%) dan akhir sekali Taman Wetland Putrajaya (20%). Berdasarkan faktor
umur, burung muda menunjukkan prevalen antibodi tertinggi (35.71%) berbanding
burung dewasa (25.81%). Berdasarkan kepada spesis, kedua- dua spesis ayam
hutan kacukan dan flamingo America mempunyai prevalen antibodi (50%) diikuti
dengan ayam kampung (21.74%). Burung jantan menunjukkan prevalen antibodi
tertinngi dengan (50%) diikuti burung betina (28.13%). Analisis chi square
menunjukkan tiada hubung kait antara faktor risiko dan prevalen antibodi terhadap
virus JE. Secara kesimpulannya, terdapat antibodi yang dapat dikesan terhadap
virus JE dalam burung di Malaysia dan kesemua burung mempunyai risiko yang

sama kepada jangkitan virus JE dalam kondisi umur, spesis dan lokasi. Kajian
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selanjutnya perlu dilakukan untuk mengenalpasti genotip virus yang berada di

dalam populasi burung melalui kajian molekul.

Kata kunci: Burung, Japanese Encephalitis, Malaysia, prevalen, antibodi, faktor

risiko, ELISA sandwic antigen-berganda
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Japanese Encephalitis is one of the most important zoonotic diseases caused
by Japanese Encephalitis virus from family Flaviviridae and genus Flavivirus. The
virus is transmitted through Culex mosquito primarily by Culex tritaeniorhynchus
with ardeid birds as reservoir. Pigs and birds play an important role as the main

vertebrate amplifier with human and horse as the dead-end host. Forty-five birds
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consisted of village chicken, jungle fowl cross and waterbirds were sampled in
Tanjung Piandang, Perak, Jenderam Hulu, Sepang, Selangor and Putrajaya
Wetland, respectively. Blood samples were processed and the serum were subjected
to double-antigen sandwich ELISA for detection of antibody against Japanese
Encephalitis virus (MyBiosource®). Out of forty-five sample, 28.89% (13/45) were
positive for JEV antibodies. Based on location, Jenderam Hulu has the highest
seroconversion (50%) followed by Tanjung Piandang (21.74%) and Putrajaya
Wetland (20%). Based on age, young birds showed higher seroconversion
(35.71%) than adult (25.81%). According to species, both jungle fowl cross and
American flamingo has 50% seroconversion followed by village chicken with
21.74%. Male showed highest seroconversion (50%) followed by female (28.13%).
Chi square test analysis revealed that there were no association between the risk
factors and seroprevalence of JEV. In conclusion, there was presence of
seroconversion against JEV in birds in Malaysia and all birds have similar risk to
JEV infection in terms of age, sex, species and location. Further work should
examine the genotype of the virus circulating in the birds’ population by molecular

studies.

Key words: Birds, Japanese Encephalitis, Malaysia, seroconversion, antibody, risk

factors, double-antigen sandwich ELISA



1.0 INTRODUCTION

Japanese Encephalitis virus (JEV) is a mosquito-borne Flavivirus in the
family of Flaviviridae. It is the most important cause of viral encephalitis in both
humans and animals in Asia (Chen et al., 1990). JEV also has been deemed the
most important cause of epidemic encephalitis worldwide and is the leading
recognized cause of childhood encephalitis in Asia (Nemeth et al., 2010).
Flavivirus is a spherical, enveloped, single stranded linear RNA virus measuring
about 40-50um in diameter. The capsid of the virus has an icosahedral symmetry
and the lipid bilayer of the Flavivirus is featuring as a glycoprotein spikes. Three
structural protein present in a Flavivirus is nucleocapsid protein, a membrane like

protein and an envelope glycoprotein (Himani et al., 2014).

Transmission of JEV involves Culex tritaeniorhynchus mosquito and its
similar species that lay eggs in rice paddies and other open water source, with pigs
and aquatic birds as the major vertebrate amplifying host (Halsted et al., 2008).
According to Tsuchie et al. (1994) pigs and some avian species are important
amplifier because of its significant viraemia following infection, large number of
population, high turnover rate and preferential feeding by vectors. Two JEV
transmission has been observed and in general, Japanese encephalitis is epidemic

in temperate regions of Asia and endemic in tropical regions. The reasons for this



two pattern is unknown but the best explanation is because there is differences in

virulence among JEV strain (Burke and Leake, 1988).

Most of the monsoon areas in Asian countries which includes Malaysia have
climate condition of sufficiently high temperature during summer and precipitation
during rainy season, allowing for rice cultivation in watered paddy fields (Tsuchie
et al., 1994) which eventually will become a place for the mosquito to lay eggs.
Chicken rearing is quite common in Malaysia especially in village where it is
nearby the paddy fields, swamp area or river. Both of this condition help in
maintaining the JEV in nature. Other than that, according to Chen et al. (1990) JEV
might reintroduced annually by migrating birds from tropical region of Asia.
Chickens and ducklings have been considered to pay the best minor role in
outbreaks because of their low or absent viremia. In endemic region which includes
the tropical region, large number of free-ranging chickens and ducks lived and
breed nearby humans, providing an abundant pool of potential amplifying hosts of
JE virus. Domestic poultry also produce high enough viraemia for an extended
period of time to serve as a possible alternative source of JEV infection and
transmission in humans (Cleton et al., 2014). As a viral reservoir or amplifying

hosts, birds do not develop clinical symptoms (Yang et al., 2011).

In Malaysia, the first JE case was reported in 1952 (Erlanger et al., 2009)

and several outbreaks had occur years after that. In 1974, outbreaks had occur in



Langkawi with 10 cases causing 2 deaths (Fang et al., 1980), 1988 in Penang with
9 cases and 4 deaths (Cardosa et al., 1995) and in 1992 in Serian district of Sarawak
with 9 cases and 4 deaths (WHO, March 1999). In Malaysia, there are about 9 to
91 cases of JE were reported each year (WHO, March 1999) and recently until June
2014, there are 16 reported cases of JE that causing 4 deaths. This disease occurs
in almost every state in Malaysia, with greater number of cases in Penang, Perak,
Selangor and Johor in West Malaysia and Sarawak in East Malaysia (Tsuchie et al.,

1994).

JE is an important and endemic zoonotic disease in many country including
Malaysia, Thailand, Philippines and other developing countries. However,
currently there is no report on the JE in birds in Malaysia and the status of this
species involvement in maintaining the virus in the environment is not known
despite them act as a potential amplifier (Tsuchie et al., 1994; Halsted et al., 2008;
Cleton et al., 2014). Therefore, this study will give some a clear view on the
serological prevalence of JE in birds in Malaysia. This study will hope to give path
and served as a foundation for future epidemiological research on JE virus in
Malaysia. In this preliminary study, the aim is to document the serological
prevalence of JEV in birds as it is the important potential amplifying host for JEV
based on previous study. The antibodies will be detected using MyBiosource®
Chicken Japanese Encephalitis IgG Antibody enzyme-linked immunosorbent assay

(ELISA) kit.



Thus, the objective of this study includes:
1. To determine the serological prevalence of JEV in birds in Malaysia.

2. To determine the association between seropositivity against JEV and

potential risk factors.
The hypothesis for this study is:

1. There is presence of seroconversion against JEV in birds in Malaysia



27

REFERENCES

Aydin, S. (2015). A short history, principles, and types of ELISA, and our
laboratory experience with peptide/protein analyses using ELISA. Peptides,
72, 4-15. http://dx.doi.org/10.1016/j.peptides.2015.04.012.

Burke, D. S. and Leake, C. J. (1988). Japanese encephalitis. In The Arboviruses:
Epidemiology and Ecology (ed. by T. P. Monath), Vol. 3. Boca Raton: CRC
Press Inc., Pp. 63-92.

Burke, D. S. and Leake, C. J. (2000). Japanese encephalitis. In The Arboviruses:
Epidemiology and Ecology (ed. by T. P. Monath), pp. 64-84. CRC Press
Inc., Boca Raton, Florida.

Cardosa, M. J., Tio, P. H. and Kaur, P. (1995). Japanese encephalitis virus is an
important cause of encephalitis among children in Penang. Southeast Asian
Journal of Tropical Medicine and Public Health 26, 272-275.

Chambers, T. J., Hahn, C. S, Galler, R. and Rice, C. M. (1990). Flavivirus genome
organization, expression, and replication. Annual Review of Microbiology,
44: 649-688.

Chen, W. R., Rico-Hesse, R. and Tesh, R. B. (1992). A new genotype of Japanese
encephalitis virus from Indonesia. American Journal of Tropical Medicine
and Hygiene, 47: 61-69.

Chen, W., Tesh, R.., and Rico-Hesse, R. (1990). Genetic Variation of Japanese
Encephalitis Virus in Nature. Journal of General Virology, 71(12), 2915-
2922.

Cleton, N., Bosco-Lauth, A., Page, M., and Bowen, R. (2014). Age-Related
Susceptibility to Japanese Encephalitis Virus in Domestic Ducklings and
Chicks. American Journal of Tropical Medicine and Hygiene, 90(2), 242-
246. http://dx.doi.org/10.4269/ajtmh.13-0161.

Deubel, V., Nogueira, M., Drouet, M. T., Zeller, H., Reynes, J. M. and Do, Q. H.
(1993). Direct sequencing of genomic cDNA fragments amplified by the



28

polymerase chain reaction for molecular epidemiology of dengue 2 viruses.
Archives of Virology, 129: 197-210.

Engvall, E. (2010). The ELISA enzyme-linked immunosorbent assay. Clin Chem;
56:319-20.

Erlanger, T., Weiss, S., Keiser, J., Utzinger, J., and Wiedenmayer, K. (2009). Past,
Present, and Future of Japanese Encephalitis. Emerging. Infectious.
Diseases,. 15(1), 1-7. http://dx.doi.org/10.3201/eid1501.080311.

Fang, R., Hsu, D. R. and Lim, T.W. (1980). Investigation of a suspected outbreak
of Japanese encephalitis in Pulau Langkawi. Malaysian Journal of
Pathology 3, 23-30.

Ghosh, D. and Basu, A. (2009). Japanese Encephalitis — A Pathological and Clinical
Perspective. PLoS Neglected Tropical Diseases, 3(9): 437-441.

Halsted, S.B. and Jacobson, J. (2008). Japanese encephalitis vaccines. In: Plotkin
SA, orensten WA, oofit Pa, editors. Vaccines. 5th ed. Philadelphia:
Elsevier;.pp. 311-52.

Hill, M. N., Varma, M. G. R., Mahadevan, S. and Meers, P. D. (1969). Arbovirus
infections in Sarawak: observations on mosquitoes in the premonsoon
period, September to December 1966. Journal of Medical Entomology.
6:398-406.

Himani, D., Kumar, H., Bhilegaonkar, K., and Kumar, A. (2014). Japanese
Encephalitis: A Veterinary Perspective. Journal of Foodbourne and
Zoonotic Diseases, 2(4), 59-67.

Hornbeck, P. (2001). Enzyme-linked immunosorbent assays. Current Protocol
Immunology, http://dx.doi.org/10.1002/0471142735.im0201s01 (Chapter
2: Unit 2.1).

Impoinvil, D., Solomon, T., Schluter, W., Rayamajhi, A., Bichha, R., and Shakya,
G. et al. (2011). The Spatial Heterogeneity between Japanese Encephalitis
Incidence Distribution and Environmental Variables in Nepal. Plos ONE,
6(7), e22192. http://dx.doi.org/10.1371/journal.pone.0022192.


http://dx.doi.org/10.1371/journal.pone.0022192

29

Konishi, E., Pincus, S., Fonseca, A. L., Shope, R. E., Paoletti, E. and Mason, P. W.
(1991). Comparison of protective immunity elicited by recombinant
vaccinia viruses that synthesize E or NS1 of Japanese encephalitis virus.
Virology, 185(1): 401-410.

Macdonald, W. W., Smith, C. E. G., andnWeb, H. E. (1965). Arbovirus infections
in Sarawak: observations on the mosquitoes. Journal of Medical
Entomology 1: 335-347.

Macdonald, W. W., Smith, C. E. G., Dawson P. S., GanapathipiUai, A. and
Mahadevan, S. (1967). Arbovirus infections in Sarawak: further
observations on mosquitoes. Journal of Medical Entomology. 4: 146-157.

Mackenzie, J. S., Guble, D. J. and Petersen, L. R. (2004). Emerging flaviviruses:
the spread and resurgence of Japanese encephalitis, West Nile and Dengue
viruses. Nature Medicine, 10(12): S98- S1009.

Matusan, A., Pryor, M., Davidson, A. and Wright, P. (2001). Mutagenesis of the
Dengue virus type 2 NS3 protein within and outside helicase motifs.
Journal of Virology, 75: 9633-9643.

McMinn, P. C. (1997). The molecular basis of virulence of the encephalitogenic
flaviviruses. Journal of General Virology, 78: 2711-2722.

Nemeth, N., Bosco-Lauth, A., Sciulli, R., Gose, R., Nagata, M., and Bowen, R.
(2010). Serosurveillance for Japanese Encephalitis and West Nile Viruses
in Resident Birds in Hawai‘i. Journal of Wildlife Diseases, 46(2), 659-664.

Nga, P. T., Del Carmen Parquet, M., Cuong, V. D., Ma, S. P., Hasebe, F., Inoue,
S., et al. (2004). Shift in Japanese encephalitis virus (JEV) genotype
circulating in northern Vietnam: implications for frequent introductions of
JEV from Southeast Asia to East Asia. Journal of General Virology, 85,
1625-1631.

Peiris, J. S., Amerasinghe, F. P., Amerasinghe, P. H., Ratnayake, C. B.,
Karunaratne, S. H. & Tsai, T. F. (1992). Japanese encephalitis in Sri Lanka-
-the study of an epidemic: vector incrimination, porcine infection and



30

human disease. Transaction of the Royal Society of Tropical Medicine and
Hygiene, 86, 307-313.

Ritchie, S. A., Phillips, D., Broom, A., Mackenzie, J., Poidinger, M. and van den
Hurk, A. (1997). Isolation of Japanese encephalitis virus from Culex
annulirostris in Australia. American Journal of Tropical Medicine and
Hygiene, 56, 80-84.

Rodrigues, F., Guttikar, S., and Pinto, B. (1981). Prevalence of antibodies to
Japanese encephalitis and West Nile viruses among wild birds in the
Krishna-Godavari Delta, Andhra Pradesh, India. Transactions of the Royal
Society of Tropical Medicine and Hygiene, 75(2), 258-262.
http://dx.doi.org/10.1016/0035-9203 (81)90330-8.

Rosen, L. (1986). The natural history of Japanese encephalitis virus. Annual
Reviews of Microbiology, 40: 395-414.

Rosen, L. (1987). Overwintering mechanisms of mosquito-borne arboviruses in
temperate climates. American Journal of Tropical Medicine and Hygiene,
37, 69S-76S.

Rosen, L., Lien, J. C., Shroyer, D. A., Baker, R. H. and Lu, L. C. (1989).
Experimental vertical transmission of Japanese encephalitis virus by Culex
tritaeniorhynchus and other mosquitoes. American Journal of Tropical
Medicine and Hygiene, 40: 548- 556.

Saito, M., Osa, Y., Asakawa, M. (2009). Antibodies to flaviviruses in wild ducks
captured in Hokkaido, Japan: risk assessment of invasive flaviviruses.
Vector Borne Zoonotic Dis.; 9:253-258.

Saleeza, S., Norma-Rashid, Y., and Sofian-Azirun, M. (2011). Mosquitoes Larval
Breeding Habitat in Urban and Suburban Areas, Peninsular Malaysia.
International Science Index, Bioengineering and Life Sciences, 5(10).

Solomon, T. (2006). Control of Japanese encephalitis—within our grasp? New
England Journal of Medicine.; 355:869-71. DOI: 10.1056/NEJMp058263.



31

Solomon, T. and Vaughn, D. W. (2002). Pathogenesis and clinical features of
Japanese encephalitis and West Nile virus infections. Current Topics in
Microbiology and Immunology, 267, 171-194.

Solomon, T., Ni, H., Beasley, D. W., Ekkelenkamp, M., Cardosa, M. J. and Barrett,
A. D. (2003). Origin and evolution of Japanese encephalitis virus in
Southeast Asia. Journal of Virology, 77: 3091-3098.

Soman, R. S., Rodrigues, F. M., Guttikar, S. N., Guru, P. Y., (1977). Experimental
viraemia and transmission of Japanese encephalitis virus by mosquitoes in
ardeid birds. Indian Journa of Medical Research 65: 709-718.

Sumiyoshi, H., Mori, C., Fuke, I., Morita, K., Kuhara, S., Kondou, J., Kikuchi, Y.,
Nagamatu, H. and Igarashi, A. (1987). Complete nucleotide sequence of the
Japanese encephalitis virus genome RNA. Virology, 161: 497-510.

Tiwari, S., Singh, R., Tiwari, R., & Dhole, T. (2012). Japanese encephalitis: a
review of the Indian perspective. The Brazilian Journal of Infectious
Diseases, 16(6), 564-573. http://dx.doi.org/10.1016/j.bjid.2012.10.004.

Tsai, T. F., Popovici, F., Carnescu, C., Campbell, G. L. and Nedlelcu, N. 1. (1998).
West Nile encephalitis epidemic in Southeastern Romania. Lancet 352:767-
771.

Tsarev, S. A., Sanders, M. L., Vaughn, D. W. and Innis, B. L. (2000). Phylogenetic
analysis suggests only one serotype of Japanese encephalitis virus. Vaccine,
18: 36-43.

Tsuchie, H., Oda, K., Vythilingam, I., Thayan, R., Vijayamalar, B., and Sinniah,
M. et al. (1994). Genetic study of Japanese encephalitis viruses isolated in
Malaysia. Japanese Journal of Medical Science and Biology, 47(2), 101-
107.

Uchil, P. D. and Satchidanandam, V. (2001). Phylogenetic analysis of Japanese
encephalitis virus: envelope gene based analysis reveals a fifth genotype,
geographic clustering, and multiple introductions of the virus into the Indian


http://dx.doi.org/10.1016/j.bjid.2012.10.004

32

subcontinent. American Journal of Tropical Medicine and Hygiene, 65:
242- 251.

Vaughn, D. W., Hoke, C. H. Jr. (1992). The epidemiology of Japanese encephalitis:
prospects for prevention. Epidemiologic Reviews, 14:197-221.

Vythilingam, 1., Inder Singh, K., Mahadevan, S., Zaridah, M. S., Ong, K. K., and
Zainul Abidin, M. H. (1993). Studies on Japanese encephalitis vector
mosquitoes in Selangor, Malaysia. Journal of American. Mosquito Control
Association. 9: 467-4609.

Vythilingam, I., Oda, K., Mahadevan, S., Abdullah, G., Thim, C., and Hong, C. et
al. (1997). Abundance, Parity, and Japanese Encephalitis Virus Infection of
Mosquitoes (Diptera: Culicidae) in Sepang District, Malaysia. Journal of
Medical Entomology, 34(3), 257-262.
http://dx.doi.org/10.1093/jmedent/34.3.257.

Vythilingam, 1., Oda, K., Tsuchie, H., Mahadevan, S. & Vijayamalar, B. (1994).
Isolation of Japanese encephalitis virus from Culex sitiens mosquitoes in
Selangor, Malaysia. Journal of American Mosquito Control Association,
10, 228-229.

Wallis, T. P., Huang, C. Y., Nimkar, S. B., Young, P. R. and Gorman, J. J. (2004).
Determination of the disulfide bond arrangement of dengue virus NS1
protein. Journal of Biological Chemistry, 279: 20729-20741.

Weaver, S. C. and Barrett, A. D. T. (2004). Transmission cycles, host range,
evolution and emergence of arboviral disease. Nature Reviews
Microbiology, 2: 789-801.

Williams, D. T., Wang, L. F., Daniels, P. W. and Mackenzie, J. S. (2000).
Molecular characterization of the first Australian isolate of Japanese
encephalitis virus, the FU strain. Journal of General Virology, 81: 2471-
2480.

World Health Organization, (1999). 1999-Epidemic Encephalitis in Malaysia.
Retrieved from http://www.who.int/csr/don/1999 03 26/en/.



33

Yang, D., Oh, Y., Kim, H., Lee, Y., Moon, O., and Yoon, H. et al. (2011).
Serosurveillance for Japanese encephalitis virus in wild birds captured in
Korea. Journal of Veterinary Science, 12(4), 373.

Yun, S. I. and Lee, Y. M. (2006) Japanese encephalitis virus: molecular biology
and vaccine development. In Molecular biology of the Flavivirus, pp. 225-
271. Horizon Scientific Press, Norwich, United Kingdom.

Yusof, R., Clum, S., Wetzel, M., Krishna Murthy, H. M. and Padmanabhan, R.
(2000). Purified NS2B/NS3 serine protease of dengue virus type 2 exhibits
cofactor NS2B dependence for cleavage of substrates with dibasic amino
acids in vitro. Journal of Biological Chemistry, 275(14): 9963-99609.





