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A B S T R A C T

West Nile virus (WNV) is a zoonotic mosquito-borne flavivirus that is harbored and amplified by wild birds via
the enzootic transmission cycle. Wide range of hosts are found to be susceptible to WNV infection including
mammals, amphibians and reptiles across the world. Several studies have demonstrated that WNV was present in
the Malaysian Orang Asli and captive birds. However, no data are available on the WNV prevalence in wild birds
found in Malaysia. Therefore this study was conducted to determine the serological and molecular prevalence of
WNV in wild birds in selected areas in the West Coast of Peninsular Malaysia. Two types of wild birds were
screened, namely migratory and resident birds in order to explore any possibility of WNV transmission from the
migratory birds to the resident birds. Thus, a cross-sectional study was conducted at the migratory birds sanc-
tuary located in Kuala Gula, Perak and Kapar, Selangor by catching 163 migratory birds, and 97 resident birds
from Kuala Gula and Parit Buntar, Perak at different time between 2016 and 2017 (Total, n = 260). Blood and
oropharyngeal swabs were collected for serological and molecular analysis, respectively. Serum were screened
for WNV antibodies using a commercial competitive ELISA (c-ELISA) (ID Screen® West Nile Competition Multi-
species ELISA, ID VET, Montpellier, France) and cross-reactivity towards Japanese Encephalitis virus (JEV) was
also carried out using the JEV-double antigen sandwich (DAS) ELISA. Oropharyngeal swabs were subjected to
one-step RT-PCR to detect WNV RNA, in which positive reactions were subsequently sequenced. WNV ser-
opositive rate of 18.71% (29/155) at 95% CI (0.131 to 0.260) and molecular prevalence of 15.2% (16/105) at
95% CI (0.092 to 0.239) were demonstrated in migratory and resident wild birds found in West Coast Malaysia.
Phylogenetic analyses of the 16 WNV isolates found in this study revealed that the local strains have 99%
similarity to the strains from South Africa and were clustered under lineage 2. Evidence of WNV infection in
resident and migratory birds were demonstrated in this study. As a summary, intervention between migratory
birds, resident birds and mosquitoes might cause the introduction and maintenance of WNV in Malaysia,
however the assumption could be further proven by studying the infection dynamics in the mosquitoes present in
the studied areas.

1. Introduction

West Nile virus (WNV) infection can cause significant morbidity and
mortality in humans and animals worldwide, as were seen in the out-
breaks in New York and India [4,23]. WNV was first reported in a

woman from Uganda in 1937 [36]. Since then, the virus has spread
globally and caused epidemic outbreaks on all continents except for
Antarctica [31,36]. Transmission of the virus occurs in an enzootic
cycle between wild birds and mosquitoes, in which wild birds serve as
reservoirs and amplifiers, while mosquitoes such as Culex spp. and
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Aedes spp. act as vectors that transmit the virus to other mammalian,
reptilian or amphibian hosts through salivary secretions during blood
meals [4,7,9]. Following WNV infection, the virus titers are higher in
birds compared to other animals, and although most infected birds are
asymptomatic, the increased levels of viremia in birds facilitates WNV
transmission to mosquitoes during blood-meal [27].

Emerging and re-emerging zoonotic diseases contracted from wild-
life such as Nipah virus-related illness, Japanese encephalitis (JE), ra-
bies and avian influenza are endemic in Malaysia [10,13,14,25]. Be-
sides, mosquitoes-borne diseases namely dengue, JE, chikungunya,
zika, getah virus disease and malaria are prevalent in Malaysia
[1,5,30,34,40]. As for WNV, evidence of the infection in 1.21% (9/742)
Orang Asli in several states of Peninsular Malaysia [17] and 4.41% (3/
68) in companion bird populations in Selangor [28] were demon-
strated. Additionally, the Kunjin virus which is a WNV sub-type that is
endemic in Australia was detected in Sarawak in 1970 from Culex
pseudovishnui mosquitoes [6,20].

Being a hot and humid country, Malaysia provides the perfect en-
vironment for mosquitoes to flourish and thrive. The Culex spp. and
Aedes spp. of mosquitoes, known to be vectors of several tropical vector-
borne diseases, are found widespread in Malaysia. The prevalence of
WNV among wild birds has, until now, not been investigated in
Malaysia. Since wild birds play a major role in WNV transmission and
WNV is pathogenic to humans and animals, this study was carried out
to determine the prevalence of WNV in wild birds in the West Coast of
Peninsular Malaysia. Furthermore, several studies have suggested the
theory of “migrant bird as the introductory host” of WNV, and therefore
the present study was conducted in two types of wild birds namely
migratory and non-migratory (resident) birds to assess the possibility of
the transmission of WNV from migratory birds to resident birds found
in Malaysia.

2. Materials and methods

2.1. Ethical and permit approval

All experimental procedures were conducted following guidelines
approved by the Institutional Animal Care and Use Committee (IACUC)
of Universiti Putra Malaysia (UPM) with the reference number UPM/
IACUC/AUP NO: R043/17. The sampling permit was also approved and
granted by the Department of Wildlife and National Parks (DWNP),
Peninsular Malaysia with the research permit number JPHL&TN (IP):
100–6/1/14.

2.2. Sample collection

A cross-sectional study was conducted to determine the prevalence
of WNV infection in wild birds in selected areas at the West Coast of
Peninsular Malaysia. Birds owned as pets were excluded from this
study. Study sites were selected based on the areas where the migratory
birds were commonly seen in West Coast Malaysia. The migratory birds
were caught at migratory bird sanctuaries located in Kuala Gula, Perak
(4.9330N, 100.467°E) and Kapar, Selangor (3.13730N, 100.3744°E).
Kuala Gula is located in the Perak state, an area with paddy cultivation
and presence of mangroves. Meanwhile, Kapar is located in the
Selangor state, where houses of electricity generating power plants are
found and is surrounded by inundated water reservoirs. On the other
hand, resident wild birds were sampled in the Perak state only, namely
Kuala Gula and Parit Buntar (5.14740N, 100.4212°E), where these birds
have acclimated to living close to human residential areas. The birds
were trapped using mist and hand nets. As WNV is a zoonotic virus, the
sampling was carried out by trained personnel with appropriate per-
sonal protective equipment according to biosafety guidelines. Sample
collection was performed based on convenient sampling and was con-
ducted in February 2016, May 2016 and October 2017, to coincide with
the migratory birds landing period in Malaysia.

A total of 260 wild birds (n = 260) were caught and blood was
drawn from the jugular or brachial vein for serological analysis. While,
oropharyngeal swabs were taken for molecular analysis. However, due
to the limitations of this study, not all birds had their serum and swab
samples taken. Table 1 shows the number of wild birds sampled in this
study based on the category, family, species, states and type of samples.

2.3. Serological analysis

2.3.1. Serum processing
Blood was collected from the jugular or brachial vein of wild birds

and placed into EDTA tubes (BD Vacutainer®, New Jersey, USA). Serum
samples were collected from blood after clarified at 252 x g (Thermo
Fisher Scientific, Waltham, USA) for 10 min. All procedures were car-
ried out in the class II, type A2 biosafety cabinet (Esco (M), Singapore).
The labeled serum samples were stored at -80 °C (SANYO Ultra Low,
Osaka, Japan) until further analysis.

2.3.2. IgG based WNV Competitive-ELISA (c-ELISA)
Serum samples were tested for WNV antibodies using commercial c-

ELISA test kit (ID Screen West Nile Competition Multi-species ELISA, ID
VET, Montpellier, France) according to the manufacturer's instructions.

Table 1
Number of wild birds sampled based on category, family, species, states and types of samples.

Category Family Species States Number of wild birds Total Total serum samples obtained Total oropharyngeal swabs samples obtained

Migratory Charadriidae Lesser Sand Plover Selangor 27 163 155 105
Perak 5

Greater Sand Plover Selangor 17
Perak 7

Scolopacidae Terek Sandpiper Selangor 23
Common Redshank Selangor 28

Perak 20
Common Sandpiper Selangor 32
Whimbrel Perak 2

Alcedinidae Black-capped Kingfisher Perak 2
Resident Ardeidae Little Egret Perak 85 97

Cattle Egret 1
Black Crowned Night Heron 8
Striated Heron 2

Charadriidae Red-wattled Lapwing Selangor 1

Overall Total = 260 birds
Note: The table shows the total number of birds sampled between February 2016 and October 2017 by using mist net and hand net trapping. The total number of
samples were inconsistent with the total number of birds due to not all serum and oropharyngeal swabs could be obtained from each bird at the same time
particularly due to the size of the birds.
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The kit was developed to detect IgG antibodies directed against the
envelope protein (prE) of WNV. The prE monoclonal antibody used in
the c-ELISA cross-reacts with antibodies against other members of the
Flavivirus family namely, the Japanese encephalitis virus (JEV) and the
tick-borne encephalitis virus (TBEV). Since the latter is not endemic in
Malaysia, positive WNV serums were assessed for cross reactivity
against JEV using specific double-antibody sandwich ELISA (DAS-
ELISA) (Sun red, Shanghai, China) pre-coated with anti-JEV antibodies.

2.3.3. Data analysis
In the c-ELISA analysis, the positive and negative controls were

added in duplicate in each test and if the sample shows S/N%
(S = sample OD; N = negative control OD) less than or equal to 40%, it
was then viewed as positive. While for DAS-ELISA, the positive and
negative controls were added in duplicate in each test, and sample
showing OD values that were greater than the equal cut-off value, was
considered as positive. The prevalence of WNV antibodies in this study
was calculated as a percentage of positive samples over the total
number of examined samples at 95% confidence interval. Data obtained
in this study could not be further analyzed statistically for risk factors
because of the uneven ratio of the groups that could create potential
bias.

2.4. Molecular analysis

2.4.1. Sample processing, and RNA extraction
The oropharyngeal swabs were collected using sterile cotton swabs

and then were kept in sterile tubes contain 2 mL of phosphate buffered
saline (PBS) at pH 7.4. Total RNA was extracted from the swab using
TRIzol reagent (TRIsure, Bioline, London, UK) according to the manu-
facturer's instructions. The concentration and purity of the extracted
RNA were measured using the BioPhotometer (Eppendorf, Hamburg,
Germany) at the wavelength of 260/280 nm.

2.4.2. Plasmid and primers
The synthetic gene (plasmid) was used as positive control in this

study, targeted a highly conserved region of the WNV genome between
the capsid (C) and the pre-membrane (prM) protein. The plasmid and
primer sets for RT-PCR were designed based on selected 15 WNV strains
(Accession Nos. KU978767, DQ318019, AY532665, EF429200,
EF429197, KP789953, KT359349, KT757322, KJ883346, KT757319,
KT757323, EU068667, HM147822, DQ176636 and KC131126) using
Molecular Evolutionary Genetics Analysis (MEGA) software version 7.
Sequences of the primers used in this study were as follows: forward
primer (5′- CCAATACGTTTCGTGTTGG −3′); and reverse primer (5′-
GGAAATGACCCTGAAGACAT -3′).

2.4.3. RT-PCR assay
The extracted RNA from the oropharyngeal samples were further

subjected to one-step RT-PCR using MyTaq One-Step RT-PCR (Bioline,
Memphis, USA) in a 25 μL reaction with primers (10 μM) specific for
WNV. Nucleic acid amplification was performed on a Mastercycler
gradient thermal cycler (Eppendorf, Hamburg, Germany) with the fol-
lowing protocol: reverse transcription step for 20 min at 45 °C, then
polymerase activation at 95 °C for 1 min followed by 40 cycles of 10 s
denaturation at 95 °C, 10 s annealing at 52 °C and 30 s extension at
72 °C. The final extension had similar conditions as the extension step
except that it took 5 min for the final extension period. The amplifi-
cation volume was performed according to the manufacturer's instruc-
tion, with minor modifications in which the primer volume was re-
duced from 1.0 μL to 0.5 μL to reduce the formation of primer dimers.
The PCR product was analyzed on a 1.5% agarose gel with TAE (Tris-
acetate-EDTA) running buffer and stained with GelRed™ Nucleic Acid
Gel Stain (Biotium, California, USA) for the visualization of amplified
RT-PCR products. The PCR reaction was considered positive when a
470-bp fragment containing the portion of the C and the prM gene, was

amplified and aligned with a positive control band.

2.4.4. Bioinformatics analysis of WNV partial sequences
Positive RT-PCR product was purified using the Nucleospin Gel and

PCR Clean-up kit (Macherey-Nagel, Düren, Germany) and subsequently
subjected to DNA sequencing using the ABI PRISM 3730xl Genetic
Analyzer (Applied Biosystems, California, USA). The nucleotide se-
quences obtained from the sequencing analysis were compared using
the Basic Local Alignment Search Tool (BLAST) algorithm. Multiple
alignments of the WNV nucleotide sequences were carried out using
Clustal Omega Version 2. The 16 partial coding sequences of WNV were
used to construct a phylogenetic tree using the Molecular Evolutionary
Genetics Analysis (MEGA) 7 software. Sequences obtained from this
study were compared to 36 other isolates from different WNV complete
genomes available in the GenBank (Accession Nos. EF429197.1,
DQ211652.1, AF196835.2, AY765264.1, AY277251.1, DQ256376.1,
KC601756.1, AF404756.1, EU082200.2, KM203862.1, MF984352.1,
KU588135.1, JX442279.1, HM152773.1, AY688948.1, DQ786573.1,
KT359349.1, AF404757.1, KJ934710.1, KJ577738.1, DQ176636.2,
MH021189.1, AY701412.1, KX394398.1, AY262283.1, HM152775.1,
AY268133.1, AY712945.1, AY660002.1, AY603654.1, AY490240,
EF429200.1, DQ318020.1, AY532665.1, JX123030.1 and
KT934803.1). The resulting nucleotide sequence information was ana-
lyzed using the neighbor-joining method [29] and the evolutionary
distances were computed using the Maximum Composite Likelihood
method [37].

3. Results

3.1. Seroprevalence of WNV in wild birds

Out of 155 serum samples analyzed using WNV c-ELISA, 30 samples
showed S/N% value less than or equal to 40%, which was considered as
positive reaction. All of these serum samples were further analyzed
using JEV DAS-ELISA and only one sample showed positive reaction.
Therefore, this study found positive reaction for anti-WNV IgG anti-
bodies in 18.71% (29/155) of the tested serum at 95% CI (0.131 to
0.260). Table 2 shows the distribution of WNV antibody positive wild
birds according to location, category, family and species.

Only two wild birds were WNV seropositive in Perak which came
from the resident wild bird. These birds are from the species of Little
Egret and Striated Heron, in which both are from the Ardeidae family.
At Selangor, all 27 of the WNV seropositive wild birds were from mi-
gratory birds. Among the species found were Common Redshank (11
positive), Terek Sandpiper (5 positive), Lesser Sand Plover (9 positive)
and Greater Sand Plover (2 positive). The first two are from the
Scolopacidae family while the rest are from the Charadriidae family.
None of the migratory birds were seropositive in Perak. And because
none of the resident birds were sampled in Selangor, therefore the data
is not available. Fig. 1 shows the geographical and species distribution
of the WNV seropositivity in detail.

3.2. Molecular prevalence of WNV in wild birds

One step RT-PCR revealed that 15.2% (16/105; 95% CI; 0.092 to
0.239) of the tested wild birds were positive for WNV antigen. Positive
detection of WNV RNA was detected in both Perak and Selangor in
migratory birds while resident birds were positive in Perak only as no
resident birds were sampled in Selangor (Table 3). Fig. 1 shows the
distribution of the WNV antigen positive wild birds according to species
and location. Among the species of the resident birds that were positive
came from Ardeidae family was Little Egret (5 positive), followed by
migratory birds namely from Charadriidae family (Lesser Sand Plover 2
positive, Greater Sand Plover 2 positive), Scolopacidae family (Common
redshank 1 positive) and Alcedinidae family (Black-capped Kingfisher 1
positive). Amplicons of RT-PCR positive samples were further
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sequenced and the sequences were deposited into GenBank under the
following accession numbers: MK327787-MK327802. A phylogenetic
tree was constructed with these isolates together with 36 other WNV
sequences available in GenBank (Fig. 2). The WNV sequences found in
the current study were grouped together with the WNV lineage 2 isolate
(Accession No. EF429197.1).

4. Discussion

West Nile Virus (WNV) is an arbovirus transmitted by mosquitoes
primarily the Culex species. Mosquitoes usually acquired the virus from
wild birds that served as the reservoir and amplifier of WNV during
blood-feeding. Antibody against WNV has been found in Malaysian

Orang Asli [17] and companion birds [28] suggesting that WNV is cir-
culating in Malaysia [2]. As there is a lack of study on WNV in the wild
birds found in Malaysia, this study was carried out to determine WNV
serological and molecular prevalence in selected areas in the West Coast
of Peninsular Malaysia. Our group also is conducting similar studies in
other species of animals particularly macaque, bats, horse, ruminants,
swine, cats, dogs as well as in mosquitoes (yet to be published) and a
few preliminary works published in conference proceedings revealed
that WNV antibodies and/or antigen were detected in macaque, bats,
horse and swine [3,8,15,21,35,39].

Migratory birds are birds that move regularly according to the
season along different flyway routes across the Northern and Southern
hemisphere [38]. Migratory birds are capable of transmitting WNV to

Table 2
WNV antibodies detection according to sampling states, category, family and species of wild birds.

States Category of wild
birds

Family of wild birds Species of wild birds Number of wild birds for c-
ELISA analysis

c-ELISA
positive

Number of wild birds for
DAS-ELISA analysis

DAS-ELISA
positive

Perak Migratory Charadriidae Lesser Sand Plover 2 0 0 0
Greater Sand Plover 3 0 0 0

Scolopacidae Common Redshank 8 0 0 0
Whimbrel 1 0 0 0

Alcedinidae Black-capped
Kingfisher

1 0 0 0

Resident Ardeidae Little Egret 48 1 2 1
Cattle Egret 1 0 0 0
Black Crowned Night
Heron

8 0 0 0

Striated Heron 1 1 1 0
Selangor Migratory Charadriidae Lesser Sand Plover 19 9 9 0

Greater Sand Plover 9 2 2 0
Scolopacidae Terek Sandpiper 16 5 5 0

Common Redshank 23 11 11 0
Common Sandpiper 14 0 0 0

Resident Charadriidae Red-wattled Lapwing 1 0 0 0
Overall Total 155 29 30 1

c-ELISA – competitive ELISA; DAS-ELISA – double-antibody sandwich ELISA.

Fig. 1. Geographical Distribution of Positive WNV Serology and RNA according to wild bird species in West Coast Peninsular Malaysia.
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the new vectors and hosts located thousands of kilometers away, to as
far as new continents along the major wild bird flyways across Asia,
Africa and Europe [11,19,24]. While resident birds are non-migrant,
non-captivated and present in the wild and some of these birds have
acclimated to living close to human residential areas [33]. The evidence
of WNV transmission in the non-migrant or resident birds are also
widely demonstrated [12,30,32]. Thus, apart from screening WNV an-
tibody and antigen, this study also wanted to explore any possibility
whether the migratory birds have introduced the virus to the resident
birds in Malaysia.

The location of the study was chosen based on the area where re-
sident birds are present along with the common area where migratory
birds usually land during the migration period in Malaysia. There are
several locations where migratory birds are commonly seen in Malaysia
and these locations are known as migratory bird sanctuary. Kuala Gula
and Kapar are among the list and therefore was selected for the purpose

of this study. In addition to that, Kuala Gula and Parit Buntar are also
area where resident birds particularly water birds were hugely avail-
able.

Evidence of WNV exposure was determined by using serological
assays namely WNV IgG based competitive ELISA. This assay has the
tendency to cross-react with other Flavivirus particularly Dengue virus
(DEV), JEV and Tick-borne virus (TBEV). As DEV and TBEV is not
prevalent in birds and Malaysia, respectively, while JEV is endemic and
prevalent in Malaysian animals including birds as well as in humans,
therefore this study only incorporated further JEV based ELISA to ex-
amine any occurrence of cross-reactivity. A gold standard test to con-
firm positive WNV antibody is neutralization test [22], however this
study did not perform the test due to a few limitations. Having said that,
WNV IgG based ELISA is a reliable marker in screening presence of
WNV neutralizing antibodies when vaccination and infection of WNV
are absent in the past. Therefore, the usage of the kit fit the purpose of

Table 3
WNV RNA detection according to sampling states, category, family and species of wild birds.

States Category of wild birds Family of wild birds Species of wild birds Number of wild birds for RT-PCR analysis RT-PCR positive

Perak Migratory Charadriidae Lesser Sand Plover 3 2
Greater Sand Plover 4 2

Scolopacidae Common Redshank 12 1
Whimbrel 1 0

Alcedinidae Black-capped Kingfisher 1 1
Resident Ardeidae Little Egret 37 5

Striated Heron 1 0
Selangor Migratory Charadriidae Lesser Sand Plover 8 1

Greater Sand Plover 8 0
Scolopacidae Terek Sandpiper 7 0

Common Redshank 5 0
Common Sandpiper 18 4

Overall Total 105 16

RT-PCR – reverse transcriptase PCR.

Fig. 2. Evolutionary relationships of taxa in WNV of wild birds. The analysis involved 52 nucleotide sequences including 16 sequences (in the red box) which have
470-bp nucleotide length obtained from wild birds in this study. (For interpretation of the references to colour in this figure legend, the reader is referred to the web
version of this article.)
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this study. Out of 155 bird's serum tested for WNV IgG based ELISA, 30
birds showed seropositivity and among these birds, only one showed
cross-reactivity to JEV and this bird is excluded from the WNV pre-
valence report. Seroprevalence of WNV in wild birds in this study is
18.71% (29/155) in which 27 were from migratory birds while 2 were
resident water birds. Most of the seropositive migratory birds belong to
the family of Scolopacidae. A separate study in Germany also reported
the detection of WNV antibodies from the Scolopacidae family [32].

On the other hand, one step RT-PCR was carried out to determine
presence of WNV shedding from oropharyngeal swabs of the wild birds
found in West Coast Malaysia. The PCR reaction revealed that 15.2%
(16/105) of the wild birds in this study were positive for WNV antigen.
The positive birds were from the Charadriidae, Scolopacidae, Alcedinidae
and Ardeidae families. Similar to serological detection, most of the
positive birds belonged to the migratory birds (11/105) and the rest
were from resident birds, particularly Little Egret. However, high ser-
opositivity and WNV RNA positive in migratory birds were expected
due to the uneven number of the resident and migratory birds sampled
in this study. Based on nucleotide sequence analyses, the 16 isolates
showed 99% similarity to the SPU116/89 strain which originated from
South Africa. Among the seven lineages of WNV, isolates found in this
study were belong to the WNV lineage 2, originating from a human who
succumbed to necrotic hepatitis in South Africa [18].

The present study revealed that birds that were positive for WNV
RNA were clinically healthy and seronegative towards WNV antibody.
Seropositive birds based on IgG assay suggested that the birds were
exposed to WNV in the past. Study by Komar et al. 2003 [11], de-
monstrated that experimental infection of WNV in wild birds showed
shedding of the WNV after oral WNV inoculation was observed until
day 10th post infection. This finding suggested that WNV antigen po-
sitive birds from this study might be exposed to WNV recently as op-
posed to the sampling time. As this study showed resident birds were
also positive towards WNV antibody and WNV antigen, therefore the
probability of WNV dissemination are possible and might be attributed
by several factors. During feeding at the water body, migratory birds
might transmit WNV to other resident birds through the oral-fecal route
[26]. In addition, the ornithophilic characteristics of Culex spp., which
are also the vectors of WNV, increases the likelihood of contact with
wild birds, thereby also enhancing the possibility of WNV transmission
to resident birds [16]. Migratory birds, resident birds and mosquitoes
intervention might cause the introduction and maintenance of the WNV
in Malaysia.

In summary, findings from the current study indicated that WNV is
circulating among the local wild birds, as demonstrated by the detec-
tion of WNV antibodies and antigen. Evidence of WNV in Malaysia is
attributable to several factors; among them, the presence of migratory
birds as the main reservoir of the virus, the presence of breeding sites
for mosquitoes that serve as vectors, as well as the ability of the virus to
infect a wide range of susceptible hosts. Although there is yet to be any
clinical report of WNV infections and disease outbreak in humans or
animals, this study further substantiated WNV circulation in Peninsular
Malaysia. Therefore, it is imperative to implement a WNV monitoring
program with the aim of preventing the transmission of WNV. In order
to achieve the One Health aspiration, further emphasis must be directed
on the reduction of vector breeding sites, as well as public education
and awareness on mosquito control. Following this study, the
Department of Wildlife Malaysia along with the cooperation of the
Department of Veterinary Service Malaysia had included WNV in the
routine bio surveillance in wild birds apart from avian influenza virus
and JEV.

Funding information

This research was supported by Universiti Putra Malaysia (UPM)
under the research grants UPM 700-2/1/GP-IPM/2016/9510500 and
UPM 700-2/1/GP-IPS/2017/9547800.

Declaration of Competing Interest

The authors declare no competing interests.

Acknowledgement

The authors would like to thank all the staff of the Department of
Wildlife and National Park (DWNP), Peninsular Malaysia for helping in
wild birds sampling in Perak and Selangor. We would also like to ex-
press our sincere gratitude to the Department of Veterinary Service,
(DVS) Malaysia in facilitating the process of WNV notification and re-
porting to OIE.

References

[1] S. Abu Bakar, I.C. Sam, P.F. Wong, N. MatRahim, P.S. Hooi, N. Roslan, Reemergence
of endemic Chikungunya, Malaysia, Emerg. Infect. Dis. 13 (1) (2007) 147–149.

[2] M.Y.N. Ain-Najwa, A.R. Yasmin, A.R. Omar, S.S. Arshad, J. Abu, H.O. Mohammed,
West Nile virus infection in human and animals: potential risks in Malaysia, Sains
Malaysiana 48 (12) (2019) 2727–2735.

[3] M.Y. Ain-Najwa, A.R. Yasmin, Screening of West Nile virus antibody in macaque to
unravel the status of the disease in selected areas in West Coast Malaysia,
Proceedings of 30th VAM Congress, 2018 (Oct 19-20; Petaling Jaya, Malaysia.
p. 22).

[4] C. Chancey, A. Griney, E. Volkova, M. Rios, The global ecology and epidemiology of
West Nile virus, Biomed. Res. Int. 2015 (2015) 376230.

[5] W.K. Cheah, K.S. Ng, A.R. Marzilawati, L.C. Lum, A review of dengue research in
Malaysia, Med. J. Malays. (2014) 59–67.

[6] C.Y. Ching, J. Casais, E.T. Bowen, D.I. Simpson, G.S. Platt, H.J. Way, C.E. Smith,
Arbovirus infections in Sarawak: The isolation of Kunjin virus from mosquitoes of
the Culex pseudovishnui group, Ann. Trop. Med. PH. 64 (3) (1970) 263–268 (5).

[7] L.E. Davis, R. De Biasi, D.E. Goade, K.Y. Haaland, J.A. Harrington, J.B. Harnar,
S.A. Pergam, M.K. King, B.K. De Masters, K.L. Tyler, West Nile virus neuroinvasive
disease, Ann. Neurol. 60 (3) (2006) 286–300.

[8] A.A. Fatin, A.R. Yasmin, M.Y. Ain-Najwa, W.N. Ayuni, A. Jalila, A.R. Omar,
S.S. Arshad, K. Nurulhidayah, K. Kumar, M.K.S. Ahmad Khusaini, H.O. Mohammed,
Serological and molecular investigation on West Nile virus among wild birds in
Kuala Gula, Perak, Malaysia, 13th Proceedings of the Seminar on Veterinary
Sciences: 20–22 February 2018, Faculty of Veterinary Medicine, Universiti Putra
Malaysia, 2018, p. 76.

[9] T.M.A. Foral, R.A. French, H.J. Van Kruiningen, A.E. Garmendia, Fluorescent an-
tibody test for rapid detection of West Nile virus antigen in avian tissue, Avian Dis.
51 (2) (2007) 601–605.

[10] J. Ganesan, M. Sinniah, Occurrence of human rabies in peninsular Malaysia, Med J
Malaysia 48 (2) (1993) 194–199.

[11] N. Komar, S. Langevin, S. Hinten, N. Nemeth, E. Edwards, D. Hettler, B. Davis,
R. Bowen, M. Bunning, Experimental infection of north American birds with the
New York 1999 strain of West Nile virus, Emerg. Infect. Dis. 9 (3) (2003) 311–322.

[12] O. Komar, M.B. Robbins, K. Klenk, B.J. Blitvich, N.L. Marlenee, K.L. Burkhalter,
D.J. Gubler, G. Gonzálvez, C.J. Peña, A.T. Peterson, N. Komar, West Nile virus
transmission in resident birds, Dominican Republic, Emerg. Infect. Dis. 9 (10)
(2003) 1299–1302.

[13] K. Kumar, S.S. Arshad, G.T. Selvarajah, A. Jalila, O.P. Toung, Y. Abba, A.R. Yasmin,
F. Bande, R. Sharma, B.L. Ong, Japanese encephalitis in Malaysia: an overview and
timeline, Acta Trop. 185 (2018) 219–229.

[14] L.M. Looi, K.B. Chua, Lessons from the Nipah virus outbreak in Malaysia, Malays. J.
Pathol. 29 (2) (2007) 63–67.

[15] A.J. Maizatul, J.A. Natasha, A.R. Yasmin, M.I. Nur Mahiza, Screening of West Nile
virus in mosquitoes from Kuala Gula Bird Sanctuary, Perak, 14th Proceedings of the
Seminar Veterinary Sciences. 18–20 September 2018, Faculty of Veterinary
Medicine, Universiti Putra Malaysia, 2018, p. 148.

[16] M. Malkinson, C. Banet, The role of birds in the ecology of West Nile virus in Europe
and Africa, Curr. Top. Microbiol. Immunol. 267 (2002) 309–322.

[17] S. Marlina, S.F. Muhd Radzi, R. Lani, K.C. Sieng, N.A. Abdul Rahim, H. Hassan,
C. Li-Yen, S. AbuBakar, K. Zandi, Seroprevalence screening for the West Nile virus
in Malaysia’s orang Asli population, Parasit. Vectors 7 (2014) 597.

[18] F.J. May, C.T. Davis, R.B. Tesh, A.D. Barrett, Phylogeography of West Nile virus:
from the cradle of evolution in Africa to Eurasia, Australia, and the Americas, J.
Virol. 85 (6) (2011) 2964–2974.

[19] F. Michel, D. Fischer, M. Eiden, C. Fast, M. Reuschel, K. Muller, M. Rinder,
S. Urbaniak, F. Brandes, R. Schwehn, R. Luhken, M.H. Grischup, U. Ziegler, West
Nile virus and Usutu virus monitoring of wild birds in Germany, Int. J. Environ. Res.
Public Health 15 (1) (2018) (pii: E171).

[20] M.N. Mohammed, A.R. Yasmin, West Nile virus: measures against emergence in
Malaysia, J. Vet. Sci. Res. 4 (2019) 1–6.

[21] M.N. Mohammed, A.R. Yasmin, S.Z. Ramanoon, P.T. Ooi, High West Nile virus
seropositivity among swine in West Coast of Peninsular Malaysia, Proceedings of
International Congress on One Health and AAVS-MyOHUN-WPSA (Malaysia) –
SEAOHUN Meetings 2019, 2019, pp. 60–61 Jun 24-28; Putrajaya, Malaysia.

[22] R. Murata, K. Hashiguchi, K. Yoshii, H. Kariwa, K. Nakajima, L.I. Ivanov,
G.N. Leonova, I. Takashima, Seroprevalence of West Nile virus in wild birds in far

M.Y. Ain-Najwa, et al. One Health 10 (2020) 100134

6

http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0005
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0005
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0010
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0010
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0010
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0015
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0015
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0015
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0015
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0020
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0020
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0025
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0025
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0030
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0030
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0030
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0035
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0035
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0035
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0040
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0040
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0040
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0040
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0040
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0040
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0045
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0045
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0045
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0050
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0050
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0055
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0055
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0055
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0060
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0060
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0060
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0060
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0065
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0065
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0065
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0070
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0070
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0075
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0075
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0075
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0075
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0080
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0080
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0085
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0085
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0085
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0090
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0090
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0090
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0095
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0095
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0095
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0095
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0100
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0100
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0105
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0105
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0105
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0105
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0110
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0110


eastern Russia using a focus reduction neutralization test, Am. J. Trop. Med. Hyg.
84 (3) (2011) 461–465.

[23] K.O. Murray, E. Martens, P. Despres, West Nile virus and its emergence in the
United States of America, Vet. Res. 41 (6) (2010) 67.

[24] Y. Nir, R. Goldwasser, Y. Lasowski, A. Avivi, Isolation of arboviruses from wild birds
in Israel, Am. J. Epidemiol. 86 (2) (1967) 372–378.

[25] M. Nur Adibah, H. Zailina, S.S. Arshad, Avian influenza outbreaks in Malaysia,
1980-2017, Asia Pac. Environ. Occup. Health J. 3 (2) (2017) 1–14.

[26] E. Pérez-Ramírez, F. Llorente, M.Á. Jiménez-Clavero, Experimental infections of
wild birds with West Nile virus, Viruses. 6 (2) (2014) 752–781.

[27] L.R. Petersen, A.C. Brault, R.S. Nasci, West Nile virus: review of the literature,
JAMA. 310 (3) (2013) 308–315.

[28] M.N. Rais, A.R. Omar, J. Abu, H.O. Mohammed, Prevalence of West Nile virus
antibody in captive bird populations in selected areas in Selangor, Malaysia, Sixth
Proceedings of the Seminar on Veterinary Sciences, Universiti Putra Malaysia,
Malaysia, 2011, p. 127 Jan 11-14.

[29] N. Saitou, M. Nei, The neighbor-joining method: a new method for reconstructing
phylogenetic trees, Mol. Biol. Evol. 4 (4) (1987) 406–425.

[30] S.S. Sam, B.T. Teoh, C.M. Chee, N.A. Mohamed-Romai-Noor, J. Abd-Jamil,
S.K. Loong, C.S. Khor, K.K. Tan, S. AbuBakar, A quantitative reverse transcription-
polymerase chain reaction for detection of Getah virus, Sci. Rep. 8 (1) (2018)
17632.

[31] V. Sambri, M.R. Capobianchi, F. Cavrini, R. Charrel, O. Donoso-Mantke,
C. Escadafal, L. Franco, P. Gaibani, E.A. Gould, M. Niedrig, A. Papa, A. Pierro,
G. Rossini, A. Sanchini, A. Tenorio, S. Varani, A. Vázquez, C. Vocale, H. Zeller,
Diagnosis of West Nile virus human infections: overview and proposal of diagnostic
protocols considering the results of external quality assessment studies, Viruses. 5
(10) (2013) 2329–2348.

[32] D. Seidowski, U. Ziegler, J.A.C. von Rönn, K. Müller, K. Hüppop, T. Müller,

C. Freuling, R.U. Mühle, N. Nowotny, R.G. Ulrich, M. Niedrig, M.H. Groschup, West
Nile virus monitoring of migratory and resident birds in Germany, Vector Borne
Zoonotic Dis. 10 (7) (2010) 639–647.

[33] C.H. Sekercioglu, Conservation ecology: area trumps mobility in fragment bird
extinctions, Curr. Biol. 17 (8) (2007) 283–286.

[34] A. Shafie, M.A. Roslan, R. Ngui, Y.A. Lim, W.Y. Sulaiman, Mosquito biology and
mosquito-borne disease awareness among island communities in Malaysia, J. Am.
Mosq. Control Assoc. 32 (4) (2016) 273–281.

[35] A.H. Sifa, A.R. Yasmin, M.A. Noraniza, H.O. Mohammed, A.R. Omar, S.S. Arshad,
A. Jalila, M.Y. Ain-Najwa, W.N. Ayuni, M. Siti-Tasnim, Serological and molecular
detection of West Nile virus in equines in Malaysia, 13th Proceedings of the Seminar
on Veterinary Sciences, Universiti Putra Malaysia, Malaysia, 2018, p. 120 Feb
20-22.

[36] K.C. Smithburn, T.P. Hughes, A.W. Burke, J.H. Paul, A neurotropic virus isolated
from the blood of a native of Uganda, Am. J. Trop. Med. Hyg. 20 (4) (1940)
471–492.

[37] K. Tamura, M. Nei, S. Kumar, Prospects for inferring very large phylogenies by
using the neighbor-joining method, Proc. Natl. Acad. Sci. U. S. A. 101 (30) (2004)
11030–11035.

[38] M. Somveille, A. Manica, S.H. Butchart, A.S. Rodrigues, Mapping global diversity
patterns for migratory birds, PLoS One 8 (8) (2013) e70907.

[39] S. Viji, A.R. Yasmin, S.S. Arshad, M.Y.M. Ain-Najwa, Molecular detection of West
Nile virus (WNV) in bats, 14th Proceedings of the Seminar on Veterinary Sciences,
18–20 September 2018, Faculty of Veterinary Medicine, Universiti Putra Malaysia,
2018, p. 134.

[40] Y.L. Woon, M.F. Lim, T.R. Tg Abd Rashid, R. Thayan, S.K. Chidambaram, S.S. Syed
Abdul Rahim, R.N. Mudin, S. Sivasampu, Zika virus infection in Malaysia: an epi-
demiological, clinical and virological analysis, BMC Infect. Dis. 19 (1) (2019) 152.

M.Y. Ain-Najwa, et al. One Health 10 (2020) 100134

7

http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0110
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0110
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0115
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0115
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0120
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0120
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0125
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0125
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0130
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0130
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0135
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0135
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0145
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0145
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0145
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0145
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0155
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0155
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0160
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0160
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0160
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0160
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0165
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0165
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0165
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0165
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0165
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0165
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0170
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0170
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0170
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0170
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0175
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0175
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0180
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0180
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0180
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0190
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0190
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0190
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0190
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0190
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0195
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0195
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0195
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0200
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0200
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0200
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0205
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0205
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0210
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0210
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0210
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0210
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0215
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0215
http://refhub.elsevier.com/S2352-7714(19)30111-9/rf0215

	Evidence of West Nile virus infection in migratory and resident wild birds in west coast of peninsular Malaysia
	Introduction
	Materials and methods
	Ethical and permit approval
	Sample collection
	Serological analysis
	Serum processing
	IgG based WNV Competitive-ELISA (c-ELISA)
	Data analysis

	Molecular analysis
	Sample processing, and RNA extraction
	Plasmid and primers
	RT-PCR assay
	Bioinformatics analysis of WNV partial sequences


	Results
	Seroprevalence of WNV in wild birds
	Molecular prevalence of WNV in wild birds

	Discussion
	Funding information
	Declaration of Competing Interest
	Acknowledgement
	mk:H1_22
	References




