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Abstract: West Nile Virus (WNV) is a vector-borne zoonotic disease maintained in a sylvatic cycle
involving mosquito vectors and birds. To detect WNV and other flavivirus infections in wild resident
and migratory birds, we tested 184 samples from 19 identified species within nine families collected
during 2012-2016 from four districts in Bangladesh. We tested serum samples for the immunoglobulin
G (IgG) antibody against WNV using competitive Enzyme-Linked Immunosorbent Assay (c-ELISA),
whereas tracheal and cloacal swabs were subjected to consensus Polymerase Chain Reaction (c-PCR)
for the detection of the flavivirus RNA. Overall, we detected 11.9% (n = 22; 95% CI: 0.07-0.16) samples
were seropositive, including 15.9% in the migratory wild birds and 10.7% in the resident wild birds.
The migratory wild Tufted duck showed 28.5% seropositivity, whereas the resident wild house crows
showed 12.5% seropositivity. None of the swab samples was positive for flavivirus RNA infection
(0%, n = 184; 95% CI: 0-0.019). These study findings recommend continued surveillance for early
detection and to better understand the epidemiology of WNV and other flavivirus circulation in both
birds and mosquitoes in Bangladesh.
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1. Introduction

West Nile Virus (WNV) is an emerging zoonotic arbovirus, having enveloped positive-sense
single-stranded RNA belonging to the family Flaviviridae in the genus Flavivirus [1]. WNV was first
recovered in 1937 from a febrile woman from the West Nile district of Uganda and in birds (crows and
columbiformes) in the Nile delta region in 1953 [2]. The detection of WNV in New York in the US in
1999 showed the first introduction of an Old World flavivirus into the New World [3], and within three
years the virus had spread throughout the US, moving through Canada, Mexico, Central America, and
the Caribbean, and down to Argentina by 2006 [4]. WNV is now considered an endemic disease in
the US. In the 77 years since its detection, the virus has spread worldwide on all continents except for
Antarctica and caused epidemic outbreaks, and is now considered the most critical causative agent
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of viral encephalitis globally [5]. WNV naturally maintains a bird-mosquito-bird cycle, but human
and other mammalian infections have been reported worldwide, including Asia. Humans and horses
are infected as dead-end hosts, and a variety of Culex spp. mosquitoes are competent vectors of the
virus [6]. The virus causes infrequent febrile illness; nervous disorder (encephalitis); and mortality to
humans, horses, and wild birds [7]. In the tropical region, members of Culex spp. and Aedes spp. are
mainly responsible for the transmission of the virus [8]. Depending on the season, migratory birds
annually overfly countries in both the Northern and Southern hemisphere [9], thus playing an essential
role in the spread of WNV in Asia, Africa, and Europe [1]. When migratory birds visit different tropical
and subtropical countries to avoid the intense cold weather during winter, they carry viruses, including
avian influenza [10-13] and others, from temperate to tropical regions. The presence of WNV has
been reported in different countries, like Mexico, the USA, India, Pakistan, and Germany, covering
various continents, including Asia, Europe, Australasia, and Africa. Bangladesh lies in the subtropical
region and has a moderately warm temperature [14]. These climatic conditions may increase WNV
transmission by decreasing the duration for vector development and increasing the rate of mosquito
biting and viral replication [15]. The virus is widespread in humans and birds of Asian countries. In
South Korea, it has been reported that 0.3% of migratory wild birds had immunoglobulin against
WNV [16]. WNV seroprevalence was reported as being 11.6% [17] to 14.5% [8] in humans and 1.6%
in wild residents and migratory birds [18] in India. Moreover, WNV was detected in humans and
horses in Pakistan [19,20]. Recently, WNV has been identified in a human patient at the International
Center for Diarrheal Disease Research, Bangladesh (ICDDR,B) (report from Prothomalo, 25 September
2019). To the best of our knowledge, no study has been conducted yet in Bangladesh to determine the
status of WNV in animals, especially resident and migratory wild birds. Therefore, the present study
aimed to detect evidence of WNV in resident and migratory wild birds of Bangladesh, as the baseline
information for future research.

2. Materials and Methods

2.1. Study Time and Location

We conducted a cross-sectional study to screen WNV from swabs and serum samples of 12 species
of resident and migratory wild birds (n = 184) from December 2012 to February 2016 (Supplementary
Table S1) at four different sites (Chattogram, Sunamgonj, Moulavibazar, and Rajshahi district) of
Bangladesh (Figure 1). We selected the study sites based on the migratory bird population. Chattogram
and Rajshahi are located on the bank of River Padma and Karnaphuli, respectively, where different
migratory birds visit during winter (November to February) [21]. In Sunamgonj and Moulavibazar, we
collected samples from Tanguar and Hakaluki Haor (major wetland of Bangladesh), as a popular hub
for resident as well as migratory wild birds [22].
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Figure 1. Map of Bangladesh. Sampling locations plotted using the spatial analyst tool of ArcGIS
(ArcMap, version 10.2, Environmental Systems Research Institute, Redlands, CA, USA). Study sites for
estimating seroprevalence of West Nile Virus in resident and migratory wild birds (n = 184) with their

sample size and % of positive species in four different locations of Bangladesh from December 2012 to
February 2016.

2.2. Sample Collection and Laboratory Analysis

We used mist nets and leg nooses to capture the wild birds [11,23]. All trapped resident and
migratory birds were sampled humanely. We collected blood (0.5-3.0 mL, in all cases < 1% of body
weight) samples by venipuncture aseptically from jugular or wing or leg vein and then immediately
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placed them into 3 mL serum tubes with serum activator (Vacutainer) with unique identity numbers.
Blood samples tubes were subsequently allowed to clot on ice packs in a cool box, followed by
centrifugation at 10,000 rpm for 30 min. We separated serum within six hours of blood collection,
placed in a cryovial (Corning). The serum samples were stored in liquid nitrogen dewar (Princeton
Cryogenics) in the field and then transferred to a —80 °C freezer in the laboratory.

Serum samples were then transferred into cryovials and preserved at —80 °C [24]. We evaluated
the serum samples for WNV-specific antibody using competitive Enzyme-Linked Immunosorbent
Assay (c-ELISA) (ID Screen© West Nile Competition, IDVet, Montpellier, France) following the protocol
described by [25]. The c-ELISA kit was designed to detect IgG antibodies from multiple host species,
such as birds and horses, against the envelope protein (prE) of WNV. The c-ELISA is highly sensitive
and specific >95%, and the freeze-dried positive horse serum was used as internal reference material
for quality control [26]. The plates were pre-coated by the manufacturer, and the c-ELISA made use of
a direct format that uses a monoclonal anti- prE HRP (competition) antibody. We interpreted the tested
serum samples as positive when the residual binding ratios (S5/N percentage, OD sample divided by
OD negative control) were equal to or lower than 40% as recommended by the manufacturer [27].
The Optical density (OD) of each well was read using an ELISA reader at a wavelength of 450 nm.

We also collected cloacal and oropharyngeal swabs using sterile polyester swabs with plastic
shafts (Fisher) along with blood samples, from each bird. Swab samples were obtained from birds by
inserting swab sticks into the vent (until fecal contamination) for cloacal swabs and oropharyngeal
airway and wall of oropharynx for oropharyngeal swabs. Each of the cloacal and oropharyngeal
swab samples was placed independently into a cryovial containing one mL of sterile viral transport
media [28]. We tested swab samples using c-PCR, according to a published protocol [29] targeting the
highly conserved flavivirus NS5 gene, which contains short amino acid motifs that are 100% identical
in all known flaviviruses. We used the universal control plasmid (synthetic gene) as a positive control
in consensus PCR, and the sequence included in the universal control for this flavivirus assay is WNV,
as described by [30,31]. The universal positive control was created to run positive control material for
the c-PCR screening. These structures are made up of sequential (non-overlapping) primer-binding
sites for all assays, interspersed with short stretches of synthetic sequence. The positive control
allows for the universal amplification of sequences from viruses within a given family or genus, and
the subsequent discernment of viral strains within to confirm the successful execution of the assay.
The assays also verify the recognition of sample contamination, given that amplified products contain
a series of primer-binding sites rather than a real viral sequence [31].

2.3. Statistical Analysis

We used Microsoft Office Excel 2013 for data management and STATA/IC- 13 (StataCorp, 4905,
Lake Way Drive, College Station, TX 77845, USA) for performing data analysis. We analyzed the
collected data (both demographic and laboratory) and expressed the results as frequency (1), percentage
(%), and 95% confidence interval (CI). Fisher’s exact test was done to compare the variables and their
significance. The p value < 0.05 was considered a statistically significant difference.

2.4. Ethical Approval

We captured captive wild birds using the approval of the Bangladesh Forest Department,
The Peoples Republic of Bangladesh (permit reference number: WASU/FAO/PSWMID-6/2012/58; Date:
23 July 2013). Handling and sampling of birds were approved by the Chattogram Veterinary and
Animal Sciences University Animal Experimentation Ethics Committee (permit ref. no. CVASU/Dir
(R and E) AEEC/2015/02), Bangladesh. Birds were released without injury or harm into their cages
after sampling, and all efforts were made to minimize animal suffering throughout our research.
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3. Results and Discussion

The overall sero- and viral prevalence of WNV in wild birds of Bangladesh was 11.9% (n = 184;
95% CI: 0.07-0.16) and 0% (n = 184, 95%CI: 0-0.019), respectively. This result was higher than the
findings of a study conducted in Spain (1.96%) using the ELISA test [6] and lower than another study
of Portugal (19.8%) [32]. The hot and humid environment of Bangladesh can increase the spreading
and propagation of the arthropod-borne virus [33]. The highest seroprevalence was found in wild
birds from Chattogram (25.8%). However, no samples from Rajshahi were positive either in c-ELISA
or in c-PCR. One study from India also reported a negative result of WNV in RT-PCR. However,
they found antibodies in the same samples [18]. Again, the seroprevalence was higher in the birds
captured from the wetland (14.8%) than plain land (10.9%) (Table 1). Wetlands are a suitable place
where domestic birds (especially domestic ducks) and resident wild birds meet with migratory birds
in winter. Scientists from Japan and South Korea have recently found evidence of WNV in domestic
ducks that had contact with migratory birds in wetlands [16,34]. Additionally, a large population of
mosquito in the wetland, along with low human population density, can help to maintain the virus
circulation in the birds of the sampled area [6].

Table 1. Univariate association between West Nile Virus seroprevalence and selected factors (N = 184).

Variable Category N Positive n (%) p (Fisher’s Exact)
Chattogram 58 15 (25.8)
District Moulavibazar 47 7 (14.8) 0.00
Rajshahi 79 0 (0)
Type of birds Resident wild bird 140 15 (10.7) 0.42
Migratory wild bird 44 7 (15.9)
Landscape Plain 137 15 (10.9) 0.45
Wetland 47 7 (14.8)
Family
Tufted duck 7 2 (28.5)
Anatidae Lesser whistling duck 22 5(22.7)
Northern pintail 12 0
Sturnidae Asian pied starling 43 9(20.9)
Common myna 40 0
Corvidae House crow 48 6 (12.5) 0.05
Columbidae Rock pigeon 2 0
Alcedinidae White-throated kingfisher 2 0
Laridae Seagull (Gangchil) 3 0
Passeridae House sparrow 1 0
Rallidae Common moorhen 3 0
Tytonidae Barn owl 1 0

The WNV seroprevalence in the study was highest in tufted duck (28.5%), followed by lesser
whistling duck (22.7%), Asian pied starling (20.9%), and crow (12.5%). Contrarily, none of the northern
pintail, white-throated kingfisher, rock pigeon, seagull, house sparrow, common moorhen, common
myna, and barn owl were positive for WNV (Table 1). We sampled all the tufted and lesser whistling
ducks from Hakaluki Haor, and Moulavibazar, the most significant wetland of Bangladesh. This
area also serves as the primary wintering ground for birds migrating in both the Central Asian and
Eastern Asian—Australian flyways [35]. The domestic ducks and resident wild birds of this area come
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into contact with migratory birds; this was considered as the first-line contact, which may facilitate
the dissemination of WNV to other species. Previously, different bird species like hummingbird,
cormorant, ring-billed gull, mourning dove from Mexico [4], northern cardinal, rock dove, purple
swamphen, little egret, black ibis, spot-billed duck, common coot, mallard, ruff, and purple heron
from New York [36] were found seropositive for WNV. However, we found a lower seroprevalence of
WNYV in house sparrow and chicken than previously reported [36]. Among all songbirds, common
grackles had a higher amount of viremia [37]. Moreover, adult birds were found to be more positive
than juveniles [38].

The virus is prevalent in birds and humans of countries like India [17,18,39] and Pakistan [19,20].
India shares borders with Bangladesh, which facilitates human and bird movement between the two
countries. As a result, WNV can spread to Bangladesh by the movement of humans as well as birds
from India. Moreover, climate change and its consequences on the potential vectors of WNV or bird
migration routes impact the distribution of the disease [1]. Migratory birds might be an important
source of WNV [40] because they come from European countries to Bangladesh every year (as they
transit in different countries) to survive from extreme cold, and this may act as a source of transmission
to Bangladesh’s resident wild birds. Other factors that influence the viral transmission cycle are season,
temperature, humidity, etc. [6,15,41]. Our study had some limitations: we tested a small number of
samples and conducted a serological survey without a serum neutralization test (SNT). The SNT is
the gold-standard to confirm the positive WNV antibody [42]. Though there is an opportunity of
cross-reaction with related viruses, c-ELISA has higher sensitivity and specificity than other types of
ELISA [26]. Moreover, several studies from different countries conducted sero survey using c-ELISA
and found this test appropriate for WNV in free-ranging and captive birds [43-45]. However, we cannot
rule out whether the birds were carrying other closely related flaviviruses or not. Usually, the detection
of WNV circulation using viral RNA detection is not practical due to the difficulties to find positive
samples because of the short period of viremia (usually 4-6 days) caused by infections [7]. Thus,
WNYV diagnosis and surveillance in hosts, in most cases, relies on serological analysis. Furthermore,
WNYV IgG-based ELISA is a reliable marker in screening the presence of WNV neutralizing antibodies
when vaccination and infection of WNV have been absent in the past. Hence, the usage of the kit fits
the purpose of our study [46]. Whilst it is recognized that ELISA tests cannot absolutely define the
serological specificity of samples that may contain antigenically cross-reactive epitopes, for example,
with closely-related flaviviruses such as Usutu virus or Japanese encephalitis virus [27], this study
provides baseline data implying that WNV could be carried by resident and migratory overflying birds.

4. Conclusions

The detection of WNV-reactive antibodies for the first time in resident and migratory wild birds
of different areas of Bangladesh indicates likely exposure to WNV or other closely related flaviviruses.
However, no WNV-genomic RNA was detected, and we, therefore, cannot exclude the possibility
that the birds were seropositive for related flaviviruses. Future studies should be directed toward the
continuous surveillance of the virus using a serum neutralization test (SNT) in humans and birds to
inform and appropriate control measures and enable them to be implemented.

Supplementary Materials: The following are available online at http://www.mdpi.com/2306-7381/7/4/164/s1,

Table S1: metadata of resident and migratory wild birds samples collected for West Nile Virus (WNV) surviellance
during 2012-2016 from four districts in Bangladesh.

Author Contributions: Conceptualization, M.M.H., M.A.H., and A.L;; methodology, MM.H., M.EH., M.Z.R.
and A.L; software, M.ML.H., S.I. and M.K.R; validation, M.M.H., M.A . H., M.Z.R,, and A.L; formal analysis, S.I.
and M.K.R; investigation, M.M.H. and M.A.H.; resources, M.M.H. and M.A.H.; data curation, M.M.H. and
M.KR.; writing—original draft preparation, M.\M.H., A1, SI, ].F. and M.K.R; writing—review and editing,
MM.H, M.EEH,, ] A, M.ZR.,, M.A H,, and A.L; visualization, M.M.H.; supervision, M.M.H. and M.A H.; project
administration, M.M.H.; funding acquisition, M.M.H., M.A.H,. All authors have read and agreed to the published
version of the manuscript.


http://www.mdpi.com/2306-7381/7/4/164/s1

Vet. Sci. 2020, 7, 164 70f9

Funding: This work was supported by the Food and Agricultural Organization Bangladesh [Grant number
AIV/Wildbirds/01/2012].

Acknowledgments: The authors are thankful for the help of colleagues and technicians involved in the collection
of the samples for the original study, laboratory, and data analysis. We acknowledge FAO, Bangladesh, for
their financial support. USAID’s Emerging Pandemic Threats support Ariful Islam and Shariful Islam PREDICT
program (Cooperative Agreement No. AID-OAA-A-14-00102) through EcoHealth Alliance. We thank the
Bangladesh Forest Department and the Ministry of Environment and Forest for permission to conduct this study.
We thank Abdullah Al Mamun, Ashiqur Rahman, Bilal, and Kuto (CVASU) for their contributions to this study.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Pradier, S.; Lecollinet, S.; Leblond, A. West Nile virus epidemiology and factors triggering change in its
distribution in Europe. Rev. Sci. Tech. 2012, 31, 829-844. [CrossRef] [PubMed]

2. David, S.; Abraham, A.M. Epidemiological and clinical aspects on West Nile virus, a globally emerging
pathogen. Infect. Dis. 2016, 48, 571-586. [CrossRef] [PubMed]

3. Nash, D.; Mostashari, F.; Fine, A.; Miller, ].; O’leary, D.; Murray, K.; Huang, A.; Rosenberg, A.; Greenberg, A.;
Sherman, M. The outbreak of West Nile virus infection in the New York City area in 1999. N. Engl. |. Med.
2001, 344, 1807-1814. [CrossRef] [PubMed]

4. Barbachano-Guerrero, A.; Vasquez-Aguilar, A.A.; Aguirre, A.A.; Zavala-Norzagaray, A.A.; Gonzalez, E.C,;
Terrazas, A.L.; Aguilar-Faisal, ].L. West nile virus prevalence in wild birds from Mexico. J. Wildl. Dis. 2019,
55,425-431. [PubMed]

5. Chancey, C.; Grinev, A.; Volkova, E.; Rios, M. The global ecology and epidemiology of West Nile virus.
BioMed Res. Int. 2015, 2015. [CrossRef]

6. Martinez-De La Puente, ].; Ferraguti, M.; Ruiz, S.; Roiz, D.; Llorente, F.; Pérez-Ramirez, E.;
Jiménez-Clavero, M.A.; Soriguer, R.; Figuerola, ]J. Mosquito community influences West Nile virus
seroprevalence in wild birds: Implications for the risk of spillover into human populations. Sci. Rep.
2018, 8, 1-7. [CrossRef]

7.  Michel, F,; Fischer, D.; Eiden, M.; Fast, C.; Reuschel, M.; Miiller, K.; Rinder, M.; Urbaniak, S.; Brandes, F.;
Schwehn, R. West Nile virus and Usutu virus monitoring of wild birds in Germany. Int. ]. Environ. Res.
Public Health 2018, 15, 171. [CrossRef]

8. Khatun, T.; Chatterjee, S. Emergence of West Nile virus in West Bengal, India: A new report. Trans. R. Soc.
Trop. Med. Hyg. 2017, 111, 178-184. [CrossRef]

9.  Somveille, M.; Manica, A.; Butchart, S.H.; Rodrigues, A.S. Mapping global diversity patterns for migratory
birds. PLoS ONE 2013, 8, €70907. [CrossRef]

10. Hassan, M.M,; El Zowalaty, M.E ; Islam, A.; Khan, S.A.; Rahman, M.K; Jarhult, ].D.; Hoque, M.A. Prevalence
and Diversity of Avian Influenza Virus Hemagglutinin Sero-Subtypes in Poultry and Wild Birds in Bangladesh.
Vet. Sci. 2020, 7, 73. [CrossRef]

11. Hassan, M.M.; Hoque, M. A_; Debnath, N.C.; Yamage, M.; Klaassen, M. Are poultry or wild birds the main
reservoirs for avian influenza in Bangladesh? Ecohealth 2017, 14, 490-500. [CrossRef]

12. Hassan, M.M. Who is the Culprit: Ecology and Epidemiology of Avian Influenza at the Wildlife-Poultry
Interface in Bangladesh. Ph.D Thesis, Deakin Univeristy, Melbourne, Australia, 2017.

13.  Hassan, M.M.; El Zowalaty, M.E ; Islam, A.; Rahman, M.M.; Chowdhury, M.N.; Nine, H.S.; Rahman, M.K.;
Jarhult, ].D.; Hoque, M. A. Serological Evidence of Avian Influenza in Captive Wild Birds in a Zoo and Two
Safari Parks in Bangladesh. Vet. Sci. 2020, 7, 122. [CrossRef] [PubMed]

14. Shahid, S. Recent trends in the climate of Bangladesh. Clim. Res. 2010, 42, 185-193. [CrossRef]

15. Montecino-Latorre, D.; Barker, C.M. Overwintering of West Nile virus in a bird community with a communal
crow roost. Sci. Rep. 2018, 8, 1-13. [CrossRef] [PubMed]

16. Yeh, ].-Y.; Park, ].-Y.; Ostlund, E.N. Serologic evidence of West Nile Virus in wild ducks captured in major
inland resting sites for migratory waterfowl in South Korea. Vet. Microbiol. 2011, 154, 96-103. [CrossRef]

17.  Khan, S.A ; Dutta, P; Khan, A.M.; Chowdhury, P; Borah, J.; Doloi, P; Mahanta, J. West nile virus infection,
Assam, India. Emerg. Infect. Dis. 2011, 17, 947. [CrossRef]

18. Mishra, N.; Kalaiyarasu, S.; Nagarajan, S.; Rao, M.V.S.; George, A.; Sridevi, R.; Behera, S.P.; Dubey, S.C.;
McCracken, T.; Newman, S.H. Serological evidence of West Nile virus infection in wild migratory and


http://dx.doi.org/10.20506/rst.31.3.2167
http://www.ncbi.nlm.nih.gov/pubmed/23520737
http://dx.doi.org/10.3109/23744235.2016.1164890
http://www.ncbi.nlm.nih.gov/pubmed/27207312
http://dx.doi.org/10.1056/NEJM200106143442401
http://www.ncbi.nlm.nih.gov/pubmed/11407341
http://www.ncbi.nlm.nih.gov/pubmed/30339087
http://dx.doi.org/10.1155/2015/376230
http://dx.doi.org/10.1038/s41598-018-20825-z
http://dx.doi.org/10.3390/ijerph15010171
http://dx.doi.org/10.1093/trstmh/trx033
http://dx.doi.org/10.1371/journal.pone.0070907
http://dx.doi.org/10.3390/vetsci7020073
http://dx.doi.org/10.1007/s10393-017-1257-6
http://dx.doi.org/10.3390/vetsci7030122
http://www.ncbi.nlm.nih.gov/pubmed/32882787
http://dx.doi.org/10.3354/cr00889
http://dx.doi.org/10.1038/s41598-018-24133-4
http://www.ncbi.nlm.nih.gov/pubmed/29666401
http://dx.doi.org/10.1016/j.vetmic.2011.06.030
http://dx.doi.org/10.3201/eid1705.100479

Vet. Sci. 2020, 7, 164 8of9

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

resident water birds in Eastern and Northern India. Comp. Immunol. Microbiol. Infect. Dis. 2012, 35, 591-598.
[CrossRef]

Zohaib, A.; Saqib, M.; Beck, C.; Hussain, M.; Lowenski, S.; Lecollinet, S.; Sial, A.; Asi, M.; Mansoor, M.;
Saqalein, M. High prevalence of West Nile virus in equines from the two provinces of Pakistan. Epidemiol.
Infect. 2015, 143, 1931-1935. [CrossRef]

Khan, E.; Barr, K.L.; Farooqi, ].Q.; Prakoso, D.; Abbas, A.; Khan, Z.; Ashi, S.; Imtiaz, K.; Aziz, Z.; Malik, F; et al.
Human West Nile Virus Disease Outbreak in Pakistan, 2015-2016. Front. Public Health 2018, 6, 20. [CrossRef]
Islam, M.; Das, B.; Hossain, K.; Lucky, N.; Mostafa, M. A study on the occurrence of poultry diseases in
Sylhet region of Bangladesh. Int. J. Poult. Sci. 2003, 2, 354-356.

Elahi, R.; Islam, A.; Hossain, M.S.; Mohiuddin, K.; Mikolon, A.; Paul, S.K.; Hosseini, P.R.; Daszak, P.;
Alam, M.S. Prevalence and diversity of avian haematozoan parasites in wetlands of Bangladesh. J. Parasitol.
Res. 2014, 2014. [CrossRef] [PubMed]

Hassan, M.M.; Hoque, M.A.; Ujvari, B.; Klaassen, M. Live bird markets in Bangladesh as a potentially
important source for Avian Influenza Virus transmission. Prev. Vet. Med. 2018, 156, 22-27. [CrossRef]
[PubMed]

Basler, C.E; Garcia-Sastre, A.; Palese, P. Mutation of Neuraminidase Cysteine Residues Yields
Temperature-Sensitive Influenza Viruses. J. Virol. 1999, 73, 8095-8103. [CrossRef]

Curry, PS,; Ribble, C.; Sears, W.C.; Hutchins, W.; Orsel, K.; Godson, D.; Lindsay, R.; Dibernardo, A.; Kutz, S.J.
Blood collected on filter paper for wildlife serology: Detecting antibodies to Neospora caninum, West Nile
virus, and five bovine viruses in reindeer. |. Wildl. Dis. 2014, 50, 297-307. [CrossRef]

Yildirim, Y.; Yilmaz, V.; Yazici, K.; Ozic, C.; Ozkul, A. Molecular and serological investigation of West Nile
virus (WNYV) infection in donkeys, horses and native geese in Turkey. Revue Méd. Veét 2018, 169, 87-92.
Niczyporuk, ].S.; Samorek-Salamonowicz, E.; Lecollinet, S.; Pancewicz, S.A.; Kozdrun, W.; Czekaj, H.
Occurrence of West Nile virus antibodies in wild birds, horses, and humans in Poland. BioMed Res. Int. 2015,
2015. [CrossRef]

Druce, J.; Garcia, K; Tran, T.; Papadakis, G.; Birch, C. Evaluation of Swabs, Transport Media, and Specimen
Transport Conditions for Optimal Detection of Viruses by PCR. J. Clin. Microbiol. 2012, 50, 1064-1065.
[CrossRef]

Moureau, G.; Temmam, S.; Gonzalez, J.; Charrel, R.; Grard, G.; De Lamballerie, X. A real-time RT-PCR
method for the universal detection and identification of flaviviruses. Vector-Borne Zoonotic Dis. 2007, 7,
467-478. [CrossRef]

Anthony, S.J.; Islam, A.; Johnson, C.; Navarrete-Macias, 1.; Liang, E.; Jain, K.; Hitchens, P.L.; Che, X,;
Soloyvov, A.; Hicks, A.L. Non-random patterns in viral diversity. Nat. Commun. 2015, 6, 1-7. [CrossRef]
Anthony, D.S.; Goldstein, D.T.; Rejmanek, D.D.; Sanchez, M.; Seimon, D.T.; Fair, D.J.; Schneider, D.B.;
Epstein, D.J.; Lipkin, D.I. Laboratory Protocols for PREDICT Surveillance. PREDICT USAID Columbia Univ.
Version 2013, 2, 9.

Barros, S.C.; Ramos, F; Fagulha, T.; Duarte, M.; Henriques, M.; Luis, T.; Fevereiro, M. Serological evidence of
West Nile virus circulation in Portugal. Vet. Microbiol. 2011, 152, 407-410. [CrossRef] [PubMed]

Ziegler, U.; Liihken, R.; Keller, M.; Cadar, D.; Van Der Grinten, E.; Michel, F,; Albrecht, K.; Eiden, M.;
Rinder, M.; Lachmann, L. West Nile virus epizootic in Germany, 2018. Antivir. Res. 2019, 162, 39-43.
[CrossRef] [PubMed]

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

El-Shesheny, R.; Feeroz, M.M.; Krauss, S.; Vogel, P.; McKenzie, P.; Webby, R.].; Webster, R.G. Replication and
pathogenic potential of influenza A virus subtypes H3, H7, and H15 from free-range ducks in Bangladesh in
mammals. Emerg. Microbes Infect. 2018, 7, 1-13. [CrossRef] [PubMed]

Komar, N.; Panella, N.A.; Burns, J.E.; Dusza, S.W.; Mascarenhas, T.M.; Talbot, T.O. Serologic evidence for
West Nile virus infection in birds in the New York City vicinity during an outbreak in 1999. Emerg. Infect.
Dis. 2001, 7, 621. [CrossRef]

Torres, A.R,; Steel, ].].; Varian-Ramos, C.W. The Prevalence of West Nile Virus Antibodies in Blood Samples
from Song Birds Collected from the Fountain Creek Region of Colorado. El Rio A Stud. Res. |. 2018, 1, 39-48.


http://dx.doi.org/10.1016/j.cimid.2012.08.002
http://dx.doi.org/10.1017/S0950268814002878
http://dx.doi.org/10.3389/fpubh.2018.00020
http://dx.doi.org/10.1155/2014/493754
http://www.ncbi.nlm.nih.gov/pubmed/24587896
http://dx.doi.org/10.1016/j.prevetmed.2018.05.003
http://www.ncbi.nlm.nih.gov/pubmed/29891142
http://dx.doi.org/10.1128/JVI.73.10.8095-8103.1999
http://dx.doi.org/10.7589/2012-02-047
http://dx.doi.org/10.1155/2015/234181
http://dx.doi.org/10.1128/JCM.06551-11
http://dx.doi.org/10.1089/vbz.2007.0206
http://dx.doi.org/10.1038/ncomms9147
http://dx.doi.org/10.1016/j.vetmic.2011.05.013
http://www.ncbi.nlm.nih.gov/pubmed/21680115
http://dx.doi.org/10.1016/j.antiviral.2018.12.005
http://www.ncbi.nlm.nih.gov/pubmed/30550796
http://dx.doi.org/10.1089/vbz.2008.0111
http://dx.doi.org/10.1038/s41426-018-0072-7
http://www.ncbi.nlm.nih.gov/pubmed/29691394
http://dx.doi.org/10.3201/eid0704.017403

Vet. Sci. 2020, 7, 164 90f9

38.

39.

40.

41.

42.

43.

44.

45.

46.

Beveroth, T.A.; Ward, M.P,; Lampman, R.L.; Ringia, A.M.; Novak, R.J. Changes in seroprevalence of West
Nile virus across Illinois in free-ranging birds from 2001 through 2004. Am. |. Trop. Med. Hyg. 2006, 74,
174-179. [CrossRef]

Shukla, J.; Saxena, D.; Rathinam, S.; Lalitha, P.; Joseph, C.R.; Sharma, S.; Soni, M.; Rao, P.; Parida, M.
Molecular detection and characterization of West Nile virus associated with multifocal retinitis in patients
from southern India. Int. J. Infect. Dis. 2012, 16, e53-e59. [CrossRef]

Dhama, K.; Mahendran, M.; Tomar, S. Pathogens transmitted by migratory birds: Threat perceptions to
poultry health and production. Int. J. Poult. Sci. 2008, 7, 516-525. [CrossRef]

Mackenzie, J.; Williams, D. The zoonotic flaviviruses of Southern, South-Eastern and Eastern Asia, and
Australasia: The potential for emergent viruses. Zoonoses Public health 2009, 56, 338-356. [CrossRef]
Murata, R.; Hashiguchi, K.; Yoshii, K.; Kariwa, H.; Nakajima, K.; Ivanov, L.I.; Leonova, G.N.; Takashima, I.
Seroprevalence of West Nile virus in wild birds in far eastern Russia using a focus reduction neutralization
test. Am. J. Trop. Med. Hyg. 2011, 84, 461-465. [CrossRef] [PubMed]

Garcia-Bocanegra, I.; Busquets, N.; Napp, S.; Alba, A.; Zorrilla, I; Villalba, R.; Arenas, A. Serosurvey of West
Nile virus and other flaviviruses of the Japanese encephalitis antigenic complex in birds from Andalusia,
southern Spain. Vector-Borne Zoonotic Dis. 2011, 11, 1107-1113. [CrossRef]

Ebel, G.D.; Dupuis, A.P; II, D.N.; Young, D.; Maffei, J.; Kramer, L.D. Detection by enzyme-linked
immunosorbent assay of antibodies to West Nile virus in birds. Emerg. Infect. Dis. 2002, 8, 979. [CrossRef]
[PubMed]

Blitvich, B.J.; Bowen, R.A.; Marlenee, N.L.; Hall, R.A.; Bunning, M.L.; Beaty, B.]. Epitope-blocking
enzyme-linked immunosorbent assays for detection of West Nile virus antibodies in domestic mammals. J.
Clin. Microbiol. 2003, 41, 2676-2679. [CrossRef] [PubMed]

Ain-Najwa, M.Y.; Omar, A.R.; Arshad, S.S.; Abu, J.; Mohammed, H.O.; Kumar, K.; Loong, S.K.; Rovie-Ryan, ].].;
Mohd-Kharip-Shah, A.-K. Evidence of West Nile virus infection in migratory and resident wild birds in west
coast of peninsular Malaysia. One Health 2020, 10, 100134. [CrossRef] [PubMed]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.4269/ajtmh.2006.74.174
http://dx.doi.org/10.1016/j.ijid.2011.09.020
http://dx.doi.org/10.3923/ijps.2008.516.525
http://dx.doi.org/10.1111/j.1863-2378.2008.01208.x
http://dx.doi.org/10.4269/ajtmh.2011.09-0714
http://www.ncbi.nlm.nih.gov/pubmed/21363987
http://dx.doi.org/10.1089/vbz.2009.0237
http://dx.doi.org/10.3201/eid0809.020152
http://www.ncbi.nlm.nih.gov/pubmed/12194778
http://dx.doi.org/10.1128/JCM.41.6.2676-2679.2003
http://www.ncbi.nlm.nih.gov/pubmed/12791902
http://dx.doi.org/10.1016/j.onehlt.2020.100134
http://www.ncbi.nlm.nih.gov/pubmed/32405525
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Time and Location 
	Sample Collection and Laboratory Analysis 
	Statistical Analysis 
	Ethical Approval 

	Results and Discussion 
	Conclusions 
	References

