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Objectives: This study was performed to determine the presence of West Nile virus (WNV) in mosquito
specimens and human blood donors in Pakistan.
Methods: A total of 4150 mosquito specimens were collected using CO,-baited traps from five selected
districts of Punjab Province, Pakistan. The mosquitoes were taxonomically identified using standard
morphological keys, resulting in 166 pools. In addition, 1070 serum samples were collected from human
blood donors. RNA was extracted from mosquito and human samples and screened for WNV using a
reverse transcriptase PCR (RT-PCR).
Results: None of the mosquito pools tested positive for WNV, whereas three samples from asymptomatic
humans tested positive. To determine the WNV strains, partial sequences were compared against a global
representation of 23 WNV sequences. The study strains were determined to come from WNV lineage 1.
Conclusions: This study is novel in reporting the circulation of lineage 1 WNV in Pakistan. Given its ability
to transmit from human to human via blood transfusion, this highlights the urgent need for nationwide
surveillance to assess the distribution and impact of WNV in Pakistan. Determining the source of human
infection will require more extensive mosquito sampling.
© 2019 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Introduction

of WNV isolates from different geographic regions currently divide
strains upto nine lineages. Of these, lineages 1, 2, and 5 have been

West Nile virus (WNV) is a mosquito-borne positive-sense,
single-stranded RNA virus of the genus Flavivirus (Family:
Flaviviridae) with a worldwide distribution. Phylogenetic analyses
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associated with significant viral encephalitis outbreaks in humans
(Shah-Hosseini et al., 2014; Chancey et al., 2015). The presence of
WNV has been reported both within Pakistan (Zohaib et al., 2014;
Khan et al., 2018) and in adjacent countries such as Iran, China, and
India (e.g., Lu et al., 2014; Shah-Hosseini et al., 2014; Aghaie et al.,
2016; Balakrishnan et al., 2017). An outbreak of WNV in humans
was recently documented in Karachi; however, the investigators
could not detect the viral genome and relied on the presence of
anti-WNV IgM antibodies (Khan et al., 2018). Although mosquito
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bite is the major route of WNV infection in humans, other routes of
transmission such as blood transfusion and organ transplantation
have also been reported (Aghaie et al., 2016; Iwamoto et al., 2003).
This study was performed to investigate the presence of WNV in
mosquitoes and humans in Punjab Province of Pakistan.

Methods

A total of 4150 mosquitoes were captured in Punjab Province of
Pakistan during 2016-2017 using CO, traps. The mosquitoes were
taxonomically identified using standard morphological keys,
trapping site, and time, resulting in 166 pools. In addition, 1070
serum samples were collected from humans during the years
2016-2018 (1045 male, 25 female; mean age 27 years). Viral RNA
was extracted from the 166 mosquito pools and human serum
using a viral RNA extraction kit (Roche, Mannheim, Germany)
according to the manufacturer’s instructions. A reverse transcrip-
tase PCR (RT-PCR) assay was conducted to amplify a 408-bp region
to sequence the junction between capsid (C) and pre-membrane
(prM) (Lanciotti et al., 2000) (see Supplementary Material).

Results

The specimens collected in this study included Culex (Cx.)
pipiens complex (Cx. p. pipiens+Cx. p. quinquefasciatus), CX.
restuans, Cx. salinarius, Cx. vishnui, Cx. pseudovishnui, Cx. tritaenio-
rhynchus, and Anopheles maculatus. None of the mosquito pools
was positive for WNV, whereas three human serum samples tested
positive by RT-PCR and were subsequently sequenced (GenBank
accession numbers MH545363-MH545365). The WNV-positive
donors were asked about their history of febrile illness and
neurological symptoms in the 2 weeks prior to and 1 month after
blood donation. None of the positive donors reported any history of
fever or neurological symptoms.

A phylogenetic tree was constructed using 23 representative
sequences of WNV and the three nucleotide sequences obtained in
this study (Figure 1). The Pakistani sequences grouped into lineage
1, along with other highly pathogenic strains from other regions.
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Lineage 1 is responsible for the majority of outbreaks in Australia,
India, Europe, and the Middle East (Chancey et al., 2015).
Nucleotide sequences from Pakistani strains were 98-99% similar
to isolates of mosquito origin from the province of Xinjiang in
China (JX442279) and a human encephalitis patient from the
district of Kerala in India (KC601756) (Lu et al., 2014; Balakrishnan
et al.,, 2017). Within Pakistan, isolates Pak-1 and Pak-4 were
identical, whereas Pak-1 and Pak-3 differed by three nucleotides.
The Pak-3 sequence differed by one nucleotide and Pak-1 differed
by four nucleotides and eight nucleotides compared to the Indian
and Chinese isolates (KC601756 and JX442279), respectively.
However, these were silent mutations. The Pakistani sequences
were identical on the basis of translated amino acid residues with
several sequences from lineage 1 detected in India, China, the USA,
Russia, Morocco, Spain, and Italy.

Discussion

West Nile fever is characterized by a febrile illness and roughly
one in 150 infections leads to encephalitis (Chancey et al., 2015).
WNV was not detected in mosquito pools from Punjab Province,
Pakistan; however, three blood donor specimens tested positive for
WNV. None of the WNV-positive donors indicated any recent
history of fever or neurological symptoms. This suggests that acute
WNYV infections may remain undetected and have the potential to
be transmitted through routes such as blood transfusion. The
transmission of WNV via this route poses a serious health risk,
especially for elderly patients (Aghaie et al., 2016; Iwamoto et al.,
2003). Recipients and blood banks need to be aware of this
possibility.

To the best of our knowledge this is the first report on the
circulation of lineage 1 WNV in Pakistan. The study results
highlight the need for urgent, nationwide, coordinated surveil-
lance to assess the distribution and impact of WNV in Pakistan. In
the meantime, public health measures to prevent viral transmis-
sion should be promoted, e.g., vector monitoring and control,
information campaigns to improve personal protection, and
district-level deployment of screening tests for blood and tissues.
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Figure 1. Phylogenetic tree of 23 representative strains of West Nile virus (WNV) and the three sequences from Pakistan detected in this study. This tree was generated using
the neighbor-joining method in MEGA7, with bootstrap values along branches for 1000 replicates. A Japanese encephalitis virus sequence was included as an outgroup.
Detected strains of WNV are depicted in boldface and identified with circle node markers (@). The scale bar indicates nucleotide substitutions per site.



A. Zohaib et al./International Journal of Infectious Diseases 81 (2019) 137-139 139

Acknowledgements

The authors are thankful to Dr Jeff Foster, Pathogen and
Microbiome Institute, North Arizona University, Flagstaff, AZ, USA,
for editing the manuscript.

Funding

This study was supported by the International Cooperation on
Key Technologies of Biosafety along the China-Pakistan Economic
Corridor (153B42KYSB20170004), by the External Cooperation
Program of CAS (153211KYSB20160001), and by the Higher
Education Commission, Pakistan (SRGP-1055). The funders had
no role in the study design, data collection and analysis, decision to
publish, or preparation of the manuscript.

Ethical approval

This study was approved by the Institutional Review Board of
Wauhan Institute of Virology (China) and by the Ethics Review
Committee of the Government College University Faisalabad
(Pakistan) (No. GCUF/MICRO/18/1600). Informed consent was
obtained from humans for whom identifying information is
included in this article.

Conflict of interest

The authors declare that they have no conflicts of interest.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at https://doi.org/10.1016/].ijid.2019.01.020.

References

Aghaie A, Aaskov ], Chinikar S, Niedrig M, Banazadeh S, Mohammadpour HK.
Frequency of West Nile virus infection in Iranian blood donors. Indian ] Hematol
Blood Transfus 2016;32(September (3)):343-6.

Balakrishnan A, Thekkekare RJ, Sapkal G, Tandale BV. Seroprevalence of Japanese
encephalitis virus & West Nile virus in Alappuzha district, Kerala. Indian ] Med
Res 2017;146(July (Supplement)):S70-5.

Chancey C, Grinev A, Volkova E, Rios M. The global ecology and epidemiology of
West Nile virus. BioMed Res Int 2015;2015:376230.

Iwamoto M, Jernigan DB, Guasch A, Trepka M]J, Blackmore CG, Hellinger WC, et al.
Transmission of West Nile virus from an organ donor to four transplant
recipients. N Engl ] Med 2003;348(May (22)):2196-203.

Khan E, Barr KL, Farooqi JQ, Prakoso D, Abbas A, Khan ZY, et al. Human West Nile
virus disease outbreak in Pakistan, 2015-2016. Front Public Health [Internet]
2018;6:  Available from: https://www.frontiersin.org/articles/10.3389/
fpubh.2018.00020/full#B8.

Lanciotti RS, Kerst AJ, Nasci RS, Godsey MS, Mitchell CJ, Savage HM, et al. Rapid
detection of west nile virus from human clinical specimens, field-collected
mosquitoes, and avian samples by a TagMan reverse transcriptase-PCR assay. ]
Clin Microbiol 2000;38(November (11)):4066-71.

Lu Z, Fu S-H, Cao L, Tang C-J, Zhang S, Li Z-X, et al. Human infection with West Nile
Virus, Xinjiang, China, 2011. Emerg Infect Dis 2014;20(August (8)):1421-3.
Shah-Hosseini N, Chinikar S, Ataei B, Fooks AR, Groschup MH. Phylogenetic analysis

of West Nile virus genome, Iran. Emerg Infect Dis 2014;20(August (8)):1419-21.

Zohaib A, Saqib M, Beck C, Hussain MH, Lowenski S, Lecollinet S, et al. High
prevalence of West Nile virus in equines from the two provinces of Pakistan.
Epidemiol Infect 2014;31(October):1-5.


https://doi.org/10.1016/j.ijid.2019.01.020
http://refhub.elsevier.com/S1201-9712(19)30031-1/sbref0005
http://refhub.elsevier.com/S1201-9712(19)30031-1/sbref0005
http://refhub.elsevier.com/S1201-9712(19)30031-1/sbref0005
http://refhub.elsevier.com/S1201-9712(19)30031-1/sbref0010
http://refhub.elsevier.com/S1201-9712(19)30031-1/sbref0010
http://refhub.elsevier.com/S1201-9712(19)30031-1/sbref0010
http://refhub.elsevier.com/S1201-9712(19)30031-1/sbref0015
http://refhub.elsevier.com/S1201-9712(19)30031-1/sbref0015
http://refhub.elsevier.com/S1201-9712(19)30031-1/sbref0020
http://refhub.elsevier.com/S1201-9712(19)30031-1/sbref0020
http://refhub.elsevier.com/S1201-9712(19)30031-1/sbref0020
https://www.frontiersin.org/articles/10.3389/fpubh.2018.00020/full#B8
https://www.frontiersin.org/articles/10.3389/fpubh.2018.00020/full#B8
http://refhub.elsevier.com/S1201-9712(19)30031-1/sbref0030
http://refhub.elsevier.com/S1201-9712(19)30031-1/sbref0030
http://refhub.elsevier.com/S1201-9712(19)30031-1/sbref0030
http://refhub.elsevier.com/S1201-9712(19)30031-1/sbref0030
http://refhub.elsevier.com/S1201-9712(19)30031-1/sbref0035
http://refhub.elsevier.com/S1201-9712(19)30031-1/sbref0035
http://refhub.elsevier.com/S1201-9712(19)30031-1/sbref0040
http://refhub.elsevier.com/S1201-9712(19)30031-1/sbref0040
http://refhub.elsevier.com/S1201-9712(19)30031-1/sbref0045
http://refhub.elsevier.com/S1201-9712(19)30031-1/sbref0045
http://refhub.elsevier.com/S1201-9712(19)30031-1/sbref0045

	Detection of West Nile virus lineage 1 sequences in blood donors, Punjab Province, Pakistan
	Introduction
	Methods
	Results
	Discussion
	Acknowledgements
	Funding
	Ethical approval
	Conflict of interest
	Appendix A Supplementary data
	References


