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A B S T R A C T

West Nile Virus (WNV) is a flavivirus, mosquito-borne infection and have public health importance worldwide.
WNV infection have highly significant impact on animal and human health. The virus has been detected ser-
ologically in Egypt among equids. Therefore, the aim of the present study to investigate the serological situation
of WNV among horse in north of Egypt and identification of WNV in vector. The serological survey was con-
ducted on 500 serum samples that collected from horses from four governorates at north of Egypt. The infection
rate was non-significant differed between four localities and the highest rate was reported in Qalyubia gover-
norate (25.5 %) in comparison with other areas. Moreover, the WNV RNA was detected in mosquitoes and the
obtained WNV sequence showed high similarity with Eg101 strain and characterized as lineage 1. The obtained
findings confirm the circulation of WNV in mosquitoes and animals in Egypt.

1. Introduction

West Nile Virus (WNV) is vector-borne infectious virus belong to
genus Flavivirus of family Flaviviridae. The virus is transmitted by
mosquitoes belonging to genus Culex [1].

The viral infection circulating between mosquitoes and avian host
but have probability to transmitted to human, horses and other mam-
mals. In addition, Horses, human and other mammals considered as
dead-end or incidental host but birds serve as natural host for WNV
[2–5].

Phylogenetic studies of WNV revealed that presence at least eight
evolutionary lineages. Lineages 1 and 2 have been mostly associated
with human outbreaks [2]. Additionally, the lineage 3 was identified in
the Czech Republic [6], lineage 4 was isolated from Russia [7], lineage
5 was detected in India [8]. Moreover, lineage 6 was described based on
small gene fragment from Spain [9] and lineage 7 was recently detected
in ticks and rodents in Senegal [10]

WNV is widely distributed and have been reported in numerous
countries in Europe, West Asia, Africa and Middle East [1,11,12].
Moreover, the presence of WNV infection has been reported in neigh-
boring countries (Iraq, Israel, Lebanon and United Arab Emirates) of
Egypt in mosquitoes and mammalian species [13–15].

In Egypt, WNV was first identified in human and mosquitoes in
1950 followed by several outbreaks during 1952–1954 [16]. Moreover,
the serological evidence of WNV infection based on detection of anti-
bodies which was reported in 3% of school children of 8–9 age in Egypt
during 1989 [17]. Recently, the WNV antibodies were detected by 20.7

% and 12.7 % in horse and donkey at some localities in the north of
Egypt [3], which approved that the WNV circulating in Egypt. In ad-
dition, the ecosystem like Nile Delta, flood plains and migratory bird
routes are mainly the adequate focal point of infection for WNV.

The previous studies confirmed the presence of WNV antibodies but
the identification and characterization of WNV RNA has been failed to
date. Therefore, the aim of this study to determine the prevalence of
WNV infection in horse and genetic characterization for WNV in mos-
quitoes.

2. Material and methods

2.1. Ethic statement

This study was carried out according to the principles of good
clinical practice and was accepted by the ethical committee for Animal
Experiment of Benha University

2.2. Study area

The present study was performed in four governorates (Qalyubia,
Menofia, Kafr Elsheikh and Gharbia) at north of Egypt. These gover-
norates are located at 30°25 N to 31°13 E, 30.52 °N 30.99 °E, 38°18 N to
30°56 E and 30.867 °N 31.028 °E (Fig. 1). These governorates were
selected according to high density of mosquito population as well as
geographical position. These governorates are located in Nile delta
which is agricultural area, have high density of mosquitoes and have
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previous serological reports for antibodies against WNV. In addition, it
situated in routes of migratory birds which considered as main reservoir
for WNV.

2.3. Samples collection

The sample size was estimated using Win Episcope 2.0 (www.
winepi.net) with an expected prevalence 10 % and an expected error
5%. The calculated sample size was 250 but we examined 500 serum
samples to have a represented samples from the examined localities.

A total 500 serum samples were collected from horses reared by
individual farmers that located in four governates at north of Egypt
during 2019. The blood samples were collected from examined horse
using vacuum tube. The sera were separated from clotted blood by
centrifugation at 10,000 xg for 10 min and preserved at −20 °C until
exanimation.

Mosquitoes field samples were collected from four equine herds in
Kafr Elsheikh and Gharbia governorates using mosquito light trap. The
light trap was located at 1 m above the ground, the trap placed in the
farm one night per week from 6:00 PM to 8:00 AM. the captured
mosquitoes kept alive and transferred on ice to laboratory.

The number of collected mosquitoes per time reach to 200 per time.
The morphological characters of captured mosquitoes were identified
according to published keys [18]. The most captured mosquitoes were
Aedes and Culex spp. Subsequently, Culex spp. were pooled with
maximum number of 100 individual per pool according to collection
site. The captured mosquitoes were distributed in 5 pools and preserved
at −20 °C. Each pool was suspended with 1 mL PBS in Eppendorf tube
contain steal balls. The samples were well mixed for 30 s using vortex,

then transferred 200 μL aliquots from each mixture for extraction of
RNA of WNV.

2.4. Serological assay

Commercial ELISA kit (ID Screen West Nile Competition
Multispecies; IDvet Innovative Diagnostics, Grables, France) was used
to investigate WNV IgG level in collected serum samples according to
the manufacturer’s instructions.

2.5. Extraction of WNV RNA

The RNA of WNV was extracted from each aliquot using QIAamp
viral RNA Mini Kit (Qiagen, Hilden, Germany) according to the man-
ufacturer’s instructions.

2.6. Reverse transcription PCR (RT-PCR) assay

The RT-PCR assay was performed using specific pair of primer tar-
geting nonstructural protein 5 (NS5) of WNV as previously described by
[19]. The PCR reaction was performed in 25 μL volume. For single
reaction, the master mix contain 5 μL 5Xbuffer, 1 μL from each primer
(20 pmol), 1 μL hotstar Taq DNA polymerase and 12.5 μL OneStep RT-
PCR (Qiagen, Hilden, Germany). Finally, 4 μL RNA template were
added.

Reverse transcription was conducted at 50 °C for 30 min, followed
by a denaturation step at 95 °C for 15 min. Afterwards, the amplifica-
tion of cDNA was carried out in 40 cycles with initial denaturation for
40 s at 94 °C, annealing for 50 s at 57 °C, and DNA extension at 72 °C for
1 min. The amplified PCR product was examined using 1.5 % agarose
gel.

2.7. Sequence and phylogenetic analysis

The purified PCR product was sequenced using the ABI PRISM®

BigDyeTM Terminators v3.1 Cycle Sequencing Kit (Applied Biosystems,
Foster City, CA, USA). The nucleotide sequences were edited using
BioEdit program, then identified against database in gene bank using
BLAST. The phylogenetic analysis for the obtained sequence was

Fig. 1. Map of governorates targeted for sampling in the study.

Table 1
Prevalence of West Nile Fever among horse in some governorates in Egypt.

location No of examined horse No of positive 95 % CI P value

Qalyubia 90 23 (25.5 %) 17.21−36.03 0.1
Menofia 120 21 (17.5 %) 14.4−25.74
Kafr Elsheikh 160 34 (21.25 %) 15.35−28.56
Gharbia 130 19 (14.6 %) 9.25−22.14
Total 500 97 (19.4 %) 16.08−23.2
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performed using MEGA7 software based on the neighbor-joining tree
method with 1000 bootstrap replicates.

2.8. Statistical analysis

The serological results were analyzed using SPSS V17 based on Chi-
square test. The results were considered statistically significant at
P<0.05.

3. Results

3.1. Seroprevalence of WNV in different localities

The seroprevalence of WNV in different localities showed presence
of antibodies against WNV with non-significant difference (P = 0.1).
Moreover, the highest infection rate was in Qalyubia governorate (25.5
%, 95 %CI: 17.21−36.03) followed by Kafr Elsheikh (21.25 %, 95 %CI:
15.35−28.56) but it was (17.5 %, 95 %CI: 14.4−25.74) and (14.6 %,
95 %CI: 9.25−22.14) in Menofia and Gharbia governorates as in
Table 1.

3.2. Molecular detection of WNV in mosquito

The captured mosquitoes were divided in five pools and examined

with RT-PCR targeting NS5. One pool which collected from Kafr
Elsheikh gave positive band with RT-PCR.

The sequence of the obtained WNV isolate has been submitted to
GenBank under accession number LC518897. Alignment analysis of the
obtained sequence (LC518897) revealed that high homogeneity with
WNV EG101 from Egypt and West Nile virus strain PTRoxo from
Portugal with similarity percent over 99 %.

The phylogenetic analysis revealed that the analyzed WNV strain
belongs to WNV lineage 1. Moreover, it showed close relation between
Egyptian strain and Romanian and Italian WNV strains as shown in
Fig. 2.

4. Discussion

West Nile Fever caused by WNV which transmitted mainly by Culex
spp. The virus can be maintained in nature in a mosquito-bird-mosquito
transmission cycle [20]. WNV has been reported in many countries
worldwide including Europe, Asia, Africa and middle east [1,12,14]

In Egypt, some studies have been reported the serological pre-
valence of WNV among horses and donkey s in some localities in the
north of Egypt [3].

Subsequently, the present study aimed to wide investigate the ser-
oprevalence of WNV among horse in the north of Egypt and molecular
characterization of WNV in mosquitoes.

Fig. 2. Neighbor-joining analysis of partial West Nile virus sequence, GenBank accession numbers and geographic origins of strains are shown.
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The present findings confirmed presence of antibodies against WNV
among horse in some localities without significant difference at north of
Egypt. The prevalence rate was highest in Qalyubia governorate in
comparison with other (Kafr Elsheikh, Menofia and Gharbia) gover-
norates. The obtained result was in accordance with Selim et al. [3],
they determined the prevalence rate (28.3 %, 22.5 %, 18.5 % and 17.5
%) among horse in Qalyubia, Kafr Elsheikh, Menofia and Gharbia
governorate in Egypt. A similar pattern of results obtained by Lafri et al.
[21], they detected WNV-antibodies 26.8 % in Algerian horse.

In contrary, our findings lower than previous reported rate (82.6 %)
by Azmi et al. [13] among horse in neighbor countries as Israel and
Palestine.

The study was carried out in north of Egypt that have different
climatic and geographic features. Furthermore, the study area is agri-
cultural and wetlands area, which provide suitable habitats for sur-
viving and multiplication of mosquitoes. Subsequently, this area con-
siders highly potential area for WNV infection [22–27].

The obtained sequence of Egyptian strains (LC518897) was com-
pared with WNV strains in database of GenBank. The phylogenetic tree
identified clustering of isolates in 5 lineages. In addition, results ex-
plored that Egyptian WNV strain belonged to lineage 1 and all se-
quences of lineage 1 are geographically distinct [10]. Those WNV
strains of lineage 1 were globally spread and isolated from Europe,
Africa and America. However, the lineage 2 strains have been recently
spread in Austria, Hungary and Greece causing some outbreak among
human especially in Greece [28]. Besides lineage 1 and 2, there are
lineage 3 which reported in the Czech Republic [6], lineage 4 has been
isolated from Russia [7] and lineage 5 was isolated and identified from
India [8].

Overall, the sequence analysis revealed similarity between
LC518897 and EU081844 Eg101 which was previous isolated from
Egypt Egypt [16].

In addition, there is limited diversity in current sequences compared
to previous reported data. The present results suggest that circulating
WNV strain are genetically conserved with a limited sequence diversity
between strains

5. Conclusion

The findings of present study confirm the presence of WNV among
horse and mosquitoes. The findings may be due to high density of
different mosquito species especially Culicidae family and high popu-
lation of horse at north of Egypt. Subsequently, it is necessary to im-
plement control program to prevent spreading of WNV and improve
public health awareness.

Declaration of Competing Interest

The authors have no conflicts of interest to declare.

Acknowledgments

The authors wish to thank Science technology and development
Fund (STDF) for providing support to complete this work under the
“Serological and molecular prevalence of West Nile Fever in the North
of Egypt” project (No: 34763).

References

[1] P. Calistri, A. Giovannini, Z. Hubalek, A. Ionescu, F. Monaco, G. Savini, R. Lelli,
Epidemiology of West Nile in Europe and in the Mediterranean basin, Open Virol. J.
4 (2010) 29.

[2] K. Ergunay, F. Gunay, O.E. Kasap, K. Oter, S. Gargari, T. Karaoglu, S. Tezcan,

M. Cabalar, Y. Yildirim, G. Emekdas, Serological, molecular and entomological
surveillance demonstrates widespread circulation of West Nile virus in Turkey,
PLoS Negl. Trop. Dis. 8 (7) (2014).

[3] A. Selim, A. Radwan, F. Arnaout, H. Khater, The recent update of the situation of
West Nile fever among equids in Egypt after three decades of missing information,
Pak. Vet. J. (2020).

[4] M.M. Elhaig, A. Selim, M. Mahmoud, Lumpy skin disease in cattle: frequency of
occurrence in a dairy farm and a preliminary assessment of its possible impact on
Egyptian buffaloes, Onderstepoort J. Vet. Res. 84 (1) (2017) 1–6.

[5] M.M. Elhaig, A. Selim, A.S. Mandour, C. Schulz, B. Hoffmann, Prevalence and
molecular characterization of peste des petits ruminants virus from Ismailia and
Suez, Northeastern Egypt, 2014–2016, Small Rumin. Res. 169 (2018) 94–98.

[6] Z. Hubálek, J. Halouzka, Z. Juricova, O. Sebesta, First isolation of mosquito-borne
West Nile virus in the Czech Republic, Acta Virol. 42 (2) (1998) 119.

[7] D. Lvov, A. Butenko, V. Gromashevsky, A. Kovtunov, A. Prilipov, R. Kinney,
V. Aristova, A. Dzharkenov, E. Samokhvalov, H. Savage, West Nile Virus and Other
Zoonotic Viruses in Russia: Examples of Emerging-reemerging Situations,
Emergence and Control of Zoonotic Viral Encephalitides, Springer, 2004, pp. 85–96.

[8] R.S. Lanciotti, G.D. Ebel, V. Deubel, A.J. Kerst, S. Murri, R. Meyer, M. Bowen,
N. McKinney, W.E. Morrill, M.B. Crabtree, Complete genome sequences and phy-
logenetic analysis of West Nile virus strains isolated from the United States, Europe,
and the Middle East, Virology 298 (1) (2002) 96–105.

[9] A. Vázquez, M.P. Sánchez-Seco, S. Ruiz, F. Molero, L. Hernández, J. Moreno,
A. Magallanes, C.G. Tejedor, A. Tenorio, Putative new lineage of West Nile virus,
Spain, Emerging Infect. Dis. 16 (3) (2010) 549.

[10] G. Fall, N. Di Paola, M. Faye, M. Dia, C.C. de Melo Freire, C. Loucoubar, P.M. de
Andrade Zanotto, O. Faye, Biological and phylogenetic characteristics of West
African lineages of West Nile virus, PLoS Negl. Trop. Dis. 11 (11) (2017) e0006078.

[11] A.M. Kilpatrick, Globalization, land use, and the invasion of West Nile virus,
Science 334 (6054) (2011) 323–327.

[12] D.W. Beasley, A.D. Barrett, R.B. Tesh, Resurgence of West Nile neurologic disease in
the United States in 2012: what happened? What needs to be done? Antiviral Res.
99 (1) (2013) 1–5.

[13] K. Azmi, S. Tirosh-Levy, Mt. Manasrah, R. Mizrahi, A. Nasereddin, A. Al-Jawabreh,
S. Ereqat, Z. Abdeen, Y. Lustig, B. Gelman, West Nile virus: seroprevalence in an-
imals in Palestine and Israel, Vector-Borne Zoonotic Dis. 17 (8) (2017) 558–566.

[14] M.G. Hemida, R.A. Perera, D.K. Chu, R.L. Ko, A.A. Alnaeem, M. Peiris, West Nile
virus infection in horses in Saudi Arabia (in 2013–2015), Zoonoses Public Health 66
(2) (2019) 248–253.

[15] F. Ahmadnejad, V. Otarod, M. Fallah, S. Lowenski, R. Sedighi-Moghaddam,
A. Zavareh, B. Durand, S. Lecollinet, P. Sabatier, Spread of West Nile virus in Iran: a
cross-sectional serosurvey in equines, 2008–2009, Epidemiol. Infect. 139 (10)
(2011) 1587–1593.

[16] R. Taylor, T. Work, H. Hurlbut, F. Rizk, A study of the ecology of West Nile Virus in
Egypt1, Am. J. Trop. Med. Hyg. 5 (4) (1956) 579–620.

[17] A. Corwin, M. Habib, J. Olson, D. Scott, T. Ksiazek, D.M. Watts, The prevalence of
arboviral, rickettsial, and Hantaan-like viral antibody among schoolchildren in the
Nile river delta of Egypt, Trans. R. Soc. Trop. Med. Hyg. 86 (6) (1992) 677–679.

[18] R. Darsie, A. Samanidou-Voyadjoglou, Keys for the identification of the mosquitoes
of Greece, Journal of the American Mosquito Control Association-Mosquito News
13 (3) (1997) 247–254.

[19] H. Weissenböck, J. Kolodziejek, A. Url, H. Lussy, B. Rebel-Bauder, N. Nowotny,
Emergence of Usutu virus, an African mosquito-borne flavivirus of the Japanese
encephalitis virus group, central Europe, Emerging Infect. Dis. 8 (7) (2002) 652.

[20] E. Ozdenerol, G.N. Taff, C. Akkus, Exploring the spatio-temporal dynamics of re-
servoir hosts, vectors, and human hosts of West Nile virus: a review of the recent
literature, Int. J. Environ. Res. Public Health 10 (11) (2013) 5399–5432.

[21] I. Lafri, C.M. Prat, I. Bitam, P. Gravier, M. Besbaci, F. Zeroual, M.H. Ben-Mahdi,
B. Davoust, I. Leparc-Goffart, Seroprevalence of West Nile virus antibodies in equids
in the North-East of Algeria and detection of virus circulation in 2014, Comp.
Immunol. Microbiol. Infect. Dis. 50 (2017) 8–12.

[22] A. Selim, A. Abdelrahman, R. Thiéry, K. Sidi-Boumedine, Molecular typing of
Coxiella burnetii from sheep in Egypt, Comparative immunology, Comp. Immunol.
Microbiol. Infect. Dis. 67 (2019) 101353.

[23] A. Selim, A.-F. Ali, S.M. Moustafa, E. Ramadan, Molecular and serological data
supporting the role of Q fever in abortions of sheep and goats in northern Egypt,
Microb. Pathog. 125 (2018) 272–275.

[24] A. Selim, E. Yang, E. Rousset, R. Thiéry, K. Sidi-Boumedine, Characterization of
Coxiella burnetii strains from ruminants in a Galleria mellonella host-based model,
New Microbes New Infect. 24 (2018) 8–13.

[25] A.M. Selim, M.M. Elhaig, W. Gaede, Development of multiplex real-time PCR assay
for the detection of Brucella spp., Leptospira spp. And Campylobacter foetus, Vet.
Ital. 50 (4) (2014) 269–275.

[26] A. Selim, A.-F. Ali, Seroprevalence and risk factors for C. Burentii infection in ca-
mels in Egypt, Comp. Immunol. Microbiol. Infect. Dis. 68 (2020) 101402.

[27] A.M. Selim, W. Gaede, Comparative evaluation of PCR assay for direct detection of
Mycobacterium avium subsp. paratuberculosis in ruminant, Asian J. Anim. Vet.
Adv. 10 (2015) 761–771.

[28] T. Bakonyi, E. Ferenczi, K. Erdélyi, O. Kutasi, T. Csörgő, B. Seidel, H. Weissenböck,
K. Brugger, E. Bán, N. Nowotny, Explosive spread of a neuroinvasive lineage 2 West
Nile virus in Central Europe, 2008/2009, Vet. Microbiol. 165 (1–2) (2013) 61–70.

A. Selim, et al. Comparative Immunology, Microbiology and Infectious Diseases 71 (2020) 101473

4

http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0005
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0005
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0005
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0010
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0010
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0010
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0010
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0015
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0015
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0015
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0020
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0020
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0020
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0025
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0025
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0025
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0030
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0030
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0035
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0035
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0035
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0035
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0040
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0040
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0040
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0040
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0045
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0045
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0045
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0050
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0050
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0050
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0055
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0055
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0060
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0060
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0060
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0065
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0065
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0065
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0070
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0070
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0070
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0075
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0075
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0075
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0075
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0080
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0080
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0085
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0085
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0085
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0090
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0090
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0090
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0095
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0095
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0095
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0100
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0100
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0100
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0105
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0105
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0105
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0105
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0110
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0110
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0110
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0115
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0115
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0115
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0120
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0120
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0120
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0125
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0125
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0125
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0130
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0130
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0135
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0135
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0135
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0140
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0140
http://refhub.elsevier.com/S0147-9571(20)30062-X/sbref0140

	Seroprevalence and molecular characterization of West Nile Virus in Egypt
	Introduction
	Material and methods
	Ethic statement
	Study area
	Samples collection
	Serological assay
	Extraction of WNV RNA
	Reverse transcription PCR (RT-PCR) assay
	Sequence and phylogenetic analysis
	Statistical analysis

	Results
	Seroprevalence of WNV in different localities
	Molecular detection of WNV in mosquito

	Discussion
	Conclusion
	Declaration of Competing Interest
	Acknowledgments
	References




