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Abstract
Background and Aim: Due to climatic changes, arthropod-borne viruses have become a global health concern. In Egypt, 
West Nile virus (WNV) was initially detected in humans in 1950 and then in 1951, 1954, 1968, and 1989. Although WNV 
infection has been recorded in numerous Middle Eastern countries, its prevalence among the equine population in Egypt is 
unknown. This study aimed to investigate the current situation of vector-borne WNV in Egypt, estimate its seroprevalence, 
and assess the associated risk factors.

Materials and Methods: We screened 1100 sera samples and nasal swabs from the same equids, 156 mosquito pools, 
and 336 oropharyngeal and cloacal swabs from migratory birds for WNV. The sera were investigated for the presence of 
immunoglobulin G (IgG) and immunoglobulin M (IgM) against WNV-prE. Real-time reverse transcription-polymerase 
chain reaction was used to detect WNV RNA in the nasal swab samples, mosquito pools, and migratory birds’ oropharyngeal 
and cloacal swabs.

Results: The seroprevalence showed positive IgG in sera samples collected from different districts. The data showed that 
horses were 1.65-fold more susceptible than donkeys, with male being 1.45 times more susceptible than females. Moreover, 
the tested equids samples were divided into three groups based on their age: <5 years, 5–10 years, and >10 years. The 5–10-
year group was 1.1 and 1.61 times more vulnerable to infection than the <5- and >10 year groups. All the sera samples 
were negative for IgM. The nasal swabs from equids, oropharyngeal and cloacal swabs from migratory birds, and mosquito 
samples tested negative for WNV by molecular detection.

Conclusion: Based on the obtained data, we recommend that effective control programs should be implemented to enable 
epidemiological investigations and understand the current situation of WNV in Egypt.
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Introduction

Flaviviruses are spread extensively worldwide 
and include the West Nile virus (WNV), Japanese 
encephalitis virus, Zika virus (ZIKV), Yellow fever 
virus, mosquito-borne dengue virus, tick-borne 
encephalitis virus, and Usutu virus [1, 2]. West Nile 
virus is an emerging zoonotic virus that can infect 
humans, horses, and several bird species. According 
to the World Organization for Animal Health, West 
Nile fever (WNF) seriously impacts livestock and 
public health [3]. It is an arthropod-borne virus natu-
rally maintained in Culex, including Culex univittatus 

and Culex pipiens, which are ornithophilic mosqui-
toes that feed on birds. The mosquitoes are virus vec-
tors, whereas the birds are virus reservoirs. The virus 
replicates in birds and mosquitoes and is transferred 
to dead-end hosts, such as horses and humans [4]. 
The infection is often asymptomatic or moderate in 
humans, but in infected horses, symptoms can vary 
from mild ataxia and muscular weakness to severe 
ataxia and recumbency [5].

This virus is an RNA-based Flavivirus belong-
ing to the family Flaviviridae. It is a spherical-shaped 
and enveloped virus with an 11-kb positive-sense sin-
gle-stranded RNA genome. The translated viral poly-
proteins consist of three structural (C, prM/M, and E) 
and seven non-structural (NS1, NS2A, NS2B, NS3, 
NS4A, NS4B, and NS5) proteins [6]. Genetic and 
phylogenetic analyses revealed that WNV has two lin-
eages: 1 and 2. Lineage 1 includes three sublineages: 
a, b, and c. Lineage 1a circulates in Africa, America, 
Europe, and the Middle East, Lineage 1b (known as 
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Kunjin virus) is found in Australia, and Lineage 1c is 
mainly distributed in India. The Sub-Saharan African 
strains belong to WNV Lineage 2. Other possible 
WNV lineages have been previously reported, such as 
Lineage 3 (Rabensberg virus) in the Czech Republic 
and Southern Moravia, Lineage 4 in Russia, Lineage 
5 in India, putative Lineage 6 in Spain, Lineage 7 
(Koutango virus) in Koutango, Senegal, and later in 
Somalia, putative lineage 8 virus was isolated from 
Culex perfuscus in Kedougou, Senegal, and Lineage 9 
in Austria [7–9]. Serological diagnosis is often used to 
detect WNV infection. West Nile virus antibodies can 
be detected in domestic animals using various sero-
logical procedures, including enzyme-linked immu-
nosorbent assays (ELISA), immunofluorescence 
assays, and viral neutralization tests [10, 11].

Recently, the epidemic spillover and spread of 
the flaviviruses have been geographically distin-
guished [12]. For instance, significant WNV and 
ZIKV infections have been reported in humans, espe-
cially in the Western population [13, 14]. Moreover, 
WNV outbreaks have been reported in France, Italy, 
Greece, South Africa, Hungary, Southeast Romania, 
and the USA [15]. Furthermore, WNV was found in 
several Middle Eastern and Asian countries, includ-
ing Jordan, Palestine, Israel, Iran, Saudi Arabia, 
and Turkey [16, 17]. In Egypt, WNV infection was 
reported for the first time in 1950 in Northern Cairo. 
Later, several outbreaks occurred between 1952 and 
1954 [18]. A cohort study reported human WNV sero-
prevalence in Egypt using WNV isolated from sen-
tinel chickens and mosquitoes, indicating the active 
circulation of WNV in Egypt [19]. More recently, a 
serological survey for WNV detected this virus in 
equids in the Northern Egyptian Governorates, mainly 
in Qalyubia and Kafr El Shiek [20].

As WNV are arthropod-borne viruses, they are 
affected by climatic changes that also impact the future 
emergence of zoonotic viral diseases. Climate change 
has caused global temperature fluctuations and unpre-
dictable precipitation patterns, contributing to the 
spread of mosquito-borne arboviruses and the mosquito 
populations that transmit them [21]. These viruses can 
potentially assume new hosts, increasing the risk of 
zoonotic diseases in humans [14]. The epidemiological 
features of arthropod-borne viruses may be affected by 
climatic changes, insect vectors, and their geographi-
cal distribution [13]. Therefore, assessing the status of 
WNV, a major arthropod-borne virus in Egypt is crucial.

This study aimed to investigate the current sit-
uation of WNV in Egypt, estimate its seroprevalence 
and evaluate the risk factors from 2020 to 2022. This 
information is critical for successfully implementing 
viral prevention and control programs in Egypt.
Materials and Methods
Ethical approval

The Local Ethics Committee of Animal 
Experiments at the Animal Health Research Institute 

(AHRI), Agriculture Research Center (ARC), Egypt 
(ARC-AHRI-23-02), has approved the sample collec-
tion in this study following institutional, national, and 
international guidelines.
Study period and location

A total of 1100 samples were collected in 2020, 
2021, and 2022 (400, 600, and 100 samples, respec-
tively), from imported and native animals from dif-
ferent governorates (i.e., Cairo, Giza, El-Mnofiya, 
Al-Qalyoubia, El-Menia, El-Zagazig, Alexandria, 
Port-said, El-Fayoum, Aswan, Ismailia, Hurghada, 
and Al Arish) (supplementary data).
Sample collection and preparation
Sera samples

A total of 1100 sera samples were collected from 
equid species (500 samples from horses and 600 from 
donkeys). These included samples from 732 male 
and 368 female specimens aged <5 years (n = 203), 
5–10 years (n = 545), and >10 years (n = 352). The 
blood samples were collected from the jugular vein in 
clean, dry centrifuge tubes, allowed to clot, and cen-
trifuged at 1500× g for 20 min to obtain the serum. 
The serum samples were kept at −20°C and used to 
detect antibodies against WNV (immunoglobulin [Ig]
G and IgM).

Swab samples
For nasal swabs, 1100 samples were collected 

from the same animals, ages, and governorates as 
described above (supplementary data). Each swab 
was transported in 0.75 mL of sterile phosphate buffer 
saline (PBS; 0.01 M pH 7.4), vortexed vigorously for 
10 min, and centrifuged for 5 min at 2000× g. Viral 
RNA was extracted from this supernatant for detect-
ing WNV nucleic acid.

Mosquito samples
We collected 156 mosquito pools to detect WNV 

(i.e., 52 pools/each year; 4 groups/governorate) (sup-
plementary data). CDC miniature-light traps (devel-
oped by Centers for Disease Control, USA) baited 
with CO2 were used to trap mosquitoes. The traps 
were placed in rural and urban locations adjacent to 
water sources and/or near animals. After transporting 
the collected mosquitoes to the laboratory in closed 
and chilled containers, they were counted and pooled 
according to the date and location. The mosquitoes 
were then ground with sterile sand using RNA lysis 
buffer in a sterile mortar. The lysates were centri-
fuged at 24,500× g for 10 min at 4°C to clarify the 
homogenates. The supernatant from the mosquito 
homogenate was transferred to a 1.5 mL microfuge 
tube and used for RNA extraction for detecting WNV 
nucleic acid [20].

Migratory birds
Oropharyngeal and cloacal swabs (i.e., 

336 samples) were collected from egrets in the 
years 2020 (n = 126), 2021 (n = 156), and 2022 
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(n = 54) from different Egyptian Governorates 
(Supplementary data). The samples were prepared 
as mentioned above and used to detect WNV nucleic 
acid.
Detection of antibodies against WNV

The prepared sera were tested using ID Screen® 
West Nile Competition Multi-species ELISA Kit 
(IDvet, rue Louis Pasteur, Grabels, France) to detect 
anti-prE IgG in the sera samples according to the man-
ufacturer’s instructions [22].

Furthermore, the same sera samples were 
tested to detect anti-prE antibodies IgM using ID 
Screen® West Nile IgM Capture ELISA kit, IDvet. 
Immunoglobulin M (IgM) antibodies indicate recent 
infection and WNV circulation [3, 23].
Molecular detection of WNV

The viral RNA was extracted using QIAamp 
Viral RNA Mini Kit (250) (Qiagen, Valencia, CA, Cat. 
no. 52906). Then, the extracted genome was subjected 
to real-time reverse transcription-polymerase chain 
reaction (RT-PCR) (genesig® Standard RT-PCR detec-
tion kit for WNV, REF#(Z-PathWNV-std)). Based on 
the manufacturer instructions, 20 µL reaction volume 
contained 10 µL One Step or Precision PLUS One 
Step 2× RT-qPCR Master Mix, 1 µL WNV primers 
and probe mix, 4 µL RNAse-free water, and 5 µL 
RNA template. Following the thermal profile, RT-PCR 
was performed in the Step OnePlus™ RT-PCR sys-
tem (Applied Biosystems, Waltham, Massachusetts, 
USA, Cat. No.: 4376600). Reverse transcription was 
performed at 55°C for 10 min, enzyme activation was 
performed at 95°C for 2 min, and then, 40 cycles of 
denaturation, annealing, and extension were per-
formed at 95°C for 10 min and 60°C for 60 s.
Statistical analysis

All data are presented as mean ± standard devi-
ation. The results were analyzed, and statistical sig-
nificance was determined using the Chi-square and 
statistical hypothesis tests. p < 0.05 was considered 
statistically significant (Supplementary data).
Results
Serosurveillance for screening the virus

Serosurveillance for WNV was performed using 
1100 sera samples obtained from all four quarters of 
Egypt. The results showed that 293 samples (26.6%) 
were positive and 807 samples (73.4%) were neg-
ative for the WNV-IgG antibodies (Table-1). The 
yearly distribution for all 293 positive samples was 
as follows: 101 samples in 2020 (34.5%), 180 sam-
ples in 2021 (61.4%), and 12 samples in 2022 (4.1%). 
These positive samples included 160 (54.6%) and 
133 (45.4%) samples from horses and donkeys, 
respectively. Regarding the sex of the tested ani-
mals, we tested 732 males and 368 females, of which 
212 (72.4%) and 81 (27.6%) positive samples and 
520 (64.4%) and 287 (35.6%) negative samples 
belonged to males and females, respectively.

Regarding age, the results of the antibody 
screening against WNV showed that 58 (19.8%), 
165 (56.3%), and 70 (23.9%) samples from animals in 
the <5 year-, 5–10 year-, and >10 year groups, respec-
tively, tested positive for WNV (Table-1). Moreover,  
all sera samples obtained from equids tested negative 
for IgM against the WNV-prE antigen.
Epidemiological map

The samples of this study were collected from 
different governorates all over the country. Thus, the 
serosurveillance of these districts represents the epide-
miological situation of the disease in Egypt. Overall, 
the situation was involved after testing the collected 
sera samples for the presence of WNV-IgG and IgM 
antibodies and investigating the migratory birds (i.e., 
egrets) and the seasonal mosquitoes (i.e., Culex). 
The IgM antibodies weren’t detected in the tested 
sera samples. In addition, the migratory birds (i.e., 
egrets) and the seasonal mosquitoes (i.e., Culex) were 
negative for WNV nucleic acid as per the molecular 
screening. Hence, based on the obtained IgG results, 
the prevalence of the disease in different governorates 
is shown in the map in Figure-1.
West Nile virus risk assessment analysis

The risk analysis for West Nile fever disease in 
Egypt was performed based on the obtained data from 
the serological investigation for IgG. This analysis 
determined the correlation between the species, sex, 
and age in the presence of WNV-IgG. The risk of the 
disease prevalence was 1.65 times more in horses than 
in donkeys. Furthermore, male horses were 1.45 times 
more susceptible than females. Based on the tested 
animals’ age, the samples obtained from animals aged 
5 to 10 years were 1.1 and 1.61 times more susceptible 
to the virus than those aged <5 years and >10 years, 
respectively.
Molecular screening for WNV

Molecular investigation was performed on the 
1100 swab samples obtained from horses and don-
keys, 156 mosquito pools, and 336 oral and cloacal 
swab samples from migratory birds to detect WNV. 
All the samples tested negative.
Discussion

Mosquito-borne viruses significantly affect pub-
lic health. West Nile virus, a Flavivirus, is a potential 
global health concern. The virus was initially identi-
fied in Egypt in 1951, and subsequent epidemics were 
documented in 1954, 1968, and 1989. Several studies 
have shown the circulation of WNV in Egypt [19, 20].

Furthermore, vector-borne diseases are signifi-
cantly affected by the vector’s habitat and climatic and 
environmental changes, which directly influence the 
epidemiology and distribution of these diseases. Due 
to the severity and rapid spread of flaviviruses, they 
have significant global concern. Therefore, herein, we 
investigated the seroprevalence of WNV in horses and 
donkeys (dead-end hosts), insects, and birds (as vector 
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hosts) to understand its current situation and predict 
the disease incidence and risk.

Fourteen different districts were included in this 
study conducted from 2020 to 2022. Significantly, the 
risk was estimated based on the obtained data. We 

detected IgG antibodies against WNV in 293 sam-
ples out of 1100 sera samples (26.6%) using ELISA, 
which can be attributed to previous infections or 
cross-reactivity between related flaviviruses in these 
animals [24]. West Nile virus-IgG antibodies might 

Table-1: Results of WNV-IgG antibodies in the collected sera samples during the 3 years’ study period.

Data of collected samples No. of collected 
samples

WNV IgG % of positive/
total positive

odds ratio CI P-value

2020, 2021, 2022 Positive Negative

Governorate
Imported 52 17 35 5.8%
Giza 98 31 67 10.6%
Cairo 81 30 51 10.2%
El-Mnofiya 73 23 50 7.8%
El-Kalyoubia 72 18 54 6.1%
El-Menia 83 24 59 8.2%
El-Zagazig 90 24 66 8.2%
Alexandria 67 13 54 4.4%
Port-said 81 17 64 5.8%
El-Fayoum 78 17 61 5.8%
Aswan 95 20 75 6.8%
Ismailia 84 17 67 5.8%
Hurghada 64 16 48 5.4%
Al Arish 82 26 56 8.9%
Total 1100 293 807 -

Sex
Male 732 212 520 72.4%
Female 368 81 287 27.6% 1.45 1.08-1.94 <0.025

Breed
Horse 500 160 340 54.6%    
Donkey 600 133 467 45.4% 1.65 1.26-2.16 <0.001

Age
< 5 years 203 58 145 19.8%    
 5-10 years 545 165 380 56.3% 0.92 0.65-1.31 <0.75
> 10 years 352 70 282 23.9% 1.61 1.08-2.41 <0.025

CI=Confidence interval, WNV IgG=West Nile virus immunoglobulin G

Figure-1: Map showed the geographical distribution of the serosurveillance results carried out in different Egyptian 
governorates. The red color indicated a high antibody prevalence (>10%), the blue color indicated a moderate prevalence 
(6–10%), and the green color indicated a low antibody level (<6%) based on the investigated immunoglobulin G levels in 
the tested sera samples [Source: https://www.maps.google.com].
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persist inside susceptible hosts for a long time due to 
early immune system activation that produces long-
term antibody memory, which explains the presence 
of WNV-IgG in this study [25].

A previous study showed that the seroprevalence 
of WNV was 16.8% in Egypt, 15.08% in Poland, 15% 
in Portugal, 39% in Israel, 24.9% in Jordan, 26.8% 
in Algeria, 31.1% in Morocco, 31.6% in Turkey, and 
68.7% in Senegal [26]. In this study, no significant 
difference in the seroprevalence of WNV in the inves-
tigated localities was detected, consistent with the 
previous study of Selim and Abdelhady [4]. However, 
Giza (10.6%) and Cairo (10.2%) showed the highest 
seroprevalence of WNV. As the climate is a potential 
factor for disease distribution, this can be attributed to 
the high temperature and humidity during summer in 
these areas.

Immunoglobulin G antibodies were detected in 
54.6% and 45.4% of the sera samples from horses and 
donkeys, respectively, indicating a higher seropositiv-
ity rate in horses than in donkeys. The susceptibility 
was 1.65 times higher in horses than in donkeys (odds 
ratio [OR] 1.65, confidence interval [CI] 1.26–2.16; 
p < 0.001), probably because donkeys are more toler-
ant to harsh climatic changes and more disease-resis-
tant than horses [4].

The age of the animals under investigation was 
considered in the study to estimate the disease risk 
rate among different age groups of the animals. For 
instance, three groups of age ranges were included, 
<5 years, 5–10 years, and >10 years. The highest sero-
prevalence (56.3%) was observed in the middle age 
group (i.e., 5–10 years). Statistical analysis revealed 
that 5–10 year old animals were 1.1 times more sen-
sitive to disease than <5 year old animals (OR = 0.92, 
CI = 0.65–1.31, p < 0.75). Moreover, the animals 
in the <5 year group were 1.61 times more suscep-
tible than those in the >10 year group (OR = 1.61, 
CI = 1.08–2.41, p < 0.025). This finding could be 
assigned to cumulative viral exposure over time [26]. 
However, the previous studies have not shown any 
relationship between the age of the animal and the 
seropositivity for WNV [27, 28].

In addition, the recorded seroprevalence for 
WNV exposure was higher among males (72.4%) than 
females (27.6%), indicating that males are 1.45 times 
more susceptible than females (OR = 1.45, CI = 1.08–
1.94, p < 0.025). This finding came in agreement with 
a prior study performed by Epp et al. [29]. Although 
we could not identify a clear reason for this, it might 
be due to the higher stress on males who work harder 
than females. Stallions have poorer immune responses 
than mares or geldings because testosterone impairs 
immune functions [26].

Throughout the study, the highest seropreva-
lence was detected in 2021 (61.4%), followed by 
2020 (34.5%) and 2022 (4.1%). This might be due to 
the larger sample size collected in 2021 (600 samples) 
than in 2020 (400 samples) and 2022 (100 samples). 

Overall, there was no significant difference in sero-
prevalence among the 3 years.

Immunoglobulin M antibodies indicate potential 
viral infection as it results from a humoral response to 
recent infections and is detectable 5–7 days post-in-
fection [30, 31]. The ELISA results revealed that all 
sera samples were negative for WNV (IgM) antibod-
ies. Based on this, we can conclude that there were no 
current active WNV infections in the animals tested 
from different localities in Egypt.

Migratory birds are major WNV vectors in coun-
tries South of the Sahara Desert to North Africa and 
Europe [32]. As mosquito-borne viruses are a signifi-
cant public health concern worldwide [33], detecting 
these viruses in mosquito species should be further 
studied to clarify the role of WNV [34]. Hence, we 
used real-time PCR to detect WNV in different sam-
ples (nasal swabs from horses and donkeys, oropha-
ryngeal and cloacal swab samples of migratory birds, 
and mosquito samples). All samples tested negative 
for WNV.
Conclusion

The negative real-time PCR results agreed with 
the serological detection of IgM against WNV. Based 
on this, we concluded that no WNV strains are cur-
rently circulating in Egypt. Although the detected 
IgG antibodies might result from past infections or 
cross-reactivity between related flaviviruses, these 
results potentially indicate the current disease status 
and incidence, which requires further research. It is 
suggested to establish an immediate implementation 
of intensive surveillance and disease control by the 
seasonal sample collections from birds, mosquitoes, 
and horses to stand on the epidemiological situations 
of the virus in the country.
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