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Abstract
The resurgence of West Nile Virus (WNV) in the Middle East and North Africa (MENA) region presents
significant public health challenges. This study presents an in-depth phylogenetic analysis of WNV
sequences collected from various MENA countries, including Israel, Iran, and Iraq, focusing on genetic
variations and lineage distribution. The dominant Lineage 1a, found predominantly in Israel and Tunisia,
contrasts with the emerging Lineage 2 strains from Iran and Iraq, which show higher genetic divergence.
This study highlights potential influences on viral replication, immune evasion, and host interaction by
identifying key amino acid substitutions in non-structural proteins. These findings provide essential insights
into the evolutionary dynamics of WNV, highlighting the importance of cross-border genomic surveillance
and vector control strategies to mitigate the risk of future outbreaks. The study underscores the need for
enhanced regional cooperation and biosafety measures, particularly in the face of climate change, which

exacerbates WNV transmission by extending mosquito activity periods.
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Background

West Nile Virus (WNV) is an arthropod-borne
virus of the family Flaviviridae, genus
Flavivirus—the same family as other significant
pathogens, including Zika and yellow fever [1, 2].
It is further characterized by different genetic
lineages, where the most important considerations
in human and animal health are Lineage la and
Lineage 2. Both lineages were detected in the
MENA region, with Lineage la traditionally
having a wider distribution, including Africa,
Europe, the Middle East, Asia, and the Americas
[3, 4]. On the other hand, Lineage 2 has recently
emerged as a dominant strain associated with
much more severe outbreaks and higher mortality
rates in humans and animals [4]. The first
isolation of WNV was in the West Nile District of
Uganda in 1937; however, in the Middle East and
North Africa (MENA) region, the first confirmed
outbreak was reported in Egypt in1950, involving
a febrile illness with neurological complications
that primarily affected children. Subsequently, the
first outbreak of neuroinvasive disease in elderlies
caused by WNV was reported in Israel in 1957
[5]. The virus is transmitted mainly through
mosquito bites with Culex species, especially
Culex pipiens, serving as the primary vector in
most regions [4, 6]. WNV affects a wide range of

species, with birds serving as the main reservoir,
and humans or horses—who act as incidental
hosts—are  considered dead-end carriers,
incapable of developing viral entities for
transmission [7]. According to the Centers for
Disecase Control and Prevention (CDC),
approximately 80% of human WNV infections
are asymptomatic [8].

In comparison, about 20% develop mild
symptoms, often described as West Nile fever—
characterized by fever, headache, fatigue, and
sometimes nausea. However, less than 1% of
infected  individuals experience severe
neuroinvasive diseases such as meningitis,
encephalitis, or acute flaccid paralysis,
particularly in the elderly and
immunocompromised individuals [9, 10]. The
MENA region's climatic factors, migratory bird
pathways, and urbanization have all contributed
to the virus’s persistence and periodic outbreaks
[11-13]. Over the following decades, sporadic
cases of WNV were documented in other parts of
the MENA region, including Israel, Algeria,
Morocco, and Tunisia, confirming the virus’s
broader presence in the area [14].

The epidemiology of West Nile Virus (WNV)
has become increasingly concerning in recent



years, with a notable resurgence observed across
several countries in the Middle East and North
Africa (MENA) region, marked by a significant
increase in reported cases among humans and
animals; for example, in Israel, 2018 saw a
significant WNV outbreak with over 136 human
cases [6, 15]. In 2016, the Central Veterinary
Research Laboratory in Dubai, United Arab
Emirates (UAE), reported the first isolation of
WNV in a dromedary calf, confirming the virus's
presence in the country, where the zoonotic
transmission likely occurred through human-
animal interactions, particularly involving
infected Arabian camels in Saudi Arabia; which
suggests that the virus circulates through natural
transmission cycles globally [16]. In 2020, many
samples from veterinarians and horses were
collected in Palestine, revealing the area's notable
prevalence of WNV [17]. In 2022, Pakistan
experienced a sharp increase in mosquito-borne
Flavivirus diseases, such as dengue, for simple
reasons, including climate change and inadequate
sanitation [18]. However, a key driver behind the
resurgence of WNV in the MENA region is
environmental  changes, including rising
temperatures and altered precipitation patterns
due to climate change. Warmer temperatures and
extended summer seasons create ideal conditions
for Culex mosquito populations, allowing them to
prolong their active transmission period [12].

Given the growing impact of the West Nile
virus in the MENA region, this study aims to
analyze its genetic features and transmission
patterns to understand its recent spread and
evolution better. This is the first phylogenetic
study using published WNV sequences from the
MENA countries. By comparing older strains
with those from recent outbreaks, we aim to
explore how the virus has evolved and identify
any genetic shifts that may enhance its spread or
survival in both nucleotide and amino acid levels
through constructing and examining phylogenetic
trees, we explore the virus’s evolutionary
dynamics and trace infection patterns among
various hosts. Our objective is to determine which
countries are most affected and assess whether the
virus's re-emergence poses a significant public
health threat, providing valuable insights to
improve the region's WNV surveillance and
control efforts.
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Methods
Inclusion and Exclusion Criteria

We collected data using carefully defined
parameters to ensure accuracy and reliability. Our
primary resource was the NCBI Virus database,
known for its high-quality and trustworthy
genomic data. We identified the MENA region
according to the World Bank’s classification and
found 210 WNV sequences from Egypt,
Morocco, Tunisia, Iran, Iraq, Israel, Pakistan, and
the United Arab Emirates (UAE). The following
selection was based on their completeness,
collection date, and length: 11 sequences were
chosen based on their complete nucleotides, and
another 17 partial ones were considered as they
exceeded 1000 base pairs (bp) for better
informative results. As for host picking, we
focused on insects, particularly mosquitoes from
the Culex and Culicidae families—being the
primary vectors for WNV transmission to humans
(Homo sapiens). However, to cover all relevant
years and potential relationships, we included
sequences from mammals such as horses (Equus
caballus), camels (Camelus dromedarius), and
mice (Mus musculus), as well as from avian hosts,
including members of the Anatidae and
Ciconiidae families. Our selection aimed to
include a representative sequence for each
available year, country, and host, so any
ambiguous sequences or erroneous data were
replaced with the closest version of the same,
similar length or excluded altogether to avoid
distorting the results. After applying our criteria,
we obtained 26 sequences for further analysis.
Software and programs.

Our results were produced using a range of
software tools. For the initial multiple-sequence
alignment, we used the MAFFT program, which
is known for its sensitivity and reliability in
handling large datasets accurately. We used the
MUSCLE alignment in MEGA 11 for cross-
validation and sequence visualization, removing
ambiguities. We applied the default gap penalties
for MUSCLE alignment, with a Gap Open value
of -400.00 and a Gap Extend value of 0.00. We
also used the commonly applied UPGMA
clustering algorithm throughout the initial and
later iterations. Since UPGMA assumes a
constant rate of evolution, it was a good fit for our
dataset, which spans relatively short periods.



Based on the results, additional programs like R
Studio and UGENE were used to generate
different graphs, as well as a web-based statistical
analysis tool and advanced visualization tool [19].
MEGA Phylogeny Parameters.

We used two statistical methods for our
analysis: Maximum Likelihood (ML) and
Neighbor-Joining (NJ). For the ML approach, we
ran 100 bootstrap replications to assess and
support the reliability of the inferred tree. Given
the expected differences in transition and
transversion rates in viruses, we selected the
Tamura-Nei model, which we saw as the most
appropriate choice for our data. We used Gamma
distribution for more realistic results accounting
for site-to-site rate differences. However, we went
with complete deletion for gaps or missing data,
keeping only the reliable and aligned sequence's
parts, reducing inconsistencies caused by
incomplete data, with the Nearest-Neighbor-
Interchange (NNI) algorithm as a default heuristic
method in ML approaches exploring different tree
topologies with minimal computational burden,
gradually improving the tree's accuracy.

Additionally, all codon positions were included
to ensure that every sequence aspect was
analyzed. In the second phylogenetic analysis, we
used the Neighbor-Joining (NJ)—a less
computationally intensive option—often used
when dealing with large datasets for approximate
results. We assessed the tree’s stability using 1000
bootstrap replications and the p-distance model,
which calculates the proportion of nucleotide
differences between sequences. Like the ML
method, we applied a Gamma distribution, opted
for complete deletion to manage missing data, and
included all codon positions for consistency. In
the final step of phylogenetic tree interpretation,
we applied different rooting methods depending
on the dataset. In Figure 1, we used the default
midpoint rooting, which does not require an
outgroup; this method places the root at the
midpoint of the longest path between the two most
divergent sequences in an unrooted tree and is
particularly suitable for datasets with high
coverage values that are suitable for our analysis
[20, 21]. Figure 2 also used the default midpoint
rooting; however, the tree was manually
organized to emphasize lineage relationships and

AL-Eitan, LN and Almahdawi DL. Genomic Surveillance of West Nile Virus
in the MENA Region: Phylogenetic Analysis and Biosafety
Implications. Global Biosecurity, 2025; 7(1).

visually highlight key findings. In contrast, for the
two phylogenetic trees shown in Figure 3, we
used outgroup rooting using reference sequences
from Lineage 1a and Lineage 2, assuming that one
or more taxa are distinct from the leading group.
The branch connecting them serves as the starting
point for interpreting evolutionary relationships
within the tree, which allows us to demonstrate
genetic divergence clearly and to show the
evolution pat; this assumes that one or more of the
taxa are divergent from the rest of the ingroup and
the branch linking the ingroup and outgroup
becomes the starting point and defines all
subsequent evolutionary events within the tree
[20].

Protein Level Analysis.

Four sequences were chosen to represent the
dataset's most extended and most genetically
diverse sequences, allowing a comprehensive
comparison between the two major lineages and
the most recent complete sequence from the
MENA region. We used MUSCLE to align the
sequences, keeping the same settings as before,
and the data were extracted from MEGA for
manual analysis. Key amino acid variations were
then organized into tables for further discussion,
highlighting the evolutionary similarities and
differences.

Results and Data Analysis
Phylogenetic Analysis of WNV Sequences

To better understand the circulating WNV in the
MENA region, we analyzed the relationships
between all the complete sequences using the
Maximum Likelihood (ML) method. The
phylogenetic tree (Figure 1) reveals two main
lineages in the region: Lineage 1a and Lineage 2.
Lineage la includes WNV strains from Israel
(2000, 2002, and 2003) and Tunisia (2003), all
clustering with high bootstrap support (100%),
indicating strong confidence in their consistent
evolutionary relationship. Additionally, strains
from the UAE (2015) and Morocco (2005)
isolated from camels and horses form a distinct
subgroup within Lineage 1a. In contrast, Lineage
2 consists of WNV strains from mosquitoes
(Culex pipiens) in Iran (2017 and 2018), which is
also supported by high bootstrap values (100%)
as seen, highlighting the geographical and host
diversity of WNV in the MENA region.
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Figure 1. The phylogenetic tree of complete West Nile Virus sequences from the MENA region,
specifically from Israel, Tunisia, the UAE, Morocco, Egypt, and Iran, spanning from 1953 to 2018,
includes various hosts and countries. The tree was constructed using the Maximum Likelihood (ML)
method in MEGA 11 software, with bootstrap values provided for 100 replicates. All branches of the tree

are shown with high confidence values.

An expanded phylogenetic analysis was
constructed with partial and complete WNV
sequences using the Neighbor-Joining (NJ)
method (Figure 2). The study yielded high
bootstrap values (85% to 100%) across key nodes,
indicating strong confidence in grouping
sequences. The results show that while complete
sequences cluster into two primary lineages
(Lineage 1a and Lineage 2), the partial sequences
exhibit a more diverse branching pattern based on
host species and geographical origin. Most of the
sequences in the tree are from Israel, with
additional sequences from the UAE, Morocco,
Tunisia, Iran, Iraq, and Egypt, providing a
comprehensive view of WNV diversity across the
MENA countries. Lineage 1la consists of
sequences from Israel (2000-2010) and Tunisia
(2003), with a recent addition of the Iraq 2023
strain (PP430512.1, from Anatidae), which
clusters closely with older sequences, suggesting

the continued circulation of Lineage la in the
region.

In contrast, Lineage 2 includes sequences from
Israel and Iran with key strains from 2004 (Israel
Sarafend) and more recent isolates from Culex
mosquitoes in Iran (2017-2018). Generally, the
dataset represented includes a variety of hosts,
such as humans, birds (Ciconiidae), and mammals
(e.g., Camelus dromedarius). The mosquito-
derived sequences dominate the dataset as
primary vectors for WNV, especially for Lineage
2. Notably, the close relationship between the Iraq
2023 strain and other human/animal-derived
isolates within Lineage la demonstrates the
virus’s ability to infect several hosts with
potential cross-species and -lineage transmission.
This was essential for understanding the virus’s
epidemiology in the region; thus, further analysis
was conducted to compare the partial sequences
associated with each lineage
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Figure 2. Phylogenetic tree of complete and partial West Nile Virus sequences from the MENA region,
specifically from Israel, Tunisia, UAE, Morocco, Egypt, Iraq, and Iran, spanning from 2000 to 2023, which
includes various hosts and countries. The tree was constructed using the Neighbor-Joining (NJ) method,
with bootstrap values provided for 1000 replicates. All tree branches have high confidence values, with two

significant lineages (1a and 2) labeled.

We constructed a Neighbor-Joining (NJ)
phylogeny with complete sequences of Lineage
la and Lineage 2 as references for insight into
their evolutionary relationships with partial
sequences (Figure 3). Lineage la is represented
by AF481864.1 (2002, Israel, Ciconiidae), while
Lineage 2 is represented by AY688948.1 (2004,
Israel, Sarafend). Both reveal distinct relations to
sequences in humans and mosquitoes from Israel
(2000, 2009, 2010) and Iraq (2023). The tree also
shows diversity in the cluster pattern for partial

sequences, where some align more closely with
Lineage la and others with Lineage 2, while
mosquitoes are the dominant vectors of the
ongoing circulation. The Iraq 2023 strain
(PP430512.1) is closely related to Lineage la,
particularly the older strain AF481864.1 (2002
Israel Ciconiidae). Its position within Lineage 1a
and the evolutionary linkage between avian and
human-derived strains from Israel show that these
lineages have continued to evolve and transmit
within the region, including Iraq.
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Figure 3. Two phylogenetic trees illustrate a comparison of West Nile Virus partial sequences with rooted
reference sequences from Lineage 1a and Lineage 2. Lineage 1a is represented by AF481864.1 (2002,
Israel, Ciconiidae), and Lineage 2 is represented by AY688948.1 (2004, Israel, Sarafend), with a
particular focus on PP430512.1 (2023, Iraq, Anatidae). The trees were constructed using the Neighbor-
Joining (NJ) method, with bootstrap values provided for 1000 replicates. High confidence values are
shown for all branches, demonstrating the genetic divergence and the alignment of new sequences with

each lineage.

Similar to the previous analysis but represented
differently, we used AlignStatPlot to represent
multiple sequence alignment (MSA) plots and
show the standard nucleotides between WNV
sequences to study genetic diversity. In Figure 4,
we analyzed 26 sequences generated using
AlignStatPlot, a web-based tool for sequence
alignment statistics and visualization. The
sequences range from 1,100 to 11,700 base pairs
(bp), and the plot illustrates genetic similarities
and differences among the WNV strains.
Furthermore, the inner rings represent older or
more conserved sequences, and the outer rings

indicate newer or more recently diverged ones,
highlighting the evolutionary dynamics of WNV
across different periods and geographic locations.
They display a transparent region of high
similarity, particularly in the conserved regions of
the genome; these regions are often associated
with essential viral functions and exhibit slight
genetic variation. Sequences closer to each other
within the same segment of a ring share a high
level of gene similarity. These findings
underscore the intricate relationships among
WNV strains and provide insight into how genetic
variations might influence transmission dynamics
and disease emergence.
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Figure 4. The circular multiple sequence alignment (MSA) of 26 West Nile Virus (WNV) sequences from

the MENA region was generated using AlignStatPlot.

Amino Acid Substitution Patterns.

Further analysis focused on five major viral
proteins, NS1, NS2, NS3, NS4, and NS5, due to
their roles in the virus's replication, immune
evasion, and virulence. We used the sequences of
AF481864.1 (2002 Israel Ciconiidae, Lineage
la), AY268133.1 (2003 Tunisia HS, Lineage 1a),
AY688948.1 (2004 Israel Sarafend, Lineage 2),
and MN238670.1 (2018 Iran Culex theileri) in the
comparison—the  selection  criteria  were
explained in the methods section. Table 1 (A-E)
shows the amino acid sites with their respective
differences and similarities at the same positions
across each sequence; the results reveal several
amino acid substitutions across all proteins, with

significant variation in positions that impact viral
fitness and host interactions. Notably, the 2004
Israel Sarafend (Lineage 2) and the 2018 Iran
Culex theileri strains showed high divergence
compared to the older Lineage la strains
(AF481864.1 and AY268133.1). We classified
the severity of the amino acid changes based on
the type of alteration: if the change was to the
same polarity or charge, it was classified as low.
They were considered minor if the charge
remained unchanged but significantly differed
inside chain size. If the change was in polarity, it
was classified as either moderate or minimal,
depending on the extent of the side chain change.
However, alterations involving a charge only (or
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with polarity and size) were classified as severe,
as these can profoundly impact the protein’s
three-dimensional structure by disrupting the
residue's interactions and stability, potentially
leading to protein dysfunction or disease [22-24].

A high similarity was observed between the Iraq
2018 strain and the Lineage 2 sequence compared
to the Israel 2002 reference sequence, with critical
substitutions identified at the following positions:
NS1 (K874A, E917N, KO964E, R1028G,
Q1172R); NS2 (H1297Y, L1301S, R1340G,
G1488D, E1489G); NS3 (Q1629H, P1786H,
T1973E); NS4 (Q2324H); and NS5 (Q2579H,
K2700A, R2758H, N2841, E2859V, E2859A,
H3011N, G3366K), all of severe impact which
indicates a potential changes in viral function that
may affect its pathogenicity or immune evasion.
A Venn diagram was also made (Figure 5) to
highlight the strains' shared and unique amino
acid positions. Among three WNV sequences,
Israel 2002 (AF481864.1), Tunisia 2003
(AY268133.1), and Iran 2018 (MN238670.1).
Among these, 10 were shared between
(AF481864.1) and (AY268133.1). 14 positions
were unique to (AF481864.1), 2 were unique to
(AY268133.1), and 44 were wunique to
(MN238670.1). The 2018 Iran strain exhibited the
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highest unique amino acid positions, suggesting it
has undergone more recent evolutionary changes.
As it shows, the similarities in amino acid
sequences outweigh the differences, indicating a
high degree of conservation at the protein level.
Next, a pairwise comparison of amino acid
substitutions ~ was  performed wusing R
programming between the current sequences,
analyzing two at a time (Figure 6); the X-axis
represents the specific viral sequences being
compared, and the Y-axis displays the amino acid
substitutions observed between the sequences,
with each letter pair indicating the original and
substituted amino acids. Additionally, the colors
illustrate the level of similarity or divergence
between the amino acid sequences being
compared. The red bars indicate identical regions,
meaning high similarity (no substitutions) at those
positions, while the blue bars correspond to areas
of amino acid substitution. This effectively
differentiates conserved regions (red) and
evolutionary change areas (blue). Thus, the Iran
strain 2018 (MN238670.1) appears to be more
closely related to Lineage 1a and shows distinct
differences from both lineages.

Venn Diagram: Shared and Unique Amino Acid Positions

AF481864.1_2002

MN238670.1_2018

A¥268133.1_2003

Figure 5. Venn Diagram showing shared and unique amino acid positions among three WNV sequences,
with 72 shared positions across all three sequences and 14 unique positions.
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Figure 6. Pairwise comparison of amino acid substitutions across West Nile Virus (WNV) sequences
from Israel (2002, 2004), Tunisia (2003), and Iran (2018), showing the degree of similarity or divergence.

Discussion

Our study provided insights into phylogenetic
relationships, evolutionary patterns, and the
ability of WNV to persist across various hosts and
geographies in the MENA region. Some studies
hint at the reemergence of WNV in Europe and
America; however, to our knowledge, this is the
first complete phylogenetic study of WNV in the
MENA region in 2024. We found that the only
published sequence close to our research was the
strain isolated in Iraq in 2023; as a partial
sequence, it is very closely related to Lineage
la—mparticularly with the Israel 2002 strain
(AF481864.1). The latest complete sequence in
the MENA before publishing our analysis was
from Iran in 2018, which has a closer
phylogenetic relationship with Lineage 2. These
results confirm the presence of lineages 1a and 2
and indicate a high genetic diversity in these
lineages, mainly among viral sequences from
Israel, Iraq, and Iran. Such variations are evident

throughout the many substitutions found in the
non-structural proteins NS1, NS2, NS3, NS4, and
NS5, which are involved in viral replication,
immune evasion, and host interactions [25].
Analyzing amino acid substitution patterns across
the significant viral proteins (NS1-NS5) adds
another layer of complexity to understanding how
WNV adapts and evolves. As seen in
Supplementary Table 1, the NS5 protein had the
most notable substitutions, which are likely to
impact the virus's RNA-dependent RNA
polymerase (RdRp) function and
methyltransferase activity, as it contains both an
N-terminal methyltransferase (MTase) and a C-
terminal RARp domain, which are essential for
viral RNA replication and immune evasion;
making this protein a primary target for host
immune responses [26].

Furthermore, substitutions in NS5—especially
those that alter key functional domains—may
enhance the virus's capacity to evade immune



detection or increase its replication efficiency,
thereby contributing to viral persistence and
virulence; such mutations are known to occur in
response to selective pressures from the host
immune system, with significant effects on viral
replication and immune evasion [27, 28]. The
accumulation of mutations in NS5, combined
with changes in other proteins like NS1 and NS3,
reflects the virus's broader strategies for adapting
to host environments and overcoming immune
pressures. Moreover, identifying unique amino
acid changes in the 2018 Iran strain compared to
older Lineage la strains suggests that Lineage 2
may undergo more rapid evolutionary changes,
which could influence its epidemiological
behavior in the region. In this arboviral nature,
mosquitoes are mostly recognized as the principal
vectors transmitting the virus to humans and other
hosts, which calls for additional observation and
careful consideration.

From our review, recorded infections in
humans and animals suggest a route for zoonotic
transmission. It is also worth pointing out that,
among the various countries, sequences from
Israel are the most abundant, dating from 2000 to
2018. It has been confirmed by recent reports of
West Nile disease in 2024 that WNV is actively
spreading among Israeli mosquito populations
and other hosts, such as humans and birds [29].
The predominance of Israeli sequences suggests
that the virus is either sampled more intensely in
this country or circulated more widely within it
than in other parts of the MENA region. However,
this does not mean that WNV is localized to Israel
by any means; it does place it at the center of
attention regarding WNV  research and
surveillance. Other papers have suggested that
climate and environmental factors, including
rising temperatures, could have promoted genetic
variation and increased mutation rates of WNV
[30]; such phenomena may account for the
substantial difference in the variable regions
between older reference sequences, such as the
Israel 2002 strain and new strains like the Iraq
2023 and Iran 2018 strain. This fact alone
supports the need for constant monitoring and
analysis of WNV in the region due to potential
climate-induced modifications.
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The findings indicate that the virus is circulating
in the region based on newly available database
sequences. Still, unfortunately, not all were of
sufficient quality to be included in our study. This
does not imply the absence of WNV cases in other
countries within the region; instead, it points to
underreporting or lack of sequencing efforts; the
fact that WNV cases have been reported in
countries like Jordan, Syria, Sudan, and Pakistan
[2], but without extensive sequencing data, points
to a broader issue of underreporting and limited
genomic surveillance. While these countries may
not have as many sequenced cases, the presence
of WNV-related instances indicates that the virus
is circulating beyond the countries where
sequencing data is available, such as Israel and
Iran. This suggests that the extent of WNV in the
MENA region may be underestimated due to gaps
in sequencing and reporting. Improving
surveillance infrastructure and encouraging more
widespread sequencing efforts across the region
will be essential for obtaining a more accurate
understanding of WNV’s transmission patterns
and evolutionary changes [31]. Currently, WNV
has been demonstrated to be circulating again in
Europe, heightening concerns about its potential
spread northward [31], focusing on the potential
for WNV outbreaks in previously underreported
or unreported countries, and reinforcing the
importance of regional cooperation and
comprehensive vector control strategies.
Biosafety and Biorisk Management
Recommendations

West Nile Virus (WNV) poses a significant
public health risk due to its ability to infect
humans and animals. This is why effective
biosafety and biorisk management are critical for
controlling the spread of WNV in the MENA
region. Environmental conditions, including
rising temperatures and changing rainfall
patterns, create ideal habitats for Culex
mosquitoes, the primary vectors of WNV [32].
The continued evolution of the virus—as seen in
the genetic differences between strains such as
Iraq 2023 and Iran 2018—raises concerns about
its adaptability and spreading to previously
unaffected areas, leading to potential public
health crises. The possibility of preventing WNV
transmission and future outbreaks underscores the
importance of regional cooperation in enhancing



surveillance systems and implementing effective
response strategies, with each country adjusting
them based on its epidemiological status and
target hosts [33]. Given the zoonotic potential of
WNV, stringent biosafety protocols are needed in
both research and diagnostic laboratories.
Handling viral samples from infected animals,
humans, and mosquitoes requires containment
measures such as BSL-3 (Biosafety Level 3)
environments, where appropriate personal
protective equipment (PPE) and engineering
controls are in place to prevent accidental
exposure or release of the virus, with regular
training of laboratory personnel which is essential
to ensure adherence to safety protocols making
the region ready for any viral attacks in the future
[8, 34]. Likewise, controlling the mosquito
population remains one of the most effective
methods for preventing WNV transmission; for
example, vector control programs include
insecticide applications, the removal of mosquito
breeding sites, and public awareness campaigns
on personal protection measures such as
repellents and mosquito nets. All these efforts
must be coordinated regionally, as WNV can
spread across borders, requiring a collaborative
approach to monitoring and response strategies
[8, 35]. Vaccines are an excellent and promising
approach to prevent WNV circulation, especially
for end hosts like humans or horses. However,
there is currently no approved vaccine for
humans; effective veterinary vaccines are
available, which could be a significant step
toward controlling and potentially eradicating
flavivirus infections [36].
Conclusion

This study sheds light on the current state of
WNYV in the MENA region and raises essential
questions about the virus’s potential for further
spread and adaptation. The findings underscore
the importance of ongoing genomic surveillance,
vector control efforts, and public health
preparedness to mitigate the risk of future
outbreaks. As WNV continues circulating and
evolving, countries must invest in enhanced
sequencing capabilities and collaborate on
regional efforts to monitor and control this
persistent and adaptable virus. Managing the
biosafety and biorisk of WNV in the MENA
region requires a multifaceted approach that
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integrates enhanced surveillance, reinforced
laboratory safety, effective vector control, and
regional cooperation. As the virus evolves and
adapts, proactive measures will be essential in
mitigating the risk of future outbreaks and
protecting public health, especially in developing
countries.
Future direction

As our understanding of West Nile Virus
(WNV) in the MENA region just touches the tip
of the iceberg, several key areas require further
research and development to improve prevention
and response strategies. First, enhancing genomic
surveillance in underreported countries such as
Jordan, Palestine, Sudan, and much more in the
region—will be critical to obtaining a complete
picture of WNV circulation. Expanded
sequencing efforts, particularly in regions with
suspected cases but limited data, are necessary to
accurately track viral evolution and transmission
dynamics. Additionally, a global website or
database where each country or state can add their
data and where the system automatically analyzes
and develops risk levels for vector-borne disease
is similar to The VectorSurv system [37].
Identifying genetic mutations, particularly in key
non-structural proteins (NS1-NS5), highlights the
need for functional studies to understand better
how these substitutions may affect the virus and
its impact on humans. Finally, investigating the
role of these mutations in the virus’s adaptability
could provide insights into potential targets for
antiviral therapies or vaccine development.
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