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Abstract 14 

West Nile virus (WNV) is a Flavivirus transmitted by arthropods, and it is a public health concern 15 

globally. WNV was originally isolated in Uganda, and within a short period, it spread widely and 16 

caused outbreaks globally. We conducted this study to research strains from Iran, Azerbaijan, the 17 

United Arab Emirates, Pakistan, Iraq, and Turkey to understand WNV spread, genetic diversity, 18 

and evolution, and improve monitoring and control programs by evaluating the sources of 19 

introduction and modes of transmission. 20 

A total of 93 gene sequences from Iran and neighboring countries were downloaded from the NCBI 21 

virus database. After filtering, 89 sequences were used for analysis and the construction of 22 

phylogenetic trees for several genes, alongside the genome sequences of reference lineages 1 and 23 

2 for comparison. Sequence alignment was performed in MEGA 10 via ClustalW. Phylogenetic 24 

trees were constructed using the neighbor-joining method. Phylogenetic grouping stability was 25 

determined via the bootstrap analysis (1,000 replications). 26 

Our analyses of the capsid, envelope protein, and NS5 genes demonstrated the importance of Iran 27 

in the circulation of WNV in the region. Although some sequences from Iran cluster with Turkish 28 

sequences, others present evidence of independent evolution. The clustering of Azerbaijani 29 

sequences with Turkish sequences and the divergence of Iraqi and Pakistani strains revealed 30 

varying degrees of connectivity and isolation. Furthermore, the hosts identified in the region 31 

include different species of mosquitoes, birds, and mammals, which were described in detail. 32 

Our phylogenetic analysis revealed the geographical distribution of WNV transmission. The 33 

genetic diversity and connectivity of the strains provide crucial information for epidemic 34 
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prediction, virus transmission, and areas that require enhanced surveillance. In the future, these 35 

evolutionary patterns will also assist in monitoring WNV transmission in Iran and its neighboring 36 

countries. 37 
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1. Context 43 

West Nile virus (WNV) is an enveloped, single-stranded positive-sense RNA virus belonging to 44 

the Japanese encephalitis serocomplex that includes a group of closely related viruses in the genus 45 

Flavivirus, family Flaviviridae (1). This virus is the main cause of a human disease known as West 46 

Nile fever, which is an important public health pathogen in humans and animals. It is considered 47 

one of the most widely distributed arthropod-borne viruses (2). 48 

The genome of WNV consists of one strand of RNA approximately 11 kb in length. The viral 49 

RNA encodes ten proteins, which include three structural proteins, C (capsid), prM 50 

(premembrane), and E (envelope), as well as the seven nonstructural proteins NS1, NS2A, NS2B, 51 

NS3, NS4A, NS4B, and NS5. The RNA is translated into a single large polyprotein that is 52 

subsequently cleaved by both viral and host proteases into individual proteins. The structural 53 

proteins comprise the virion, which encapsulates the viral RNA, and the nonstructural proteins 54 

comprise the replication complex (3). 55 

This virus was first isolated from a febrile patient who lived in the West Nile District of Uganda 56 

in 1937. The first cases of WNV infection in horses were recorded in the 1960s in France and 57 

Egypt. Since then, the virus has been causing recurrent outbreaks in Africa, the Middle East, and 58 

parts of Europe. Reported cases of WNV in Turkey occurred during the 1970s and 1990s, as did 59 

severe epidemics from 2010--2011. The country of Iran has also reported cases dating back to the 60 

1970s, 2008, and 2009, with patients showing fever and some neurological signs. A study 61 

conducted on horses in Iran from 2008--2009 revealed wide WNV spread in the western and 62 

southern provinces (4). 63 

WNV has been identified in 65 distinct species of mosquitoes and more than 326 species of birds. 64 

The primary vectors for transmission to mammals, including humans, are Culex spp. (5). Cx. 65 

pipiens, Ae. caspius, and Cx. theileri are reported as potential vectors for WNV in Iran (6). It exists 66 

in its natural environment through the enzootic cycle, with Culex mosquitoes as vectors and 67 

particular species of birds as primary amplifying hosts. While mammals, including humans and 68 

horses, can develop WNV infections, they typically do not generate enough viremia to reinfect 69 

Culex; therefore, they are considered dead-end hosts (7, 8). Viremia most commonly lasts for a 70 

few days, but depending on the host species, viremia intensity varies greatly, being greater in birds 71 

than in mammals (5). 72 



 

 

Assessing the actual incidence and prevalence of infections is difficult owing to the differing 73 

testing methods available. Nonetheless, whole-blood PCR is more sensitive than IgM ELISA is 74 

and needs more investigation as a possible means of diagnosis. In North America, the rapid spread 75 

of the West Nile virus ignited veterinary vaccine development by 2005; however, the development 76 

of this human vaccine remains in preclinical studies (9). 77 

WNV has at least nine different lineages. Nevertheless, lineages 1a and 2 are the primary causes 78 

of most of the described human cases (10). The original strain lineage 2 was dominant in the 79 

African, Middle Asian, Arab, Russian, and European regions for more than 60 years, giving rise 80 

primarily to milder infections. Lineage 1, however, emerged in the mid-1990s, causing 81 

neurological infection in Europe, Russia, and Israel (9). Lineage 1 of the West Nile virus can be 82 

further divided into three sublineages: 1a, 1b, and 1c. Lineage 1b, also known as Kunjin virus, 83 

primarily occurs in Australia. Lineage 1c, which is also referred to as lineage 5, includes isolates 84 

from India (11). Lineage 3, also known as the Rabensburg virus, and several other less common 85 

lineages, including lineage 4 in Russia, lineage 5 in India, and lineage 6 in Spain, have all likely 86 

made their way into the Northern Hemisphere through separate introductions. Further lineages are 87 

being discovered in Africa (12).  88 

Phylogenetic analysis employs phylogenetic trees to investigate evolutionary relationships among 89 

species or genes. The trees provide researchers with the ability to trace resulting lineages and 90 

relationships with a common ancestor to shed light on the evolution of organisms and gene 91 

sequences. These relationships are important for the prediction of gene function, tracking disease 92 

emergence, and guiding decisions in other areas, such as conservation biology and drug 93 

development (13). Recent studies on vector-borne pathogens have emphasized the importance of 94 

molecular detection, phylogenetic analysis, and serological surveillance in assessing disease 95 

transmission dynamics (14-18). 96 

Recent advancements have enhanced our understanding of WNV, mainly investigating its genetic, 97 

transmission, and environmental factors linked to outbreak initiation. Studies about the genetics of 98 

the West Nile virus have revealed some interesting patterns in how it spreads and changes in 99 

Europe (10, 19). Recently, a study found West Nile Virus in an area that was considered low-risk 100 

before, which shows how it’s spreading unexpectedly. Many people who got infected didn’t even 101 

notice mosquito bites or realize they should take precautions (20). There are also some 102 

advancements in host selection of this virus, revealing ecological and environmental determinants 103 

influencing their role in transmission of West Nile virus (7). New evidence further shows that, 104 

besides ecological determinants conducive to the presence of birds and mosquitoes, land use within 105 

agricultural regions can have a pivotal role in the emergence of WNV (21). 106 

While WNV has been documented in Iran since the 1970s, reports of genetic data of Iranian strains 107 

in comparison to neighboring countries are still lacking. The concern here lies in the uncertainty 108 

over whether Iran serves as a major hub of transmission of the virus or merely acts as a pass-109 

through corridor in the neighboring countries, especially through migratory birds or common 110 

ecosystems. This study is the first to report a multi-gene phylogenetic study of WNV strains from 111 

Iran and neighboring countries. We have demonstrated regional connections but also distinct 112 

evolutionary aspects of WNV strains, which suggests that Iran has been both a recipient of and 113 



 

 

could represent a potential source of WNV spread in this region. WNV has been frequently 114 

reported in Iran, as well as in many bordering countries (22-25). In this study, we constructed 115 

phylogenetic trees using 93 available genome datasets from WNV samples collected in Iran and 116 

neighboring countries. This allowed us to trace the evolutionary relationships and diversity of the 117 

viruses in the region. By analyzing these trees, we can determine the patterns of transmission of 118 

this virus and the possible sources of introduction. This information is valuable for revealing the 119 

pathways through which the West Nile virus might be spread and for developing surveillance and 120 

control strategies. Our research will also shed light on the genetic diversity of the virus, providing 121 

essential insights for future development and research into vaccines and therapeutic antiviral 122 

agents. 123 

2. Data Acquisition  124 

For this study, gene sequences from Iran and bordering countries, including Azerbaijan, Iraq, 125 

Pakistan, the United Arab Emirates, and Turkey, were available and initially downloaded from the 126 

NCBI virus database. An initial analysis involving all WNV sequences from these countries was 127 

carried out. All WNV sequences from these countries, as submitted to the NCBI virus database, 128 

were selected for evaluation. Each sequence was then analyzed for the presence of genes of capsid 129 

protein, envelope protein, and NS5 protein. All sequences including these genes were selected. 130 

Furthermore, all whole genome sequences have also been included in the study. A total of 93 131 

sequences were retrieved. The sequences were distributed as follows: 7 from Azerbaijan, 11 from 132 

Iran, 2 from Iraq, 4 from Pakistan, 68 from Turkey, and 1 from the United Arab Emirates. Among 133 

the 93 sequences analyzed, 89 were used due to the previously stated criteria to construct 134 

phylogenetic trees for the complete genome, capsid protein, envelope protein, and NS5 protein. 135 

One sequence from Turkey, two from Pakistan, and two from Iran were excluded because of their 136 

lack of relevance to these genes. Figure 1 shows the locations of the sequences analyzed in this 137 

study. Furthermore, genome sequences from lineages 1 and 2 were included to examine the 138 

relationships between these countries and the reference sequences. 139 

Gene sequences in FASTA format were imported into MEGA10, and sequence alignments were 140 

performed via ClustalW. Neighborhood joining was used to generate phylogenetic trees. The 141 

reliability of the phylogenetic groupings was evaluated via a bootstrap test (1,000 replications). 142 

The study used neighborhood joining and the bootstrap test based on the research of Shah-Hosseini 143 

et al.. The authors presented a strong framework for neighborhood joining and its application to 144 

similar research questions, which supports the use of neighborhood joining (26). The neighbor-145 

joining (NJ) method, relying purely on pairwise distances (rather than complex probabilistic 146 

models), offers a fast and efficient means of constructing phylogenetic trees.  For purposes of 147 

phylogeny with datasets that are larger and complex, it is preferred to use maximum likelihood 148 

because of its simplicity and computational needs, although maximum likelihood provides 149 

superior accuracy for deep evolutionary analyses.  The Neighborhood method's flexibility to 150 

variable evolutionary rates helps to make it a practical approach for analysis. 151 

In addition to the detailed phylogenetic analyses, a thorough review of the literature was performed 152 

to provide evidence of an understanding of West Nile virus (WNV) transmission in Iran and 153 

neighbouring countries. We searched the scientific literature using PubMed, Scopus, and Web of 154 



 

 

Science databases, drawing data from the last decade to capture as much relevant development as 155 

possible. Keywords such as "West Nile virus," "whole-genome sequencing," "phylogenetic 156 

analysis," "arboviruses," "zoonotic transmission," and "migratory bird routes" were used. The 157 

articles were selected according to their relevance to the subject areas of molecular epidemiology, 158 

vector-host ecology, and phylogeographic patterns. Priority was given to studies that used genomic 159 

or phylogenetic approaches. Studies that explored hosts, climate, as well as local transmission 160 

pathways were prioritized. This background of the literature provided insight into the sequence 161 

data, as well as the necessary data on the transmission potential of WNV strains, with specific 162 

emphasis on Iran and the surrounding countries, where regional patterns of transmission, typical 163 

ecosystems, and migratory bird routes offer critical background to understand virus circulation. 164 

 165 

Although the approach taken in this study provides a good representation of the phylogenetic 166 

relationship of WNV sequences, it does have limitations. First, the inclusion of available sequences 167 

from the NCBI virus database can have some biases because there is a possibility of undercoverage 168 

of certain geographic areas due to limited sequencing. Also, the removal of certain sequences due 169 

to missing genes or incomplete genome data may affect the completeness of the study. These 170 

limitations will be addressed to improve the description of the phylogenetic analysis and provide 171 

a comprehensive assessment of WNV evolution in the region in future studies. Finally, 172 

Neighborhood joining measures exclusively rely on distance matrices, which offer less accuracy 173 

than a model-based approach. 174 

 175 

 176 

 177 

Figure 1. Location of WNV strains isolated. Sequences shown in the figure were retrieved from 178 

the NCBI virus and were utilized in this study. Sequence 1, as shown in Figure 1, was isolated 179 

from Isfahan, Iran (KJ486150.1). Sequence 2 was isolated from the Sepid River, Iran 180 



 

 

(MF462262.1). sequences 3 and 4 were isolated from Lorestan, Iran (MN238669.1, 181 

MN238670.1). sequences 5-9 were isolated from Hormozgan, Iran (MW455339.1, 182 

MW455338.1, MW455337.1, MW455336.1, and MW455335.1). Among the sequences 183 

analyzed, 67 originated from Turkey, 7 from Azerbaijan, 3 from Pakistan, 2 from Iraq, and 1 184 

from the United Arab Emirates. 185 

 186 

 187 

 188 

3. Results 189 

3.1 Complete genome sequences 190 

The full-genome nucleotide sequences were established for eight WNV isolates. WNV whole 191 

genome sequences were available in Azerbaijan, the United Arab Emirates, Turkey, and Iran. The 192 

analysis of WNV sequences revealed 99% site coverage for Iranian sequences aligned with lineage 193 

2. Furthermore, the sequences from Turkey and the United Arab Emirates displayed significant 194 

similarities to one another and to lineage 1. Additionally, the WNV sequences from Azerbaijan 195 

presented high site coverage with these lineages. Figure 2 displays the phylogenetic analysis of 196 

complete genomes of WNV from Azerbaijan, the UAE, Turkey, and Iran. 197 

 198 

Figure 2. Phylogenetic analysis based on the complete genome sequence of WNV from 199 

Azerbaijan, the United Arab Emirates, Turkey, and Iran. The phylogenetic relationships of the 200 

full-length sequences were inferred via MEGA 10 via the neighbor‒joining method and tested 201 

via 1000 bootstrap replicates. The sequences are indicated by the GenBank accession number 202 

and country of isolation. The percentage shown in the figure indicates the extent of branch site 203 

coverage. 204 



 

 

 205 

3.2 Capsid gene sequences 206 

Twenty-two capsid protein sequences, representing strains from Iran, Turkey, Pakistan, and Iraq, 207 

were obtained from the NCBI database. To have a more representative context in the phylogenetic 208 

analysis, reference sequences of Lineages 1 and 2 were also selected and aligned. Phylogenetic 209 

analysis was performed using sequences of the capsid gene. Figure 3 shows the phylogenetic 210 

analysis of West Nile Virus (WNV) capsid gene sequences from Iran, Turkey, Pakistan, and Iraq. 211 

High site coverage of some branches formed by the clustering of Turkey's sequences and those 212 

from Iraq signifies the strong reliability of these evolutionary connections. Additionally, the 213 

Iranian sequences showed significant clustering. Lineages 1 (NC 009942.1) and 2 (NC 001563.2) 214 

served as outgroups, further confirming the phylogenetic structure. The phylogenetic analysis 215 

revealed relevant clustering of the sequences from Iran, implying a common ancestry with some 216 

genetic resemblance among the strains of WNV circulating in this area. Interestingly, the Iranian 217 

sequences also reveal a genetic relationship with strains from neighboring countries such as Iraq 218 

and Turkey. This regional clustering suggests that there may have been a historical or ongoing 219 

genetic exchange between these countries. This exchange could be driven by migratory birds or 220 

by other ecological and environmental factors. The presence of genetic similarities may suggest 221 

shared transmission pathways or common environmental conditions that have shaped the evolution 222 

of the virus across these areas. Conversely, the Pakistani strains appear to have diverged from the 223 

Iranian cluster, forming a separate group. This could signify either a unique evolutionary trajectory 224 

in that region or limited genetic exchange between the Pakistani strains and those in Iran. 225 

 226 

 227 



 

 

Figure 3. Phylogenetic analysis of the capsid gene sequences of WNV from Iran, Turkey, 228 

Pakistan, and Iraq. The phylogenetic relationships of the capsid gene sequences were inferred via 229 

MEGA 10 via the neighbor‒joining method and tested via 1000 bootstrap replicates. The 230 

sequences are indicated by the GenBank accession number and country of isolation. The 231 

percentage shown in the figure indicates the extent of branch site coverage. 232 

 233 

3.3 The envelope protein (E) gene sequences 234 

A total of 54 sequences were included in the analysis, 52 of which originated from Iran, Turkey, 235 

Azerbaijan, and Iraq. Additionally, reference sequences for Lineage 1 and Lineage 2 were 236 

included. The majority of the tree sequences were from Turkey and formed several separate 237 

clusters. This may suggest that Turkey was one of the major sites of virus sampling. The sequences 238 

from Azerbaijan (AF237563.1, AF237564.1) are closely related to those from Turkey, suggesting 239 

a geographic link with Turkey. This may indicate that viruses spread or share evolutionary 240 

pressures in this region. Iran has a sequence (MF462262.1) placed further apart from these clusters; 241 

however, the lack of data for this gene in Iran can influence the results. The Iraq and Pakistani 242 

sequences (PH430512.1, PP430511.1, OR728658.1) also cluster far apart, possibly reflecting 243 

geographic or lineage-specific separation. These findings may be useful for comparison with other 244 

sequences to understand the relationships between Turkey and its neighbors with lineages around 245 

the globe. In this dataset, Turkey appears in the center and indeed could act as the hub, given its 246 

geographic placement connecting Europe, Asia, and the Middle East. Figure 4 shows the 247 

phylogenetic analysis of West Nile Virus (WNV) envelope protein (E) gene sequences from Iran, 248 

Turkey, Azerbaijan, and Iraq. 249 



 

 

 250 

Figure 4. Phylogenetic analysis based on the envelope protein (E) gene sequence of WNV from 251 

Iran, Turkey, Azerbaijan, and Iraq. The phylogenetic relationships of the E gene sequences were 252 

inferred via MEGA 10 via the neighbor‒joining method and tested via 1000 bootstrap replicates. 253 

The sequences are indicated by the GenBank accession number and country of isolation. The 254 

percentage shown in the figure indicates the extent of branch site coverage. 255 

 256 

3.4 NS5 gene sequences 257 

The phylogenetic tree was constructed based on 16 NS5 gene sequences, along with two reference 258 

sequences of the West Nile virus. The tree contains samples from Turkey, Iran, Azerbaijan, 259 

Pakistan, and Iraq. Some Turkish sequences cluster together, indicating their genetic similarities. 260 

Pakistan and Iraq had more distant branches. Considering Iran's central location, the distinct 261 

phylogenetic branch could point to virus introductions from eastern regions or neighboring 262 

countries such as Pakistan or Iraq, which show evolutionary paths separate from Turkey in NS5 263 



 

 

phylogenetic analysis. However, the lack of data on the NS5 gene sequence from Iran influenced 264 

the findings. A different approach with greater sampling and tracing of biogeographic links could 265 

clarify the issues within the analyzed data. The phylogenetic analysis of West Nile Virus (WNV) 266 

NS5 gene sequences from Turkey, Iran, Azerbaijan, Pakistan, and Iraq is depicted in Figure 5. 267 

 268 

Figure 5. Phylogenetic analysis based on the NS5 gene sequence of WNV from Turkey, Iran, 269 

Azerbaijan, Pakistan, and Iraq. The phylogenetic relationships of the NS5 sequences were 270 

inferred via MEGA 10 via the neighbor‒joining method and tested via 1000 bootstrap replicates. 271 

The sequences are indicated by the GenBank accession number and country of isolation. The 272 

percentage shown in the figure indicates the extent of branch site coverage. 273 

 274 

3.5 Observations across all four trees 275 

Turkish sequences consistently dominate the trees and form multiple distinct clusters. This 276 

highlights Turkey as a significant hub of genetic diversity for the West Nile virus. Its geographical 277 



 

 

location, which links Europe, Asia, and the Middle East, can provide another perspective toward 278 

filling this role in the evolution of a virus. Iranian sequences often appear in relatively isolated 279 

positions or distinct branches. While some Iranian sequences cluster with Turkish sequences, 280 

others show signs of independent evolution. Sequences from Azerbaijan tend to group very closely 281 

together. Their close association with Turkish sequences indicates strong genetic connectivity, 282 

probably resulting from the migratory routes of birds or ecological interactions. Sequences from 283 

Iraq and Pakistan are much more divergent across all trees. The clustering of Azerbaijani 284 

sequences together with Turkish sequences and the divergence of Iraqi and Pakistani strains 285 

indicate uneven degrees of connectivity and isolation. The inclusion of reference sequences for 286 

Lineages 1 and 2 in all trees provides a global perspective. Most Turkish and some Azerbaijani 287 

and Iranian sequences align closer to these references, indicating their involvement in globally 288 

significant lineages. However, strains from Iraq and Pakistan tend to show greater divergence from 289 

these lineages. 290 

3.6 Comparative Phylogenetic Implications and Interpretations 291 

In this study, the analyzed sequences identified hosts of WNV in this region. A total of 32 292 

sequences from Culicidae hosts collected from Iran and Turkey were considered. Twelve 293 

sequences were from Culex. Among the Culex hosts, eight sequences were from Culex pipiens, 294 

whereas the others were from Culex perexiguus, Culex sitiens, and Culex theileri. In addition, 27 295 

sequences were associated with human hosts. In Turkey, there were also sequences from Corvus 296 

cornix, Ochlerotatus caspius, Aedes albopictus, Clanga pomarina, Equus caballus, and Pica pica. 297 

WNV sequence analysis in Iran identified Anatidae and Anopheles stephensi as hosts. Anatidae 298 

was also identified in Iraq. In the UAE, Camelus was confirmed as a host. Reports from Azerbaijan 299 

confirmed Alectrobius capensis, Aves, and Turdus merula to be hosts. These results provide 300 

evidence for the capacity of the virus to cycle through different host species and the ability to cycle 301 

through different environments, thereby emphasizing targeted surveillance. A thorough 302 

examination of these hosts could enhance our understanding of virus transmission pathways. 303 

How strains of WNV cluster genetically provides useful information about the evolution of the 304 

virus, and helps with outbreak planning. Strains from Pakistan, Iraq, Iran, Turkey, and Azerbaijan 305 

exhibit strong genetic relatedness, with the genetic disparity of these strains suggesting that we 306 

will need to tailor surveillance and response efforts based on where we are targeting our efforts. 307 

Local conditions, including climate, mosquitoes, and the wildlife hosting WNV, provide critical 308 

context that also determines the spread of WNV related to the above factors. These conditions will 309 

affect how transmission occurs and how well surveillance and control measures can be 310 

implemented. Recognizing the genetic differences can help improve surveillance and prevention 311 

measures in the region. Surveillance programmes should consider the genetic groupings in 312 

addressing the surveillance and diagnosis of WNV infections. The clustering of Iranian and 313 

Turkish strains confirms the possibility for cross-border communication on the monitoring of the 314 

virus. Countries that harbour similar WNV strains may benefit from joint surveillance initiatives 315 

designed to monitor mutations of the virus and coordinate preventative measures. The degree of 316 

divergence of the strains in Iraq and Pakistan suggests local ecological factors must be taken into 317 

account to formulate independent control strategies linking vector control interventions, 318 



 

 

management, and warning systems. The identification of genetically differentiated strains 319 

emphasizes the importance of regionally optimized vector control programs. Indeed, genetic 320 

diversity could influence virus-host interactions, and in turn, reduce transmission efficiency and 321 

the efficacy of existing mosquito control efforts. Health authorities need to revisit existing 322 

strategies to ensure they adequately consider the diversity of circulating WNV strains being 323 

encountered in different areas. 324 

West Nile virus has been gaining attention as a global health concern. The virus was once restricted 325 

to certain areas of the globe but has recently become widespread. Factors contributing to its spread 326 

include the migration of infected birds, climate change, and changes in mosquito populations that 327 

have allowed transmission within many different ecosystems (8, 20, 27). The analysis of 328 

phylogenetic data is critical for understanding the evolution and spread of WNV. Phylogenetic 329 

data reveal genetic relationship patterns of transmission and variation in the different distributions 330 

of WNV in different regions and can be used to track outbreaks, understand the origin of WNV, 331 

and support public health efforts. This work is especially important in locations where WNV has 332 

increased, such as Iran and surrounding countries (21). This phylogenetic analysis investigated the 333 

relationships between WNV transmission patterns in various parts of Iran and other neighboring 334 

countries. By comparing sequences of the complete genome, capsid, envelope protein, and NS5, 335 

we identified several important patterns relevant to epidemiological surveillance. The results 336 

provide a significant understanding of the linkages between bird and mosquito hosts across 337 

countries and WNV evolution. 338 

For several years, WNV has been endemic to the Middle East, with documented outbreaks being 339 

observed in countries such as Turkey and Iran (28, 29). In Turkey, the virus has been reported 340 

since the 1970s (28). WNV cases were reported in the 1970s in Iran (29). There have been many 341 

reports of this virus in Iran since then (25). WNV has also been reported in many other countries 342 

surrounding Iran, such as  Iraq(30), the United Arab Emirates (23), and Pakistan (24).  343 

The phylogenetic analysis of WNV strains in Iran and neighboring regions shows many similarities 344 

with patterns seen in Europe. As described by Simonin et al., birds play a critical role in the 345 

dissemination of WNV in both locations, with their migration having been found to affect patterns 346 

of transmission across regions. As in Europe, WNV circulation in Iran is largely ecological, with 347 

wetlands serving as the focal point of virus amplification, as these wetland features contain and 348 

support populations of mosquitoes, plus the proper ecological space for the virus to amplify. 349 

Although WNV strains from Europe demonstrate genetic variation generated from repeated 350 

introductions of the virus, along with endemic evolution, strains of WNV in Iran appear to be less 351 

genetically diverse than those seen in Europe (8). The results from Iran and neighboring countries 352 

are consistent with a recent investigation in Europe showing how temperature, precipitation, and 353 

habitat suitability moderate viral circulation. Both studies sufficiently demonstrate that bird 354 

migration and mosquito vector populations are important determinants for the continuation of 355 

WNV transmission cycles. The study by Erazo et al. demonstrated that WNV expansion is also 356 

mostly related to climate change (19). However, limited sequences and analysis in Iran and some 357 

neighboring countries limit this comparison. 358 



 

 

In Iran, WNV has many different vectors and hosts that are considered important for the virus 359 

cycle of transmission. Among mosquitoes, many species, such as Culex pipiens, Culex theileri, 360 

and Culex perexiguus. Culex pipiens, Aedes caspius are indeed universal transmission vectors. 361 

Birds, particularly Anas sparsa (Cape teal), are also critical since they can act as reservoirs of 362 

viruses within nature and cause human transmission. Other mammals, such as humans, pigs, cattle, 363 

sheep, and dogs, have been identified as infected hosts (6). Various hosts in Iran were identified 364 

in the sequences analyzed in this study. These included species from the family Culicidae, such as 365 

Culex pipiens, Culex sitiens, Culex theileri, and Culiseta longiareolata; other hosts included 366 

Anatidae, Anopheles stephensi, and Homo sapiens. Culex pipiens, an important vector of the West 367 

Nile virus, is the most common mosquito species in some areas of Iran. The presence of Cx. pipiens 368 

in these areas would greatly increase the probability of transmission of West Nile virus to humans 369 

(6) . In Europe, similar to this study, bird species such as Anatidae and some vector species, such 370 

as Anopheles species, have been identified as hosts (31). Although some avian species, such as 371 

Feral Pigeons (Columba livia domestica), do not show much evidence of WNV detection, reports 372 

from a few studies have revealed that many birds in Iran show positive evidence of WNV 373 

circulation (25, 32, 33). 374 

The main mosquito vectors of WNV in Turkey are Culex pipiens, Culex quinquefasciatus, Culex 375 

perexiguus, and Ochlerotatus caspius. other reservoirs of the virus are ducks (Anas 376 

platyrhynchos), while incidental hosts with high exposure include but are not limited to sheep, 377 

horses, or humans (22). Iran and Turkey share common hosts and vectors for WNV, as shown by 378 

the phylogenetic analysis. Culex pipiens is an important mosquito vector in both regions. 379 

Culex pipiens and Culex quinquefasciatus have been defined as the predominant WNV mosquito 380 

vectors in the United Arab Emirates (34). In southern Iraq, both species have also been shown to 381 

be WNV vectors (30). Joseph et al. reported the presence of WNV in dromedary camels in the 382 

United Arab Emirates (23). An analysis of the sequences from this study revealed that Camelus 383 

was the host in the United Arab Emirates, whereas Anatidae was the host in Iraq. In Pakistan, 384 

several Culex mosquito species act as significant vectors for WNV (24). This finding highlights 385 

the importance of Culex mosquitoes in the WNV cycle. 386 

In Iran, WNV has been associated with a number of lineages, of which lineage 2 has been the most 387 

commonly reported. Phylogenetic analysis revealed that the Russian, Romanian, and Italian WNV 388 

strains presented some closeness in terms of genetic similarity (6). Lineage 2 was strongly 389 

associated with WNV in our phylogenetic trees. The predominant lineages varied among the 390 

countries that we studied. In Turkey and Pakistan, lineage 1 is considered a major lineage (22, 24, 391 

35). Lineage 2 has also been seen in Turkey (36). Although a study demonstrated the existence of 392 

WNV lineage 1 in the UAE, few studies regarding WNV lineages have been conducted there (23). 393 

Iraq and Azerbaijan also lacked data for particular lineages. Our NS5 and capsid phylogenetic trees 394 

indicated that sequences from Iraq clustered with lineage 2. The envelope phylogenetic tree, 395 

however, showed some clustering of Iraq strains with lineage 1 and Turkey strains. The Azerbaijan 396 

strains analyzed in our study also presented some associations with lineage 1. This study and 397 

previous work strongly emphasize the need for more investigations to define the geographical 398 

impacts of WNV lineages. 399 



 

 

WNV likely entered Iran via two migratory bird pathways. First, the virus potentially arrived in 400 

central and southern Iran via East Africa--West Asia Flyway when it was introduced from Central 401 

or East Africa. Second, WNV was likely to have been introduced into northwestern and western 402 

Iran from Eastern Europe, likely Romania or Russia, via the Black Sea-Mediterranean Flyway. 403 

Genetic analyses suggest that they were introduced from separate origins. Although there is 404 

evidence of similarities in WNV strains in Iran and neighboring countries, geographical proximity 405 

alone is unlikely to play a substantive role in the distribution of the virus. Instead, migratory bird 406 

pathways are responsible for WNV epidemiology (6). Environmental factors, such as proximity to 407 

wetlands and climate, impact WNV transmission. The climate and wetlands of Iran attract 408 

migratory birds and lead to conditions conducive to WNV transmission. Although studies have 409 

focused on humans, little work has been conducted to determine the distribution of WNV in avian 410 

species in Iran. Given the recent increase in outbreaks in neighboring countries and the 411 

intercontinental migratory patterns of birds into Iran, it is important to implement effective control 412 

measures (25). 413 

Additionally, Iran's health system should prioritize mosquito control planning and put programs 414 

into action, particularly for WNV vectors. The WNV surveillance in Iran is missing mosquito 415 

control as well as diagnostics. WNV vector targeted management should focus on Culex pipiens, 416 

Culex theileri, and Culex perexiguus, and be implemented through larviciding, insecticide 417 

resistance survey, and environmental management of stagnant waters. Improved mosquito control 418 

will help limit the potential for WNV outbreaks and improve the health of at-risk people. 419 

Increasing clinician awareness and implementing WNV-specific diagnostic tests are important in 420 

hospitals to increase the detection and care of patients diagnosed with WNV (6). WNV 421 

surveillance of migrating birds, an important transporting factor, also needs attention (25). In 422 

addition, our study emphasizes the need to increase sampling in Iran and neighboring countries to 423 

better understand host-vector dynamics. Further genome sequencing of mosquitoes and birds may 424 

shed further light on the genetic variation of WNV and its spread to new regions. Some additional 425 

knowledge that may support the spread of the virus can be gained by identifying the biogeographic 426 

links between hosts in Iran and those in neighboring regions. Owing to the important role of hosts 427 

in the spread of WNV, we suggest considering other ecological parameters related to interactions 428 

between bird species, mosquito vectors, and environmental factors in Iran. Collaboration with 429 

neighboring countries will shed more light on the ecological and genetic determinants of WNV 430 

transmission. Researchers have suggested that WNV surveillance can be improved in Africa 431 

through expanding genomic monitoring in strategic locations, connecting human, animal, and 432 

environmental data to better predict when outbreaks will occur, and enhancing global collaboration 433 

through international databases. These recommendations aim to mitigate existing surveillance 434 

gaps and improve overall preparedness (37). Another recent study in Europe indicated that by 435 

combining indicator-based surveillance (IBS) and event-based surveillance (EBS), researchers can 436 

improve risk mapping for WNV. While IBS is based on structured reports of activity through 437 

official sources, EBS focuses on outbreak signals through unofficial sources, such as news articles 438 

and expert networks. When both sources are integrated with environmental data, the research 439 

findings identified additional areas of concern in Spain, Italy, France, and Greece that were not 440 

identified by the traditional approaches (38). An integrated approach will provide the highest 441 



 

 

likelihood of control for WNV disease, especially when mixed, synergistic techniques, such as 442 

physical barriers, genetically engineered mosquitoes, and immunological targets, are utilized (39). 443 

The study has some biases that may limit conclusions. the unequal sampling of WNV sequences 444 

may over-represent Turkey's genetic diversity and under-represent strains from other countries 445 

such as Iran. Also, the geographical biases introduced by exclusively using sequences within 446 

specific locations may miss genetic variation present in regions that were undersampled. Because 447 

fewer sequences were sampled from Iran than Turkey, the study may have also underestimated the 448 

diversity of strains within Iran and strains connecting Iran with its neighboring regions. overall, 449 

the sampling distribution was not equal for sequences collected across regions. All things 450 

considered, sampling across all the countries for WNV completely reasonably considers biases, 451 

and this expectation of broader sampling may improve phylogenetic studies of viruses to resolve 452 

the conclusions while improving regional surveillance measures moving forward.  453 

4. Conclusion 454 

The phylogenetic analysis revealed the importance of understanding regional dynamics in WNV 455 

transmission. The genetic diversity and regional connectivity documented in our study are 456 

important sources of information for epidemiological studies, helping in the prediction of WNV 457 

spread and the identification of areas that can be monitored and controlled. The analysis of the 458 

four phylogenetic trees revealed relationships among WNV strains in the region. Turkey has a 459 

central position in the region. Azerbaijan sequences are genetically very close to those of Turkey. 460 

The Iranian strains occasionally cluster with the Turkish strains but also occasionally manifest 461 

distinct clusters, suggesting differentiation in their genetic pathways. These results were somewhat 462 

constrained by the lack of genome sequences. An expanded study in these areas will shed more 463 

light on this topic. These findings indicate an urgent need for more research into the factors driving 464 

these patterns. 465 
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