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 Abstract     

Background: Mosquitoes (Diptera: Culicidae) are significant 
vectors of mosquito-borne diseases prevalent across temperate 
and tropical regions. Understanding the abundance and 
distribution of these vectors is essential for studying the eco-
epidemiology of mosquito-borne diseases.
Methods: This cross-sectional study aimed to identify mosquito 
populations (Culicidae) and conduct molecular analysis for 
Flavivirus infections, explicitly focusing on West Nile Virus 
(WNV) and Dengue Virus (DENV) in Fars Province, Southern 
Iran. Mosquitoes were collected from 23 stations across urban 
and rural areas and migratory bird habitats in five counties, 
using hand catch with manual aspirators, CDC light traps 
with CO2, and human and animal bait methods from April 
to December 2018. Molecular screening for Flavivirus RNA, 
including WNV and DENV, was performed using a specific 
PCR technique.
Results: 8212 adult mosquitoes were collected, representing four 
genera and nine species. The most prevalent species were Culex 
pipiens (54.20%), Culiseta longiareolata (30.40%), and Culex 
sinaiticus (10.25%). Molecular screening was conducted on the 
8212 mosquitoes grouped into 150 pools based on sex, species, 
and trapping location. None of the pools tested were positive for 
Flavivirus RNA.
Conclusion: This study highlights the importance of monitoring 
mosquito species distribution and emphasizes the need for 
enhanced Flavivirus surveillance and long-term monitoring 
programs in the region to understand the risk of disease 
transmission better.
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Introduction

Mosquitoes (Diptera: Culicidae) are a widespread 
and prolific group inhabiting temperate and tropical 
regions globally. Understanding mosquito species’ 
biology, abundance, and distribution is essential for 
accurately assessing the transmission dynamics of 

mosquito-borne diseases and comprehending their 
ecoepidemiology.

The most recent taxonomy classifies mosquitoes 
(Diptera: Culicidae) into two subfamilies, 11 tribes, 
41 genera, 186 subgenera, and 3563 species. Based 
on the latest checklist in Iran, seven genera have 
been identified, including Anopheles, Uranotaenia, 
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Culiseta, Coquillettidia, Culex, Aedes, and 
Ochlerotatus. These encompass 16 subgenera, 64 
species, and three subspecies.1

Numerous studies have demonstrated that 
mosquitoes are key vectors for transmitting a 
variety of arboviruses belonging to families such 
as Phenuiviridae, Togaviridae, and Flaviviridae. 
The Flaviviridae family comprises 58 species, many 
posing significant threats to human health. Of these, 
39 species are transmitted by ticks and mosquitoes.2

One prominent family member is West Nile 
Virus (WNV) (Flaviviridae: Flavivirus), prevalent 
in regions including Australia, Africa, and North 
and Central America. While both soft and hard ticks 
(Arachnida: Ixodidae) are known vectors, mosquitoes 
are particularly important in transmitting WNV. Wild 
birds, especially wetland species, serve as amplifying 
hosts for the virus.3

Several reports have documented the transmission 
of pathogens by mosquitoes in Iran, including 
Dirofilaria immitis and D. repens,4 various 
Plasmodium spp.,5 West Nile Virus6 (Bozorg-Omid 
et al. 2020), Dengue virus (DENV) (Flaviviridae: 
Flavivirus),7 and Rift Valley Fever Virus (RVFV) 
(Phenuiviridae: Phlebovirus).8 Despite the significant 
public health impact of viral diseases like WNV and 
DENV, limited information is available regarding 
their mosquito vectors in Iran. Moreover, no 
comprehensive vector control program for WNV 
has been implemented in the country. A previous 
serological study identified the presence of WNV 
antibodies in multiple regions of Fars Province in 
southern Iran.9

The objective of this research was to identify 
the mosquito species present in Fars Province and 
to screen them for West Nile Virus (WNV), Dengue 
Virus (DENV), and other Flaviviruses using real-time 
pan-flavivirus RT-PCR and virus-specific real-time 
RT-PCR techniques.

Methods

Study Area
This research was conducted in Fars Province, 

located at 29.62° N and 52.53° E, between April 
and October 2018. Fars Province is geographically 
bordered by Isfahan and Yazd provinces to the north, 
Kohgiluyeh & Boyer-Ahmad to the west, Bushehr 
and Hormozgan to the south, and Kerman to the east. 
Five diverse locations within Fars Province were 
selected for mosquito collection: Shiraz County, 
Sepidan County, Zarqan County, Marvdasht County, 
and Maharloo Wetland (Figure 1). Between April and 
December 2018, mosquito sampling was conducted 
at 25 fixed and variable stations strategically chosen 
within these locations.

Sample Collection and Processing
Adult mosquitoes were collected using multiple 

sampling methods, including CO2-baited CDC light 
traps operated for 13 hours (from 6 p.m. to 7 a.m.), 
old tires, night landing catches on human and animal 
baits, and manual aspirators for daytime hand catches 
(8 a.m. to 5 p.m.) at resting sites (Figure 2).

After collection, mosquitoes were identified 
morphologically using established identification 
keys.4 Each specimen was pooled based on external 
morphological characteristics, sex, species, and 
collection location. Pools contained between 5 and 
100 specimens, which were stored in cryovials. These 
cryovials were then placed in a liquid nitrogen tank 
for preservation and transported to the insectarium 
at the School of Health, Shiraz University of Medical 
Sciences, Shiraz, Iran, for further analysis.

Molecular Detection of Flavivirus RNA
Mosquito pools were homogenized, and 200 μL of 

the resulting homogenate was used for viral nucleic 
acid (NA) extraction using the Virus Extraction Mini 
Kit (QIAGEN). A 5 μL aliquot of the extracted NA was 

Figure 1: Study area and sampling sites in Fars Province, Southern Iran (Designed by author).
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utilized for RT-PCR. The assay employed sense (ProC-
F1: CCTGTGTGAGCTGACAAACTTAGT) and 
reverse (ProC-R: GCGTTTTAGCATATTGACAGCC) 
primers, combined with the f luorogenic 
TaqMan probe (ProC-TM: 6FAM-
CCTGGTTTCTTAGACATCGAGATCTTCGTGC-
TAMRA). The reactions were performed using the 
GoTaq Probe 1-Step RT-qPCR kit (Promega).10

Total nucleic acid extraction was done with the 
Virus Mini Kit v2.0 (QIAGEN) and the BioRobot EZ1 
system. For further analysis, another 5 μL aliquot of 
NA was processed using the Real-Time Quanti-Tec 
SYBR-GREEN RT-PCR assay, following previously 
described one-step procedures.11 The PCR test 
targeted a highly conserved region of the polymerase 
gene, facilitating the detection of a wide range of 
Flaviviruses.

Results

A total of 8,212 adult mosquitoes were collected from 
the research areas, representing four genera and nine 
species. The most prevalent species were Cx. pipiens 
(54.2%), Cs. longiareolata (30.40%), and Cx. Sinaiticus 
(10.25%). Additional species included Cx. Deserticola 
(3.41%), Ur. Unguiculata (1.23%), Cx. Pusillus (0.29%), 
An. Claviger (0.09%), Cx. Perexiguus (0.08%), and An. 
Stephensi (0.05%) (Table 1). The study area demonstrated 
high species diversity, with all nine species recorded. 
Cx. pipiens was the most widespread species collected 
from all five study areas. None of the 150 mosquito pools 
tested positive for West Nile Virus or Dengue Virus 
using real-time RT-PCR.

Discussion

This study collected 8,212 mosquito specimens, 
representing nine different species. The most prevalent 
species were Cx. pipiens, Cx. Sinaiticus, and Cs. 

longiareolata. However, none of the samples tested 
positive for West Nile Virus (WNV) or Dengue virus 
(DENV).

Cx. pipiens, commonly known as the house 
mosquito, was found in all the sampling regions. This 
species is a known vector for several arboviruses, 
including TAHV, SINV, and WNV.10 Cx. pipiens 
is widely distributed across Africa, central North 
America, Europe, Asia, Australia, and South 
America.12-14 Previous studies have reported frequent 
sightings of Cx. pipiens in various regions of Iran, 
including Sanandaj,15 Zanjan,16 Ardebil,4 Isfahan,17 
East Azerbaijan,18 and Kashan.19 Epidemiological 
evidence of WNV in different hosts has been 
documented in Iran,20 and the circulation of WNV in 
the primary vector, Cx. pipiens s.l. and Cx. pipiens, 
has been confirmed in several studies.21

Cx. sinaiticus has been previously reported 
in several provinces of Iran, including Sistan and 
Baluchistan, Khuzestan, Bushehr, Fars, Hormozgan, 
and Kerman provinces. A few years ago, a study 
showed that this species prefers larval environments 
with immobile or temporary water, clear, muddy 
bottoms, and plants.19, 22 In this research, Cx. Sinaiticus 
was one of the most significant populations, with 842 
specimens (10.13%) collected. 

Cs. longiareolata has been reported from all 
regions of Iran, including Sistan-Baluchistan, 
Kerman, Kurdistan, and Kermanshah provinces.1, 18, 23 
It has been identified as a dominant species of culicid 
mosquitoes in these areas.24, 25 Larvae of this species 
are typically found in various water sources, including 
wells and canals, with peak activity occurring during 
June and July.26 In this study, Cs. longiareolata was 
found in all the sampling regions and was one of the 
dominant culicine mosquitoes.

Re-emerging and newly emerging arboviral 
diseases are recognized as significant global health 

Figure 2: Ecosystems sampled in Fars Province, Southern Iran: a. migratory bird area, b. rice field, c. riversides, d. swamp, e. stable, f., and 
g. stagnant water, h. marsh (Original Fig.).
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concerns, with approximately 30% of all newly 
emerging infectious diseases over the past decade 
attributed to arboviruses.27 Among these, West Nile 
Virus (WNV) stands out due to its broad range of 
vectors, including species of Culex, Aedes, and 
occasionally Anopheles mosquitoes, while birds 
serve as the primary vertebrate reservoirs of the virus. 
WNV fever has become widespread across many 
parts of the world. Given the spread of the disease in 
neighboring countries such as Pakistan, Afghanistan, 
Turkmenistan, Iraq, and the Republic of Azerbaijan, 
and the movement of people between these nations, 
Iran faces a significant risk of WNV transmission.28

Until the summer of 1999, the West Nile Virus 
(WNV) was primarily known to circulate in Africa, 

Europe, and Southwest Asia. However, the first 
reported case of WNV in North America occurred in 
August 1999, around New York. Since then, the virus 
has spread significantly across various parts of the 
world.29 WNV has been reported in regions including 
Africa, the Middle East, Southern Europe, Western 
Russia, Southwest Asia, and Australia. The global 
epidemiology of West Nile Virus has undergone 
dramatic changes over the past few decades, 
particularly with its introduction and spread in the 
Americas. This expansion has been accompanied by 
increased reported virus activity in Europe.30, 31 

The Middle East region, located at the crossroads 
of several continents, is particularly susceptible to 
the spread of zoonotic diseases, including West 

Table 1: Details of mosquito specimens collected by study areas (April–December 2018)
Species Collection site N Total 

N (%) 
Culex pipiens Shiraz county

Marvdasht county
Zarqan county
Sepidan
Maharloo Wetland

2134
760
648
476
432

4450 (54.2%)

Culex quinquefasciatus Shiraz county
Marvdasht county
Zarqan county
Sepidan
Maharloo Wetland

132
70
45
0
33

280 (3.41%)

Culex Sinaiticus Shiraz county
Marvdasht county
Zarqan county
Sepidan
Maharloo Wetland

352
0
245
97
148

842 (10.25%)

Culex pusillus Shiraz county
Marvdasht county
Zarqan county
Sepidan
Maharloo Wetland

24
0
0
0
0

24 (0.29%)

Culex previous Shiraz county
Marvdasht county
Zarqan county
Sepidan
Maharloo Wetland

0
7
0
0
0

7 (0.08%)

Culiseta longiareolata Shiraz county
Marvdasht county
Zarqan county
Sepidan
Maharloo Wetland

1150
425
596
200
125

2496 (30.40%)

Anopheles stephensi Shiraz county
Marvdasht county
Zarqan county
Sepidan
Maharloo Wetland

4
0
0
0
0

4 (0.05%)

Anopheles claviger Shiraz county
Marvdasht county
Zarqan county
Sepidan
Maharloo Wetland

8
0
0
0
0

8 (0.09%)

Uranotaenia unguiculata Shiraz county
Marvdasht county
Zarqan county
Sepidan
Maharloo Wetland

0
0
0
0
101

101(1.23%)

Total 8212 (100%)
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Nile Fever. The virus has been reported in various 
countries across the region, such as Egypt, Lebanon, 
Iraq, the United Arab Emirates, Iran, Pakistan, India, 
and Russia.32 

Additionally, Iran is at risk for this disease due 
to the presence of suitable mosquito vectors and 
favorable environmental conditions for mosquito 
proliferation. Iran’s wetlands serve as wintering 
grounds for migratory birds that arrive annually 
from northern Siberia. West Nile Virus is endemic 
in regions like western Siberia and southern Russia, 
where several epidemics have been reported in cities 
such as Volgograd, Astrakhan, and the Krasnodar 
region. Many of these migratory birds have previously 
been exposed to different strains of WNV in various 
locations along their migratory routes.29

West Nile Virus has a broad range of vectors, with 
mosquitoes of the genus Culex being the primary 
carriers.33 However, other genera, including Aedes, 
Anopheles, Coquilletidia, Culiseta, Deinocerites, 
Mansonia, Psorophora, Orthopodomyia, and 
Uranotaenia, can also transmit the virus.34

So far, 69 species of Culicid mosquitoes, including 
17 genera and 35 subgenera, have been identified, 
some of which are known vectors for WNV. Studies 
on the genetic transmission of the virus in vector 
mosquitoes have reported transmission rates of up to 
26% in Cx. pipiens mosquitoes.35

West Nile fever follows a natural cycle involving 
wild birds and several types of arthropods. The virus 
can infect arthropods when the virus level in the 
blood of wild birds is high enough. This viral activity 
typically becomes evident during the spring, when 
mosquitoes from the previous year that were carrying 
the virus become active again or when infected 
migratory birds arrive in the area. The most critical 
period for human and mammal infections occurs 
during late summer and early fall.36, 37 

The presence of rice fields, wetlands, and ponds, 
which migratory birds frequent, may serve as 
potential breeding grounds for mosquitoes and could 
contribute to the outbreak of new viral epidemics, 
including WNV.38 Fars Province is also a popular 
tourist destination, attracting travelers worldwide 
each year, which could increase the risk of imported 
cases of mosquito-borne diseases. Furthermore, Cx. 
pipiens, the primary vector of WNV, is the dominant 
mosquito species in the region.

This study represents the first attempt to screen 
mosquitoes in Fars Province for Flavivirus. An 
improvement that could be made to the present study 
is incorporating light traps and hand-catch methods 
for mosquito sampling, which could provide a more 
comprehensive collection of species. Additionally, 
collecting, anesthetizing, identifying, and preparing 

specimens for molecular procedures are time-consuming 
tasks, and the sample mass could be a potential 
limitation for the study’s ability to identify viruses. 
Furthermore, using birds, such as chickens or pigeons, 
as bait may increase the sampling rate of ornithophilic 
species (potential vectors for WNV), thereby improving 
the chances of detecting the virus.39 Given the lack of a 
confirmed vector surveillance program for mosquito-
borne viruses in Iran, it is recommended that such 
surveys continue to enhance our understanding and 
management of virus transmission in the region.

Conclusion

Although the species captured in this study can 
potentially transmit Flaviviruses, molecular tests did 
not show Flavivirus contamination. However, the 
presence of anti-virus antibodies in residents’ blood 
in the study areas indicates the existence of a disease 
transmission cycle in the region. Continuous monitoring 
is recommended given the presence of primary carriers 
for West Nile Virus and Dengue in the study areas. 
Public health authorities should implement ongoing 
surveillance activities on arbovirus diseases. Establishing 
entomological surveillance as an early warning system 
to prevent future outbreaks of these diseases is essential.
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