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ABSTRACT

West Nile virus (WNV) is found in 26 provinces of Iran in
humans, horses, and birds. Due to lack of vaccines, the only
method to reduce the risk of the disease in communities is to
increase people’s awareness. Lack of killing and overhunting
of animals does not alter the infected-blood transmission from
animals to humans by mosquito bites, but can reduce disease
transmission risks including the transmission of West Nile fever
(WNF) to humans. WNV is an enveloped Flavivirus that in nature
has an enzootic cycle between mosquitoes and birds. The virus
has occasional epizootic spillover causing disease in humans and
horses. WNV-transmitting mosquitoes are widespread around the
world, and the geographical range of transmission and the disease
has increased over the past seven decades. Most human infections
with WNV are asymptomatic, but severe neurological disease may
develop resulting in long-term complications or death. Given the
increasing trend of reported human WNF cases, it is necessary
to implement surveillance programs and increase awareness of
people and health staff about the function of biological factors
including carnivores in the hunting of infected animals and
collecting their carcass from nature. Hunting and killing of birds
and dogs living near humans increase both the risk of deviation
of blood-feeding of the zoophilic mosquitoes to humans and the

outbreak of the disease.
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1. Introduction

West Nile virus (WNV) is an arbovirus transmitted through
mosquitoes of the family Culicidae, which has been isolated from
birds, horses, mosquitoes, and humans. Humans and Equidae
(horses, donkeys, and mules) are susceptible to the virus.

In nature, WNV cycles between mosquitoes (especially the Culex
genus) and birds. Wild birds, especially wetlands species, are the
main vertebrate hosts of the virus. Some bird species can have a
high concentration of the virus in their bloodstream, and mosquitoes
are infected by biting and sucking blood from these birds.

As the main vectors, Culex mosquitoes are responsible for the
natural WNV transmission between birds and humans cycle.
Besides Culex mosquitoes, WNV transmission to humans has been
reported by other species of anthropophilic mosquitoes such as
Aedesll11.

The virus was first identified in birds such as crows and pigeons.
The family Corvidae has a high susceptibility to the virus.
Migratory birds make a major contribution to spread the disease
around the world. In Europe, Africa and Asia, the mortality of
WN V-infected birds is extremely low. In contrast, the virus is highly
pathogenic for birds in the Americas. Horses, as well as humans, are
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“dead-end” hosts meaning that while they become infected, they do
not transmit the virus to other objectives. The infected horses usually
present with no symptoms or with benign symptoms. But in some
cases, WNV can cause neurological complications, including deadly
encephalomyelitis. The virus can also be transmitted via contact with
infected blood or tissues. Rare transmission of the virus happened
through organ transplantation, blood transfusion, and breast milk,
but mother-to-child transmission and transmission to laboratory staff
have been reported(2-9].

WNV is the most widely distributed Flavivirus worldwide. The
virus has been found in Africa, America, Australia, southern Europe,
western Asia, and the Middle East, and it has been found in the
neighboring countries of Iran. WNV is a member of the family
Flaviviridae, specifically from the genus Flavivirus. The family
Flaviviridae includes 58 viruses which are the main health threats
to humans. The genus Flavivirus includes 53 virus species, and 39
of them are transmitted by mosquitoes or ticks (soft and hard). The
WNYV genome contains 11 kb single-stranded RNA that encodes
three structural and seven non-structural proteins. WNV is a member
of the Japanese encephalitis serocomplex, which includes Japanese
encephalitis, Saint Louis encephalitis, Rico and Murray Valley
viruses. WNV strains have eight lineages[10-13]. The serological
studies in the 1970s showed the presence of WNV antibodies in
humans in several provinces of Iran. WNV is found in horses,
humans, and birds in Iran. The serological studies also showed WNV
infection rates of 10%-26.6% in Iran[14,15].

A serological and molecular study of 26 wild aquatic bird species
in Iran from 2004 to 2007 showed a seropositive rate of 15%. In
a study on the wetlands of West Azerbaijan in 2012, WNV was
detected by PCR in Ochlerotatus (Aedes) caspius, indicating local
transmission of the virus in the region[6]. In a study in five provinces
of Iran (Golestan, East Azarbaijan, Lorestan, Mazandaran, and
Guilan) in 2015 and 2016, a total of 32317 mosquitoes belonging
to 25 species were collected. Molecular study of the mosquitoes by
RT-PCR revealed the presence of the virus in mosquito Culex pipiens
pipiens from Sepid Rood site in Guilan province[16,171. In a study
in northern Iran, adult mosquitoes were collected including eight
species with the most abundant species of Aedes vexans (33.2%),
Culex tritaeniorhynchus (22%), Culex pipiens (20.7%), and Anopheles
maculipennis s.l. (15.6%). The results of the molecular study on the
mosquitoes showed that they were not infected with the virus[10].

In a cross-sectional study on blood donors in Tehran in 2005, all
samples were negative for IgG antibody and WNV. However, the
seropositive IgM antibody rate was 5% for WNVI[18]. The results of
a study in Isfahan province (central Iran) from 2008 to 2009 showed
that 1.2% of the patients with symptoms of fever and decreased
consciousness were positive for WNV tested by RT-PCR[13]. In
a study from the year 2010 to 2011 in the northern and central
provinces of Iran, positive antibody levels were reported in 1.3%
of the human population and 2.8% of horses[19]. In a study in 2011
and 2012, the WNV antibody was confirmed in 67.4% of the serum
samples collected from horses in Alborz and Tehran. From 2008

to 2009, a large-scale survey of horses in different regions of Iran

showed that 23.7% of the horses were positive for WNV antibodies.
The highest rate of seroprevalence was seen in the southern and
western provinces of Iran (over 30%). The highest rate of infection
in horses was observed in Khuzestan, Chaharmahal-Bakhtiari and
Kermanshah provinces (prevalence of over 60%)[20]. In addition,
in southwestern Iran, WNV antibody was reported in 70% of the
horses between 2011 and 2012[21]. In Guilan province, WNV has
been found in humans (1.4%-10%), horses (2.2%-25%), and birds
(62.7%)116]. WNV is probably the most important and widespread
mosquito-borne arbovirus in Iran. It was identified in at least 26
of the 31 provinces in Iran using ELISA[13,20,21]. In a study in
Mashhad, northeast of Iran, the overall IgG seroprevalence of the
positive WNV was 11%. However, IgM antibody was not found
in the participants[22]. In another study in Neka of Mazandaran
province in northern Iran and Shiraz of Fars province in southern
Iran, the results showed that there was a significant difference in the
WNV infection rate between men (39.19%) and women (13.04%)(231.
It is significant to note that risk evaluation is a persistent
proceeding. The WNV situation changes each year in the world, and
it should regularly re-evaluate in the future years. Similarly, for this
purpose, there is a need to update the novel evidence on the ecology
and epidemiology of WNV in the globe. In recent years, various
studies in Iran have confirmed the presence of WNV antibody in
humans, wild birds, and animals. Considering that most of the
Iranian provinces reported the confirmed cases of WNV infection,
a more active surveillance and care system must be set in place
to control the disease. Therefore, it is necessary to study different

aspects and status of the disease in Iran.

2. Data collection

In this study, some keywords such as epidemiology, West Nile fever,
West Nile encephalitis, West Nile meningitis, clinical manifestations,
arbovirus, vectors, reservoirs, control, and Iran were used to search
the Internet and authentic medical journals in scientific databases
including Web of Science, Ovid, PubMed, Systematic Review,
Scopus, Iran Medex, Scirus, Google Scholar, and Medline to reach
the Persian and English papers published from 1940 to 2019. A total
of 113 papers were found and 76 papers were chosen with regard to
the study objectives. Accordingly, we used a random effect pattern to

incorporate the early findings in this review paper.

3. History

Some pathogens, which are proven to be transmitted by Culicidae
mosquitoes, are found in Iran such as dengue viruses (Flaviviridae:
Flavivirus), Rift Valley Fever virus (Phenuiviridae: Phlebovirus),
Dirofilaria repens and D. immiiis, Sindbis virus (Togaviridae:
Alphavirus), Plasmodium spp., and WNV. Meantime, there is the
possibility of several other mosquito-borne viral outbreaks like the

Japanese encephalitis virus (Flaviviridae: Flavivirus) in the World
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Health Organization Eastern Mediterranean Region[10].

WNV was first isolated in 1937 from a woman from the West
Nile region in Ugandal24]. It was detected in birds (crows and
pigeons) in the Nile delta region in 1953. Before the year 1997, the
pathogenic properties of WNV had not been diagnosed, but then,
a very virulent strain in Israel killed many birds who showed the
symptoms of encephalitis and paralysis. A WNYV strain from Israel
and Tunisia entered in New York in 1999, causing an extensive
and large outbreak across the USA. The WNV outbreak in the
USA (1999-2010) highlighted the importation and establishment
of vector-borne pathogens outside their current and main habitat
representing a serious danger to the world. Meanwhile, few human
cases of WNF have been reported in Central and South America,
but the virus has been found in field specimens by performing
surveillance operations. Therefore, there is a potential and risk of
disease outbreak in humans in these regions. The biggest outbreaks
happened in Israel, Russia, the USA, Greece, and Romania. The
foci of the outbreak are on the birds’ major migratory routes. The
WNV virus inset to the USA in 1999 and is now widespread from
Canada to Venezuela. The largest outbreak of WNV infection
in Europe to date was in Romania during 1996 and 1997 with
over 500 clinical cases and 10% of deaths. Human infections
attributable to WNV have been reported in many countries for over
the last 50 years[3-9,25,26].

4. Prevalence

Between 1999 and 2010, over 2.5 million people infected with
this virus were confirmed worldwide. Of them, 12000 people
developed encephalitis and 1300 people died. According to the
data released by the European Center for Disease Prevention and
Control in 2018, a total of 401 cases of WNF infections were
reported, including 22 deaths in humans. Various studies have been
conducted on WNYV infection in Djibouti, Iran, Jordan, Morocco,
Pakistan, Palestine, Qatar, Saudi Arabia, Tunisia, and the UAE, etc.
The most infected countries were Serbia, Italy, Greece, Hungary,
and Romania with 126, 123, 75, 39, and 31 patients, respectively
in 2018. According to the report of the Centers for Disease
Control and Prevention in 2018, a total of 2 544 WNF cases were
reported in the USA, of which 1594 cases (63%) suffered from
neurological disease (encephalitis and meningitis) and 950 cases
(37%) of non-neurotic. A WNV study in the Middle East in 2018
reported specific WNV antibodies in Iran (0%-30%), Iraq (11.6%-
15.1%), Egypt (1%-61%), Djibouti (0.3%-60.0%), Jordan (8%),
Lebanon (0.5%-1.0%), Libya (2.3%), Morocco (0%-18.8%),
Pakistan (0.6%-65.0%), Sudan (2.2%-47.0%), and Tunisia (5.3%-
15.9%). The RNA of WNYV was also found in Iran (1.2%), Pakistan
(33.3%), and Tunisia (5.3%-15.9%). Specific WNV antibodies
were reported in various animals in the Eastern Mediterranean
region. The highest seropositivity was observed in horses (100%
in Morocco) and dogs (96% in Morocco). In addition, the highest
seropositive WNV infection was found in birds in Tunisia (23%)[3-9,27-28].

The highest prevalence of WNV among domestic animals
(including dogs) has been reported in Morocco, Pakistan, Israel,
and Iran. The high levels of positive antibody and the geographical
spread of infected animals indicate the favorable conditions
for WNV circulation in these countries. Therefore, stronger
precautionary measures should be taken in these areas to reduce
the risk of transmission among humans and horses. The high
prevalence of the virus in dogs and horses suggests that these
animals should be given special attention in the WNV surveillance
and control program. The infection of these animals with the virus
changes the serum so that it is possible to predict conditions of the
disease spread in human society. Studies have shown that serum
changes in dogs occur six weeks before the emergence of human
WNYV cases. This means that the disease has already become
epizootic and greatly increases the risk of spread in the human

community[29-32].

5. Symptoms

The incubation period of WNV is 3-14 d. Nearly 80% of people
with WNV infection were asymptomatic. In about 20% of cases,
WNF was manifested with symptoms such as fever, headache,
fatigue, body aches, nausea, vomiting, swollen lymph nodes, and
sometimes rash on the body. In most cases, the symptoms disappear
7-10 d later. One in five people with the disease showed fever and
other symptoms. Approximately 1 in 150 people infected with the
virus (less than 1% of infected people) developed a severe and acute
form of WNEF, also called neuroinvasive disease, which includes West
Nile encephalitis, West Nile meningitis, and West Nile poliomyelitis.
Severe symptoms of the disease include headache, high fever, neck
cramps, dizziness, confusion, tremor, convulsion, muscle weakness,
and paralysis. The severe and acute forms of the disease occur at
all ages, but those older than 50 years with weak immune systems
(including organ transplant patients) are more prone to develop a
severe form of the disease. In rare cases, WNV infection can lead
to death. The mortality rate in patients with the neural form of the
disease is 4%-14%[3-9,27-28].

6. Diagnosis and treatment

Diagnosis of WNV is based on virus detection through PCR, virus
isolation through cell culture, detection of elevated IgG titers in
serum using ELISA, and IgM detection in serum or cerebrospinal
fluid using ELISA. IgM can be detected when clinical symptoms are
present. This immunoglobulin may remain for more than 12 months.
The vaccine has been developed for horses but there is no human
vaccine yet. The treatment of WNV patients includes hospitalization,
intravenous fluid injection, respiratory support, and prevention of
secondary infection. The recovery span of WNYV infection is often
accompanied by muscle pain and long-term weakness, but no further
symptoms will show after recovery. Children recover faster than
adults in most the cases[3-5.9,27.
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7. Reservoirs and life cycle

WNYV infection has also been reported in rats and wild
ruminants[33,34]. Incomplete information on the prevalence of
WNV infection in wild animals is one of the challenges for disease
control in human society. Adequate knowledge and information
on the reservoir infection and circulation of the virus among wild
animals play an important role in predicting WNV outbreaks and
epidemics in human society. Studies on wildlife are necessary to
better clarify the status of infection in these hosts[35]. Among them,
birds play a significant role in the maintenance and expansion of
WNV. Therefore, conducting bird studies is of crucial importance.
Some bird species may have high levels of the virus in their
bloodstream, and mosquitoes are infected by biting and sucking
blood from these birds. One week after receiving infected blood,
mosquitoes can transmit the virus to other objectives. So, monitoring
and surveillance of WNV infection among birds (especially in areas
with favorable ecological conditions for birds and mosquitoes) is of
particular importance. In this case, a better understanding of birds’
migration pathways could be helpful in selecting the most likely
locations for virus tracking and subsequently judging areas that may
be new focal points for the emergence and spread of WNV[36,37].
Mosquitoes and birds are currently considered to have a key role in
the life cycle of the virus[11,38-40]. Anyway, more than 30 of other
vertebrates are possible reservoirs for WNV. These animals, such
as lemurs, frogs, hamsters, squirrels, rabbits, and chipmunks have
high levels of the virus in their blood and can infect vector insects.
Therefore, more attention should be paid to the role of these animals
in natural rotation and outbreaks of WNV in future researchi3].
The important point is that elimination of blood-sucking sources in
the wildlife can lead to an increased incidence of human disease,
because by eliminating food sources (through killing dogs and
possible species in wildlife reservoirs), mosquitoes would meet their
blood need from humans. This is very likely to happen near towns

and villages[41-45].

8. Vectors

In many countries, the main WNYV vectors are Culex pipiens and
Culex tritaeniorhynchus. In the eastern Mediterranean region, the
main vector of the disease was reported to be Culex pipiens pipiens
s.l. which is proven in Djibouti, Egypt, Iran, and Tunisiall1]. Among
mosquitoes, the virus is transmitted through saliva. The virus is
transmitted to the next generation of Culex mosquitoes through their
eggs. So far, more than 60 species of the family Culicidae have
been reported to be infected with WNV. But finding the virus in a
species should not mean that it is an important and capable vector
for the transmission. WNV has been found not only in Culex but also
in Aedes and Mansonia. Additional studies are necessary to further
clarify the potential role these species play in the maintenance and
transmission of WNV. Interestingly, WNV infection was observed

in ticks-Argas reflexus hermannii that are important pests of birds.

Meanwhile, studies from other regions of the world detected
the RNA of WNV in ticks-Rhipicephalus turanicus and mites-
Dermanyssus gallinae and Ornithonyssus sylvarum. In addition, a
WNV strain was isolated from ticks-Dermacentor marginatus in the
Caucasus. However, the role and ability of ticks and mites as WNV

vectors have been less studied[46].

9. Prevention

In the absence of a good vaccine to prevent WNF in humans, the
only way to reduce infection in individuals is to raise awareness
about risk factors and educate people about what they can do to
reduce exposure to the virus. Carrying out prevention programs for
this disease requires the presentation and implementation of detailed
and extensive monitoring programs, as well as the implementation
of vector control operations in the countries involved. Studies should
be conducted to identify local species of mosquitoes that transmit
the virus between animal reservoirs, as well as species that may
transmit the virus from birds to humans(4.9]1. Wearing gloves and
other protective clothing can reduce the risk of the transmission
when slaughtering the infected poultries. Reducing transmission
risk through blood transfusion and organ transplantation is also
significant. After evaluating the local/regional epidemiological
situation, blood and tissue donation restrictions and laboratory testing
should be established at the time of the outbreak in the affected areas.
Health care staff should take standard infection control precautions
when treating patients with suspected or confirmed WNYV infection
or sampling them. Samples of individuals and animals with
suspected WNV infection should be examined by trained personnel
working in well-equipped laboratories[47.48]. The use of live or dead
virus vaccine has been tested. The most important advantages of
the vaccines made from attenuated viruses are that they produce a
balanced immune response and that the resulting immunity is longer
lasting than killed vaccines[49-52]. The major concern in using WNV
live vaccine is its safety. Among major concerns over the live vaccine
is that the vaccine may contain unknown factors or that the live virus

in the vaccine may cause disease in some of its recipients[49].

10. Ecology

Given the presence of WNV in mosquitoes, wetlands, and
populations of migratory birds and horses in Iran, accurate
monitoring of the disease cycle by health staff is essential to control
the disease and to reduce the mosquito population to the lowest level
possible. On the other hand, migratory birds, horses, dogs, and other
animals must be closely monitored. Hunting and killing of migratory
birds, dogs, and other animals that live in urban and rural areas
increase the risk of deviating zoophilic mosquitoes toward humans,
thereby increasing the risk of transmitting diseases, especially WNV
to humans.

In this case, vectorial capacity is increased in mosquito vectors that
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may have a potential role of the reservoir in viral diseases. Dogs, on
the other hand, are carnivorous animals that can feed the carcasses
of migratory dead birds or possibly reservoir birds and play a useful
role in environmental cleanup. It is necessary to provide an active
animal health surveillance system to detect new cases of infection
in animals (especially in horses and birds) in order to give an early
warning. People should be trained to report dead bird cases to local
authorities. In addition, given the increasing trend in reports of
human WNF cases and the likelihood of more disease outbreaks
in the coming years due to climate change and global warming,
physicians, laboratory scientists, and health surveillance staff need
to pay more attention to clinical symptoms of the disease in humans,
especially in the foci of the disease.

11. Situation in Iran

Reducing virus transmission is one of the main strategies to control
arboviral diseases. Therefore, additional efforts to identify primary
and secondary vectors, and the extent of the relation between
vectors and infected reservoirs are among the strategies for disease
control[53].

The mosquitoes of the subfamily Culicinae are one of the most
common household pests in Iran. They are scattered throughout
Iran, causing more damage to people, and contributing to the
transmission of diseases including WNV compared to other
household pests[17,18,54]. Sixty-nine species of mosquitoes from
the family Culicidea have been reported in Iran. Of these, 39 are
from the Culicinae subfamily, and others including Culex pipiens,
Culex quinquefasciatus, and Culex tritaeniorhynchus are also
important vectors of the WNVI[55-62]. Ticks are blood-sucking
arthropods that live on mammals, birds, reptiles, and amphibians as
ectoparasites, and nearly all of them are capable of sucking blood
from humans. Ticks are composed of hard ticks (Ixodidae) and soft
ticks (Argasidae)(63]. Hard ticks transmit more diseases for having
multiple hosts[64-66]. Due to the abundance of ticks in Iran, numerous
cases of bites and diseases transmitted by them have been reported
from different areas. Over 30 species of ticks have been identified
in Iran from families Ixodidae and Argasidae[67-69]. Therefore, these
arthropods may play a role in transmitting the West Nile infection,
but so far, no WNV transmission by these arthropods has been
reported in Iran. However, researchers have elucidated the role of
different species of hard and soft ticks in West Nile transmission
around the world(70,71]. Mites are among the arthropods that may
contribute to the transmission of the WNYV, which belong to the order
Acarina, and some of which continue to live by sucking blood from
wild animals. Rodents, mammals, and birds are a source of blood for
mites, so they can play a role in WNV transmission. Dozens of mite
species have been identified in Iran(7,72-76].

Conlflict of interest statement

The authors report no conflict of interest.

Acknowledgments

The authors would like to thank Research Health vice-chancellery
of Ahvaz Jundishapur University of Medical Sciences and Kashan

University of Medical Sciences for their cooperation.

Authors’ contribution

All authors participated in the research design and contributed to

different parts of the research.

References

[1] Garmendia AE, Van Kruiningen HJ, French RA. The West Nile virus: its
recent emergence in North America. Microbes Infect 2001; 3(3): 223-229.
2

—

Rappole JH, Derrickson SR, Hubalek Z. Migratory birds and spread of
West Nile virus in the Western Hemisphere. Emerg Infect Dis 2000; 6:
319-328.

Chancey C, Grinev A, Volkova E, Rios M. The global ecology and
epidemiology of West Nile virus. Biomed Res Int 2015; 2015: 376230.

[3

=

[4

=

Centers for Disease Control and Prevention. West Neil Virus. [Online]
Available from: https://www.cdc.gov/westnile/index.html. [Accessed on
2019].

[5] Eybpoosh S, FazlalipourID M, Baniasadi V. Epidemiology of West Nile

=

virus in the eastern mediterranean region: A systematic review. PLOS
Negl Trop Dis 2019; 13(1): 1-26.

[6] Fereidouni SR, Ziegler U, Linke S, Niedrig M, Modirrousta H, Hoffmann

=

B, et al. West Nile virus monitoring in migrating and resident water birds
in Iran: are common coots the main reservoirs of the virus in wetlands?
Vector Borne Zoonotic Dis 2011; 11(10): 1377-1381.

[7] Hubélek Z, Halouzka J. West Nile fever--A reemerging mosquito-borne
viral disease in Europe. Emerg Infect Dis 1999; 5(5): 643-650.

[8] Matthew KO, Adelaiye G, Ikhevha OJ. Emergence and associated risk
factors of vector borne west nile virus infection in Ilorin, Nigeria. J
Arthropod Borne Dis 2018; 12(4): 341-350.

[9] World Health Organization. [Online] Available from: https://www.who.
int/news-room/fact-sheets/detail/west-nile-virus. [Accessed on 2019].
[10]Moin-Vaziri V, Charrel RN, Badakhshan M, de Lamballerie X, Rahbarian
N, Mohammadi Bavani M, et al. A molecular screening of mosquitoes
(Diptera: Culicidae) for Flaviviruses in a focus of West Nile virus
infection in northern Iran, 2013-2014. J Arthropod Borne Dis 2019; 13(4):

391-398.

[11]Campbell GL, Marfin AA, Lanciotti RS, Gubler DJ. West Nile virus.
Lancet Infect Dis 2002; 2: 519-529.

[12]Lanciotti RS, Ebel GD, Deubel V, Kerst AJ, Murri S, Meyer R, et al.
Complete genome sequences and phylogenetic analysis of West Nile
virus strains isolated from the United States, Europe, and the Middle
East. Virology 2002; 298: 96-105.

[13]Chinikar S, Javadi A, Ataei B, Shakeri H, Moradi M, Mostafavi E, et al.
Detection of West Nile virus genome and specific antibodies in Iranian

encephalitis patients. Epidemiol Infect 2012; 140: 1525-1529.



98 Rouhullah Dehghani et al./ J Acute Dis 2020; 9(3): 93-99

[14]Saidi S. Viral antibodies in preschool children from the Caspian area,
Iran. Iran J Public Health 1974; 3: 83-91.

[15]Naficy K, Saidi S. Serological survey on viral antibodies in Iran. Trop
Geog Med 1970; 22: 183-188.

[16]Shahhosseini N, Chinikar S, Moosa-Kazemi SH. West Nile virus
lineage-2 in Culex specimens from Iran. Trop Med Int Health 2017;
22(10): 1343-1349.

[17]Bagheri M, Terenius O, Oshaghi MA, Motazakker M, Asgari S, Dabiri
F et al. West Nile virus in mosquitoes of Iranian wetlands. Vector Borne
Zoonotic Dis 2015; 15(12): 1-5.

[18]Sharifi Z, Mahmoodian SM, Talebian A. A study of West Nile virus
infection in Iranian blood donors. Arch Iran Med 2010; 13(1): 1-4.

[19]Mehravarana A, Moradi M, Telmadarraiy Z, Mostafavi E, Moradi
AR, Khakifirouz S, et al. Molecular detection of Crimean-Congo
haemorrhagic fever (CCHF) virus in ticks from southeastern Iran. Ticks
Tick Borne Dis 2013; 4(1-2): 35-38.

[20]Ahmadnejad F, Otarod V, Fallah MH, Lowenski S, Sedighi-Moghaddam
R, Zavareh A, et al. Spread of West Nile virus in Iran: a cross-sectional
serosurvey in equines, 2008-2009. Epidemiol Infect 2011; 139(10): 1587-
1593.

[21]Pourmahdi-Borujeni M, Ghadrdan MAR, Seifi AS, Zeinvand MA.
Serological survey on anti-bodies against West Nile virus in horses of
Khuzestan province. Iran J Vet Med 2013; 7(3): 185-191.

[22]Meshkat Z, Chinikar S, Shakeri MT, Manavifar L, Moradi M,
Mirshahabi H, et al. Prevalence of West Nile virus in Mashhad, Iran: A
population-based study. Asian Pac J Trop Med 2015; 8(3): 203-205.

[23]Shamsizadeh Y, Roodbari F, Soleymani A. Prevalence of West Nile virus
infection in the cities of Neka and Shiraz, Iran. Mljgoums 2015; 9(3):
141-145.

[24]Smithburn K, Hughes T, Burke A, Paul J. A neurotropic virus isolated
from the blood of a native of Uganda. Am J Trop Med Hyg 1940; 1(4):
471-492.

[25]Bernkopf H, Levine S, Nerson R. Isolation of West Nile virus in Israel. J
Infect Dis 1953; 93(3): 207-218.

[26]Flatau E, Kohn D, Daher O, Varsano N. West Nile fever encephalitis.
Israel ] Med Sci 1981;17(11): 1057-1059.

[27]Hubdlek Z, Halouzka J. West Nile fever-A reemerging mosquito-borne
viral disease in Europe. Emerg Infect Dis 1999; 5: 643-650.

[28]Medlock JM, Snow KR, Leach S. Potential transmission of west nile
virus in the British Isles: an ecological review of candidate mosquito
bridge vectors. Med Vet Entomol 2005; 19: 2-21.

[29]Davoust B, Maquart M, Roqueplo C, Gravier P, Sambou M, Mediannikov
O, et al. Serological survey of West Nile virus in domestic animals from
Northwest Senegal. Vector Borne Zoonotic Dis 2016; 16(5): 359-361.

[30]Davoust B, Leparc-Goffart I, Demoncheaux JP, Tine R, Diarra M,
Trombini G, et al. Serologic surveillance for West Nile virus in dogs,
Africa. Emerg Infect Dis 2014; 20(8): 1415-1417.

[31]Resnick MP, Grunenwald P, Blackmar D, Hailey C, Bueno R, Murray
KO. Juvenile dogs as potential sentinels for West Nile virus surveillance.
Zoonoses Public Health 2008; 55(8-10): 443-447.

[32]Durand B, Haskouri H, Lowenski S, Vachiery N, Beck C, Lecollinet
S. Seroprevalence of West Nile and Usutu viruses in military working

horses and dogs, Morocco, 2012: dog as an alternative WNV sentinel

species? Epidemiol Infect 2016; 144(9): 1857-1864.

[33]Darwish MA, Hoogstraal H, Roberts TJ, Ahmed IP, Omar F. A sero-
epidemiological survey for certain arboviruses (Togaviridae) in Pakistan.
Trans R Soc Trop Med Hyg 1983; 77(4): 442-445.

[34]Marie JL, Lafrance B, Maquart M, Mulot B, Leclerc A, Davoust B, et al.
West Nile virus circulation in Djibouti. /n¢ J Infect Dis 2016; 53: 158.
[35]Beck C, Jimenez-Clavero MA, Leblond A, Durand B, Nowotny N,
Leparc-Goftart I, et al. Flaviviruses in Europe: complex circulation
patterns and their consequences for the diagnosis and control of West

Nile disease. Int J Environ Res Public Health 2013; 10(11): 6049-6083.

[36]Komar N, Langevin S, Hinten S, Nemeth N, Edwards E, Hettler D, et al.
Experimental infection of North American birds with the New York 1999
strain of West Nile virus. Emerg Infect Dis 2003; 9(3): 311-322.

[37]Malkinson M, Banet C. The role of birds in the ecology of West Nile
virus in Europe and Africa. Curr Top Microbiol Immunol 2002; 267: 309-
322.

[38]Watts DM, El-Tigani A, Botros BAM, Salib AW, Olson JG, McCarthy M,
et al. Arthropod-borne viral infections associated with a fever outbreak in
the Northern province of Sudan. J Trop Med Hyg 1994; 97(4): 228-230.

[39]Wasfi F, Dachraoui K, Cherni S, Bosworth A, Barhoumi W, Dowall S, et
al. West Nile virus in Tunisia, 2014: First isolation from mosquitoes. Acta
Trop 2016; 159: 106-110.

[40]Taylor R, Work T, Hurlbut H, Rizk F. A Study of the ecology of West
Nile virus in Egypt. Am J Trop Med Hyg 1956; 5(4): 579-620.

[41]Dehghani R, Zarghi I, Aboutalebi M, Barzegari Z, Ghanbari M. Fauna
and habitat of aquatic arthropods of Kashan in 2010. Bangladesh J Med
Sei 2014; 13(3): 306.

[42]Dehghani R, Miranzadeh MB, Yosefzadeh M, Zamani S. Fauna aquatic
insects in sewage maturation ponds of Kashan University of Medical
Science 2005. Pakistan J Biol Sci 2007; 10(6): 928-931.

[43]Dehghani R, Akbari H, Vazirianzadeh B. A prospective study on
the seasonal frequencies of insect bites (Diptera: Culicidae and
Phlebotominae) and the related environmental and protective method
factors in the city of Kashan, central of Iran, 2009. Pakistan J Med Sci
2012; 28(1): 158-161.

[44]Dehghani R. In: Health pests and safe control methods of them. Iran,
Kashan: Publications of Farmanesh and Kashan University of Medical
Sciences; 2011, p.188-216.

[45]Ahmadnejad F, Otarod V, Fathnia A, Ahmadabadi A, Fallah MH, Zavareh
A, et al. Impact of climate and environmental factors on west nile virus
circulation in Iran. J Arthropod Borne Dis 2016; 10(3): 317-329.

[46]Mumcuoglu KY, Banet-Noach C, Malkinson M, Shalom U, Galun R.
Argasid ticks as possible vectors of West Nile virus in Israel. Vector Borne
Zoonotic Dis 2005; 5(1): 65-71.

[47]Sampathkumar P. West Nile virus: epidemiology, clinical presentation,
diagnosis, and prevention. Mayo Clin Proc 2003; 78( 9): 1137-1144.

[48]Gubler DJ, Campbell GL, Nasci R, Komar N, Petersen L, Roehrig JT.
West Nile virus in the United States: guidelines for detection, prevention,
and control. Viral Immunol 2000; 13(4): 469-475.

[49]Tesh RB, Arroyo J, da Rosa AP, Guzman H, Xiao SY, Monath TP.
Efficacy of killed virus vaccine, live attenuated chimeric virus vaccine,
and passive immunization for prevention of West Nile virus encephalitis

in hamster model. Emerg Infect Dis 2002; 8(12): 1392.



Rouhullah Dehghani et al./ J Acute Dis 2020; 9(3): 93-99 99

[50]Stiehm ER Passive immunization. In: Feigin RD, Cherry JD, (eds).
Textbook of pediatric infectious diseases. 4th ed. Philadelphia: WB
Saunders Company; 1998, p. 2769-2802.

[S1]Murphy BR, Chanock RM. Immunization against viral diseases. In:
Knipe DM, Howley PM, Griffin DE, Martin MA, Lamb RA, Roizman B,
et al., (eds). Fields virology. 4th ed. Philadelphia: Lippincott Williams and
Wilkins; 2001, p. 435-467.

[52]Watson JC, Peter G. General immunization practices. In: Plotkin SA,
Orenstein WA, (eds). Vaccines. 3rd ed. Philadelphia: WB Saunders
Company; 1999, p. 47-73.

[53]Reisen W, Brault AC. West Nile virus in North America: perspectives on
epidemiology and intervention. Pest Manag Sci 2007; 63(7): 641-646.
[5S4]Azari-Hamidian S, Norouzi B, Noorallahi A, Hanafi-Bojd AA.
Seasonal activity of adult mosquitoes (Diptera: Culicidae) in a focus of
dirofilariasis and west nile infection in northern Iran. J Arthropod Borne

Dis 2018; 12(4): 398-413.

[55]Hanafi-Bojd AA, Azari-Hamidian S, Vatandoost H, Charrahy Z. Spatio-
temporal distribution of malaria vectors (Diptera: Culicidae) across
different climatic zones of Iran. Asian Pac J Trop Med 2011; 4(6): 498-
504.

[56]Sedaghat MM, Harbach RE. An annotated checklist of the Anopheles
mosquitoes (Diptera: Culicidae) in Iran. J Vec Ecol 2005; 30(2): 272-276.

[57]Azari-Hamidian S. Checklist of Iranian mosquitoes (Diptera: Culicidae).
J Vector Ecol 2007; 32(2): 235-242.

[58]Azari-Hamidian S, Norouzia B, Harbach RE. A detailed review of the
mosquitoes (Diptera: Culicidae) of Iran and their medical and veterinary
importance. Acta Tropica 2019; 194: 106-122.

[59]Azari-Hamidian S, Harbach RE. Keys to the adult females and fourth-
instar larvae of the mosquitoes of Iran (Diptera: Culicidae). Zootaxa
2009; 2009(2078): 1-33.

[60]JAmani H, Yaghoobi-Ershadi MR. Kassiri H. The ecology and larval
habitats characteristics of anopheline mosquitoes (Diptera: Culicidae)
in Aligudarz County (Luristan province, western Iran). Asian Pac J Trop
Biomed 2014; 4(Suppl 1): S233-S241.

[61]JAmani H, Yaghoobi Ershadi MR. Kassiri H. Fauna, abundance,
distribution and seasonal activity of anopheles mosquitoes (Diptera:
Culicidae) in larval habitats. | Medical Hormozgan 2013; 17((2): 133-143.

[62]Kassiri H, Amani H. Bionomics and breeding places of the genus
anopheles (Diptera: Culicidae) in Mahroo and Sepid-Dasht districts,
Luristan province, western Iran. Zahedan J Res Med Sci 2012; 14(8): 11-
17.

[63]Dantas-Torres F, Chomel BB, Otranto D. Ticks and tick-borne diseases: a
One Health perspective. Trends Parasitol 2012; 28(10): 437-446.

[64]Randolph SE. To what extent has climate change contributed to the
recent epidemiology of tick-borne diseases? Vet Parasitol 2010; 167(2):
92-94.

[65]Asl HM, Goya MM, Vatandoost H, Zahraei SM, Mafi M, Asmar M, et
al. The epidemiology of tick-borne relapsing fever in Iran during 1997-
2006. Travel Med Infect Dis 2009; 7(3): 160-164.

[66]Moemenbellah-Fard MD, Benafshi O, Rafinejad J, Ashraf H. Tick-borne
relapsing fever in a new highland endemic focus of western Iran. Ann
Trop Med Parasitol 2009; 103(6): 529-537.

[67]Dehghani R, Mohegh S, Moalemi A, Zamini G. Tick-biting of the
Hyalomma spp. as a vector of Crimean-Congo hemorrhagic fever
(CCHF): Case report. J Mil Med 2019; 21(2): 109-114.

[68]Telmadarraiy Z, Chinikar S, Vatandoost H, Faghihi F, Hosseini-Chegeni
A. Vectors of Crimean Congo hemorrhagic fever virus in Iran. J
Arthropod Borne Dis 2015; 9(2): 137-147.

[69]Rahbari S, Nabian S, Shayan P. Primary report on distribution of tick
fauna in Iran. Parasitol Res 2007; 101(2): 175-177.

[70]Lawrie CH, Uzcategui NY, Gould EA, Nuttall PA. Ixodid and argasid
tick species and West Nile virus. Emerg Infect Dis 2004; 10(4): 653.

[71]Anderson JF, Main AJ, Andreadis TG, Wikel SK, Vossbrinck CR.
Transstadial transfer of West Nile virus by three species of ixodid ticks
(Acari: Ixodidae). J Med Entomol 2003; 40(4): 528-533.

[72]Rahdar M, Vazirianzadeh B, Rointan ES, Amraei K. Identification of
collected ectoparasites of rodents in the west of Khuzestan province
(Ahvaz and Hovizeh), southwest of Iran. Asian Pac J Trop Dis 2015; 5(8):
627-631.

[73]Hanafi-Bojd AA, Shahi M, Baghaii M, Shayeghi M, Razmand N, Pakari
A. A study on rodent ectoparasites in Bandar Abbas: the main economic
southern seaport of Iran. J Environ Health Sci Eng 2007; 4(3): 173-176.

[74]Beyzavi G, Ueckermann EA, Faraji F, Ostovan H. A catalog of Iranian
prostigmatic mites of superfamilies Raphignathoidea & Tetranychoidea
(Acari). Persian J Acarol 2013; 2(3): 389-474.

[75]Kia EB, Moghddas-Sani H, Hassanpoor H, Vatandoost H, Zahabiun F,
Akhavan AA, et al. Ectoparasites of rodents captured in Bandar Abbas,
southern Iran. Iran J Arthropod Borne Dis 2009; 3(2): 44.

[76]Tajedin L, Rassi Y, Oshaghi MA, Telmadarraiy Z, Akhavan AA, Abai
MR, et al. Study on ectoparasites of Rhombomys opimus, the main
reservoir of zoonotic cutaneous Leishmaniasis in endemic foci in Iran.
Iran J Arthropod Borne Dis 2009; 3(1): 41.



