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Abstract

Background: Culex pipiens complex is considered as a vector of some important diseases such
as West Nile fever, equine encephalitis, Rift valley fever, St. Louis encephalitis, Elephanthiasis
and avian malaria in the world. The main measure for vector control is using insecticides. High
use of insecticides caused resistance in the populations. The aim of this study was to review the
status of insecticide resistance in the vector.

Methods: Insecticide resistance in this species was found by the available papers and map of
the data for carbamates, organochlorine, organophosphates, pyrethroids, microbial and insect
growth regulator insecticides were done. An intensive search of scientific literature was done in
“PubMed”, “Web of Knowledge”, “Scopus”, “Google Scholar”, “SID”, and related resources.
Results: Results showed that a wide variety of resistance to different insecticides in the country.
Due to importance of this species in transmission of diseases.

Discussion: resistance management strategies should be further considered to prevent from in

secticide resistance and replacement of novel approach for vector control.
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Introduction

Mosquitoes are the most important vectors
of pathogens in the world (1). The Culex
pipiens complex from the Culicinae
subfamily includes the subspecies Cx.
pipiens pipiens, Cx. p. pipiens form molestus,
Cx. p. quinquefasciatus, Cx. p. ausralicus,
Cx. p. globocoxitus and Cx. p. pallens (2).
In recent studies, the species Cx. pipiens and
Cx. quinquefasciatus have been identified as
two separate species by molecular methods
(3,4). The global distribution of this species

is shown in Fig.1. Cx. pipiens in Iran has two
biological forms of Cx. pipiens pipiens and
Cx. pipiens molestus. Two subspecies are
almost semi-domesticated and are found in
most subtropical regions (4). The biological
form of Cx. pipiens form pipiens is mainly
found in rural areas, is very interested in the
blood of the host bird, preferably lays eggs in
stagnant water and outside human habitation,
has winter diapause and is non-autogenous.
The biological form of Cx. pipiens form
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molestus has autogenic behavior and lacks
winter diapause (3). In addition to causing
allergies and disturbances, the Cx. pipiens
complex transmit the highest number of
pathogens compared to other vectors (4).
Cx. pipiens transmit several diseases such as
West Nile fever (WNF), equine encephalitis
(EE) , Rift valley fever (RFV), St. Louis
encephalitis (SLEV) , some worm pathogens
such as Dirofilaria immitis and Wuchereria
bancrofti, as well as some avian malaria
protozoa such as Plasmodium relictum and
Plasmodium gallinaceum (5) (Fig.2). In
recent years, Cx. pipiens has been accused of
transmitting the Zika virus in some African
countries and the United States (6,7). The
preference for taking blood from birds,
which are mainly hosts of disease agents and
sometimes arbovirus, has led to a widespread
global distribution of zoonotic diseases.
The distribution and distribution of Cx.
pipiensis also very effective on the process
of economic development resulting from the
tourism industry. The increase in abundance
and morphological and physiological
characteristics in Cx. pipiens has caused that
after malaria vectors, more attention should
be paid to the control of this species (7,8).

The best and most standard method of the
WHO to control vector-borne diseases is
to use vector control methods (9-12). Vector
control is performed by one of the biological,

A Azarm et al.: Insecticide resistance...

physical, and chemical methods. The fast
effect in a short time and easy access to
chemical compounds have made most of the
methods of control of mosquitoes depend on
these compounds. Chemical control may be
carried out at the larval stage as a larvicide
or in the adult stage by various methods
such as residual spraying, spatial spraying,
and insecticide-impregnated mosquito nets.
One of the oldest methods of chemical
control of Culex mosquitoes in Iran is the
use of oily compounds on the surface of the
water, which causes their death by covering
the breathing siphon in the larva stage. After
that, the use of mineral compounds became
common for controlling measures. Among
the chemical compounds, four groups of
organochlorine, organophosphates, carba-
mates, and pyrethroids are in the first
place. Organochlorine insecticides were
first introduced to the world in 1939 by
Paul Muller. Organochlorine insecticides
with disruption of the vital enzyme Ca-
Mg ATPase and imbalance in the axonal
transmission system cause repeated and
sequential irritation, convulsive movements,
paralysis, and eventually insect death.
Organophosphate insecticides are esters of
phosphoric acid. The toxic properties of these
compounds were first discovered in 1937
by Schrader. Organophosphate insecticides
are the most diverse and widely used toxins
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Fig. 1. Global distribution of the Culex pipiens complex mosquitoes (Google scholar) (6).
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Fig. 2. Global distribution of diseases transmitted by Cx.pipiens complex(Google scholar)

in agriculture and public health. The rapid
effect, absence of hazardous residues, and
lack of cumulative property of common
point are important. Organophosphate insec-
ticides disrupt the nerve function of insects
and kill them by inactivating the enzyme
acetylcholinesterase and accumulating acet-
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ylcholine at the synapse site.

Pyrethroid insecticides are of plant origin
and their insecticidal properties were first
discovered in Iran in 1763 from the
flowers of the pyrethrum plant. Insecticidal
properties of pyrethroids are derived from
the keto alcoholic esters of chrysanthemum
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and pyrethroid acids. The core of this group
of insecticides is cyclopropane carboxylate.
Rapid decomposition, lack of hazardous
residues, and lack of cumulative properties
are characteristic of pyrethroid compounds
Pyrethroid insecticides affect the sodium
channels and lead to the paralysis of the
insect. In many parts of the world, Pyrethroid
insecticides are used in the form of
insecticide-impregnated mosquito nets and
indoor spraying to control adult mosquitoes.
Carbamate insecticides were first identified
in 1940 by Grysin. The main insecticide
carbamate is physostigmine, which is
extracted from the extract of Physostigma
venenosum. Carbamate insecticides are
organic compounds of carbamic acid
derivatives (H,NCOOH) whose functional
group is carbamate esters. Carbamate
insecticides kill insects by reversibly inactiv-
ating the acetylcholinesterase enzyme. The
most widely used carbamate insecticide used
in health programs is carbaryl.

The use of chemical pesticides was very
effective and useful at first, but gradually
and with increasing consumption, it caused
environmental hazards, harmful effects
on human health, and, most importantly,
resistance in  Culex mosquitoes and
other vectors. This phenomenon creates
staggering costs in the countries involved.
Major countries fighting the Culex mosquito
are also infected with malaria, and various
species of Anopheles mosquitoes are found
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in these countries. Close ecological and
biological characteristics such as larval
habitat have made Culex mosquitoes
resistant to most of the insecticides used
against malaria vectors. The phenomenon of
resistance is the most important problem in
the fight against mosquitoes and other
vectors and makes it more difficult every day
to fight the pathogens transmitted by vectors.
According to the World Health Organization,
the phenomenon of insecticide resistance
is an inherited or acquired trait that allows
an insect to tolerate different doses of one
insecticide or a combination of several
insecticides. According to the standard of the
WHO, when the insect mortality rate is less
than 90%, the so-called resistant species, if
the mortality rate is between 90% and 97%,
the species is tolerant, and if the mortality
rate is 98% and more be, the species is
sensitive (13- 26).

Materials and Methods

Data Collection

In this study, the data were collected from
Internet sources, contacts with organizations
and institutes and reports of the World
Health Organization (WHO). In online
sources, we searched published articles on
Cx. pipiens resistance and Iran in PubMed,
Scopus, ISI, Literature Retrieval System
(AFPMB), IranMedex, Google Scholar,
and related resources. Using the keywords

Table 1. The resistance of Culex pipiens against organochlorine insecticides in different regions of Iran

Reference year Province Pesticides (1;11;:10) (Ifnflslo) Resstl::ilslce
Salim-Abadi et al. 2015 Tehran City DDT 4% - - Resistant
DDT 4% - - Resistant
. . Dieldrin 4% .
Ghorbani et al. 2018 Mazandaran (Sari County) Dieldrin - - Res¥stant
0.4% - - Resistant
Salim-Abadi et al. 2017  Kerman (Rafsanjan County) DDT 4% 139 - Resistant
Rahimi et al. 2019 Tehran (southern) DDT 4% 240 1567
Vatandoost et al. 2004 Tehran(Varamin County) DDT 4% - - Resistant
Naseri et al. 2015 West Azerbaijan DDT 4% - - Resistant
Fathian et al. 2014 Statan & Baluchistan DDT4% 3193 -  Resistant
(Chabahar)
Zeidabadi et al. 2017 Tehran(Qarchak) DDT 4% 78.39 - Resistant
Ataie et al. 2015 East Azarbaijan DDT 4% 134.75 - Resistant
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East Azerbaijan Province
Abclfazl Ataie et al. 2015 7

West Azerbaijan province }

Nazanin Naseri-Karimi et al. 2015 [~

“' Resistance to DDT

Yo Resistance to Dieldrin
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Mazandaran Province
Fatemeh Ghorbaa et al. 2018

Tehran Province

—| Hassan Vatandoost et al. 2004
Yaser Salim-Abadi et al. 2014
Mohammad Reza Abai et al 2016
Reza Zewdabadi Nezhad et al. 2017
Sara Rahimi ef al. 2019

Kerman Province
Yaser Salim-Abadi et al. 2017

Sistan and baluchestan
province
Mousa Fathian et al. 2014

Fig. 3. The resistance of Culex pipiens against organochlorine insecticides in different regions of Iran

Table 2. The resistance of Culex pipiens against organophosphate insecticides in different regions of Iran

Reference year Province Pesticides LTSO KTSO Resistance
(min)  (min) status
Malathion 5% - - Resistant
. . Fenitrothion 1%, - - Resistant
Ghorbani et al. 2018 Mazandaran (Sari) Malathion (1ppm) ] ] Resistant
Temephos (0.02) - - Resistant
Salim-Abadi et al. 2017 Kermgn Malathion 5% 33 - Resistant
(Rafsanjan)
Rahimi et al. 2019  Tehran (southern) Malathion 5% 29.7 74.5
Vatandoost et al. 2004  Tehran (Varamin) Malathion 5% - - Tolerant
. Siatan .o .
Fathian et al. 2014 &Baluchistan Malathion 5% - - Susceptible
. LC50: .
Abai et al. 2016 Tehran Temephos 0.18 - Resistant
Ataie et al. 2015 East Azarbaijan Malathion 5% 8.02 - Tolerant
resistance, organophosphate, pyrethroid, as DDT 4% in the cities of Varamin, Tehran,
organochlorine, carbamate, IGR, and Qarchak, Islamshahr, Chabahar, Tabriz,
P450, kdr, monooxygenase, glutathione, Urmia, Sari, and Rafsanjan and against the

or esterase. Main data were collected and
classified then analyzed using the software.

Results and discussion

In Iran, various insecticides have been used
against Cx. pipiens. According to standard
studies, the Cx. pipiens has are resistant to
some of Organochlorine insecticides such
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insecticide Dieldrin 4% in the city of Sari
has shown resistance (Table 1) (Figure 2).
Among organophosphate insecticides Cx.
pipiens was susceptible to Malathion 5% in
Chabahar Sari and Rafsanjan and tolerated
in Azerbaijan and Varamin. Cx. pipiens
is also resistant to Fenitrothion 1% in Sari
and Temephos in Tehran and Sari (Table 2,
Fig. 3).
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Persian Gulf

Mazandaran Province
Fatemeh Ghorbani et al. 2018

Tehran Province
Hassan Vatandoost et al. 2004
Mohammad Abai et al. 2016

Kerman Province
~7| Yaser Salim-Abadi et al. 2017

nd baluchestan province
Mousa Fathian et al. 2014

Fig. 4. The resistance of Culex pipiens against organophosphate insecticides in different regions of Iran

Table3. The resistance of Culex pipiens against carbamate insecticides in different regions of Iran

Reference year Province Pesticides LT.SO KT.SO Resistance
(min)  (min) status

. . Bendiocarb 0.1% - - Resistant

Ghorbani et al. 2018 Mazandaran (Sari) Propoxur 0.1% ) ) Resistant

Salim-Abadi et al. 2017 Kerman (Rafsanjan) Bendiocarb 0.1% 27 - Resistant
. Bendiocarb 0.1% 73 139
Rahimi et al. 2019 Tehran (southern) Propoxur 0.1% 603 140.1

Vatandoost et al. 2004 Tehran (Varamin) Bendiocarb 0.1% - - Resistant

Fathian et al. 2014  Siatan & Baluchistan Propoxur 0.1% - - Resistant

Ataie et al. 2015 East Azarbaijan Propoxur 0.1% 36.10 - Resistant

East Azerbaijan Province
Abolfazl Ataie et al. 2015

{}{ Resistance to Bendiocarb
T Resistance to Propoxur

Mazandaran Province
Fatemeh Ghorbani et al. 2018

Tehran Province
Hassan Vatandoost et al. 2004

Kerman Province
Yaser Salim-Abadi et al. 2017

Sistan and Baluchestan Province
Mousa Fathian et al. 2014

Fig. 5. The resistance of Culex pipiens against carbamate insecticides in different regions of Iran
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Table 4. The resistance of Culex pipiens against pyrethroid insecticides in different regions of Iran

Reference year Province Pesticides (I;n’Ii‘ls:)) (Ifnrll‘:lo) Ress:::zlslce
Salim-Abadi et al. 2015 Tehran City DDT 4% - - Resistant
DDT 4% - Resistant
. . Dieldrin 4% .
Ghorbani et al. 2018 Mazandaran (Sari County) Dieldrin - - Res¥stant
0.4% - - Resistant
Salim-Abadi et al. 2017  Kerman (Rafsanjan County) DDT 4% 139 - Resistant
Rahimi et al. 2019 Tehran (southern) DDT 4% 240 1567
Vatandoost et al. 2004 Tehran(Varamin County) DDT 4% - - Resistant
Naseri et al. 2015 West Azerbaijan DDT 4% - - Resistant
Fathian et al. 2014 Siatan & Baluchistan DDT4% 3193 -  Resistant
(Chabahar)
Zeidabadi et al. 2017 Tehran(Qarchak) DDT 4% 78.39 - Resistant
Ataie et al. 2015 East Azarbaijan DDT 4% 134.75 - Resistant

East Azerbaljan Province 1
Abolfazl Ataie et al. 2015

West Azerbaijan Province
Nazanin Naseri-Karimi ef al. 2013

*Reslstam:e to Permethrin
@ Tolerant to Permethrin

* Resistance to Deltamethrin
@ Tolerant to Deltamethrin

* Resistance to Lambda-cyhalothrin
. Tolerant to Lambda-cyhalothrin

F Resistance to Cyfluthrin
I Susceptible to Cyfluthrin

Y Resistance to Etofenprox
(D) Tolerant to Etofenprox

Mazandaran Province
Fatemeh Ghorbani et al. 2018

Tehran Province

Sara Rahimi et al. 2019

Yaser Salim-Abadi et al. 2014
Hassan Vatandoost et al. 2004

Kerman Province
Yaser Salim-Abadi ef al. 2017

il | Sistan and Baluchestan Province
§ | Mousa Fathian et al. 2014
[

Fig. 6. The resistance of Culex pipiens against pyrethroid insecticides in different regions of Iran

Among carbamate insecticides, this species
has shown resistance to Bendiocarb 0.1% in
Rafsanjan, Sari and Varamin counties and
resistance to Propoxur 0.1% in Chabahar,
Sari, and Tabriz counties (Table 3, Fig. 4).

The highest diversity of insecticide
used against Cx. pipiens in Iran is
related to a pyrethroid insecticide. Cx.
pipiens tolerates permethrin 0.75% in
Varamin city.It is resistance in Sari city
Tehran, West Azerbaijan. It is tolerant
to deltamethrin 0.05% in Chabahar, Tabriz
and Varamin counties. Cx. pipiens is tolerant
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to Lambdacyhalothrin 0.05% in Varamin
city and has shown resistance in Tehran,
Chabahar, Tabriz, Rafsanjan, Uromia
and Sari cities. Cx. pipiens is susceptible
to Cyfluthrin 0.15% in Varamin city and
resistant to Chabahar, Sari and Tehran cities.
Cx. pipiens also tolerant against Etofenprox
0.5% in Varamin city and resistant in Sari
city (Table 4, Fig. 5). There are alsoseveral
reports of insecticide resistance in the
world (26-36).

Analysis of data from various researches
in Iran shows that Cx. pipiens complex
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is resistant to DDT 4%. Mechanism of
similar effect between DDT and pyrethroid
insecticide. Examination of the maps
revealed that the areas where the Cx. pipiens
species that have shown resistance to the
insecticide DDT 1is similar to the areas
where the species has shown resistance to
the pyrethroid insecticide. Therefore, in
these areas, the use of these two groups of
insecticides in control programs should be
avoided. Analysis of article data also showed
that in Tehran and Mazandaran provinces,
Cx. pipiens species have shown resistance
against most of the tested insecticides, so
in these two provinces, insecticides with
different mechanisms of action should be
used.

Conclusion

According to the WHO guideline there are
several insecticide are being used for control
of mosquitoes as Indoor residual spraying,
fogging, larviciding and insecticide treated
net (37). Monitoring and mapping of
insecticide resistance is a vital guideline for
authorities to provide appropriate measure
for vector control.

Conflict of Interest

The authors declare that there is no conflict
of interest.

Acknowledgments

This research is financially supported by by
Ministry of Health and Medical Education
under code number of NIMAD 995633.

References

1. Kenney JL, Romo H, Duggal NK, Tzeng W-P,
Burkhalter KL, Brault AC (2017) Transmission
incompetence of Culex quinquefasciatus and Culex
pipiens pipiens from North America for Zika virus.
Am J Trop Med Hyg. 96(5):1235-40.

2. Yoshimizu MH, Padgett K, Kramer V (2020)
Surveillance of a kdr resistance mutation in
Culex pipiens (Diptera: Culicidae) and Culex
quinquefasciatus in California. J Med Entomol.

356

A Azarm et al.: Insecticide resistance...

57(2):645-8.

3. YuD, Madras N, Zhu H (2018) Temperature-driven
population abundance model for Culex pipiens and
Culex restuans (Diptera: Culicidae). J Theor Biol.
443:28-38.

4. Shahhosseini N, Kayedi MH, Sedaghat MM,
Racine T, P. Kobinger G, Moosa-Kazemi SH
(2018) DNA barcodes corroborating identification
of mosquito species and multiplex real-time PCR
differentiating Culex pipiens complex and Culex
torrentium in Iran. PLoS One. 13(11): ¢0207308.

5. Dehghan H, Moosa-Kazemi SH, Sadraei J,
Soleimani H (2014) The ecological aspects of
Culex pipiens (Diptera: Culicidae) in central Iran.
J Arthropod-Borne Dis. 8(1):35-43.

6. Soh S, Aik J (2021) The abundance of Culex
mosquito vectors for West Nile Virus and other
flaviviruses: A time-series analysis of rainfall and
temperature dependence in Singapore. Sci Total
Environ.754:142420.

7. Bertram F-M, Thompson PN, Venter M (2021)
Epidemiology and clinical presentation of west
Nile Virus infection in horses in South Africa,
2016-2017. Pathogens. 10(1):20.

8. LiuJ, LiuY, Shan C, Nunes BT, Yun R, Haller SL
(2021) Role of mutational reversions and fitness
restoration in Zika virus spread to the Americas.
Nat Commun 12(1):1-12.

9. Sanisuriwong J, Yurayart N, Thontiravong A,

Tiawsirisup S (2021) Vector competence of Culex

tritaeniorhynchus and Culex quinquefasciatus

(Diptera: Culicidae) for duck Tembusu virus

transmission. Acta Trop. 214:105785.

Smith JL, Fonseca DM (2004) Rapid assays for

identification of members of the Culex (culex)

pipiens complex, their hybrids, and other sibling
species (Diptera: Culicidae). Am J Trop Med Hyg.
70(4):339-45.

11. Alhag SK, Al-Mekhlafi FA, Abutaha N, Abd Al

Galil FM, Wadaan MA (2021) Larvicidal potential

of gold and silver nanoparticles synthesized using

Acalypha fruticosa leaf extracts against Culex

pipiens (Culicidae: Diptera). J Asia Pac Entomol.

24(1):184-9.

Rai P, Bharati M, Subba A, Saha D (2019)

Insecticide resistance mapping in the vector of

lymphatic filariasis, Culex quinquefasciatus Say

from northern region of West Bengal, India. Plos

One. 14(5):e0217706.

Guz N, Cagatay NS, Fotakis EA, Durmusoglu

E, Vontas J (2020) Detection of diflubenzuron

and pyrethroid resistance mutations in Culex

pipiensfrom Mugla, Turkey. Acta Trop.203:105294.

14. Nikookar SH, Fazeli-Dinan M, Ziapour SP,
Ghorbani F, Salim-Abadi Y, Vatandoost H,
(2019) First report of biochemical mechanisms

10.

12.

13.

http://jad.tums.ac.ir
Published Online: Dec 31, 2021



J Arthropod-Borne Dis, Dec 2021, 15(4): 349-357

of insecticide resistance in the field population
of Culex pipiens (Diptera: Culicidae) from sari,
mazandaran, north of Iran. J Arthropod-Borne Dis.
13(4):378-382..

15.Rahimi S, Vatandoost H, Abai MR, Raeisi A,

Hanafi-Bojd AA (2019) Status of resistant and

knockdown of West Nile vector, Culex pipiens

complex to different pesticides in Iran. J. Arthropod-

Borne Dis. 13(3):284-293.

Louis LM, Lerro CC, Friesen MC, Andreotti

G, Koutros S, Sandler DP (2017) A prospective

study of cancer risk among Agricultural Health

Study farm spouses associated with personal use

of organochlorine insecticides. Environ Health.

16(1):1-11.

Engel LS, Zabor EC, Satagopan J, Widell A,

Rothman N, O’Brien TR (2019) Prediagnostic

serum organochlorine insecticide concentrations

and primary liver cancer: a case—control study
nested within two prospective cohorts. Int J Cancer.
145(9):2360-71.

18. LaetzCA, Baldwin DH, ScholzNL(2020) Sublethal
neurotoxicity of organophosphate insecticides to
juvenile coho salmon. Aquat Toxicol. 221:105424.

19. Rathnayake LK, Northrup SH (2016) Structure

and mode of action of organophosphate pesticides:

a computational study. Comput Theor Chem.

1088:9-23.

Gajendiran A, Abraham J. (2018) An overview of

pyrethroid insecticides. Front Biol. 3(2):79-90.

21. Bhatt P, Bhatt K, Huang Y, Lin Z, Chen S (2020)

Esterase is a powerful tool for the biodegradation of

pyrethroid insecticides. Chemosphere. 244:125507.

Glorennec P, Serrano T, Fravallo M, Warembourg

C, Monfort C, Cordier S (2017) Determinants of

children’s exposure to pyrethroid insecticides in

western France. Environ Int. 104:76-82.

Popovska-Gorevski M, Dubocovich ML,

Rajnarayanan RV (2017) Carbamate insecticides

target human melatonin receptors. Chem Res

Toxicol. 30(2):574-82.

Nartop D, Yetim NK, Ozkan EH, Sann N

(20200 Enzyme immobilization on polymeric

microspheres containing Schiff base for detection

of organophosphate and carbamate insecticides. J

Mol Struct. 1200:127039.

Tarek H, Hamiduzzaman MM, Morfin N, Guzman-

Novoa E (2018) Sub-lethal doses of neonicotinoid

and carbamate insecticides reduce the lifespan

and alter the expression of immune health and
detoxification related genes of honey bees (4pis
mellifera). Genet Mol Res. 17(2):1-14.

Sparks TC, Nauen R (2015) IRAC: Mode of

action classification and insecticide resistance

16.

17.

20.

22.

23.

24.

25.

26.

357

A Azarm et al.: Insecticide resistance...

management. Pestic Biochem Physiol. 121:122-8.
Fuseini G, Nguema RN, Phiri WP, Donfack OT,
Cortes C, Von Fricken ME (2019) Increased biting
rate of insecticide-resistant Culex mosquitoes and
community adherence to IRS for malaria control in
urban Malabo, Bioko Island, Equatorial Guinea. J
Med Entomol. 56(4):1071-7.

Scott JG, Yoshimizu MH, Kasai S (2015)
Pyrethroid resistance in Culex pipiens mosquitoes.
Pestic Biochem Physiol . 120:68-76.

29. Lopes RP, Lima JBP, Martins AJ (2019) Insecticide
resistance in Culex quinquefasciatus Say, 1823 in
Brazil: a review. Parasit Vectors. 12(1):1-12.
Salim-Abadi Y, Vatandoost H, Oshaghi MA, Abai
MR, Enayati AA, Gorouhi MA (2021) Biochemical
and molecular resistance mechanisms to DDT and
some pyrethroid insecticides in vector of West Nile
virus, Culex pipiens. Biom. J Sci Tech Res: DOI:
0.26717/BJSTR.2021.36.005817

31.Nezhad RZ, Vatandoost H, Abai MR, Djadid
ND, Raz A, Sedaghat MM (2017) Occurrence of
high resistance to DDT in the field population of
arboviruses vector Culex pipiens complex in Iran.
Asian Pacific J Trop Dis. 7(6):341-343.

Ataie A, Moosa-Kazemi SH, Vatandoost H,
Yaghoobi-Ershadi MR, Bakhshi H, Anjomruz
M (2015) Assessing the susceptibility status of
mosquitoes (Diptera: Culicidae) in a dirofilariasis
focus, northwestern Iran. J Arthropod-Borne Dis.;
9(1):7-15.

Fathian M, Vatandoost H, Moosa-Kazemi SH,
Raeisi A, Yaghoobi-Ershadi MR, Oshaghi MA
(2015) Susceptibility of Culicidae mosquitoes
to some insecticides recommended by WHO in
a malaria endemic area of southeastern Iran. J.
Arthropod-Borne Dis. (1):22-30.

34. Naseri-Karimi N, Vatandoost H, Bagheri M,
Chavshin AR (2015) Susceptibility status of Culex
pipiens against deltamethrin and DDT, Urmia
County, West Azerbaijan Province, northwestern
Iran. Asian Pacific J Trop Dis. 5: S77-S9.
Salim-Abadi Y, Asadpour M, Sharifi I, Sanei-
Dehkordi A, Gorouhi MA, Paksa A (2017)
Baseline susceptibility of filarial vector Culex
quinquefasciatus (Diptera: Culicidae) to five
insecticides with different modes of action in
southeast of Iran. J Arthropod-Borne Dis. 11(4):453.
Abai MR, Hanafi-Bojd AA, Vatandoost H (2016)
Laboratory evaluation of temephos against
Anopheles stephensi and Culex pipiens Larvae in
Iran. J. Arthropod-Borne Dis. 10(4):510-515.
World Health Organization (WHO). Pesticides and
their application for the control of vectors and pests
of public health importance. pp.125.

27.

28.

30.

32.

33.

35.

36.

37.

http://jad.tums.ac.ir
Published Online: Dec 31, 2021



	Insecticide Resistance in the West Nile Encephalitis, Japanese Encephalitis, Avian Malaria and Lymph
	Abstract
	Keywords
	Introduction
	Materials and Methods 
	Data Collection 

	Results and discussion 
	Conclusion
	Conflict of Interest 
	Acknowledgments
	References


