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ABSTRACT

Objective: To work on bioecology and to monitor and map the insecticide resistance of malaria
vector, Anopheles culicifacies (An. culicifacies) (Diptera: Culicidae) in Iran.

Methods: Mosquitoes were collected from different breeding places in Sistan and Baluchistan
Province and then reread at insectary. F1 generation was used for susceptibility tests. All the
impregnated papers were provided by World Health Organization (WHO) and tests were carried
out according to WHO guideline.

Results: Results of adult susceptibility tests against female An. culicifecies revealed that this
species was resistant to dichloro-diphenyl-trichloroethane, dieldrin, tolerated to bendiocarb,
propoxur and deltamethrin and susceptible to other imagicides recommended by WHO. An.
culicifecies was resistant to organochlorine insecticides and tolerant to organophosphae,
carbamate and pyrethroids.

Conclusions: Results of the ecology and susceptibility status of malaria vectors will help
authorities to make decision for vector control. More biomedical assays was required to found

the mechanisms of insecticide resistance.

1. Introduction

Malaria is one of the most important communicable diseases
transmitted by anopheline mosquitoes (Diptera: Culicidae) to
humans. In 2013, there were 97 countries and territories with
ongoing malaria transmission and 7 countries in the prevention of
reintroduction phase, making a total of 104 countries and territories
in which malaria is presently considered endemic. World Health
Organization (WHO) estimated that 207 million cases of malaria
occurred globally in 2012, resulting in 627000 deaths[1]. Malaria is
one of the important infectious diseases in Iran with an average of
about 15000 annual cases in the last decade, while total recorded
cases have dropped to less than 500 in 2013. More than 80% of
malaria cases in Iran are reported from three provinces of Sistan and
Baluchistan, Hormozgan, and Kerman in southern and southeastern
areas. The most routes of malaria cases transmit from Afghanistan

*Corresponding author: Hassan Vatandoost, Medical Entomology and Vector
Control, School of Public Heath, Tehran University of Medical Sciences, and
Institute for Environmental Research, Tehran, Iran.

Tel: 0098 21 88951393

E-mail: hvatandoost] @yahoo.com, vatando @ tums.ac.ir

Foundation Project: Partially supported by Malaria Unit, CDC, Ministry of Health
and Medical Education of Iran, Deputy for Research Affairs of the Ministry of Health
and Medical Education and Tehran University of Medical Sciences, Nimad 943646.

The journal implements double-blind peer review practiced by specially invited
international editorial board members.

and Pakistan to southern and southeastern areas of the country.
Over the last 20 years, there has been a dramatic reduction of the
malaria burden in Islamic Republic of Iran. While in 1991, nearly
100000 cases were reported and in 2014, only 246 autochthonous
cases were reported. In 2009, Islamic Republic of Iran set some
objectives of time-bound elimination for its malaria program. There
has been excellent progress, but the continued risk of importation
of malaria cases from Pakistan poses a huge challenge, politically,
socially, operationally and technically, to malaria elimination in
Iran. The situation in the next decade will be absolute elimination or
a few small short-lived foci emerge from time to time as a result of
importation. The latest number of autochthonous cases in the whole
country is 42 including 23 local malaria patients, 7 relapsed cases,
12 imported from the other districts by end of July 2016.

Country has a long history of work on malaria including
monitoring insecticide resistance. So far, 31 species from 2
subspecies (Anopheles and Cellia), of which siblings, genotype and
type forms are recorded in the country and 17 out of them related to
7 species are in complexes or groups that are introduced as malaria
vectors. Anopheles culicifacies (An. culicifacies) with two siblings
(A and B) in Iran, is confirmed as the malaria vector in southeastern
part of the country. Also there are several scientific works on
different aspects of malaria including sibling species, molecular
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study, new record, novel methods for vector control, faunistic study,
use of plants for larval control, use of bed nets and long lasting
impregnated nets, morphological studies, malaria epidemiology2-
10].

Different studies have been conducted during more than 90
years on malaria and its vectors in Iran. The last checklist of
Iranian mosquitoes shows 31 Anopheles species including
sibling, biological forms and genotypes and 17 out of them are
reported to be included in malaria transmission. These vectors
are considered as sibling, genotype and type forms. Anopheles
stephensi, An. culicifacies, Anopheles fluviatilis and Anopheles
dthali are the main vector species of south-eastern foci, while
Anopheles sacharovi and Anopheles maculipennis are included
in malaria transmission in northwest foci, and Anopheles
superpictus has wide distribution in all malaria foci of the
country. Seasonal activity of Anopheline mosquitoes varies in
different areas due to environmental condition. It shows one peak
in northwest especially in summer, however, there are two peaks
of activity in coastal warm and humid region in the southern part
of Iran with oriental epidemiological characteristics[11-15].

Campaign against malaria vectors was started from 1952 by
spraying dichloro-diphenyl-trichloroethane (DDT) and then
replaced by dieldrin, malathion, propoxur, lambda-cyhalothrin and
deltamethrin, respectively. The chemical control of vectors now is
restricted to endemic malarious areas of south-eastern part of the
country with deltamethrin and residual spraying and long lasting
permethrin impregnated nets (Olyset) for personal protection,
while biological control is conducted by Bacillus thuringiensis as
larvicide. The status of insecticide resistance of An. culicifacies
is different with other imagicides including 4% DDT, 0.4%
diledrin, 5% malathion, 1% fenitrothion, 0.1% bendiocarb, 0.1%
propoxur, 0.1% and 0.05% lambda-cyhalothrin, 0.025% and 0.05%
deltamethrin, 0.25% and 0.75% permethrin, 0.15% cyfluthrin and
0.5% etofenprox. Knowledge on insecticide resistance of target
species is a basic requirement to guide insecticide use in malaria
control programs in local and global scales. The main criteria
for susceptibility status, which are recommended by WHO, are
considered. The results showed that An. culicifacies is resistant to
DDT and dieldrin and tolerant to some tested insecticides.

The main governmental use of insecticide in the health sector
is their application for adult mosquito control. The campaign
against malaria vectors started with organochlorines (DDT,
dieldrin and benzene hexachloride) during the 1960’s, followed by
organophosphates (malathion and pirimiphos-methyl) for 2 decades
from 1966 and continued with the carbamate, propoxur during
1977-1990, and then with pyrethroids including lambda-cyhalothrin
and deltamethrin. Temephos, reldan and pirimiphos-methyl were
used for larviciding[15-20].

2. Materials and methods
2.1. Larval collection activities
Field visits were carried out to collect Anopheles larvae. Collected

larvae were transferred to the insectary, to rear larvae into F1
generation for subsequent tests.

2.2. WHO susceptibility test kit

The WHO susceptibility tests kits were provided by Ministry of
Health and Medical Education, Iran. Tests were conducted by WHO
insecticide-impregnated papers at the appropriate discriminating
concentrations.

Insecticides and concentrations were presented as 4% DDT, 0.04%
dieldrin, 1% fenitrothion, 5% malathion, 0.1% bendiocarb, 0.05%
deltamethrin, 0.75% permethrin and 0.05% lambda-cyhalothrin.

2.3. Test method

For testing each insecticide, a minimum of 150 female mosquitoes
were used, so that 100 of which were exposed to the insecticide
being tested at the diagnostic concentration (in four replicates of
25 mosquitoes) and the remaining were served as controls (two
replicates of 25 mosquitoes). If the control mortality was above
20%, the tests were discarded. When control mortality was between
5%-20%, then the observed mortality of exposed mosquitoes were
corrected using Abbots formula and the WHO recommendation
for interpretation of susceptibility test results were considered as
follows: susceptible, if mortality was in the range of 98%—100%;
resistant, if mortality of test sample was less than 80% and
suggestive of resistance, verification required, if the observed
mortality is between 80% and 97%.

3. Results

Figure 1 shows the distribution of An. culicifacies in Iran. An.
culicifacies mosquitoes was susceptible against 4% DDT, 0.4%
dieldrin, 5% malathion, 1% fenitrothion, 0.1% bendiocarb, 0.1%
propoxur, 0.05% and 0.1% lambda-cyhalothrin, 0.025% and 0.05%
deltamethrin, 0.15% cyfluthrin and 0.5% etofenprox. According
to the criteria of WHO, this species was resistant to organochlorine
insecticides and tolerant to carbamates insecticides and susceptible
to other imagicides.

From 2013, the guideline for susceptibility test was modified, 90%
mortality indicating the resistance, so that the results of previous
years indicated the susceptible strains resistant to insecticides.

An. culicifacies

4

Figure 1. Distribution map of An. culicifacies in Iran (brown color).
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4. Discussion

There are several works on different aspects of malaria vectors
including ecology of malaria vectors, biodiversity, community
participation, vector control, repellent evaluation and anthropophilic
index of malaria vectors and training is designated as malaria
training center by WHOI21-30]. An. culicifacies as malaria vector is
widely distributed in the Asia and Indian subcontinent. Although it is
predominantly zoophilic in many areas, it is abundant even altitudes
up to 3000 m and is an important vector of malaria throughout its
distribution. An. culicifacies occurs mainly in Sistan and Baluchistan
Province, Kerman Province and Hormozgan Province. This species
was implicated as a vector of malaria in Iran during an epidemic.
Among the secondary vectors, An. culicifacies is considered as
a potential vector, since its role in malaria transmission has been
reported from Sistan and Baluchistan Province in southeast of
Iran, bordering Afghanistan and Pakistan. This species is largely
responsible for the epidemic of malaria in this province. There
are important differences in the bionomics of An. culicifacies and
other species in different regions, including differences in seasonal
abundance, diurnal activity and man-biting behavior([31-40].

Behavioral resistance appears more rapidly in endophilic species
than exophilic one. An. culicifacies has more exophilic habit. This
species is resistant to DDT, diledrin, tolerant to bendiocarb, propoxur
and deltamethrin and susceptible to other WHO-recommended
imagicides.

There is widespread resistance to organochlorines in the country
and widespread tolerant to organophosphate, carbamates and
pyrethroids. The results could be a clue for controlling malaria

vector in the country.

Conflict of interest statement

‘We declare that we have no conflict of interest.

Acknowledgments

The authors are grateful to all scientists and health workers in the
field of malaria vector control in Iran, especially pioneers of malaria
campaign in Institute of Parasitology & Malarialogy, Institute
of Public Health, School of Public Health, Tehran University of
Medical Sciences. The research was partially financially supported
by Malaria Unit, Centers for Disease Control, Ministry of Health
and Medical Education of Iran, Deputy for Research Affairs of the
Ministry of Health and Medical Education and Tehran University of
Medical Sciences, Nimad 943646.

References

[1] Vatandoost H, Hanafi-Bojd AA. Indication of pyrethroid resistance in the
main malaria vector, Anopheles stephensi from Iran. Asian Pac J Trop

Med 2012; 5(9): 722-6.

[2] Soltani A, Vatandoost H, Oshaghi MA, Enayati AA, Raeisi A,
Eshraghian MR, et al. Baseline susceptibility of different geographical
strains of Anopheles stephensi (Diptera: Culicidae) to temephos in
malarious areas of Iran. J Arthropod Borne Dis 2013; 7(1): 56-65.

[3] Mehravaran A, Oshaghi MA, Vatandoost H, Abai MR, Ebrahimzadeh A,
Roodi AM, et al. First report on Anopheles fluviatilis U in southeastern
Iran. Acta Trop 2011; 117(2): 76-81.

[4] Naddaf SR, Oshaghi MA, Vatandoost H. Confirmation of two
sibling species among Anopheles fluviatilis mosquitoes in South and
Southeastern Iran by analysis of cytochrome oxidase I gene. J Arthropod
Borne Dis 2012; 6(2): 144-50.

[S] Omrani SM, Vatandoost H, Oshaghi MA, Shokri F, Guerin PM,
Yaghoobi Ershadi MR, et al. Fabrication of an olfactometer for mosquito
behavioural studies. J Vector Borne Dis 2010; 47(1): 17-25.

[6] Chavshin AR, Oshaghi MA, Vatandoost H, Pourmand MR, Raeisi A,
Enayati AA, et al. Identification of bacterial microflora in the midgut of
the larvae and adult of wild caught Anopheles stephensi: a step toward
finding suitable paratransgenesis candidates. Acta Trop 2012; 121(2):
129-34.

[7]1 Oshaghi MA, Vatandoost H, Gorouhi A, Abai MR, Madjidpour A,
Arshi S, et al. Anopheline species composition in borderline of Iran-
Azerbaijan. Acta Trop 2011; 119(1): 44-9.

[8] Shahi M, Hanafi-Bojd AA, Iranshahi M, Vatandoost H, Hanafi-Bojd
MY. Larvicidal efficacy of latex and extract of Calotropis procera
(Gentianales: Asclepiadaceae) against Culex quinquefasciatus and
Anopheles stephensi (Diptera: Culicidae). J Vector Borne Dis 2010;
47(3): 185-8.

[9] Khanavi M, Toulabi PB, Abai MR, Sadati N, Hadjiakhoondi F,
Hadjiakhoondi A, et al. Larvicidal activity of marine algae, Sargassum
swartzii and Chondria dasyphylla, against malaria vector Anopheles
stephensi. J Vector Borne Dis 2011; 48(4): 241-4.

[10] Sedaghat M, Dehkordi AS, Abai M, Khanavi M, Mohtarami F, Abadi
YS, et al. Larvicidal activity of essential oils of Apiaceae plants against
malaria vector, Anopheles stephensi. Iran J Arthropod Borne Dis 2011;
5(2): 51-9.

[11] Sedaghat MM, Dehkordi AS, Khanavi M, Abai MR, Mohtarami F,
Vatandoost H. Chemical composition and larvicidal activity of essential
oil of Cupressus arizonica E.L. Greene against malaria vector Anopheles
stephensi Liston (Diptera: Culicidae). Pharmacognosy Res 2011; 3(2):
135-9.

[12] Khanavi M, Vatandoost H, Khosravi Dehaghi N, Sanei Dehkordi A,
Sedaghat MM, Hadjiakhoondi A, et al. Larvicidal activities of some
Iranian native plants against the main malaria vector, Anopheles
stephensi. Acta Med Iran 2013; 51(3): 141-7.

[13] Vatandoost H, Sanei Dehkordi A, Sadeghi SM, Davari B, Karimian F,
Abai MR, et al. Identification of chemical constituents and larvicidal
activity of Kelussia odoratissima Mozaffarian essential oil against two
mosquito vectors Anopheles stephensi and Culex pipiens (Diptera:
Culicidae). Exp Parasitol 2012; 132(4): 470-4.

[14] Soleimani Ahmadi M, Vatandoost H, Shaeghi M, Raeisi A, Abedi F,
Eshraghian MR, et al. Effects of educational intervention on long-lasting

insecticidal nets use in a malarious area, southeast Iran. Acta Med Iran



56 Hassan Vatandoost et al./Asian Pac J Trop Dis 2017; 7(1): 53-56

2012; 50(4): 279-87.

[15] Soleimani-Ahmadi M, Vatandoost H, Shaeghi M, Raeisi A, Abedi
F, Eshraghian MR, et al. Field evaluation of permethrin long-lasting
insecticide treated nets (Olyset(®)) for malaria control in an endemic
area, southeast of Iran. Acta Trop 2012; 123(3): 146-53.

[16] Vatandoost H, Mamivandpoor H, Abai MR, Shayeghi M, Rafi F,
Raeisi A, et al. Wash resistance and bioefficacy of Alpha-cypermethrin
long lasting impregnated nets (LLIN-interceptor”) against Anopheles
stephensi using tunnel test. J Arthropod Borne Dis 2013; 7(1): 31-45.

[17] Hanafi-Bojd AA, Vatandoost H, Philip E, Stepanova E, Abdi Al, Safari
R, et al. Malaria situation analysis and stratification in Bandar Abbas
County, Southern Iran, 2004-2008. Iran J Arthropod Borne Dis 2010;
4(1): 31-41.

[18] Hanafi-Bojd AA, Vatandoost H, Oshaghi MA, Eshraghian MR,
Haghdoost AA, Abedi F, et al. Knowledge, attitudes and practices
regarding malaria control in an endemic area of Southern Iran. Southeast
Asian J Trop Med Public Health 2011; 42(3): 491-501.

[19] Hemami MR, Sari AA, Raeisi A, Vatandoost H, Majdzadeh R. Malaria
elimination in Iran, importance and challenges. Int J Prev Med 2013;
4(1): 88-94.

[20] Hanafi-Bojd AA1, 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.

[21] Hanafi-Bojd AA, Vatandoost H, Oshaghi MA, Charrahy Z, Haghdoost
AA, Sedaghat MM, et al. Larval habitats and biodiversity of anopheline
mosquitoes (Diptera: Culicidae) in a malarious area of Southern Iran. J
Vector Borne Dis 2012; 49(2): 91-100.

[22] Hanafi-Bojd AA, Vatandoost H, Oshaghi MA, Haghdoost AA, Shahi M,
Sedaghat MM, et al. Entomological and epidemiological attributes for
malaria transmission and implementation of vector control in Southern
Iran. Acta Trop 2012; 121(2): 85-92.

[23] Mehravaran A, Vatandoost H, Oshaghi MA, Abai MR, Edalat H,
Javadian E, et al. Ecology of Anopheles stephensi in a malarious area,
southeast of Iran. Acta Med Iran 2012; 50(1): 61-5.

[24] Soleimani-Ahmadi M, Vatandoost H, Hanafi-Bojd AA, Zare M, Safari
R, Mojahedi A, et al. Environmental characteristics of anopheline
mosquito larval habitats in a malaria endemic area in Iran. Asian Pac J
Trop Med 2013; 6(7): 510-5.

[25] Soleimani-Ahmadi M, Vatandoost H, Shaeghi M, Raeisi A, Abedi F,
Eshraghian MR, et al. Vector ecology and susceptibility in a malaria-
endemic focus in Southern Islamic Republic of Iran. East Mediterr
Health J 2012; 18(10): 1034-41.

[26] Khoshdel-Nezamiha F, Vatandoost H, Azari-Hamidian S, Bavani MM,
Dabiri F, Entezar-Mahdi R, et al. Fauna and larval habitats of mosquitoes
(Diptera: Culicidae) of West Azerbaijan Province, Northwestern Iran. J
Arthropod Borne Dis 2014; 8(2): 163-73.

[27] Chavshin AR, Oshaghi MA, Vatandoost H, Hanafi-Bojd AA, Raeisi A,
Nikpoor F. Molecular characterization, biological forms and sporozoite
rate of Anopheles stephensi in Southern Iran. Asian Pac J Trop Biomed
2014; 4(1): 47-51.

[28] Chavshin AR, Oshaghi MA, Vatandoost H, Pourmand MR, Raeisi A,

Terenius O. Isolation and identification of culturable bacteria from
wild Anopheles culicifacies, a first step in a paratransgenesis approach.
Parasit Vectors 2014; 7: 419.

[29] Karimian F, Oshaghi MA, Sedaghat MM, Waterhouse RM, Vatandoost
H, Hanafi-Bojd AA, et al. Phylogenetic analysis of the oriental-
Palearctic-Afrotropical members of Anopheles (Culicidae: Diptera)
based on nuclear rDNA and mitochondrial DNA characteristics. Jpn J
Infect Dis 2014; 67(5): 361-7.

[30] Chavshin AR, Oshaghi MA, Vatandoost H, Yakhchali B, Zarenejad
F, Terenius O. Malpighian tubules are important determinants of
Pseudomonas transstadial transmission and longtime persistence in
Anopheles stephensi. Parasit Vectors 2015; 8: 36.

[31] Khoshdel-Nezamiha F, Vatandoost H, Oshaghi MA, Azari-Hamidian S,
Mianroodi RA, Dabiri F, et al. Molecular characterization of mosquitoes
(Diptera: Culicidae) in Northwestern Iran by using rDNA-ITS2. Jpn J
Infect Dis 2016; 69(4): 319-22.

[32] Shayeghi M, Vatandoost H, Gorouhi A, Sanei-Dehkordi AR, Salim-
Abadi Y, Karami M, et al. Biodiversity of aquatic insects of Zayandeh
Roud River and its branches, Isfahan Province, Iran. J Arthropod Borne
Dis 2014; 8(2): 197-203.

[33] Gezelbash Z, Vatandoost H, Abai MR, Raeisi A, Rassi Y, Hanafi-
Bojd AA, et al. Laboratory and field evaluation of two formulations of
Bacillus thuringiensis M-H-14 against mosquito larvae in the Islamic
Republic of Iran, 2012. East Mediterr Health J 2014; 20(4): 229-35.

[34] Anjomruz M, Oshaghi MA, Pourfatollah AA, Sedaghat MM, Raeisi A,
Vatandoost H, et al. Preferential feeding success of laboratory reared
Anopheles stephensi mosquitoes according to ABO blood group status.
Acta Trop 2014; 140: 118-23.

[35] Anjomruz M, Oshaghi MA, Sedaghat MM, Pourfatollah AA, Raeisi A,
Vatandoost H, et al. ABO blood groups of residents and the ABO host
choice of malaria vectors in Southern Iran. Exp Parasitol 2014; 136:
63-7.

[36] Soleimani-Ahmadi M, Vatandoost H, Zare M. Characterization of
larval habitats for anopheline mosquitoes in a malarious area under
elimination program in the southeast of Iran. Asian Pac J Trop Biomed
2014; 4(Suppl 1): S73-80.

[37] Soleimani-Ahmadi M, Vatandoost H, Zare M, Alizadeh A, Salehi M.
Community knowledge and practices regarding malaria and long-
lasting insecticidal nets during malaria elimination programme in an
endemic area in Iran. Malar J 2014; 13: 511.

[38] Soleimani-Ahmadi M, Vatandoost H, Zare M, Turki H, Alizadeh A.
Topographical distribution of anopheline mosquitoes in an area under
elimination programme in the south of Iran. Malar J 2015; 14: 262.

[39] Ataie A, Moosa-Kazemi SH, Vatandoost H, Yaghoobi-Ershadi MR,
Bakhshi H, Anjomruz M. Assessing the susceptibility status of
mosquitoes (Diptera: Culicidae) in a dirofilariasis focus, Northwestern
Iran. J Arthropod Borne Dis 2014; 9(1): 7-21.

[40] Fathian M, Vatandoost H, Moosa-Kazemi SH, Raeisi A, Yaghoobi-
Ershadi MR, Oshaghi MA, et al. Susceptibility of Culicidae
mosquitoes to some insecticides recommended by WHO in a malaria
endemic area of Southeastern Iran. J Arthropod Borne Dis 2014; 9(1):
22-34.



