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Abstract

Background: Malaria till remains a public health problem in Iran. There are different vector control interventions
such as insecticide spraying. The present study was carried out to determine the susceptibility status of Anopheles
stephensi larvae to temephos as a national plan for monitoring and mapping of insecticide resistance

M ethods: Eight different localities in two main malarious provinces were determined as field collecting sites. Mos-
quitoes were collected from the field and reared in an insectray. Susceptibility assays were carried out according to
the WHO method. The laboratory reared susceptible Beech-Lab strain was used for comparison. Data were analyzed
using Probit analysis to determine L Csy and L Cqy, values.

Results: Susceptibility of An. stephensi to temephos indicated that the L Csy ranged from 0.0022 mg/l to 0.0141 mg/I.
Although all field strains were susceptible to temephos, considerable variations in temephos resistance ratios of field
strains were noticed from all the localities studied in comparison with the susceptible strain. A low level of resistance
ratio was noticed in An. stephensi populations except for the Chabahar strain (RR= 4.27 fold). All field-collected An.
stephensi populations exhibited homogeneity to the larvicide except for Bandar Abbas and Hormoodar village strains
(P> 0.05%).

Conclusion: Due to intensive use of temephos in the neighboring countries and occurrence of resistant to this insec-
ticide in the main malaria vector in the region, insecticide resistance gene may evolve in the populations of An.
stephensi. If temephos be applied as a larvicide it should be used judicioudly for resistance management, as rotation

strategy.
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I ntroduction

Before implementing the nationa malaria in southeastern regions including Hormozgan
control program in Iran in 1957, about 60% of Province, Sistan and Baluchistan Province
population of the country was living in en- and southern parts of Kerman Province with
demic areas with 30% to 40% malaria mor- a population of 4.8 million people where
bidity (Edrissian 2006). Despite the relative- more than 90% of all cases are reported
ly successful implementation of malaria con- from. About 68% of all malaria cases have
trol programsin Iran in recent years, malaria been reported from these provinces in 2002,
still remains amain health problem especialy whereas it increased to 95% in 2007 (Raeisi
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et d. 2008, Vatandoost et a. 2010). The pres-
ence of vector speciesin these regions beside
tropical climate and socio-economic condi-
tions make appropriate situation for occur-
rence and persistent transmission of malaria
in these regions. Malaria in malarious areas
of Iran is unstable with two seasonal peaks
mainly in spring and autumn. Outbreaks due
to Plasmodium vivax usually occur after
rainy season (Hanafi-Bojd et a. 2012).

In Iran severa species and biological forms
of Anopheles were recorded, but only 7
Anopheline mosquitoes including Anopheles
stephens, An. dthali, An. culicifacies sl., An.
fluviatilis s.l., An. superpictus, An. sacharovi
and An. maculipennis sll., have been confirmed
as the main vectors and An. pulcherrimus re-
ported as a suspected vector (Naddaf et al.
2003, Oshaghi et al. 20033, Sedaghat et al.
20033, 2003b, Vatandoost et d. 20068, Doosti
et . 2006, Vatandoost et d. 2007, Vatandoost
et a. 2010).

Anopheles stephens is a sub-tropica species
and also an important vector of human ma
laria throughout the Middle East and South
Asan region, including the Indo-Pakistan sub-
continent (Dash 2007, Hanafi-Bojd et al.
2012), with a westward extension through Iran
and Irag into the Middle East and Arabian
peninsula. This species is considered to be the
main malaria vector in the Persian Gulf area.
Sporozoite rates of samples from the south
of Iran were reported from 0.2 to 1.8%
(Reeis et al. 2008).

Previous studies have shown An. stephens
to be the most prevaent anopheline speciesin
the malarious areas of southern Iran (Hanafi-
Bojd et a. 2012). A wide range of anthropo-
philic indices has been reported from differ-
ent geographical regions of India (Tyagi and
Y adav 2001).

The first report of resistance of this species
to DDT was in 1958 from southern Iran.
Anopheles stephensi is resistant to DDT,
dieldrin, and malathion at the adult stage
(Edrissian 2006), although there is some in-
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dications of tolerance to pyrethroids (Hanafi-
Bojd et al. 2012). There are different studies
for evaluation of different control methods
for this species in Iran (Enayati et al. 2003,
Vatandoost and Hanafi-Bojd 2005, Davari et
al. 2007, Aba et a. 2008, Rafingad et al.
2008, Soltani et al. 2008, Vatandoost et al.
2008, Vatandoost and Hanafi-Bojd 2008,
Vatandoost et al. 2009a, Vatandoost et al.
2009b, Omrani et al. 2010)

Resistance to DDT, dieldrin and malathion
mainly in the adults of An. stephens, have been
widely distributed in Persan Gulf, Middle-East
and Indian subcontinent causing operational
problems for control programs (Vatandoost
et a. 2005).

In 2006 for the first time in the Middle Eagt,
resistance to the organophophate larvicide,
temephos, was confirmed in the Al-Dhahira
region (Oman) in the malaria vector An.
stephensi breeding in water storage tanks.
The level of resistance was 2.5 times higher
than WHO diagnostic dose (Anderasen 2006).
Low level of larval resistance was found in
Pakistan (Omer et a. 1980). Despite of de-
velopment of DDT resstance in adults of An.
stephensi, the larvae showed susceptibility to
DDT in South of Iran. In Hormozgan Prov-
ince, An. stephensi larvae showed suscep-
tibility to malathion, temephos and chlorpy-
rifos, but resistance to fenitrothion in Bandar
Abbas (Vatandoost et a. 2004) and tolerance
to fenthion in Bashagard area (Hanafi-Bojd
et a. 2012).

Larval control in the past had been depend-
ent mainly on the use of chemicals such as
Paris green and larvicidal oils (Ansari et al.
2004). At present, biological control meth-
ods using larvivorous fish and Bacillus
thuringiensis in addition to chemical control
using organophosphorus insecticides are being
used for larviciding in south of Iran (Soltani
et a. 2008). Environmental concerns shifted
researches to find natural larvicides originat-
ed from plants in recent years (Vatandoost
and Vaziri 2004, Hadjiakhoondi et al. 2005,
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Sadat Ebrahimi et d. 2005, Hadjiakhoondi et al.
2006, Shahi et d. 2010, Sedaghat et d. 2011).

Temephos, an organophosphorus insecti-
cide, has been included in the list of WHO
as a suitable and safe mosquito larvicide that
can be used in drinking water. The toxicity
of thisinsecticideislow and unlikely present
acute hazard (Chavasse and Y ap 1997).

Center for Disease Control section of Min-
istry of Health and Medical Education of Iran
recently decided to reuse the temephos as
larvicide in malaria control program. Con-
sidering the incidence of resistance in An.
stephensi to temephos in Oman (Anderasen
2006), the southern neighbors of Iran, the
present study was undertaken to determine
the susceptibility status of An. stephensi lar-
val stages to the temephos before the reuse
of temephos in thefield.

M aterials and M ethods

Study area

Eight different areas in two important mala-
rious provinces were considered as field col-
lecting sites including: Bandar Abbas Port,
Minab County and Hormoodar Village (near
the Bandar Abbas) in Hormozgan Province,
and Chabahar Sea Port, two villages of Iran-
shahr County (Bampoor and Abtar) and two
villages of Sarbaz County (Angoori and
Machkor) in Sistan and Bauchistan Prov-
ince (Fig. 1).

Bandar Abbas Port (54°53’-56°03’E, 26°53'—
27°31’N) is the capital of Hormozgan Prov-
ince, a plain area with an average dtitude of
9 m above sea level. The city has a hot and
humid climate. Maximum summer tempera-
ture can reach up to 49 °C, whereas minimum
winter temperature drops to about 5 °C. Av-
erage annual rainfal in 2004-2008 was 118.44
mm and mean annua relative humidity was
63.4% (www.weather.ir). In 2010 total pop-
ulation of Bandar Abbas City was 572584.
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About 77% of this population is living in
urban area, 23% inrural area

Minab (27°11'53"N 54°22'7"E) is a county
in Hormozgan Province that located in east-
ern part of the province with climatic condi-
tions similar to the Bandar Abbas (Fig. 1).
According to the 2010 census, the county's
popul ation was 243055 in 50478 families.

Chabahar Port (25°33N 60°41'E) is a county
in Sistan and Bauchistan Province, with a
hot and humid climatic conditions in the
vicinity of Oman Sea and Pakistan border.
Based on the 2011 census, the county's pop-
ulation was 246175 in 41532 families. The
urban population is 77128, of which a ma-
jority resides in Chabahar City.

Iranshahr (27°34N 59°53'E) is another trop-
icd county in western part of Sistan and
Baluchistan Province. According to the 2010
census, the county's population was 244779
in 49443 families.

Sarbaz (26°26'N 61°29'E) is ancther county
in Sistan and Bauchistan Province in Iran.
According to the 2006 census, the county's
population was 162960 in 31449 families.

Mosquito strains

The field collected strains of An. stephensi
were reared in the insectaries of Bandar Ab-
bas and Iranshahr Health Research stations
for further tests.

After the establishment of the field strains
in the laboratory, the first generation of
mosquitoes was used for susceptibility tests.
A susceptible laboratory strain of An.
stephensi (Beech-Lab from insectarium of
department of medical entomology, Tehran
University of Medical Sciences) was used to
compare the susceptibility status of the field
strains with. This strain has been maintained
in the laboratory without exposure to insec-
ticides for 28 years.

I nsecticide
Technical grade insecticide used in the pre
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sent study was temephos 90% (Batch No:
TEM/136-229) provided by Levant Overseas
Development Ltd., Argenteuil, France.

Based on pre-tests, five concentrations of
the larvicide (0.25 mg/l, 0.0625 mg/I, 0.0156
mg/l, 0.0039 mg/l and 0.00195 mg/l) were
considered for susceptibility assays. Bioas-
say consisted of five concentrations resulting
10-90% mortality. Butanone 2% in absolute
ethanol was used as a control.

Susceptibility tests

Susceptibility assay was carried out ac-
cording to the method described by WHO
(WHO 2012). The toxicity of temephos to
An. stephensi, from field-collected popula-
tion was determined and compared with la-
boratory reared susceptible Beech-Lab
strain.

Late 3 instar larvae were exposed to five
doses of the larvicide. At each concentration,
atotal of 100 larvae in four replicates of 25
larvae were tested. Two replicates of 25 lar-
vae were used as control in each test. The
larvae were fed with Bemax® and fish food,
and mortality counts were made 24 h after
exposure. Moribund larvae (presenting
tremors, rigidity or mobility to reach water
surface on touch) were considered as dead.
Abbott’s formula was used to correct the ob-
served mortality of larvae. All the data were
corrected if the control mortality is between
5 and 20% (Abbott 1965).

Data analysis

Data were analyzed using probit analysis
(Finney 1971) to determine the 50% lethal
concentration values (LCsp and 90% lethal
concentration values (LCgq) of the field and
Beech-Lab strains. Control mortdity was cor-
rected using Abbotts’ formula (Finney 1971).
A dtatistical analysis of LCsy and LCgp Was
based on overlap of 95% confidence inter-
vals. Resistance ratio was defined as L Csg of
field strainsto LCsq of lab strain.
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Results

Susceptibility of An. stephensi to temephos
(Table 1, Fig. 1) indicated that the LCs ranged
from 0.0022 mg/l in Machkor population
(Sarbaz County, Sistan and Bauchistan Prov-
ince) to 0.0141 mg/l in Chabahar Port pop-
ulation (south of Sistan and Baluchistan Prov-
ince). The lowest LCqy Was from the Beech-
Lab strain and the highest was 0.0338 mg/l
from Chabahar Port population.

According to WHO criteria, a 98-100%
mortality rate indicates susceptibility, 80—
97% mortality rate indicates tolerance (re-
quires confirmation of resistance with other
methods) and <80% mortality suggests re-
sistance (WHO 1998).

Results of susceptibility tests on laboratory
and field strains of An. stephensi showed
that the larvae were susceptible to temephos
at the diagnostic dose (0.25 mg/l). Although
al fidd strains were susceptible to temephos,
consderable variation in temephos resistance
ratio of filed strains in comparison with sus-
ceptible strain was noticed from al the lo-
cations studied. A low level of resistance
ratio was observed in the populations of An.
stephensi except in that of the Chabahar Sea
Port (RR= 4.27 folds) compared to Beech-
Lab strain (P< 0.05) (Table 1, Fig. 2, 3).

A comparatively low degree of resistance
ratio to temephos (Table 1, Fig. 2) was ob-
tained in the An. stephensi from all the lo-
calities studied (RR= 0.66-1.48) whereas from
Chabahar Port, more than 4-folds resistance
was noticed, compared to Beech-Lab strain.
Almost al the field-collected An. stephensi
populations exhibited homogeneity to in-
secticide bioassay except for the population
from Bandar Abbas Port and Hormoodar
Village (Hormozgan Province), where Chi-
sguare value exceeded table value at 0.05%
(Table 1, Fig. 3).
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Table 1. Probit regression analysis of the temephos mortality data of field collected larvae of An. stephensi, 2011

Location Lethal Concentration(a.i.)/ppm Chi-Square Regression  Resistance
LCs LCqy Heter ogeneity Coefficient Ratio
(95% confidencelimit)  (95% confidence limit) (D.F.) (Slope) (RR)*
Bandar Abbas 0.0042(0.0037-0.0048) 0.0091(0.0075-0.0120) 29.061 (D.F.=2) 3.8078 127
Minab 0.0035(0.0028-0.0042 0.0159(0.0122-0.0230) 4.780 (D.F.=3) 1.9464 1.06
Hor moodar 0.0049(0.0043-0.0057) 0.0129(0.0105-0.0170) 27.846 (D.F.= 3) 3.0519 1.48
Chabahar 0.0141(0.0122-0.0163) 0.0338(0.0279-0.0435) 4,025 (D.F.=3) 3.3709 4.27
Bampoor 0.0039(0.0035-0.0044) 0.0084(0.0069-0.0111) 2740 (D.F.=2) 3.8727 1.18
Angoori 0.0026(0.0022—0.0030) 0.0082(0.0065-0.0115) 0.161 (D.F.=3) 2.5853 0.78
Abtar 0.0027(0.0022-0.0032) 0.0097(0.0076-0.0138) 1.746 (D.F.=3) 2.2949 0.81
M achkor 0.0022(0.0017-0.0025) 0.0068(0.0055-0.0097) 4.445 (D.F.=3) 2.5657 0.66
Beech-Lab 0.0033(0.0030-0.0036) 0.0055(0.0048-0.0067) 962.660 (D.F.=1) 5.8092 -

* RR50, Resistance Ratio at L Cs, (RR50= L Cs, of field population/ L Cs, of Beech-Lab)
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Discussion

Temephos (EC 50%) has been used for
years for larval control program of maaria
in Southern Iran (Edrissian 2006). Many
studies on the susceptibility level of An.
stephensi to pesticides such as DDT and
temephos has been done in Iran and other
countries. An. stephensi larvae from Paki-
stan and United Arab Emirate were reported
to be resistant to DDT (Vatandoost 1996).
Different levels of resistance to larvicides
were reported in anopheline malaria vectors
worldwide. Anopheles stephensi has an ex-
tensive resistance comparing to other spe-
ciesand is resistant or tolerant to fenitrothion,
temephos and fenthion in India, fenitrothion
and pirimiphos-methyl in Iraq, fenitrothion,
temephos, pirimiphos-methyl, chlorfoxim and
foxim in Iran and finally fenitrothion in Pa-
kistan (Vatandoost and Hanafi-Bojd 2005).
Resistance of An. dthali to temephos aso
was reported (Hanafi-Bojd et al. 2006). In
2006 for the first time in the Middle East,
resistance to temephos was confirmed in An.
stephensi breeding in water storage tanks in
the Al-Dhahira region of Oman (Anderasen
2006), there is not confirmed report of
temephos resistance of An. stephensi in Iran.

The results of other investigationsin Iran
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showed that this species was completely
susceptible to all tested larvicides including
temephos at the WHO diagnostic dose
(Vatandoost et a. 2004, Vatandoost and
Hanafi-Bojd 2005, Vatandoost et al. 2005,
Vatandoost 20064).

In our study, a variation in toxicity levels
of temephos to An. stephensi was noticed.
This may be justified by a wide scope of
sampling locations. Different slopes of in-
secticide bioassay regression lines to An.
stephensi from different locations shows
different degree of developing insecticide
resistance. Table 1 show that the toxicity of
temephos to An. stephensi from Angoori,
Abtar and Machkor was lower than that of
susceptible Beech-Lab strain. Similar results
were reported by other researcher that some
filed populations were more susceptible to
insecticide than laboratory strain (Ponlawat
2005, Tikar et a. 2008). Although the exact
reason for this phenomenon is not known,
overcrowding in breeding places leading to
insufficient food could result in a weaker
progeny. Our data provided baseline infor-
mation on insecticide susceptibility of An.
stephensi from geographically different lo-
cations in Iran. An. stephens is still sus-
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ceptible to temephos from all studied locali-
tiesin Iran and it can be used as an effective
insecticide in malaria control program de-
spite the fact that resistance to temephos has
been reported from other malarious coun-
tries such as India and Oman. Chabahar strain
of An. stephensi exhibited the highest re-
sistance ratio to temephos compared with all
other collection sites. The most probable ex-
planation for this is that Chabahar Port is the
nearest area to Oman that resistance of An.
stephensi to Temephos was confirmed by
Anderasen (2006). Therefore it could be an
important alarm for developing of resistance
to temephosin Iranian An. stephens.

Based on the results of this research,
temephos can be used as a larvicide in Inte-
grated Vector Management in maaria control
programs in the region warily. Some im-
portant issues including continuous insecti-
cide resistance status monitoring in the vec-
tors should be considered to ensure judi-
cious use of pesticide and implementing
I nsecticide resistance management strategies
e.g. rotation. In addition it is essentia to focus
on regular surveillance of malaria vectors as
aroutine practice in high risk malaria areas.
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