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Abstract
Background: Malaria continues to be a main vector-borne public health problem in Iran. The endemic foci of the
disease are mainly located in south-eastern part of the country. Iran is now launching the elimination of malaria.
Studies on the bioecology and susceptibility of malaria vectors to insecticide are essential in this phase.
Methods: The literature on bio-ecology of Anopheles superpictus s.l. was reviewed in Iran in more than half a century. Different aspects including, distribution, key identification, larval habitats, flight range, seasonal activities, irritability/susceptibility to insecticides, and anthropophilicity index were identified.
Results: The adult females of An. superpictus s.l. were susceptible to all WHO-recommended imagicides except
DDT. Distribution, morphology, sibling species, larval habitat, flight range, irritability tests, sustainability index,
blood feeding preference and related factors were discussed in details
Conclusion: Results of the evaluating will help for decision making of authorities for vector control.
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Introduction
ern areas of the country in Sistan and Baluchistan, Hormozgan and South of Kerman Provinces. The most routes of malaria cases are immigration from Afghanistan and Pakistan to
southern and southeastern areas of the country (Ministry of Health, annual reports).
Anopheline mosquitoes (Diptera: Culicidae)
are vectors of malaria to humans. Currently
there are proven and effective tools to fight
against malaria including vector control
measures (1). As these tools are scaled up, malaria endemic countries need to continually update the skills and competence of the health
workers engaged in malaria control and elimination.
All observations indicate that the data reflect the real situation and that the overwhelm-

Mosquito-borne diseases are the major
problems worldwide, among them malaria
presents a major health problem globally. In
2016, an estimated 216 million cases of malaria occurred worldwide, compared with 237
million cases in 2010 and 211 million cases
in 2015. Most malaria cases in 2016 were reported from the WHO African Region, while
the two percent of cases were inhabitants of
WHO Eastern Mediterranean Region countries (1). It 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 has dropped to less than
100 locally transmitted cases in 2017. Most
of indigenous and imported malaria cases in
Iran are reported from southern and southeast*Corresponding author: Dr Hassan Vatandoost, Email: hvatandoost1@yahoo.com, vatando@tums.ac.ir
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ing majority of cases, which occur, are included in the national system, although there is
room for improvement in the surveillance system. The spectacular progress can be ascribed
to effective implementation of appropriate curative and preventive control interventions
through a strong health care infrastructure.
Social and economic development allowing
better housing, use of air-conditioning etc.
has also played a role.
There are several activities on different
aspects of malaria in the country: including
insecticide resistance monitoring (2-12), sibling species, molecular study, new record (1320), novel methods for vector control (21-26)
faunestic study (27, 28), use of plants for larval control (29-41) using bednets and long
lasting impregnated nets (42-48), morphological studies (49-51), malaria epidemiology (5255), ecology of malaria vectors (56-64), biodiversity (65, 66), community participation (45,
54), vector control (67), repellent evaluation
(68), anthropophilic index of malaria vectors
(65, 69), training (70) is designated as malaria training center by WHO. There are several
reports on different aspects of malaria vectors recently different studies have been conducted during more than 90 years on malaria
(71-96) and its vectors in Iran.
Seasonal activity of Anopheline mosquitoes and their peak of activity vary in different
area due to environmental condition. This issue
affected the epidemiology of malaria transmission in different regions. Agriculture in Iran
remains highly sensitive to climate developments, the country's most important crops are
wheat, rice and other grains, sugar beet, fruits,
nuts, cotton, and tobacco, which require the
use of insecticides. So far different groups of
insecticides are using for crops protection in
the country. The main governmental use of
insecticide in the health sector is their application for adult mosquito control. The first
attempts to control malaria vectors started during the 1960’s with organochlorines (DDT,
dieldrin and BHC), followed by organophos-

phates (Malathion and pirimiphos-methyl) for
about two decades from 1966. After that during 1977–1990 propoxur was used by national
malaria vector control program. Subsequently, after the introduction of pyroteroids into the
market, and given their lower risk for humans
and more affordable products, lambdacyhalothrin and deltamethrin were used. As the adult
mosquitoes control, larval control is also used
to reduce the vector abundance. For this purpose, Temephos, Reldan® and pirimiphosmethyl was used in past decades.

Materials and Methods
All the published papers thought the internet and master of sciences and PhD thesis
related to An. superpictus s.l. were reviewed
and evaluated. Key words for search in scientific motor engines were: Anopheles superpictus, insecticide resistance, ecology, distribution,
identification, anthropophilicity, sporozoite rate,
Iran.

Results
Distribution of Anopheles superpictus s.l.
in Iran
Faghih' research results showed that this
species could be found in areas of 2000 meters above sea level (97-99). It has been captured from coastal plains of Persian Gulf in
areas with 500 meters height above sea level
(in Chelou village in Minab). With the exception of a narrow strip of coastal areas, this
species is found in almost all regions of Hormozgan Province (100-104) (Fig. 1).
Key to the female Anopheles superpictus s.l.
Wings with contrasting pale and dark spots,
at least on costa (C), radius (R) and radius-one
(R1), Hind tarsomeres 3–5 no1 entirely pale,
Maxillary palpus dark, or with at most 3 distinct pale bands (pale spots may also be present): abdominal terga II-VII without dark
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scale-tulips. Although some posterolateral dark
scales may be present on distal segments, Hind
tarsomere 5 dark, Palpomere 5 entirely pale,
Femora and tibiae not spotted: abdominal terga
without pale scales, Anal vein with 2 dark spots,
distal spot long (104).

ferent morphological and genetic variation of
An. superpictus populations in Iran. Mosquitoes of An. superpictus were collected from the
Ardebil, Lorestan, and Sistan and Baluchistan
provinces in July-September in 2004 using different collection methods. After species identification and morphological study on larvae
and adults, the sequence variation of ITS2rDNA and mtDNA COI-COII fragments were
analyzed using PCR-RFLP and PCR-direct sequencing assays. Results showed that there were
significant differences in morphological and
genetic characters within and between populations. Digestion of COI-COII fragment using AluI enzyme demonstrated various haplotypes indicating intra or inter-species variation. Totally 4 haplotypes were observed between specimens/populations in 708bp of COI
gene. Totally, the rate of variation among populations was 12.3%. This rate was 2–5% for
within Sistan and Baluchistan populations. According to phylogenetic analysis of the COI
sequences, An. superpictus populations in Iran
constructed 2 main groups including: 1) southeast populations (Sistan and Baluchistan and
Kahnooj) and 2) central and northwest populations, each group putatively representing one
species. Analysis of ITS2 fragment also revealed highly diverged populations representing at least three putative separate species designated as X, Y, and Z (X and Y in Baluchistan
and Z in other provinces). The rate of genetic
variation in ITS2 was 27% in which respectively 0.27%, 0.05% and 26.68% corresponded to 5.8S, 28S, and ITS2 regions. Phylogenetic analysis also revealed two main groups
including three branches, each one putatively
representing one separate species. In spite of
having a high genetic and morphological variation among specimens, there were no relationship between phenotypic and genetic variations, assuming that other parts of genome
is responsible for the variations. The rate of
genetic variation in COI and ITS2 regions
was far more than that has been seen in other
species s.l. (105).

Key to the Anopheles superpictus s.l. larvae
Seta 2- Cephalon inserted at least as far
apart as the distance between 2- Cephalon and
3- Cephalon on one side, seta 1- Antenna always simple, seta 5, 6, 7- Cephalon branched
(subgenus Cellia), Tergal plates on abdominal
segments III-VII smaller, < 0.5 width of segment, and not enclosing median accessory tergal plate, Thoracic pleural seta various , Thorax with at least long pleural seta 9- Prothorax
and 9- Metathorax branched, 9, 10- Mesothorax, and 10- Metathorax simple or branched,
Thorax with long pleural seta 9- Prothorax
and 9, 10- Metathorax branched.
Seta 9- Mesothorax branched, 10- Mesothorax simple, palmate seta 1-III-VII strong,
leaflets and filaments various, Seta 3- Cephalon simple or with a few short lateral branches,
not brush-like in appearance, abdominal palmate seta 1- Abdominal segment I non-palmate or very weakly palmate, Seta 1, 2- Prothorax tubercles separate; seta 3- Metathorax
non-palmate or very weakly palmate, Seta 2,
3- Cephalon simple, finely or distinctly frayed,
anal papillae normal, abdominal palmate filaments  0.5 length of blade, Seta 3, 4- Cephalon simple or occasionally bifid, never
branched, Seta 2, 3- Cephalon smooth or finely frayed, abdominal seta 1- Abdominal segment II strongly palmate, Seta 3- Cephalon
finely frayed, seta 4- Cephalon length > 3Cephalon, basal tubercle of seta 1- Prothorax
weak (Fig. 2) (104).
The Anopheles superpictus s.l. species
Anopheles superpictus s.l. acts as a main
malaria vector (e.g. in Lorestan) or secondary
vector (e.g. Sistan and Baluchistan). A survey
has been conducted in order to study on dif198
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Flight ranges
Flight range of this species was about 2–
2.5 kilometers (observations in Tabas, Birjand).
At the beginning of hibernation it reached to
4km (99).

that although this species ovoposited in February or March, but the eggs were expelled because of abundant rainfall, rapid flow of springs
and streams. Changes were not the same during three winters. Winter 1953–1954 had the
coldest winter and 1955–1954 was the modest.
The numbers of collected specimens to generalize the reliability results were very low. Although the temperature in February, was different from the temperature in the first three
months but the collected females showed the
high activity both for the ovarian growth and
blood feeding. Even in March that this species began its activity, the temperature was
more than the last 4 months. It has been justified that An. superpictus s.l. entered to hibernation phase because of a physiological cycle caused by cold weather. In Ilam, An. superpictus s.l. is the main malaria vector and comprised almost one hundred percent of the collected Anopheles from indoors and outdoors
(111).
Studies in Kermanshah and Sabzevar indicated that the activity of this species depended
on the temperature and the onset of its activity was from mid-June and ended in mid-October. Maximum activity is in early August to
mid- September and with the onset of cold
weather that is different in various parts of the
plains and mountainous areas; after this time
it entered to hibernation. Females entered to
hibernation phase in mountainous caves and
indoors from mid- September in west with storing fat and from October to next April when
the weather was good for mosquito activity
(Manoochehri, personal negotiation).
In a study in the counties of Pars Abad and
Germi in 1997–1998, the activity of this species has been reported during July-November.
The maximum abundances of this species was
10.6 per place in the second half of August
and with the least frequency was 0.25 number
per location in the first half of December in
Dykdash and Qeshlaq Beryan villages. Theis
species had one peak of activity in second half
of August in (112).

Irritability tests
The irritability levels of An. superpictus
s.l. against diagnostic dose of dichlorodiphenyltrichloroethane (DDT) insecticide were
measured in a conical exposure chamber according to WHO methods in Isfahan in 1963.
The results of irritability tests showed that
DDT had the high irritancy effect against An.
superpictus s.l. (106).
The time of blood feeding
The activity of this species started at about
20pm and reached to peak point at about
21.30pm. The most brutal is in the first half
and with low density in the second half of the
night and in the morning it was close to zero.
The most biting activity in Bazaft, Farsan, Chahar Mahal Bakhtiari in 1999 was in 22–23pm
and 3–5am (110-111).
Seasonal activity
Researches have been conducted from early October to April 1953–1955 to determine
An. superpictus s.l. seasonal activity. Anopheles superpictus s.l. adult population abundances for the entire period of August-September were high, but during the October, it
began to decrease. The last collection was conducted in the third week of October. Even
though space spray collection using Pyrethrums
(PSC), that was applied at homes, very few
adult were collected in each station during the
months of November–February. Based on information about the larvae collection and dissected adults, it has been concluded that this
species didn’t enter to hibernation phase in
October. It seems that leaving hibernation happened in February, because the females that
have been desiccated at this month had high
ovarian growth. During the month of May,
no larvae were collected. This result showed
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In human dwellings, the frequency of An.
superpictus s.l. in each place was 1.8. In outdoors, An. superpictus s.l. had the highest
frequency of 6.2 per place in early of August.
In human dwellings, its frequency was 1.8 and
in outdoors it was 6.2 per each place with the
highest abundance in the early of August. The
highest monthly activity of An. superpictus s.l.
in Dykdash Village, Germi, was in the eighteenth of July, 1996. In Dykdash and Agha Mohammad Biglou villages its activity began in
eighteenth June and ended in third of December. In the village of Agha Mohammad Biglou
the highest activity was in the second half of
August. In Dykdash and Gheshlagh Beryan
villages, its activity in indoors has been reported during the months of July-November,
with the highest frequency of 10.63 mosquitoes per place in the second half of August and
the least abundant numbers per place (0.25) in
the first half of December. This species hasn’t
been collected from plain of Parsabad (112),
but studies of Abai and colleagues in 2002
have been obtained very low abundance in this
area. The most abundant of this species in the
county of Kahnooj was during September and
October (113).
Activity of An. superpictus s.l. had one
peak point in its curve. This species had incomplete hibernation. Hibernation starting differed
in cool weather in different plains and mountainous areas. Based on different studies in the
North of Khorasan, Birjand, Kazeroon, it has
been concluded that in appropriate thermal
conditions and activity of Anopheles, this species is capable to transmitting Plasmodium vivax after the second gonotrophic cycle. Studies conducted in 1996, in the county of Aligoodarz showed that larvae of this species
began its activity in May with the peak activity in September and in October it reached to
zero (103, 114).

human dwellings, indicated that An. superpictus s.l. comprised 44.2% of the collected
Anopheles populations. In animal habitats it
comprised 63.7% of the total collected
Anopheles. In outdoors, An. superpictus s.l.
comprised 77% of the populations. It has been
collected generally in high population density from outdoors. In Hussain Abad village,
of the 243 mosquitoes collected in night biting, 165 of them (67.9%) were An. superpictus
s.l. In the village of Mazi, a total number of
356 Anopheles collected with the method of
night biting, An. superpictus s.l. comprised
246 (69.1%) of the Anopheles population. In
the village of Hussain Abad, of the 254 collected Anopheles in pit shelter the number of
180 of them (70.8%) were An. superpictus
s.l. (116). The highest biting activity of
Anopheles superpictus s.l. in Bazaft, Farsan,
Chahar Mahal Bakhtiari in 1999 was occurred
in 22–23pm and at 3–5am (115).
Anopheles superpictus s.l. was the most
important vectors in Siahoo area, Southern Iran.
Entomological studies conducted in this district showed that of the total collected larvae
and adults' mosquitoes, the An. dthali, An. stephensi, An. superpictus s.l., An. fluviatilis s.l.
and other Anopheles populations had the
most frequencies of 37%, 55%, 1%, 2% and
5%, respectively. This species has been found
in the mountainous region and played an essential role in disease transmission (116).
In the studies, in Bandar Abbas it has been
identified that the most frequency of adult
Anophelini were An. stephensi, An. dthali, An.
fluviatilis s.l. and with the low density An.
culicifacies s.l. and An. superpictus s.l., respectively. The last two species were collected just in night biting (117).
Distribution, anthropophilic index, sporozoite rate and behavior of adult Anopheles
superpictus s.l.
This species had a major role in mountainous region. It had a role in malaria transmission in Hormozgan Province. Combina-

Species composition
Fauna and ecology of vectors in the county
of Farsan, Bazaft, Chahar Mahal Bakhtiari, in
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tion of malaria vectors in coastal plain and
mountainous area of the province was different. The main vector in the coastal plain was
An. stephensi and the secondary vector was
An. dthali. In the mountainous region, beside
the mentioned species, An. fluviatilis s.l., An.
culicifacies s.l., and An. superpictus s.l. had
a role in disease transmission. In mountainous areas, because of the presence of several
outdoor borrows and exophilic behavior of
some vectors, vector eradication encountered
many problems and was effective only in
lowering the population vector (107).
Anthropophilic index using ELISA with
the blood spot prepared from female An. superpictus s.l. showed the Anthropophilic index between 28.5–3.7% and the feeding of
cattle and other animals were 19.7%. The night
bite on prey animals (cows and calves) in the
village of Hussein Abad and Namazi villages
indicated that 55.6% and 66.2% of them were
An. superpictus s.l. Based on this study it
appeared that this species had zoophilic behavior. In this study An. superpictus s.l. had
two peaks of activity, in the early hours of the
night and the other in 3–5a.m. and its frequency
in first peak was more than the second peak.
A similar result has been obtained in previous
studies (99, 118).
The numbers of 200, An. superpictus s.l.
were used to determine parity and age-structure of the An. superpictus s.l. populations.
Parous percent in the first period of the seasonal activity was observed in 26% and its
peak of activity was 44%. This species in the
study area naturally preferred outdoors to indoors. As in some parts of Iran, especially in
mountainous areas his species was found infected to sporozoites (Sarakhs and Kermanshah) and is responsible for malaria transmission and having anthropophilic index, so
it could be a vector (119).
About 16% of the total larvae collected
in the months of April till November in 1994
in Lenjanat, Isfahan, belonged to this species.
Larval activity in its larval habitats began from

mid- June and late July with the frequency of
1 larva per ladle. The frequency was constant
until the end of August, but its activity decreased in abundance from this time, so that
by the mid-September it has been reduced to
zero. This species has been collected in light
traps with the frequency of 0.21% and adult
activity increased simultaneously with larval
activity in mid-July and has reached to its
activity with the frequency of 1 mosquito per
light trap. Its activity decreased in a way that
it reached to zero in late August. This is species was mainly endophilic in the area and
preferred blood feeding from animals to human. Total collection of this species in light
traps and night biting methods in March to
November 1994 in Lanjanat, Isfahan was very
low (120).
This species has been collected in indoors
of Germi county including villages of Ojagh,
Zahra Kandi (Ojaroud), Agha Mohammad Beiglou, Dykdash, Qeshlagh Beryan (Angoute
gharbi), Aq Dash (District of Barzand). In
mountainous region of the Germi, Ardabil including Qeshlagh Beryan and Dykdash, the
frequency of An. superpictus was 10.63 mosquitoes per place and had a wide distribution
(112).
Two species, An. superpictus s.l. and An.
maculipennis s.l., have been distributed in larval habitat studied in Mashhad and suburbs.
Anopheles superpictus s.l. with the frequency
of 94% were more frequent in comparison to
An. maculipennis s.l., and were collected from
several larval habitats including fresh water,
non-polluted and largely stagnant waters with
low flows. South of Mashhad, places like ponds,
even with non-infected freshwater ponds, Astan
Quds Razavi farms and its surroundings, highways and Qasem Abad village were places that
two species of An. superpictus s.l. and An.
maculipennis s.l. were collected (121).
Anopheles superpictus s.l. in villages and
tribal areas in Bazaft, Farsan, Chahar Mahal
Bakhtiari had a wide distribution. Frequency
of adults and larvae were 67.2% and 78.9%,
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respectively. In the studied villages, An. superpictus s.l. comprised 63% to 100% of collected Anopheles. This species was generally
the dominant species in the area. The larvae
of this species have also been collected from
the height of 2500m above sea level (the Sartang Sarveh Moorez) while collecting of this
species has been reported as high as 2,000 meters above sea level. It has been reported that
this species had exophilic behavior in the
mountainous areas of Sarakhs and Kermanshah.
In Farsan, this species had more frequency in
outdoor shelters such as mountains' crack, caves
or under large rocks, under the bridge and river
wall and like the other parts of its distribution it
was exophilic. Its seasonal activity began from
second half of the July and continued till October with the highest frequency in August in
outdoors. Adult highest frequency in the study
area was 6.2 Anopheles per place and highest
frequency of larvae in 10, ladle was 33.7. In
the studied area, An. superpictus s.l. was found
mainly in cracks of the trees, mountains groove,
caves and cracks between the rocks that were
used for flat -out accommodation of tribal, pit
walls, rivers, canals and springs, under bridges,
human dwellings, closets and behind furniture,
in dark storage, networking within the outdoor,
and shower stalls. Larval habitat of this species
was mainly in margins and riverbeds, streams
flow in grasslands springs, animal footprints,
holes and stagnant water around the road. Habitats were more dirt floor in a meadow.
The larval habitats were found more in burrows in shaded and sunny waters in most places.
In a pit shelter study in Hussein Abad village in
Farsan, Chahar Mahal Bakhtiari, of the 78.5%
of the collection belonged to An. superpictus
s.l. that indicate that this species was exophil
and most prevalent species in the study areas.
With regard to the eradication of this species
because of its exophilic property, insecticide
repellency, it could not stop disease transmission just using residual spraying and must use
environmental improvements, using larvicides
and case finding and integrated pest manage-

ment (115).
In survey that has been conducted in 1971
in this area, results showed that frequency of
adult An. superpictus s.l. in Germi County has
been increased. This species had a salient activity with An. sacharovi. Increased abundance
of this species that is of main malaria vectors
in Iran, is most serious threat to the residents
(122-123).
Human biting rate
In Hussain Abad village, the bites per person in a night were 1.1. This figure for each
person in Nazi village was 1.4 (115).
Blood feeding preferences
This species was zoophage, and both endo-exophilic. Blood feeding preference of human varied depending on geographic location
and has been recorded from 5% (124-125).
In Iran, the human blood index for this species has been determined 22.4% and the sediment test of fed females collected from caves
have shown 4.1% the human Blood Index
(119, 125).
Blood feeding habits, resting and longevity of An. superpictus s.l. in central plateau and
south parts of Iran is like An. fluviatilis s.l..
The results of the precipitation test in different areas of Iran, for anthropophilic index have
been reported between 4.8 to 21.4% (124)
In a research study in Lorestan Province
to determine blood meal type, fed by this
species using ELISA, of the 1117 tested blood
spots, the number of 128 specimens had positive ELISA for human blood and thus the
anthropophilic index of this species in this
study has been reported 11.4% (126-130).
Anopheles superpictus s.l. fed on animal
and human and preferred blood feeding in
areas with large groups of hosts than sporadic hosts. It preferred large body size hosts to
small hosts. This species fed on different hosts,
when it got dark or night, even in places both
inside and outside areas. The host-seeking behavior of this species for blood feeding was
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highly active, and could search many buildings in search of food, and had a high mobility during blood feeding.
Results of anthropophily and zoophily tests
in Bazaft, Farsan in Chahar Mahal showed that
out of the 92 blood samples, 28.4%, 39.1%,
32.6% of the specimens' belonged to human,
cattle and other animals, respectively. Investigations in Khorasan showed that human blood
feeding on human varied between 65–76%.
Studies conducted from May till November, between 1997 and 1998 by total catch in
three indoor places (human, animal, and barn)
and one outdoor place, cave, indicated that this
species preferred feeding on domestic ruminants and animal than man. The indexes of
blood feeding of fed females by ELISA in all
places were 1.02%, and in outdoors (Cave),
barns, 1.45% and 2.82%., respectively. The human blood index of An. superpictus s.l. has been
calculated zero, in human and animal places.
The observations in the studied villages showed
that most of the people because high temperatures at night sleep in open spaces (courtyard of
the houses) and some of them slept in nets.
Livestock that their numbers were much higher
than the number of people in the house that were
kept in the open spaces. Unfed mosquitoes after
entering the houses preferred feeding on animals
than humans. Then they rest followed proper
shelter (human indoors, animal, barn or outside
shelters). These reasons may explain proper
zero coefficient of blood feeding on human
in indoors (118). Anthropophilic index for the
An. superpictus s.l. in its maximum frequency was very low (9.09%) (131).

for the first laying period was usually required
twice blood feeding. Of the 80, An. superpictus s.l. (58.7%) were nulliparous, 33 of them
were diagnosed parous (41.3%). Result of the
dissection of An. superpictus s.l. females, the
rate of parous females was found to be 48.5%
in 1st gonotrophic cycle, 36.5% in 2nd gonotrophic cycles and 15.1% in 3rd gonotrophic
cycles. Basically An. superpictus s.l. in this
area is most dangerous age in September.
Epidemiological studies showed that in Birjand and Kazeroon, An. superpictus s.l. was
an unstable vector. Desiccated salivary glands
of An. superpictus s.l. in Aligoodarz, showed
no sporozoites (103).
Sustainability index
Epidemiological studies in Birjand and
Kazeroon showed that An. superpictus s.l. is
an unstable vector (stability index less than 0.5)
and the executive observations support this
theory. This means that the use of residual insecticides can easily control this species (excluding the exophil population).
Adult shelters
In Iran, a significant population of this species rests in human and animal dwellings including mud rooms, shed, stack, barns, straw,
tents and mud stables, rick, animal sheds, poultry nests. Some of the population of this species, especially in the West (Kermanshah) and
the East (Kashafroud region) didn’t enter to human habitations and has been collected from
outdoors including cave, inside grain storage,
cracks in the mountain rock, earth fissures in
the walls of the rivers, the aqueducts, under
the bridge and artificial pits (99, 132-133).
Anopheles superpictus s.l. larvae were collected from villages including Hoomeye markazi, Roodan, Sandarak, Sirik, Dej Olia River,
Dej Sofla River and Bashagard. This species
that comprised 1.3% of the total percentage of
collected larvae periodically was active during at least 6 months of the year. This Anopheles has been collected from temporary and

Longevity of the Anopheles superpictus s.l.
populations
Various studies (regions of Birjand-North
Khorasan, Kazeroon, etc.) has shown that in
appropriate temperature conditions, An. superpictus s.l. after the second gonotrophic cycle
is capable of transmitting Plasmodium vivax.
In nature there is up to 5 gonotrophic cycles.
It has been observed that An. superpictus s.l.
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stagnant waters, 62.5% and 100%, respectively. It has been collected with low percentages
from permanent waters. This species could
ovoposite in water nests that the water depth
was low, with or without plant, sunny or semishade. The larvae of this species prefered larval habitat with soil or sandy in their bed along
the rivers (to 80%), wetland, grasslands and
fresh waters. It chose fresh and clear waters
for ovoposition (50%). Anopheles superpictus
s.l. larvae have been collected together An.
stephensi, An. fluviatilis s.l., An. dtali, An.
thurkhudi and An. multicolor in the same larval habitat. In some west and south west provinces of Iran, An. superpictus s.l. larvae has
appeared from temporary and stagnant waters with the frequency of 40% and with low
density from permanent waters with or without plants. The larvae of this species in Kurdistan began their activity in mid-June and
ends in mid-October. The peak activity is from
early August to mid-September, and its activity dependent on temperature.
The larvae of this species have been collected from the cities of Islamabad-E-Gharb,
Paveh, Qasr-e Shirin, Harsin (Bakhtaran) in
1984–1985. In Bakhtaran the maximum abundance of larvae were found in July and its activity were reported from June to November.
In Ilam the activity of 3rd and 4th larvae began from June to September, with most activity and abundances in July. In Khuzistan
Province, activities of 3rd and 4th instars larvae were from May to October and with its
peak of activity in July and August. In Germi and Pars Abad, the larval habitats included along the Dare Roud River, rice fields, small
cavities and holes in the river beds (113).
In Bazaft, Farsan, Chahar Mahal Bakhtiyari,
of the 6 villages and 4 tribal regions, An. superpictus s.l. comprised 44.2% of the Anopheles populations in human dwellings. In animal
places An. superpictus s.l. comprised 63.7%,
of the Anopheles populations and in outdoors
it was 77%. Totally, this species has been collected from outdoors. In Hussain Abad village,

243 mosquitoes were collected by night-biting method that 165 of them (67.9%) were
An. superpictus s.l. In this village in Farsan,
of the 254 Anopheles mosquitoes collected
in pit shelters, 180 (70.8%) of them were An.
superpictus s.l.. Frequency of An. superpictus s.l. were 162 (66%) larvae collected from
the tribal wattle, 130 (100%) from Shermak,
168 (66.7%) from tribal regions of Labad
and in tribal regions of Tashnavi it was 181
(63%) (116).
Studies conducted from May till November, between 1997 and 1998 by total catch
method in three indoors (human, animal,
barn) and one outdoor (cave) in the province
of Lorestan showed that of 1661 collected
Culicidae mosquitoes, the 1632 (98.25%)
were Anopheles genus, and among them the
total number of 1630 (99.3%) of the collected Anopheles were An. superpictus s.l. 631
(50.8%) collected female An. superpictus s.l.
were freshly feeders (119).
Malaria transmission potential
In some parts of Iran, especially Kashaf
roud in Khorasan and Kermanshah it was
discovered that despite eradication programs,
malaria transmission by this species has not
stopped (Mesghali unpublished observation,
1968). Vectorial capacity is a measure of epidemiology in different geographical regions
that is used to determine the malaria transmission risk. Vectorial capacity is affected by three
factors including anthropophily, longevity, and
mosquito vector population density. In Iran,
sporozoite rate has been reported 0.9%. Desiccation of salivary glands of An. superpictus
s.l. in Khorasan, Kermanshah, Kazeroon and
Masjed-E-Soleiman showed that almost 1.2%
of the desiccated specimens were infected to
sporozoite. In Tabas 4.6% of the specimens
and in Kazeroon 0.65% of the specimens were
infected with sporozoite and 0.7% of them
were infected to oocyte. These studies indicated that An. superpictus s.l. was of the major malaria vectors in the central plateau and
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the southern slopes of the Zagros Mountains
of Iran (128).
Anopheles superpictus s.l. has been identified as a main malaria vector in all regions of
central Iranian plateau. In addition, this species had significant role in maintaining malaria as a second or third vector in mountainous and foothills of southern Zagros range. In
255 desiccated specimens in Birjand in 1961,
the sporozoite index was 4.7% (accidental sampling). Desiccation of 411 An. superpictus in
the mountainous region of Shapoor (Kazeroon)
in 1960, infective index was 0.65%. In Bazaft,
Farsan, dissection of 200 An. superpictus to determine the number of parous and nulliparous
showed that the parous rate were 26%, 46%
and 40% in late July, August and September,
respectively. A total of 126 Anopheles salivary glands and stomach were dissected and
none of them was found infective to sporozoite and oocyst (116).

to 35 °C to 38 °C. In 30 °C, the larval period
lasted 11 days. However, at temperatures between 19 °C to 20 °C, the larval period has
been estimated at 24 days. Frequency of 3rd
and 4th instars of An. superpictus s.l. in each
ladle from April till November 1994 in Lanjanat, Isfahan in late July, mid-August and late
August were 0.1, 0.1 and 0.1, respectively and
in the remaining months was zero (122).
Ecological characteristics of larval habitats of An. superpictus s.l. in 24 larval habitats in Lorestan Province showed richness of
species composition that is indication of the
importance of land use patterns on diversity
of larval habitat types that included An. superpictus s.l., An. turkhudi, An. stephensi, An.
dthali, An. sacharovi, An. claviger and An.
martri. Anopheles superpictus s.l. larvae were
collected from standing or temporary and especially from still waters. This species was active in the waters with aquatic vegetation on
their surface or outside of them. More than
45% of the specimens were collected from habitats without any aquatic vegetation. In 87.5%
cases this species oviposit in the sandy and soil
beds habitats with fully sunlight. This species
prefers clear and fresh waters. Their larval habitats were close to rivers (53.2%), lakes, grasslands, holes, streams, and river beds (46.8%).
In man-made larval habitats, 87.5% larval habitats were found in rice fields and 12.5% were
in cement grooves. Larval peaks of activity
have been reported from mid-July till second
half of the October. 67.8% of the larval habitats were standing and 32.2% of them were
temporary. 62.6% of the larval habitats were
still waters and rests of them were running
waters. In this survey from the 115 larval habitats, 88.7% of the specimens were collected
from sunny habitats. This species preferred to
oviposit in sandy bed larval habitats (55.7%),
mud (40.8%) and cement canals (3.5%).
These species were mainly found in habitats without vegetation (46.9%), vegetation
outside of the water (36.5%) and the rests of
them in vegetation on the surface or under the

Larval habitats
This species can be found in beds of rivers that are drying in hot climate of the summer. This species have been collected from
sandy margins of the river (Gamasab and
Chamkhal rivers in Kermanshah Province).
Captures of 2nd (early instars), 3rd–4th (late
instars) instars and pupae have been done for
An. superpictus s.l. immature abundances in
different agro-ecosystems in Iran. Anopheles
superpictus s.l. larvae are associated with gravel
or fresh waters of swamplands and marshes,
and pebble river and stream beds in shallow,
slow-flowing clear water in full sunlight, small
rivers or streamlet, holes, pits and natural dams,
small pools within or next to river beds and
streams, storage tanks, broken pitchers, empty cans, water reservoirs, rice fields and associated irrigation canals, natural grassland,
large rivers that makes pools, animal hoof traces, tires, small pools within or next to river
beds, are suitable as aquatic habitats.
Preferred water temperature for ovopositing
of this species in day time, usually reached
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water. In Lorestan Province, larval habitats were
found in agro-villages s.l.es of Pishkouh Zalghi
(villages of Baghe lotfian, Kizan Darreh,
Kakolestan), Farsash (villages of Farsash, Homa
and Ivaj), Barbaroude Shargi (villages of Chaman Soltan (Shahrake Emam), Ab Barik, Dehnou
Khaje), Pache Lake Shargi (villages of Dehe
nasir, Sour, Choghatar), Mahrou (villages of
Margsar and Chal Ghale).
In Bazaft, Farsan, Chahar Mahal Bakhtiari
in 1999, in the tribal region, activity of different species of Anopheles in ten studied villages were investigated 120 times. A total number of 2543 larvae were collected from different larval habitats including river margins,
stagnant water, grasslands and springs. In tribal
regions a total number of 162 larvae were collected that 66.6% of them were An. superpictus s.l.. In Labeh of the 168 collected larvae,
the frequency of An. superpictus s.l. was 66.7%.
In Shermak area of the 130 collected larvae
100% of them were An. superpictus s.l.. In
Teshnavy that is a tribal area of the 181 collected larvae in 12 times, 63% of them were
An. superpictus s.l.. Anopheles superpictus s.l.
larvae with the abundance of 33.7% in 10
ladles had the highest density.

WHO criteria (98–100% mortality indicating
susceptibility and < 98% mortality indicating
resistance), showed that An. superpictus s.l.
was susceptible to all the tested insecticides
(107-109). In Ilam Province, in 2002, the percentage of mosquitoes knocked down at 60
minutes were 100%, 99% and 98% for lambdacyhalothrin, malathion and DDT, respectively (111). Table 1 and Figure 3 show the
resistant of species to DDT and susceptible
to other insecticides in the country.

Fig. 1. Distribution of Anopheles superpictus s.l. in
Iran

Adult susceptibility tests
The insecticide susceptibility tests on field
adults and larvae were performed in 1972–1975
on the An. superpictus s.l. collected from different parts of the country including mountainous, temperate and desert areas including
Isfahan, Kermanshah, Khorasan, Kurdistan,
and Ilam provinces. For the adult tests, female
An. superpictus s.l. were exposed to discriminating doses of OC, OP and PY insecticides
including D.D.T. (mortality rate: 99.4%), malathion (mortality rate: 100%), lambdacyhalothrin (mortality rate: 100%) and dieldrin for
60min. The effects of these pesticides were
evaluated in accordance with WHO standards,
using mortality rates after 1-hour exposure followed by monitoring over a 24-hour recovery
period. The adult susceptibility tests using

Fig. 2. Morphology of larva of Anopheles superpictus s.l.
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Table 1. Status of insecticide resistance in Anopheles superpictus from Iran, 1957–2016
Insecticide

Anopheles superpictus

DDT 4%
Dieldrin 0.4–4%
Malathion 5%
Lambdacyhalothrin 0.025–0.1%

R
S
S
S

S= Susceptible
R= Resistant

Fig. 3. Mapping status of Anopheles superpictus to DDT in Iran

Discussion
Malaria remains an important parasitic disease in different parts of Iran, despite decades
of organized malaria control activities. Malaria
is particularly prevalent in tropical provinces
including Sistan and Baluchistan. Iran remains
highly conducive to vector borne diseases due
to geography, and uncontrolled population
movement. The Anopheles (Cellia) superpictus s.l. is important malaria vectors that have
been found in different provinces of Iran.
Anopheles superpictus s.l. represent important
vectors of malaria throughout the Palearctic
Region, including Iran. This s.l. complex
contains at least three closely-related sibling
species that can be differentiated based on
distinctive genetic characters. Current evidence shows that climate variability has a
direct effect on the epidemiology of vectorborne diseases including malaria). The most
influence of climate change on disease trans-

mission is likely to be monitored at the extremes of the range of temperatures at which
transmission develops. Malaria is of the most
dangerous vector-borne diseases in the tropical and subtropical areas. Health risks because
of climatic variability will be different among
countries that have developed health bases and
those that do not (134). Patterns of human
settlement in the various areas will affect disease tendency s.l. complex. It has evidenced
important anthropogenic ecosystem changes
and it contains a great frequency and diversity of mosquito-breeding sites and as a result
hosts large mosquito populations, and in areas
of endemic malaria. Results indicate that, environmental modifications and changes in
the economic, social, and cultural environments can have tough and rapid influences
on mosquito populations, climate variability,
and drug resistance. These factors influence on
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biting, survival, and reproductive rates of vectors (135-143). We recommend new research
on different aspects of An. superpictus in the
future for decision making.
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Conclusion
Understanding of all bioecology of malaria vector will guide the scientist and decision makers for appropriate diseases control.

Acknowledgment
This research is financially supported by
the Ministry of Health and Medical Education National Institute for Medical Research
Development (NIMAD) under code number
of 963262. All authors declare that there is
no conflict of interest

References
1. WHO (2017) World malaria report 2016.
WHO Press, Geneva, Switzerland.
2. Vatandoost H, Shahi H, Abai MR, HanafiBojd AA, Oshaghi MA, Zamani G (2004)
Larval habitats of main malaria vectors
in Hormozgan Province and their susceptibility to different larvicides. Southeast Asian J Trop Med Public Health.
35(2): 22–25.
3. Vatandoost H, Mashayekhi M, Abaie MR,
Aflatoonian MR, Hanafi-Bojd AA, Sharifi I (2005) Monitoring of insecticides
resistance in main malaria vectors in a
malarious area of Kahnooj district, Kerman Province, southeastern Iran. J Vector Borne Dis. 42(3): 100–108.
4. Davari B, Vatandoost H, Ladonni H,
Shaeghi M, Oshaghi M, Basseri H,
Enayati AA, Rassi Y, Abai MR, HanfiBojd AA, Akbarzadeh K (2006) Comparative efﬁcacy of different imagicides
against different strains of Anopheles
stephensi in the malarious areas of
208

http://jad.tums.ac.ir
Published Online: September 30, 2018

J Arthropod-Borne Dis, September 2018, 12(3): 196–218

H Vatandoost et al.: Bioecology of …

Monitoring of insecticide resistance in
Anopheles sacharovi (Favre, 1903) in
borderline of Iran, Armenia, Naxcivan
and Turkey, 2001. Iranian J Publ Health.
31(3–4): 96–99.
12. Enayati AA, Vatandoost H, Ladonni H,
Townson H, Hemingway J (2003) Molecular evidence for a kdr-like pyrethroid resistance mechanism in the malaria vector mosquito Anopheles stephensi. Med Vet Entomol. 17(2): 138–144.
13. Naddaf SR, Oshaghi MA, Vatandoost H,
Assmar M (2003) Molecular characterization of Anopheles fluviatilis species
complex in the Islamic Republic of Iran.
East Mediterr Health J. 9(3): 257–265.
14. Oshaghi MA, Sedaghat MM, Vatandoost
H (2003) Molecular characterization of
the Anopheles maculipennis complex in
the Islamic Republic of Iran. East Mediterr Health J. 9(4): 659-666.
15. Sedaghat MM, Linton YM, Oshaghi MA,
Vatandoost H, Harbach RE (2003) The
Anopheles maculipennis complex (Diptera: Culicidae) in Iran: molecular characterization and recognition of a new species. Bull Entomol Res. 93(6): 527–535.
16. Azari-Hamidian S, Abai MR, Ladonni H,
Vatandoost H, Akbarzadeh K (2006)
Anopheles peditaeniatus (Leicester) new
to the Iranian mosquito fauna with notes
on Anopheles hyrcanus group in Iran. J
Am Mosq Control Assoc. 22(1): 144–
146.
17. Oshaghi MA, Shemshad K, YaghobiErshadi MR, Pedram M, Vatandoost H,
Abai MR, Akbarzadeh K, Mohtarami F
(2007) Genetic structure of the malaria
vector Anopheles superpictus in Iran
using mitochondrial cytochrome oxidase (COI and COII) and morphologic
markers: a new species complex. Acta Trop. 101(3): 241–248.
18. Mehravaran A, Oshaghi MA, Vatandoost
H, Abai MR, Ebrahimzadeh A, Roodi,
Grouhi A (2011) First report on Anophe-

les fluviatilis U in southeastern Iran.
Acta Trop. 117(2): 76–81.
19. Naddaf SR, Oshaghi MA, Vatandoost H
(2012) 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. 6(2): 144–
150.
20. Dezfouli SR, Oshaghi MA, Vatandoost H,
Assmar M (2003) rDNA-ITS2 based
species-diagnostic polymerase chain reaction assay for identification of sibling
species of Anopheles fluviatilis in Iran.
Southeast Asian J Trop Med Public
Health. 34(2): 56–60.
21. Soltani A, Vatandoost H, Jabbari H, Mesdaghinia A, Mahvi A, Younesian M,
Hanafi-Bojd AA, Bozorgzadeh S, Abai
MR, Pakari A, Shabkhiz A (2008) Use
of expanded polystyrene (EPS) and
shredded waste polystyrene (SWAP)
beads for control of mosquitoes (2008).
Iran J Arthropod Borne Dis. 2(2): 12–20.
22. Omrani SM, Vatandoost H, Oshaghi MA,
Shokri F, Guerin PM, Yaghoobi Ershadi MR, Rassi Y, Tirgari S (2010)
Fabrication of an olfactometer for mosquito behavioural studies. J Vector Borne
Dis. 47(1): 17–25.
23. Omrani SM, Vatandoost H, Oshaghi M,
Shokri F, Yaghoobi-Ershadi M, Rassi
Y, Tirgari S (2010) Differential responses of Anopheles stephensi (Diptera: Culicidae) to skin emanations of a
man, a cow, and a Guinea pig in the olfactometer. Iran J Arthropod Borne
Dis. 4(1): 1–16.
24. Omrani SM, Vatandoost H, Oshaghi MA,
Rahimi A (2012) Upwind responses of
Anopheles stephensi to carbon dioxide
and L-lactic acid: an olfactometer study.
East Mediterr Health J. 18(11): 1134–
1142.
25. Chavshin AR, Oshaghi MA, Vatandoost
H, Pourmand MR, Raeisi A, Enayati AA,
209
http://jad.tums.ac.ir
Published Online: September 30, 2018

J Arthropod-Borne Dis, September 2018, 12(3): 196–218

H Vatandoost et al.: Bioecology of …

Mardani N, Ghoorchian S (2012) 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. 121(2): 129–134.
26. Soltani A, Vatandoost H, Jabbari H, Mesdaghinia AR, Mahvi AH, Younesian M,
Hanafi-Bojd AA, Bozorgzadeh S (2012)
Field efficacy of expanded polystyrene
and shredded waste polystyrene beads
for mosquito control in artificial pools
and field trials, Islamic Republic of Iran.
East Mediterr Health J. 18(10): 1042–
1048.
27. Moosa-Kazemi S, Vatandoost H, Nikookar
H, Fathian M (2009) Culicinae (Diptera: culicidae) mosquitoes in Chabahar
County, Sistan and Baluchistan Province,
southeastern Iran. Iran J Arthropod Borne
Dis. 3(1): 29–35.
28. Oshaghi MA, Vatandoost H, Gorouhi A,
Abai MR, Madjidpour A, Arshi S,
Sadeghi H, Nazari M, Mehravaran A
(2011) Anopheline species composition
in borderline of Iran-Azerbaijan. Acta
Trop. 119(1): 44–49.
29. Hadjiakhoondi A, Aghel N, ZamanizadehNadgar N, Vatandoost H (2000) Chemical and biological study of Mentha
spicatal essential oil from Iran. Daru.
8(1–2): 19–21.
30. Hadjiakhoondi A, Vatandoost H, Jamshidi
A, Amiri EB (2003) Chemical Constituents of Efficacy of Cymbopogon olivieri
(Boiss) bar essential oil against malaria
vector, Anopheles stephensi. Daru. 11(3):
125–128.
31. Oshaghi M, Ghalandari R, Vatandoost H,
Shayeghi M, Kamali-Nejad M, Tourabi-Khaledi H, Abolhassani M, Hashemzadeh M (2003) Repellent effect of extracts and essential oils of Citrus limon
(Rutaceae) and Melissa officinalis (Labiatae) against main malaria vector,
Anopheles stephensi (Diptera: Culicidae).

Iran J Public Health. 32(4): 47–52.
32. Vatandoost H, Vaziri VM (2004) Larvicidal activity of a neem tree extract
(Neemarin) against mosquito larvae in
the Islamic Republic of Iran. East Mediterr Health J. 10(4–5): 573–581.
33. Hadjiakhoondi A, Vatandoost H, Khanavi M, Abaee MR, Karami M (2005)
Biochemical investigation of different
extracts and larvicidal activity of Tagetes minuta L. on Anopheles stephensi
larvae. Iran J Pharm Res. 1(2): 81–84.
34. Hadjiakhoondi A, Vatandoost H, Khanavi
M, Sadeghipour Roodsari HR, Vosoughi
M, Kazemi M, Abai MR (2006) Fatty
acid composition and toxicity of Melia
azedarach L. fruits against malaria vector
Anopheles stephensi. Iran J Pharm Res.
2(2): 97–102.
35. Sadat-Ebrahimi S, Hadjiakhoondi A, Rezazadeh S, Fereidunian N, Vatandoost
H, Abaee M (2005) The components of
Tagetes minuta L. and its biological activities against malaria vector, Anopheles stephensi in Iran. Europen J Med
Plants. 4(16): 43–47.
36. Shahi M, Hanafi-Bojd AA, Iranshahi M,
Vatandoost H, Hanafi-Bojd MY (2010)
Larvicidal efficacy of latex and extract
of Calotropis procera (Gentianales: Asclepiadaceae) against Culex quinquefasciatus and Anopheles stephensi (Diptera:
Culicidae). J Vector Borne Dis. 47(3):
185–188.
37. Khanavi M, Toulabi PB, Abai MR, Sadati N, Hadjiakhoondi F, Hadjiakhoondi A,vatandoost H (2011) Larvicidal
activity of marine algae, Sargassum
swartzii and Chondria dasyphylla, against
malaria vector Anopheles stephensi. J
Vector Borne Dis. 48(4): 241–244.
38. Sedaghat M, Dehkordi AS, Abai M, Khanavi M, Mohtarami F, Abadi YS, Rafi
F, Vatandoost H (2011) Larvicidal activity of essential oils of Apiaceae plants
against malaria vector, Anopheles ste210
http://jad.tums.ac.ir
Published Online: September 30, 2018

J Arthropod-Borne Dis, September 2018, 12(3): 196–218

H Vatandoost et al.: Bioecology of …

phensi. Iran J Arthropod Borne Dis. 5
(2): 51–59.
39. Sedaghat MM, Dehkordi AS, Khanavi
M, Abai MR, Mohtarami F, Vatandoost
H (2011) Chemical composition and
larvicidal activity of essential oil of
Cupressus arizonica E.L. Greene against
malaria vector Anopheles stephensi Liston (Diptera: Culicidae). Pharmacognosy Res. 3(2): 135–139.
40. Khanavi M, Vatandoost H, Khosravi
Dehaghi N, Sanei Dehkordi A, Sedaghat
MM, Hadjiakhoondi A, Hadjiakhoondi F
(2013) Larvicidal activities of some
Iranian native plants against the main
malaria vector, Anopheles stephensi.
Acta Med Iran. 51(3): 141–147.
41. Vatandoost H, Sanei Dehkordi A, Sadeghi
SM, Davari B, Karimian F, Abai MR,
Sedaghat MM (2012) 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. 132(4): 470–474.
42. Vatandoost H, Dehakia M, Djavadia E,
Abai MR, Duchson S (2006) Comparative study on the efficacy of lambdacyhalothrin and bifenthrin on torn nets
against the malaria vector, Anopheles
stephensi as assessed by tunnel test method. J Vector Borne Dis. 43(3): 133–135.
43. Moosa-Kazemi S, Vatandoost H, Raeisi
A, Akbarzadeh K (2007) Deltamethrin
impregnated bed nets in a malaria control program in Chabahar, Southeast
Baluchistan, Iran. Iran J Arthropod Borne
Dis. 1(1): 43–51.
44. Rafinejad J, Vatandoost H, Nikpoor F,
Abai MR, Shaeghi M, Duchen S, Rafi
F (2008) Effect of washing on the bioefficacy of insecticide-treated nets (ITNs)
and long-lasting insecticidal nets (LLINs)
against main malaria vector Anopheles
stephensi by three bioassay methods. J

Vector Borne Dis. 45(2): 143–150.
45. Soleimani Ahmadi M, Vatandoost H,
Shaeghi M, Raeisi A, Abedi F, Eshraghian MR, Aghamolaei T, Madani AH,
Safari R, Jamshidi M, Alimorad A
(2012) Effects of educational intervention on long-lasting insecticidal nets
use in a malarious area, southeast Iran.
Acta Med Iran. 50(4): 279–287.
46. Soleimani-Ahmadi M, Vatandoost H,
Shaeghi M, Raeisi A, Abedi F, Eshraghian MR, Madani A, Safari R, Oshaghi
MA, Abtahi M, Hajjaran H (2012) Field
evaluation of permethrin long-lasting
insecticide treated nets (Olyset) for malaria control in an endemic area, southeast of Iran. Acta Trop. 123(3): 146–153.
47. Vatandoost H, Mamivandpoor H, Abai
MR, Shayeghi M, Rafi F, Raeisi A,
Nikpoor F (2013) Wash Resistance and
Bioefficacy of alpha-cypermethrin long
lasting impregnated nets (LLIN-Interceptor (®)) against Anopheles stephensi
using tunnel test. J Arthropod Borne
Dis. 7(1): 31–45.
48. Vatandoost H, Ramin E, Rassi Y, Abai
M (2009) Stability and wash resistance
of local made mosquito bednets and detergents treated with pyrethroids against
susceptible strain of malaria vector
Anopheles stephensi. Iran J Arthropod
Borne Dis. 3(1): 19–28.
49. Emami SN, Vatandoost H, Oshaghi MA,
Mohtarami F, Javadian E, Raeisi A
(2007) Morphological method for sexing anopheline larvae. J Vector Borne
Dis. 44(4): 245–249.
50. Doosti S, Azari-Hamidian S, Vatandoost
H, Hosseini M (2006) Taxonomic differentiation of Anopheles sacharovi and
An. maculipennis sl (Diptera: Culicidae)
larvae by seta 2 (antepalmate hair). Acta Med Iran. 44(1): 21–27.
51. Doosti S, Vatandoost H, Oshaghi M,
Hosseini M, Sedaghat M (2007) Applying morphometric variation of seta
211
http://jad.tums.ac.ir
Published Online: September 30, 2018

J Arthropod-Borne Dis, September 2018, 12(3): 196–218

H Vatandoost et al.: Bioecology of …

2 (Antepalmate Hair) among the larvae
of the members of the Maculipennis
Subgroup (Diptera: Culicidae) in Iran.
J Arthropod Borne Dis. 1(1): 28–37.
52. Vatandoost H, Ashraf H, Lak SH, Mahdi
RE, Abai MR, Nazari M (2003) Factors involved in the re-emergence of
malaria in borderline of Iran, Armenia,
Azerbaijan and Turkey. Southeast Asian J
Trop Med Public Health. 34 Suppl 2:6–
14.
53. Hanafi-Bojd A, Vatandoost H, Philip E,
Stepanova E, Abdi A, Safari R, Mohseni
G, Bruhi M, Peter A, Abdulrazag Sh,
Mangal G (2010) Malaria situation analysis and stratification in Bandar Abbas
county, southern Iran, 2004–2008. Iran
J Arthropod Borne Dis. 4(1): 31–41.
54. Hanafi-Bojd AA, Vatandoost H, Oshaghi
MA, Eshraghian MR, Haghdoost AA,
Abedi F, Zamani G, Sedaghat MM,
Rashidian A, Madani AH, Raeisi A
(2011) Knowledge, attitudes and practices regarding malaria control in an
endemic area of southern Iran. Southeast Asian J Trop Med Public Health.
42(3): 491–501.
55. Hemami MR, Sari AA, Raeisi A, Vatandoost H, Majdzadeh R (2013) Malaria
elimination in Iran, importance and
challenges. Int J Prev Med. 4(1): 88–94.
56. Vatandoost H, Oshaghi MA, Abaie MR,
Shahi M, Yaaghoobi F, Baghaii M,
Hanafi-Bojd AA, Zamani G, Townson
H (2006) Bionomics of Anopheles stephensi Liston in the malarious area of
Hormozgan Province, southern Iran,
2002. Acta Trop. 97(2): 196–203.
57. Vatandoost H, Shahi M, Hanafi-Bojd A,
Abai M, Oshaghi M, Rafii F (2007)
Ecology of Anopheles dthali Patton in
Bandar abbas district, Hormozgan Province, southern Iran. Iran J Arthropod
Borne Dis. 1(1): 21–27.
58. Hanafi-Bojd AA, Azari-Hamidian S,
Vatandoost H, Charrahy Z (2011) Spa-

tio-temporal distribution of malaria vectors (Diptera: Culicidae) across different climatic zones of Iran. Asian Pac J
Trop Med. 4(6): 498–504.
59. Hanafi-Bojd AA, Vatandoost H, Oshaghi
MA, Charrahy Z, Haghdoost AA, Sedaghat MM, Abedi F, Soltani M, Raeisi
A (2012) Larval habitats and biodiversity of anopheline mosquitoes (Diptera:
Culicidae) in a malarious area of southern Iran. J Vector Borne Dis. 49(2):
91–100.
60. Hanafi-Bojd AA, Vatandoost H, Oshaghi
MA, Haghdoost AA, Shahi M, Sedaghat MM, Abedi F, Yeryan M, Pakari
A (2012) Entomological and epidemiological attributes for malaria transmission and implementation of vector control in southern Iran. Acta Trop. 121
(2): 85–92.
61. Mehravaran A, Vatandoost H, Oshaghi
MA, Abai MR, Edalat H, Javadian E,
Mashayekhi M, Piazak N, Hanafi-Bojd
AA (2012) Ecology of Anopheles stephensi in a malarious area, southeast of
Iran. Acta Med Iran. 50(1): 61–65.
62. Soleimani-Ahmadi M, Vatandoost H,
Hanafi-Bojd AA, Zare M, Safari R,
Mojahedi A, Poorahmad-Garbandi F
(2013) Environmental characteristics of
anopheline mosquito larval habitats in
a malaria endemic area in Iran. Asian Pac
J Trop Med. 6(7): 510–515.
63. Soleimani-Ahmadi M, Vatandoost H,
Shaeghi M, Raeisi A, Abedi F, Eshraghian MR, Madani A, Safari R, Shahi M,
Mojahedi A, Poorahmad-Garbandi F
(2012) Vector ecology and susceptibility in a malaria-endemic focus in southern
Islamic Republic of Iran. East Mediterr Health J. 18(10): 1034–1041.
64. Vatandoost H, Emami SN, Oshaghi MA,
Abai MR, Raeisi A, Piazzak N,
Mahmoodi M, Akbarzadeh K, Sartipi
M (2011) Ecology of malaria vector
Anopheles culicifacies in a malarious
212
http://jad.tums.ac.ir
Published Online: September 30, 2018

J Arthropod-Borne Dis, September 2018, 12(3): 196–218

H Vatandoost et al.: Bioecology of …

area of Sistan and Baluchestan Province, Southeast Islamic Republic of Iran.
East Mediterr Health J. 17(5): 439–445.
65. Oshaghi MA, Chavshin AR, Vatandoost
H, Yaaghoobi F, Mohtarami F, Noorjah N (2006) Effects of post-ingestion
and physical conditions on PCR amplification of host blood meal DNA in
mosquitoes. Exp Parasitol. 112(4):
232–236.
66. Nikookar S, Moosa-Kazemi SH, Oshaghi
M, Yaghoobi-Ershadi M, Vatandoost
H, Kianinasab A (2010) Species composition and diversity of mosquitoes in
Neka county, Mazandaran Province,
northern Iran. Iran J Arthropod Borne
Dis. 4(2): 26–34.
67. Vatandoost H, Abai MR, Abbasi M,
Shaeghi M, Abtahi M, Rafie F (2009)
Designing of a laboratory model for
evaluation of the residual effects of
deltamethrin (K-othrine WP 5%) on
different surfaces against malaria vector, Anopheles stephensi (Diptera: Culicidae). J Vector Borne Dis. 46(4):
261–267.
68. Vatandoost H, Hanafi-Bojd AA (2008)
Laboratory evaluation of 3 repellents
against Anopheles stephensi in the Islamic Republic of Iran. East Mediterr Health J. 14(2): 260–267.
69. Oshaghi MA, Chavshin AR, Vatandoost
H (2006) Analysis of mosquito bloodmeals using RFLP markers. Exp Parasitol. 114(4): 259–264.
70. Vatandoost H, Mesdaghinia AR, Zamani
G, Madjdzadeh R, Holakouie K, Sadrizadeh B, Atta H, Beales PF (2004) Development of the regional malaria training
center in Bandar-e Abbas, Islamic Republic of Iran. East Mediterr Health J.
10(1–2): 215–224.
71. Khoshdel-Nezamiha F, Vatandoost H,
Azari-Hamidian S, Bavani MM, Dabiri
F, Entezar-Mahdi R, Chavshin AR (2014)
Fauna and larval habitats of mosquitoes

(Diptera: Culicidae) of West Azerbaijan Province, Northwestern Iran. J Arthropod Borne Dis. 8(2): 163–173.
72. Chavshin AR, Oshaghi MA, Vatandoost
H, Hanafi-Bojd AA, Raeisi A, Nikpoor
F (2014) Molecular characterization,
biological forms and sporozoite rate of
Anopheles stephensi in southern Iran.
Asian Pac J Trop Biomed. 4(1): 47–51.
73. Chavshin AR, Oshaghi MA, Vatandoost
H, Pourmand MR, Raeisi A, Terenius
O (2014) Isolation and identification of
culturable bacteria from wild Anopheles culicifacies, a first step in a paratransgenesis approach. Parasit Vectors.
7: 419–423.
74. Karimian F, Oshaghi MA, Sedaghat MM,
Waterhouse RM, Vatandoost H, HanafiBojd AA, Ravasan NM, Chavshin AR
(2014) Phylogenetic analysis of the oriental-Palearctic-Afrotropical members
of Anopheles (Culicidae: Diptera) based
on nuclear rDNA and mitochondrial
DNA characteristics. Jpn J Infect Dis.
67(5): 361–367.
75. Chavshin AR, Oshaghi MA, Vatandoost
H, Yakhchali B, Zarenejad F, Terenius
O (2015) Malpighian tubules are important determinants of Pseudomonas
transstadial transmission and longtime
persistence in Anopheles stephensi. Parasit Vectors. 8: 36–43.
76. Khoshdel-Nezamiha F, Vatandoost H,
Oshaghi MA, Azari-Hamidian S, Mianroodi RA, Dabiri F, Bagheri M, Terenius O, Chavshin AR (2016) Molecular characterization of mosquitoes (Diptera: Culicidae) in Northwestern Iran
by using rDNA-ITS2. Jpn J Infect Dis.
69(4): 319–322.
77. Shayeghi M, Vatandoost H, Gorouhi A,
Sanei-Dehkordi AR, Salim-Abadi Y,
Karami M, Jalil-Navaz MR, Akhavan
AA, Shiekh Z, Vatandoost S, Arandian
MH (2014) Biodiversity of aquatic in213
http://jad.tums.ac.ir
Published Online: September 30, 2018

J Arthropod-Borne Dis, September 2018, 12(3): 196–218

H Vatandoost et al.: Bioecology of …

sects of Zayandeh Roud River and its
branches, Isfahan Province, Iran. J Ar
thropod Borne Dis. 8(2): 197–203.
78. Gezelbash Z, Vatandoost H, Abai MR,
Raeisi A, Rassi Y, Hanafi-Bojd AA,
Jabbari H, Nikpoor F (2014) 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. 20(4): 229–235.
79. Anjomruz M, Oshaghi MA, Pourfatollah
AA, Sedaghat MM, Raeisi A, Vatandoost H, Khamesipour A, Abai MR,
Mohtarami F, Akbarzadeh K, Rafie F,
Besharati M (2014) Preferential feeding
success of laboratory reared Anopheles
stephensi mosquitoes according to ABO
blood group status. Acta Trop. 140:
118–123.
80. Anjomruz M, Oshaghi MA, Sedaghat MM,
Pourfatollah AA, Raeisi A, Vatandoost
H, Mohtarami F, Yeryan M, Bakhshi
H, Nikpoor F (2014) ABO blood groups
of residents and the ABO host choice
of malaria vectors in southern Iran.
Exp Parasitol. 136: 63–67.
81. Soleimani-Ahmadi M, Vatandoost H,
Zare M (2014) Characterization of larval habitats for anopheline mosquitoes
in a malarious area under elimination
program in the southeast of Iran. Asian
Pac J Trop Biomed. 4(1): S73–80.
82. Soleimani-Ahmadi M, Vatandoost H,
Zare M, Alizadeh A, Salehi M (2014)
Community knowledge and practices
regarding malaria and long-lasting insecticidal nets during malaria elimination programme in an endemic area in
Iran. Malar J. 13: 511–517.
83. Soleimani-Ahmadi M, Vatandoost H,
Zare M, Turki H, Alizadeh A (2015)
Topographical distribution of anopheline mosquitoes in an area under elimination programme in the south of Iran.
Malar J. 14: 262.

84. 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): 7–21.
85. Fathian M, Vatandoost H, Moosa-Kazemi
SH, Raeisi A, Yaghoobi-Ershadi MR,
Oshaghi MA, Sedaghat MM (2015)
Susceptibility of culicidae mosquitoes
to some insecticides recommended by
WHO in a malaria endemic area of
southeastern Iran. J Arthropod Borne
Dis. 9(1): 22–34.
86. Soltani A, Vatandoost H, Oshaghi MA,
Ravasan NM, Enayati AA, Asgarian F
(2015) Resistance mechanisms of Anopheles stephensi (Diptera: Culicidae) to
Temephos. J Arthropod Borne Dis. 9
(1): 71–83.
87. Golfakhrabadi F, Khanavi M, Ostad SN,
Saeidnia S, Vatandoost H, Abai MR,
Hafizi M, Yousefbeyk F, Rad YR,
Baghenegadian A, Ardekani MR (2015)
Biological Activities and Composition
of Ferulago carduchorum Essential Oil.
J Arthropod Borne Dis. 9(1): 104–115.
88. Nikookar SH, Moosa-Kazemi SH, Oshaghi
MA, Vatandoost H, Yaghoobi-Ershadi
MR, Enayati AA, Motevali-Haghi F,
Ziapour SP, Fazeli-Dinan M (2015) Biodiversity of culicid mosquitoes in rural Neka township of Mazandaran Province, northern Iran. J Vector Borne Dis.
52(1): 63–72.
89. Nikookar SH, Moosa-Kazemi SH,
Yaghoobi-Ershadi MR, Vatandoost H,
Oshaghi MA, Ataei A, Anjamrooz M
(2015) Fauna and larval habitat characteristics of mosquitoes in Neka County,
Northern Iran. J Arthropod Borne Dis.
9(2): 253–266.
90. Chavshin AR, Dabiri F, Vatandoost H,
Bavani MM (2015) Susceptibility of
Anopheles maculipennis to different
214
http://jad.tums.ac.ir
Published Online: September 30, 2018

H Vatandoost et al.: Bioecology of …

J Arthropod-Borne Dis, September 2018, 12(3): 196–218

classes of insecticides in West Azarbaijan Province, Northwestern Iran. Asian
Pac J Trop Biomed. 5(5): 403–406.
91. Shayeghi M, Nejati J, Shirani-Bidabadi
L, Koosha M, Badakhshan M, Bavani
MM, Arzamani K, Choubdar N, Bagheri
F, Saghafipour A, Veysi A, Karimian
F, Akhavan AA, Vatandoost H (2015)
Assessing the fauna of aquatic insects
for possible use for malaria vector control in large river, central Iran. Acta Med Iran. 53(9): 523–532.
92. Pirmohammadi M, Shayeghi M, Vatandoost H, Abai MR, Mohammadi A,
Bagheri A, Khoobdel M, Bakhshi H,
Pirmohammadi M, Tavassoli M (2016)
Chemical composition and repellent
activity of Achillea vermiculata and
Satureja hortensis against Anopheles
stephensi. J Arthropod Borne Dis. 10
(2): 201–210.
93. Gorouhi MA, Vatandoost H, Oshaghi MA,
Raeisi A, Enayati AA, Mirhendi H,
Hanafi-Bojd AA, Abai MR, Salim-Abadi
Y, Rafi F (2016) Current susceptibility
status of Anopheles stephensi (Diptera:
Culicidae) to different imagicides in a
malarious area, southeastern Iran. J Arthropod Borne Dis. 10(4): 493–500.
94. 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): 510–518.
95. Sanei-Dehkordi A, Vatandoost H, Abaei
MR, Davari B, Sedaghat MM (2016)
Chemical composition and larvicidal
activity of Bunium persicum essential
oil against two important mosquitoes
vectors. J Essent Oil Bear Pl. 19(2):
349–357.
96. Ansari N (1956) series of studies on distribution of Anopheles species in Iran,
1952–1955. Malariology and Parasitology Institute, Tehran University. 359: 85.

97. Jalali GM (1960) History of studies and
control of Malaria in Iran. [PhD dissertation]. Parasitology and Malariology
institute. Tehran, Iran.
98. Faghih MA (1969) Malariology and Eradication of Malaria. Tehran University
Publications, Tehran.
99. Shahgoudian ER (1962) Biological and
bionomic features of malaria vectors in
Iran, their role and importance. Iran J
Public Health. 9: 1–8.
100. Manoochehri AV, Yaghoobi-Ershadi MR
(1988) propoxure susceptibility test of
Anopheles stephensi in southern Islamic Republic of Iran (1976–1986). J Am
Mosq Control Assoc. 4: 159–162.
101. Manoochehri AV, Zaim M, Emadi AM
(1991) Review of the status of malaria
in Iran. Daroo va Darman J. 9(97): 12–17.
102. Amani H (1999) Fauna and larval habitat characteristics of malaria vectors and
causes of the disease remain in its foci
in Aligoodarz County. [PhD dissertation].
School of public health. Tehran University of medical sciences. Tehran, Iran.
103. Azari-Hamidian Sh, Harbach RE (2009)
Keys to the adult females and fourth
instar larvae of the mosquitoes of Iran
(Diptera: Culicidae). Zootaxa. 2078: 1–33.
104. Shemshad K (2005) Study on genetic
variations among different populations
of Anopheles superpictus in Ardebil,
Lorestan and Sistan and Baluchistan.
[MSc dissertation]. School of public
health. Tehran University of medical
sciences. Tehran, Iran.
105. Oshaghi MA, Yaghobi-Ershadi MR,
Shemshad Kh, Pedram M, Amani H
(2008) The Anopheles superpictus complex: introduction of a new malaria
vector complex in Iran. Bull Soc Pathol
Exot. 101(5): 429–434.
106. Eshghi N, Janbakhsh B, Motaghi M
(1977) Susceptibility of Anopheles superpictus to insecticides in Iran. Mosq
News. 37: 490–493.
215
http://jad.tums.ac.ir
Published Online: September 30, 2018

H Vatandoost et al.: Bioecology of …

J Arthropod-Borne Dis, September 2018, 12(3): 196–218

107. Shahgoudian A, Eshghi N, Zeini A,
Rashti MA (1964) Entomological elementary study in the areas under treatment with malathion, Bandar Abbas
County and Minab (October and November, 1964). Parasitology and Malariology institute. Tehran, Iran, p. 137.
108. World Health Organization (1990) Vector bionomics in the epidemiology and
control of malaria- Part II. WHO Eastern Mediterranean Region. Geneva.
109. Nejati J, Vatandoost H, Oshaghi MA,
Salehi M, Mozafarian E, Moosa-Kazemi
SH (2013) Some ecological attributes
of malaria vector Anopheles superpictus Grassi in endemic foci in southeastern Iran. Asian Pac J Trop Biomed.
3(12): 1003–1008.
110. Center of Diseases Control and Prevention (2002) Malaria situation in Iran.
Ministry of Health, Tehran, Iran.
111. Jalilian M (2000) Evaluation of susceptibility and resistance of Anopheles
mosquitoes to DDT, malation, and lambdacyhalothrin in Ilam. [MSc dissertation]. Faculty of sciences. Tarbiyat Modares University, Iran.
112. Namazi J (1997) Study on distribution,
seasonal activity, anthropophilic index
and susceptibility test on Anopheles
sacharovi against different insecticides
in Pars Abad and Germi County. [MSc
dissertation]. School of public health.
Tehran University of Medical Sciences.
Iran.
113. Kamyabi F (1997) Effect of blood feeding habits of the mosquito vectors using net traps in Kahnooj City. [MSc
dissertation]. School of public health.
Tehran University of Medical Sciences.
Iran.
114. Amani H (2002) Results of increases in
malaria cases and Kala-Azar in the
County of Aligoodarz during August
2002, Primary Health Care center of
Aligoodarz.

115. Salehi-Shahraki F (1999) Study on
Anopheles species and ecological characterstics of malaria vectors in Bazaft
County, Farsan, Chahar Mahal Bakhtiari.
[MSc dissertation]. Faculty of health
and health research institute. Faculty of
Medicine. Modarres University, Iran.
116. Eshghi N, Ghayasuddin M (1996) Elementary studies on the biology of
Anopheles fluviatilis of Iran. Tehran
University Publications.
117. Manoochehri AV, Djanbakhsh B, Eshghi
N (1976) The biting cycle of An. d,thali,
An. fluviatilis and An. stephensi in southeast Iran. Trop Geogr Med. 28: 224–
227.
118. Kayedi MH, Edrissian G, Rassi Y, Kanani A (2001) Determining of Human
blood feeding index of Anopheles superpictus. Lorestan Uni Med Sci J. 8:
41–43.
119. Zahar AR (1975) Review of the ecology of malaria vectors in the WHO eastern Mediterranean Region. Bull World
Health Organ. 50: 427–440.
120. Moosa-Kazemi SH (1995) Study on
Fauna and some ecological characteristics of Culicidae mosquitoes in Zarin
Shahr and Mobarake City. [MSc dissertation]. Faculty of health and health
research institute. Tehran University of
Medical Sciences, Iran.
121. Mir-Hashemi SM (1998) Study of fauna and Larval habitats of Culicidae in
and around the city of Mashhad. [MSc
dissertation]. Faculty of health and
health research institute. Tehran University of Medical Sciences, Iran.
122. Yaghoobi-Ershadi MR, Manoochehri
AV (1986) Malaria and Hormozgan
Province. Journal of Tehran faculty of
Medicine. 3–4: 69–79.
123. Yaghoobi-Ershadi MR, Namazi J, Piazak N (2001) Bionomics of Anopheles
sacharovi in Ardebil Province, north216
http://jad.tums.ac.ir
Published Online: September 30, 2018

H Vatandoost et al.: Bioecology of …

J Arthropod-Borne Dis, September 2018, 12(3): 196–218

western Iran during a larval control
program. Acta Trop. 78: 207–215.
124. Motabar M, Tabibzadeh I, Manoochehri
AV (1975) Malaria and its control in
Iran. Trop Geogr Med. 27: 71–78.
125. Manoochehri AV, Shalli Ak, Al-Saadi
SH, Al-Okaily AK (1980) Status of resistance of Anopheline mosquitoes in
Iraq. Mosq News. 40(4): 535–540.
126. Manoochehri AV, Makki V (1964) Evaluation of eradication operations in the
period of stability in Isfahan County.
Tehran University of Medical Sciences.
Medical Parasitology and Tropical
Health Institute.
127. Edrissian Gh (2002) A review of malaria in Iran. Iran J Public Health. 1(1):
60–50.
128. Edrissian GhH, Afshar A, Kanani A,
Satvat MT, Ghorbani M (1987a) The
resistance of Plasmodium falciparum
to chloroquine in south-east Iran. Med
J Islamic Rep Iran. 1: 46–49.
129. Edrissian GhH, Manouchehri AV, Hafizi A (1985) Application of an enzyme
linked immonosorbent assay (ELISA)
for determination of the human blood
index in Anopheline mosquitoes collected in Iran. J Am Mosq Control Assoc. 1(3): 349–352.
130. Edrissian GhH, Ghorbani M, Afshar A,
Kanani A, Satvat MT (1987b) In vitro
response of Plasmodium falciparum to
mefloquine in south-east Iran. Trans R
Soc Trop Med Hyg. 81: 164–165.
131. Mofidi GH, Samimi B, Eshghi N,
Ghassedin M (1958) Further studies of
Anopheline susceptibility to insecticide
in Iran, result of Bosvin and Nash
method. Parasitology and Malariology
institute, Tehran, Iran.
132. Manoochehri AV (1985) Review of the
ecology of malaria vectors in Iran. School
of Public Health Publication, Tehran
University of Medical Sciences. 24: 77.

133. Afrane Yaw A, Tom J. Little, Bernard
W. Lawson, Andrew K. Githeko, Guiyun Yan (2008) Deforestation and
Vectorial capacity of Anopheles gambiae Giles mosquitoes in malaria transmission, Kenya. Emerg Infect Dis.14
(10): 1533–1538.
134. Doudier B, Bogreau H, DeVries A,
Ponçon N, Stauffer W, Fontenille D,
Rogier C, Parola Ph (2007) Possible
autochthonous malaria from Marseille
to Minnesota. Emerg Infect Dis. 13:
1236–1238.
135. Le Lay-Rogues G, Arthur CP, Vanderwalle P, Hardy E, Chastel C. Lapin de
Garenne (1990) Wild rabbit, Oryctolagus cuniculus L., and arboviruses in
southeast France.Results of two serologic investigations. Bull Soc Pathol
Exot. 83: 456–457.
136. Mailles A, Dellamonica P, Zeller H,
Durand JP, Zientara S, Goffette R,
Gloaguen C, Armengaud A, Schaffner F,
Hars J, Chodorge E, Barbat J (2003)
Human and equine West Nile virus infections in France, August–September
2003. Eur Communicable Dis Bull. 7
(43) : 77–83.
137. Panthier R (1968) Epidémiologie du virus West Nile: étude d’un foyer en
Camargue. I. Introduction. Ann Inst
Pasteur (Paris). 114: 518–520.
138. Rollin PE, Rollin D, Martin P, Baylet R,
Rodhain F, Hannoun C (1982) Results
of recent arbovirus serosurveys in the
Camargue: human, horse, bovine and
bird populations (in French). Med Mal
Infect. 12: 77–80.
139. Vatandoost H, Abai MR, Arshi S, Nazari M (2003) Report on bio-ecology of
malaria vectors in Pars Abad Germi.
Ministry of Health, Iran (Unpublished
reports).
140. Vatandoost H, Abai MR, Nazari M
(2003) Report of epidemiologic and
vectorial capacity of malaria vectors in
217
http://jad.tums.ac.ir
Published Online: September 30, 2018

H Vatandoost et al.: Bioecology of …

J Arthropod-Borne Dis, September 2018, 12(3): 196–218

its foci in Ardebil Province and evaluation of non-chemical control in 2003.
Ministry of Health, Iran (unpublished
reports).
141. Zeller H, Zientara S, Hars J, Languille J,
Mailles A, Tolou H, Paty MC, Schaffner
F, Armengaud A, Gaillan P, Legras JF,
Hendrikx P (2004) West Nile outbreak
in horses in Southern France: September 2004. Eur Communicable Dis Bull.
8: 41.
142. Yousefi S (2003) Study on blood feeding tendencies of malaria vectors using
ELISA method in Kahnooj County.
[MSc dissertation]. Faculty of health
and health research institute. Tehran
university of Medical Sciences.
143. Zahar AR (1990) Vector bionomics in
the epidemiology and control of malaria. Part II .World Health Organization,
V.B.C. 90(3): 57–155.

218
http://jad.tums.ac.ir
Published Online: September 30, 2018

