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Abstract
Background: Malaria is the most important mosquito-borne
disease in Iran in recent decades. This disease is endemic in the
south to the southeastern Iran. Knowledge about larval habitats,
species diversity, and distribution pattern of malaria vectors will
help authorities in the appropriate management of this disease.
Qaleh Ganj county is one of the main endemic areas for malaria
in the south of Iran. Little information is available about the fauna
of mosquitoes and their characteristics in this area.
Methods: This study aims to assess the fauna, larval habitats,
species diversity, and distribution pattern of Anophelinae
mosquitoes using the Geographic Information System (GIS) in
Qaleh Ganj County, the southeast of Iran. The potential aquatic
habitats for Anopheles larvae were selected based on the variety
of topography and history of the malaria epidemic. The mosquito
larvae were collected using dipping method from April to
December 2018. Finally, the diversity, richness, and evenness
indices were calculated.
Results: A total of 1042 larvae were found. The dominant species
was Anopheles culicifacies s.1. Giles, 1901. The Shannon diversity
index ranged from 0.76—1.54 between different collection sites,
while the other indices showed the highest and lowest diversity,
evenness, and richness of species in each area.
Conclusion: Due to the fact that some of the species in this region
are species complexes, molecular studies are needed to find better
information about the genetic diversity of these species which can
be helpful for the malaria elimination program in Iran.

Please cite this article as: Amirkafi A, Madjdzadeh SM, Gorouhi MA, Sanei-
Dehkordi AR, Alizadeh |, Aghaei Afshar A. Species Diversity and Distribution
Pattern of Anopheline Mosquitoes (Diptera: Culicidae) in Qaleh Ganj County,
Southeast of Iran. J Health Sci Surveillance Sys. 2023;11(3):464-471.

Keywords: Anopheles, Species composition, Malaria, Larval habitat,
Iran

Introduction

Malaria is one of the most important vector-borne
diseases, especially in the tropical and subtropical
regions of the world.! It has been reported from 87
countries with 229 million estimated cases and 409000
estimated deaths in 2019. The majority of malaria cases
and deaths occurred in the African region of the World
Health Organization (WHO).? Iran is situated in the
Middle East region, which is one of the most important

malaria-prone areas in the world.? This disease is one of
the headmost public health concerns in Iran. More than
90 percent of malaria cases have been reported from the
southern and south-eastern areas of Iran, including Sistan
& Baluchistan, Hormozgan, and Kerman provinces.>*

Around 40 species of Anopheles act as the main
malaria vectors all over the world.> According to
documented literature, seven species of Anopheles have
been identified as malaria vectors in Iran including An.
stephensi, An. maculipennis, An. fluviatilis s.1., An.

464

J Health Sci Surveillance Sys July 2023; Vol 11; No 3


mailto:madjdzadeh@uk.ac.ir

Species diversity of Anopheline Mosquitoes in Qaleh Ganj county

superpictus s.l., An. dthali, An. culicifacies s.l., and
An. sacharovi.® Some of the malaria vectors such as
An. maculipennis, An. culicifacies, and An. fluviatilis
have been recognized as the species complex.

Each species has individual needs and habitats.”
Larval control by larviciding and managing the
environment is the main method for malaria vector
control around the world.® Identifying the mosquito
larval habitats is critical in all control programs.?
Southern parts of Kerman Province including Jiroft,
Kahnooj, Anbar Abad, Faryab, Roodbar, Manoojan,
and Qaleh Ganj counties have been identified as
endemic foci of malaria. Therefore, understanding
the characteristics of the mosquitoes’ larval habitats,
their species diversity, and distribution pattern will
be necessary for vector control programs as the main
strategy in the elimination phase in this malaria-prone
area of Iran.” Qaleh Ganj County is an endemic malaria
region, and a few researches have been conducted on the
biology and ecology of malaria vectors in this area in the
past.!® " Also, some studies with a short interval from
this study have been conducted recently in this area.'> '3

This study aimed to assess the fauna, larval
habitats, species diversity, and distribution pattern
of Anophelinae mosquitoes using the Geographic
Information System (GIS) in Qaleh Ganj County, the
southeast of Iran.

Methods

Study Area

This study was carried out in Qaleh Ganj County,
in Kerman province from April to December 2018.
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Qaleh Ganj County is located in latitude 27° 32° N
and longitude 57° 50’ E with a population of more
than 75000 in 2016. It is an underdeveloped area in
Kerman province, southeastern of Iran (Figure 1). The
relative humidity is between 1 and 35 percent and the
temperature ranges from 2 to 52 °C, while the average
annual rainfall is 162.8 mm.

The study locations have been pointed by the Global
Positioning System (GPS) device (Garmin76CS).
All locations are shown in Figure 1, using Arc map
software, version 10.8 (Redlands, CA).

Sampling and Data Collection

The mosquito larvae were collected by dipping
method from April to December 2018. Samples
were collected from different geographical localities
including Shahkahan, Deh Bala, Rameshk, and
Galoo districts (Table 1), and then transferred to the
laboratory of Biology and Vector control Department
of Kerman University of Medical Sciences. The
specimens were identified to the species level using
standard taxonomic keys."

Physicochemical Characteristics of Larval Habitats

Characteristics of each habitat including water
depth, turbidity, and/or emergent vegetation, light/
shadow, temperature, humidity, and pH were recorded
in all sampling times. The geographic coordinate of
each habitat was recorded by the GPS device.

Indices of Biodiversity and Species Co-occurrence

The Margalef’s diversity index!® was calculated
v\\ 5
Qaleh Ganj County

\

0 125 25 50 75 N
- Kilometers

Figure 1: Location of the study area in Kerman Province (Designed by: Alireza Sanei-Dehkordi).

Table 1: Geographical characterization of the study area in Qaleh Ganj County

Location Latitude Longitude Altitude (m) Topography Kind of district

Shahkahan 26°58" 11" N 57° 57" 13"E 1026 Mountainous Elevated village with palm groves
Rameshk 26°50'14" N 58°48'37"E 666 Foothill Mound village with palm groves

Deh bala 26°48'05" N 58°49'52"E 713 Sub mountain Semi elevated village with palm groves
Galoo 27°47"28" N 57°57'03" E 442

Plain Flat village with farms
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for this research. It determines the species richness of
each habitat. This index is calculated by the following
equation:

5—1

LnN

Where S is the number of species, and N is the
number of individuals. Simpson’s diversity index'® is
calculated using the following equation:

_ Z i (Il B 1)
N(N-1)
where N is the total number of mosquitoes of all
species and n is the total number of flies of a particular

species. Shannon diversity index!'” was calculated
using the following equation:
5

H = Z(PL)[IHEPJ]

where H'is the Shannon diversity index, Pi is the
fraction of the entire population made up of species
i, S is the number of species encountered, and ) is
the sum from species 1 to species. Pielou’s evenness
index'® was calculated by the following equation:
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where E is the Pielou’s evenness index, H is the calculated

Shanon-Wiener index, and s is the number of species in
the community.

Results

Species Composition of Anopheles Larvae

In this study, totally 1042 Anopheles larvae were
collected and identified. They comprised of seven
species including An. culicifacies s.1. (29.75%), An.
dthali (28.7%), An. moghulensis (16.31%), An. stephensi
(14.78%), An. superpictus s.l. (8.25%), An. fluviatilis
s.l. (1.15%), and An. turkhudi (1.06%) (Figure 2). The
results of this study showed that the An. culicifacies
s.l. Giles, 1901 was the most abundant species among
the collected ones in Qaleh Ganj. Spatial distribution
of the collected species of Anopheles in our study area
are illustrated in Figure 3.

Physicochemical Characteristics of Larval Habitats

In this study, 20 larval habitats in four districts
including Shahkahan, Deh Bala, Rameshk, and Galoo

ERameshk
EDeh Bala
O Shahkahan

EGaloo

Figure 2: Frequency of species composition of Anopheles in Qaleh Ganj County, the southeast of Iran, 2018

Table 2: Physico-chemical characteristics of larval habitats in Qaleh Ganj County, the southeast of Iran, 2018

Parameters Location
Galoo Shahkahan Deh-Bala Rameshk

Kind of habitat Water leakage Fringe of the river Fringe and bed of the river ~ Fringe of the river

Bedrock Muddy Stony and sandy Stony Sandy

Temperature of water 24 21-28 20-28 23-28

Temperature of air 29.7 28-36 28-38 31-40

Humidity 28 24-30 28-35 22-31

pH 7.1 5.5 5.6 6

Turbidity Semi turbid Clear Clear Clear

Light/Shadow Shaded Sunlight Sunlight Partial sunlight
466 J Health Sci Surveillance Sys July 2023; Vol 11; No 3
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Figure 3: Spatial distribution of the collected species of Anopheles in Qaleh Ganj County, the southeast of Iran, 2018 (Designed by: Alireza

Sanei-Dehkordi)

were investigated. Physico-chemical characteristics of
Anopheles larval places from various habitats were
determined (Table 2). Also, the typical Anophelinae
larval habitats are illustrated in Figure 4.

Species Diversity

Some diversity indices such as Simpson’s diversity
index, Shannon-Weiner diversity index, and Pielou’s
evenness index were calculated (Table 3). Shahkahan
arca had the most richness among our sampling sites.

Discussion

In the present study, we reported the presence of seven
species of Anopheles in our study area, including
An. dthali, An. culicifacies s.l., An. stephensi, An.
moghulensis, An. superpictus s.1., An. fluviatilis s.1., and

An. turkhudi. In addition to the species mentioned in our
study, An. apoci has been reported in another study.”> Our
results about the species composition of Anopheles are in
line with those of other studies conducted previously.'*"*
Similar to another report, some of these species were
reported earlier in Qaleh Ganj county.”

Anopheles dthali is distributed in the southern
parts of the Zagros chain and coastal regions of
the Persian Gulf in Iran.?® It is also reported from
Bushehr, Chaharmahal and Bakhtiari, Fars, Hamedan,
Hormozgan, Ilam, Isfahan, Kerman, Kermanshah,
Khuzistan, Kohgiluye and Buyerahmad, Lorestan,
Sistan and Baluchistan, and Yazd provinces.® The
temperature of the water in the breeding places ranges
from 13 to 28 °C, with a pH of 6.9-8.% Anopheles
dthali is a secondary vector in some parts of Southern
Iran, especially in elevated and mountainous regions

J Health Sci Surveillance Sys July 2023; Vol 11; No 3
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Figure 4: Typical Anophelinae larval habitats in Qaleh Ganj County, southeast of Iran, 2018. A. Shahkahan; B.Rameshk; C.Galoo; D. Deh
bala; A and B: River edge, C: Water leakage, D: Riverbed (Photo by: Arsalan Amirkafi)

Table 3: Diversity, richness and evenness indices of each sampling area in Qaleh Ganj County, the southeast of Iran, 2018

Number of Number of The Margalef’s Simpson’s Shannon-Weiner’s Pielou’s evenness
larvae species index diversity index diversity index index

Shahkahan 766 7 0.90 0.26 1.51 0.78

Rameshk 120 6 1.04 0.24 1.54 0.86

Deh-Bala 58 6 1.23 0.3 1.36 0.76

Galoo 98 4 0.65 0.59 0.76 0.55

of Hormozgan province.??> Based on previous
investigations, this species is often found in the fringe
of the natural rivers with clear and full-sunlight waters
and also distributed in permanent and stagnant water.®
2l According to a recent study carried out near our
study district, this species was recorded in Jiroft,!"
Kahnuj, some parts of Qaleh Ganj Counties'' as well
as in Bashagard County located in the south of Qaleh
Ganj. Based on previous studies, this species had a
frequency of 17%?% and 18.02%.?! Our observation
verified the presence of An. dthali in the area where
this species has been reported previously.

Anopheles culicifacies s.l. is distributed in Sistan
and Baluchistan, Kerman, Hormozgan, south of
Khorasan, Bushehr, Khuzestan, and Fars provinces.?
24 This species is the main malaria vector in the
southeastern regions in Iran.?> 2 Rice fields in the
Baluchistan district from April to September are the
main larval breeding places of this species, and other
places that look like irrigated palms and stream pools
can also be the larval habitat of this species. During
the winter months, from October to April, stream

pools serve as the predominant breeding sites of this
species in most areas.”’?* Anopheles culicifacies s..
is present mainly in Sistan and Baluchistan, Kerman
and Hormozgan provinces.® Several lines of evidence
that were performed in adjacent counties of Qaleh ganj
have shown the presence of this species in the fringe
and bed of the rivers where it lays eggs in permanent
and full sunlight habitats with clear waters look like
An. dthali®*" Anopheles culicifacies s.l. was recorded
in Jiroft County,' and another study found this species
in Kahnuj and in some parts of Qaleh Ganj.It was
also found in Bashagard County in the south of Qaleh
Ganj."! A research conducted in Bashagard® reported
a frequency of 33.9%, and another research? reported
a frequency of 29.36% for this species. According
to the information given above, the presence of An.
culicifacies s.l. is logical in places where we found it.

Anopheles stephensi is the most common malaria
vector in Southeastern Iran that is found with high
abundance in many places, and it can oviposit
wherever water is collected.®® This species breeds
in many places of both urban and rural habitats in
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all of its distribution regions. In rural areas, the
breeding places are mostly pools, streambeds, the
fringe of the rivers or streams, palm irrigation canals,
waterfalls, and swamps with a slow water flow.
This species can be found in many localities of the
south of the country (Hormozgan, Bushehr, Fars,
Kerman, [lam, Khuzistan, Kermanshah, Kohgiluye
and Buyerahmad, Lorestan, Sistan and Baluchistan
provinces).* ?* These characteristics show that it is
an opportunist species that can reproduce and breed
easily.” Anopheles stephensi was recorded in Jiroft."
This species is also found in Kahnuj and some parts of
Qaleh Ganj."" It was also found in Bashagard county in
the south of Qaleh Ganj.'” An abundance of 13.3%?® and
5.01%?' was recorded for this species in two separate
studies. According to the literature review about the
biology and ecology of An. stephesi, the presence of
this species is common in many larval habitats, even
temporary ones.

Anopheles superpictus s.l. has the most dispersion
in central plateaus, mountainous regions of the north of
the country, and the hillsof the south of the country.?
This species was found in different altitudes from 50
to 2000 meters above the sea level.*** Larvae of 4n.
superpictus s.1. can be found in many habitats or water
bodies, especially sandy larval habitats of riverbeds
with clear water, and also in prevalent habitats like
fringe and bed of the rivers.®?' This species was
recorded in all provinces in the country although
there is no formal report from Qazvin province.®
This species was recorded in Jiroft County.'"” Another
study recorded the presence of this species in Kahnuj
and some parts of Qaleh Ganj;'' also, it was found
in Bashagard County in the south of Qaleh Ganj.% !
According to this information, it seems very logical
that we found An. superpictus s.1. in all our sampling
habitats.

Anopheles fluviatilis s.1 is distributed in southern
parts of the Zagros chain and the southern parts of Iran
including Sistan and Baluchistan, Kerman, Khuzistan,
Kermanshah, Fars, Kohgiluye and Buyerahmad,
Hormozgan, Ilam, and Bushehr provinces.® 2 It was
also found in neighboring counties like Bashagard
County in Hormozgan Province with very low
abundance.®!° This species breeds in different places
like fresh, slow-flowing, or stagnant waters, the fringe
of rivers, vast marshes, pits in the beds of stony or
sandy rivers, and rainfalls.* In a research conducted
in Bashagard county in the south of our study area,®
the frequency of this species was equal to 0.1%, but in
another research,?! the presence of this species has not
been reported. An. fluviatilis s.1. was found in Kahnuj'°
and Jiroft."! In our research, this species was reported
in low frequency.

Anopheles moghulensis is a non-vector species of
malaria, so that there is little information about the
biology and ecology of this species.According to this

little information, An. moghulensis seems to breed in
the fringe of rivers,? and it is also known as a species
that prefers to live in mountainous areas.’” Anopheles
moghulensis has been even found up to an altitude
of 1021 meters above the sea level.® In the research
conducted in the vicinity of our study area, An.
moghulensis was recorded in Bashagard county with
a frequency of 17.2%.% In another study, this species
was reported with a frequency of 25.2%.?' According
to this information, and because Bashagard is adjacent
to our sampling areas, the presence of this species is
very normal.

Anopheles turkhudi is also a non-vector species
and no comprehensive research has been done on
bionomic aspects of this species. Anyway, according
to a few studies, larvae of An. turkhudi are mostly
found in permanent habitats where in most cases have
vegetation, full sunlight with sandy beds, and sweet
and clean water. The most natural breeding site for
this species is the fringe of rivers.® ** It has previously
been found in adjacent counties, including Jiroft and
Bashagard Counties.® ' 2! In the research done in
Bashagard county,® An. turkhudi had a frequency
of 7.2%; also, in another report* this species had a
frequency of 5.17%. Anopheles turkhudi has been
found in our research in a small number in Shahkahan
district which was close to Bashagard County.

According to the Shannon-wiener index, the
highest level of species diversity was observed in the
Rameshk district and also based on the Margalef’s
index, the highest level of species richness was
observed in the Deh-Bala district. Based on the
Pielou’s index, Rameshk had the most evenness
among our sampling regions.

It seems the high diversity of these mosquitoes in
Rameshk district is due to the existence of permanent
larval habitats and different species of domestic
animals as blood sources for different species of
mosquitoes, as well as the cool weather in this region
caused by air masses coming from the east and higher
altitudes.

According to Shanon-Weiner’s and Simpson’s
indices, Galoo district had the least biodiversity among
our sampling areas. While the number of samples
collected in Galoo was sufficient, this phenomenon
may be due to the temporary nature of the larval
habitats in Galoo village. Dehbala and Rameshk
villages had the most species richness among all
the studied villages. The Pielou’s evenness index
was highest in Rameshk because the 120 collected
specimens had more uniform distribution among the
six species. Biodiversity indices were calculated in
Anopheles species in our study area previously, but
few studies have been conducted in other regions. One
of the studies conducted in areas close to our study
area® calculated Shannon’s index in Bashagard county
in the vicinity of our study area, and their results
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showed that this index ranged from 0.57 to 0.829,
while it ranged from 0.76 to 1.54 in different parts
of our study area. Also, another study®® calculated
Shannon’s, Simpson’s, Margalef’s and evenness
indices in Azerbaijan in the northwest of Iran. They
calculated these indices for all their study area, but we
calculated them for each region separately; moreover,
it was about the Culicidae family, but our study was
conducted on the Anophelinae subfamily.

Conclusion

In summary, based on the results of the current study,
most of the Anopheles species recorded are potential
vectors of malaria. Furthermore, these finding could
be useful for implementing larval control programs
and elimination of malaria in this endemic areas. In
conclusion, given that some of the species in this region
are species complexes, it is recommended that molecular
studies should be conducted to find comprehensive
information about the genetic diversity of these species.

Acknowledgment

This article is a part of the MSc thesis of the first
author. It was financially supported by Shahid Bahonar
University of Kerman, Kerman, Iran. The authors
are very grateful to the Health Center of Qaleh Ganj
for their kind collaboration during this study. Special
thanks to Mr. Sh. Kamrani, Mr. A. Helforoosh, and Mr.
H. Mehrziad from Qaleh Ganj Health Center for their
help during the fieldwork.

Conflicts of Interest: None declared.

References

1 World Health Organization. World Malaria Report
2013. Geneva: WHO; 2013.

2 World Health Organization. World Malaria Report
2019. Geneva: WHO; 2019.

3 Gorouhi MA, Oshaghi MA, Vatandoost H, Enayati
AA, Raeisi A, Abai MR, et al. Biochemical basis of
cyfluthrin and DDT resistance in Anopheles stephensi
(Diptera: Culicidae) in malarious area of Iran. J.
Arthropod-Borne Dis.. 2018;12(3):310.doi: 10.18502/
jad.v12i3.82. PMID: 30584554; PMCID:PMC6297723.

4  Ramezankhani R, Kaveh F.Data and Statistics
of Communicable Disease During 1385-1390.
Andishmand Press, Tehran (In Persian). 2014.

5 Service M. Mosquitoes (Culicidae). Medical insects
and arachnids. 1993:120-240.

6 Hanafi-Bojd AA, Azari-Hamidian S, Hassan V,
Zabihollah C. Spatio—temporal distribution of
malaria vectors (Diptera: Culicidae) across different
climatic zones of Iran. Asian Pacific J. Trop. Med..

10

11

13

14

15

16

17

18

19

20

2011;4(6):498-504. doi: 10.1016/S1995-7645(11)60134-X.

Bruce-Chwatt LJ. Essential malariology: William
Heinemann Medical Books Ltd., 23 Bedford Square,
London WC1B3HH.; 1980.

Hanafi-Bojd A, Vatandoost H, Oshaghi M, Charrahy
Z, Haghdoost A, Sedaghat M, et al. Larval habitats
and biodiversity of Anopheline mosquitoes (Diptera:
Culicidae) in a malarious area of southern Iran. J.Vector
Born Dis.. 2012;49(2):91.

Alkhayat FA, Ahmad AH, Rahim J, Dieng H, Ismail
BA, Imran M, et al. Charaterization of mosquito larval
habitats in Qatar. Saudi J. Biol. Sci.. 2020;27(9):2358-
65. doi:10.1016/j.sjbs.2020.07.006.

Ahmad M, Hassan V, Ali OM, Reza AM. Anopheline
mosquitoes and their role for malaria transmission in an
endemic area, southern Iran. Asian Pac. J. Trop. Dis..
2011;1(3):209-11. doi:10.1016/S2222-1808(11)60030-3.

Baseri H, Mousa KS, Yosafi S, Mohebali M, Hajaran H,
Jedari M. Anthropophily of malaria vectors in Kahnouj
District, south of Kerman, Iran. Iranian J Publ Health,
2005; 34, No. 2:27-35.

Saberi N, Raeisi A, Gorouhi MA, Vatandoost H,
Mashayekhi M, Nikpour F, Bozorg Omid F, Rahimi
Foroushani A, Hanafi-Bojd AA. Current Situation
of Malaria and Resistance of Main Vectors to WHO
Recommended Insecticides in an Endemic Area,
Southeastern Iran. J. Med. Entomol.. 2022;59(2):607—
614. doi: 10.1093/jme/tjab214.

Edalat H, Mahmoudi M, Sedaghat MM, Moosa-
Kazemi SH, Kheirandish S. Ecology of Malaria
Vectors in an Endemic Area, Southeast of Iran. J.
Arthropod-Borne Dis.. 2020;14(4):325. doi: 10.18502/
jad.v14i4.5270.

Shahgudian ER. A key to the Anophelines of Iran. Acta
Med Iran. 1960;3(3):38-48.

Margalef R. Information theory in biology. General
Systems Yearbook. 1958;3:36-71.

Simpson EH. Measurement of diversity. Nature. 1949
Apr;163(4148):688.

Shannon CE. A mathematical theory of communication.
Bell Syst. tech. j. 1948 Jul;27(3):379-423.

Pielou EC. The measurement of diversity in different
types of biological collections. J. Theor. Biol.. 1966
Dec 1;13:131-44.

Hanafi-Bojd AA, Sedaghat MM, Vatandoost H, Azari-
Hamidian S, Pakdad K. Predicting environmentally
suitable areas for Anopheles superpictus Grassi
(sl), Anopheles maculipennis Meigen (sl.) and
Anopheles sacharovi Favre (Diptera: Culicidae) in
Iran. Parasit. Vectors.. 2018;11(1):1-12. doi:10.1186/
s13071-018-2973-7.

Manouchehri A, Rohani F. Notes on the ecology
of Anopheles dthali Patton in southern Iran.
Ann. trop. med. parasitol.. 1975;69(3):393-7. doi:
10.1080/00034983.1975.11687025.

470

J Health Sci Surveillance Sys July 2023; Vol 11; No 3


https://pubmed.ncbi.nlm.nih.gov/30584554

Species diversity of Anopheline Mosquitoes in Qaleh Ganj county

21

22

23

24

25

26

27

28

29

30

31

Soleimani-Ahmadi M, Vatandoost H, Zare M.
Characterization of larval habitats for Anopheline
mosquitoes in a malarious area under elimination
program in the southeast of Iran. Asian Pac. J.
Trop. Biomed.. 2014;4(1):S73-S80. doi:10.12980/
APJTB.4.2014C899.

Vatandoost H, Shahi M, Hanafi-Bojd A, Abai M,
Oshaghi M, Rafii F. Ecology of Anopheles dthali
Patton in Bandar abbas district, Hormozgan province,
southern Iran. J. Arthropod-Borne Dis. 2007;1(1):21-7.

Barati M, Khoshdel A, Salahi-Moghaddam A. An
overview and mapping of Anopheles in Iran. Paramedical
Sciences and Military Health. 2015;10(1):9-16.

Azari-Hamidian S. Checklist of Iranian mosquitoes
(diptera: Culicidae). J. Vector Ecol. 2007;32(2):235-42.

Manouchehri A, Zaim M, Emadi A. A review of
malaria in Iran, 1975-90. J. Am. Mosq. Control Assoc..
1992;8(4):381-5. PMID: 1474383

Vatandoost H, Emami S, Oshaghi M, Abai M, Raeisi A,
Piazzak N, et al. Ecology of malaria vector Anopheles
culicifacies in a malarious area of Sistan va Baluchestan
Province, south-east Islamic Republic of Iran. East
Mediterr Health J. 2011;17(5):439-45.

Zaim M, Subbarao S, Manouchehri A, Cochrane A.
Role of Anopheles culicifacies sl and An pulcherrimus
in malaria transmission in Ghassreghand (Baluchistan),
Iran. J. Am. Mosq. Control Assoc. 1993;9(1):23-6.
PMID: 8468570.

Zaim M, Manouchehri A, Motabar M, Emadi A,
Nazari M, Pakdad K, et al. Anopheles culicifacies in
Baluchistan, Iran. Med. Vet. Entomol. 1995;9(2):181-6.
doi: 10.1111/j.1365-2915.1995.tb00176.x.

Zahirnia A, Taherkhani H, Vatandoust H. Observation
of Malaria Sporozoite in Anopheles culicifacies SL
(Culicidae: Diptera) in Ghassreghand district, Sistan
and Baluchistan province. Journal of Hakim. 2001;
4: 149-153

Basseri H, Raeisi A, Ranjbar Khakha M, Pakarai A,
Abdolghafar H. Seasonal abundance and host-feeding
patterns of Anopheline vectors in malaria endemic area
of Iran. J.Parasitol. Res.. 2010. doi:10.1155/2010/671291.

Manouchehri A, Javadian E, Eshighy N, Motabar M.

32

33

34

35

36

37

38

39

Ecology of Anopheles stephensi Liston in southern
Iran. Trop Geogr Med. 1976;28(3):228-32.

Vatandoost H, Oshaghi M, Abaie M, Shahi M, Yaaghoobi
F, Baghaii M, et al. Bionomics of Anopheles stephensi
Liston in the malarious area of Hormozgan province,
southern Iran, 2002. Acta Trop. 2006;97(2):196-203.
doi: 10.1016/j.actatropica.2005.11.002.

Vatandoost H, Shahi H, Abai M, Hanafi-Bojd A,
Oshaghi M, Zamani G. Larval habitats of main malaria
vectors in Hormozgan province and their susceptibility
to different larvicides. Southeast Asian J Trop Med
Public Health. 2004;35(2):22-5.

Vatandoost H, Hanafi-Bojd AA, Raeisi A, Abai MR,
Nikpour F. Bioecology of dominant malaria vector,
Anopheles superpictus sl (Diptera: Culicidae) in
Iran. J. Arthropod-Borne Dis. 2018;12(3):196. PMID:
30584544; PMCID: PMC6297731.

Oshaghi M, Yaghobi-Ershadi M, Shemshad K, Pedram
M, Amani H. The Anopheles superpictus complex:
introduction of. Bull Soc Pathol Exot. 2008;101(5):429-
34. PMID: 19192616.

Eshghi N, Motabar M, Javadian E, Manoutcheri A.
Biological features of Anopheles fluviatilis and its role
in the transmission of Malaria in Iran. Trop. geogr.
med. 1976: 41-44.

Majnounpoor M.R , Soleimani-Ahmadi M, F P-A-G.
Study on fauna and status of dispersion of Anopheles
mosquitoes in Sirik county in Hormozgan province in
2012. J Prevent Med 2015; 2(1): 29-35

Amani H. Study on fauna and characteristics of
breeding places of malaria vectors, and reasons of
remaining malaria focus in Aligoodarz district. [MSPH
dissertation]. Tehran, Iran. School of Public Health,
Tehran University of Medical Sciences (In Persian).
1998.

Paksa A, Sedaghat MM, Vatandoost H, Yaghoobi-
Ershadi MR, Moosa-Kazemi SH, Hazratian T,
Sanei-Dehkordi A, Oshaghi MA. Biodiversity of
mosquitoes (Diptera: Culicidae) with emphasis on
potential arbovirus vectors in East Azerbaijan province,
northwestern Iran. J. Arthropod-Borne Dis.. 2019
Mar;13(1):62. doi: 10.18502/jad.v13i1.933; PMID:
31346536; PMCID: PMC6643009.

J Health Sci Surveillance Sys July 2023; Vol 11; No 3

471


https://pubmed.ncbi.nlm.nih.gov/30584544
https://pubmed.ncbi.nlm.nih.gov/31346536

