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Abstract  
Background: Anopheles stephensi is the main vector of malaria in Iran. This study aimed to determine the susceptibility 

of An. stephensi from the south of Iran to bendiocarb and to investigate biochemical and molecular resistance mechanisms 

in this species.  

Methods: Wild An. stephensi were collected from Hormozgan Province and reared to the adult stage. The susceptibility 

test was conducted according to the WHO protocols using bendiocarb impregnated papers supplied by WHO. Also, field 

An. Stephensi specimens were collected from south of Kerman and Sistan and Baluchistan Provinces. To determine the 

G119S mutation in the acetylcholinesterase (Ace1) gene, PCR-RFLP using AluI restriction enzyme and PCR direct-

sequencing were performed for the three field populations and compared with the available GenBank data. Also, bi-

ochemical assays were performed to measure alpha and beta esterases, insensitive acetylcholinesterase, and oxidases in 

the strains. 

Results: The bioassay tests showed that the An. stephensi field strain was resistant to bendiocarb (mortality rate 89%). 

Ace1 gene analysis revealed no G119S in the three field populations. Blast search of sequences revealed 98–99% identity 

with the Ace1 gene from Pakistan and India respectively. Also, the results of biochemical tests revealed the high activity 

of non-sensitive acetylcholinesterase, alpha and beta-esterase in the resistant strain compared to the susceptible strain. No 

G119S was detected in this study additionally the enhanced enzyme activity of esterases and acetylcholinesterase sug-

gesting that resistance was metabolic.  

Conclusion: The use of alternative malaria control methods and the implementation of resistance management strategies 

are suggested in the study area. 
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Introduction 
 

Malaria is the main vector-borne disease 

(VBD) with approximately 241 million cases 

and 627000 deaths reported around the globe, 

during 2020 (1). In Iran, seven anopheline mos- 

 
 

quito species have been reported to be malaria 

vectors and the Persian Gulf border regions 

are considered endemic foci of malaria (2). 

Anopheles stephensi is dominant and active as 
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a primary vector in these areas. Vector control 

programs including indoor residual spraying 

(IRS) and long-lasting insecticidal nets (LLINs), 

have been implemented in the region and in-

digenous malaria-positive cases have been de-

clining in recent years (3). 

Over the past decade, the widespread use 

of pyrethroids (PY) insecticides in the health 

and agricultural sectors has led to increased re-

sistance in malaria vectors (4). Pyrethroids are 

the only group of insecticides applied for net 

treatment and three groups organochlorine (OC), 

organophosphate (OP) and carbamate (C) are 

useful for IRS (5). Development of insecticide 

resistance, mostly against PYs, in several dis-

ease vectors, is a crucial problem arisen by IRS 

and LLIN interventions (6). 

The World Health Organization (WHO) 

recommends the use of insecticide classes with 

different modes of action to limit resistance 

against insecticides in mosquito vectors (7). 

Carbamate insecticides are a good choice for 

replacement or rotational use with PYs insecti-

cides in residual spraying due to their different 

modes of action and are recommended in con-

trol programs against malaria, yellow fever, den-

gue, and onchocerciasis in other countries (8). 

Resistance in malaria vectors and other im-

portant vectors in medical entomology to vari-

ous groups of insecticides has been reported in 

most parts of the world including eastern Med-

iterranean region (9). Populations of An. culic-

ifacies s.l., An. superpictus s.l. and An. subpic-

tus s.l. have shown resistance to second-gener-

ation PYs in Afghanistan (10). In Sudan, An. 

arabiensis, the main malaria vector, has shown 

resistance to all four main groups of insecti-

cides (PY, OP, C and OC) (11). In China, there 

have been records of Culex and Aedes resistance 

against PYs and OPs (12) (5). Anopheles gam-

biae s.l. (13, 14), Ae. aegypti (15) and Ae. al-

bopictus (16) show different levels of resistance 

to insecticide groups in their distribution areas. 

Resistance of An. stephensi to different insecti-

cides classes has been reported in the Horn of 

Africa and Asia (4, 9, 17, 18). 

Development and spread of resistance in mos-

quito vector populations occurring from pro-

longed and excessive use of insecticides is a 

major public health concern, hindering the effi-

ciency of vector control interventions (19). Re-

sistance in mosquitoes can occur in three main 

ways: metabolic resistance, target-site resistance, 

and penetration resistance. Malaria vectors re-

sistance to insecticides is mainly due to allelic 

changes and metabolic resistance (8). 

Monitoring and evaluating resistance to in-

secticides will help identify the threat and how 

resistance develops in vectors. Three different 

methods including bioassay tests, biochemical 

assay, and molecular tests can be used to iden-

tify vector resistance and each method will pro-

vide different information (8).   

Due to the fact that the molecular bases of 

insecticide resistance mechanisms are very dif-

ferent and these mechanisms must be well de-

fined for each insecticide. Evaluation strategies 

(Efficient monitoring strategies) can be imple-

mented and finally manage the resistance of 

vectors to diverse insecticide types (7). 

Acetylcholinesterase (AchE) has a role in 

the transmission of neural messages by hydrol-

ysis of the neurotransmitter acetylcholine and 

is a common target for two groups of insecti-

cides C and OP (20).  Insect paralysis and death 

occur by interference with the transmission of 

neural messages in the synaptic space by block-

ing AchE transmission and causing intoxica-

tion signs and respiratory failure (21).  

Substitution at locus 119 of the Ace-1 gene 

from Glycine to Serine plays a key role in cre-

ating cross-resistance to OP and C insecticides 

in various vectors such as An. gambiae (6, 22, 

23), An. coluzzi (24) An. albimanus (25) in ma-

larious regions. The present study was designed 

in order to identify the sensitivity level of An. 

stephensi to bendiocarb (2, 2-Dimethyl-2H-1, 

3-benzodioxol-4-yl methylcarbamate) insecticide, 

and the analysis of biochemical and molecular 

mechanisms involved in resistance. 

 

 

http://jad.tums.ac.ir/
https://www.google.com/search?q=onchocerciasis&spell=1&sa=X&ved=2ahUKEwjhjOiB1M70AhXwSfEDHXIIBZcQkeECKAB6BAgCEC4


J Arthropod-Borne Dis, Sep 2023, 17(3): 272–286                                            A Badzohre et al.: Ace-1 Target Site Status and … 

274 
 

http://jad.tums.ac.ir 

Published Online: Sep 30, 2023 

 

 

Materials and Methods 
 

Study area 

Samples were collected in Iran from three 

provinces in the Persian Gulf Region including 

Bandar-Abbas (Hormozgan) (27.3169°N, 

56.3131°E) for rearing, bioassay tests and se-

lection process, Kerman (58.41524°E, 27.1777 

°N) and Sistan and Baluchistan (25.3062°N, 

60.6939°E) for molecular and biochemical as-

say only. This region is localized in subtropical 

zone. 

 

Larval sampling and rearing procedure 

Larval samples were collected from No-

vember to December 2020 from Bandar-Abbas 

breeding places such as water containers, fresh-

water pools, stream margins, discarded tires, 

plastic containers, cisterns and barrels using 

the dipping method according to WHO guide-

lines and were reared to adults in the TUMS 

insectary maintained at 28±2 °C, 12:12 h L:D 

photoperiod and 70±10% relative humidity. Lar-

val identification of the mosquitoes was con-

ducted using morphological identification keys 

(26). The pupae were sorted and transferred with 

pipettes from the plastic trays to glass cups with 

small amounts of water inside a cage and were 

provided with a 10% sugar solution for rearing 

adults who emerged after one day in the cage. 

 

Susceptibility test for Anopheles stephensi 

Insecticide susceptibility tests were carried 

out following the WHO insecticide suscepti-

bility test procedure. A total of 500 non-blood 

fed adult female An. stephensi (2–3 day-old) 

from Bandar-Abbas were exposed to insecticide 

impregnated papers supplied by WHO with dis-

criminating concentration of bendiocarb. Batches 

of 25 mosquitoes in four replicates were ex-

posed to insecticide impregnated papers for 

3.45, 7.5, 15, 30 and 60 min in WHO test tubes. 

After one hour of exposure the number of 

knocked-down were recorded. A control in two 

replicates (50 female An. stephensi) was used 

for each test time, exposed to untreated papers. 

Mosquitoes were then transferred into holding 

tubes with papers and were supplied with 10% 

sucrose solution for 24 hours. At the end of the 

recovery period, the number of dead mosquitoes 

was recorded for each exposure time. Knockdown 

calculations were performed according to WHO 

protocol (27) using Prism software. These steps 

were done for the Beech strain as susceptible 

to insecticides that obtain from TUMS insec-

tary. 

When the mortality rate in the control was 

between 5–20%, it was corrected using Ab-

bott’s formula. According to the WHO criteria: 

98–100% mortality indicates susceptibility, 90–

97% mortality indicates resistance candidate 

(more investigation is needed) and less than 90 

% mortality suggests resistance (27).  

 

Selection process 

The samples which presented the lowest 

mortality rates to bendiocarb were preceded for 

selection pressure. This strain was selected for 

7 generations by exposing adults to bendiocarb 

which produced 50–70% mortality (2). Semi 

gravid or gravid female mosquito samples from 

each generation were left to egg-lay and ma-

ture and adult F1-F7 generations were collect-

ed. The selection was continued as long as a 

homogenous resistant population with resistance 

ratio 7 fold was attained. In each generation, 

the mortality rate and LT50 were calculated in 

serial times and regression lines were plotted 

in each generation using Microsoft Excel. All 

alive and dead specimens were kept individu-

ally in Eppendorf tubes and freezed in -20 ºC 

for further biochemical and molecular assays. 

 

Biochemical analysis 

In total 545 An. stephensi samples were 

used for biochemical (α-esterase, β-esterase), 

MFO and AchE enzyme analyses. Randomly 

each 3-to-5-day-old female from the popula-

tions: Beech strain, F7 generation and resistant 

individual adult that survivors from the bendi-

ocarb bioassay were selected and used for this 

purpose. Individuals were homogenized in 250 
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μL distilled water on ice and the homogenates 

were centrifuged at 3000 g for 20 min at 4 °C. 

Enzyme levels were measured as a single adult 

female using the WHO’s field and laboratory 

manual (27). Absorption levels based on the 

specified wavelengths for each of the enzymes 

were measured spectrometrically by a micro-

plate reader and the average absorption calcu-

lated based on the data of two holes for one in-

sect was considered. Spectrophotometric anal-

ysis was passed in 96 well flat-bottom micro-

titer plates by a Biotek Elx808 microplate read-

er (Biotek Instruments, USA). 

 

Total protein assay 

This test measures the total amount of pro-

tein in each mosquito. This measurement is im-

portant because by using this information we 

can eliminate the errors caused by the different 

sizes of insects and the amount of their differ-

ent enzymes. 300 microliters of Bio-Rad solu-

tion diluted in distilled water at a ratio of 1:4 

was added to 10 μL of mosquito homogenate so-

lution in two replicates and after 5 minutes their 

absorbance at 570 nm was measured.  

 

Non-specific esterase assay (NSE) 

NSE activity was measured by using α-

naphthyl acetate (α-NA) and β- naphthyl ace-

tate (β-NA). For α-NA and β-NA assays, a 20 

μL of mosquito homogenate was added to the 

well in duplicate. Following this, 200 μL of α-

NA (120 μL of 0.03 M α-NA dissolved in 12 ml 

of 0.02 M sodium phosphate buffer with pH= 

7.2) and 200 μL β-NA (120 μL of 0.03 M β -NA 

dissolved in 12 ml of 0.02 M sodium phosphate 

buffer with pH= 7.2) were added to each well. 

After 30 min of incubation, 50 μL of (0.023 

Fast Blue Salt dissolved in 2.25 ml of distilled 

water along with 5.25 ml of 5% phosphate 

buffered SDS solution) was added to stop the 

reaction and the end point absorbance meas-

ured at 570 nm. The values in units of n moles 

α and β napthol/min/mg were calculated against 

standard curves of α and β naphthol acetate 

(27).  

Mixed function oxidase (MFO) assay 

MFO activity was determined based on the 

heme amount using the heme-peroxidase assay 

(9). 20 μL mosquito homogenate and a 200 μL 

working solution (0.01 g of 3, 3, 5, 5′ 

tetrametylbenzidine- TMBZ+5 mL methanol+ 

15 mL sodium acetate buffer) were added in 

duplicate in the plate. Following this, 25 μL of 

3% v/v hydrogen peroxide was added. After 

120 min. incubation, the absorbance was read 

at 650 nm and protein values were calculated 

against a standard curve of cytochrome C pro-

tein. 

 

Acetylcholinesterase (AchE) assay 

For this purpose, twenty-five microliters of 

homogenates in duplicates were solubilized by 

adding 145 μl of Triton phosphate buffer (1% 

Triton X-100 in .1 M phosphate buffer pH 7.8) 

to each replicate. Ten μL of dithiobisnitroben-

zoicacid (DTNB) solution (0.01 M dithiobis- 

2-nitrobenzoic acid in .1 M phosphate buffer pH 

7.0) and 25 μL of the substrate ASCHI (0.01 M 

acetylthiocholineiodide) were added to one rep-

licate to initiate the reaction. The final solution 

was replaced by 25 μL of the substrate ASCHI 

having 0.2% of the inhibitor propoxur (0.1 M) 

for the second test replicate. As control wells 

contained 25 ml distilled water, 145 ml Triton 

buffer, 10 ml DTNB solution and 25 ml ASCHI 

solution without and with propoxur, were used. 

The kinetics of the enzyme reaction was moni-

tored continuously at 405 nm for 5 min. The 

percentage of inhibition of AchE activity by 

propoxur in the test relative to the uninhibited 

wells was measured. The assay conditions were 

set so that individuals without an altered AchE 

based resistance mechanism had >60% inhibi-

tion of the AchE activity. 

Four blank replicates were set using the same 

materials of each assay except for distilled wa-

ter added instead of the mosquito homogenate. 
 

Data analyses of Biochemical assays 

The activity of the enzymes was measured 

for mosquito replicates and used for further 

analysis. The data then were transformed into 
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the actual enzyme activity values and the total 

protein content of each sample using a standard 

equation. Mean enzymatic activities were cal-

culated for populations and compared with sen-

sitive An. stephensi laboratory strain by way of 

Mann Whitney test non-parametric using 

GraphPad Prism version 9.Enzyme ratios (ER) 

were calculated by dividing the mean activities 

of each enzyme in strains with those of the 

Beech susceptible strain. 
 

DNA extraction, amplification and PCR-

RFLP  

For the molecular assay, An. stephensi sam-

ples were collected from three southern prov-

inces of the country including Hormozgan, Ker-

man and Sistan and Baluchestan where malaria 

is endemic. Sixty live samples from three pop-

ulations including 20 samples remained alive 

from bioassay tests that were resistance to ben-

diocarb 0.1% (Bandar-Abbas strain) and 40 sam-

ples from two other regions (20 from each) were 

randomly selected and their genomic DNA was 

extracted either using QIAamp DNA tissue kit 

(Cat. No. 51404) according to instrument guide-

line or the following protocol: a single mos-

quito is homogenized in a 1.5 ml Eppendorf 

tube containing 200 μl of Collins buffer (100 

mMTris HCL, pH 8.0, 10 mM EDTA, 1.4 M 

NaCl, 2%) and incubated at 65 °C for 30 min; 

then 200 μL of ethanol 70% are added (21). 

After centrifugation (room temperature, 5 min, 

12000 rpm), the supernatant is transferred to a 

fresh tube, 200 μL of ethanol 70% are added, 

and the mix is centrifuged again (12000 rpm, 

15 min). After discarding the supernatant, the 

pellet is washed with 90% ethanol, dried and 

suspended in DNAase Free water. 

To detect the G119S mutation in the Ace-

1 gene, PCR was conducted on the extracted 

DNA and followed by digestion of PCR prod-

ucts by AluI restriction enzyme. PCR was car-

ried out in 25 μl volumes containing 1 μL of 

genomic DNA, 1 μL of each primer Ex3Agdir 

5′-GATCGTGGACACCGTGTTCG-3′ and 

Ex3AGrev 5′-AGGATGGCCCGCTG-

GAACAG-3′, 12.5 PCR master mix Taq DNA 

Polymerase 1.5X Ampliqon which generating 

520 bp PCR fragment. PCR reaction was per-

formed in the initial denaturation step of 5 min 

at 94 °C, followed by 94 °C for 30 s, 57 °C for 

30 s and 72 °C for 30 s in 35 cycles. Fifteen μL 

of the PCR product were digested with 1 unit 

of AluI restriction enzyme in the final volume 

of 25 μL and incubated at 37 °C overnight. The 

restriction products were fractionated on a 2% 

agarose gel and visualized under UV light. PCR 

product directly sequenced with the same pri-

mers were used in amplification. Sequence align-

ment, homology, and phylogeny were analyzed 

by bioinformatics software such as Clustal Ome-

ga, Geneious Prime, Blast and TranSeq software. 

 
Results 
 

Insecticide susceptibility bioassay 

Susceptibility tests showed that An. stephen-

si Bandar-Abbas strain was resistant to bendio-

carb (89% mortality). The resistance ratio (RR) 

of field population compare to beech strain was 

1.47 fold. Only this population was chosen for 

the insecticide selection process. This process 

continued for 7 generations to achieve RR of 7- 

fold compared to the susceptible Beech strain 

in the population exposed to bendiocarb. The 

equation of the regression line, LT50, and re-

sistance ratio in each generation is shown in 

Table 1 and Fig. 1.   
 

Biochemical assay 

Activities of MFO and the contents α- and 

ß-esterases that were measured for the Beech 

strain, seventh generation and resistant strain 

An. stephensi populations are shown in Table 

2 and Fig. 2. The ratio of MFO in the seventh 

generation and resistant populations were 0.5 

and 0.9 when compared with the susceptible 

strain. The MFO activity levels of An. stephensi 

were lower in the selected population than the 

Beech strain and significantly different be-

tween resistant and field strain (P<0.05) Table 

3 and Fig. 2. 

The enzyme ratios for esterases against α-

naphthyl acetate were 3.7 and 5.2 and against 
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β-naphthyl acetate were 1.3 and 8.1 in the sev-

enth generation and resistant populations respec-

tively compared with the Beech strain. The en-

zyme ratios for both esterases were higher in the 

resistant population. Statistical analysis showed 

that alterations in α- and β-esterase activity was 

detected and significantly increased in α- and 

β-esterase activity of resistant An. stephensi se-

lected populations compared to the α- and β-

esterase activity of susceptible An. stephensi in 

(Table 3 and Fig. 2). 

Considering that the threshold of <60% set 

for AchE insensitive to propoxur, the percent-

age of indivuals that show this value in each strain 

in resistant generation, seventh generation and 

Beech strain was 43%, 34% and 31%, respec-

tively. There were significant differences be-

tween the two populations in AchE inhibition 

compare to susceptible Beech strain (Table 3, 

4 and Fig. 3). 

 

PCR and PCR-RFLP  

A total of 60 individuals (20 samples from 

each region) were tested for the G119S muta-

tion. Amplification of the Ace-1 gene with the 

primers resulted in a fragment length of 520 bp 

(Fig. 4i). The length of AluI restricted fragments 

showed that none of the samples carried the 

G119S mutation. The PCR-RFLP with AluI re-

striction enzyme digested the PCR product into 

two fragments with the lengths of 350 bp and 

150 bp which indicate no G119S mutation (Fig. 

4.ii). For the PCR product containing the G119 

S mutation, three fragments in the lengths of 

100, 150 and 250 bp would appear.   

 

Blast search and sequence alignment 

The amplified region of the Ace1 gene 

seems to include two exons that can be trans-

lated into amino acids and an intron part be-

tween the two exons, 72 bases long. Compar-

ing the sequence of Ace1 gene between the 

three populations of Sistan and Baluchestan, 

Kerman, and Bandar-Abbas after removing the 

unreliable parts and equating their length (492 

base pairs) showed that there was no polymor-

phism in the sequence of this gene between the  

three populations. 

Comparison of 492 bp of Ace1 gene sequence 

of the three populations of An. stephensi with 

other sequences available in the GenBank showed 

99.59% and 98.37% similarity with the acetylc-

holinesterase gene of an Indian An. stephensi 

with the accession number CP032299, and Pa-

kistan An. stephensi (SDA-500 strain) with the 

accession number (CP032232) respectively. In 

addition, first and second exon of the sequenc-

es obtained from this study had 99% and 98% 

homology with the transcript (mRNA) sequenc-

es of two exon parts of An. stephensi variant 

X5 (accession number XM_036043798). The 

amino acid sequences of Ace1 gene obtained 

from this study was 100% similar to the amino 

acid sequences of the above mentioned An. 

stephensi strains available in the GenBank. 

The phylogenic tree inferred from Ace1 se-

quences obtained in this study in combination 

with the available sequences in the GenBank 

including An. stephensi strains from Chabahar, 

Iran (HG380320), India (CP032299) and Paki-

stan (XM036043798), An. albimanus, An. gam-

biae and An. funestus which has the bendiocarb 

resistant G119S mutation showed two main 

clades one with G119S mutations and one with-

out the mutation.  
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Table 1. Bioassay mortality of the Beech strain, Bandar-Abbas field populations (F0-F7) of Anopheles stephensi, to 

bendiocarb 0.1%, Iran, 2021 
 

Population Regression line LT50 (s) R2 RR MR (%) Resistance Status 

Beech Y= 2.03X-0.28 398 0.96 1 99 S 

Field F0 Y= 1.71X+0.23 588 0.88 1.47 89 R 

F1 Y= 1.98X-0.74 794 0.95 1.99 87 R 

F2 Y= 1.85X-0.6 1044 0.94 2.62 78 R 

F3 Y= 2.11X-1.52 1213 0.88 3.04 75 R 

F4 Y= 2.1X-1.85 1460 0.88 3.66 71 R 

F5 Y= 1.82X-0.98 1911 0.95 4.8 64 R 

F6 Y= 1.73X-0.82 2280 0.98 5.72 61 R 

F7 Y= 1.94X-1.74 2767 0.95 6.95 63 R 

 

s: Second, MR: Mortality Rate, RR: Resistance Ratio, S: Susceptible, R: Resistance. 

 
Table 2. Descriptive results of the biochemical assays in three strains, Beech, G7 (7th generation) and Resistant of 

Anopheles stephensi, Iran, 2021 
 

Enzyme Strain Beech G7 Resistant 

Number of tested 

mosquitoes 

90 64 64 

MFO Mean ± SD 4.219e-005 ± 7.863e-005 2.189e-005 ± 1.569e-005 4.088e-005 ± 1.166e-005 

Enzyme Ratio 1 0.5 0.9 

α-esterase Mean ± SD 2.359e-005 ± 6.425e-005 0.0008759 ± 0.0006302 0.0001235 ± 0.0001134 

Enzyme Ratio 1 3.7 5.2 

β-esterase Mean ± SD 5.918e-005 ± 7.594e-005 8.147e-005 ± 7.254e-005 0.0004798 ± 0.0002745 

Enzyme Ratio 1 1.3 8.1 

 
Table 3. Mann Whitney non-parametric test on the biochemical assay results between three strains of Anopheles ste-

phensi, Iran 2021 
 

β-esterase α-esterase ACE MFO Enzyme Activity 

Significant 

(P< 0.05) 

P value Significant 

(P< 0.05) 

P value Significant 

(P< 0.05) 

P value Significant 

(P< 0.05) 

P value Strains 

Yes 

** 

0.0079 Yes 

**** 

<0.0001 No 0.012 Yes 

*** 

0.0007 Beech and G7 

Yes 

**** 

<0.0001 Yes 

**** 

<0.0001 Yes 

*** 

0.0006 Yes 

**** 

<0.0001 Beech and Resistant 

Yes 

**** 

<0.0001 No 

 

0.3 Yes 

* 

0.0279 Yes 

**** 

<0.0001 G7 and Resistant 

 
Table 4. Inhibition of AchE activity by propoxur in the three strains of Anopheles stephensi, Iran, 2021 

 

Strain Total 

samples 

No. inhibition 

less than 60% 

Percent. inhibi-

tion less than 60% 

No. inhibition 

upper than 60% 

Percent. inhibition 

upper than 60% 

Beech 90 28 31% 62 69% 

G7 64 22 34% 42 66% 

Resistant 64 28 43% 36 57% 
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Fig. 1. Regression lines of Anopheles stephensi populations exposed to bendiocarb 0.1% (time: second), Iran, 2021 

 

 
 

Fig. 2. Mean enzyme activities of α and β esterase and Mixed Function Oxidase measured in Anopheles stephensi 

strains from Iran, 2021, (G7: seventh generation) 
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Fig. 3. Percent remaining activity Acetylcholinesterase in three strains of Anopheles stephensi from Iran, 2021, (G7: 

seventh generation) 

 

 
 

Fig. 4. Investigative PCR (i) and PCR-RFLP (ii) to detect G119S mutation in the amplified region of ACE-1 (492 bp) 

in six strains of Anopheles stephensi Iran, 2021. M: 100 bp ladder, 1: bendiocarb-resistant strain, 2: 7th generation of 

selected strain with bendiocarb, 3: Beech strain, 4: Bandar-Abbas strain, 5: Kerman strain, 6: Sistan and Baluchestan strain 

 
Discussion 
 

The resistance of An. stephensi in southern 

parts of Iran to bendiocarb raises concerns re-

garding the control methods of An. stephensi 

based on the use of insecticides in this area, be-

cause the use of this insecticide is a recommend-

ed alternative to PYs (19, 28). As in the present 

study, An. stephensi was already shown to be 

resistant to bendiocarb in Hormoodar of Ban-

dar-Abbas, Kerman and Sistan and BaluchIstan  

 

 
in Iran with a mortality rate of 86% (3). How-

ever there is an old report of more than 10 years 

ago that this vector was 100% susceptible to 

bendiocarb in Hormozgan Province of Iran (29).  

Resistance of this species to other insecti-

cides including DDT in Iran (9, 18), Malathion, 

Deltamethrin and Permethrin in Afghanistan 

(30–32) has been reported and a similar study 

has shown resistance to bendiocarb in Somali 
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region (4). In addition to An. stephensi in its 

distribution regions, resistance to bendiocarb has 

been reported in other Culicidae family such as 

An. gambiae in Benin (22, 33), Nigeria (34, 35) 

and Tanzania (36), An. funestus in Zambia (37, 

38) and An. arabiensis in Ethiopia (39). 

In this study α and β esterase content in the 

resistant population of An. stephensi was in-

creasingly involved in resistance. Values of 

1.85 and 2.18 compared to the sensitive strain 

were recorded for α and β esterase enzymes, 

respectively. Esterases also confer resistance 

to OP and cross resistance to pyrethroids (40). 

The role of esterases in resistance to insecti-

cides in An. stephensi from other countries has 

been reported for example in resistance to pyre-

throids and malathion from Dubai and India re-

spectively (30, 41). Evidence of alpha and beta 

activity has been observed in a population of 

An. sacharovi resistant to OP and carbamates 

in Turkey compared to the susceptible strain 

(42). 

The finding of this study suggests that al-

tered AchE is present in resistant An. stephensi. 

The mean inhibition rates of AchE in the re-

sistant samples are significantly higher than the 

Beech strain and confer resistance to bendio-

carb because of the activity of this enzyme. 

The role of AchE in resistance to OP and car-

bamate insecticides has been already reported 

in other malaria vectors such as An. stephensi 

in Iran (9, 43), An. albimanus in Mexico (44) 

and An. maculipennis in Turkey (45). Our data 

was parallel to previous investigations con-

ducted supporting the implication of metabolic 

mechanisms in OP and carbamate resistance 

such as resistance to malathion and bendiocarb 

in Afghanistan populations has shown (30).  

Two genes Ace-1 and Ace-2 are known to 

encode the protein acetylcholinesterase in in-

sects, and mutations in them are known to be 

responsible for resistance in many pests (46). 

In Drosophila, four points mutations (F368Y, 

G303A, I199V and F115S) (47) have been iden-

tified as responsible for insecticide resistance. 

Also, five mutations (G365Y, F327Y, G262V, 

G262A and V180L) in houseflies, alone or tuple, 

cause different levels of resistance (48). The 

presence of the G119S mutation is also one of 

the most important mutations in the Ace-1 gene 

reported in An. gambiae (49, 50), An. coluzzi 

(51), An. arabiensis (52), An. albimanus (53) 

and Cx. pipiens (54) involved in OPs and car-

bamate insecticide resistance. In An. funestus, 

other mutations in Ace-1, including N485I have 

been recorded and associated with resistance to 

bendiocarb in a population originating from 

Malawi (55). In Ae. aegypti two mutations in 

T506T locus was introduced as a new mutation 

responsible for resistance to Temephos in In-

donesia (56). None of the mentioned mutations 

have been observed in the examined sequences 

in this study. 

Duplication of Ace-1 in Africa’s main ma-

laria vector, An. gambiae is a challenge for ma-

laria control (57) and the analysis of three pop-

ulations in this study did not indicate presence 

of duplication in Ace-1.  The An. stephensi re-

sistance to bendiocarb in absence of Ace-1 

G119S mutation in this study is like the eastern 

Ethiopia region (4). No G119S mutation was 

distinguished in this study suggesting that re-

sistance was metabolic. 

 
Conclusion 
 

Insecticide resistance in malaria vectors is 

a global problem, but there are areas where re-

sistance patterns are more serious than others. 

The selected region in this study was south of 

the Iran, where malaria cases have been re-

ported every year. In addition, the arrival of 

many immigrants from malaria-endemic coun-

tries causes the disease to rise in the region. 

The reduction of susceptibility to bendiocarb, 

which is the insecticide of choice in residual 

spray, causes concern. Monitoring the status of 

resistance to this insecticide in malaria vectors 

is important to control this disease. The finding 

of bendiocarb resistance in An. stephensi em-

phasizes the need for additional research in 
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other parts of Iran and the Persian Gulf Litto-

ral. The Ministry of Health should implement 

applicable integrated vector control strategies 

for vector management which will be crucial in 

overcoming the spread of resistance. 
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