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Abstract

Anopheles stephensi is a major species in Indian sub-continent that causes malaria. For its controlling wide spread of
different insecticide is used, which has caused mutation in the specie. The mutation led to insecticide resistant in
Anopheles stephensi. This study reveals the current resistance status of Anopheles stephensi against Bendiocarb and
Malathion insecticide. For this, about 700 mosquito larvae collected from Hazarkhwani, Jamil Chowk, Surizai and
Shalam. Of which 350 died, rest were reared in laboratory. Out of which approximately 250 were identified as
Anopheles on adult emergence, 124 were female that were subjected to insecticide exposure for their susceptibility.
Results showed that Anopheles stephensi were resistant to Bendiocarb with mortality rate 85.23%, this was followed by
Malathion which was also found less effective against Anopheles stephensi with mean mortality rate 83.88%. These
insecticides were deemed Confirmed Resistant as their fatality rates were below the WHO-recommended mortality
threshold (<90%). This study revealed that Bendiocarb 0.1% and Malathion 5% were found ineffective against
Anopheles stephensi, malarial-vector. Several beneficial outcomes of this work might include enhanced monitoring
programs, vector control tactics, and public health protection against vector-borne illnesses. The examination of
Anopheles stephensi resistance status to various insecticides provides insight into the need to analyze the impact of
insecticide resistance in various vector control programs and to monitor it in impacted regions.
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1. Introduction
1.1 Mosquito

Mosquitoes are actual flies that are members of the Culicidae family. The largest group of arthropods in the world are
mosquitoes. The extent of deaths from illnesses spread by mosquitoes makes them the deadliest animal in the world [1].
Numerous species of these serve as vectors for delivering lethal diseases to humans [2]. The two most significant are
malaria, which is spread by Anopheles mosquitoes; the yellow fever virus, which caused devastating epidemics in the
New World in the 18th and 19th centuries, is spread by mosquitoes of the genus Aedes; and filarial elephantiasis, which
is spread by nematodes (Wuchereria, Brugia). Additionally, livestock and wild animal diseases are also spread by
mosquitoes. For instance, horses in the United States are afflicted by many equine encephalitis viruses. [3]. The loss of
native bird species in Hawaii is mostly due to introduced insects and avian malaria [4].

1.2 Taxonomy
Kingdom: Animalia
Phylum: Arthropoda
Class: Insecta
Order: Diptera
Family:  Culicidae

The family name Culicidae, derived from Culex, the Latin name for “gnat,” is a member of one of the main stocks of
Nematocera, the infraorder Culicomorpha. It consists of two superfamilies, all of the piercing/sucking nematocerans,
both predators and blood-feeding biters are included in it [5]. Among all the culicomorphs, the long proboscis of
mosquitoes is distinctive. It shows a long and intimate relationship between mosquitoes and vertebrate animals and is
thought to be the most specialized biting mouthpart among Nematocera [6]. The Culicidac family of mosquitoes
currently has 3,547 species documented [7]. Tropical rainforests, where faunas are more varied but less thoroughly
studied than in temperate regions, are likely home to the greatest number that has yet to be identified [8]. There are 41
genera of mosquitoes, 38 of which are in the subfamily Culicidae [9]. Because of their enormous medical and veterinary
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value to humans, there is a very thorough description of the current fauna, which includes 3,547 species of mosquitoes
[10].

1.3 Origin
Being an ancient group, mosquitoes are thought to have originated in South America, some 217 million years ago [11]

on a large landmass known as Gondwana that had not yet broken apart [12]. Unfortunately, there is a rather sparse fossil
record with only 23 species known [13].

1.4 Morphology

Adult mosquitoes are thin with long legs and narrow wings that are stretched out. Their bodies have small scales,
bristles, and fine hairs that give each species its unique patterns and colors. [14].

Body comprising of three parts
1. Head 2. Thorax 3. Abdomen (as given in figure 1)
1.4.1 Head

A mosquito's head is made up of pieces for its mouth, antennae, and complex eyes. The compound eye contains 350—
900 ommatidial lenses [15]. The mosquito proboscis is noticeable and typically sexually dimorphic, and the antennae
are long and filamentous [16]. A fascicle for female penetration is formed by the mouthparts, which include the labium,
maxillae, hypopharynx, mandibles, and labrum [17].
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Figure 1. Dorsal view of Mosquito [18].
1.4.2 Thorax

The mosquito thorax is a rigid, muscle-filled locomotor unit with lateral spiracles, slender legs, and tarsi [19]. Its wings
are narrow, vein-patterned, and bear scales. The halters help to detect changes in orientation and movement in
environment during flight [20].

1.4.3 Abdomen

The abdomen, which is the back part of the body, helps with digestion, waste removal, and making babies. It has ten
sections and includes parts called sternites and tergites. At the end of the abdomen are two thin, finger-like structures
called cerci, which are used for laying eggs and mating as given in figure 2. [21].

Figure 2. Adult mosquito at resting position [22].



Zoological Synthesis https://zs.cultechpub.com/index.php/zs

1.5 Body Size

Mosquitoes are small insects, typically weighing between 3 and 10mm [23]. Variation in adult body size in field
populations of various mosquito species suggests that body size is related to blood-feeding success [24].

1.6 Feeding

Female mosquitoes rarely start blood-feeding until at least one to three days following adult emergence, and in many
cases, only after mating and sugar-feeding. All vertebrate classes—mammals, birds, reptiles, amphibians, and even
amphibious fish, earthworms, and leeches—are among their hosts [25]. They have been known to consume other
insects' hemolymph, but it's possible that this only happens after the insects have been exposed to vertebrate smells.
Some species opportunistically target members of two or three vertebrate classes, whereas others feed nearly
exclusively on animals in a single genus [26]. Both the mosquito's natural host choice and the hosts that are accessible
to it during and after its activity determine host specificity.

1.7 Habitat

Some mosquitoes like to reside in forests, marshes, or thick grasses, others prefer to live close to people. Since their
larvae and pupae live in water with little to no flow, all mosquitoes prefer water. Different mosquito species are drawn
to different sorts of water.

1.7.1 Permanent Water Mosquito

These mosquitoes usually lay their eggs in permanent or semi-permanent water bodies. Some mosquitoes like clean
pools, while others prefer ones that are rich in nutrients. Some mosquitoes lay their eggs near the edges of lakes and
ponds, among plants in marshes and swamps, or in containers that collect water [27].

1.7.2 Floodwater Mosquito

These Mosquitoes lay eggs in moist soil or containers above water level. After drying out, eggs hatch when rainwater
fills [28]. Floodwater habitats include temporary pools, ponds, floodplains, irrigated fields, and tree holes [29].

1.8 Host-finding Behavior

Mosquitoes use certain chemicals that are easy to smell to find animals they can bite. Some of the best-known
chemicals that attract them are octenol, lactic acid, and carbon dioxide [30]. There are also several fatty acids made by
the good bacteria on the skin that are very good at attracting Anopheles gambiae to human feet [31]. Mixtures of these
fatty acids and other chemicals probably play a big role in attracting most types of mosquitoes [32]. If the mosquito
finds the right mix of signals from the host, the female will try to land on the animal, often preferring parts like the head
or legs. Once she lands, she goes through four steps in her feeding process: exploring, finding a blood vessel, drinking,
and then leaving.

1.9 Site for Blood Feeding

Mosquitoes can feed from a variety of skin surfaces, including the wet skin of frogs and the scaly legs of reptiles and
birds [33]. They can penetrate material if it is not thicker than the proboscis's length, they may pierce mucous, matted
hair, light layers of feathers, and heavier materials like denim. [34].

1.10 Blood Sucking Behavior

Once a feeding spot is chosen, the bundle of stylets goes through the skin, with the labium helping to guide it and
bending back without actually breaking through [35]. On each side of the stylet bundle, the maxillac and mandibles
move quickly back and forth, taking turns to stab or pierce. As they do this, the maxillary teeth, which point backward,
hold onto the tissue as the stylets go through the skin and the tissue just under the skin.

1.11 Locating Blood Vessels

In order to assist the mosquito, find a blood artery and encourage swallowing, sensilla on the labrum and in the
cibarium appear to detect plasma and cellular components, including adenyl nucleotides like ATP [36]. When the
female finds a vessel, she inserts the tip of her fascicle into the lumen and uses the pharyngeal and cibarium pumps to
suck blood up via the feeding canal.

1.12 Salivation to Prevent Blood Clotting

Saliva flows from the tip of the hypopharynx when small arteriole or venule is detected. The antihemostatic enzyme
apyrase, which is present in saliva, prevents platelets from aggregating and allows randomly ruptured arteries to freely
flow into the surrounding tissue spaces [37]. The mosquito spends less time on the host overall and finds a vessel more
easily as a result. Saliva also includes anticoagulants, which help locate vessels and swallow blood by keeping it from
clotting [38].
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1.13 Ingestion and Excretion

In one to four minutes, the mosquito can fully engorge due to the accumulation of blood in the midgut. At this point, the
female starts drawing water out of the bloodmeal and could leave tiny pee drops on the host's skin [39].

1.14 Get Rid of Over Feeding

Upon receiving a signal from abdominal stretch receptors that there is enough blood in the midgut, the female pushes
with her forelegs to remove her stylets and takes off. Prior to a significant percentage of the water and salt in the blood
meal being eliminated in the urine, which usually occurs after one to two hours, she is too heavy to fly very far [40].

1.15 Life History

Mosquito life cycle has four distinct stages (egg, larvae, pupae and adult). Duration of each stage depends upon
temperature and food resources. The holometabolous life cycle of mosquitoes is completed in two different
environments, one aquatic, the other terrestrial. These stages are:

1.15.1 Egg Stage

Mosquito eggs are laid on water or solid substrates that may become inundated. Females in the Anophelinae and
Culicinae subfamilies scatter eggs individually on the water surface (as shown in figure 3), while those in the Aedini
tribe attach them individually on a substrate that may become inundated. Clumped eggs are laid in boat-like rafts by
several Culicinae genera (e.g., Culex, Culiseta, Coquillettidia, Uranotaenia) [41]. The majority of the eggs, which are
initially white, turn black in a matter of hours when the chorion tans [42]. In the summer, eggs typically finish their
embryonic development in two to three days, but in cool climes, this can take up to a week or more [43].

Figure 3. Aedes albopictus eggs [44].
1.15.2 Larvae Stage

Mosquito larvae, also called wigglers or wrigglers, go through four growth stages called instars (as shown in figure 4).
These stages look very similar, but each one is a bit bigger than the last. The larvae usually come out of eggs when the
water is warm, and this happens after the eggs have been under water for some time. The activity of tiny living things in
the water causes the oxygen level to go down, which helps the eggs hatch [45]. The larvae have features that are easy to
see when they're placed on a slide [46]. In species that lay their eggs directly in water, like all Anophelinae and most
groups in Culicinae, the larvae hatch not long after the eggs start developing.

Figure 4. Larvae [47].
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1.15.3 Pupa Stage

Mosquito pupae, commonly known as tumblers, are comma-shaped, with the head and thorax fused to form a
cephalothorax and the abdomen curled beneath it [48] (as shown in figure 5). The pupa receives oxygen at the water's
surface by a pair of respiratory tubes, often known as air trumpets, that protrude from the dorsal mesothorax [49].

Figure 5. Mosquito pupa [50].

The pupa spends most of its time at the water surface, molting into a dark pharate adult within the pupal cuticle. The
pupal stage typically lasts 2 days in warm water, longer at lower temperatures. Adult males emerge earlier due to
shorter larval growth periods. As adult emergence approaches, the pupa remains stationary for 10-15 min. Entire
process of emergence takes only a few minutes.

1.15.4 Adult Stage

In the last stage of adulthood, the abdomen is straightened, air is swallowed, and gas is pressed between the pupal and
pharate cuticle [51]. The newly emerged adult is capable of short flights a few minutes later. Both sexes acquire sugar
from plant nectar or honeydew during the first three to five days of adulthood, reach sexual maturity, and then mate [52].

1.16 Flight Range

Mosquitoes are excellent flyers, with an average flight range of 25m to 6km and a maximum of 50m to 50km. Their
flight range varies greatly and is species-specific [53]. Anopheles mosquitoes can fly continuously for four hours at 1 to
2 km/h, traveling up to 12 km at night. Male mosquitoes can beat their wings 450 to 600 times per second. The
maximum recorded flight range for Anopheles sacharovi Favr was 8.65 km. Aedes vexans flown 14 miles, while Culex
pipiens flown 9 miles during the first day. Anopheles sacharovi Favr were found in Israel up to 13 km [54], and Adults
of Anopheles freeborni Aitken in California up to 42km [55]. Flight capacity is influenced by topography, abiotic
environmental conditions, and species physiology.

1.17 Development of Resistance to Insecticides

In addition to having global consequences for insect vector management, insecticide resistance is seen as a significant
evolutionary phenomenon [56]. The mechanism by which insecticide resistance develops is intricate and is influenced
by both direct and indirect variables, including genetic, physiological, behavioral, and ecological factors, as well as the
amount and frequency of insecticide dosages. Insecticide resistance research is crucial for preventing the emergence and
spread of resistance in vector populations. Insect acetylcholinesterase is the target site for carbamates and
organophosphates [57]. The target location for pyrethroids and a class of organochlorines (DDT + its derivatives) is the
neuronal membrane's Na+ channel regulating proteins [58] GABA receptors are responsible for the remaining
organochlorines (cyclodienes) [59].

1.18 History of Insecticide Resistance in Mosquitoes

Resistance of Anopheles mosquitoes to insecticides, reported for the first time in Africa in the 1950s, concerns four
main classes of insecticides used in public health for vector control purposes, namely pyrethroids, organochlorines,
organophosphates and carbamates [60]. The first global strategy for malaria control was adopted the first time malarial
control was adopted in 1955 at the start of the now notorious Global Malaria Eradication Program. This strategy called
for the widespread and rapid application of dichlorodiphenyltrichloroethane (DDT) to interrupt the transmission of the
disease in countries around the world, except for countries in sub-Saharan Africa, regardless of geography and
epidemiology.
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1.19 Major Classes of Insecticide

Insecticides play the most important role in controlling mosquito vectors of diseases worldwide. Although, six classes
of insecticides viz. organochlorines, organophosphates, carbamates, pyrethroids, pyrroles, and phenyl pyrazoles are
currently used in mosquito control programs worldwide.

1.20 How Resistance to an Insecticide Develops

In individual mosquito species, multiple mechanisms are involved in development of resistance to insecticide. Of which
three major types of resistance mechanisms namely; metabolic resistance (changes in insect enzyme systems leading to
rapid detoxification or sequestration of insecticides) [61], target- site resistance (alterations of the insecticide target sites
preventing their binding to insecticides) [62] and cuticular resistance (reduced penetration of insecticides due to a
thickening or change in chemical composition of the cuticle) have been described [63].

1.21 Mechanisms of Insecticide Resistance
1.21.1 Increased Detoxification by Metabolic Enzymes

The main targets of insecticides are receptors or enzymes of the nervous system: acetylcholinesterase (AChE), the
voltage-dependent sodium channel (CNaVdp), and the receptor of c-aminobutyric acid. This involves three major
metabolic detoxification enzymes. Metabolic enzyme genes have a greater plasticity than insecticide target site genes
[64] and the increased metabolic capacity is usually achieved by increased activity of esterase (also known as
carboxylesterases), glutathione S-transferases (GSTs) or monooxygenases (also known as oxidases or cytochrome
P450s). The Esterase family of enzymes hydrolyses ester bonds, which are present in a wide range of insecticides [65].
The glutathione S-transferases detoxify and excrete endogenous and exogenous compound [66]. The Cytochrome P450s
involves diverse physiological and biochemical activities, it performs detoxification or activate xenobiotic compounds
[67]. Increased enzyme activity can be brought about by gene amplification, increased upregulation, coding sequence
mutations or by a combination of these mechanisms. Basically, esterase can provide resistance to organophosphates,
carbamates and pyrethroids which are rich with ester-bonds. GSTs can mediate resistance to organochlorines,
organophosphates and pyrethroids, and P450s act against all classes of insecticides [68].

1.21.2 Target Site Insensitivity Through Alteration of Target Sites

Insects acquire target site insensitivity mainly through non- silent point mutations within structural genes [69]. However,
only a limited number of changes can decrease insecticide sensitivity without disrupting the normal physiological
functions of the target site [70]. Therefore, the number of possible amino acid substitutions is very limited. Hence,
identical resistance- associated mutations are commonly found across highly diverged taxa. The classic leucine to
phenylalanine mutation of voltage-gated sodium channel proteins, the target site of DDT and pyrethroids, is found in
[71]. indicating an independent origin of the same mutation in two different species which are geographically isolated.
Although, altered target sites do not mediate the same level of resistance to all the insecticides belong to a particular
group. The degree to which the normal physiological function is impaired by the resistance mutation is reflected in the
fitness of resistant individuals in the absence of insecticide selection. An increased production of an enzyme in the
metabolic resistance may have a lower associated fitness cost than an alteration in the structural gene [72].

1.22 Literature Review
Insecticide Resistance

Mosquito-borne diseases are major health issues to mankind. Human interventions such as using chemical insecticide
has greatly reduced their population in affected areas [73]. Resistance to insecticide in malarial vector (Anopheles
mosquito) and West Nile Virus (Culex pipiens) has been reported more than 25 years ago in Africa, America and
Europe [74]. Greece has been affected by outbreak of West Nile Virus in 2010, being an epicenter of economic and
visited by over 16 million tourists a year, data was collected for insecticide resistance in mosquito population to ensure
the successful application of vector control. High densities of Aedes caspius, a nuisance species, Culex pipiens, a known
vector of WNV and Anopheles hyrcanus a potential vector of malaria being among the most prevalent species were
reported. On testing they found Culex pipiens and An. Hyrcanus showed moderate resistant to Deltamethrin. In Culex
pipiens low frequency insensitivity was reported against organophosphates and carbamates. This study also examined
mechanisms of resistance [75].

In Mozambique, a high level of pyrethroid resistance has been observed for Anopheles funestus. By performing
biochemical assays and quantitative PCR it was found that P450 gene upregulation results in pyrethroid resistance
another product Glutathione-S-transferases also adds the efforts secondarily. Moreover, Resistance against carbamate,
bendiocarb was also reported because of mutation in AChE gene along with action of esterase [76].

Insecticide resistance in Aedes aegypti is quite common in field population of US. In 2017, entomologist test the status
of Aedes agypti in New Mexico. A study collected mosquito eggs, larvae, and adults from eight southern New Mexico
cities to establish laboratory strains and perform resistance tests. Four insecticides were used: pyrethroids etofenprox,
permethrin, deltamethrin, and chloropyrifos. DNA was extracted from individual mosquitoes using the DNeasy Blood
& Tissue Kit. Results showed Alamogordo's mosquitoes were somewhat resistant to permethrin and deltamethrin, while
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Las Cruces mosquitoes were resistant to permethrin, deltamethrin, and etofenprox. Roswell mosquitoes showed high
resistance against permethrin, deltamethrin, and etofenprox [77]. Pyrethriods are considered to be preferably more
effective for bed-nets. The insecticide used in LLIN and IRS are belonging to same Pyrethriods family and small
amount of some other toxic chemicals [78]. But in rural areas of Sengel (Country of West Africa) first time long term
LLINs efficacy was reported to be ineffective [79]. Moreover, in Benin no beneficial effect was reported by using
LLINs and IRS in comparison to targeted LLIN [80].

1.23 Socio-Economic Impact of the Study

In the last few years, there was a wide spread of Malaria occurred in Peshawar. For controlling Malarial vector,
Anopheles stephensi extensive insecticide was sprayed in the nearby places where many cases were reported. In order to
know the susceptibility of Anopheles stephensi against Bendiocarb 0.1% and Malathion 0.5%. Furthermore, there is
need to introduce an alternate method such IPM for controlling malarial vector rather than using chemical insecticide as
it has impacts negatively on living creature and their environment.

1.24 Aims and objectives of study
The aims and objectives of this study were to:

o Investigate resistance in Anopheles stephensi in the study areas.
eInvestigate the current status of Anopheles stephensi against Bendiocarb 0.1% and Malathion 5% in study areas.

2. Materials and Methods
2.1 Study Area

Peshawar is located in northern of Pakistan. It is situated in east of historic Khyber Pass. Peshawar’s Latitude
approximately 34.0151° N, Longitude approximately 71.5249° [81]. Peshawar is elevated approximately 1,200ft from
sea level. Peshawar has hot semi-arid climate [82]. The summer season extended up to seven months (April-October),
mean maximum temperature always greater than 30 Celsius while in winter it drops up to 10 degrees Celsius at night
occasionally drops to 4-5 degree Celsius. This area has less rainfall than other parts of country.

2.2 Larval Sampling and Identification

Larval sampling was conducted in Shalam, Hazarkhwani, Suruzai and Jamil Chowk. Collections were made over 22
days (from September 19 to October 10, 2024). Before field work weather was dry and mosquito densities were
approximately low. Mosquito larvae and pupae were collected mostly from standing water rich in vegetation. Sampling
was done by using paddle, and were collected in beaker. The collected sample was then shifted to laboratory for
identification and separation based on larval morphological characteristics. After identification and separation,
Anopheles larvae were reared in separate container, and that of others in different containers. Each container was
covered by gauze net to provide free air for respiration. Each collection of different areas was labelled according to
location and date. Other larvae were reared just for identification of local fauna of each area.

The colony of the larvae was maintained at room temperature and prepared feed was given according to density of
larvae and surface area of container. Pupal form was then shifted to another container with low water, in order to
provide space for adult emergence and flight. Until enough mosquitoes were ready for test, feed is provided, a cotton
soaked in sugar solution was placed over gauze net so that adult fed by sucking sugary solution.

2.3 Exposure to Insecticide

When enough adults were ready to run a test. Test bottles were taken in which insecticide paper is placed. Adults from
container sucked via sucked by mouth aspirator and introduced to test bottle for bioassay of insecticide resistant.
Reading of knockdown mosquitos were noted after each ten minutes upto one hour. After that another bottle jointed to
this bottle for shifting of live mosquito. This second is not subjected to any insecticide, mosquito that remain alive after
one-hour exposure to insecticide allowed to trapped in it for 24hr one end of this have sieve for free air and feed is
provided from this part, this allows absorbed insecticide to show its action. After 24hr, presence of live mosquito
confers that these are resistant to insecticide. These are then subjected to lower temperature to be killed.

2.4 Labelling the Tubes

Three tubes were taken, knockdown mosquitoes of each of the three tubes are inserted to it by camel brush with care so
that their body parts are conserved. Each of these tubes were labelled namely let suppose we given it names A, B and C,
based on time duration allowed for insecticide action and number of knockdown mosquitoes.

2.5 Data Interpretation and Analysis

Following WHO recommended interpretations was followed in data interpretation 98-100% mortality indicate
susceptibility; 90-97% mortality suggest the possibility of resistance that requires verification; Mortality rates < 90%,
indicates resistance.
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3. Results
Susceptibility Status of An. stephensi to Different Insecticides

By using WHO test kit, the susceptibility status of An. stephensi was observed against, two classes of insecticides.
Namely Bendiocarb 0.1%(Carbamate) and Malathion 5% (organophosphates). The results for each insecticide are
presented in Table 1 to 4. The knock down rates within 1hr period for the two insecticides were recorded which are
mentioned below in odd tables from 1 to 3, after 24 hours of exposure to insecticides the mortality rates were calculated
and noted in the tables 2 and 4. Our results showed that An. stephensi collected from district Peshawar were highly
resistant to Bendiocarb 0.1% with a mortality rate of 85 %, which was very low from the resistant mortality i.e. 90%
recommended by WHO. This was followed by Malathion (5%). The mortality rates of these both insecticides were
found to be less than that of recommended mortality (<90%) and were considered as Confirmed Resistant.

Three bioassay tests (triplet) were performed for each insecticide. Each test was actively observed and the knockdown
readings were carefully recorded in two steps, after an hour and after 24 hours of the exposure time. Two tables, for the
detail information of each bioassay test, were made. Where the 1 and 3 table showed the results of the test triplet while
the 2 and 4 table showed the total number anopheles mosquitoes introduced along with their control and their
corresponding mortality rates.

Table 1. showing bioassay test results for Bendiocarb 0.1%.

. . No. of knockdown mosquitoes No. of knockdown mosquitoes . .
Exposure time duration fter an hour of exposure after 24 hours of test time Resistant mosquito
( 01hour) to an insecticide a
1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd
1st 10 minutes 1 0 1
2nd 10 minutes 2 0 0
3rd 10 minutes 0 3 1
4th 10 minutes 1 0 1
5th 10 minutes 1 0 1
6th 10 minutes 2 2 1
Total 7 3 5 10 15 12 3 3 4

Table 2. showing bioassay test results for Bandiocarp 0.1% in triplet & control.

Number of knockdown Mortality after 24
. Number of . .

Chemical Number of Kknockdown and resistant mosquitoes hours of the
Insecticide and | Tube introduced . W after 24 hours of the test exposure to
. . mosquitoes after an . . . .

its control mosquitoes hour of exposure time insecticide
P No. dead No. live Mortality%
Anopheles Ist 22 7 10 5 85%
mosquitoes 2nd 21 3 15 3 85.71%
exposed to DC
of Bandiocarp 3rd 21 5 12 4 85%
0.1%
insecticide 4th 20 00 00 20 00%
control test

Test result interpretation: since the mortality rate for Bendiocarp insecticide, with discriminating concentration of 0.1 %,
in each of the bioassay test (85.00%, 85.71% and 85.00%) was < 90 %. Thus, according to WHO criteria of bioassay
test, the Anopheles stephensi population was found to be resistant to Bendiocarp 0.1 %. Above table showed bioassay
test (triplet) for Bendiocarb and the knockdown mosquitoes (in stephensi) in two steps, after an hour (noted readings
within 10 minutes of interval) and after 24 hours of the exposure time. Besides, the resistant and live mosquitoes, after
24 hours of the exposure, were observed and noted in right of table.

Table 3. showing bioassay test results for Malathion 5%.

Exposure time duration No. of knockdown mosquitoes No. of knockdown Resistant mosquito
( 01hour) to an insecticide after an hour of exposure mosquitoes after 24 hours of
test time
Ist 2nd 3rd Ist 2nd 3rd Ist 2nd 3rd

1st 10 minutes

2nd 10 minutes

3rd 10 minutes
4th 10 minutes
5th 10 minutes
6th 10 minutes
Total

0| N[ O N = =]
B O =] =] O] | O
N W O = =] O

10 13 10 3 4 3
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Table 4. showing bioassay test results for Malathion 5% in triplet & control.

Chemical Number of knockdown and Mortality after 24
. . Number of Number of knockdown . .
Insecticide . . resistant mosquitoes after hours of the exposure
. Tube introduced mosquitoes after an . . . .
and its mosquitoes hour of exposure 24 hours of the test time to insecticide
control ! P No. dead No. live Mortality %
Anopheles Ist 21 8 10 3 85.71%
mosquitoes | 2nd 21 4 13 4 80.95%
exposed to
DC of 3rd 20 7 10 3 85%
Malathion
insecticide 4th 20 00 00 20 00%
control test

Test result interpretation: since the mortality rate for Malathion insecticide, with discriminating concentration of 5%, in
each of the bioassay test (85.71%, 80.95% and 85.00%) was < 90 %. Thus, according to WHO criteria of bioassay test,
the Anopheles stephensi population was found to be resistant to Malathion 5%. Above table showed bioassay test
(triplet) for Malathion 5% and the knockdown mosquitoes (in stephensi) in two steps, after an hour (noted readings
within 10 minutes of interval) and after 24 hours of the exposure time. Besides, the resistant and live mosquitoes, after
24 hours of the exposure, were observed and noted in right of table.

Table 5. showing insecticide susceptibility status of An. stephensi against Bendiocarb 0.1% and Malathion 5%.

Mosquitoes exposed Mosquitoes died Observed mortality (%)
Insecticides Status
T* C* T* C* T* C*
Bendiocarb 0.1% 64 20 52 00 81 00 R
Malathion 5% 62 20 52 00 83 00 R

Note. T* = Test, C* = Control, R = Confirmed Resistance (M <90%).

In table 5, the mortality rate of Bendiocarb 0.1% and Malathion 5% were 81 %, 83 % respectively which are <90%
(WHO recommended) and are considered as Confirmed Resistant.

4. Discussion

Insecticides are the most important tool for controlling mosquito vectors of diseases worldwide. Mosquitoes are
important disease vectors that can cause a number of serious diseases in humans. Mosquito-borne diseases are a major
public health concern, particularly in tropical countries. Since 2000, the incidence of malaria has decreased by 50%,
with the use of insecticides such as indoor residual spraying (IRS), insecticide-treated nets (ITNs), and long-lasting
insecticide-treated bed nets (LLITS) responsible for 80% of the decrease [83].

Despite insecticide use nearly one million deaths and over 700 million infections worldwide annually by mosquito [84].
It is because mosquitoes are constantly developing resistance against insecticide. In 1955, Global Malaria Eradication
program proposed by WHO Assembly which was officially reverted into Malarial Control in 1976. The reason behind
this policy change was appearance of resistance against DDT in many groups of mosquito vector [85]. Developing
resistance to insecticide is a complex process depends directly on genetic, physiological, behavioral and ecological
factors and indirectly on the frequency of applications of insecticides and its volume used [86]. Resistance mostly
develops due to two main processes that are detoxifying enzyme and target site insensitivity against insecticide [87]. In
Aedes aegypti all four pesticide classes—pyrethroids, carbamates, organochlorines, and organophosphates—have
evolved resistance [88]. In Anopheles arabiensis and Anopheles funestus higher level resistance was reported, this effect
mediated by higher activity of catalase and glutathione peroxidase enzyme [89]. More than 500 insect species have
evolved resistant to a pesticide [90]. Other sources estimate the number to be around 1000 species since 1945 [91].

This study demonstrated the phenotypic resistant of Anopheles stephensi to through susceptibility test against
Bandiocarb 0.1% and Malathion 5%. By comparing the survival rates of mosquito strains or wild populations exposed
to different pesticides in a lab setting (WHO cones or Tube test), the effect of insecticide resistance on vector control
effectiveness is often assessed. Malaria vectors has developed resistance against various chemical classes (i.e.
Carbamates, Organophosphate and pyrethriods etc.). Excess use of insecticides for crop protection leads to resistance
acquiring in malarial vector. Due to low mortality rate to these two insecticides we found Anopheles stephensi, resistant
to Carbamate and Organophosphate class.

Similar study was performed in Afghanistan and India where Anopheles stephensi and Anopheles culicifacies showed
resistance to multiple classes of insecticides including organochlorines, organophosphates pyrethriod [92]. Multiple
resistant also reported in Turkey against organochlorine, organophosphate and carbamates [93]. In Iran, the lowest
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susceptibility was seen against propoxur and bendiocarb at 5% and 8.3% mortality, and resistance reported to Malathion
[94]. Anopheles species in Thailand-Myanmar border and in Sri Lanka were multiple resistant to organophosphate [95].
This multiple resistance was reported in 14 malaria vector in Asia; these included: An. stephensi, An. superpictus, An.
culinary, An. annularis, An. minimus, An. hyrcanus, An. barbirostris, An. vagus, An. maculatus, An. jamessi, An. nivipes,
An. philippinensis, An. umbrosus, and An. Sinensis. In 1974, Anopheles were reported resistant to wide range of
organophosphates and carbamates in Dubai [96]. In Cukurova (region in southern Turkey). Anopheles specie reported
resistant to wide range of organophosphates and carbamates in 1984 [97]. In central America the cotton growing belt
Anopheles sp. showed moderate to high resistance levels to a number of organophosphates and carbamates [98]. Some
degree of resistance was observed in Anopheles sp. against carbamates [99]. An. gambiae populations from Seme,
Kandi and Malanville were fully susceptible to bendiocarb [100].

Our results contrasts with the study performed in Punjab, where nine localities provided susceptibility result of six
species of Anopheles to DDT, dieldrin, malathion, fenitrothion, fenthion and propoxur in 1980 [101]. In Faisalabad
where anopheles found to be susceptible to Carbamate class [102]. No insecticide resistance was detected in An.
arabiensis from nine of the study sites or in An. gambiae s.s. from Namialo, and low level resistance was found in
Anopheles’ species to carbamate propoxur detected in two southern sites, Catembe and Ressano Garcia (Mozambique)
[103]. An. gambiae was susceptible to carbamate in Benin [104].

Bandiocarb being an efficient insecticide which has reduced Anopheles population greatly in past [105] but now it is
reported to be as less or even ineffective against Malarial vector in various countries. In this bioassay test we have
checked status of Anopheles stephensi against bendiocarb 0.1%. mortality rate of this test was 85%. Therefore,
Anopheles stephensi was found resistant against bendiocarb 0.1% in Peshawar. In 2013, two sites (Bukora and Kivumu)
suggested the existence of resistance in Rwanda and significant decrease of susceptibility of An. gambiae s.I. to
bendiocarb was found in one site Bukora [106]. In Tanguieta, strong resistance in Anopheles sp. was reported against
bendiocarb [107]. Anopheles gambiae si. from Sédjé-Dénou rice field population was resistant to bendiocarb (0.1%)
with a mortality rate of 72.2% [108]. In 2010, Anopheles were found resistant to carbamate in Lagos, South-Western
Nigeria [109].

In some countries’ insecticide resistance test’s results contradicts to our result. In Punjab, wild Anopheles were found
susceptible at all observed localities against 0.1% Bendiocarb while An. pulcherimus was found susceptible with 100%
mortality at two localities against Deltamethrin, Lambdacyhalothrin, 5% Malathion and 0.1% Bendiocarb [110]. In
Rwanda Anopheles Mosquitoes were fully susceptible to bendiocarb in 92% of sites in 2011 [111]. In 2017, in Ila-
Orangun, Southwest Nigeria Anopheles mosquitoes were highly susceptible to Bendiocarb, [112].

Malathion is an organophosphorus (OP) insecticide that is extensively used in public health sectors since the 1950s
[113]. In view of the complications of cross resistance among organophosphates, it is a well-off interpretation that for
malathion, strains exist which are resistant almost exclusively to this compound [114]. We found Anopheles stephensi
resistant to Malathion 5% with mean mortality rate 83.88 %. In Punjab, Anopheles stephensi and Anopheles culicifacies
testified resistant to DDT and malathion [115]. Similar results were also reported from other countries of the WHO
Eastern Mediterranean Region (EMR), including Saudi Arabia, Iraq, and Afghanistan [116]. In Iran malathion was
reported ineffective against Anopheles with mortality rate 50% [117]. In 2010, Coéte d’Ivoire (Country of West Africa)
Anopheles stephensi population would have been classified as confirmed resistant regardless of the age class used in
WHO tests [118]. In Sudan malathion resistance reported in An. arabiensis [119].

Our results contradict with previous result in Faisalabad, where Anopheles found to be susceptible to malathion 5% in
two localities with mortality rate 100% [120]. Mortality rate of Anopheles pulcherrimus to malathion reported as 98%
in Sistan and Baluchistan Province, Iran [121]. Results from Chad and Zimbabwe showed that An. arabiensis was
susceptible to Malathion [122]. In India, no record is reported for the development of resistance in Anopheles
mosquitoes against malathion, with mortality rate 100% only a case was reported where susceptibility reduced to 97.6%
[123]. In Turkey, malathion was reported to be an effective insecticide in 2007 but its mortality rate is below 97% [124].
In Ibeju-Lekki and Kosofe exposure to malathion resulted in over 80 % mortality in 30 minutes. While for 1hr exposure
100 % mortality of An. gambiae s.s. was shown [125].

5. Conclusion

This research revealed that both Bendiocarb 0.1% and Malathion 5% were found less effective against Anopheles
stephensi, malaria-vector. This study can have several positive outcomes such as Improvement of vector control
strategies, surveillance programs and protection of public health from vector borne-diseases. The assessment of
resistance status against different insecticides in Anopheles stephensi sheds light on advance evaluation of insecticide
resistance to be monitored in affected areas as well as its impact must analyze in various vector control programs.
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