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ABSTRACT

This review aimed to determine the prevalence of the insecticide 

resistance status of the field-collected Aedes (Ae.) aegypti and Ae. 

albopictus in Malaysia from 2010 to 2022 towards carbamates, 

organochlorines, organophosphates and pyrethroids. Biological 

and environmental controls were summarized with an emphasis 

on the mosquito vector control strategies in Malaysia. The 

information in this review was extracted from several databases 

such as PubMed (MEDLINE), Science Direct and Scopus by using 

keywords including “insecticide resistance”, “carbamate resistance”, 

“organochlorine resistance”, “organophosphate resistance”, 

“pyrethroid resistance”, “Aedes” and “Malaysia”, between January 

2022 and December 2022. Distribution of resistant Ae. aegypti 
and Ae. albopictus in Malaysia was mapped using QGIS software.

Insecticide resistance in both Ae. aegypti and Ae. albopictus is 

widespread in Malaysia, although the rates vary by states. The 

most notable was the steep increase in permethrin resistance of Ae. 
aegypti in Selangor, Malaysia, over the past decade. Ae. albopictus 
also displayed moderate resistance to permethrin, though not as 

widespread as Ae. aegypti in Selangor, but showed sign of resistance 

in Sarawak, East Malaysia. Resistance towards four main classes 

of insecticides have been widely documented in Malaysia. The 

extensive resistance towards permethrin in Malaysia which is one 

of the current insecticides used in Malaysia suggested that policies 

supporting the widespread use of permethrin fogging needs further 

evaluation.
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1. Introduction

  Mosquitoes of medical importance, namely Aedes (Ae.) aegypti and 

Ae. albopictus transmit dengue, chikungunya, yellow fever, and zika 
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Significance

Increasing trend of resistance towards different types of 
insecticide is at an alarming rate. Resistance towards four 
classes of insecticide in Aedes population was well documented 
in Malaysia, especially towards permethrin and malathion. 
This study provides an insight of resistance status of Aedes 
mosquitoes in Malaysia, for a 12-year gap from 2010 to 
2022. The report serves as a reference to local authorities 
and researchers for planning and monitoring the insecticide 
resistance status of mosquitoes in Malaysia. 
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infection, which kill millions of humans every year[1]. In Malaysia, 

dengue fever was first reported in Penang in 1902 and dengue 

hemorrhagic fever has emerged in 1962 and since then, dengue cases 

have been reported regularly all over the country[2]. In the absence 

of effective vaccines and specific antiviral drugs, the strategies for 

preventing and controlling dengue rely solely on vector control 

intervention, primarily with the use of insecticides[3]. However, the 

excessive and long-term use of insecticides has led to resistance 

in mosquitoes. In Malaysia, evaluation of insecticide resistance 

status of Ae. aegypti and Ae. albopictus has been done in the stage of 

mosquito larva and adult using World Health Organization (WHO) 

and Centers for Disease Control and Prevention (CDC) bioassays[4,5]. 

Evidence of resistance towards all four classes of insecticides, i.e., 

carbamates, organochlorines, organophosphates and pyrethroids 

have been reported in the population of the Aedes mosquitoes[4,6-8]. 

  This study reports the distribution of insecticide resistance of Ae. 

aegypti and Ae. albopictus in Malaysia from 2010 to 2022, which 

would aid in monitoring resistance status and selection of the most 

appropriate insecticides used in vector control program.

2. Methodology

  Literature was searched using online research databases including 

PubMed (MEDLINE), Science Direct and Scopus for articles 

on insecticide resistance of Ae. aegypti and Ae. albopictus in 

Malaysia using the following search terms: ‘insecticide resistance’ 

OR ‘insecticide susceptible’ OR ‘pyrethroid resistance’ OR 

‘organochlorine resistance’ OR ‘organophosphate resistance’ OR 

‘carbamate resistance’ AND ‘Aedes’ AND ‘Malaysia’. Information 

was screened, between January 2022 and October 2022, from 

all English-written publications and only articles documenting 

insecticide resistance based on WHO bioassay of field-collected Ae. 

aegypti and Ae. albopictus (adult and larval stage) in the year of 2010 

to 2022 were included in this review. From the data gathered, 18 

published paper were extracted and resistance of Ae. aegypti and Ae. 

albopictus in Malaysia were mapped using QGIS software (version 

3.22.2) (Department of Land Affairs, Eastern Cape).

3. Mosquito vector control strategies in Malaysia 

  Vector control aims to disrupt transmission of mosquito-borne 

diseases and reduce the incidence of infection by shortening the 

longevity of immature and adult mosquitoes[9]. This can be achieved 

through chemical, biological and environmental approaches[10]. As 

dengue has become a notifiable disease in Malaysia since 1971, 

laws and legislations were introduced to regulate the prevention and 

control of vector-borne diseases, e.g. Destruction of Disease-Bearing 

Insects Act 1975 (Act 154), Prevention and Control of Infectious Diseases 

Act 1988 (Act 342) and Local Government Act 1976 (Act 171)[11]. 

Additionally, Ministry of Health Malaysia (MOH) has implemented 

seven strategies in National Dengue Strategic Plan (2015-2020), 

which includes (栺) dengue surveillance, (栻) national cleanliness 

policy and integrated vector management, (栿) management of dengue 

cases, (桇) social mobilization and communication for dengue, (桋) 

dengue outbreak response, (桍) dengue research and (桏) reduction of 

dengue burden in Klang Valley[12].

3.1. Chemical control

  Application of chemical insecticides for larviciding and adulticiding 

are the two significant mainstays of dengue vector control program. 

Nevertheless, one major drawback of prolonged chemical insecticide 

usage is the build-up of resistance in the mosquito population[13].

3.1.1. Chemical larvicides
  Temephos (commercial name: Abate®) is one of the commonly 

used organophosphate larvicides. It can be used even in drinking 

water to kill Aedes mosquitoes in immature stage[14]. A new approach 

to control insects by using substances that can adversely affect 

insect growth development is known as an insect growth regulator 

(IGR)[15]. Beside being effective in controlling dengue vectors, IGR 

also possess low off-target toxicity and reduces risk to non-target 

organisms[16]. IGRs such as methoprene, pyriproxyfen, cyromazine 

and novaluron have been acting efficiently as a larvicidal agent when 

tested against Aedes population in Malaysia[17-19]. 

3.1.2. Space spraying
  The chemical control of outdoor-biting adult mosquitoes in endemic 

area is carried out by space spraying using either ultra-low volume 

or thermal fogger[20]. Fogging is the most common control method 

of adult mosquito in Malaysia, however, it is primarily reserved for 

emergency situation. Starting from 1973, MOH requires healthcare 

practitioners to notify suspected cases of dengue to the ministry 

within 24 hours to initiate immediate fogging at affected areas[21]. 

House to house fogging will be carried out in the case house and 200 

meters surrounding the case house for each case reported[22].
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4. Biological control

  Diverse biocontrol strategies cover engagement of a wide range 

of natural organisms that kill mosquitoes, exploiting mosquito 

behaviour to improve mosquito mortality, and releasing mosquitoes 

that are either sterile or unable to transmit diseases[23].

4.1. Elephant mosquitoes 

  Employment of Toxorhynchites mosquito is one of the efficient 

strategies as they feed on the larva of other mosquitoes and nektonic 

prey[24]. In Malaysia, Subang Jaya Municipal Council was among 

the first local authorities to use Toxorhynchites mosquitoes to control 

Aedes mosquitoes which resulted to a significant decrease in dengue 

cases in the area in 2014[25].

4.2. Bacillus thuringiensis israelensis (Bti) and Wolbachia 
bacteria

  The use of bacteria as a tool for mosquito control such as Bacillus 

thuringiensis israelensis (Bti) has gained more popularity as it releases 

insecticidal toxins and virulence factors that selectively target the 

larval stage of insects[26]. Other than Bti, Wolbachia which is best 

known for its profound effects on host reproduction has been used 

to control dengue by introducing it into Ae. aegypti mosquitoes[27]. 

The mating between males and females that carry different and 

incompatible strains of Wolbachia will eventually reduce mosquito 

fecundity and egg hatching rate[28]. The wAlbB strain of Wolbachia 

has been successfully deployed for dengue control in dengue-

endemic areas of Kuala Lumpur, Malaysia where decrement in 

dengue cases was observed in the released sites[29].

5. Environmental control

  Uncontrolled and abundance of man-made containers in urban 

environment have promoted breeding of mosquito and enhanced 

disease transmission which contributed to the high rate of dengue 

cases in this country[30]. With the goal of destroying and controlling 

any disease-bearing insects, Destruction of Disease-Bearing Insects 

Act has been in effect since 1982[31]. During a house inspection, 

the house or premise owner will be issued a warning notice or a 

compound if found to breed Aedes mosquitoes and the owner is 

expected to abide by the instructions, otherwise court prosecutions 

will be proceeded[11].

6. Classes of chemical insecticides

  Four major classes of chemical insecticides have been frequently 

used to control dengue vectors worldwide, namely organochlorines, 

organophosphates, carbamates, and pyrethroids[32].

6.1. Carbamates

  Carbamates derived from carbamic acid, are widely used in 

household, gardening and agriculture as insecticides, fungicides, 

herbicides and nematocides[33]. Carbamates share a similar mode of 

action to organophosphates by inhibition of cholinesterase enzymes. 

However, the toxic action of carbamates is reversible, which makes 

it relatively less toxic than organophosphates[34]. In vector control, 

carbamates are used as an indoor-residual spray (IRS) in the form of 

bendiocarb, usually as rotation with pyrethroids[35].

6.2. Organochlorines 

  Organochlorines are chlorinated hydrocarbons developed in the 

1940s and the most popular chlorinated insecticide of all time 

is known as dichlorodiphenyltrichloroethane (DDT)[36]. These 

compounds are known for their high toxicity, slow degradation and 

bioaccumulation but were mostly banned in developed countries due 

to chemical abuse[37]. Likewise in Malaysia, the regular application 

of DDT in IRS as vector control was undertaken after 26 years, 

which was then replaced with pyrethroids, such as deltamethrin in 

1997[38].

6.3. Organophosphates 

  Organophosphates are considered less persistent in the environment 

than organochlorine, therefore it is still recommended by WHO for 

vector control[39]. In Malaysia, temephos (Abate® 1% sand granules) 

is recommended as a larvicide by MOH and has been widely used 

since 1973[19,40]. Traditionally, malathion was one of Malaysia’s 

chemical choices of dengue control. However, due to the unpleasant 

smell and oily residues left on the floor and wall of the building, the 

acceptance of fogging was low among the public and hence the use 

of malathion was stopped in 1996[41].

6.4. Pyrethroids

  Since pyrethroids tend to be more potent, last longer in the 

environment and are less toxic to mammalian, they remain the most 
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widely used insecticides, particularly in dengue-endemic countries[42,43]. 

Most household aerosol insecticides have active ingredients of either 

natural pyrethrin extract or synthetic pyrethroids (such as permethrin, 

deltamethrin, d-phenothrin, and prallethrin)[44]. In Malaysia, 

insecticides from the class of pyrethroids, namely permethrin and 

deltamethrin are used primarily for adulticiding purposes in the 

vector control program by the MOH[45]. Water-based pyrethroids 

(namely Resigen® and Aqua Resigen®) are used as an insecticide 

fogging formulation which have replaced malathion[41].

7. Insecticide resistance mechanism

  According to WHO, insecticide resistance is defined as the ability 

of mosquitoes to survive exposure to a standard dose of insecticide, 

which may result from physiological or behavioral adaptation[46]. 

Frequent and long-term use of insecticide-based controls have 

contributed to the development of insecticide resistance, which 

challenges the current control of dengue. In mosquitoes, resistance is 

commonly associated with the target site and metabolic resistance[47]. 

The mechanisms of insecticide resistance in mosquitoes include 

reduced penetration of insecticides through the cuticle, metabolic 

resistance, target site resistance and behavioral avoidance[48]. 

7.1. Reduced penetration of insecticides

  Reduced insecticide penetration is mainly caused by modifications 

of the insect cuticle where the cuticle becomes thicker, leading to 

slower rate of insecticide absorption and penetration, hence reducing 

the uptake of insecticide[49,50]. This mechanism of resistance has been 

studied by Ishak et al.[51], where the researchers observed highly over-

expressed cuticular protein genes in permethrin resistant Ae. albopictus 

from Kuala Lumpur which suggests a strong association between the 

mechanism of reduced cuticle penetration and permethrin resistance.

7.2. Metabolic resistance

  Metabolic resistance refers to the ability of the mosquito to detoxify 

insecticide before it reaches and binds to the target site[52]. Three 

families of metabolic enzyme are responsible for the metabolism 

of insecticide, namely esterases, glutathione transferases, and 

cytochrome P450s[53]. Among these enzymes, P450s are the primary 

family of enzyme associated with the resistance of pyrethroids[47] 

while glutathione transferases are usually associated with resistance 

of organochlorine DDT[54]. Metabolic resistance of pyrethroids is 

associated with up-regulation of cytochrome P450, particularly protein 

CYP6N3 and CYP6P12. Similar observation has been recorded in the 

kdr-free Ae. albopictus in Malaysia[51].

7.3. Target site resistance	

  Target site resistance of mosquitoes is inferred when the targeted 

site for insecticides is genetically modified or, altered thus limiting 

its interaction with neurotoxins and consequently eliminating the 

insecticidal effects[55]. The most important target site resistance for 

mosquitoes is kdr as it confers resistance to both pyrethroids and DDT. 

Four kdr mutations of F1534C, V1016G, S989P and A1007G have 

been detected in pyrethroid-resistant Ae. aegypti in Malaysia[42,45,56].

7.4. Behavioural adaptation

  Any avoidance behaviour that results in an increased chance of 

survival for an insect or its offspring can be defined as behavioural 

resistance [57]. Mosquitoes can reduce or prevent negative 

consequences of insecticides through adaptation by either escaping 

from an insecticide-exposed environment upon physical contact or 

leaving the toxic area even before getting in contact with a treated 

surface[58].

8. Prevalence of insecticide resistance of Aedes aegypti 
and Aedes albopictus in Malaysia

  The trend of insecticide resistance has increased over the past 

decade in which Aedes mosquitoes are becoming resistant to almost 

all the insecticides tested. The study of insecticide resistance status 

in Malaysia are mainly focused in urban areas such as Selangor and 

Kuala Lumpur. Overall, the effectiveness of pyrethroids towards Ae. 

aegypti were decreasing in time as multiple resistance towards this 

class of insecticide was reported[4,56,59]. Among the resistance trends, 

the most notable was the steep increase of pyrethroid resistance 

towards Ae. aegypti in Selangor[4,5,43]. Similarly, Ae. albopictus has 

gradually lost its susceptibility towards pyrethroids as resistant and 

incipient resistance towards pyrethroids was reported, though not 

widespread as in Ae. aegypti. 

8.1. Carbamate resistance in Ae. aegypti

  A study done from 2015 to 2016 has proven the effectiveness 

of propoxur in killing larvae of Ae. aegypti at concentration of 
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11.653  mg/L, causing a complete knockdown in WHO larval 

bioassay in all districts of Selangor[60]. While the larvae of Ae. 

aegypti were proven susceptible towards propoxur, the adults of 

Ae. aegypti of eight districts of Selangor state (namely Gombak, 

Hulu Langat, Hulu Selangor, Klang, Kuala Langat, Kuala Selangor, 

Petaling, Sepang) and Kuala Lumpur (sample collected from 2017 to 

2018) were found to be highly resistants against propoxur 0.1% with 

mortality ranging from 0% to 28% in WHO adult bioassay (Figure 

1A)[4]. In addition, adults of Ae. aegypti in Petaling district, Selangor 

state also has shown an evidence of resistance towards bendiocarb 

0.1%[4,5].

8.2. Organochlorine resistance in Ae. aegypti

  Larvae and adults of Ae. aegypti exhibits wide range of resistance 

level towards organochlorine insecticides. For example, larvae 

of Ae. aegypti from the districts of Selangor state (namely Klang, 

Kuala Langat, Sabak Banam and Sepang) were susceptible towards 

DDT 11.210 mg/L, recorded from 2015 to 2016, as more than 

90% of mortality were recorded after being exposed for 24-hour in 

larval bioassay, except for the strains of Gombak district (88.44% 

of mortality) and Hulu Selangor district (32.95% of mortality)[60]. 
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Figure 1. Distribution of resistant Aedes aegypti in Malaysia towards four classes of insecticide tested based on WHO adult bioassays from 2010 to 2022. 

The insecticides involved include (A) carbamates (i.e., bendiocarb 0.1% and propoxur 0.1%), (B) organochlorines (i.e., DDT 4 % and dieldrin 4%), (C) 

organophosphates (i.e., malathion 0.8%, pirimiphos-methyl 0.25%) and (D) pyrethroids (i.e., cyfluthrin 0.15%, deltamethrin 0.05% lambda-cyhalothrin 

0.03% and permethrin 0.75%). 
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However, when adults of Ae. aegypti were tested against the same 

insecticide from 2017 to 2018, high level of resistance towards DDT 

4% was observed from the same districts[4].

  Besides Selangor, resistance towards DDT 4% has also been 

documented in adults of Ae. aegypti from other states, namely Kuala 

Lumpur, Johor (Johor Bahru), Kelantan (Kota Bharu) and Penang 

since 2010. On the contrary, these strains were susceptible towards 

another member of organochlorines, which is dieldrin 4%, except 

for Johor Bahru strain (Figure 1B)[56]. The resistance towards DDT 

despite being banned for decades might be due to cross resistance 

towards pyrethroid as the insecticides share the same mode of action. 

8.3. Organophosphate resistance in Ae. aegypti

  According to a study published in 2018, temephos at concentration 

of 0.012 mg/L which was recommended by WHO as diagnostic 

dose for resistance monitoring program, has been reported to be 

ineffective to Ae. aegypti larvae collected from Kuala Lumpur and 

Selangor (Gombak and Hulu Langat) with mortality between 0% 

to 74% in bioassay[61]. Whereas, temephos at operational dosage of 

1 mg/L was able to cause complete mortality to Ae. aegypti larvae 

which indicates temephos is still highly effective as a larvicidal 

agent[61]. 

  Malathion at concentration of 0.629 mg/L has caused complete 

mortality in larvae of Ae. aegypti (susceptible) from 2015 to 2016 [60], 

resistance towards malathion 0.8% was observed in adult mosquitoes 

of Ae. aegypti in Kuala Lumpur and Selangor from 2017 to 2018 with 

mortality below 60%, even though the operation use of malathion 

in vector control program has been stopped for decades in Malaysia 

(Figure 1C)[4,41]. In contrast with a study published in 2018, Ae. 
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Figure 2. Distribution of resistant Aedes albopictus in Malaysia towards two classes of insecticide tested based on WHO adult bioassays from 2010 to 2022. 

The insecticides involved include (A) carbamates (i.e., against bendiocarb 0.1% and propoxur 0.1%), and (B) organochlorines (i.e., DDT 4%, dieldrin 0.4%). 
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aegypti strains of Johor Bahru and Perlis were fully susceptible 

towards malathion (0.8%) and fenitrothion (1%)[59].

8.4. Pyrethroid resistance in Ae. aegypti

  From 2015 to 2016, larvae of Ae. aegypti has shown evidence of 

resistance towards cyfluthrin (0.003 mg/L), deltamethrin (0.03 mg/L), 

etofenprox (0.161 mg/L), lambda-cyhalothrin (0.022 mg/L) and 

permethrin (0.033 mg/L) in WHO larval bioassay in Kuala Selangor 

and Petaling district[60]. In the same period, adults of Ae. aegypti in 

Kuala Lumpur were fully susceptible to permethrin[30]. However, 

resistance towards permethrin 0.25% of the same strain was detected 

a year later[4]. Another dengue locality of urban areas in Malaysia, 

Ae. aegypti in Johor Bahru has been recorded to have resistance 

to all types of pyrethroids (e.g., cyfluthrin, deltamethrin, lambda-

cyhalothrin, and permethrin)[30,56,59], indicating that pyrethroid is no 

longer effective to be used as a vector control program in the state 

from 2010 to 2016. Selangor, which recorded the most dengue cases 

in Malaysia every year, exhibits a wide range of resistance towards 

the pyrethroid group. Ae. aegypti was resistant towards cyfluthrin, 

deltamethrin, lambda-cyhalothrin, and permethrin in Selangor except 

for the strain of Taman Sungai Jelok, Kajang, which was highly 

susceptible to cyfluthrin and deltamethrin as high percentage of 

mortality were recorded in WHO adult bioassay (100% and 99%, 

respectively)[30]. A study in 2017 provided additional evidence 

of resistance in Petaling district which suggests the resistance 

towards pyrethroids is serious in Selangor[62]. The resistance in the 

insecticide class of pyrethroids especially in dengue hot spot areas 

may be due to the frequent spraying of pyrethroids to reduce dengue 

vectors as dengue cases were continuously reported in these areas 
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Figure 3. Distribution of resistant Aedes albopictus in Malaysia towards two classes of insecticide tested based on WHO adult bioassays from 2010 to 

2022. The insecticides involved include (A) organophosphates (i.e., fenitrothion 1.0%, malathion 5%, pirimiphos-methyl 0.25%) and (B) pyrethroids (i.e., 

deltamethrin 0.05%, etofenprox 0.5%, lambda-cyhalothrin 0.05% and permethrin 0.25%).
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(Figure 1D).

8.5. Carbamate resistance in Ae. albopictus

  Widespread of resistance towards carbamates can be seen in Sabah 

state, as Ae. albopictus in all five divisions of Sabah state, namely 

Keningau, Kudat, Sandakan, Tawau and West Coast were resistant 

towards bendiocarb 0.1% and propoxur 0.1% with mortality of 47%-

77% in WHO adult bioassay[8]. Additionally, propoxur 0.1% was not 

causing high mortality when tested against Ae. albopictus collected 

from Kuala Lumpur and eight districts of Selangor, indicating these 

mosquitoes were highly resistant towards the insecticide (Figure 2A)

[4,63].

8.6. Organochlorine resistance in Ae. albopictus 

  A study performed at dengue-prone sites of Selangor and Kuala 

Lumpur from 2017 to 2018 documented resistance and incipient 

resistance of Ae. albopictus towards DDT 4% with mortality ranging 

from 27% to 97% in WHO adult bioassay[4]. Previously, field strain 

of Ae. albopictus in Kuala Langat, Selangor was fully susceptible 

towards DDT 4%[63].  

  Recent study done by Ali et al. revealed Ae. albopictus strain in 

the district of Kuala Langat had developed resistance where 61% 

of mortality towards DDT treatment was recorded (Figure 2B)[4]. 

Meanwhile, in Sabah, adults of Ae. albopictus in Beluran, Sandakan, 

Kunak, Tawau, Tenom, Keningau, Kota Kinabalu and Penampang 

were fully susceptible to DDT 4%, however the larvae of Ae. 

albopictus in the same districts were highly resistant to DDT (0.012 

mg/L) as it did not cause any knockdown in WHO larval bioassay 

but was fully susceptible to another type of organophosphate, 

dieldrin (0.050 mg/L)[7,8]. Additionally, resistance towards DDT 

(4%) has been observed in adult mosquitoes collected from Bau, 

Sibu, Mukah, Dalat and Kapit, Sarawak[64].

8.7. Organophosphate resistance in Ae. albopictus 

  Increasing tolerance or resistance to different types of 

organophosphates can be seen in both larva and adult of Ae. 

albopictus in Sabah. The adult population of Ae. albopictus were 

resistant towards fenitrothion 1.0% from all study sites in the 

divisions of Keningau, Kudat, Sandakan, Tawau, and West Coast, 

Sabah state (Figure 3A)[8]. However, when larvae of Ae. albopictus 

were tested against the same insecticide (fenitrothion 0.02 mg/L) 

in WHO larval bioassay, high susceptibility was observed in the 

districts of West Coast division, which are Kota Belud, Papar and 

Tuaran[7].

  In contrast, larva of Ae. albopictus exhibited strong resistance 

towards malathion (0.125 mg/L) with a complete absence of 

mortality but adults of Ae. albopictus collected from Kota Marudu, 

Kudat and Putatan districts were highly susceptible to malathion 

5%[7]. On the other hand, malathion 0.8% resistance has persisted 

in field strains of Ae. albopictus collected from dengue-endemic 

areas of Kuala Lumpur and Selangor from 2017 to 2018[4]. A paper 

published in 2018 reported temephos resistance has been found in 

two divisions of Sabah; West Coast and Kudat with 0% to 27% of 

mortality in WHO adult bioassay[7]. In Penang, WHO larval bioassay 

revealed all collected strains of Ae. albopictus were highly susceptible 

towards temephos (0.012 mg/L and 1 mg/L) as complete mortality 

was observed according to a study published in 2016[65].

8.8. Pyrethroid resistance in Ae. albopictus

  Pyrethroid is generally effective to be used as dengue management 

in East Malaysia, as study done in 2019 revealed Ae. albopictus found 

across 14 districts from the divisions of Kudat, West Coast, Interior, 

Tawau, and Sandakan of Sabah state were susceptible against 

cyfluthrin 0.15%, deltamethrin 0.05%, etofenprox 0.05%, lambda-

cyhalothrin 0.05%, and permethrin 0.25%[8]. In contrast, latest study 

published in 2021 indicates that only cyfluthrin was able to induce 

100% mortality in all tested strains in Sarawak state while incipient 

resistance and resistance toward lambda-cyhalothrin 0.05% was 

recorded (Figure 3B)[64].

  In West Malaysia, resistance towards permethrin 0.75% has been 

detected in Kuala Lumpur strain in 2010[56]. Similarly, lambda-

cyhalothrin 0.03% and permethrin 0.25% have failed to cause more 

than 90% of mortality in adults of Ae. albopictus from Kuala Lumpur, 

Gombak, Hulu Langat, Hulu Selangor and Kuala Selangor from 

2017 to 2018[4]. In contrast with a study published in 2013, adult 

population of Ae. albopictus from Tanjung Sepat, Kuala Langat, 

Selangor was highly susceptible towards permethrin[63] but a recent 

study revealed the presence of permethrin (0.25%) resistance in 

Ae. albopictus of the same district-Kuala Langat from 2017 to 2018 

(Figure 3B)[4].

9. Limitation

  This review mainly focused on the resistance status determined by 
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WHO larval and adult bioassay, which are commonly used among 

researchers in Malaysia. Some of the reports are not standardized 

in terms of methods and approaches. The review is susceptible to 

selection bias, due to technical issue and availability of the resources.  

10. Conclusions

  Development of insecticide resistance can be seen in both Ae. 

aegypti and Ae. albopictus in Malaysia. To ensure the efficacy 

of vector control programs, insecticide resistance management 

programs need to be taken seriously to remain the insecticide 

susceptibility in Aedes vector. This includes implementing rotation, 

combination or mosaic resistance management strategies[66,67]. 

Continuous resistance monitoring should also be regularly conducted 

in all endemic dengue sites in Malaysia, to facilitate the selection of 

insecticides with the most significant promise for minimizing dengue 

infections.

Conflict of interest statement

  The authors declare that they have no conflict of interest.

Acknowledgements

  Sincere thanks to Ministry of Higher Education Malaysia for 

funding Fundamental Research Grant Scheme (FRGS/1/2020/

WAB02/MSU/02/1) and Management and Science University for 

funding Seed Research Grant (SG-008-012020-FHLS). Authors 

acknowledge the support from the staff of the university and 

immense help received from the scholars whose articles are cited and 

included in references of this manuscript.

Funding

  The work received financial support from Ministry of Higher 

Education Malaysia for funding Fundamental Research Grant 

Scheme FRGS 2020-1 (FRGS/1/2020/WAB02/MSU/02/1) and 

Management and Science University for funding Seed Research 

Grant Phase 1/2020 (SG-008-012020-FHLS).

Authors’ contributions

  All authors conceived and designed the research. SNN, KXY, 

MRS and WMAWN searched the literatures and analysed the 

data. SNN and KXY wrote the manuscript. AR, MNZ, TINTI and 

RD interpreted data and critically revised the manuscript. KXY 

supervised the project. All authors have read and approved the final 

manuscript.

References

[1] �Smith LB, Kasai S, Scott JG. Pyrethroid resistance in Aedes aegypti and 

Aedes albopictus: Important mosquito vectors of human diseases. Pestic 

Biochem Physiol 2016; 133: 1-12.

[2] �Teng AK, Singh S. Epidemiology and new initiatives in the prevention 

and control of dengue in Malaysia. Dengue Bull 2001; 25(7): 7-14.

[3] �World Health Organization. Comprehensive guideline for prevention and 

control of dengue and dengue haemorrhagic fever. [Online]. Available 

from: https://apps.who.int/iris/handle/10665/204894. [Accessed on 30 

January 2022]. 

[4] �Ali WNWM, Ahmad R, Nor ZM, Ahmad FH. Spatial distribution, 

enzymatic activity, and insecticide resistance status of Aedes aegypti 

and Aedes albopictus from dengue hotspot areas in Kuala Lumpur and 

Selangor, Malaysia. Serangga 2020; 25(3): 65-92. 

[5] �Rong LS, Ann ATW, Ahmad NW, Lim LH, Azirun MS. Insecticide 

susceptibility status of field-collected Aedes (Stegomyia) aegypti (L.) at a 

dengue endemic site in Shah Alam, Selangor, Malaysia. Southeast Asian 

J Trop Med Public Health 2012; 43(1): 34-47.

[6] �Ahbirami R, Ishak IH, Yahaya ZS, Zuharah WF. Knockdown resistance 

(Kdr) in dengue vectors, Aedes aegypti and Aedes albopictus: A post-flood 

risk assessment. Genet Mol Res 2020; 19(2): GMR18604. doi: https://doi.

org/10.4238/gmr18604.

[7] �Elia-Amira NMR, Chen CD, Lau KW, Lee HL, Low VL, Norma-Rashid 

Y, et al. Organophosphate and organochlorine resistance in larval stage 

of Aedes albopictus (Diptera: Culicidae) in Sabah, Malaysia. J Econ 

Entomol 2018; 111(5): 2488-2492.

[8] �Elia-Amira NMR, Chen CD, Low VL, Lau KW, Haziqah-Rashid A, 

Amelia-Yap ZH, et al. Adulticide resistance status of Aedes albopictus 

(Diptera: Culicidae) in Sabah, Malaysia: A statewide assessment. J Med 

Entomol 2019; 56(6): 1715-1725.

[9] �Hii YL, Zaki RA, Aghamohammadi N, Rocklöv J. Research on climate 

and dengue in Malaysia: A systematic review. Curr Environ Heal Rep 



443Insecticide resistance status of Aedes in Malaysia

2016; 3(1): 81-90.

[10]�World Health Organization. Dengue guidelines for diagnosis, treatment, 

prevention and control. [Online]. Available from: https://apps.who.int/

iris/handle/10665/44188 [Accessed on 14 January 2022].

[11]�Seng TA. Legislation for dengue control in Malaysia. Dengue Bull 

2001; 25: 109-110.

[12]�Suli Z. Dengue prevention and control in Malaysia. Proceedings 

of International Conference on Dengue Prevention and Control & 

International Dengue Expert Consultation Meeting, Tainan, Taiwan. 

2015. [Online]. Available from: https://www.cdc.gov.tw/Uploads/

files/201512/528dbbfe-5931-4104-baee-ee15a9d06f32.pdf. [Accessed 

on 4 January 2022].

[13]�Noor MN, Suddin L. Larviciding practice for prevention and control of 

dengue among urban community. Brunei Int Med J 2017; 13(2): 58-63.

[14]�Abai MR, Hanafi-Bojd AA, Vatandoost H. Laboratory evaluation of 

temephos against Anopheles stephensi and Culex pipiens larvae in Iran. J 

Arthropod Borne Dis 2016; 10(4): 510-518.

[15]�Sabry K, Gehan YA. Biochemical and toxic characterization of some 

insect growth regulators to the pink bollworm, Pectinophora gossypiella 

(Saunders). Am J Sustain Agric 2016; 10(1): 8-14.

[16]�Mian LS, Dhillon MS, Dodson L. Field evaluation of pyriproxyfen 

against mosquitoes in catch basins in southern California. J Am Mosq 

Control Assoc 2017; 33(2): 145-147.

[17]�Lau KW, Chen CD, Lee HL, Low VL, Sofian-Azirun M. Bioefficacy of 

insect growth regulators against Aedes albopictus (Diptera: Culicidea) 

from Sarawak, Malaysia: A statewide survey. J Econ Entomol 2018; 

111(3): 1388-1394.

[18]�Elia-Amira NMR, Chen CD, Low VL, Lau KW, Haziqah-Rashid A, 

Amelia-Yap ZH, et al. Statewide efficacy assessment of insect growth 

regulators against Aedes albopictus (Diptera: Culicidae) in Sabah, 

Malaysia: An alternative control strategy? J Med Entomol 2021; 59(1): 

301-307.

[19]�Lau KW, Chen CD, Lee HL, Norma-Rashid Y, Sofian-Azirun M. 

Evaluation of insect growth regulators against field-collected Aedes 

aegypti and Aedes albopictus (Diptera: Culicidae) from Malaysia. J Med 

Entomol 2015; 52(2): 199-206.

[20]�Wan-Norafikah O, Lee HL, Loke SR, Andy-Tan WA, Chen CD. 

Efficacy of cold fogging of a synergized pyrethroid formulation 

against Aedes aegypti and Culex quinquefasciatus under simulated field 

conditions. Asian Pacific J Trop Dis 2016; 6(12): 987-989.

[21]�Packierisamy PR, Ng CW, Dahlui M, Inbaraj J, Balan VK, Halasa YA, 

et al. Cost of dengue vector control activities in Malaysia. Am J Trop 

Med Hyg 2015; 93(5): 1020-1027.

[22]�Vythilingam I, Wan-Yusoff. Dengue vector control in Malaysia: Are we 

moving in the right direction? Trop Biomed 2017; 34(4): 746-758.

[23]�Benelli G, Jeffries CL, Walker T. Biological control of mosquito 

vectors: Past, present, and future. Insects 2016; 7(4): 52.

[24]�Kumar PM, Murugan K, Madhiyazhagan P, Kovendan K, Amerasan 

D, Chandramohan B, et al. Biosynthesis, characterization, and acute 

toxicity of Berberis tinctoria-fabricated silver nanoparticles against the 

Asian tiger mosquito, Aedes albopictus, and the mosquito predators 

Toxorhynchites splendens and Mesocyclops thermocyclopoides. Parasitol Res 

2016; 115(2): 751-759.

[25]�Teoh E Sen. Usage of ‘elephant mosquitoes’ shows positive results in 

reducing Aedes. [Online]. Available from: https://www.astroawani.com/

berita-malaysia/usage-elephant-mosquitoes-shows-positive-results-

reducing-aedes-31234. [Accessed on 1 July 2021].

[26]�Lacey LA. Bacillus thuringiensis serovariety israelensis and Bacillus 

sphaericus for mosquito control. J Am Mosq Control Assoc 2007; 23(2): 

133-163.

[27]�Chrostek E, Hurst GDD, McGraw EA. Infectious diseases: Antiviral 

Wolbachia limits dengue in Malaysia. Curr Biol 2020; 30(1): 30-32.

[28]�Noor Afizah A, Roziah A, Nazni WA, Lee HL. Detection of Wolbachia 

from field collected Aedes albopictus skuse in Malaysia. Indian J Med 

Res 2015; 142(2): 205-210.

[29]�Nazni WA, Hoffmann AA, NoorAfizah A, Cheong YL, Mancini 

MV, Golding N, et al. Establishment of Wolbachia strain wAlbB in 

Malaysian populations of Aedes aegypti for dengue control. Curr Biol 

2019; 29(24): 4248.

[30]�Rosilawati R, Lee H, Nazni WA, Nurulhusna AH, Roziah A, Khairul 

Asuad M, et al. Pyrethroid resistance status of Aedes (Stegomyia) 

Aegypti (Linneaus) from dengue endemic areas in peninsular Malaysia. 

IIUM Med J Malaysia 2017; 16(2): 73-78.

[31]�Busmah MR, Rahim NNAZNA, Kadir NNA, Tawfeeq TAS, Khisam 

MRB, Shafie FA, et al. Environmental health delivery in Malaysia: 

Environmental health law enforcement. MAEH J Environ Heal Short 

Commun 2021; 2(1): 14-21.

[32]�Moyes CL, Vontas J, Martins AJ, Ng LC, Koou SY, Dusfour I, et al. 

Contemporary status of insecticide resistance in the major Aedes vectors 

of arboviruses infecting humans. PLoS Negl Trop Dis 2017; 11(7): 

e000562

[33]�Santalad A, Zhou L, Shang F, Fitzpatrick D, Burakham R, Srijaranai 

S, et al. Micellar electrokinetic chromatography with amperometric 

detection and off-line solid-phase extraction for analysis of carbamate 

insecticides. J Chromatogr A 2010; 1217(32): 5288-5297.

[34]�Gupta RC. Introduction. In: Gupta RC, editor. Toxicology of 

organophosphate & carbamate compounds. Burlington: Elsevier 

Academic Press; 2006, p. 3-4.

[35]�World Health Organization. Indoor residual spraying: An operational 

manual for indoor residual spraying (IRS) for malaria transmission control 



444 Sabar Nurul-Nastasea et al./ Asian Pacific Journal of Tropical Medicine 2023; 16(10): 434-445

and elimination. [Online]. Available from: https://apps.who.int/iris/

handle/10665/177242. [Accessed on 12 February 2022].

[36]�Gerba CP. Environmental toxicology. In: Environmental and pollution 

science. London: Elsevier; 2019, p. 511-540.

[37]�Jayaraj R, Megha P, Sreedev P. Organochlorine pesticides, their toxic 

effects on living organisms and their fate in the environment. Interdiscip 

Toxicol 2016; 9(3-4): 90-100.

[38]�World Health Organization. Chemistry and specifications of pesticides: 

Sixteenth report of the WHO Expert Committee on Vector Biology 

and Control. [Online]. Available from: https://apps.who.int/iris/

handle/10665/42348. [Accessed on 12 January 2022].

[39]�World Health Organization. Larval source management-a supplementary 

measure for malaria vector control. An operational manual. [Online]. 

Available from: https://apps.who.int/iris/handle/10665/85379. 

[Accessed on 12 January 2022].

[40]�Chen CD, Nazni WA, Lee HL, Sofian-Azirun M. Susceptibility of 

Aedes aegypti and Aedes albopictus to temephos in four study sites in 

Kuala Lumpur City Center and Selangor State, Malaysia. Trop Biomed 

2005; 22(2): 207-216.

[41]�Ministry of Health Malaysia. Health technology assessment report: 

integrated vector management for Aedes control. 2020. [Online]. Available 

from: https://www.moh.gov.my/moh/resources/Penerbitan/MAHTAS/

HTA/Report%20HTA%20IVM%20for%20Aedes%20Control.pdf. 

[Accessed on 7 March 2022].

[42]�Leong CS, Vythilingam I, Liew JWK, Wong ML, Wan-Yusoff WS, Lau 

YL. Enzymatic and molecular characterization of insecticide resistance 

mechanisms in field populations of Aedes aegypti from Selangor, 

Malaysia. Parasit Vectors 2019; 12(1): 236.

[43]�Siti-Futri FF, Rosilawati R, Wan KL, Yoon LC, Nazni WA, Lee H. 

Status of pyrethroid resistance in Aedes (Stegomyia) aegypti (Linneaus) 

from dengue hotspots in Klang Valley, Malaysia. Trop Biomed 2020; 

37(1): 201-209.

[44]�Yoon J, An H, Kim N, Tak JH. Efficacy of seven commercial household 

aerosol insecticides and formulation-dependent toxicity against asian 

tiger mosquito (Diptera: Culicidae). J Med Entomol 2020; 57(5): 1560-

1566.

[45]�Zuharah WF, Sufian M. The discovery of a novel knockdown resistance 

(kdr) mutation A1007G on Aedes aegypti (Diptera: Culicidae) from 

Malaysia. Sci Rep 2021; 11(1): 5180.

[46]�World Health Organization. Test procedures for insecticide resistance 

monitoring in malaria vector mosquitoes; 2016. [Online]. Available 

from: https://apps.who.int/iris/handle/10665/250677. [Accessed on 25 

January 2022].

[47]�David JP, Ismail HM, Chandor-Proust A, Paine MJI. Role of 

cytochrome P450s in insecticide resistance: Impact on the control of 

mosquito-borne diseases and use of insecticides on Earth. Philos Trans 

R Soc B Biol Sci 2013; 368(1612): 20120429.

[48]�Sumarnrote A, Overgaard HJ, Marasri N, Fustec B, Thanispong K, 

Chareonviriyaphap T, et al. Status of insecticide resistance in Anopheles 

mosquitoes in Ubon Ratchathani province, Northeastern Thailand. Malar 

J 2017; 16(1): 1-13.

[49]�Ondeto BM, Nyundo C, Kamau L, Muriu SM, Mwangangi JM, Njagi 

K, et al. Current status of insecticide resistance among malaria vectors 

in Kenya. Parasites Vectors 2017; 10(1): 1-13.

[50]�Zhu F, Lavine L, O’Neal S, Lavine M, Foss C, Walsh D. Insecticide 

resistance and management strategies in urban ecosystems. Insects 

2016; 7(1): 2. 

[51]�Ishak IH, Riveron JM, Ibrahim SS, Stott R, Longbottom J, Irving H, et 

al. The cytochrome P450 gene CYP6P12 confers pyrethroid resistance 

in kdr-free Malaysian populations of the dengue vector Aedes albopictus. 

Sci Rep 2016; 6(1): 1-13.

[52]�Ranson H. Current and future prospects for preventing Malaria 

transmission via the use of insecticides. Cold Spring Harb Perspect Med 

2017; 7(11): a026823. doi: 10.1101/cshperspect.a026823.

[53]�Kasai S, Komagata O, Itokawa K, Shono T, Ng LC, Kobayashi M, et 

al. Mechanisms of pyrethroid resistance in the dengue mosquito vector, 

Aedes aegypti: Target site insensitivity, penetration, and metabolism. 

PLoS Negl Trop Dis 2014; 8(6): e2948.

[54]�Senthil-Nathan S. A review of resistance mechanisms of synthetic 

insecticides and botanicals, phytochemicals, and essential oils as 

alternative larvicidal agents against mosquitoes. Front Physiol 2019; 10: 

1591.

[55]�Gan SJ, Leong YQ, Barhanuddin MFHB, Wong ST, Wong SF, Mak JW, 

et al. Dengue fever and insecticide resistance in Aedes mosquitoes in 

Southeast Asia: A review. Parasit Vectors 2021; 14(1): 1-19.

[56]�Ishak IH, Jaal Z, Ranson H, Wondji CS. Contrasting patterns of 

insecticide resistance and knockdown resistance (kdr) in the dengue 

vectors Aedes aegypti and Aedes albopictus from Malaysia. Parasit 

Vectors 2015; 8(1): 181.

[57]�Pittendrigh BR, Margam VM, Walters KR, Steele LD, Olds BP, Sun 

L, et al. Understanding resistance and induced responses of insects to 

xenobiotics and insecticides in the age of ‘Omics’ and systems biology. 

In: Insect resistance management. London: Academic Press., 2013, p. 55-

98.

[58]�Amelia-Yap ZH, Chen CD, Sofian-Azirun M, Low VL. Pyrethroid 

resistance in the dengue vector Aedes aegypti in Southeast Asia: Present 

situation and prospects for management. Parasit Vectors 2018; 11(1): 

1-17.

[59]�Rasli R, Lee HL, Ahmad NW, Fikri SFF, Ali R, Muhamed KA, et al. 

Susceptibility status and resistance mechanisms in permethrin-selected, 



445Insecticide resistance status of Aedes in Malaysia

laboratory susceptible and field-collected Aedes aegypti from Malaysia. 

Insects 2018; 9(2): 43.

[60]�Leong CS, Vythilingam I, Wong ML, Wan Sulaiman WY, Lau YL. 

Aedes aegypti (Linnaeus) larvae from dengue outbreak areas in Selangor 

showing resistance to pyrethroids but susceptible to organophosphates. 

Acta Trop 2018; 185: 115-126.

[61]�Rasli R, Cheong YL, Khairuddin Che Ibrahim M, Fikri SFF, Norzali 

RN, Nazarudin NA, et al. Insecticide resistance in dengue vectors 

from hotspots in Selangor, Malaysia. PLoS Negl Trop Dis 2021; 15(3): 

e0009205.

[62]�Akhir MAM, Wajidi MFF, Lavoué S, Azzam G, Jaafar IS, Awang 

Besar NAU, et al. Knockdown resistance (kdr) gene of Aedes aegypti in 

Malaysia with the discovery of a novel regional specific point mutation 

A1007G. Parasit Vectors 2022; 15(122): 1-15.

[63]�Chen CD, Low VL, Lau KW, Lee HL, Nazni WA, Heo CC, et al. First 

report on adulticide susceptibility status of Aedes albopictus, Culex 

quinquefasciatus, and Culex vishnui from a pig farm in Tanjung Sepat, 

Selangor, Malaysia. J Am Mosq Control Assoc 2013; 29(3): 243-250.

[64]�Lau KW, Chen CD, Low VL, Lee HL, Azidah AA, Sofian-Azirun M. 

Adulticide resistance status of Aedes albopictus (Diptera: Culicidae) in 

Sarawak State, Malaysia. J Med Entomol 2021; 58(6): 2292-2298.

[65]�Mohiddin A, Lasim AM, Zuharah WF. Susceptibility of Aedes albopictus 

from dengue outbreak areas to temephos and Bacillus thuringiensis 

subsp. israelensis. Asian Pac J Trop Biomed 2016; 6(4): 295-300.

[66]�World Health Organization. Monitoring and managing insecticide 

resistance in Aedes mosquito populations Interim guidance for 

entomologists. 2016. [Online]. Available from: https://apps.who.int/iris/

handle/10665/204588. [Accessed on 14 July 2022].

[67]�Bharati M, Saha D. Insecticide resistance status and biochemical 

mechanisms involved in Aedes mosquitoes: A scoping review[J]. Asian 

Pac J Trop Med 2021; 14(2): 52-63.

Publisher’s note

  The Publisher of the Journal remains neutral with regard to 

jurisdictional claims in published maps and institutional affiliations.


