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2. REVIEW OF LITERATURE: 

Insecticide resistance is a major problem throughout the world occurring in 

pests of both agricultural and medical importance. Unchecked usage of insecticides 

through a long span of time has resulted in the spread of this phenomenon throughout 

different insect species. The phenomenon of insecticide resistance in mosquitoes has 

been studied in great detail throughout this decade. Advancements in the form of 

more sophisticated and precise instruments along with discovery of novel molecular 

techniques have resulted in increased knowledge on the mechanisms of insecticide 

resistance occurring in nature. However, the phenomenon of insecticide resistance 

seems to be mediated by a combination of different mechanisms rather than any 

single or specific mechanism. Metabolic detoxification through different enzyme 

groups (CCEs, CYP450s and GSTs) have been found to be the major resistance 

conferring mechanism against all the four insecticide groups in Ae. albopictus. In Ae. 

aegypti for Organochlorines, Organophosphates and Carbamates, it was detoxification 

system that provided resistance whereas for synthetic Pyrethroids, it was mainly a 

combination of both detoxification and kdr mutations (Figure 8). The following 

presents a brief on the status of insecticide resistance and the underlying mechanisms 

in Aedes mosquitoes.  
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b. Incipient resistance 

 
 

c. Susceptible 

 

Figure 8: Depiction of insecticide susceptibility status against various insecticides in  

    Aedes aegypti mosquitoes  
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2.1 Insecticide resistance in Ae. aegypti: 

Present status of insecticide resistance in Ae. aegypti has been summarised in 

Table 6. In many studies, both the resistance status as well as the mechanisms 

involved behind resistance phenomenon have been studied. Resistance against four 

groups of insecticides namely, Organochlorines (OCs), Organophosphates (OPs), 

Synthetic Pyrethroids (SPs) and Carbamates (CBs) have been studied in majority of 

the conducted studies (Table 6). However, in majority of the studies the mechanism 

conferring resistance against different insecticide group was found to be either 

metabolic detoxification or target site alteration or both (Figure 9). 

 
 

 

Figure 9: Mechanisms conferring resistance against major groups of insecticide from 

                 worldwide studies in Ae. aegypti 

 

Worldwide studies have been conducted to unveil the resistance status of Ae. 

aegypti mosquitoes and resistance to all the groups of insecticides have been noted in 

this species (Table 6). However, widespread resistance have been observed against 

OCs, SPs and OPs.  
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2.1.1 Resistance against Organophosphates: 

Organophosphates used worldwide for insecticide resistance studies include 

temephos, chlorpyrifos, fenitrothion, dichlorvos and malathion for larvae and only 

malathion for adults. Temephos has been the most commonly used mosquito larvicide 

throughout the world since the late 1960s (Grisales et al., 2013). Also, resistance to 

this larvicide has also been observed throughout different strains of Ae. aegypti from 

different corners of the world (Table 6). Advanced studies have been made to identify 

the major underlying mechanism behind temephos resistance. The resistance to 

temephos has mostly been correlated with metabolic detoxification, either through 

biochemical CCEs assay or more advanced tools like microarray or detox chip 

studies. Enhanced detoxification enzymes have been reported to provide resistance 

against temephos in advanced studies (Bellinato et al., 2016; Saavedra‐Rodriguez et 

al., 2014).  

Clear correlation between α- and β- CCEs and GSTs and temephos resistance 

have been found in Ae. aegypti in Brazil with no role of altered AchEs behind 

resistance (Bellinato et al., 2016). In some α- and β- CCEs and CYP450s have been 

found to provide resistance against temephos (Putra et al., 2016). In most of the 

studies resistance to temephos has been linked mainly with CCEs. Microarray studies 

have reported two CCE genes namely, CCEae3A and CCEae6a to be the main 

candidate genes behind resistance to temephos in Ae. aegypti (Poupardin et al., 2014). 

It was also reported that the above mentioned genes may have undergone duplication 

to provide resistance in Ae. aegypti (Poupardin et al., 2014). However, the role of 

amino acid substitution in the gene may not be rejected. Similar observations were 

also made by other authors (Gelasse et al., 2017; Yougang et al., 2017), where both 

CYP450s and CCEs were noticed to be up-regulated in temephos resistant strains of 
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Ae. aegypti. CYP6M11 have also been found to be highly over-expressed during 

temephos resistance (McAllister et al., 2012; Yougang et al., 2017); other members of 

CYP450 family CYP6F3, CYP6N12, CYP9M9 were also found related with temephos 

resistance in Ae. aegypti (McAllister et al., 2012; Yougang et al., 2017). 

In some other studies, somewhat different pattern of resistance mechanism 

was observed. Through synergistic studies, CCEs were reported to be the main 

enzyme group conferring resistance against temephos in Ae aegypti, however no up-

regulated CCE gene could be observed in the same strains (McAllister et al., 2012; 

Gelasse et al., 2017). Rather, CYP450s were reported to be up-regulated in those 

temephos resistant strains of Ae aegypti (McAllister et al., 2012; Gelasse et al., 2017). 

Such findings question on the specificity of enzyme inhibitors and on the sequence 

similarities of different detoxifying enzyme groups.  

Many studies claim to confirm the role of CCEs in temephos resistant Ae. 

aegypti populations. In a temephos resistant Ae. aegypti population from India, the 

observed resistance was conferred by both metabolic detoxification through α- and β- 

CCEs and target site mutation, G119S in ace-1 gene (Muthusamy and Shivakumar, 

2015).A deeper insight revealed that all the three major detoxifying enzyme groups 

get up-regulated to provide resistance against temephos in Ae. aegypti, however CCEs 

do have a predominant role (Saavedra‐Rodriguez et al., 2014). 

Through an indirect study incorporating Quantitative Trait Loci (QTL) 

mapping to identify the resistance genes, a single QTL, rtt1 (resistance to temephos) 

was identified in chromosome 2 of Ae. aegypti (Paiva et al., 2016). This QTL was 

later identified as a cluster of CCE gene, supporting the strong correlation between 

CCEs and temephos resistance in Ae. aegypti (Paiva et al., 2016). 
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Though, target site resistance has not been found to be linked to temephos resistance, 

yet a temephos resistant strain of Ae aegypti with a high prevalence of Val1016Ile 

mutation was reported from Brazil (Aguirre-Obando et al., 2016). In this context, it 

may be noted that there are more evidences of metabolic detoxification playing the 

major role than target site alteration in temephos resistance in Ae. aegypti. 

Many field strains of Ae. aegypti mosquito have been reported to exhibit 

varying pattern of resistance against other Organophosphates. Some studies support 

the phenomenon of cross resistance between temephos and malathion (Putra et al., 

2016), however some others strongly reject it (Gelasse et al., 2017). Ae. aegypti 

strains have been found to be resistant to temephos yet susceptible to malathion, 

fenitrothion or another organophosphate (Gelasse et al., 2017). This may be pertained 

to the fact that open chain OPs (malathion) may have different resistance mechanisms 

than other OPs (temephos) (Hemingway and Ranson, 2000). Resistance against 

malathion may be conferred by some completely different mechanism other than that 

against temephos (Gelasse et al., 2017). However, like temephos, resistance against 

malathion has also been correlated with enhanced activity levels of CCEs (Widiastuti 

et al., 2016). In other studies, not a single detoxifying enzyme rather a mixture of 

different enzyme groups, i.e. both CCEs and CYP450s were reported to provide 

resistance against malathion (Putra et al., 2016). Few studies strongly reject the 

involvement of GSTs in resistance against malathion (Sundari et al., 2016), whereas 

some other support it (Choovattanapakorn et al., 2017). Through advanced studies it 

was revealed that CCEs and GSTs may play vital roles in conferring resistance 

against malathion (Choovattanapakorn et al., 2017). Similarly for resistance against 

other OPs, i.e. fenitrothion and dichlorvos, mixture of different groups of 

detoxification enzymes were found to be responsible (Muthuswamy et al., 2014; 
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Seixas et al., 2017). Enhanced activity levels of both CCEs and AchEs were shown to 

provide resistance against dichlorvos in a strain of Ae. aegypti from India 

(Muthuswamy et al., 2014). GSTs may also prove to be strong candidate for 

detoxification of OPs (Choovattanapakorn et al., 2017). 

 

2.1.2 Resistance against Organochlorines: 

DDT resistant strains of Ae. aegypti have been reported from Nigeria, Central 

African Republic, Senegal, Malaysia, Srilanka, Pakistan, Saudi Arabia, Mexico, 

Colombia, India and Japan (Table 6). Highly resistant strains (with corrected 

mortality: 0-2%) have been observed in Malaysia and Columbia. Rest of the reported 

populations showed low to moderate resistance against DDT. Moreover, no DDT 

susceptible strain of Ae. aegypti could be reported from anywhere in the world. 

 Resistance against DDT may be contributed either by increased activity of insecticide 

detoxifying enzymes or by target site mutations, i.e. knockdown resistant (KDR) 

mutations or by a combination of both. In some studies, resistance to DDT was found 

to be a multifactorial phenomenon, i.e. both elevated CCEs and GSTs along with a 

prevalence of kdr mutations, namely Val1016L (on IIS6 domain of sodium channel 

gene) and F1534C (on same gene and domain), were shown to contribute to resistance 

phenomenon (Aponte et al., 2013). However in other studies, either metabolic 

detoxification alone i.e. enhanced α- and β- CCEs, CYP450 MFOs, GST (Ngoagauni 

et al., 2016)or kdr mutation, i.e. I1016 (Aguirre-Obando et al., 2016) was found to be 

the underlying mechanism. In another such study, kdr F1534C (frequency 0.41-0.79) 

was found to be associated to DDT resistance in Ae. aegypti (Kushwah et al., 2015).  

Moreover, some other authors have pointed on sex based/ sex limited resistance 

mechanisms. In one such study, differences were noted between male and female 
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resistance mechanism, i.e. in male Ae. aegypti mosquitoes, detoxification through 

CYP450 was found to confer the observed resistance against DDT whereas in 

females, this enzyme group could not account for the total observed resistance (Ishak 

et al., 2015). The exact mechanism or group of mechanisms conferring resistance 

against DDT still remains unsolved.     

 

2.1.3 Resistance against synthetic Pyrethroids: 

Synthetic Pyrethroids are the newest among the insecticide groups, however, 

most frequent resistance has been observed in both type I and type II pyrethroid 

insecticides (Table 6). Deltamethrin was the first synthetic pyrethroid (SP) insecticide 

to be used in mosquito control in the late 1980s. Subsequently, other SP compounds 

were discovered and brought into use. SP insecticides target the voltage gated sodium 

channel to manifest their action, i.e. same as DDT (Corbel and N’Guessan, 2013). 

Moreover, SP insecticide were reported to develop resistance at a very fast rate which 

may be due to cross resistance, i.e. moderate to high resistance against DDT is already 

widespread in Ae. aegypti and both SPs and DDT share the same target site.  

SP resistance is thought to be conferred mainly by metabolic detoxification 

and target site mutation. Many past reports have been made on the promising role of 

detoxifying enzymes, i.e. CYP450 (mainly), CCEs and GSTs (lesser extent) (Vontas 

et al., 2012). However, since 2012, very few reports have claimed CYP450 to be the 

main mechanism providing resistance against type I and II pyrethroids (Ishak et al., 

2015). In other studies, CYP450s along with other detoxifying enzyme classes i.e. 

GSTs and/or CCEs are reported to confer reduced susceptibilities against SPs 

(Marcombe et al., 2012). Enhanced activities of all the above mentioned enzyme 

classes have been found to provide resistance against deltamethrin (Marcombe et al., 
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2012); similar inferences were made on deltamethrin resistant population of Ae. 

aegypti from Chile, where CYP450s, CCEs and GSTs  provided the resistance (Table 

6). In an Indonesian population of Ae. aegypti, CYP450s and β-CCEs provided 

significant level of resistance against permethrin (Putra et al., 2016). Most frequently, 

deltamethrin resistance is conferred by GSTs and CYP450s (Alvarez et al., 2013).  

Different classes of detoxifying enzyme groups together or alone have been 

shown to provide pyrethroid resistance against different populations of Ae. aegypti. In 

many studies, CCEs were shown to provide varying patterns of resistance against 

pyrethroid insecticides, i.e. deltamethrin (Bisset et al., 2013), lambdacyhalothrin 

(Muthuswamy et al., 2014). In another study CCEs along with GSTs were reported to 

be elevated in pyrethroid resistant populations of Ae. aegypti (Muthuswamy and 

Shivakumar, 2015). The same combination of enzymes were also involved in 

cypermethrin resistance in wild populations of Ae. aegypti (Li et al., 2015). However, 

some reports completely discourage the involvement of metabolic detoxification in 

resistance against synthetic pyrethroids (Koou et al., 2014). 

Although, metabolic detoxification has been actively linked to SP resistant 

populations, yet the role of target site resistance is more pronounced than the former 

in Ae. aegypti. Target site alteration alone or along with metabolic detoxification have 

been shown to confer pyrethroid resistance in Ae. aegypti. In a deltamethrin and 

permethrin resistant population of Ae. aegypti both elevated activities of GSTs and 

CCEs along with a frequent V1016I (80% prevalent) and F1534C (lesser) kdr 

mutation were observed (Aponte et al., 2013).  

 Some advanced studies have summarised that in Ae. aegypti, resistance 

against deltamethrin is provided metabolically through an overexpressed GST 

(specifically GSTe2) and genetically through spread of kdr mutations ,i.e. V1016I and 
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F1534C (Gelasse et al., 2017). Moreover, CYP450s were reported to provide OP 

resistance only (Gelasse et al., 2017). In a population of Ae. aegypti from Chile, kdr 

mutation I1016 was found to provide resistance against four pyrethroid insecticides, 

deltamethrin, lambdacyhalothrin, permethrin and cyfluthrin (Maestre-Serrano et al., 

2014). Strong correlation have also been observed on kdr mutations Ile1016 and 

Cys1534 with high to moderate deltamethrin resistance (Deming et al., 2016).  

Against permethrin, the sole type I pyrethroid still in use, kdr mutation and 

elevated activities of α- CCEs played the main role (Alvarez et al., 2016). Prevalence 

of kdr F1534C have been reported to play the major role in a permethrin resistant Ae. 

aegypti population from India (Muthusamy and Shivakumar, 2015). Some studies 

report that in majority of Ae. aegypti population, metabolic detoxification has a very 

minor role in pyrethroid detoxification, rather it is kdr mutation that has the main role 

(Muthusamy and Shivakumar, 2015; Choovattanapakorn et al., 2017). Similar 

observations have been made on the efficacy of kdr mutation F1534C and V1016G in 

imparting permethrin resistance in Ae. aegypti (Plernsub et al., 2016). 

Studies have also been made on the extent of resistance made by different kdr 

mutations. Kdr mutation F1534C was found to be predominant than V1016I in a 

deltamethrin resistant population of Ae. aegypti (Alvarez et al., 2015). The scenario 

may be that the deltamethin exposure may have provided a strong selection pressure 

and individuals with F1534C mutation possessed survival advantage over individuals 

with V1016I. In another study by the same author, opposite results were observed 

(Alvarez et al., 2014). The kdr F1534C have been shown to provide moderate 

resistance against deltamethrin (Ishak et al., 2015; Kushwah et al., 2015) and the 

presence of V1016G along with the above mutation had an additive effect on 

pyrethroid resistant population of Ae. aegypti in Malaysia (Ishak et al., 2015).   
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However, populations of Ae. aegypti mosquitoes with similar prevalence of 

kdr mutations yet varying degrees of insecticide resistance have been observed in 

nature, which indicate the dependency of observed resistance on metabolic 

detoxification (by GSTs, CYP450s and CCEs or in combination) (Viana‐medeiros et 

al., 2017).  Through expression of CYP450 proteins in E.coli, it was found that 

CYP9J32, CYP9J24, CYP9J20 and CYP9J28 proteins have the ability to detoxify 

deltamethrin (Stevenson et al., 2012). Moreover, CYP9J32 showed the highest ability 

to metabolize deltamethrin but low permethrin detoxification (Stevenson et al., 2012). 

The other three CYP450 enzymes also possessed the ability of pyrethroid 

detoxification but at a lower rate (Stevenson et al., 2012). In other such study, 

deltamethrin resistant Ae. aegypti population exhibited an up regulated CYP9M9 and 

GSTE7 (Marcombe et al., 2012). 

The role of both the above mentioned mechanisms alone or in combination 

have been found to provide resistance against synthetic pyrethroids in different wild 

population of Ae. aegypti. Although the exact mechanism is not known, the best 

theory seems to be the role of both the mechanisms in different field population of Ae. 

aegypti as has been observed by Marcombe et al., 2012, where both metabolic 

detoxification (through CYP450, CCEs and GSTS) along with kdr mutations, i.e. 

V1016I jointly provided resistance against pyrethroids (Marcombe et al., 2012). 

 

2.1.4 Resistance against Carbamates:  

Ae. aegypti populations resistant against carbamates have been reported 

throughout Asian and African continent (Table 6). Resistance against bendiocarb 

were reported from Pakistan, Malaysia, Nigeria, Mexico, China and Saudi Arabia, 

whereas, propoxur resistance were reported from India, Cot d’ivore, Nigeria, 
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Malaysia, Senegal and China. Very few studies have been conducted since 2012 to 

unveil the mechanism conferring resistance against carbamates. CCEs have long been 

reported to have a secondary role in conferring resistance against carbamates 

(Hemingway and Karunaratne, 1998). Bendiocarb resistance was found to be 

provided by enhanced activities of CYP450s in Malaysian Ae. aegypti population 

(Ishak et al., 2015). However, the CYP450 could account only for a proportion of 

total observed resistance against bendiocarb (Ishak et al., 2015). Lowered levels of 

AchE were found to provide resistance against propoxur in another population of Ae. 

aegypti (Ngoagauni et al., 2016). Though the exact mechanism providing carbamates 

resistance is not yet revealed, but the role of metabolic detoxification seems to be the 

dominant mechanism owing to the availability of more such reports throughout the 

world. 

Table 6: Insecticide susceptibility/ resistance status and involved biochemical  

   mechanisms in Aedes aegypti mosquitoes 

 

 

S. 

no. 

Tested insecticide Susceptibility 

status 

Mechanism 

of 

resistance 

Country Reference 

1.  Temephos R* -- Indonesia Mulyatno et 

al., 2012 

2.  Temephos R  Elevated 

CCEae3A, 

CYP6M11, 

CYP9M9 

 Elevated 

CYP9M9 

and GSTE7 

Martinique 

island 

Marcombe et 

al., 2012 Deltamethrin R 

3.  DDT R -- 

 

 

 

 

 

 

 

 

 

Central  

Africa 

Dia et al., 

2012 Propoxur R, S 

Deltamethrin R, S 

Lambdacyhalothrtin R, S 

Permethrin S 

Fenitrothion S 
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S. 

no. 

Tested insecticide Susceptibility 

status 

Mechanism 

of 

resistance 

Country Reference 

4.  Deltamethrin R -- 

 

 

 

Latin 

America 

Bona et al., 

2012 Cypermethrin R 

Temephos R 

5.  Deltamethrin S -- 

 

 

 

 

Cot d’ivore Konan et al., 

2012 Permethrin S 

Lambdacyhalothrin S 

Propoxur IR, R 

6.  Deltamethrin S  

-- 
Haiti 

 

 

McAllister et 

al., 2012 

 

 

Permethrin S, IR 

Malathion S 

7.  DDT R -- 

 

 

 

 

 

 

 

 

Malaysia Rong et al., 

2012 Propoxur R 

Bendiocarb R 

Permethrin R 

Cyfluthrin IR 

Fenitrothion S 

Malathion S 

8.  Temephos S -- India Shetty et al., 

2013 Propoxur R 

9.  Deltamethrin S -- 

 

 

 

 

 

 

 

Yemen Alhag, 2013 

Lambdacyhalothrin R 

Permethrin S 

Cyfluthrin S 

Malathion R 

Fenitrothion R 

10.  DDT R  Resistance 

against 

malathion 

related to 

CCEs 

Srilanka Karunaratne et 

al., 2013 Propoxur S, R 

Malathion S, R 

11.  Deltamethrin R  Resistance 

linked with 

CCE activity 

but not 

GSTs or 

CYPs. 

 

 

 

 

Costarica Bisset et al., 

2013 Temephos R 

Bendiocarb S 

Chlorpyrifos S 

Cypermethrin S 
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S. 

no. 

Tested insecticide Susceptibility 

status 

Mechanism 

of 

resistance 

Country Reference 

12.  DDT R  Elevated 

CCEs and 

GSTs 

 Kdr 

mutations 

V10161 and 

F1534C 

prevalent. 

 

Mexico Aponte et al., 

2013 Deltamethrin R 

Permethrin R 

13.  Deltamethrin R  Enhanced 

GST and 

CYP activity 

linked to 

Deltamethrin 

resistance. 

 Enhanced 

activity of 

CCEs linked 

to OP 

resistance 

Venezuela Alvarez et al., 

2013 Malathion R 

14.  Deltamethrin R -- Brazil Freitas et 

al.,2014 Temephos IR 

15.  Deltamethrin R  Metabolic 

detoxificatio

n not 

involved 

Singapore Koou et al., 

2014 Permethrin R 

Cypermethrin R 

Etofenprox R 

Primiphos methyl S 

16.  DDT R  No 

correlation 

with 

biochemical 

enzymes. 

 Kdr L1016 

mutation 

prevalent in 

all 

population. 

 

Colombia Maestre-

Serrano et al., 

2014 
Deltamethrin R 

Permethrin R 

Lambda cyhalothrin R 

Cyfluthrin R 

Primiphos methyl R 

Temephos S, R 

Malathion S 

17.  Dichlorvos R  Association 

of AchE and 

GSTs with 

OP 

resistance 

 CCEs 

associated 

with SP 

resistance. 

 

India Muthusamy et 

al., 2014 lambdacyhalothrin R 
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S. 

no. 

Tested insecticide Susceptibility 

status 

Mechanism 

of 

resistance 

Country Reference 

18.  Permethrin R  Brazil Macoris et al., 

2014 Cypermethrin R 

Temephos R 

Malathion S 

19.  Temephos S, IR, R -- India Singh et al., 

2014 

20.  Permethrin R  Metabolic 

detoxificatio

n not 

involved in 

resistance. 

Singapore  Koou et al., 

2014 Temephos IR 

Etofenprox R 

21.  Temephos (larva) S  

 

 

 

 

 

 

 

 

 

 

 

Argentina Bisset Lazcano 

et al., 2014 Fenitrothion (larva) S 

Permethrin (larva) S 

Cypermethrin (larva) S 

Deltamethrin (adult) S 

Lambdacyhalothrin 

(adult) 

S 

Cypermethrin (adult) S 

Chlorpyrifos (adult) S 

22.  Deltamethrin R  Mechanism 

could not 

be 

identified 

 

 

Chilie Rocha et al., 

2015 Cypermethrin R 

Temephos R 

Malathion S 

Diflubenzuron S 

23.  Permethrin S -- 

 

 

 

Nigeria Ayorinde et 

al., 2015 

 
Deltamethrin S, IR 

DDT R, IR 

24.  Temephos R  Metabolic 

detoxificatio

n through 

enzymes. 

 Two kdr 

mutation 

also found 

prevalent 

 

Malaysia Ishak et al., 

2015 DDT R 

Deltamethrin R 

Permethrin R 

Bendiocarb R 

Malathion R, S 

Dieldrin R, S 

25.  Temephos IR, R  Kdr 

mutation 

Val1016Ile 

prevalent  

 

Colombia Aguirre-

Obando et al., 

2015 
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S. 

no. 

Tested insecticide Susceptibility 

status 

Mechanism 

of 

resistance 

Country Reference 

26.  Cypermethrin IR, R -- 

 

 

China Li et al., 2015 

Lambdacyhalothrin IR, R 

27.  Deltamethrin S -- 

 

 

 

 

 

 

Colombia Conde et al., 

2015 Temephos R 

Malathion S 

Fenitrothion S 

Primiphos-methyl R 

28.  Deltamethrin IR, R -- 

 

 

Srilanka Janaki et al., 

2015 Temephos R 

29.  DDT R -- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

India Sivan et al., 

2015 Deltamethrin S 

Lambdacyhalothrin IR 

Permethrin IR 

Cyfluthrin IR 

Bendiocarb R 

Propoxur S 

Dieldrin S 

Fenitrothion (adult) R 

Malathion (adult) IR 

Fenitrothion (larva) S 

Malathion (larva) S 

Temephos S 

30.  Deltamethrin IR -- 

 

 

 

Thailand Thongwat et 

al., 2015 Permethrin IR, R 

Temephos S 

31.  DDT R -- 

 

 

 

 

 

India Yadav et al., 

2015 Deltamethrin S 

Temephos R 

Malathion S 

32.  DDT R  High 

frequency of 

kdr F1534C 

associated 

with DDT 

and 

Deltamethrin 

resistance 

India Kushwah et 

al., 2015 Deltamethrin R 

Permethrin R 
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S. 

no. 

Tested insecticide Susceptibility 

status 

Mechanism 

of 

resistance 

Country Reference 

33.  Lambda cyhalothrin R -- 

-- 

 

Malaysia Hasan et al., 

2016 Primiphos methyl S 

34.  Temephos S  Elevated 

activity of 

GST and 

CCEs 

 

 

 

Central 

Africa 

 

Ngoagauni et 

al., 2016 DDT R 

Deltamethrin S, IR 

Propoxur S 

Fenitrothion S 

35.  Temephos R  Involvement 

of CCEs, 

CYP450s 

and GSTs 

Brazil Bellinato et 

al., 2016 Deltamethrin R 

Diflubenzuron S 

36.  Temephos R -- 

 

 

Indonesia Hardjanti et 

al., 2016 Malathion R 

37.  DDT R -- 

 

 

 

Cameroon Yougang et 

al., 2017 Deltamethrin IR 

Permethrin S 

38.  Malathion R -- Indonesia Widiastuti et 

al., 2016 

39.  Permethrin S -- Nigeria Oduola et al., 

2016 Bendiocarb R 

DDT S 

40.  DDT R -- 

 

 

 

 

 

 

Pakistan Khan et al., 

2016 Deltamethrin R 

Lambdacyhalothrin R 

Bendiocarb IR 

Malathion R 

41.  Permethrin R -- Indonesia Mantolu et al., 

2016 

42.  DDT IR -- 

 

 

 

 

Ghana Suzuki et al., 

2016 Deltamethrin IR 

Lambdacyhalothrin R 

Permethrin S 

43.  Temephos R  Involvement 

of EST-β 

and MFO 

Indonesia Putra et al., 

2016 Malathion S 

Permethrin R 

44.  Temephos R -- 

 

 

Indonesia Prasetyowati 

et al., 2016 Malathion R 
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S. 

no. 

Tested insecticide Susceptibility 

status 

Mechanism 

of 

resistance 

Country Reference 

45.  DDT R -- Saudi 

Arabia 

Alsheikh et al., 

2016 
Deltamethrin R 

Lambdacyhalothrin R 

Permethrin R 

Bendiocarb R 

Fenitrothion R 

Cyfluthrin S 

46.  Malathion R  No 

involvement of 

GSTs. 

Malaysia Sundari et al., 

2016 

47.  Temephos S -- Puerto Rico Del Rio-

Galvan et al., 

2016 

48.  Temephos IR  Kdr 

mutation 

Val1016Le 

prevalent in 

tested 

population 

Brazil Aguirre-

Obando et al., 

2016 

49.  DDT R  Pakistan Arslan et al., 

2016 

 
Permethrin R 

Bendiocarb R 

Temephos IR 

Malathion R 

50.  Deltamethrin R -- Mexico Deming et al., 

2016 Bendiocarb IR, S 

Chlorpyrifos ethyl R 

51.  Deltamethrin R -- Mexico Flores-Suarez 

et al., 2016 
Permethrin R 

Cypermethrin R 

α-cypermethrin R 

z-cypermethrin R 

Lambdacyhalothrin R 

Bifenthrin R 

Chlorpyrifos R 

52.  Deltamethrin R -- U.S.A. Cornel et al., 

2016 
Sumithrin R 

Malathion R 
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S. 

no. 

Tested insecticide Susceptibility 

status 

Mechanism 

of 

resistance 

Country Reference 

53.  Deltamethrin IR -- Tanzania Mathias et al., 

2017 
Lambdacyhalothrin IR 

Permethrin IR 

54.  Temephos R  Deltamethrin 

resistance 

related to 

high allele 

frequency of 

kdr mutation 

V1016L, 

F1534L 

 Enhanced 

GSTe2, 

CCEae3a, 

CYP014614, 

CYP 6B02, 

CYP6M11, 

CYP 9J23 

 Highly 

resistant 

AchE 

French West 

Indies 

Gelasse et al., 

2017 
Malathion R 

Deltamethrin R 

55.  Temephos (larva) S  Metabolic 

resistance 

through 

CYP450s 

against 

permethrin 

and 

deltamethrin 

 F1534C 

fixed in the 

population 

 Increased 

CYP450 

expression in 

resistant 

populations 

Burkina 

Faso 

Badolo et al., 

2018 
Fenitrothion (Larva) S 

Malathion (Larva) S 

Deltamethrin IR,R 

Permethrin IR,R 

Fenitrothion S 

Malathion S 

Bendiocarb R,IR,S 

56.  DDT R  Kdr 

mutations 

(V1016G 

and S989P) 

conferring 

pyrethroid 

resistance 

Papua New 

Guinea 

Demok et al., 

2019 
Deltamethrin R 

Lambdacyhalothrin R 

Malathion IR,S 

Bendiocarb IR,R 

       *S: Susceptible, IR: Incipiently resistant, R: Resistant 
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2.2. Insecticide resistance in Ae. albopictus: 

Ae. albopictus has very recently emerged as the potential dengue and 

chikungunya vector (Kraemer et al., 2015).   Increased worldwide expansion of Ae. 

albopictus due to globalisation have increased the risk of disease transmission through 

this vector (Kraemer et al., 2015). The ability to survive under harsh conditions 

provide this species a selective advantage over other mosquito vectors.  However, few 

studies have focused on the status and mechanisms of insecticide resistance in Ae. 

albopictus. In most of the studies, it has been found to be more susceptible against 

insecticides as compared to Ae. aegypti. However, DDT resistance was found to be 

omnipresent throughout different wild population of Ae. albopictus (Table 7). This 

mosquito by nature is an anthrophobic and exophilic species having differential trends 

of insecticide resistance than Ae. aegypti due to differences in their preferential 

resting sites (Kawada et al., 2010). Ae. albopictus populations susceptible, incipiently 

resistant and resistant to various insecticides have been reported throughout the world 

(Figure 10). 

 

 

 



85 | P a g e  
 

 
a. Resistance 

 

 

 

 
b. Incipient resistance 

 

Lambdacyhalothrin
Primiphos methyl

Fenitrothion

Deltamethrin

Propoxur

Permethrin

Cypermethrin

Malathion

Methoprene

DDT

Pyriproxyfen

Temephos

Dieldrin

Bendiocarb

Cyfluthrin

Lambdacyhalothrin

Bendiocarb

Deltamethrin

Temephos

Malathion

Permethrin



86 | P a g e  
 

 
 

c. Susceptible  

 

 

Figure 10: Proportion of resistant, susceptible and incipiently resistant Aedes 

albopictus mosquitoes reported throughout the world 

 

 

 

DDT resistant strains of Ae. albopictus have been seen to occur in Srilanka 

(Karunaratne et al., 2013), India (Yadav et al., 2015; Das and Dutta, 2014; Dhiman et 

al., 2014) Cameroon (Yougang et al., 2017), United States of America (Marcombe et 

al., 2014) Pakistan (Arslan et al., 2016; Mohsin et al., 2016) and Nigeria (Ngoagauni 

et al., 2016). In Ae. albopictus, detoxification through enhanced activities of GSTs 

alone (Marcombe et al., 2014) or by a combination of both GSTs and α-, β- CCEs 

may be accounted for resistance against DDT (Das and Dutta, 2014). Moderate 

resistance to Dieldrin have also been observed in Malaysian population of Ae. 

albopictus (Ishak et al., 2015). 

Both temephos resistant and susceptible strains of Ae. albopictus have been found 

throughout the world. Temephos have been found to be very efficient in control of 

some of the Ae. albopictus larvae in many studies (Dhiman et al., 2014; Marcombe et 

Dichlorvos
Lambdacyhalothrin

DDT

Deltamethrin

Phenothrin

Temephos

Bendiocarb

Dieldrin

Pallethrin

Permethrin



87 | P a g e  
 

al., 2014). However, low to moderate resistance have been noticed against temephos 

in different field populations of Ae. albopictus (Arslan et al., 2014;  Yadav et al., 

2015). Enhanced activity of CCEs alone or GSTs and CCEs together (Ngoagauni et 

al., 2016) have been found to be the underlying mechanism providing altered 

susceptibility to temephos in Ae. albopictus. Resistance to temephos have also been 

shown to be mediated through the up-regulation of two CCEs, i.e. CCEae3a and 

CCEae6a through gene amplification (Grigoraki et al., 2015; Grigoraki et al., 2016; 

Grigoraki et al., 2017). Same candidate genes have also been shown to perform 

similar functions in Ae. aegypti. Malathion has been used since a long time 

throughout the world as a part of mosquito control programmes. This fact is well 

reflected in the reports of malathion resistant wild populations Ae. albopictus (Table 

7). Metabolic detoxification through β-CCEs were found to be the main mechanism 

providing malathion resistance (Marcombe et al., 2014). 

Very few reports have been made on pyrethroid resistance in Ae. albopictus. 

Many studies showed the prevalence of high susceptibility levels of different field 

populations of Ae. albopictus to synthetic pyrethroids (Marcombe et al., 2014; Das 

and Dutta, 2014; Dhiman et al., 2014; Ishak et al., 2015;  Yadav et al., 2015).  Still 

Ae. albopictus possessing an altered susceptibility to permethrin have been reported 

from many parts of world (Karunaratne et al., 2013; Arslan et al., 2016). However, 

Ae. albopictus population moderately resistant to permethrin was recorded in  

Malaysia where part of the observed resistance was contributed by detoxification 

through CYP450s (Ishak et al., 2015). Wild populations of Ae. albopictus resistant to 

majority of the commonly used synthetic pyrethroid insecticides, i.e. deltamethrin, 

lambdacyhalothrin and permethrin was found in Pakistan (Mohsin et al., 2016). 

Elevated activity of enzymes have been correlated with resistance against 
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deltamethrin (Ngoagauni et al., 2016). More reports have focused on metabolic 

detoxification of insecticides than target site mutations, i.e. presence of kdr mutations 

for Ae. albopictus. 

Carbamate resistant strains of Ae. albopictus have been found in Malaysia, 

Pakistan and Nigeria (Table 7). Resistance to bendiocarb has been found to be 

mediated through the detoxifying activities of CYP450s (Ishak et al., 2015). However 

resistance to propoxur has been indicated to be provided by altered AchEs in other 

population of Ae. albopictus (Ngoagauni et al., 2016).Ae. albopictus Larvae 

significantly resistant to propoxur have also been noted in field populations of 

Martinique island (Marcombe et al., 2014). More advanced studies and worldwide 

surveys on the level of insecticide resistance prevailing in different populations of Ae. 

albopictus should be conducted for a  deeper understanding of insecticide resistance 

and mechanisms in Ae. albopictus. Different mechanisms have been identified to 

confer resistance against insecticide groups in Ae. albopictus from the studies 

conducted throughout the world (Figure 11). 

 
 

Figure 11: Mechanisms conferring resistance against major groups of insecticide in  

       worldwide studies in Ae. albopictus 
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Table 7: Insecticide resistance status and involved biochemical mechanisms in Aedes  

   albopictus mosquitoes 

 

 

S.  no. Tested 

insecticide 

Susceptibility 

status 

Mechanism 

implicated 

Location Reference 

1.  Deltamethrin S* -- 

 

 

 

Haiti McAllister et al., 2012 

Permethrin S 

Malathion S 

2.  DDT R  A kdr based 

resistance 

mechanism may 

be involved in 

pyrethroid 

resistance. 

Srilanka Karunaratne et al., 

2013 Maltahion S, IR 

Permethrin R 

Propoxur S 

3.  DDT R  Enhanced CCEs 

and GSTs linked 

to DDT 

resistance 

India Das and Dutta, 2014 

Deltamethrin S 

4.  DDT R  GST up 

regulation in 

DDT resistant 

individuals. 

 β-CCEs 

instigated to 

provide 

malathion 

resistance. 

 

 

 

 

 

U.S.A. Marcombe et al., 2014 

Deltamethrin S 

Phenothrin S 

Pallethrin S 

Malathion IR 

Temephos 

(larva) 

S 

Propoxur (larva) S, R 

Methoprene 

(larva) 

S, R 

Pyriproxyfen 

(larva) 

S, R 

5.  DDT R -- 

 

 

 

 

India Dhiman et al., 2014 

Deltamethrin S 

Malathion S 

Temephos S 

6.  DDT R -- 

 

India 

 

 

 

 

 

Yadav et al., 2015 

Deltamethrin S 

Malathion IR, S 

Temephos R 
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S. no. Tested 

insecticide 

Susceptibility 

status 

Mechanism of 

resistance 

Country Reference 

7.  DDT R, IR, S  CYP450s may be 

partially involved 

in providing 

resistance to 

DDT and 

bendiocarb. 

Malaysia Ishak et al., 2015 

Deltamethrin IR, S 

Permethrin IR, S 

Bendiocarb R, IR, S 

Dieldrin R, IR, S 

Malathion R, IR, S 

Temephos R 

8.  Deltamethrin S -- Srilanka Janaki et al., 2015 

Temephos IR, R 

9.  DDT R -- India Sivan et al., 2015 

Deltamethrin S 

Lambda 

cyhalothrin 

IR 

Permethrin R 

Cyfluthrin IR 

Bendiocarb R 

Propoxur S 

Dieldrin S 

Fenitrothion 

(adult) 

R 

Malathion 

(adult) 

S 

Fenitrothion 

(larva) 

S 

Malathion 

(larva) 

S 

Temephos R 

10.  Lambda 

cyhalothrin 

R -- Malaysia Hasan et al., 2016 

Primiphos 

methyl 

R 

11.  DDT R  Elevated activity 

of GST and 

CCEs linked to 

temephos 

resistance. 

 Lower AchE 

activity linked to 

propoxur 

resistance 

Central 

Africa 

 

Ngoagauni et al., 2016 

Deltamethrin R, S 

Propoxur R, S 

Fenitrothion R 

Temephos R, S 
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S. no. Tested 

insecticide 

Susceptibility 

status 

Mechanism of 

resistance 

Country Reference 

12.  DDT R -- Pakistan Mohsin et al., 2016 

Deltamethrin R 

Lambdacyhaloth

rin 

IR, R 

Permethrin R 

Bendiocarb IR, R 

Malathion S 

13.  DDT R -- Pakistan Arslan et al., 2016 

Deltamethrin S 

Lambdacyhaloth

rin 

S 

Permethrin R 

Bendiocarb R 

Malathion R 

Temephos IR 

14.  DDT S, IR, R  Role of CYP450s 

in DDT and 

Bendiocarb 

resistance 

Malaysia Ishak et al., 2016 

Deltamethrin IR, S 

Permethrin IR, S 

Dieldrin S, IR, R 

Bendiocarb S, IR, R 

Malathion S, IR, R 

15.  DDT R -- China Yiguan et al., 2016 

Deltamethrin R 

Cypermethrin R 

Permethrin R 

Propoxur R 

Temephos R 

Dichlorvos S 

16.  DDT 

Deltamethrin 

Permethrin 

Bendiocarb 

Malathion 

R -- Cameroon Yougang et al., 2017 

IR 

S 

IR 

S 

17.  DDT S  CYP450s may be 

involved behind 

permethrin 

resistance 

 

 

Malaysia Ishak et al., 2017 

Deltamethrin S, R 

Permethrin S, R 

Bendiocarb S 

Malathion S 

Dieldrin S 

Temephos S 
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S. no. Tested 

insecticide 

Susceptibility 

status 

Mechanism of 

resistance 

Country Reference 

18.  DDT R   Tangena et al., 2018 

Malathion R, S 

Deltamethrin S 

Permethrin IR, S 

DDT (Larva) R 

Temephos 

(Larva) 

R, IR, S 

Deltamethrin 

(Larva) 

R, IR, S 

Permethrin 

(Larva) 

IR, S 

Malathion 

(Larva) 

S 

19.  DDT R, IR  Absence of kdr 

mutations 

Papua New 

Guinea 

Demok et al., 2019 

Deltamethrin R, IR 

Lambdacyhaloth

rin 

R, IR 

Malathion R, IR 

Bendiocarb R, IR 

*S: Susceptible, IR: Incipiently resistant, R: Resistant 

 

2.3 Conclusion: 

More research experiments should be targeted on the accurate identification of 

up regulated detoxification genes in insecticide resistant populations of Aedes 

mosquitoes. Scientific studies should also be carried out to identify the known as well 

as novel kdr mutations imparting resistance phenomenon to field populations of Aedes 

mosquitoes worldwide. In this context, data on Ae. albopictus is very limited, so more 

and more experiments should be directed on Ae. albopictus for identification of 

mechanisms conferring resistance to them. The concept of a fixed recommended 

insecticide dose for mosquitoes throughout different geographical location seem 

misleading, so the prevailing level of susceptibility/resistance to insecticides should 

be brought into use to devise the area specific dosage of insecticides for effective 
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vector control. Also, the knowledge gained through the study of mechanisms 

conferring insecticide resistance should be used to halt, delay or manage the level of 

insecticide resistance. Scientific studies to find out the ways to delay the onset of 

resistance should be conducted. Also, search for ideas and concepts for 

environmentally safe vector control strategies should be devised, such as mosquito 

control through botanicals, use of sterile male mosquito technology, discovery of 

novel group of mosquitocidal compounds with different targets of actions. Lastly, for 

effective prevention of the disease, involvement of mass/community in source 

reduction activities and environmental management is inevitable. The mass should be 

aware of the consequences of unchecked use of insecticides and they should be 

encouraged to take part in vector control programmes for efficient mosquito 

management. 

 

 

 

 


