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Enclosure - 1 

 

OBJECTIVES OF THE PROJECT: 

 

  Identification of breeding places of mosquito larvae and adult distribution. 

            An overview of mosquito faunal diversity is a necessary prelude for proper 

understanding of occurrence of particular species at a particular time as well as planning 

strategy for control of mosquito vectors.  

Extensive collections of mosquitoes involves identification of larval breeding 

place/s and collection of larvae, pupae. This would ensure mapping of the breeding 

place/s in the Bangalore urban and rural districts of Karnataka. Identification of adult 

resting place/s of mosquitoes and mosquito collections in early mornings and late 

evenings (dawn and dusk). Extensive collections of larvae and adults in selected areas of 

Bangalore rural and urban districts in one calendar year by taking different parameters in 

8004 sq.km areas (Selection of sites based on population size, urban, semi-urban, rural, 

occupation etc.).  

Classification of mosquitoes as primary vectors (responsible for transmission of 

diseases), secondary vectors (occasionally transmit diseases), non-vectors (do not 

transmit disease/s) in the above said area. This is the most significant part of research in 

biodiversity studies.  

 

 Insecticide susceptibility studies of mosquitoes by using different insecticides in larvae 

and adults according to the procedure of WHO. The collected mosquitoes will be 

subjected to susceptibility studies according to the WHO guidelines. The baseline 

susceptibility studies (LC50, LC90) will be carried out on the different group of insecticides 

namely organochlorine (DDT); organophosphates (malathion, parathion, temephos, 

fenthion, Chloropyrifos); Carbamates (propoxur, carbofuran); synthetic pyrethroids 

(lambda cyhalothrin, cypermethrin, cyfluthrin, deltamethrin, alphamethrin, bifenthrin etc). 

The said study would enable us to fix the dose and to control mosquito vectors in the said 

districts.  

 

 

 



 

Enclosure - 2 

 

ACHIEVEMENTS FROM THE PROJECT: 

This is for the first time, that systematic study of insecticide susceptibility/resistance status, in 

India especially Bruhat Bengaluru Mahanagara Palike (BBMP) has been undertaken in 

Anopheles stephensi, a malaria vector, Aedes aegypti and Aedes albopictus, principal vector 

for dengue and Dengue haemorrhagic fever and Chickungunya and Culex quinquefaciatus 

carriers of Bancroftian filariasis in India. The said studies has been undertaken by using 

diagnostic doses recommended by World Health Organization (WHO), with the exception of 

the botanical insecticide, neem. From our studies we have recommended temephos as an 

antilarval agent to control the above said mosquito vectors in BBMP area. Hence, this would 

prevent unnecessary use of the insecticides in the above said area. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Enclosure - 3 

SUMMARY OF THE FINDINGS (in 500 words) 

The larvicidal activity of eight insecticides against different strains of Anopheles stephensi, 

Aedes aegypti, Aedes albopictus and Culex quinquefasciatus of Bengaluru. The study thus 

aims to determine the variation of resistance/susceptibility levels in 52 strains of four 

different mosquito species collected from different localities of BBMP (Bruhat Bengaluru 

Mahanagara Palike) area of Bengaluru against eight insecticides viz. temephos, fenthion, 

chlorpyrifos (organophosphates); propoxur (a carbamate), lambda-cyhalothrin, deltamethrin, 

cypermethrin (synthetic pyrethroids) and neem (botanical insecticide). 

Ten strains of An. stephensi, 24 strains of Ae. aegypti, 3 strains of Ae albopictus and 15 

strains of Cx. quinquefasciatus were collected from different parts of BBMP. They were 

maintained and reared in the laboratory for a few generations. Susceptibility studies were 

carried out on freshly collected third instar larvae according to the standard procedure of 

World Health Organisation. 

For temephos, the lowest LC99 calculated was 0.01mg/l in An. stephensi and highest is 

0.25mg/l for Ae. aegypti. Fenthion shows lowest LC99 value at 0.032mg/l for Ae. aegypti and 

highest at 0.252mg/l for An. stephensi. Lowest LC99 for chlorpyrifos was for Ae. albopictus 

(0.019 mg/l) and highest for Ae. aegypti (0.460mg/l). Ae. aegypti with lowest LC99  0.045 

mg/l and 0.109mg/l is the highest in An. stephensi was found for propoxur. In  Ae. albopictus 

0.00008mg/l for lambdacyhalothrin, and 0.148mg/l for An. stephensi are lowest and highest 

LC99 values. 0.022mg/l is lowest LC99 for Cx. quinquefasciatus for deltamethrin and 

0.51mg/l in An. stephensi. For cypermethrin, lowest was in Ae. albopictus (0.00008mg/l) and 

highest in Ae. aegypti (0.03mg/l). Neem had lowest LC99 value 0.028mg/l in Ae. aegypti and 

highest at 0.635mg/l in An. stephensi. 

 

 An. stephensi, Ae. aegypti, Ae. albopictus and Cx. quinquefasciatus from different 

geographic areas showed susceptibility towards temephos. However, susceptibility was 

meagre for most of the other insecticides used in the study. Strong resistance to propoxur was 

reported in Ullala (RR90 =467.1) and Bannerghatta (RR90 =12265) populations of 

An.stephensi and Ae.aegypti respectively. RR90 ≥ 12830 was recorded as higher in the 



Yelahanka (YLK) population of Cx. quinquefasciatus to neem. Significant differences at 

LC50 and LC90 concentrations were observed against various insecticides in different 

mosquito populations. Resistance was observed against some of the larvicides for the 

diagnostic dose recommended by WHO.    A moderate level of tolerance was found in HSR 

strain of Ae. aegypti to lambda-cyhalothrin (RR90=38.8). Ae. aegypti proves to be more 

tolerant than  Ae. albopictus, to all the larvicides tested.  

 The present findings form baseline data on the susceptibility status of mosquitos to different 

larvicides. This study would help in better vector control measures and effective source 

management in Bengaluru. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Enclosure - 4 

 

CONTRIBUTION TO THE SOCIETY: 

Mosquito borne diseases are greatest threat to human life and development. In India 

insecticides has been extensively used as an antilarval agent to control mosquitoes. In the 

present work, systematic study has been undertaken to use insecticides to control the above 

said vector species. This would save lot of money and prevent to use of excessive insecticides 

in control programme. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



DETAILED FINAL REPORT OF THE PROJECT 

COLLECTION AND MAINTENANCE OF MOSQUITOES.  

Mosquitoes are most ubiquitous species and known to cause harm to mankind transmitting 

various dreaded diseases. Among all the mosquito species, Anopheles, Culex and Aedes 

mosquitoes are medically important. Human malaria is truly a disease of global proportions 

and is one of the most broadly distributed vector-borne infections. Anopheline mosquitoes 

are the exclusive vectors of human malaria. The current annual incidence of malaria around 

the world is about 500 million and about 2-3 million cases in India. Anopheles stephensi is an 

important urban vector in the Indian Subcontinent and is widely distributed throughtout the 

world. Culex species are the vector of Filariasis and Japanese Encephalitis and Aedes the 

vector of Chikungunya, Dengue and Dengue Haemorrhagic Fever , Zika fever .  

Mosquito-borne diseases are endemic in Karnataka State, India. Culex quinquefasciatus, 

Anopheles stephensi and Aedes aegypti are reported to be the main mosquito species found in 

the Bruhat Bengaluru Mahanagara Palike (BBMP) region of Karnataka (National Institute of 

Malaria Research). Cases of malaria,dengue, chikungunya and lymphatic filariasis have been 

regularly reported from this area. The vector control strategy adopted by local municipal 

administrations to curtail mosquito-borne disease transmission is through antilarval 

operations. Most of the BBMP region is experiencing a surge in construction activity, which 

is creating ideal conditions for mosquito breeding and may account for the high number of 

incidents of mosquito-borne diseases in the city. The migration of construction workers in 

large numbers into the city from places where malaria dengue and chikungunya are endemic 

is adding to this menacing situation. 

Mosquitoes were collected from different areas of Bangalore under Bruhut Bangaluru 

Mahanagara Palike (BBMP) limits. Altogether fifty two strains were collected in larval as 

well as in adult forms and their resistance/susceptibility levels to different insecticides were 

determined. The collected mosquitoes were identified and are being presently maintained in 

our insectory for the study.    

SPATIAL BOUNDARY OF THE STUDY 

BBMP municipal area of Bengaluru, which is the capital city of Karnataka, also titled the 

‘Silicon Valley of India’ is selected as the study area. The area is situated at 12.79o N, 77.56o 



E, with an altitude of 920m, covering an area of 741 km2. BBMP is divided into eight zones 

which is further sub-divided, totally comprising 198 wards. The city municipality is 

responsible for mosquito control in the region and though measures are taken to control 

vector population, the region continues to report cases of dengue and chikungunya. A total of 

52 strains of 4 vectors were collected from different areas of BBMP (Fig 1) 

1. BASELINE SUSCEPTIBILITY STUDIES 

Insecticides are primarily used as an effective vector control option in many countries 

including India, but constant application /exposure of the insecticides also lead to threat of 

resistance development among the target vectors. Studying the baseline susceptibility status 

of an insecticides recommended for mosquito control can largely help in the understanding of 

the resistance status of the vector species of particular area, ultimately would help in fixing 

right dose to control mosquitoes in a given area/s.  

Altogether fifty two strains were collected (10 strains of An. stephensi, 24 strains of Ae. 

aegypti, 3 strains of Ae albopictus and 15 strains of Cx. quinquefasciatus) in larval as well as 

in adult forms. These mosquitoes were mainly collected from construction sites, septic tanks, 

streams, abandoned buildings and drainages. Freshly collected mosquito larvae were used for 

the insecticide susceptibility studies. They are also currently maintained in our laboratory 

(Table 1). 

A basic study including baseline susceptibility studies for each one of insecticides has been 

established. Different strains (52) of the four species were subjected to larval bioassay to 

determine the lethal mortality doses (LC50 and LC90) and their resistance ratio. Probit analysis 

was applied to analyze the said data. The insecticides used include, temephos, chlorpyrifos, 

fenthion, propoxur, deltamethrin, cypermethrin, lambda-cyhalothrin and neem. The larvicidal 

bioassay was carried out by following the procedure of WHO (1980, 1981 & 2005). The 

above said insecticides are widely used in mosquito control programmes in India and abroad.  

Insecticides  

 Organophosphate: Fenthion-80% EC (Baytex) (CAS # 55-38-9), Temephos-50% TC 

(Abate®) (CAS # 3383-96-8), Chlorpyrifos -94.2%TC ; Carbamate: Propoxur-2% (Baygon) 

(CAS # 114-26-1); Pyrethroids: Deltamthrin-2.8% EC (decis®) (CAS#52918-63-5), Lambda-

Cyhalothrin-10%WP (TATA SENTRY) (CAS # 91465-08-6), Cypermethrin -93%TC and 



Botanical insecticide: Azadirachta indica (Neem)-0.15% EC (NIMBOBAS®) (CAS # 11141-

17-6) were used in the study.  

Larvicidal bioassay 

 Insecticide susceptibility studies for different insecticides were carried out according to the 

standard procedure of WHO. The different concentrations in mg/L (ppm) of temephos, 

chlorpyrifos, fenthion, propoxur, lambda-cyhalothrin, deltamethrin, cypermethrin and neem 

were prepared by using denatured alcohol (98ml of absolute alcohol + 2ml of methyl ethyl 

ketone) as diluting agent. Experiments were conducted in 500ml wide mouth reagent bottles 

under aseptic condition. Twenty five late IIIrd instar larvae were exposed to eight insecticides 

namely temephos, fenthion, chlorpyrifos, propoxur, lambda-cyhalothrin, deltamethrin, 

cypermethrin and neem in 250ml distilled water. The control consisted of 1ml of denatured 

ethanol added to the distilled water. This test was conducted in two replicates to each 

concentration using 25 larvae in each replicate. The larval mortality was recorded 24h after 

exposure. 

Data analysis 

The LC50 and LC90 values for the mosquito strains of each insecticide were calculated by 

subjecting dosage mortality data to Probit analysis. Control mortality was corrected using 

Abbot’s formula.  The resistance ratio was determined using formula described by Boike et.al  

i.e Resistance ratio = (LC50 or LC90 of area strain) / (LC50 or LC90 of susceptible strain). The 

resistance ratio is defined as the LC50 or LC90 of different strains divided by the LC50 or LC90 

of the least resistant strains for respective insecticide. The collected data were analyzed and 

the group means were compared with one way ANOVA by using SPSS 15.0 software for 

Windows®. 

RESULTS 

 Susceptibility of field collected fifty two strains of An. stephensi, Ae. aegypti and Cx. 

quinquefaciatus for temephos, fenthion, chlorpyrifos, propoxur, lambda-cyhalothrin, delta-

methrin, cypermethrin and neem were studied and are presented. LC50, LC90, regression 

equation, co-efficient of correlation and resistance ratio of above said insecticides for the said 

species were also analysed. 



Insecticide susceptibility in An. stephensi 

Ten strains of An. stephensi were sampled from different localities of BBMP, showed 

considerable variation when exposed to six insecticides. Larval bioassays using propoxur 

noted high level of resistance (LC90 495.9 mg/L) from the strain ULA and for temephos 

showed lowest resistance (LC90 0.0155mg/L) from the strain MLW. Statistically significant 

difference (P<0.05) among the strains exposed at LC50 (F=3.814, df=5, 54) and LC90 

(F=1.166, df=5, 54) concentration of six insecticides are observed in An. stephensi (Fig: 

2a&b). 

Insecticide susceptibility in Ae. aegypti 

 The obtained results revealed the larvicidal effect of insecticides for different strains Ae. 

aegypti in BBMP. Bioassays showed that JYN strain (LC90 0.0001mg/L) was the most 

susceptible for lambda-cyhalothrin among the twenty two strains collected from the different 

study sites and again  recorded high level resistance for propoxur  in BGR strain (LC90 

8.127mg/L). An RR90 value of 26.41 was observed in Ae. aegypti strain – MRT, to 

cypermethrin, making it highly 

 tolerant to the insecticide. (Fig: 2c&d ). 

Insecticide susceptibility in Ae. albopictus 

Ae. albopictus strains showed a homogenous response to bioassays, as shown by similar 

susceptibility rates. Differential response to insecticides was observed between species, with 

a general trend of Ae. aegypti being more resistant to all insecticides than Ae. albopictus. The 

susceptibility of various strains of Aedes exhibits a linear proportionality between log dose 

and probit mortality. 

Insecticide susceptibility in Cx. quinquefasciatus 

 Low level of resistance detected in Cx. quinquefasciatus larvae of BNW (LC90 0.0001mg/L) 

and HSR (LC90 0.0001mg/L) strains for temephos and neem respectively.  The highest 

resistance was observed for propoxur in SJN strain (LC90 6.3894mg/L). Statistically 

significant difference (P<0.05) among the strains exposed at LC50 (F=1.118, df=5, 84) and 

LC90 (F=11.237, df= 5, 84) concentration of six insecticides are observed in Cx. 

quinquefasciatus (Fig: 2e&f). 



According to WHO guidelines, double of the extrapolated LC99 from the probit line could be 

used as a diagnostic dose. Accordingly, a diagnostic dose that can be recommended for each 

one of the insecticides are presented in Table 2.  

Table 1: Strains of mosquitoes collected from different parts of BBMP area 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Species Strains Strain abbreviation life stage 

Anopheles stephensi Mathikere MTK Larvae 

Malleshwarm MLW Larvae 

Ranganathpura RNP Larvae/Adults 

Jnanabharthi campus JBC Larvae 

Thindlu TDL Larvae 

Ullala ULA Larvae 

Basaveshwaranagar BSN Larvae 

Neelasandra NLS Larvae 

Kengeri KNG Larvae 

Mallasandra MLS Larvae 

Aedes aegypti Basaveshwara nagar BSN Larvae 

JP Nagar JPN Larvae 

Jayanagar JYN Larvae 

Nagarabhavi NGB Larvae 

Hebbala HBA Larvae 

Bannerughatta road BGR Larvae 

Varthuru VRT Larvae 

Jnanabharthi campus JBC Larvae 

Koramangala KMA Larvae 

Garudacharpalya GDP Larvae 

Marathahalli MRT Larvae 

Banaswadi BNW Larvae 

R. T. Nagar RTN Adults/larvae 

Nagasandra NAS Larvae 

H. S. R. Layout HSR Larvae 

Uttarahalli UTH Larvae 

Gottigere GOT Larvae 

Banashankari BSK Larvae 

Malleshwaram MAL Larvae 

Jeevanbhima Nagar JBN Larvae 

 Yelahanka YEL Larvae 

 K. R. Puram KRP Larvae 

 Bagalakunte BGL Larvae 

 

Ae. albopictus 

 

 

Culex quinquefasciatus 

Wilson Garden WLG Adults 

Kodigehalli KDH Larvae 

Jnanabharathi Campus JBC Larvae 

Nagavara NGV Larvae 

Basavanagudi  BSG Larvae 

Neelasandra NLS Adults/larvae 

JP Nagar JPN Larvae 

Jayanagar  JYN Larvae 

Shivajinagar SJN Larvae 

HSR Layout HSR Larvae 

Hulimavu HLM Larvae 

Jnanabharathi campus JBC Larvae 

Yelahanka YLK Larvae 

Banasawadi BNW Larvae 

Bannerughatta road BRG Larvae 

Frazer town FZT Larvae 

Doddanekkundi DNK Larvae 

Rajarajeshwari Gate RRG Larvae 

Varthuru VRT 

 

Larvae 
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Figure 1. Map showing mosquito collection sites in Bruhut Bengaluru Mahanagara Palike 

(BBMP) 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Graph showing mean LC50 & LC90 values in An. stephensi, Ae. aegypti and Cx. 

quinquefasciatus to various insecticides. 
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Table 2: Recommended diagnostic dose of various insecticides to control mosquito larvae of 

An.stephensi, Ae. aegypti, Ae. albopictus, Cx.quinquefasciatus in BBMP area 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Insecticides LC99 (99% upper-

lower limit) 

Diagnostic 

dose (mg/L) 

Anopheles stephensi 

Temephos 0.020 (0.010-0.032) 0.04 

Fenthion 0.250 (0.234-0.252) 0.5 

Propoxur 0.102 (0.097-0.109) 0.2 

Lambda-cyhalothrin 0.151(0.148-0.155) 0.3 

Deltamethrin 0.045 (0.034-0.51) 0.09 

Neem 0.620 (0.603-0.635) 1.2 

Aedes aegypti 

Temephos 0.015 (0.011-0.25) 0.03 

Fenthion 0.041 (0.032-0.049) 0.08 

Chlorpyrifos 0.998(0.4602-2.482) 1.99 

Propoxur 0.052 (0.045-0.058) 0.10 

Lambda-cyhalothrin 0.040 (0.036-0.061) 0.08 

Deltamethrin 0.035 (0.031-0.056) 0.07 

Cypermethrin 0.00201 (0.00012-

0.03) 

0.004 

Neem 0.340 (0.028-0.053) 0.68 

       Aedes albopictus 

temephos 0.018 (0.015-0.025) 0.03 

chlorpyrifos 0.0314(0.019-0.047) 0.062 

cypermethrin 0.00018(0.00008-

0.00024)  

0.00036 

lambdacyhalothrin 0.0001(0.00008-

0.00012) 

0.0002 

  Culex  quinquefasciatus 

Temephos 0.015 (0.010-0.24) 0.03 

Fenthion 0.125 (0.117-0.136) 0.25 

Propoxur 0.085 (0.078-0.099) 0.17 

Lambda-cyhalothrin 0.125 (0.120-0.137) 0.25 

Deltamethrin 0.025 (0.022-0.047) 0.05 

Neem 0.431 (0.422-0.439) 0.86 

 
 



2. GENETIC BASIS OF INSECTICIDE RESISTANCE IN MOSQUITOES. 

ESTABLISHMENT OF HOMOZYGOUS RESISTANT AND SUSCEPTIBLE STRAINS 

FOR LAMBDA CYHALTHRIN, TEMEPHOS AND FENTHION INSECTICIDES: 

             Resistance to insecticides is the development of an ability to tolerate doses of 

toxicants, which would prove lethal to the majority of individuals in the population. The 

present project is to establish the homozygous resistance/susceptible strains of different 

insecticides and establish the genetic basis of resistance. The gene/s responsible for the 

resistance of each one of the insecticides shall be mapped in the respective chromosomes. It 

is also proposed to study the Cytogenetic, biochemical and molecular basis for the resistance 

strains. Such strains can be extensively used in applied research to isolate chromosomal 

translocations, synthesis of genetic sexing strain for preferential elimination of females, 

synthesis of refractoriness etc. and also could be extensively used in genetic control program 

of mosquitoes.  

    Homozygous resistant and susceptible strains of An. stephensi, Ae. aegypti and Cx. 

quinquefaciatus are being synthesized by continuous selection and inbreeding by using 

discriminating dose as recommended by WHO [Temephos, 0.02ppm; Fenthion, 0.8ppm and 

Lambda Cylhalothrin, 0.4ppm]. 

Temephos: 

Ae. aegypti showed 52.00% and 58.00% of resistance and 81.00% and 83.33% susceptibility 

in  parental, F1 generations respectively when selectively inbred with 0.002ppm of temephos. 

Then F2, F3 and F4 generations showed 73%, 94% and 98% of resistance for 0.002ppm of 

temephos. Simultaneously a susceptible stock showed 83.00%, 85.00% and 84.00% of 

susceptibility respectively for F2, F3 and F4 generations with 0.002ppm of temephos. When 

F5 generation was treated for 0.004ppm of temephos it showed 29.00% of resistance and 

98.00% of susceptibility. 

 

 

 

 



Table 3: Development of temephos resistant and temephos susceptible strains in each 

generation of Aedes aegypti. 

 

Generations 

Insecticide 

concentration 

(ppm) 

Development of 

Insecticide Resistant 

strains 

(%) 

Development of 

Insecticide suceptible 

strain 

(%) 

P 0.002 52.00 81.00 

F1 0.002 58.00 83.33 

F2 0.002 73.00 83.00 

F3 0.002 94.00 85.00 

F4 0.002 98.00 84.00 

F5 0.004 29.00 98.00 

 

Fenthion: 

 Cx. quinquifasciatus strain when exposed to 0.2 ppm of fenthion showed 29.00%,and 

33.40% resistance and 84.00%, and 85.30% susceptibility in parental and F1 generations 

respectively. Then F2, F3 and F4 generations showed 47%, 54% and 78% of resistance for 

0.2ppm of fenthion. Simultaneously a susceptible stock showed 83.00%, 85.00% and 86.00% 

of susceptibility respectively for F2, F3 and F4 generations with 0. 2ppm of fenthion 

. 

 

 

 

 

 



Table 4: Development of fenthion resistant and susceptible strains in each generation of 

Cx. quinquifasciatus.  

 

Generations 

Insecticide 

concentration 

(ppm) 

Development of Insecticide 

Resistant strains 

(%) 

Development of Insecticide 

suceptible strain 

(%) 

P 0.2 29.00 84.00 

F1 0.2 33.40 85.30 

F2 0.2 47.00 83.00 

F3 0.2 58.00 85.00 

F4 0.2 78.00% 86.00 

 

Aedes aegypti strain when exposed to 0.02 ppm of fenthion showed 28.00%,34.00%, 41.00% 

and 45.00 % resistance in Parental, F1, F2 and F3 and 78.00, 80.56, 82.00 and 85.61 % 

susceptibility in parental, F1, F2 and F3 generations respectively (Table 3). 

 

Table 5: Development of temephos resistant and temephos susceptible strains in each 

generation of Aedes aegypti. 

 

Generations 

Insecticide 

concentration 

(ppm) 

Development of 

Insecticide Resistant 

strains 

(%) 

Development of 

Insecticide suceptible 

strain 

(%) 

P 0.002 28.00 78.00 

F1 0.002 34.00 80.56 

F2 0.002 41.00 82.00 

F3 0.002 45.00 85.61 

 



Lambda-Cyhalothrin: 

From the data obtained An. stephensi showed 36.00%, 39.00% and 48.00% resistance and 

78.00%, 80.40% and 82.00% susceptibility in parental, F1 and F2 generations respectively to 

0.1ppm lambda-cyhalothrin. Then F3, F4 and F5 generations showed 89.00%, 94.00% and 

96.00% of resistance and 83.00%, 84.00% and 84.00% of susceptibility respectively for 

0.1ppm of lambda-cyhalothrin. 

Homozygous insecticide resistant and susceptible strains mentioned above will be 

synthesized and same will be used to study the genetic basis of insecticide resistance for the 

above said insecticides. 

Table 6: Development of Lambda-Cyhalothrin resistant and susceptible strains in each 

generation of Aedes aegypti. 

 

Generations 

Insecticide 

concentration 

(ppm) 

Development of 

Insecticide Resistant 

strains 

(%) 

Development of 

Insecticide suceptible 

strain 

(%) 

P 0.1 36.00 78.00 

F1 0.1 39.00 80.40 

F2 0.1 48.00 82.00 

F3 0.002 89.00 83.00 

F4 0.002 94.00 84.00 

F5 0.004 96.00 84.00 

 

DISCUSSION 

Among the strains from different geographical areas of BBMP, highest resistance was 

observed in the Cx. quinquefasciatus strain YLK(Yelahanka) with an RR90 value of 12830.6 

towards neem, followed by ULA (Ullala) strain of An. stephensi towards propoxur (RR90 

value - 467.2). A high-fold resistance among An. stephensi, Ae. aegypti and Cx. 



quinquefasciatus towards propoxur has been observed. The JBC strain of An. stephensi was 

found to be highly susceptible to deltamethrin. 

It was found that lambda- cyhalothrin and deltamethrin were marginally more effective 

towards the given mosquito species. The present study showed neem to be ineffective against 

Ae. aegypti and Cx. quinquefasciatus as these species showed a higher-fold resistance. 

However An. stephensi was found to be comparatively more susceptible when exposed to 

neem. 

An RR90 value of 26.41 was observed in Ae. aegypti strain – MRT (Marathahalli), to 

cypermethrin, making it tolerant to the insecticide. Meanwhile a comparative analysis of 

insecticide susceptibility between the dengue vectors Ae. aegypti and Ae. albopictus shows 

that Ae. albopictus is more susceptible to all insecticides studied.  

The rate at which an insecticide becomes ineffective depends entirely on the selection 

pressure for resistance, which is determined by how long and how often the insecticide is 

being used, by how many breeding sites are treated and by the dosage used. It was also 

reported that, in focal treatment (adding insecticide directly to the breeding ground), the 

development of resistance may be delayed by using a high dose to kill the heterozygous 

resistant larvae as well as the susceptible larvae. Therefore, monitoring for insecticide 

resistance in the natural population and in order to characterise the gene(s) for insecticide 

resistance is important in designing appropriate vector control programmes. Insecticide-

resistant gene(s) can serve as an exceptional marker tool in vector control.  

Early detection and knowledge of the resistance status are essential for effective long-term 

control of vector mosquitoes. Regular monitoring of the mosquito’s susceptibility to the most 

widely used insecticides is necessary to ensure an appropriate choice of insecticides. 

Application of inappropriate insecticides without an understanding of the prevailing 

resistance mechanisms may lead to control failure. Biological, genetic and environmental 

factors may intervene by changing the susceptibility to insecticides. 

Hence, periodic monitoring of insecticide resistance status is an important criterion in vector 

control programmes. The results of the present work will make it possible to determine the 

most effective doses for the mosquito species in the BBMP region. 

WHO promotes Integrated vector management (IVM), which considers five key elements in 

management process to control dengue vectors. The guidelines stress the importance of 

methods based on knowledge of factors influencing local vector biology. Thus this study, 



would help in framing a strategy to control dengue vectors in Bengaluru, taking into 

consideration the insecticidal susceptibility status, and efficacy of different insecticides. 

ACHIEVEMENTS 

This is the first time that such a systematic study of insecticide susceptibility/ resistance 

status in An. stephensi, Ae. aegypti, Ae. albopictus and Cx. quinquefasciatus has been carried 

out in the BBMP region of Karnataka and its gives an insight for effective vector control 

measures. 

 

CONCLUSION 

There is conclusive evidence of resistance to the insecticides used in the present study in the 

diagnostic doses recommended by WHO, with the exception of the botanical insecticide 

neem, which has yet to be included in the insecticide recommendation list published by 

WHO. However, temephos could be used as an antilarval agent to control An. stephensi, Ae. 

aegypti, Ae. albopictus and Cx. quinquefasciatus in the BBMP region of Karnataka, as their 

populations showed less resistance to temephos than to other insecticides.  

 

 

 

 


