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ABSTRACT 

 

Mosquito-borne diseases pose a serious threat in the tropical and sub-tropical 

regions of the world and infect more than a billion people every year globally with 

around a million deaths. People inhabiting areas with poor sanitation and those with a 

low socio-economic status are more vulnerable to vector-borne diseases. As the growth 

and survival of both the pathogen and mosquito vector relies on suitable climatic 

conditions, the risk of proliferation of mosquito-borne diseases with an increase in 

temperature and precipitation associated with recent global climatic change is not 

negligible.  

Lymphatic filariasis caused by a nematode Wuchereria bancrofti is one of the 

most important neglected tropical diseases and is endemic in many tropical and sub-

tropical countries. The disease is endemic in 72 countries affecting approximately 120 

million people and keeping approximately 120 billion people at the risk of infection.  In 

Southeast Asian countries, 15 million people are infected with Wuchereria bancrofti 

while about 70% of the global infection is reported from India, Nigeria, Bangladesh and 

Indonesia. Highest number of lymphatic filariasis cases in the world is reported from 

India and the country stands second to sub-Saharan Africa in terms of disease 

prevalence rate. 

In India, lymphatic filariasis is endemic in 257 districts in 21 states and Union 

Territories of India thereby posing threat of infection to about 650 million people. 

Around one third of the lymphatic filariasis infected individuals of the world is from 

India. Twelve districts in West Bengal are endemic to lymphatic filariasis. In the 
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Southeast Asian countries and many African countries, Culex quinquefasciatus 

commonly known as the Southern house mosquito is the predominant vector of 

lymphatic filariasis. 

Apart from lymphatic filariasis, Cx. quinquefasciatus is a potential vector of 

arboviruses like West Nile virus, Japanese Encephalitis virus, St. Louis Encephalitis 

virus, Western equine encephalitis virus and Ross River virus. The mosquito vector is 

also reported to transmit the protozoan Plasmodium relictum – causative agent of avian 

malaria. Apart from its significant role in public health, Cx. quinquefasciatus is a major 

urban house hold pest because of its biting nuisance.  

Though lymphatic filariasis does not account for direct mortality, the disease is 

considered one of the leading causes of permanent morbidity and long-term disability. 

Approximately, 40 million people worldwide are either disabled or incapacitated due to 

lymphatic filariasis infection. Morbidity and long-term disability associated with the 

disease results in negative social stigma of the patient, reduced labour time, impact on 

daily income of an individual and associated burden of treatment cost. Moreover, a 

severe psychological and negative socioeconomic impact burdens the infected 

individual because of the economic stress posed by physical deformities post infection. 

The Government of India has formulated ‘Twin Pillar strategies’ for elimination 

of lymphatic filariasis i.e., Mass Drug Administration and Morbidity Management and 

Disability Prevention (MMDP). Though preventive chemotherapy is exercised in the 

country to eliminate infection of lymphatic filariasis, control of disease transmission 

through vector control strategies remains an important aspect of controlling the spread 

of lymphatic filariasis. 
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The strategies for control of mosquito vectors mainly include use of mosquito 

repellents in the form of creams, liquids, coils and insecticide treated bed nets (ITNs) 

for personal prophylactic measures along with the application of chemical and 

biological control of mosquito vectors. Control of mosquito larvae is done by the 

application of chemical insecticides in mosquito breeding sites, in Indoor Residual 

Spray (IRS), use of insecticide treated bed nets (ITNs), long lasting insecticide treated 

nets (LLINs), indoor space spray and fogging. In India, chemical insecticides belonging 

to three classes i.e., synthetic pyrethroids, organophosphates and organochlorines are 

used for mosquito control. 

The unrestrained and continuous use of chemical insecticides to control 

mosquito vectors has led to the development of resistance development in the mosquito 

vectors against chemical insecticides. Development of insecticide resistance in 

mosquito vectors is associated with the re-emergence of mosquito-borne diseases with 

several reports on resistance in Aedes sp., Culex sp. and Anopheles sp., around the 

globe. As such, insecticide resistance in mosquito vectors provides a hurdle in efficient 

control of mosquito-borne diseases throughout the tropical and sub-tropical countries of 

the world. 

Insecticide resistance in the mosquito vectors occurs through four mechanisms 

of resistance development - i) behavioral resistance, ii) cuticular resistance, iii) 

metabolic detoxification and iv) target-site insensitivity. The first two mechanisms of 

resistance in mosquitoes are less studied while the latter two mechanisms i.e., metabolic 

detoxification and target-site insensitivity are thought to be the main mechanisms of 

insecticide resistance development.  
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Increased activity of major detoxifying enzymes mainly carboxylesterases 

(CCEs), cytochrome P450 monoxygenases (CYP450s) and glutathione S-transferases 

(GSTs) are associated with insecticide resistance in mosquito vectors. Transcriptional 

up-regulation of the enzyme gene family results in production of detoxifying enzymes 

in a comparatively higher amount with increased enzyme copy number than the normal 

production rate. The increased number of detoxifying enzymes along with enhanced 

activity, actively and efficiently metabolizes the insecticide thereby preventing it from 

reaching its target site through rapid hydrolysis and transformation.  

Metabolic detoxification of insecticides usually occurs in two ways either by 

enhanced activity of detoxifying enzymes due to a certain mutation that increases the 

detoxifying activity or by an increase in the copy number of a specific enzyme which 

results from an augment in transcription rate of the enzymes. The overproduction of 

non-specific CCEs is primarily linked to organophosphate insecticides and secondarily 

to carbamates in Cx. quinquefasciatus. Elevated activity of CYP450 monooxygenases is 

reported to be linked to pyrethroid resistance in mosquitoes. Moreover, increase in 

GSTs activity might be due to elevated amount of GSTs enzymes resulting either from 

an increase in the transcriptional rate or due to gene amplification. 

Insensitivity of insecticide’s target site in mosquitoes and other insects occurs 

due to certain structural modifications in the target protein because of point mutation(s) 

occurring in the gene encoding the target proteins. Structural modification of target 

proteins hampers the normal binding of insecticides to its target and such reduced 

binding affinity affects the effect of insecticides on mosquito physiology thereby 

resulting in resistance development. 
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Synthetic pyrethroids and DDT binds with the voltage-gated sodium channel 

and prolongs its opening, leading to continuous discharge of nerve impulses in 

mosquitoes, resulting in paralysis and ultimately death. However, mutation in the 

voltage-gated sodium channel gene with structural modification in channel protein 

causes reduced binding affinity of DDT and synthetic pyrethroids to the sodium 

channel. Moreover, the inability of insecticides to bind with channel proteins and 

disrupt nerve impulse flow results in resistance of the mosquito vectors to DDT and 

synthetic pyrethroids. 

The most widely studied knock down resistance (kdr) mutation in Cx. 

quinquefasciatus is the substitution of Leucine by Phenylalanine in 1014 codon 

(L1014F). Apart from L1014F mutation, several other mutations in the sodium channel 

are reported to occur and be associated with insecticide resistance in mosquito vectors. 

Co-occurrence of multiple mutations in the voltage-gated sodium channel gene is 

thought to provide synergistic effect on development of insecticide resistance. 

Keeping in mind the trend of insecticide resistance in Cx. quinquefasciatus and 

the endemicity of lymphatic filariasis in India and West Bengal, the current study was 

designed to assess the susceptibility status of Cx. quinquefasciatus to commonly used 

insecticides from northern districts of West Bengal. Populations of Cx. 

quinquefasciatus were surveyed and collected from six different districts of northern 

West Bengal and susceptibility assays performed against 7 insecticides belonging to 4 

different classes of insecticides. The insecticides include – temephos for larval 

bioassay, deltamethrin (0.05%), lambdacyhalothrin (0.05%), permethrin (0.75%), DDT 

(4%), malathion (5%) and propoxur (0.1%) for the adult bioassays. 
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The role of major detoxifying enzymes – carboxylesterases, CYP450s and GSTs 

were assessed in the development of resistance to the insecticides used. Knock down 

resistance (kdr) mutations in the voltage-gated sodium channel were also studied i.e., 

L1014F and L1014S mutations.  

In the study, Cx. quinquefasciatus populations were collected mainly from 

cemented and earthen drains from 16 sites belonging to 6 different districts in northern 

West Bengal i.e., Alipurduar, Coochbehar, Darjeeling, Jalpaiguri, Malda and Uttar 

Dinajpur. The larval populations of Cx. quinquefasciatus were found to be susceptible 

to WHO recommended dose of temephos (0.02 ppm) except Tufanganj (TFG) showing 

incipient resistance with 92.31% mortality and Shivmandir (SHM) showing resistance 

to temephos with 80% mortality. Lethal concentration (LC50) values of the studied 

populations ranged from 0.001 – 0.011 ppm. Resistance Ratio (RR50) values was 

recorded to be highest in SHM thereby showing severe resistance to temephos. 

Adult bioassays performed against 6 insecticides showed severe resistance in 

Cx. quinquefasciatus to all 6 adulticides used except in JPT which showed incipient 

resistance to permethrin with 95.65% mortality. Knock down time (KDT) taken by the 

studied populations of Cx. quinquefasciatus was higher than that recorded in 

susceptible population (SP). Furthermore, none of the studied populations showed less 

than 60 minutes KDT50.   

Chopra (CPR) in Uttar Dinajpur district showed the lowest KDT50 value for 

deltamethrin and lambdacyhalothrin. Moreover, Jalpaiguri town (JPT) in Jalpaiguri 

district showed lowest KDT50 value for permethrin and Alipurduar (APD) in 

Alipurduar district had lowest KDT50 value for DDT. Highest KDT99 values were 
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recorded in Mekhliganj (MEK) and TFG in Coochbehar district, Samsi (SAM) in 

Malda district and SHM in Darjeeling district for deltamethrin, permethrin, 

lambdacyhalothrin and DDT respectively. 

Though an increase in mortality percent was observed with the use of two 

synergists – 4% PBO and 10% TPP, restoration of susceptibility status to the 

insecticides was not observed. However, 100% mortality was observed in JPT against 

permethrin after exposure to 4% PBO and in the same population, susceptibility against 

deltamethrin was also restored with prior exposure to PBO. 

In the present study, quantitative analysis of biochemical assays involving major 

detoxifying enzymes showed a varied expression pattern. The field collected mosquito 

populations showed a maximum of 49.66 fold higher α-CCEs activity and 22.46 fold 

higher β-CCEs activity when compared to SP. Highest activity of α-CCEs was shown 

by Harishchandrapur (HCP) in Malda district with 9.535 mM mg protein
-1

 min
-1

 and 

Bidhannagar (BDN) in Darjeeling district with 9.140 mM mg protein
-1

 min
-1 

while a 

lowest activity of 0.743 mM mg protein
-1

 min
-1

 and 0.749 mM mg protein
-1

 min
-1

 in 

Malda town (MLT) and SAM respectively. Similarly, SAM showed least β-CCEs 

activity (0.3321 mM mg protein
-1

 min
-1

) while highest activity was recorded in 

Islampur (ISL) (4.537 mM mg protein
-1

 min
-1

).  

Gel electrophoresis on 8% polyacrylamide gel of the homogenates from the 

studied populations showed a total of 7 isozymes for α-CCEs and 8 isozymes for β-

CCEs based on the relative mobility (Rm) of individual band. A maximum of 4 α-CCEs 

isozymes were expressed in SHM, Fulbari (FLB), MLT, SAM and CPR while MEK 

and HCP expressed only a single isozyme for α-CCEs. Similarly, ISL showed highest 
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number of isozymes for β-CCEs while Dhupguri (DPG), HCP, MLT, SAM and CPR 

expressed only a single β-CCEs isozyme. The bands obtained in the study varied in 

staining intensity among each other. 

CYP450 monooxygenses activity ranged from 0.274 nM mg protein
-1

 min
-1

 to 

3.016 nM mg protein
-1

 min
-1

 with 4.42 – 48.65 fold higher activity than that of SP. In 

the studied mosquito populations, GSTs activity was recorded to be highest in SHM 

(181.2×10
-4 

mM mg protein
-1

 min
-1

) and lowest in SAM (4.58×10
-4 

mM mg protein
-1

 

min
-1

). The GSTs activity was at a maximum 80 times higher than that of SP (0.22×10
-4

 

mM mg protein
-1

 min
-1

). 

Study of kdr mutation through allele-specific PCR (AS-PCR) analysis showed the 

presence of both L1014F and L1014S mutations in Cx. quinquefasciatus populations of 

northern West Bengal. L1014F mutation was observed in all of the studied populations 

with resistant homozygote genotype (F/F) frequency to be maximum in MLT (30%) 

while absent in TFG and FLB populations. TFG and CPR showed the highest 

heterozygote genotype frequency (L/F) of 35% followed by APD, SHM, Siliguri (SLG), 

DPG and JPT (30%).  

Comparatively, L1014S mutation was observed to be present in a relatively lower 

frequency than L1014F with highest heterozygote genotype frequency (L/S) of 30% in 

TFG. In the susceptible population (SP), neither of the mutations was found to be present. 

 
 

 

 


